;e3e$?::;t=v=>6>T$?\ 0. WO 02/ 071347 r Inproved | um nescence characteristics
detector Field o I nventi on PCT/ EPO2/ 00811 i ~u~m~~u~u~ai N The invention is

in the figlghbizecurity docunments and articles. It concermsrgpiapbdiad of
determ ning the authenticity of such docunents or articles.In particular,

It concerns security docune es carrying a | um nescent feature,
and a device for the quanti mmmmmmmﬂwmlenent of the | um nescence em ssion
intensity and characteristics of s dﬁ 1 d lum nescent feature. Background of
the Invention Luninescent conpounds are wel | known sec mmuﬂlmmﬁﬂw s for
the protection of banknotes, valued papers and ot her Ies

Such conpounds may be |ncorporated into the security artlchawmusubstrate

prlnted onto security articles via an ink, or affixed to security articles

he f h Th
hgt te he Gﬁ_ﬁ%&ie& PEfihbsYehbL CalardotlihsRic8 hARELLER Y ggt}]eeg‘rt ne,

"described in a large nunber of patents. US 5,918, 964 descrlbes a
counterfeit banknote detecting apparatus, based on a Wlanp to excite the
| um nescence, and two photocells, to nmeasure the |um nescence intensity

versus tfeeD@cker Dawvenefehati on intensity. A particular problemin
| um nescence detection is the discrimnation of the weak | un nescence

si gnal WO 02/ 071347 2 PCT/ EP02/ 00811 fromthe often much stronger

o ot e iR 8 8 B RabRo GO BOPRR RO abblear R Beta S
possi bi lattyi¢DeoVereosenedrasdaf hetHbélyof determining the authenticity

of such documents or articles. In particular, it concerns

security documents or articles carrying a luminescent feature,
and a device for the quantitative measurement of the
luminescence emission intensity and characteristics of said

luminescent feature.

Background of the invention

Luminegcent compounds are well known security elements for the
protection of banknotes, valued papers and other security
articles. Such compounds may be incorporated into the security
article’s substrate, printed onto security articles via an ink,
or affixed to security articles in the form of a security

thread, a foil or a label carrying them.

The detection of luminescent security elements is well known in
the art and described in a large number of patentsg. US 5,918,960
describes a counterfeit banknote detecting apparatus, based on a
UV lamp to excite the luminescence, and two photocells, to
measure the luminescence intensity versus the background
radiation intensity. A particular problem in luminescence

detection is the discrimination of the weak luminescence signal



US 5, 608, 225 descri bes an inproved fluorescent detecting apparatus and a
nmet hod usi ng a nodul ated excitation source, a photocell, and a phase

det ect or ,wof@io713ihe suppressi on of background signals. USpE12Ei®28681 US
5,548, 106, US 5,418,855 and US 5,574, 790 describe further detection

equi pnment based on nodul ated excitation. US 3,656,835 teaches the joint use
of a constant Wexcitation source and a nodul ated magnetic field, to
produce and detect nodul ated em ssion frommagnetic triplet states of the
| um nescent. US 5,315,993 and US 5, 331, 140 propose | um nescence decay
nmonitoring using a nultiplexing of nmore 2han one nodul ati on frequency of
the excitation source, e.g. for the reading of invisible fluorescent

" bar codesErdif t3)e5 48 tieal mlﬂ:ﬂpﬂ@rmaclpgntpw@ shegnakasuvwbieht avé due

Iunines nce deca hroug the ene at| nmodul at i on duct of
the exciti ST AR CEh oL T Dahe et b it peed o AEet R AERERgna
The md@ﬁidﬁbﬂ&ﬂ%%é&é&%%@ ﬂeéﬁcpr o§¥ét§§5a0§oé9§bﬁ?li@% gpt are
quite rugged agai nst environnent |ight 1nfluences which do not have the
same nodwergare R el bedlhase as the detector's own |ight source.
They are, on the other hand, very sensitive to their own nodul ation
frequency. Some of the nDduIated excitation light is noteworthy

back- scaig es,e&ba,tzzmedsmmibesuaﬁathameﬂeﬁkaordasoagh tieeeopingal filter
systeminto the detector’ tocell. aﬁgilca filter stem has

notemorﬁﬁﬁpéfﬁkﬂﬁbﬁ' é%ﬂW% 'tﬁﬁn%f? B aFg te%ﬁhﬁﬁhe%PssoﬁﬁFE'r@sidual
excitat igddsdiy V@h&rhrﬁﬁhéﬁa@é&¥cﬁaf S888 thdOs08hPEddddn3or

PCT/ EPO /00811 frequency as the umnescence response, adds thus to the
det ect edrastkegredundit sighals. IS 142255299 HSweak4BuhDhesUE8nbEessBghASH, avdi d

o anal 1% et 1§ 75 STEpEEr BB RRREpdE REPRPELRE " s3u mhofs HEPBENEE G

depends mtdgte@féeeitatignof ughe, s5bsbREt Eeavheshthay juahy L18depgndent |y
of the | um nescence si gnal |ntenS|t In.. the case of banknote

aut hent | (R t R~ %ﬁ%&??%%@nréPP§6?|@P@yad@B@Ha§tﬁ6t@ﬁEF?ﬁ}coﬁlé%ﬂerﬁg
factors dude Qh&taéﬁéét%?degéed"‘@tn‘iﬁs%he%rb&t ﬁtb.%ﬁleﬁ‘il:t tk9pgReck the
banknot ore genulneness it no distinction can e between the nerely

refIecteﬂt@be&goﬁuhheslgmaneandntheUSrEeBEEmﬂﬁésaedCESeﬁt§§ﬂom4§|@maposéhe
present jnvention discloses a nethod and.an equi nt _which _averco the
Phort cortithes Stnde fedsy s FhEIRet iR 4R, S LRFEB L o¥E08) of FhER Bha

equi pmrendndhméeduBht 8ht erégsentyi pat ehbeémeaathlenr gbligetedeeyCi Eatd Qhe
signal and the |um nescence eni ssion S|gnal and to determ ne selectively

the strerRrfleg ehelnviphliechtucsrsssn nba¥redgeesHSt 5i At8nLRr6n a0 Yis
furt her(rjge)r.e 5% 0f Cﬁgég %aEh emdgLGiEmaat! 8@ th}nh.ﬂ% et nﬁ%cb.f}t ety

i ndependeht of | ectrvity. r urt er to derive
absolutethmoughpahatgeeeraU1onsoﬁnaemodu&atubneprodud;tofexpEOERCuha$eOMOr

coding and 'dfnéﬁélgﬁelggck-received luminescent response signal.

The modulation-based luminescence detection systems of the prior
art are quite rugged against environment light influences which
do not have the same modulation frequency and phase as the
detector’s own light source. They are, on the other hand, very
gsensitive to their own modulation frequency. Some of the
modulated excitation light is noteworthy back-scattered at the
gsample surface and leaks through the optical filter system into
the detector’s photocell., No optical filter system has
noteworthy a 100% rejection of the off-band light components.
This residual excitation light, which has exactly the same



<

pur poses. WO 02/071347 4 Sunmmary of the invention PCT/EPO2/00811 The
present invention discloses a nethod which allows for the determ nation of

| um nesceReajonisgnsi ties, free of contributions from anbi eatr/kpregbésiand from
back-scattered excitation radiation. It relies on the use of at |east one

| um nescent conpound showing a tine-deferred em ssion characteristics, i.e.
havi ng a time-dependent build-up of the |um nescence em ssion after the
excitation |light source has been switched on, and still emtting a decaying

| um nescence signal after the excitation |ight source has been sw tched
of f. A typical enission response of such3a |umninescent as a function of

time is shown in Figure |I: a) shows the intensity versus tine of a pul sed
exci t at i requeihcy i as bhem&umiaagcanhe reppohees aldsi thassitbyther sus tine
of the d tected res onltE lH E scent . iid det c;ed.res onse
conpri seeHFCredFe ﬂ? elE fBBheRt s ﬁ bSEREs Ot PelER%: ATPAPPSRETFS

“wavel engd grd | egésidlgbaek g@ﬁnahglgﬁmcahpéaébea probed defbriifaRespeREe

radi ation of wavel ength hZ2 emtted during excitation, and (3) |um nescence
radi at i o ®flypieeeeenee ~S2gBalt LBHeRsiEY  .excitati on. The existence of
back-scattered radiation (1) at the detector makes it difficult to obtain
accurate absol ute neasurements for the real enitted |uni nescence intensity,
such as Tiefd ets echdymote disBerbang” ag2khendackgrodadapipasl” deppndBhion is
partlcularly true ip fhe case of weak | um nes¢gence and hig R excitation

i nt ensi t¥he L LeFEI KL aCE Rﬂﬁr§u8ﬁtﬁﬁt€onWEFFFn@aMh8§5Hb ndgpengently

det ect edyg tﬂg)QéﬁﬂééggﬁnéePEI%EEQZAﬁQQﬁélige TRt Bad %%%%ré ”thﬁnb%%

present 1nvention overcones this. pro is exanpli
connectlamthemhléaguon,2th§hsubstraae|uaflegnuvscwrdepemdpenpuéwoathy on
swi t ched_on_and. o

Eihgure 1. A neasured for net
i noscRRestaet nrantPRs FahneS BLar HBa S PR HoRRA Ty i paReg 4% nC
"decay" @offHchlytusbngntbr £Bkl BahREoket Bfe genuineness if no
distinction can be made between the merely reflected background

signal and the true luminescence emission signal.

The pregent invention discloses a method and an equipment which

overcome the shortcomings of the prior art.

In particular it discloses a method and an equipment which allow
to discriminate between the reflected excitation signal and the
luminescence emission signal, and to determine selectively the

strength of the luminescence emission.

The present invention allows furthermore for a quantitative
determination of luminescence intensity, independent of

background reflectivity.

It allows further to derive absolute or comparative luminescence
intensities, and to exploit these for éoding and identification

purposes.



The "rise".interval (A) between the swtching-on and the . switching-off of
the excitation light source may be subdivided into at |least two tine

i nterval syphbgissr € preferably equal. The detector signal pca/iroteeat ed
during said tine intervals to achieve values for each interval. Then the

di fference between the first and the second signal is calculated. Due to
the fact that the tine intervals are equal, the | eakage contribution (1) of
back-scattered excitation radiation is subtracted out, together with the

ot herwi se present background radiation (anbient |light). The remaining
signal intensity is exclusively due to tfhe |unminescence enission. In the
exanple of Figure 2, the "rise interval" (A my, for exanple, be entirely

"subdivided into two equal time intervals (t1, t2). The integrated signa
intensity during time interval tl is subtracted fromthe integrated signal
intensity during tinme interval t2. Contributions from back-scattering,

" backgr ous\gmmiély ob £ oth@nineéneiohi ght influences causing an error are
collectively called back-scattering contributions 1. By subtracting
intensity values a net signal value is achieved which is representative of
the [um 0t LEys Rl M4 agi t he s o wWake | L6A) may
be parfi'fapl?%& su%edellgi%ggé%%%gﬂt%séﬁdégégt%nég%ﬁ?gr {‘/}gllgh( taglbtg}%) ?Eg‘aitggti e
WO 02/ 0 e emmn#CIoEPOR/ DEBildesaercealistbresngiskor feret béncoheribumdonsi ne

i nt s (tl, t2 .| ocat he, beqi ppi d .t h d_of th
¥ se e b fdne S1GRE 8, BFh LrgkarCe R Ree PR ERh{oR: rectaBlPY
t5 is suptractpdsfopnthbeusat 881 atellegbfinNahel NURASEEEentddomp8uhlne

interval t6. Contributions from back-scattering (1) and background
radi at | Fhewire| actiyetrdefenyedacnissipgnahavacterisspreeseit gt i Ravena Be

cui t ab IS ARFAICY BALLa-HD RarERE; TAhLAEGREHS e g R pRpU"Ent

charact esx8it&tichskightmBoaenet RakSbedtiskwheched wagd and r¢iode etiid

sanme detection equignent. Simlarly, the "decay" interval (D) follow ng the
swi t chi rRy-$#FRBINgheUBLBPESERER PLORALsBEFEE FAf BE¥CIERULANIdTnk Forrce

| east tVvRagPLEERT 8P4 ¥ cREYAbEE] TR t?FQE&Q'émiE%&oﬁ?&%%b%hsE PRakbuch a
integrated during said time intervals, and at |east one difference signal
bet ween huminegcant af aafnnetionqedl timends| shempalin Figameed: Ble shewshe
fact th h L0e. Lot e _equal, t i pre . grgund
fact MnkneaELAB:ED' Sevahe BUfeCHEcl ol iR el Bl at e Sal RIBKO

excl usi vgh¥etlitBgtR AD¢ BY€SRBGE Bhe! DALLHBIRGSGRAGACHIRS &F the the
exanpl e of Figure 2, {he "decay interval"” (D) nay be entirely subdivided

i nto twodegeatedi nesponeevirom( tie flupninescentt.eFededetieptad responsey
during tine interva 3.1 btracted fromthe_iyn at i | intensity
during t?ﬂ@pFﬁ?gﬁvak PE?SEOE#FFSUFP ?angﬁrbggﬁg%%%%ﬂS%%&%ﬁ%%%n_cancel
out, to f&&ﬂ&t§oHeEfSWQ0éheﬁthexlrQaéﬁiﬁ?tEhkbﬁgﬂf;thoﬁQﬁ%ahUEEﬂ%%%ence
intensity. WO 02/ 071347 7 PCIT/ EPO2/ 00811 Alternatively, the "decay

i nterval gyémpay2belpaihesbepceudidiadddn oifo wawe lemdah G2nemintedval s
(t7, t8), said tinme intervals being_shqrter than the faorner tine iintervals

(t3. t4)CURENGoREFERARERR 1 RBIdG) nAURENESEeRES TaRdatirorh Havedengrh

intervaly,(D)..Jhe I r I | intensity during time interval t7 is
subtract%% ?%%%FFﬁeéﬁﬁggg§%§25§§g§%a| intensity during tine interval t8.
Contri butions from background radiati on cancel out, to | eave a net signal

val ue, representative of the sole | um nescence intensity. This alternative
sol uti onThe pEierencsr P Sackapcattered, spgiatdamdddet FieBekeStatavi ng
very di T4ekent 1enai 2eiBultl ko ofeedh dldoiaten sitiiue d it it efiRInE Gbr
usi ng one and the sanme equi pnent. e nmethod of the present 1 nvention
relies tthe peaflhemiseedf luminesseaces intriegtsitlyowsaiah e deffdeceéedemyssi on
characterjstics, and wyi al_l aws, through a suitahl.e suhdivi sion of the
"rise" aﬁﬁs"lc‘:l&":ﬁﬁ" P?F%alc(g& é‘ﬁsoﬂdi r‘Parg: and Jt*h Mt i on of
‘corres po?aremcuuhwzaa:we_s Han@&hedidhlser @FCread uemideycatitd Rindy Malgh
conpensation of both, ambient background radiation as well as the

det ect or e¥cdhAtionk $84ENEAEY  efoidt-atifo Fiea diaRe sfieTrhian AR-weFvest ing

quant it agi e nt._e ak | um nescence intensities. Based on the
presentaﬁgégﬁﬁﬁg,ﬁﬁgg s%;q%g%$%¥$he art can easily derive and inpl enment

ot her variants of the disclosed nethod, in particular such which rely on
nore than two tine intervals for the extraction of |um nescence
characteristics, and such which rely on observation tinme intervals of
unequal si ze.



The present invention discloses as wel| detection equipnent which is
suitable for the determ nation of |um nescence WO 02/071347 8

PCT/ EP02398%3A7134nt ensities and ot her | um nescence char actpgroboss11free of
contributions fromanbient |ight and from back-scattered excitation

radi ati on. Said equi pnent relies on the inplenentation of the nethod of the
i nvention, in conjunction with at | east one | um nescent conpound show ng a
time-deferred em ssion characteristics. Figure 2b explains in nore detai
how the two values of two time intervals, e.g. t5 and t6, may be subtracted
fromeach other: During t5 and t6 the in§ensity values la and | b which are
resultiQalfron1back-scattering and other errors are neasured.  As the tine
"t5 and tH¢ meEeR acrerdandetor the BRrEseBL| ingguELOnThELEERaPVEKEONSSt v
val ue duty ri ses : . The  tot.al.. e duri.ng t6
conprisg%ﬁﬁ% %ﬁ%sgga'rgﬁeﬁﬁgﬁpggkgﬁé %ﬁt§§§P§§t¢§ ug&g% &%&?kgrgéuFbg from
“em ssi orexdéitaeidnnlhghtesburaeelsapersoddthiilyl switdahedgonheandnbtifal aghase

of illumnnation, and the value 2b is _rather high at the end,of the em ssion
cycle, tPROYRsHEtFRGUTSI e 6fmﬁ@§HE?¢n§aEEE E°gbfﬁﬁiﬁﬁ§ YRIRESSPNCE yery

close tojhtenyftyecoh BB oB¥alakhingosBbknsapRbes rigeat ahiae tReghAREAY»Of an
irradiation cycle and' another sanple t6 at the end of the irradiation
cycl e, iparsspoysubingt bhacfivdlewingumethgdsi gnals, which correspond to a
hi gh degree to the intensity of the emtted |um nescents. of course, one
could decide to increase the length of one of the sanpling periods. . 2f,
for exanthe,“tHséhoihdebeal (AP Batlveaf @het bwieshAdihgvahuaadwechk be
achieved by diyiding the intensity val ue_neasured during t6 by the factor 2
to conpoPEbFEN{Bg-PRE PEnGBF BEFIGACAPT HAENCFPQUFESITEY DS AURBATARERC

| ayout o egfu kPN b S L6 od [ egik a1l Nipk,R0
ol d et hod of 1 B0 1 o TR ERSS BR Pr n e K, SRRy Tl
det ect i ocdeegutpreaigtaipisséntagrhtadt duméngasaeiddidne dntervals to
light-enmitting-diode as_a_light light sour LD,/ LED). for the excitation
of %5 | e iRABER: vRLERRagOrMeaeh AnEasRl L ifeh Ebe, SigFerEacs Beieeron
equi pmentheogprieeand tuet Bekodl keanhlode WeltaDnaeeassoue( ter Ehe) reicth
menory (Me and at | east one_anal og-to-digital converter (A/D), and at

| east onkh@bt EBE| RdmehaiRkervadsi argeeabpilng thRarsakagens dbytdps: ddidode
(PD), fo b i keELet (T (WelaP S ectronic
filter ( ?ﬁggklgﬁgﬁgége§|g%??%ﬁ??°???%gﬁhﬁﬁs& gﬁdQSBFgggﬁggiSﬁgr anpl i fier
(Al). Theogether withhthei ghhkrwipki preseAt bsckgdountoraddwaittioni ng unit,
conprisin . positiv rapch conmpesed of .a_nqgn-inverting.amplifier, of unit
ol (o1 SRiBEE LB o e EoPRIRTg, 518 Al IR RS R B ke an

i nverti ngu@ngbi ther 19hinektedieenemibsiand a switching unit (S-). The

conbi ned signal of both switching units (S+, S-) is fed into an integrator
(I'), which is followed by a second signal anplifier (A2). The output of
anplifie LSall Y ~freeh] he Dw egt.er th i r sor
((err)P)inT gédg%gggﬁhgogqgﬁ n%%tﬁéoEgéisgggét& g&é?%%nesAg}@?QPagﬁg?
however , exawppde, nbeeedetieelyngubddmided, intoaltwvowekmala tiwieatintervatgar i son
of lumn en signal ,intensities.oriqginating.froma.deliheratie _m xtyre of
di 1 or ent EEuntAbec HHEs HFHCEEREER RdSnATILACSHEL Yo BURIRE SinG| dOEFaTA

el enent sgreygbgupteseried Frohe the! detohtated RIGMa10H ntenighity Blirdndua
detecting channels, such as focussing or light-collecting |enses, optical
filters, témecinbaryali t2er SOnsrdbutdoms Erom bacinecrstar g loackaaiovaded

infigurﬁaﬁiHEXoﬂ'%%db%t%EEQﬁQg%%giBEﬁhehﬁ%% LatFTRho 28 B YC 2l CUI
collectively called back-scattering contributions 1. By
subtracting intensity values a net signal value is achieved

which is representative of the luminescence intensity only.

Alternatively, the “rise interval” (&) may be partially
subdivided into two equal time intervals (t5, t6), sald time



WO 02/ 071347 10 PCT/ EPO2/ 00811 Said excitation |light source (LD / LED) and
said switching units (S+, S-) are controlled by said m croprocessor
((err)P) wodzensabe the detecting unit to perform arbitrarpciEeeb2/0811
application-specific sanpling cycles through a correspondi ng progranm ng of
said m croprocessor. The m croprocessor ((err)P) is noteworthy progranmed
to performthe follow ng operations: 1, repeatedly swtch on and off the
excitation light source (LD / LED) for determned intervals of tine, 2.
switch on and off the positive and negati've switching units (S+, S-)
according to a pre-established sanmpling*chene, 3. read the detected signal
values i,n digitized formfor at | east sone of the present channels by neans

‘of the (SHEFFALSANSIEEHhRIRERST £Da%krihs mrRSenat TR ot DEeEER Hent &1 and?)
absol ut gref 1cRlAldd B RAd T MY 'BlERICe MRk UsRd 08 thge Shapal val ues
read in step 3, 5. put out theTesult” of step 4 in ternms of an authenticity
or non- daotleevEildi tiR)i .nEheatinedmatadheigngl cnkrkeitysdurig dciee ect i ng
equi pnent fur, r h se i ther, as. a stand-al one if., operating
T an adrRaas Tag ARy R AR e artArad ol e it Ry

aut hent igeirtivieP fr idnes dfitervildals | exdntWibuttl dred Nt Sbdck L ScLOfSeDhid 0L R
central, secured data server via an information transfer link. Said central

server @&% Hackagang tradiatdian -ganegle R v iUckeayR® dejehef i@ some of

t he operati.ans ]_Is%ee .G s S (Ler. i g_;ﬁ% i cul ar

i ndi cate lllu(r%’st!%éps a#?c?%%%. \M‘@ﬁ%%eﬁégl %‘?‘ébgqu%%gll 2

pr esent almesmtatdivedissdlutsiesn aiss it sosleorly tgusyalb ben 1€ ogeversahg m xt ures
of | um nescent comnpounds,, capahl e of being jdentified using sajd detecting
equi pEnETERPSRAR G A EEH L TH % V4 HEL SRR E R BOEATES TS 18

i ncor poratiggha i gk oL At 81 YL (e BTy 4ad dREUAB NbRe OAnd  £he ! §8me OT
may be nolded into plastic or |am nated between sheets, for the production
of foil SletRahian equwkemerRt. credit, identity or access cards, and the |ike.
Said security system may noteworthy be enpl oyed for protecting banknotes,
val ued docunents, official docunents, cards, transportation tickets, as
wel | as dimalriceard ygodise ofdeddy’kiimkedvalrulld) af sblowingt thet fwt tthingeddod
and the equi.pnent agccording, to the present .invention,allow for a

consi derhItS GRRATIRATR THEGRIEFS (TAY &7 nEiPeiUifERohtso #F thest

det ecti Giydf PrEBRNAICAPCENILEPOIRE istEAraled PHé dUELBOoENEigRgtaYs
intervals, where no eXcitation signal 1s present, one nmust not particularly

prot ect inkegranesdlidiaeing opaidctine | ivpeevatst handxart deash dnght. A sinple

45 beam sl d of & -f 1l e i 0 | te th
emtted J'tjlgr#énéees %enc%l%%%r%?\%f#ﬁS%J%a’#éi{’[ot%@y%ﬁgéé%sgﬁ%agéiﬁ%?' a%i?l%ey can
be mass-jptositiesd 1y tormednmie| ogreipdyEaee tlehat edet edihai dnesrvals are

equal, the otherwise present background radiation (ambient

light) is subtracted out. The remaining signal is exclusively

due to the presence of the luminescence emission.

In the example of Figure 2, the “decay interval” (D) may be
entirely subdivided into two equal time intervals (t3, t4). The
integrated signal intensity during time interval t3 is
subtracted from the integrated signal intensity during time
interval t4. Contributions from background radiation cancel out,
to leave a net signal value, representative of the sole

luminescence intensity.



In particular cases, one m ght even envisage to work w thout any optical
filtering, and to rely exclusively on the wavel ength discrimnation which

i s al readyoneaiizged t hrough the choice of an appropriate exqaimbioeii source
and an appropriate photodi ode, in conjunction with an analysis of the

| um nescent's decay characteristics, using the nethod and the device of the
I nvention. In this context it is interesting to note that nost WO

02/ 071347 12 PCT/ EPO2/ 00811 LEDs can al so be exploited as

wavel engt h-sel ective, although sonewhat ] ess efficient, photodaodes. This
I's particularly useful when working witH up- converting phosphors, in order
to reduce the photodetector's sensitivity to the intense |onger f

‘wavel endikernghi Vel hdhe cldagavointRrrel” APk Heaw ke oprekallnf different
n | " . . I s | t h
col or eEubhE%%ﬁa” &%@%%ﬁaﬁo‘ﬁn\%gﬁw e(SPERL SR éﬂ@etz{tég mthe

near UV, over the Into t there ar'e ;jUst as nEn
" spect r alhyeswiadet bed ngptetmintar phiero dihed eforanaar | athe 1mt ool svo(t 3, need

G 2w ngSTandCSFEER. SIRATH (1 ResotT i Anck iR LG AR OF | 8 c:ASeae
evol utj gRtefvibhe it o Midnalraddindhe watested duwinescanse

response of a | um nescent conpound used 1n the present invention: a)
i nt ensi tptegmalds t7 ke cfuliiraabed tbndothe gintteatated st igralh inten2ity)

intensit r ti of e tegted r 0Ns Lonal. .Jhe detected ..
Ir es pofllsfé;1 %ﬁ%ﬁ:tllagl c?lrrpq%tseers‘;:akh( lt)%e’b gcf(nq-’s%laﬁfg %rb‘-’erf;%?q‘éta? %%k%fc’%‘% e’f%cﬁ’g?‘ﬁlon
(err)l lealdeng dulty,ough ldmwrep il didial wRiem répesertNeBee b rilge at i on

of wavel engt rr)2 emtted durjng excjtation, and (3) |unjnescent
radi ati 6% %a&@a ] SHHSNRIRY ¢ tPLf (RYCRIRFELYS oFPLUL 1R 0b8 071347

PCT/EPO%@QQ&%&IE%ly suitable if several luminescent materials, having
very different characteristic “decay” time constants, must be

analyzed using one and the same equipment.

. The method of the present invention relies thus on the use of
luminescents which show a time-deferred emission
characteristics, and which allows, through a suitable
subdivision of the “rise” and “decay” signal observation
intervals and the formation of corresponding integrated signal
difference values, for an internal compensation of both, ambient
background radiation as well as the detector’s own back-
scattered excitation radiation. This allows for a quantitative

assesesment even of weak luminescence intensities.

Based on the present teaching, the skilled in the art can easily
derive and implement other variants of the disclosed method, in
particular such which rely on more than two time intervals for
the extraction of luminescence characteristics, and such which

rely on observation time intervals of unequal size.

The present invention discloses as well detection equipment

which is suitable for the determination of luminescence



Figure 2 illustrates the principle of the detection nmethod according to the
present invention Figure 3 shows a block circuit diagramof detecting

equi prentwaaeeridng to the invention, inplenenting the netiogeRRobdie

i nvention Figure 4 shows schematic |ay-outs of the optical part of an
exenpl ary enbodi rent of the invention, conprising an excitation IR LED and
two detection channels: a) a version using non-imging optics; b) a version
using inmaging optics Figure 5 shows the circuit scheme of an electronic
enbodi ment of one detecting channel according to the present invention
Figure 6 exanple of timing diagrans for 8he excitation signal (E) and the
control signals (P1, P2) of the switching units. A security systemand a
‘corr espamdians iddias tand) ek eluningigente nghanecrerhotios, t iveenefnti on

were regl| Q ] C re_ch n to be
' upconve?t##&g%g\é%m@%%%%nﬁ?ﬂ%?%ﬂg:%%é.sgﬁggﬁr terials are
exci t ablexdiyatniicenseadidtored $ail addnoipment hee Pdos t on 98Renm wavel engt h

range. Thrqugh a two-photon excitation_ process, they enjt | um nescence
radi ati &ﬁ‘%e%ﬁﬁatté‘ro IEMRYIEEROR (Pl R HLVEBBLORY r 23 BARIBRCER@Ner bi um

doped mgfieiy aé%yﬁ ear i r S99 b QN f h LM
doped N Hogéib07ll3 rlbzf{% 1/ 1@%%\%}'&?1@%&? eri alrgﬁﬁsﬁghghaarg%?%rf&%%%%#ne
const antesnicfsitdre ahoarastpeEnis tdes um nescent eni ssion intensity growth and
decay are of the order of 50 to 500 (err)s; they depend noteworthy on the
exact nature of the lum nescent materials. The detecting device was

const r ugtieflRC o dRed Dhil Ohilfode ddtdiE HowNEhE &b evaludBeotXehbating
source is a commercially available GaAl As | R-LED of the type used for
renot e détisiakihHple ¢t i Bhsandhes cHery noeevkeracredsiysn eathsothespti cal

o ot I T e, KRS e nCeliley O Fepiodl andap WRLRTERET o'

resulting from back-scattering and other errors are measured. As

the time t5 and té is equal, the value of la and 1b is equal.

. The total intensity wvalue during t5 comprises the values la and
2a. The total value during té comprises 1b and 2b. However, as
the intensity value 2a which results from emission of the
luminescent material is rather low during the initial phase of
illumination, and the value 2b is rather high at the end of the
emission cycle, the resulting value of deducting (2b -~ 1b) minus
(1a + 2a) is very close to the value of 2b. By taking small
samples t5 at the beginning of an irradiation cycle and another
sample t6 at the end of the irradiation cycle, it is possible to
achieve resulting signals, which correspond to a high degree to
the intensity of the emitted luminescents. Of course, one could
decide to increase the length of one of the sampling periods.
If, for example, t6 should be twice as loné as t5, exact values
will be achieved by dividing the intensity value measured during

t6 by the factor 2 to compensate for the longer period of time.

Figure 3 gives a schematic layout of the functional blocks of

said detecting equipment, implementing said method of the



Figure 4a shows a schematic |ay-out of the optical systemof the detecting
device. The light of said TRRLED is fed via a 45 dielectric beamsplitter
(BS1) intwoayeAasical nozzle (N) of pol ynethyl-nethacryl at eccRiv¥dos1and
concentrated onto a | um nescent marking (M on the sanple under test (S).
Sai d conical nozzle (N) noteworthy acts as a non-inagi ng opti cal
concentrator (acceptance angle transforner), accepting |ow ntensity
near-parallel-ray light at its wide end and delivering high-intensity, but
strongly diverging light at is narrOM/egf 2n the opposite sense, it

coll ects a concentrated spot of w dely verging | um nescence at its tip
and delivers it as a diluted, near parallel beamat its wi de end. Beam

splittedngsntionof Serel Id@f@%@ t%%lé-,PWﬁ r@n@%%tafoflfeaﬁd?vé?f@]gt h at
900 nm ,IA&.TaskiAg M 4 @d cf:.‘%?i Oanv%m[n %}ﬁ?@}ﬂ{fc ”
rati o, an s sal RS c

pre-det é&rm ne
radi at i dnLED)SE&xnmrfmcénmlﬁm.dnnomm mnestatt magtking efW)i ton \a t h | i ght

of said 900_to 980 nmenitting WO 02/ 071347 15 PCT/EP02/00811
Sai d enfFEMBde JFARE &HPSSs @I eéﬁjét%?r'ffé} £ 3T S FHRNRN GPURTG 8E y t he

coni cal I , ]_a&% e d.at

spli tterfﬁ%gﬁe%A%s@ec}oen 4?r1c?eé'+ ect e%%%p |ét-:)t gfxt&@%ﬂd#ﬁ (hlvf]érf ong- pass
type, haw Ngadtd o tareilfogvass dirgitalofecoiBiertar sEpD)t emd rer Shdhatm ol
t he 800 nm conponents of the emitted | um nescence response. The 800_nm

conponedietestiag hannelot iShd RGhKRRNNST IGIRFLISA )3 | QF%filOde

silicon. and d a J 500
nm band (%2)2 ?qq"?%r EE%Y |E¥1P€r %lﬁ Eot(r)%ﬂtsdieﬁ(éf 'il)l aﬁj{mjﬁﬁ native

| ay- out aifedﬂmmm ifddlteny stHm | 2 slmwpass R Ipctererc 'I‘thelisenbstIam)t i atdl ya
paral |l el -.beam t. of the narr an e emtting LED i s nt_through two
G chr of (G185 et Fv s Y pAE " Sre TR coh HaE vt Gy SR £
l'ens (L)pionted fad Wﬂﬂtﬁ%%ﬁ:ﬁ@ﬁﬁ%gﬁi‘ﬂ GompBIEhE ANEEitBed Ka@ncHhe
marking Mis hereby disposed in e focal] plane_of |lens L. The |unm nescence

em tted qgmnqseew .anngWV%%tﬁrm&eammlﬂe%emaf teRbBoIHHR ekttt ARSN21 i ght

:‘isr g;)l I4 eam spc‘* qﬂ?i ?%%15 %ﬁ%?ﬁ%ﬁ}t%ﬁ%ﬁé@éﬁp#%e 4 (ra%g]at?gt 19| ?t er

type andinvesftimrtamplifietr ofiruonitvgadshebgth maddaasmuumm@ wnd t 008 s a
first phqgtodio r der of the light b 0.a,second
45 bealr[n |°tCE“g? ré%gZ% gﬁﬁr‘rlf ﬁgﬁr‘%pw:tti%l? g ‘6’? e?g 'y giat:'esf#?‘Fe} Lt0pe,
too, andy qrﬂi‘.%éﬁt%ﬁeFWd ‘naiéﬁww/aﬂ@im@ bﬁnd g&60Rd §5naIn tovards a

second phot odi ode &t Optical filters % to_cut_down the

i nt ensi tamkifiRr beRXY eleé%t@éltPW-'-l‘P%rﬁmB:f-lih%re% i +at fonadbyirfed #HaGobe
opt i ona:_z‘g&l erted in fron)g hot odi odes gPﬁl] PD2) . wo 02~0~13a~
16 PCT/ 1O T RF 5°5hb %5‘3?%5?]:0 & electronic part of

one detection channel of the detectlng device. It relies on a

m croprocessor of,the PIC 16F877 type. The m croprocessor is comon to all
det ect i SFhe Iigtrting eqiel ppentt CARPELRER cat Theadkt @BCor PERERY#RIY cs relies
on i nex el | op& N o]

anpl 1 11 ararete £ B0 O fipERrRAPERL no ofianhpfe) CLOTRLEGOPEER! PREa ive
smntchlrmpmparﬁsmmyobelwmlnbscéﬁﬁé Sygnal41nnen51p$escasnggmatihg from a
phot odi o whi ch nay be o or an ot her
explo!té§51¥P%ﬁ%ﬁ% EPEent géﬁheﬁﬁFEV%‘glp?§c§P5ﬁa 3 §a5%¥§§Ced
transi "Pﬁcﬂ@:ﬂ@foﬂpl bht £Ea Bt ageeié@&reﬁic §aeﬁlehﬁanﬁa?pséap@esaﬁal ihi ehe
stage is followed by a second anplifier stage (|Cl: which delivers its
out put, deteckingapasipuest osuphi hgs mdmédpaél fdeteckhaot ABanBgdbi ve

h
Sgnal ofudad febulsfiny Bl ightl cbiFeRETH YEakBLL  PbEFRAL FiRERRHIPY
signal odléc&Hrbhis filﬁéréedetbrougbmanoﬂnahegfumzeﬂ.bnalsbagekéIC2 B). The

conbi ned out ut of . the,swtchi n units éIC?, A, é b in an
i nt egr at SRk E)%d(?‘EZFA?uﬁﬁd‘-"tW Yi AL8gr Fe@egﬂﬁﬁafwg & eFo"PFlB same

anal 0g- t @1 d&@+-6A4 ccenyvenier uhAD) of the PIC processor. The control signals
(P1, P2) for the swtching units (IC3:A 1C3:B) are generated by the PIC

processor.




Based on the foregoing teaching, it is easy for the skilled in the art to
concei ve further enbodi nents of the detecting device . which, in
particul ayg offesfave nore than one excitation |ight sourcecrTatrotsel t han
two detecting channels. WO 02/ 071347 17 PCT/ EP02/ 00811 The operation
frequency of the device of our exenplary enbodi nrent was chosen to be 1 kHz,
with equal |engths of the excitation-on and the excitation-off tine
intervals. This is, however, not a necessary condition; one may equally
chose other . on/off ratios. Figure 6 il lustrates an exanple of useful
timng diagrans for the excitation signap (E) and the control signals (P1,
P2) of the, switching, un e 6a,shows_the square;wave excitation

“signal ( %51QNﬁF?*E§?%EPriik%ﬁuéb?%%%oﬁ%% ( BEDE; 3d eSBLA sABHECRANGX MRALE of
sanpl i _nggéﬁe "r)| STEATo {‘ ﬂe hﬁ'}(ﬁ&l@ﬁ?f&,ﬁ% rb&8 nge&(}\g Hﬁ&ngngpe Iy

swi t chi ng” Uni contr signal s ure h anexanp
" sanpl i n:Hdeié w@@w&g paiit ofo tperformnesbneary ean@naspl Rrat Foguepetd rikons
an alternatlve exanpl e of sanpling the "rising"” part of the |um nescence

r esponse*qNg 1n9’tf%3"?1%@%o‘élh’é‘?i691?h% G%VF%%P%PdW@ PROSHATBARNG| PEWSAdLewor t hy,

through @ é*éﬁ? %éW%Of suitable different sanpling schenes, to extract
i nformation out bot the Ium nescence intensity and the characterlstlc

time constants of the "rise" and the "decay" part of the |um nescence
response (R). WO 02/071347 18 O ai ns PCT/ EPO2/ 00811 1. Method for
authent|Tkﬁ|¢&F%PE%Q€#$$9rnﬁHQInbsc%ﬂ%?W@?ﬁBYaP¥9§¥%@@%@nF°cBﬁﬁ§9ﬁ@ ke

exposi n %f - A0 xcitation, said |um nescent conpound being
ex0|tab%g£ y an f@?% %lon |ght source and neasuring the intensity of the

| um nescenceep@asedbyn ghkteh nonuandgodf théeexeipasiior Lhghhesexciceat(Ton

|'i ght sour ight-intensity,values are peasured during intervals of tine
(t1, t2, Sf %gptgort et?ﬁ%l?%é WRFERVELE glEEW@d that, after subtracting
the int e@SléwlwalhU@ncahaesfgdtﬂarpaglemeet hAB hB&EEYL Ew.«z&bhhag ek ty
val ue coll ected during another tine interval, the result of the subtraction

is representStive-forcepydingntet adpreorFtrblighrhesauniing: acheme, 2.
Met hod C°£é'é&9 ehd &EE‘ ﬂ.vd ﬁ’ﬂ Si”vgggegf 1hN8; GiflE-LE 86 | S 2 1 S

selecte durlng e |n| excrtatron—o um nescent
nateri al tOléééﬁcﬁoﬁéeoﬁrQﬁérbféﬁeﬁﬁ khahhel Bt BYSb¥nk2aE EQEUP@'@QAUBOm
em ssion of. the [um nescent nmaterial conpared to neasured |igh
converter,
4. perform mathematical treatments and absolute or relative
comparisons with reference values on the signal values read
in step 3,
5. put out the result of step 4 in terms of an authenticity or

non-authenticity indication for the sample under test.

Said detecting equipment may furthermore be used either as a
stand-alone unit, operating in an autonomous way using pre-
stored reference values to determine the authenticity of a
gample under test, or, alternatively, in connection a central,
gecured data server via an information transfer link. Said

central server contains the authenticity-reference values and

may perform some of the operations of the microprocessor (uP),

in particular the ones indicated in steps 4 and 5 above.



intensity (la) caused by back-scattering light, stray light or other |ight
whi ch does not result fromemssion. 3. Method according to claiml or 2

wherein gye@esengdsti me interval (t6) is selected during a peagpot/dosehi ch the
intensity resulting fromem ssion of the |lum nescent material has risen to

I ts maxi num W O 02/071347 19 PCT/ EP02100811 - 4. Method according to
claim2 or 3 wherein the duration of one tinme interval (t5, t6) is shorter
than 25 % of the em ssion period (A) . . 5. Method according to one of the
precedi ng clains wherein the marking cogprises one or nore | um nescent
conpounds which emt light at two different frequencies and intensity

val ues e sanpled for liaght emtted at said .frequencies. 6. Mthod
- accor di Y% SRR SRURIE I (FETIRRR S AL TOGH ST
f r equenGcapralsa riep MdfRire . oML iRTh AEES | dnd AR, UdapAISLPT SE ek Dl
clainms wherein light intensity is sanpled during exposure of the marking to
i rradi atidgRt i igkh i hard IRFeG- Uit AuinReIN: AR WRERPG nEaifher ei n

l'i ght i ' [ I r t gﬁﬂ%gf L r jation. 9.
I\/E?hod g@?gﬁﬁg %%oﬁ%%jsﬁﬁe@pﬁ e@egl ngéacr‘gi rrﬂs@mﬁé el %gec?i% ?il?j%%ensi ty
val ues. dmd mpyimted iontgpaeendsi (i |docund)tarex iartterbeed. od Geayvidbdod f or
t he marki aut henticating of securjty docunents or articles, said

mot hod MEHSAERy TIFQ RILARK o  LABLRAE afh P8 RS SRR R ok ai d
| uni nes RN RANRALINE BRING: Xgd dab] By i Adh X CidAdd 0, | i glie SQpr&e and

showing™a build-up in time of the | um nescence enmssion intensity after the
exci t at ieGregsynarsisr dnd dhdckikew $ahddesuridy syskeaymay notewerthne

'””‘“esiﬁﬁ%§m5HB§EH‘¥bfrBé%E%éé&ﬁStﬁinknotes, valued documents, official
documents, cards, transportation tickets, as well as branded
goods of all kind.

It must also be noted that the method and the equipment

~according to the present invention allow for a considerable
reduction of the optical filtering requirements. If the
detection of luminescence response is carried out during the
“decay” intervals, where no excitation signal is present, one
must not particularly protect the photodiode from the influence
of the excitation light. A simple 45° beam-splitter of the
rugate-filter type may suffice to isolate the emitted
luminescence wavelength. Such filters are advantageous, as they
can be massg-produced by Lippmann-holography and related
techniques.

In particular cases, one might even envisage to work without any
optical filtering, and to rely exclusively on the wavelength
discrimination which is already realized through the choice of
an appropriate excitation source and an appropriate photodiode,
in conjunction with an analysis of the luminescent’s decay
characteristics, using the method and the device of the

invention. In this context it is interesting to note that most



W O 021071347 20 PCT/ EPO2/ 00811 the excitation |ight source has been
switched off, said nethod being characterized in that - said | um nescent
conpound g oPafiseof a security docunent or article, and - pgajboSyssii ation
| ight source is switched on during a first tinme interval (Tl) and sw tched
off during a second time interval (T2), and - at |east two | um nescence
intensity values are neasured for at |east one | um nescence wavel ength at
| east during two subsequent time intervals (T3, T4) inside either tine
interval (T1) or time interval (T2) or both, and - at |east two of said
measured | um nescence intensity val ues 42e subtracted from each other to
obtain net |um nescence intensity values, which are conpared to reference

val ues, IFEPmirraqutalen ke tsxploied ;s vave\endich: sRter il Vg, tdlehenain 10

wherein t] I rval s : d ri L1 Qi i

i nter valééﬁﬂ‘ﬂ”&;e t%éo%g%%%%gf 'diaélgm?%&%da%ﬁ lﬁ%e#%%ﬁ%u%%mal s (T3,
" T4) ar e ypdfulofwheénmrork ey akifH l)p- dSnvédet hogl plesspitbng, t in cbrder 1€0
wherein tipe intervals (T3, ﬁ§$ are equal , and conprised within tine

i nt er valtgAGe the MRHHPERLHPH! AP eRSLE LY I Qe intente  IRRISHrs (T3,
T4) are | "By d T} ; Mt hogh-@& cog di i s
10 to 14@\/%153{3%‘1& g%%ﬂ%%if%?é o%}ﬁg tl%%urce ‘?&s ?%%eg&?%%?y%ltgic 1g{c:i?on
and of f ,ofanill fffexresitn Sedlbtedi neERmcen i thematkeval cevenirng tWO WRODE1347

PCT/ EP02/ 00811 21 dl d_subtracted, .t tain, jnt ted
et i nt PTG LTRSS . EPe RORaY B RUST oot crcatbfe (e oo 2phat €

aut hent i gr | ritditd i@ ud®. adonasp dpécthgl byt deTddEibé OpoténsEeUrity
docunents or articles, said docunents or articles carrying at |east one

| uni nes adirtedigirmEvahlablent @culen: velokd ReRA beiem. exci t abl e by an
excitation |light source and showing a buildup in time of the | um nescence
em ssion intensity after the excitation |ight source has been sw tched on,
and a decay in tinme of the |um nescence em ssion intensity after the
excitation |light source, has, been switched of f, said device conprising at

| east on%"%&%f?@fi#?&ﬁﬁ?ngource, at | east one photodetector channel, and
at | east one mcroprocessor, said device being characterized in that - said
excitation light source is capable_of being switched on during a first tinme
i nt er val TR 13neeat benpef nfustneshédlustratedngy atbecénavings anpdebyapn( 12)

under Co&él{?ﬁlﬂy Sé’\jngoalrﬁéﬁef ocessor, and

Figure 1 shows a typical time evolution of the excitation
signal and of the detected luminescence response
of a luminescent compound used in the present
invention: a) intensity versus time of the
excitation signal of wavelength Al; b) intensity
versus time of the detected response signal. The
detected response s8ignal comprises: (1) back-
scattered radiation of wavelength Al leaking
through the optical filter system, (2) luminescent
radiation of wavelength A2 emitted during
excitation, and (3) luminescent radiation of

wavelength A2 emitted after excitation.



- said photodetector channel conprises at |east one photodetector,
produci ng an anal og out put signal when illum nated by a |light source, and
at | east ywoe2e1194ml sanpling unit, capable of sanpling angcirego®ii ng,
under control of said mcroprocessor, non-,inverted (P1) and inverted (P2)
portions, respectively, of said photodetector output signal during tine
intervals (T3, T4), producing at | east one net output signal, and - said

m croprocessor is capable of digitizing and storing said at | east one net
out put signal . WO 02/ 071347 22 PCT/ EP02/ 00811 17. Device according to
claim 16, wherein tine intervals (T3, T4p are equal and conprised within
time interval (T1l). 18. Device according to claim 17 wherein tinme intervals
(T3, T4fFiguwrend f of tilldustiretes the prindipleefadie deatpddon aentd]
wherein time intervals (T3, .T4 re ual__and .canp ed within tine
interval (T2). 20. Devia%é’dféiéﬁzgd?:r?g LR M «ﬁ% Bine intervals (T3,
T4) are half of time interval (T2). 21. Device according to one of clains
13 to 20, wherein said excitation light source is repeatedly swi tched on

and of f Figmreuderei n s &NOWS @n l%&irmglmudla@%pﬁatd@ﬂqpml ing and
integrating said photo MO i I
i nt egrat edgnet oultoput %%.ﬁ.ﬁr% Lﬁd?g%g?gorgg one df ei?‘f eﬁ;@e%r}%

21, wherein said at Ieaﬁecmythua ofutthid xnwynﬁldn saJd at | east one
integrated net output signal is locally conpared by said m croprocessor
with at least one internally stored reference value, to derive an

aut hent igidueignal - 2ndi isheetddlngg I o Pfrd Agicl War of an

wherein sai d

exemplary embodiment of the invention, comprising
an excitation IR-LED and two detection channels:
a) a version using non-imaging optics; b) a

version using imaging optics

. Figure 5 shows the circuit scheme of an electronic
embodiment of one detecting channel according to

the present invention

Figure 6 example of timing diagrams for the excitation
signal (E) and the control signals (P1, P2) of the
switching units.

A security system and a corresponding detecting device,
implementing the method of the invention were realized as-
follows. The luminescent compounds were chqsen to be up-
converting Y¥,0,8: Er, Yb and Y,0,S: Tm, Yb phosphors. Such
materials are excitable by intense infrared radiation in the 900
to 980 nm wavelength range. Through a two-photon excitation
process, they emit luminescence radiation at shorter wavelength,
in the green, 550 nm region for the erbium doped material, and

in the near infrared, 800 nm region for the thulium doped



| east one net output signal or said at | east one integrated net out put
signal is transmtted via a communication link to a renote server, to be
conpar ed wblohioisad east one stored reference val ue, to der ipee/mogosend back
an authenticity signal. WO 02/ 071347 23 PCT/ EP02/ 00811 24. Security
system conprising a nunber of |um nescent markers having tinme-deferred
em ssion characteristics and preferably ' different em ssion wavel engt hs,
to be incorporated at different ratios into inks or plastic materials for
the production of security docunments or articles, and a device according to
one of clainms 20 to 23, preferably havi F\Q a correspondl ng nunber of
detecting channels, for determ ning the authenticity of said security
" documenmRtAriak | c'JTl'E% charagipfistietimm %Fé'%'é@%%n@fl%hﬁgcgrﬁ%ﬁpfé@dt—@g
emt irr

%Q]iq{é :ués% ervé;cirrgéli%;? ng\‘jelﬁg_gﬁ éﬁ’d &ﬁ‘é 81?&%%“

durlng a eas to su ues of

i ntensi gf &YW Em"m\usde e;ptae?em&]&éwrwf&ﬁ n&m é:@é’cf’ﬁié"@@ré‘-céfrd' ng
to one of the clains to 1 Devi ce according to claim25 conprising a
devi ce ttcherrélammeaqe;m matieriEals. of a two or nore frequency range of the
light.,27. System conprising an authentication device according to claim25
or 26 and a conposition to create a security marking conprising | um nescent
mat er i alThehidatdct iaapaiawided wes dedeet Rekbyd st cordifg ntd CRidere deyi ce.
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In the opposite sense, it collects a concentrated spot of widely
diverging luminescence at its tip and delivers it as a diluted,
near parallel beam at its wide end. Beam splitter BS1 is of the

long-pass type, having a 45° cut-off wavelength at 9500 nm.

The marking (M) contains said two up-converting phosphors in a
pre-determined ratio, and emits said two shorter-wavelength
luminesgcent radiation at 550 nm and at 800 nm when excited at
high intensity with light of said 900 to 980 nm emitting I‘R-LED.
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. emitting IR-LED is sent through two dichroitic 45° beam

splitters (BS1, BS2) and concentrated by a focussing lens (L)
onto a luminescent ma;king (M) of a sample under test (S). The
marking M is hereby disposed in the focal plane of lens L. The
luminescence emitted by the marking M in response to the 900 to
980 nm excitation light is collected by lens L and sent back as
a parallel-ray light beam onto a first 45° beam splitter (BS1).
This beam splitter is of the 45° rugate-filter type and reflects
a first narrow wavelength band around 800 nm towards a first
photodiode (PD1l). The remainder of the light beaﬁ falls onto a
second 45° beam splitter (BS2). This beam splittgr is of the 45°
rugate-filter type, too, and reflects a seqond narrow wavelength
band around 550 nm towards a second photodiode (PD2). Optical
filters (F1, F2), to cut down the intensity of the back-
reflected IR-light of the excitation source, may be optionally
inserted in front of the photodiodes (PD1, PD2).
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Figure 5 shows an embodiment of the electronic part of one
detection channel of the detecting device. It relies on a
microprocessor of the PIC 16F877 type. The microprocessor is
common to all detection channels of the detecting device. The

, detector electronics relies on inexpensive electronic
components; i.e. the low-noise operational amplifiers may be of
the NE 5532 type (2 units per casing), and the switching units
may be of the 4066 type (4 units per casing).

The photodiode, which may be of the silicon, GaAsP, or any other
type, is exploited in photovoltaic mode and delivers its signal
to a balanced transimpedance amplifier stage (ICi1:A). Said
transimpedance amplifier stage is followed by a second amplifier

~ stage (IC1:B), which delivers its output, through capacitance
coupling, to the positive and the negative switching units
(IC3:A, IC3:B). For the positive unit (IC3:A), the output signal
of IC1:B is directly used; for the negative unit (IC3:B), the
output signal of IC1:B is first fed through an analog-inverter
stage (IC2:B). The combined output of the switching units
(IC3:A, IC3:B) is fed into an integrator stage (IC2:A) and the
integrated signal goes to the analog-to-digital converter (A/D)
of the PIC processor. The control signals (P1, P2) for the
switching units (IC3:A, IC3:B) are generated by the PIC
processor.

Based on the foregoing teaching, it is easy for the gkilled in
the art to conceive further embodiments of the detecting device
which, in particular, may have more than one excitation light

source, or more than two detecting channels.
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The operation frequency of the device of our exemplary

embodiment was chosen to be 1 kHz, with equal lengths of the

excitation-on énd the excitation-off time intervals. This is,

however, not a necessary condition; one may equally chose other
. on/off ratios.

Figure 6 illustrates an example of useful timing diagrams for
the excitation signal (E) and the control signals (P1, P2) of
the switching units. Figure 6a shows the square-wave excitation
gignal (E) and the luminescence response (R). Figure 6b shows an
example of sampling the “rising” part of the luminescence
response (R) using the switching units’ control signals (P1,
P2). Figure 6c shows an example of sampling the “decay” part of
~ the luminescence response (R). Figure 6d shows an alternative
example of sampling the “rising” part of the luminescence

response (R).

The method and the device of the invention allow noteworthy,
through a combination of suitable different sampling schemes, to
extract information about both, the luminescence intensity and
the characterlistic time constants of the “rige” and the “decay”

part of the luminescence response (R).
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Claims

1. Method for authenticating a security marking comprising a
; luminescent compound by exposing the marking to an
excitation, saild luminescent compound being excitable by an
excitation light source and measuring the intensity of the

luminescence emission

wherein during or after exposure to the excitation light
source light-intensity values are measured during intervals
of time (t1, t2, t3, t4, t5, t6, t7, t8) which are selected
that, after subtracting the intensity value collected during
one time interval from the intensity value collected during
another time interval, the result of the subtraction is
representative for light emitted from the luminescent

material.

2. Method according to claim 1, wherein one of the time
intervals (t5) is selected during the initial phase of the
excitation of the luminescent material to reduce the
proportion of light intensity (2a) resulting from emission
of the luminescent material compared to measured light
intensity (1a) caused by back-scattering light, stray light

or other light which does not result from emission.

3. Method according to claim 1 or 2 wherein a second time
interval (té) is selected during a phase in which the
intensity resulting from emission of the luminescent

material has risen to its maximum.
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- .  Method accordlng to claim 2 or 3 wherein the duration of one

time interval (t5, t6) is shorter than 25 % of the emission
period (A).

: 5. Method according to one of the preceding claims wherein the
marking comprises one or more luminescent compounds which
emit light at two different frequencies and intensity values

are sampled for light emitted at said frequencies.

6. Method according to claim 5 wherein the intensity values of
said different frequencies are compared.

7. Method according to one of the preceding claims wherein

light intensity is sampled during exposure of the marking to
irradiation.

8. Method according to one of the preceding claims wherein
light intensity is sampled after exposure of the marking to
irradiation.

9. Method according to one of the preceding claims wherein the
light intensity values during the time periods {{tl to t8)
are integrated.

10. Method for the marking and authenticating of security
documents or articles, said method relying on the use of at
least one luminescent compound, said luminescent compound
being excitable by an excitation light source and showing a
build-up in time of the luminescence emission intensity
after the excitation light source has been switched on, and

a decay in time of the luminescence emission intensity after



11 MLO% & ()-3 $10% & ()-, #1094 & ()- t$10% & ()-!L10% & ()-
10% & ()-5TTaUNMWIWIE] @ 1! 92

109% & () G dHdANA () - & z#10% & () -' "$10% & ()-Z$ 10%& () peiiEpddndi() - 3STW
XNXOXPXQX" XaXpXbC 1! " 109%& () - 109& () s10%& ()- 10\ 10\

10\ 9: $10% & () - &6-#10% & () - pXZA™MA___rS4 13" 10%& ()- 10%& ()-L10% ()- 10
10 10'fl 9%0%& ()-!' @ 9%0% ()-&  \ddHel eJeKewi [ M4 13"  10%&' 10VWV 10VW
1OVWN Kl y2G( 109008 () - ! | y2G( 10%HuHu& () -! S$10%<<& ()- @,

MBLO9G7& () - KeXe[ ef eenf haBW4 13"" SMB10%; () - M FVZ( 10%: () -

109%& ()-"" 109%& ()-10%& ()- 10%& ()-hiiii4QiibcC

the excitation light source has been switched off, said
method being characterized in that
- said luminescent compound is part of a security document
or article, and
: - said excitation light source is switched on during a first
time interval (T1l) and switched off during a second time

interval (T2), and

- at least two luminescence intensity values are measured
for at least one luminescence wavelength at least during
two subsequent time intervals (T3, T4) inside either time
interval (T1) or time interval (T2) or both, and

- at least two of said measured luminescencg_intensity
values are subtracted from each other to obtain net
luminescence intensity values, which are compared to

reference values, as an authenticity criterion.

11. Method according to claim 10 wherein time intexrvals (T3, T4)

are equal and comprised within time interval (T1).

12. Method according to claim 11 wherein time intervals (T3, T4)
are half of time interval (T1).

13. Method according to claim 12 wherein time intervals (T3, T4)

are equal and comprised within time interval (T2).

14. Method according to claim 13 wherein time intervals (T3, T4)

are half of time interval (T2).

15. Method according to one of claims 10 to 14, wherein said
excitation light source is repeatedly switched on and off,

and wherein said luminescence intensity values are
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intensity values, which are compared to reference values, as

an authenticity criteriom.

s 16. Device for the authentication of security documents or
articles, said documents or articles carrying at least one
luminescent compound, said luminescent compound being
excitable by an excitation light source and showing a build-
up in time of the luminescence emigsion intensity éfter the
excitation light source has been switched on, and a decay in
time of the luminescence emission intensity after the
excitation light source has been switched off, said device
comprising at least one excitation light source, at least
one photodetector channel, and at least one microprocessor,
sald device being characterized in that
- said excitation light source is capable of being switched
on during a first time interval (T1) and of being switched
off during a second time interval (T2) under control of
said microprocessor, and

- said photodetector channel comprises at least one
photodetector, producing an analog output signal when
illuminated by a light source, and at least one signal
sampling unit, capable of sampling and integrating, under
control of said microprocessor, non-inverted (P1) and
inverted (P2) portions, respectively, of said
photodetector output signal during time intervals (T3,
T4), producing at least one net output signal, and

- said microprocessor is capable of digitizing and storing

said at least one net output signal.
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. are half of time interval Tl.

19, Device according to claim 18, wherein time intervals (T3,

T4) are equal and comprised within time interval (T2).

20. Device according to claim 19 wherein time intervals (T3, T4)
are half of time interval (T2).

21, Device according to one of claims 13 to 20, wherein said
excitation light source is repeatedly switched on and off,
and wherein said signal sampling unit is repeatedly sampling
and integrating said photodetector output signal, obtaining
at least one integrated net output signal.

22. Device according to one of claims 20 to 21, wherein said at
least one net ocutput signal or said at least one integrated
net output signal is locally compared by said micrcprocessor
with at least one internally stored reference value, to
derive an authenticity signal.

23. Device according to one of claims 20 to 22, wherein said at
least one net output signal or said at least one integrated
net output signal is transmitted via a communication link to
a remote server, to be compared with at least one stored
reference value, to derive and send back an authenticity

signal.
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24.

25.

26.

27.
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Security system comprising a number of luminescent markers
having time-deferred emission characteristics and preferably
different emission wavelengths, to be incorporated at
different ratios into inks or plastic materials for the
production of security documents or articles, and a device
according to one of claims 20 to 23, preferably having a
corresponding number of detecting channels, for determining

the authenticity of said security documents or articles.

Authentication device comprising a device to emit
irradiation light to a marking, a device to measure light
intensity during at least two time intervals, a device to
substract values of light intensity and to provide output
signals for performing the method according to one of the
claims 1 to 13.

Device according to claim 25 comprising a device to measure

light intensity of a two or more frequency range of the
light. '

System comprising an authentication device according to
claim 25 or 26 and a composition to create a security
marking comprising luminescent material which is. capable to

be detected by said authentication device.



