;e3e$ ! $"F#$6>$T$Ze+~~~ ~ a ~ CT 2002 *@00002* *166166* WO 99 42 .
PCT/ NL99/ 00220 - 2 do mwmmm‘ he functioning of t\m\mﬂmmﬁ‘m\ﬁ@ﬁadc}lqUE)BZUUZ
poly nerit 1Cs can belm ctly in the desired ,
particular with regard to tdsookness, and the costs of a chugwef this nature
are lower by approximately a factor of 10 than the current |owest price for
a chip of WwHeosighi con type. In the polyneric chip, the noncroTANiconi0§220

support on which the sem conductive poty?rer material is deposited

substantially determ nes the thickness of the overall integrated circuit,
It is pr edcerabt eimpedse tA et gl ing sof oh§ei Fhilkat ot pldseies V\P@h}’”

: strong i f}# el am apd PrifRidaR aekak 1yntier ackl @@%ﬁcé@ Bakhbheubas! yll" .
sui table for thls purpose: Using an I C of this nature as securit

security RRIPEFCHRE Sfhth a?e%%qlrst?)r%}?f@%e%%veﬁn nd Boﬁ@?f-ﬁl Of‘re%nggbﬁa 55
protecti athiS$iNgups ogduei ngwthepg bEproximack ltyoe chapldrcabedid orhdor gres
and gener al I}%/ far. exceeds thelfmgnovm e]g%e d ca agl Liti s In the context
of this dpPIiTHtidHCHaper Fs &t st F‘r%%m papers VBﬁ is made from
natural or synthetiInftheepolymensld czisip,papbe neiccindart inenvasiaysoie on

produced from m}gezninoféé@ucy%g%wéiur éfgaioﬂstEQRB‘é?gEﬁté s€£ .

security paper es and ernDre In thé confex
appl i catitorrle tdetarmsiymes r ahe” goackaesshe Qfapéhemmsyeralihi éht¢%éa¢@ﬁ| s

enbedded orrypon whi Cbstﬁﬁ?elfgrbﬁl@pEb' %@e Eh%né&a&m&@myogéyaﬁgvg@w@ort
denotes the device on which the active ayers of the are forned, ch

whi
devi ce i £9%7 t Ré3FLer§ oFitRe FEX X0 Ut RF a?nsdubéPFﬁF’éOlec‘ﬂar
Fur t her nonf:- dtadtS il efrd e rd en 14315y rmd:et@}faler fepnprisi pgrpose.
sem conductive org olLynmer_ ar o) e fromlL E
Vol . 74, No. 4, Juﬁ{}glﬂfrg ¥1 50?8% g’gftr %m Sc?encegne/gf:ll:g?%‘ venber
1995, pamt&ﬁlﬂ?ﬁapebv\m@r $imileseidevanmrevides | oyedr entbppeverfiubn a

non condyglie SHPRNFSr MY £h, i Ssqa@\ée%fga@bugstin@é@rq@s The hilegrabed
circuits may nunber. one or nore and eﬁ/%rt {, E‘ﬁ{-’ as a _functi on of the
arnty

requi r emEIRRRL GIC Sk AT & OTHITE £ e¥Fesfar LPRLR, KFPYT s
possi bl e Hefdd AP P25 d s or nore identical polynmer chips, so that in
t he event of one of t se chi a|I| nan e e

product which has b-[élen ?oﬁﬁggﬁx{:hgrfefrom 3 BE§E %Eg)e glag{eéﬁeﬁ enlg%?r_
the orgarteqbl yoemeas sprpet edhiicdmiconiagat etr pol pasugali rplpaﬁYn’éIB#é%C

fromol i gomprd L, %eé“v?éfpeasw pRpLytt hhebyl eng vidwi & Pobinded from
al kyl t hi ophene.” An I C whi ch |s produced from one of terlgls i S

descri bed®4RF ErOvi 18 alWhiGh RARGICES JAF p‘f)orQ?l?eQ?ﬁoa'f%%on OL_5§C48-

OCT- 2007 ity .papéAs Wddkreamdaidttdos ke he skilled person, the plastic

| C, used in the invention, conprises additional |ayers 35 of different

pol ymer s Huethérdhes ih the comexit 6Dmdup[§1[c‘dlﬁ)nph)ﬂ tyFETsubsiyiRT derfofk thRpapeP hdss ik WBich the IC is
subst r at enfbayded er yon ik ehefICASAIPALY THE @ “iA coftiueliveRApPOAN ténoe tHldekleSonaifich the

formed, wvbiiehayfetsne the 0D aRForaRYvifichadedicélfsan the fied of e It RRRAbaly H&Rted as substrate.
sem conducti ve pol ynmer | ayer is present, e.g. conprising pofly(t hi enyl ene

vi nyl ene)Eurthétindrel ity @ted!flatithe ROVRERGT BycomirisiNsalteatid oAGudtidy &&aniCpdlymdr bR Thown per se

pol yvi nylfafeDWnde EledtBqeedVoR O XNo. 4, July 1994, pages 18-24 and from Science, Vol. 270, November 1995,
pages 972-974. However in these documents the IC’s are deposited on a non conductive support which'is
conventionally structured.

The integrated circuits may number one or more and may
be adjusted as a function of the requirements. For example, with
a view to certainty of operation, it is possible to incorporate
25 two or more identical polymer chips, so that in the event of one
of these chips failing the substrate and/or the end product
which has been produced therefrom can still be used.
Preferably, the organic polymer is selected from
conjugated polymers, in particular from oligomeric pentacene,
30 poly(thienylene vinylene) or pocly-3 alkylthiophene. An IC which
is produced from one of these materials is described by Brown et
al. in Science, 270, pp. 972-974, 1995.



MD 991 54842 9 _ PCT/NL99/00?20 Fi'lg. 1 s-bows a diagrammtic plan vi f
“an enbodi ment of a banknote according to the invention; Fig. 2- sho QCT 2007
cross section through the banknote' illustrated in Fig. 1, along line I-1;
5 Fig. 3 shows a diagrammatic plan view of anot her enbodi nent of a banknote
according to the invention; Fig. 4 shows an enlarged illustration of an
optically active el enent which is used in the banknote in accordance wth
Fig. 3; 10 Fig. 5 shows a cross section'tﬁrough the optically active
element illustrated in Fig. 4, Fig.- 6 shows a crass section through yet,

. anot her enbodi nent f nkpot e 7 s

~a further enbodi men?’ ofﬁéﬁgec@ﬁrltfafﬁ%%étgdcf@lé?’ Pﬁ po §%¥§‘§ CgEélgSOI’t, @?,@
shows anopi@sterhddl, nergedf iantbpt marlenyzlm,l vteorepzems aﬂdhtpohyﬁreﬂagers

chi p3s Fi g.o¢9 gql\iﬁ c%%q%q@ opt.i y ve
el err%nt grllfddg' et omféjgéggr%et er e ?%ﬁ?%??@e gblﬁﬁte;% tl%?telr
accor di ng FoF tewanmhfont ton, SURSErasS $wct kM. PFP@ﬂﬂﬁﬂ(ﬁEﬁmnEPéﬂlmh@@g 3]

the Tigures el Ghb ik ke gnéemgsgciebeﬂ@meadewlw GHPOIGA §586Burce
denot ed by |dent|cal reference nunerals. €%Q¢Hshoms a banknote 1 nade

from papePRdTEAEnK Bt 9P cbipFEeEs £h§e@ﬁW% SEtVS BORhYEPRI REYETCARp
3 made fr @hesecrl)i corducidmer & AGI poRol yﬁéem@mnﬁu@nmee gThiret alaylezed
part§?4 FurthernDQg t he_bankn 2@5} cqggrlses a sec nqnc @ Thb

i kWl se mEdEFITRH RenfBortdtrct Y&hi ¢ Syt o™ AFC Y 1HY 18 Eﬁoflrom
the cross section in accordance with Fig. 2, the security thread 2 is
arranged on the paper 5, while the second polyneric chip 3 is enbedded in
t he paper nass 5. The enbedded chip 3' nakes contact with a conductor or
coil so as to provide the current required and 35 readout. Fig. 3 shows
anot her enbodi ment of .a banknote 1, in which the security thread 2, whi ch
again contains a polyneric chip 3 and conductive parts 4, is |ncorporated
in the paper mass. Sections of the conductive parts 4 are accessible via

wi ndows 6 40 in order to nmake direct electrical contact, if desired. The

18 0 C T 200Z _ WD 99154842 - 10 - PCT/1YL99100220 banknote 1. illustrated
in Fig. also conprises a second chip 3', which in this= case is situated
beneath an optically active elenent 7. The optically active elenment 7
conprises conductive parts 8 which are separated by a strip 9 which is
insulating, 5 i.e. nonconductive. The chip 3" can be read and supplied with
power via the conductive parts 8, whether directly or froma distance via
capacitive coupling. The conductive part may be covered by a chemically
inert layer, if readout is done capacitively. If direct contact is
required, a part of the



10 conductor and the entire part 9 can be covered in such a way t hadtl 8GTe2082C
and conductor are protected (wth a nonconducting material), while other
parts of the conductor are still accessible to direct contact. . Fig.4
shows an enl arged view of the optical elenent 7 15 with chip 3', while Fig.
5 is a cross section through an optical element 7 of this nature. Fig. 6
shows a fuwordrsdeabodi ment of a securitysthread 2 with a chpor/Nageotzoom
sem conducti ve organi c polynmer 3 and conductl ve parts 4, which is applied

on the paper 5. Infids 2Qrerhodi mBALratkhacRel yMBh ¢hieR 8ndasesidQiisnadc t he
~conductive parts.4 of the security thread 2 are protected by neans of a

Clayer 10 Ut % RHERIAES 13F TG HANC HrecttV¥5 19 honconduct i ve materi al .
. The protecting | ayetidl0 maysm@mr at heredd | secthpead;hrdugapaniet ihenlaowpd i"ng

is used h anot her, enb nt of a security thread
accordi ng%tsmst%é-’&lergve%f Wt]h]enecﬁlppfg does not formpart of the

secubity thread it sHd, ButslnaWhera i dipgsiatinened nekant oligw The ayotthet i ve

parts 4 of JRemequrdd ¥, t rﬁ&?@ %{%ﬁ_lg@l l¥e ﬁgﬁgnfrom one

anot her by means of 3Q 1 ns he c I S connected to the
rel evant conduct i v& ¥gar t4s hats tama %@@WQQ@/ Jt-kﬂr%‘élr%ho%l%%tﬂ cgcically

conduct orszthde AN EdiVEML Ofs tiiBae dnded9indfe Ot | £addyaAtdd Uei th
element is illustrated in Fig. 8. The electrical conductors 12 35 provide

the el ectfi®al®icont act between the conductive parts 8 of the optically
actiloe el enent andFRilge pdl ghewisc £hcpo8s. dear.ich shbwsugh cailel rngdtioraldfy a

security | tcﬁr%d %e\‘ﬂe&ﬁ QpitllL Ila)/t tllnveFl er;pnt 7) the netal parts 4 of the

security thread el’ectrical contact wWith the netal parts 8 of the
40 optically activéig. en'éntSh?OWS\ ¢hi pragde oM QRNitdBivN@d | et angtisgno

15 20 25 ARodintlel b Danknd: R AURARAP RCWN OUADRNSUbStrate whi ch
i's made from paper and is provided with an jntegrated circuit
1g. 7 shows a further embodiment of a security thread

15 with polymeric chip;

Fi1g. 8 shows another embodiment of an optically active
element with polymeric chip;

Fig. 9 shows a combination of ’a security thread and
optically active element; and

20 Fig. 10 shows yet another embodiment of a security
thread according to the invention, in cross section.

It should be noted that, in the figures which are to
be discussed below, identical components are denoted by ident-
ical reference numerals.

25 Fig. 1 shows a banknote 1 made from paper. The bank-
note 1 comprises a security thread 2 containing a chip 3 made
from a semiconductive organic polymer and conductive e.g.
metallized parts 4. Furthermore, the banknote 1 comprises a
second chip 3’, which is likewise made from a semiconductive

30 organic polymer. As can be seen from the cross section in
accordance with Fig. 2, the security thread 2 is arranged on the
paper 5, while the second polymeric chip 2° is embedded in the
paper mass 5. The embedded chip 3’ makes contact with a
conductor or coil so as to provide the current required and

35 readout.

Fig. 3 shows another embodiment of a banknote 1, in
which the security thread 2, which again contains a polymeric
dnfg and conductive parts 4, is incorporated in the paper mass.
Sections of the conductive parts 4 are accessible via windows 6

40 in order to make direct electrical contact, 1f desired. The



.The+<invention relates to a substrate which is made from paper and is
provided with at [east one integrated circuit. A substrate of thi qgn@[;]u[m
is known from German Patent Application DE-196 Ol 358, and is used in
security docunents and banknotes to protect against forgery and fraud. This
known substrate conprises an integrated circuit which is incorporated in

t he subst vad @9/848d2 cont ai ns predeterm n data. The I C is cordastidomsmby

- readable and is joined to the substrate in a nonrel easabl e manner. The IC

whi ch | Soaisgdot8 this aubstiale 18 @lgonvegh'swéonk&lée§ Ofsewﬁauéélé are

“wel | - known S|I|con type.. Thedi nmension e ch IE ori gl na 5
. reduced by’ mERASH ofmetté'lfﬁ%gc%?e pot | Shi v S oPeRgR }t‘h@ncﬁpﬁl%‘& Yr 8§tENe

. thicknesslaheat 7s des restfaliiv atcpcmel@p@ﬁ@@tavedomﬁrtllgesp@map@@%e Fn
order to grevegt crlgllr-%ge to the cr%ﬁ% hl i ne ci rcweﬁS i.S I‘ﬁl nf orced
with thePafs® ott® | &fRFre YaPsS ek t’%l%sulﬁ dRSEHETHeg
Fur tSher nbre, tbecb@dustdower erheni ¢ii@ pr oteat ibee, redienanadl kyppesedt adth
| ayer. T c f X oft known n chi |sadr vvback
when a s‘%@”%?at&égofgkﬁl !s:Bh!él E?fé Fs use%d' ;&s) awéé(%h%?t ?gpae%er])yf Iae in
banknot edi sirrin¢eemiia ycaprohehvs. coppaddiot.i di)e t neném:t:avleamm Wna:ehbar e
to be inchydeds as,ywehl asehhespddi tignal progessi ng step Qe predughpg the

appropriate dj nensjons, [ead to an additional” increase’in the cost price of
a subst rEARPGFEIRELY nathf edITRELOf RIS ffe PREYEREDI nvenPRER 12 t 6he
pravi de c&brﬂﬁp@tlfe:baaﬁd siMstant Brd Opause 9i caecHsi t}bv@@éd”ﬁjﬂi SSu&angans

and the Jli n_integrated circuit is orate
subst ratteh%oe%h%ot haa\}e tﬁ%né?g%ﬁcﬁ?nﬁ’ﬁto t@ﬁe:(?dabg Aﬁc&o&“ﬁﬁdi‘l(?tf'ﬁg
pr esent nigheesntdaln, wvhiseobfket psrashoéveblev\pbhdacsWsatratetaﬂlt heceygpe

nment i oned yahovie, | cﬂ?_ s whiehophe lptegrated circuit conprises a sem conductive
organi c polymer. This fmreans an el ectronic circuit whi'ch is arranged in the

- polymer material @Bttt TRPHRAL Soilagasch ey Brfodhdmedd figklordemens 7 -

assegn iwitmh &pe@ f3 , fuicld anig Pel Yrelr ehioRs @kddiics R AR BpahkX1

flexible and e7 t(__ahjdre em nently suitable for use in security docunents

such as DankAL ven Shafp tTeases in the chip made froma

sem conducti ve org%arﬂ}c potlyons a furdher- embodADGY] $4840 se@ﬁ/mwg/cmeaa -2

do not i t he t n C d p Cy can
ATRLen t B dHICt hARENG o] reége%dléurpdué@lag b&bgfalc QILAREL €3 GRg

be produced directly 1n't mensions) in i
regard t@RAIERsP2ERE the HHts 66 &P@Hllﬁdofoﬁi hFEenm ate FB\Nélhlﬁy

appooxi rmttﬁiqauaerte,ct @heof pd Grdan e C&lﬂicﬂefﬁedtﬂ.\/ﬁﬁé blfl C@né orco@qd@xhltriv@f
i t he noncon t|v ort 0 WhICh

t he SI|I dst the In%n'erlg %hl e ¢
the semifconduc |ve po preg d&posﬁeﬁ guﬁs Sﬁltl %%?e?
t he thi diayess o @ﬁeao@él@énllcalrib’eg?%?tleﬁj:aeﬂtr'cuﬂ-eCFFlFélE;]s’eff@rr@l@lneiwc@le@e a

nmechani ealdetisdr onghé Nngubateting! a8tkes 10 tih StEORGr | PhEARRIRGH! 3h ARG,
i nt er nol, %cul ar_i.nteracti ons. are, gartlgul arly suitable for this purpose.

Usi ng ar 1 G325 Jsv%acf?l‘r‘% FI 3Rty mark in security paper and sinilar
i t@hs provides noviglg and pshwews ulyereamsoohepr cirdnddiomentsi e Pr GGy

t hese | ffrlg:& e er e raII e
their k(rtlz(s'g1 e ge anédy'od)l + ?%sgn$é)ﬁ%{ﬁgﬁgo%§e pch @ﬁe [ZE{I ca E)én%%;caper
i s underfEFOAPEBE medn fd?ﬁ)esemrehw shrgdd fHoaehii ubalt olfa‘@ym’ he§| ®dsiibr es,

as wel | @iondapfixt Wi Gt CamhQUAGRNS ke padus e Jﬁemeols%b%dﬁéy | dFe a¢hi ch
paper is used fo t he. Eéiguctlon of securltq)\/ r?ar{) banknotes and the |ike.
0

Furt her rfor 8%°n ¢ %c'&’éﬁ Yof 1RFV52EHPI i TR e 3Gt uRYt rBERMS déHot es
t haOpapemswsscam Whicck the MEe Scﬁﬁpedadedsorccnmmmmtd heheC nesmamiu ed.

Fayers, oPTRL T dEaes S e, piiavnsy FOSaR E Rl Sl
commonl| yehoted as substrate. Furthermore it is not ed that the 1C s nmade

of or conprising %&%&&‘ﬂﬂ&ﬁ&v& 0&9{1@&@0&%&@%@{ & KNoWY Pel1 s dd o
L' Onde EI ectrl que, Vol 1994," "pages 18-24 and friom Sci ence,

Vol . 27@1 SRRAITHE 1@@3%5@&%?2‘—@?& I-%V\e'@]é? PACCREICAJOGRAME AR 1T s
ar @Sdep%ﬁﬂdxﬁﬂi@rtlﬁe I&@@@f‘ﬂé’&l'd’cﬁm@é@@%étﬁ@éﬁ%hé EonIent horaphyts 8 of
structur ) {ﬁ%‘[e rated circuits ma ne or, nore, and may be

adj usteot } a%‘FlYﬁee?‘%‘aﬁFFe P%éi‘frﬁce “RiRha view to
certainty of opera}i‘ig)n 9 idhd®s p;)?@drﬂ&iﬁletmd)mcof pars¢euzZdr ywoheeador ewith
identic ol y t hat | the ev At ,of felals e. of t chij sfalllng
t he sub:c%};?t%té /ortgﬁs ﬁ‘&mﬁn du{:"t ﬁgs bpeen pr oduceztel?ene?g hrEan
still bechrswad] Prrmlexrrmaleyled:tnaccmgmmtmt ywerhi sheehettédphram eonﬁuglaeed
polgymer oneri c 3 | y£d :
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these materials is descrl bed by Brown et al. in Science, 270, pp. 972-974,
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,-284. .. As will be understood by the skilled person) the plastic IC, used
tn the invention, conprises additional |ayers 35 of different pol yggrs
besi des the sem conductive polyner |ayer. For exanple, the substrate may be
produced Wwmeo/qaedayi mi de, on which pol yaniline bl ocks are fpcrvad99eaioch
function as source and drain. On top thereof) the sem conductive pol yner

| ayer is present) e.qg. conprising pol y(thi enyl ene vinylene). This |ayer 40

is cover i nsul.atin r, £.9. framp Iphenol ~95~f
~D~ WO Q%dlgpé%tﬁrk whi E’%ZT/J%IL %§822€r%\i 88er ga{pr}' ay¥ %Oque any f‘?}rlle% S,

. the upperlrmmgltc‘ag&i cadwit is the gate. In an -enbodi nent of the substrat e
according to the invention, the integrated circuit is contactlessly
readabl e, the 5 data transm ssion being brought about by an inductive or
capacitive route, a'§sIRHBRALIPR tfdasSSortar . aubstaddof Whkgctpydade
readout af e lpdge xnee@edsf errot;heeeumentaeup@éyt mcthtt@@rat@d)ezlmriect ed
conductively to tth therebyéra gosm bl e readou froma di %ﬁ' e.
order to 10 be abl tsdlbrséaﬁf&ﬁ t ls'sr’rﬁ Fuafestin)éléo'l"? e ee’%‘%aaﬂj)at At the
| C cont a@t;gb]atmmchmtnﬂ)lametrm%a hiaidc asdusedr ihogetinet t w ddeunen e asyr | ng
appagat u ag \ME%; h nt PRI N o] come
possi bI esoa%:cort?sng pﬁt%%%er pr g%lsrted(fgggég?ne%rt%&o? )éh§15 ﬁ‘ﬁggt %ﬁogﬁl
accor di nFURF tIRES rﬁ@?ﬁﬁkﬁﬁs tae SURITHIRY COhfFY e sVl @b gl i SR REAHES y

thread whirchths csszmmae;da tantihezdzfttaegfsatpﬁe@ét@ﬂmtme&\heehase@ﬁé t yct hreead
serves as a di r ont act |nd| ect cont t for. the readout and for

suppl yi ndf Ctrhtea Y n§pdp eef%r? T HerBHIStEHE setdt ity
t hr ead |s:e20_=.amﬁkallé i Zathe n. o’rhlerltowpltom de tibedr eqlummaté; elvdsturaca is a

conducti v C a hepS|t n t oI ere e
depggl ti oénéﬁ/o\terﬁstogrpgli stllctrit err %pt eég | T hgq%clgs rsgg%ic\ggr r eh%gsut;r
t he net ald¥msnsiome Gtdessi PhEp mimblymyzsocbiceﬁ oa/zredurfgdltcm@ by means

accessi bid# ot GOMY I¥e RI1SEGHM,Y stchrt%%(é WRECBNi B Zeqh PEeE p@tet@dldlthésm
substrate, as well. as'a security thread which is incorporated in the

subst r at &"fth tHe dRstiaeh £ 16 GhiPeh 13FOTROCBSSADIB TRS BRPRE| TR%F -
w ndows. et agepusei-ynt odamagenmape thet egryatted 1dinec W itrewanes pattte afC tiwe

sec r| ty t_hi S ri r
adagt ed tg%ééée{{letn%g} sag%?’nﬁfﬁae sgl toE!thatﬁ&(é%érEJ}e%l(%tH ?ggf’n =) Snottoes
For bankrierRlpeperthe heCt hFukhbszmotrer hdhgagér lﬁjbe?t‘/?%ﬁﬁéi S |3 m%e@n

the range; fips t 0cAGR AN 1N ztéEl%&c?ﬁ@ 1hpert hitglgnessciof Ehﬁlﬁﬁtﬂﬂﬂﬂtyt hsead
pr ef er abl 15-60% of the thickness th| S sugst rate.

|ies in the range of
| f the pa%te’r S SBRYT af el haSTa CBEPIiEf & SRRk MEEE &sSY t’é?(':a‘?rp? $i5tS a
cover of maruheentd s« aimNiseslitdl 135 pageass ot exampilei tmnbhhkoknes sand
e ASourLadnd 16000 0Ly BRPLOXLILEINL QM ARPId,A% o A LU AN Eci0! 221 Ot o

t han 100 umisr meamng eSS or Use in security
pr ef er r edo@eniadilnsied. ofaé potynegisc & i mddié omeh oPrQC%%%HWt)ﬁt@@ t hip€ad

provi des gRoa@ddihyonale sgppibhbyihieat Ui Lhh£an 1eas | ¥o a8 £6d1€06”al
increase in the cost price of a substrate of this nature.

The object of the present invention is to provide a

25 paper-based substrate for use in security documents, banknotes

and the like, in which an integrated circuit is incorporated,
which substrate does not have the drawbacks mentioned above.

According to the present invention, this object is

achieved with a substrate of the type mentioned above in which

30 the integrated circuit comprises a semiconductive organic

polymer. This means an electronic circuit which is arranged in

the polymer material and the contents of which are programmed in

order to assign it a specific function. Polymer chips of this

nature are highly flexible and are therefore eminently suitable

35 for use in security documents such as banknotes. Even sharp

creases in the chip made from a semiconductive organic polymer



- WO 99/54842 PCT/ NL991 00220 - 4' be recogni zed by the public. The t,w ﬁﬁf’m
.corrprl sing an integrated circuit may additionally conprise a nunb

other features," such as a dye) fluorescent or phosphorescent naterial,

| um nescent material and printed indices. 5 Organic, conductive polyners -

can al so be used for supplying the current to the chip, although in case of

direct conyagehsigge mechanical contact properties of these petTymEN0220

currently still |eave something to be eegired. A sinple security thread

whi ch consists of conductive 10 polyners is oposed i n European Patent

. Applicatidm E&Al@p&@@ 628 Howevieening t df e’a‘cg*eofdt-m s FHat adéihagnonpbgly -,

conduct i vig, pJ o bTéTe;rzeo@U@edﬂeﬁ%tqen%ptc@fe ReRRekEk eemeﬁeeoheer%ore
it is not POSSI etoa yan store a code in a nanner which

+ conpar abI@alﬂel%tuJe%’ﬁd‘&%Wvée%%F‘}n’é@ ERiEKRUCTR 180GnhEER SRSFAL €§r ét €Q2Bi PEui t

i's incorpokpsedarJhe gesullblgrt h&ee@pe@mtnas:terng/ an fadegr abedici £6sht the
according to the jinvention, can_be arr

an t he.cust omar for
exanpl e B§HHEFHy F ST por et €8 E%ﬁp‘?e‘t:}ét}g of FH?eGF‘gtleBnl ﬁy\éﬁe paper nass,
in a w ndow or by behnghat traRedkdic tdste:t;sur taee maincordnoiyery . sxh;ﬁport on

t ect t attack f h
Feai ot antiR TR ot CRTS LRGSR oL I ot B2E £ 2T ag &r CRBY BEAPBRPERFs
t he conducitdaVey ordgtre omipoe § nerkse oftrtzh:é:ImmSp Ofhe ts yereraldhi pntegsanet
per se hlac?/eré@llpe f@@ée%?leée&%%p%r el i hdenpapesil Ssl:%oﬁé‘elﬁéﬁfaf or

the 25 silicon chi rman patent appllcation nmentioned above. As an
al t er nat i6RX : tﬁéaﬁéllfﬁeri”étl’lc FeFORY s 3 e MG on e SDFPATRLIBFULAE

substrat e nst4er disd e Ypd £ENGL TRIESY f Ol i @dbashEBg f:ﬁh,lss]puhpbegrahs ot her
optically active eI ment s and (%he i e; 30 _The integrated mrg ”Z%e
Ve“@l ﬁfls

advant ageously its si"ut%r Aipatt OF a1 ToFPSYSiE ofti al PYCHEE
such as fadisimatphper holdgeanslar Kiceegr grsoviieshnavelaramhgpdwenfol in

t he subsh&ea% A8 ¢ a%éé@g@iogec%g@é fﬁgggﬁﬁ gAst}hé\ge al r(_%adégb%rg:h oo

>

descri be ove With regard to a Secur accordin to a further
pr ef er r e @Yo FraH ﬁftr i Borgens pusdi Qﬁréet%)l%haﬁé”oﬁtcfléﬁﬁﬁytééﬂFv%n@‘i"errent s

of this naldHe ddk digdhm Meines . that two electrically separate conductl ve
parts of such ele ts_function fo(rﬁfr a}\lﬂgut ang current su
ctt

directly and capacitt vePS. CPRESESN S p&PP& 1Ry - 88n5|%§0 %%/ h%t‘é?der_
conduc 4Gtdad pol yeam opaperonthiicdt | bh mhdeeofrom nagurad~ orr syghetic
99/ 54842 ?%4@99450%91 a8 Eggrpr%eetﬂ %rptwpé&éystee bPLagEas edrom

circuit nay conprlse prep ro r code, ~whic ode 1s applied _before the
chip is RGPt %%FSWIWWEP%LEEE?%t%S'%ﬂW%n¥96e58§lQrOFHétFﬁPeSFaF@Gur"
circuit conprisas adaadecsad andithsinsike. property of the substrate in

which the circuit is incorporated. In the current state of the art, the

pol ymer | furth@yhofedn tHe@6nt& by thishpPRatich th&ein @bstrate® derlotes ﬁférﬁa m#ks' ih Walh Bfe IC is

pr ogr amreghbRddea or dhoR WERIKEIE VERpLied. THE Rfth Rtbn@ok@idBvel slpfdde didotes theld@vitkS& viidch the
t echni questiwheh iR 1dar ty@tkdf WINe dviptsGh 88 Yield bR ﬁleaets%@xﬂﬁtbﬁy Qafedia$ stEt%:
stored inthe ICin an encrypted manner, and deci phering is inpossible

Wi t hout kmn@Wém@relihie nSEL et thkRYs mdddWs br &)Yﬂ%ﬂsmé a SiiEdntibRiNe &Q&rf?cgp&ﬁhg SrelkGown per se
obt ai ned frdnl EGIHdE Blecttie, T8E 74INK &YIulyQ00B piged QVBK bl fréi Seitlck Nt 278, November 1995,

i mpr egnabyagesivan-oi £ Hopk R &héR GocubRnds AR 16T 881epbdiedRPRINI A v BRIt
security ddg@gﬂamly;st@agreaeadl ng this nmessage out. The protection can be

inproved still further if the optionally partial progranmng of the chip is
carried out after the IC has becone part of the security docunent, as wl|
be expl ained in nor FhfetidiieHa el A0 CHid S Maje BImage g ;ﬂﬁelm%-‘ﬁ!l prfismapt

critical. HauraEridred asderrensﬂceaoef o@pahexreehe&)émbnrt@ f%raesceﬁmeguw&h
shape represents the I ren%% ‘?Pefa surface_dinmen a reasonabl e
[

nunber  of i ey e A PR Par et SRRRRRRr e
currehtly thal dsr appeoxdmn:eanM@oz&mn ghipse. somxHatt sz/xmnhe HvemtablfoOné

e Sul A% CLAEDS! O p0" 24 POLNMRILLILRLL -r o) SO0 ol 0 el o sBOULG ..

pref erably not excee S h& PRsUrtant ™ onddsi ra
the chip gihieh hasgdearatinsiude Sreief hmesdnoasiol be ueedffer the

possi bi [ i ty of coverdgdhgGhi P tid ho%%%rh'co”%ofﬁ?éfdr%% 3%e‘Mé'c‘E*édar?row

customari used in the prior art. I mensi ons “of such addi tional
f eat ur es #El JEIREES |BP} WRGES corarRRF H P IRt difoNsi GhEIREThe BERyAEERE

| C. Thus ey (Arigey1Ghe Wik, Bad) Cdn.er;tomehpr amwaeubpn&% sher tngwhakge
quant 111 eg 01 03 e C3DR® S M AU LRI L1 ARRSUANGS, Yolile e

security
al. in Science, 270, pp. 972-974, 1995.



35 paper. If a conbination of a chip with another security mark is irran ed
on the security paper, it is necessary to ensure that reading and s %Ng
current to the chip are not adversely affected by an additional security
feature of this nature. The substrate conprising a polynmer IC according to
the 40 invention is used as a security paper in, for exanple, bank 1~ ~ ~
Cf 'nML WO 99154842 - 6 PCT/NL99/00220 notes, passports, identity cards
and ot her security docunents, such as securities. The devel opnent of an

i nexpensi ve |ntegrated CIFCUIt of this nature of fers a number of novel

. possibilities for 5 reve ur doc nts, innin
~with a conpletely n &g dEgﬁ%%? £ee eﬁﬁ% Qﬁﬁ Egﬁ 1g6deR g??P g%he
security paimstidExEDpl esedf 11rhe:hleasamieramd>rc aSOmPS‘éGHBI tayidflﬂ:aldﬂaﬁ iRyeers

docunent o e ri S |I|t|e 10 f

bank%t e, V{Euti%%&rrép%r&% %%’%d?g%%égl}; %nggﬁg)%%s tEc'.)Lrveot gfyo *-
security ddrunexasdleuchhas passpEtss, maﬂehﬁiUyrQQMQSdaﬁdomh@dlem;dA f iarst
possi bi I tyh{ &) a%sgxwlibﬁe 39 ok <2 rgLebY PLAPI Q0! BHHEHL L B8 Mirce
substrate made f er. T contains_6ne of rofé codes, Jif

desi rabl e 31 e bt eerf 8Pl thergoing the tW%‘éﬁRﬁ@FélVﬁFhP@lNﬁE@r rayiean ey
conprise t é’éﬁ@e’e tg};e é@ﬁlﬁk&%anbh%oﬁlya(%lwpéné' {Fﬁn?ieﬁé?duqthh%n laye
nunber and the lik a specific value of t'he bankno t he |nforna9’

on eé@h(ﬂﬁi)?§V§H%%tﬁﬁtﬁaI§P$%&ﬁﬁ+%ﬁllayeé' Vail Qe, fﬁgmcéﬁﬂﬁFVJ§H@hﬁﬂﬁﬂ4y
t he paper manufacturer and/or printer, and partially different, i.e.
production tinme, production nunbers and sonetines paper manufacturer and/or
printer. A nore specific protection is obtained with a chip which is
partially preprogrammed with a unique code (first code) 25 and an

addi tional second code. This second code is an encrypted translation of the
first code. Encryption is carried out using a first Key. In the event of
verification, the second code is read and the encrypted relationship to the
first code is verified using a second key. The second code can be applied
to the chip 30 before or after the chip has been arranged in the substrate.
An encryption systemof this nature is described, by way of exanple, in

WO A-97/24699. In this known system an intrinsic property of the object is
coded, encrypted and enci phered. For banknotes, 35 surface properties are
taken at a special |ocation, coded, encrypted and stored as a printed
pattern on the banknote. In the event of verification, the printed pattern
and the surface property are conpared with one another using a second key.
Many ot her properties, as well as properties distrib40 uted arbitrarily in
the substrate, are used in the prior art for



~ s, ocr soar WD 99/54842 PCT/ NL99/ 00220 7 the protection of securi

: docurrents cf., inter alia, WO A-91/19614 (fibre direction), GB-A 230{&@@77m
(reflectlve flakes)) US- A-4, 218, 764 (magnetic particles or flbres@ and

WO A- 87/ 018288 88hducti ve fibres?. In all these cases, ar bifGTAYYO80EAg

t herefore unique properties of a docunent are used for t he ver|f| cation.

Hi t hert o,whikes ea haspbéeremo cfuipbdlylamidhiing awaitdrebluwpwdeamarse laygmapewhich

substrat esg '{h rder to store the (encrypted) code, and consequently a coded

property was ys_Stored in another way, for exanple outside the docungnt

_itself, 10 or was pERnE&d gubasiinant h@fdé@@rreé‘mb%ﬁfr&@:o@@@@rﬁragﬁetﬁ%am%

therein. Theepol yHErEKe Cl*HtFegTMHt“éB IS Asad i EBﬁtﬁHE%é@l? 2e5Qkdh BY tRel he
i nventi on_makes it technjcal ossible to use and store these protection

f eat dr es $HA de- THEBOREH ML beﬂﬂé? f ISR Ten@@PtopBYt i 88 f-nQPBFH’ﬁrl‘P’S’/
di stri butethddi f1weresaeat & bieskhdowr I)medl@éepﬁi@ﬂdaﬂtt ea ,of the banknote
may be a suitable propert weyer, .any ot er.prope Wmch C

nmeasured and is ar b#?r%?f%y gbjs?‘{li‘%ﬁ\é% TR ?u‘bn t {)ajp%rn?@@e I§8r 'éhe
used. A comiientnsuppitiat whhehphazerty bhsedommsttbé stoablue ttihredyghout thée
oo peieeRaald N0 FRle LY GRA0TPRTS B30 80YAREOPFR! ¥k Ol o

hi ghl y dependent on t he ences o use, such as sol
cont-ini nd18 Pl ricasTarFew at‘hea |small | 4istapes nk pie Qﬁ\%@tﬁ%&’ﬁfethﬂ'ﬁethe

coordi nates e@bnthetselevtHaRddr of whdeePANkAOLE c\b’aatl%cbtie Ui Ywith
i.s determ ned and, if necessar 25 the, orientation |n whi ch t he

property
surface mid %%’rﬁ%e???%@/a%ﬁ%omb%a%?%r%dc?ﬁ’]a‘fh%yCh"i’ STy sChgngprrent
veri fyi ngugrel harkhoteadautsjesidne pessdiwier is measured along a

pr edet er mi ned path, of  t gnt ote | ) t
assessnment is carri efcgzl)<E oﬁt?l%{a%go onnorlt%n d?r%f?gﬁjr%g agm%)ég&g‘lréglgodgg %ﬂg
cooR8i natBPStRL ¢ CFOTrYing HiG uimmmoms thepsikst th covpsiseeda

code) Whichdddewsese @RI S, tith iR SMECRT PPeEdinddc dder SapRe | QBQEQPQte@"
the basis of this COHE ri son, which ma%/ optionally be encrypted,

rejecti or?ld:rc’“&ctcep‘f’la SEGNEILEYs 4t 88¥V8E A% %u%f—'?&tte %‘t‘ha‘at or
pol ynmer i cdndi meoorabmgado fdwe vy endadou treynd ufcbhemppeyi:mgptheecﬁnsennary

Secri (Y ALl 63, (AUGRASHBLAIBLKS cRECUE Y AU Sadeyant) cablvagctiye

el ements and specral chem Ca m croprin etc. tan ues
bei R§ us&e e derad niﬁeot-’ﬁéléetﬁeﬂﬁf@ﬂésle METFF@MP’eﬁﬁlW%TFEDC?eI a@@@ut:o a

securi ty diviand Obxcepf OCT:¥O YRR 0B thBCHEMLARLAR220: 0Dihest! Yne

active el gnent. COGrFﬁ“ S ﬁl an_integrated circu made_from a sem conductive
or gani ¢ rﬁfﬁ e Yol P8GRhg %&aﬁﬁt%‘ﬁ‘tﬂfﬁ at &8 tHRei AR & PATERFs
case, speuirfrent |supEkyettie priapel thes to laesa)eceéstbbartPoéssbttbewelyeunfEnt

are used | hi ghl y
fl uorescé%t% rabergr%“ ch em tsq%qﬁqckx%toq{gollo%bé?% o lrtp @P%ese ?’h‘gfrcgsagre
di sihi butlétF%Rﬁlt&%ﬁ:@I 0t FigRubREr@seumess . wEhe IQﬁ:aFl f9e@resitensargpd
R R TN t?f%“n@@gsm%hgtﬁ‘;?@‘deb%mr P o
The doculBHE S RRREIETRLE Vi SheCE b paporaiinul AT aPEAGepRasY  oPhe
during the doousenintpEgridtied phaseitkn diwe ewent «f vbei fseatrdny theeadea
in questi r | ' ordin [ at.i..o re
Stored | nhe oni ore 0l Qo dtht BhFOOLCLRPLED PhRedh fBLTEETAGHRIER

f ol B8wed Wie rigjtandesh ufe abfcé@t@aﬁ@@swesalf@rc@ﬁlaﬂmi@t éa Baaksdte@s afiosn

will genq;ahtryo@t@fﬁap fror &?@htﬁﬁeﬁﬁége %nknnée apielrn étﬂ?stf?§&'«13t utsnatny
verifi cat| on is cgﬂg et uni que for the said ocurrent 5| nce

ar bi t rar Y- iR%pErt nHaeaﬁrHPnépesloa)r dMni Juet ey A% 26 ﬁoémm‘eslsn Yhi s

way, the uie psefueseh se@alaat il e, CDNéal B8 ahmxfmag@ode WBI 6oy ast it

were, represe fingerprint_ of ecifi P of thebn i

quest i on i BRERREP ST RE 1o Y ERaher 1 9 T hay b T B BT FREF S A2S 2

enciBppt eddbffemgrhctipckdessy nas for example for a cover of an identity
document such as a passport, a minimum thickness of the security
thread of approximately 10 pum applies. A thickness greater than
100 um is relatively meaningless for use in security paper. The
preferred embodiment of a polymeric IC in the form of a security

40 thread provides an additional security feature which can easily



.25 As has already been nentioned above, the use of the substrate acggh%H?%z
to the invention is not limted to banknotes. For other uses, such
passports and identity docunents, part of a bionetric property of the |egal
owner canwm@usee to generate a digital code which is thenPETAREYHG20 the | C
of the 30 docunent. One such exanple coufd-be a coded part of a digitized

phot ograph of the legal, owner, the parf to._be djgitized .being determ ned by
P odeq par BRoTEFSTRhTER B of i RIS Hor A TG ERTo i e A 38 CPBFaF RS
exanpl e grvenuabowey \eetdifuiatadly ofompel skocanemimbeequw f esthee ftatedespde
- of the phatogr aph, ando! he1 38, gadesactually Lrad LaTR! (0 .809.3N0) L e X her
bi onetric paraneters may al so be “used, Uch>as F|ngerpr|nts of 'parts

t her eof , aBnRtEhmareridénasdopedntadcaodddcesrmin the pol ynmer chip. Here too,

it ig necessary forpthgnsededsosdipked,d eabilmet-a b@aﬁt%ﬁg% iare idddest kL E

the invention_further, reference is nmade 40°to_the appended drawi ng, In
which:  $8PBLYIRI2862 WHHRH48u2 thy ChieT/ RESEPOGEGTFi gasa efnBwgesr
di agr ammatost ptant vé ave clavic enbesh it ope Mainkneife tdee ¢ol§mee st ber -

i nvention F%g. 2'.§£o¥5 a crosstﬁectign Bhrgugh tﬁﬁabanknote' illustrated
in Fig. 1783 %gst ??YeSSEWS. 3"9hoRsCa GF QFS tic plan. view of
anot her enbodi nent bfsambaakrmeteracygottdragdtwhibhk cauenskenpfFcgnddcshoeas
an | ar g i tration tically i | e i chalSqt :
the%@ankn%?%y%%ygccg%%ancgga??ﬁgﬁig.gé; 1%8t$%$a§ sﬂgaéegﬂcroé E%g§§?5gﬂ

t hrough tBB-Bplitadl §2act iN@veyenentd | thisedat @8 i¥¥s g.naturg ghag sABhE a

Cross Ssectbfduéivagbrgl raneisherredkods fEnh of sénedikd\gd €oACERbPERE £S, t he
i nvention; %I . 7 shows. a further enbodjnent of g secgrltﬁ thread.. 15 wth
pol yneri ¢ i%‘eﬁ— °T® thowt BRbt REFSERbRdF efPPoY aRdopEPEs PyClEEi vB &

el ement whaimeol yhéchce ichi pompagabeshtowsa acondbenatreopadfyrersechredd in
thread a icall Y - it i S t

enbggi ma%]g aacigég}lﬁ:re?%&;dtt% g!al acctprlggél%gggp ea.t-"lje%\ieﬁ?l:gzﬁ:\é?ihrﬁg?qg%ead
section. FPMRHbLIARD RN nbReEITABE) Fhrewet fagoerdingi tA ahe doveatdPBcOaBed

bel ow, i dgatd £AnFLAPANHHS AL ARNSE & RY fio(ie%ciaﬁ'l%her eheraneg PHBBERLS- 25
Fig. 1 shows_a banknote 1 made from The banknote™1 ggggrlses a

aper .
security ??ﬁ%ﬁﬁP@Pkﬁﬁﬁ%Wn?ﬁgl%t%ﬂrﬁtgdnﬁﬂet??oﬂ?ﬁegeﬁ?ﬁﬁnd vE1BHGYNPE
pol yner &yl beinfgchtvached: vretitid | gedfpest 8£4a Muodihesmor eIt beobabkhohe 1

conmpi ses, fx?&@”%g&ﬂ:}? g'rom""‘&‘h% ilcgld! ki%""‘zse‘?;sﬂﬁ\ﬁeeqf ré’”?:ﬁeﬁ\%"aiggdg‘ééﬁ‘? 30
organi ¢ poryner. c‘ar e seen rom t.he Cros section 1n accor nce w th
Fig. 2, thlGe®kg9atridalead moneonguehigal Rae tent P dryRT WY et ABPsaeend

pol yneri cc&htie Tdsherbpasedrdiint Aeppapeér 066 Bne TBRigMbedded chip 3
makes contact with conductor .or coil so as to provide %he current

requi red and 35 readtut POEYHer3Cs BT RePOEntRt nBht B8V HanRRoLEM,

i n whi ch phetaskeuincp riporedadd, inhi e agapergonaai niss a the yoesec fodn ptBeand

CONL | VEEEESE dhad S TSHPRLINE AL MBRET BReton gELEORSCAL s,

e|ectriCaﬁsgﬁmt%kﬁgrnqtﬁ@gjr@@e gabymeric IC may also be arranged on the
surface of the substrate, using customary techniques for attach-
ing foils, holograms, other optically active elements and the
like.

30 The integrated circuit may also advantageously itself
form part of all sorts of optically active elements, such as
foils, patches, holograms or kinegrams, which are arranged on or
in the substrate as additional security features. As has already
been described above with regard to a security thread, according

35 to a further preferred embodiment it is also possible to shape
optically active elements of this nature in such a manner that
two electrically separate conductive parts of such elements
function for readout and current supply, both directly and
capacitively. The conductive parts may consist of metal, conduc-

40 tive polymer or a combination thereof.
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Fig. 3 also conprises a second chip 3", which in this- case is situated

beneath are optically active element 7. The optically acti Vfgﬁhﬁlﬁ 7

conpri ses WQﬁgﬁé’i“?ve parts 8 which are-sgparated by a strip icﬁﬁlﬂs
insulating, 5 i.e. nonconductive. The chip 3" can be read and supplied with
power via the conduEtrverpaketsidn whetdweyeddi rect | ynoegkaoeda dirgtancenay a

capacitiv ing. Ctiv rt b vere .a-.chem cal |
et | ay sy oEFse o2 per SORBHELE L EaBRy [ vR S PECEeRL B pERR S e
. required,cipars biceheodgtednductibe swdsthatentire part 9 can be covered

i n such a way that ide.4Caanducopduchly ahecbratea! edifulih aongncapducting
material), white other parts o he conductor are still accessible to
diredt cotRdRt OfFia)! 41BREWESAR EHIORSFEY VPEWEER tHPDptdtal 18| etdeh 7ths
Wi th chi peBreuili® fh@erSotrsc@dcross section through an optical elenent 7
of this nature . Fig. shows a further di ment a_security thread 2
with a chip made fr%h@é‘?ﬁ%%?ﬁﬁfé’iisﬁ}:@@& Qfglt% ep(?lr)yr‘regfr@ EHEYE‘SEdiEtT‘%% art s
4, which isedppllyedonchaipsmridh; net.hiis 2énebbodiathen oheppodyaremedhi p
and secti of »t i pakt ri.ty e -1
protecte ye 'np%n%%?%%%e‘ﬁiosgf %g%gﬁfg% Eagl Féﬁgeéﬁstéﬁr}% , §gl égt rt%caLIl‘T’%/
nondénducts Ve e eT (V811 clT e g ARdMistn § ricaly 6FYPE CARPYcoVEBE 8HWbhenti¢ ecode

thread, ifs Gapaciddo&< AP0 1icS 14S8H: ederypEkl. mdn8BOWSa )& @POSHEFing
enbodi ment of a security thread according to the invention, in which the
chip 3 does RBPOESERLBarilgio4thekBRYEPHt Vo r 88AYPEsdIFY - bGRUFat KT s1f
posi -l_ t et 'ltneeﬂl _ t:ﬁlibts. da'c?lﬂdlobducdtbﬁ/aﬁhrp@dt&l4e@ﬁlﬂlye sengristelytrtelar aaélybl 2k
are electrica i nsul at rom one . anpt her . j.nsul at or oc
o rhe orig R € PRREETG P THRPRARLOk R b alRRS Yar i AR AR P
secusi ty tthe efdrgea dlreot rapply tapdactessatz o eREBELFENtdfunend ss aamd
type for anoptd caldy @éé%seebﬁeenﬁ:hlﬁsplrblt@%tt_ri%tnectarn Bd GimBrodle sci11

el ectrical conductors 12 provide the el ectrical contact_between the
conduct i Vi@'idte’s BE of PenePRiptPRat 1y BRYFVEle MG MHE'S hef pbheneiii® chi p
3'. Fig. &uhovs cucoabtaat the ot Aasebekiohy paread? thd hsophr L) |Joaeti ve

et el AR YL e Sl P bl g o et el

mad@0f r om sen condUlte vehapd 8o6CLth@l mlpnels chip is not critical. Cur-

rently, a dimension of approximately 1 mm for a rectangular

shape represents the lower limit of a surface dimension if a

reasonable number of bits are to be stored in the IC. A rec-

tangular IC of 4 mm by 6 mm currently holds approximately 48

25 bits, i.e. two bits/mm?’. The ratio of the surface dimensions for

a polymer chip (i.e. length to width) should preferably not

exceed 10:1, owing to the resultant undesirable build-up of the

chip given larger ratios. The small dimensions of an IC offer

the possibility of covering the chip with additional features

30 which are customarily used in the prior art. The dimensions of

such additional features are generally large compared to the

dimensions of the polymeric IC. Thus even large ICs, with

sufficient memory capacity for storing large quantities of data,

can be used without impairing the appearance of the security

35 paper. If a combination of a chip with another security mark is

arranged on the security paper, it is necessary to ensure that

reading and supplying current to the chip are not adversely
affected by an additional security feature of this nature.

The substrate comprising a polymer IC according to the

40 invention is used as a security paper in, for example, bank-
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.beneath the optically active Fig. 10 illustrates yet another enbodi nent of
a security thread according to the invention. In this enbodi nent, the
security PP 8%8#L conposed of a chip 3.and conductive par PSTREINIREN are
made from a conductive polyner. The security thread is arranged on the
paper 5. ndhesPOolERIpGHD 3 dsn DAt 664 88 Wik 8chayekedlrotyCherumahly,
resistant material) which al so covers (sections of) the conductive pol yner
13. In oPFHEP 8BS ERSHTE T3 SFery good supply of power and readout, metal .

. blocks 14 are arramged derdldmnde dayat 1RegbehBsutat heggiatedi alircuticch
met al blg kst14 are glqgtri |1y connect ed t% t he cgnductive.or ani c
pol ymers~13. BhS c 4EHFE o OH&EEm Bsith cealba&ti{}%\’% uﬁf??@l%%l €S
addi% i onpkprenedhgngfbagerynayt bescappliited deenmehesnetladgpanisg 14viaid tehe
chem cal i nt y 0. ~2 42 - :

PCT/ 1 YL9 %88%%8§%3Afﬁégls&gébé¥}d%§3€%|c%g?% x%gggk?éﬁ%%aggégaﬁad?%) a
provi dedS@FEKR1AY P8RS -one integrated circuit, characterized in that the

I nlt egr at eg <2:| r g unb t f:bc&trrfdl@él lélfg_t%@dtu%@rr}érf! %%i M %%mac t@@@uﬁtig\ye f‘éra%%'ti"etc #n
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20 country and usually the paper manufacturer and/or printer, and
partially different, i.e. production time, production numbers
and sometimes paper manufacturer and/or printer.

A more specific protection is obtained with a chip
which is partially preprogrammed with a unique code (first code)

25 and an additional second code. This second code is an encrypted
translation of the first code. Encryption is carried out using a
first key. In the event of verification, the second code is read
and the encrypted relationship to the first code is verified
using a second key. The second code can be applied to the chip

30 before or after the chip has been arranged in the substrate. An
encryption system of this nature 1is described, by way of
example, in WO-A-97/24699.

In this known system, an intrinsic property of the
object is coded, encrypted and enciphered. For banknotes,

35 surface properties are taken at a special location, coded,
encrypted and stored as a printed pattern on the banknote. In
the event of verification, the printed pattern and the surface
property are compared with one another using a second key.

Many other properties, as well as properties distrib-

40 uted arbitrarily in the substrate, are used in the prior art for
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15 fluorescent fibres in a predetermined area of the banknote may
be a suitable property. However, any other property which can be
measured and is arbitrarily distributed in or on the paper may
also be used. A condition is that the property used must be
stable throughout the entire lifespan of the document, which

20 means that any property which is highly dependent on the conse-
guences of use, such as soiling, contamination, creasing and the
like, is in principle unsuitable.

The coordinates of the relevant part of the banknote
where the arbitrary property is determined and, if necessary,

25 the orientation in which the surface must be examined may also
be stored in the chip. Thus, when verifying the banknote, a
specific parameter is measured along a predetermined path, or an
image of the entire banknote is taken, but the assessment 1is
carried out using only the data found at the precoded

30 coordinates. The result of this measurement is compared with the
stored code, which likewise refers to the same property at the
same location. On the basis of this comparison, which may
optionally be encrypted, a rejection or acceptance signal 1is
generated.

35 The substrate with a polymeric IC according to the
invention may furthermore comprise customary security features,
such as watermarks, security threads, optically active elements
and special chemicals, microprints, etc., standard techniques
being used to determine these features.

40 The invention also relates to a security thread or



mhc? A
| Cal cal cal ou ol cal oal ol cal caf cal ) ol cal cal cal cal cal cal cal cal 2l PRl Thig

*+" . y| & WK wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca
] ca] ca] ca]¥ap¥&Bén] ca] ca] ca] ca] ca] ca] cakca] ca! FvYy9l ncdl mpyf:]T 199/00220

| vql gb] X] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
]Ca{??%§$ bedleale &HﬁﬂiﬁﬁﬂéIHMéHéﬁ%omﬁﬁlslng an intTgr?te? Cfrcrlt]maﬁe]

*HEET* zZy a ca] cal ca] ca] ca] ca] ca] ca] ca] cal ca

] caU] ca] 5?]‘%%]%5]381&]0 5’]§é‘aﬁt&é”@] 85]9@‘%&8]‘%%"85] J'ca] ca] ca] ca] caU] ca] ca] ca! 1222

. 23333( 3) 33333333 M R4 4EGEIGKNG Wbaahh] @ tiidh ¥ raaksa]utad caheahcapna] dal ca]
ch |

caleal cakealoakeal cghedl eakopl satcalenel sAbsalealo ol aleal £l GalhaleR! 5

H<HUHv H~EHEHAPaumBeE XpEe* abk6* ad calh catam}lon] dgryatealkealtesd acaja sugaildad)] ca

ca] ca] calgalcal amacafca{lgﬂlgaﬁeﬁk&@%e@ galeaalea! HHIJSNTNGRE RBRHRRSIRUSU

uowzzzz> K f[j[ 1] cal ca]lca] ca] ca]lca]cal ca]cal cal.c(a]c
a] ca] ca] EQ1-ENFEa] ea] ceiEhy ca] S¢a] Eabres] caTe a]|da tdajRiH} /%] GbArBVEdddddd

g?gﬁﬁfJTthrough the ﬁocument The local fluo€escence of varlou? ypes of ]
n noo a calc calcalca ca
ca]ca]ca?&gf g]gh]gg]ﬂg%ﬁg}gxé¥%§§ L %§P% 5§T%§T% %gf% b% 5@&%&?@' tuuu
Rv: Wy vxxexexegd" ymnzdzlm O{:I{I{p] | pOELbhadhiydid] ]e]rr:a]y(pa;]e@a]ﬁmn]ma] ed] a:a]eca;]m] ca]
ca] ca] ca :qia,]e i

3: !JQ}Lsm}:%% HBC] cal ca f%:a? cg lég?]ég Lgauca c!a %%fgkg? ?‘%:ac‘fﬁ}fc% *}ﬁi ca]
ca] ca] caPB&F@aL‘J]rca?@a}%gt] @ﬁ}?c Sosameg]tc N 71009 JOARFRsnild: Zt—JP@aFc'&Péa] al ca
] ca] ca] cleali¢alaal eal calgal Galzal ;C.atlqualsfta]oqﬁ] ¢3a] caiacca] & aﬂ C@M C%]kfé’\a] c
a) ca] ca] ca]oc%éE\AwUBl 10%<$<$&' ( j; 10%<<&’ 10 /©< §_‘ 109a<
T<& () - $FOCTIAHRTEF @I@ , ALV Y °r$+leC1?[9¥el re@o&“fb%ﬁ@ € ip, dnd
LO&]S)%I’T&h(E) réshﬂ)&éO&ﬁQ(Sc(n)'l AreQ&IDUORRL )a-rf‘ot&iléf/d’&c(])lo?&éd%@'&e(j)ectlon $\

-1 *
49,3000 o HIMMEL) 41 08 Cloah IS (did PR (LaNIIOR 0L o dood
10EbED 1@E5E5y+da£@@5b@@g(gachmﬁ@pgrate banknote with the result that
verification is completely unique for the said document, since
the arbitrary property and coordinates are unigque for that

20 document. In this way, the chip of each separate banknote
contains a unique code which, as it were, represents a finger-
print of a specific part of the banknote in question. The code
of the intrinsic property may be stored either in encrypted or
nonencrypted form.

25 As has already been mentioned above, the use of the
substrate according to the invention is not limited to bank-
notes. For other uses, such as passports and identity documents,
part of a biometric propérty of the legal owner can be used to
generate a digital code which is then stored in the IC of the

30 document. One such example could be a coded part of a digitized
photograph of the legal owner, the part to be digitized being
determined by coded parameters which are unique for each docu-
ment. Entirely as for the example given above, verification of
the document requires the stored code of the photograph and the

35 code actually read to match one another. Other biometric parame-
ters may also be used, such as fingerprints or parts thereof,
which are then stored in coded form in the polymer chip. Here
too, it is necessary for the coded, stored feature to be stable.

To illustrate the invention further, reference is made

40 to the appended drawing, in which:
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5 3 shows a diagrammatic plan view of another

embodiment of a banknote according to the invention;

Fig. 4 shows an enlarged illustration of an optically
active element which is used in the banknote in accordance with
Fig. 3;

10 Fig. 5 shows a cross section through the optically
active element illustrated in Fig. 4;

Fig.” 6 shows a cross section through yet another
embodiment of "a banknote according to the invention; '

Fig. 7 shows a further embodiment of a security thread.

15 with polymeric chip;

Fig. 8 shows another embodiment of an optically active
element with polymeric chip;

Fig. 9 shows a combination of *a security thread and
optically active element; and

20 Fig. 10 shows yet another embodiment of a security
thread according to the invention, in cross section.

It should be noted that, in the figures which are to
be discussed below, identical components are denoted by ident-
ical reference numerals.

25 Fig. 1 shows a banknote 1 made from paper. The bank-
note 1 comprises a security thread 2 containing a chip 3 made
from a semiconductive organic polymer and conductive e.g.
metallized parts 4. Furthermore, the banknote 1 comprises a
second chip 3’, which is likewise made from a semiconductive

30 organic polymer. As can be seen from the cross section in
accordance with Fig. 2, the security thread 2 is arranged on the
paper 5, while the second polymeric chip 3’ is embedded in the
paper mass 5. The embedded chip 3’ makes contact with a
conductor or coil so as to provide the current required and

35 readout.

Fig. 3 shows another embodiment of a banknote 1, in
which the security thread 2, which again contains a polymeric
dn?S and conductive parts 4, i1s incorporated in the paper mass.
Sections of the conductive parts 4 are accessible via windows 6

40 in order to make direct electrical contact, 1if desired. The
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5 i.e. nonconductive. The chip 3’ can be read and supplied with

power via the conductive parts 8, whether directly or from a

ch are se

distance via capacitive coupling. The conductive part may be
covered by a chemically inert 1layer, if readout is done
capacitively. If direct contact 1is required, a part of the

10 conductor and the entire part 9 can be covered in such a way
that the IC and conductor are protected (with a nonconducting
material), while other parts of the conductor are still acces-
sible to direct contact.

Fig.ﬂ4 shows an enlarged view of the optical element 7

15 with chip 3’, while Fig. 5 is a cross section through an optical
element 7 of this nature.

Fig. 6 shows a further embodiment of a security thread
2 with a chip made from semiconductive organic polymer 3 and
conductive parts 4, which is applied on the paper 5. In this

20 embodiment, the polymer chip and sections of the conductive
parts 4 of the security thread 2 are protected by means of a
layer 10 of a chemically resistant, electrically nonconductive
material. The protecting layer 10 may cover the entire thread,
if capacitive coupling is used.

25 . Fig. 7 shows yet another embodiment of a security
thread according to the invention, in which the chip 3 does not
form part of the security thread itself, but xrather is posi{
tioned next to it. The conductive parts 4 of the security thread
2 are electrically insulated from one another by means of

30 insulator block 1l. The chip 3 is connected to the relevant
conductive parts 4 of the security thread via electrical conduc-
tors 12.

An embodiment of the same type for an optically active

element is illustrated in Fig. 8. The electrical conductors 12
35 provide the electrical contact between the conductive parts 8 of
the optically active element and the polymeric chip 3'.

Fig. 9 shows a combination of a security thread 2 with
optically active element 7, the metal parts 4 of the security
thread 2 making electrical contact with the metal parts 8 of the

40 optically active element 7. A chip made from semiconductive
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10 ensure a very good supply of power and readout, metal blocks 14
are arranged next to the layer 10 of insulating material, which
metal blocks 14 are electrically connected to the conductive
organic polymers 13.
In case of a system using capacitive coupling an additional -
15 protecting layer may be applied over the metal parts 14 and the

chemically resistant layer 10.
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2. Substrate according to claim 1, characterized in that
the organic polymer is selected from conjugated polymers.
3. Substrate according to claim 1 or 2, characterized in

that the organic polymer is selected from oligomeric pentacene,

poly (thienylene vinylene) or poly-3 alkylthiophene.

4. Substrate according to one of the preceding claims,

characterized_in that the integrated circuit is a contactlessly
readable IC which can be read in an inductive or capacitive
manner . '

5. Substrate according to one of the preceding claims 1-

3, characterized in that the substrate comprises a conductive
security thread (2) which is connected to the integrated circuit

(3) or circuits, which security thread (2) serves as a contact
for readout operations and for current supply.

6. Substrate according to claim 5, characterized in that
the integrated circuit (3) forms part of the security thread
(2).

7. Substrate according to claim 4 or 5, characterized in
that the security thread (2) has a thickness which lies in the
range of from 5-60% of the thickness of the substrate.

8. Substrate according to one of the preceding claims 1-
4, characterized in that the integrated circuit (3’) forms part
of an optical active element (7), such as a foil, hologram or
kinegram.

9. Substrate according to one of the preceding claims,
characterized in that the integrated circuit comprises a
preprogrammed code which is applied before incorporating the
circuit in the substrate.

10. Substrate according to one of the preceding claims,
characterized in that the integrated circuit comprises a code of
an intrinsic property of the substrate, which code, after the
substrate has been produced, is arranged in the integrated
circuit.

11. Substrate according to claim 9 or 10, characterized in
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14. Security paper comprising a substrate accor
10 of the preceding claims.
15. Security document comprising a substrate according to
one of the preceding claims 1-13.
16. Security thread (2) comprising an insulating support (5)
! bearing a flexible integrated circuit (3) comprising a
15 semiconductive organic polymer, provided with electrical contacts

for the integrated circuit.

17. Optically active element (7) comprising a flexible integrated
circuit (3') comprising a semiconductive organic polymer, provided

with electrical contacts (8) for the integrated circuit.



