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Background of the Invention The present invention
relates generally to advanced smart cards that may

woanmicaomobat t eri es, LEDs, LCDs, polyner dome sSRCTAISE®3/009649

fingerprint sensors, and other el ectronic conponents

that are not found in conventional smart cards. A

conventional smart card is the size of a traditional

credit card, and they usually contain an Integrated

Circuit (1C chip and may contain an antenna if the

card nust transfer data using Radi o Frequency (RF)
Bhélansund of tie IMddutioned smart cards may incl ude

conmponents that are not found in conventional snart

C ANdSpresetimvastidndielatisigefierally fPAdMAcedanthrkey @AMt may contain

Advanced_smart cards may_ therefore be capabl e of man

s dystpdes, EHDsdLEDscnalpner dosegcsviisies)i fngrepying gengasaand other

e 3 r [ [ .

LBl hfoReld eaEh e ol RUAATAGor/eRbudt it Bl A conventional

t hiedd Qurd fSae bize af deaditiendlerodit card)@hy theyidsualBocdn®in an

access contral systens, storage of bionetric data,

ndntegraigd GB?‘HE{'ICX ghip raad may,cqnfagn %ﬁge@}aﬂgyhe card must transfer data

a . a[é gﬁ o C .

i %ioﬂ maltdllgﬁﬁa uou? (mser. ' %&'e&g{ﬁ%?cg@%%g%ﬁd%.m ay include

Desparpionents that afdefoe fmmd (Dodd)vethonmad smart cesis, deh ds baltedes, displays,

proj.ect requifres contact!l ess,_ chi 0 cont ai . L.

N Ry A P R RS ﬁ@pa&tled?ﬁpm@@msmated

PALAERIG, RRH af HRPBYREIRE, S8lbiing IRES B afMaNeSHaPRRAfification

cards typically consist of a nulti-layer structure

havimers (RN randprsswokdss tiddétestimgseswrity thraats.ng

integrated circuits that store the data. Data is

transferred to.and fromithe.cards through.radi . .

t (LR P B R B R Y sByroggtpiometrc

OrdaYa, Ritidial b6@BSEInHDI, ARd M BafPothal hflicaten!t Iehdresssds typically

cards. For RF transm ssion, contactless advanced snart

c oatin Eorgrpdion abaiHadea Fogexapples et S nigerpatnzent of Rgfpnse
£ . . . . W . . e .
o SEED Rk b REELE Cafd (GAL] i iulrbEE B3RS dobrain
c ibraetricelas dBolith cikliz@sinaludingel digitizad poyaitaneé dingadpéint data.
docunents |i ke passports and other docunent or note

formats, Several problens _exist with prior art smart,.

c ariPoe VRGBT ST DREALBGRISSL O At ey Sfrigiyis having one or
r i 8hQididktik TayRbEAQErobRdiRE AltEG el REcRR BABorR ML data. Data is
integrated Circuit from breaking upon flexure. Each

| dyemsfenfed RY@htirem thecafs tir@rgbgediofeguetviyd Rirg transmaission. Cards

SYhat uarlll(sjfelz21 Hgta only by RF transmission are so-called “contactless” cards. For RF

transmission, contactless advanced smart cards include an antenna for transmitting
data to and from the integrated circuits. With increasing security concerns in the post-
September 11 environment, contactless RFID chips are being incorporated into

documents like passports and other document or note formats.

Several problems exist with prior art smart card arrangements in that PVC is utilized
for its rigidity in order to protect the antenna and integrated circuit from breaking
upon flexure. Each layer of PVC must be of a prescribed thickness to surround and
protect the components. In order to maintain the rigidity required and house the

components necessary, these PVC cards tend to be relatively thick as compared to
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protect the conponents. In order to maintain the
rigidity required and house the conponents necessary,

wohesa0RYE cards tend to be relatively thick aBCT/US2005/009649

conpared toother types of cards such as a credit card.
Generally, such resulting nmulti-layer structures are

i mat el y 0. 060 inch [ it | g
OB R b B S e o SRRt e
ulstriiétviedlagd agpaysimaldly 6.060 ichebthicks Additiaallyf BVICUesdsit6 become
time. Additionally, specialized printing equipnment is
r duilile withege prd seposwRAp HHAVINCtsAYS: HipemdrbEes fofaekfagpre in
t V i J . .
e R

f ahe bgter suaficensf the PVidtinadiinl) damage to fragile
Integrated Circuit (1C chips, antenna (often thin

LG G S0 e B g B
h !rg‘%;hiﬁ:ﬁ%r hé&M&hhatiby Biciﬁlﬁinllé’ dﬁlg%égo $a8uE Int%gteﬁ lrgroug g]&c% chips,

hi gh pressures, typically Tanging from 1,000 to 30,
PSintenna (o feeat thin, wins eeils, thinlyetqhked sopner.carthinlyadapesitddatlver), and

producti on process are.fhe cau of, severe. ther,nal

PRy el On O G BR R R be Bty B MRS PG At 306, and
negpelost I}ﬁg}aﬁesdﬁpéspwfban?trﬁg%g‘ R6mALEUUGI30D0BPAQY gRARE, used in
Smar t (Y:ard containing Integrated Circuits, antennae,

bahe plastésscarg danyinationeraductignmeeasss aeitgsascpsavare thermal and

D spl.ays, Light Emttin ' arrays, fingerprint

séﬁ’g&c I)S:trefﬁw%{é%? 85\/%0%121 g?%?s\e/e conponents to be

securely and reliably incorporated into a very thin

anihid iexedled icad hovediethed farpdodiraig ait Alvaresd Bmart Card

heat (e.g._ less than 150 F.) and |.ow pi ess

ure (e., .
| dsenteinure Lntrgrates - ircyits, aeRRebatierish pg wmrgiﬁrrgﬁ(svvﬂ%he& Liquid
S . .
7 Bl DRl I Bl C DI S BRI BBl it allows
el eagitioné@aponvhtsitabasecubay ted redisblydata@pdiatsd|intpsy very thin and
keypads, and even fingerptint sensaors have b
B e e g B A bt e 6 B SR Baas g Tow
si‘g@gmf g@j@gﬁg{l.mﬁgﬁ: advances are stinulating new
smart ca capabilities and applications. For exanple,

a smart card equil_gged with a battery, data display, i
andl nkeygeacratiow b fhighlytsiophisentesl smaart¢asds krsthecerag tachnigglly feasible

1).the current bal ance .of el ecironi. . S, .
a e Y B SR BisB LEEPMEs PRy e, data
| Ndigy1aRL k@bad§land by fikgeait@ ybisobrthae been évalopet itlan may be
These capabilities could al so be . .
incorporated into a smart card sized form factor. These advances are stimulating new

smart card capabilities and applications. For example, a smart card equipped with a
battery, data display, and keypad would enable users to view data regarding: 1) the
current balance of electronic purse applications, 2) recent credit card transaction
information, or 3) bank account balance information. These capabilities could also be
utilized to enhance security with password-enabled credit card functions. While these
expanded smart card capabilities offer tremendous potential for new applications,
large scale production of advanced cards with lamination-based manufacturing
techniques is extremely difficult due to the electronic component damage caused by

the high heat and pressure used in lamination. A new card production process



utilized to enhance security w th password-enabl ed

credit card functions. Wile these expanded smart card
woapwhioi498i es of fer trenendous potential for ne@r/US2005/009649

applications, |arge scale production of advanced cards

wi th | am nation-based manufacturing techniques is

exitlRmp ywHehf dndlirbssHiss hledel %o @ﬁ%‘fé ddifdhfe e‘fé%%ﬁ%%&ponems to

damage caused by ‘the high heat and pressure used 1'n

| dhei keetivaly ingornemated mithpr eagdibedien processutilizing | ow

heat and pressure is needed to enable delicate

Sﬁ]]@%{ Eqﬁitﬁeﬁgggﬁgsnt s to be effectively incorporated

W . Sunmary of the Invention It is
therefore an ghject. of .this ipvention to provide an _
ad0 g Pt S g i inyeafon PoRAue am o e Sorart fard with a
0.tBRRMSsE hbteertAbCihBe 9 R08m Ahs BRUGHRES mon%lﬁgingr%?@ﬁ Yard) that

that contains securely encapsul ated Advance
capatagsseqwreliicasanshlatednidvanoe] Srert Catdhelegramiesdhat may include:.

Ci it S, ~.anten batteries, polymer dome swtches,

R R I e T A NN

f iDigslayy Light BenisioeDioddisa@Nin t seRoBgLt s are

achi eved by providing a nmulti-Tayer card structure

wb%? a top layer of material such as synthetic paper,
PES 356, Oﬂg‘?f ogtakrars ashiasddyraeeding a maltidleyermard styusture with a

t i i ' t ehect roni cs. .

9 RO s SR BRI UK G Sl i,
abotiomdayer tet {serongsised of yninteglate® cleviréribemserhblgitdt may include

sta .splays, Light Emtting D _ode arrays, and
fcf%%ﬁal‘c?ﬂi t @%@&@?&%ﬁtwsa%lmr flofye pWHehesnkiguideCrystal
POyl CighRERkkiAL Di | i
PR, EERE AL 108 O MBS g o
ajeciedpolpmyrip oratial that beeutabp encaperlated theehdchehiccopppBents that

or._ ot her, sui.tabl]e materi al . The, voi.d space between the

0 By U5 Ip R e Se D b Seeirely Evias R ie (PR Eor afvetic paver or
f bther awithbR eaBRAIet € encapsul ation of the electronic
conponents by injected polyneric material. The void

s%ﬁce of approximately 0.1 to 0.25 mmallows injected
Y

¢ eid spacerhatweqnbe (e layersad shabuttopolager fabiditates an even flow

e L 6. oC : t ottom surface .of th .
CS5eH SO ErATRNERLS o206 TR BReNE AV Titod Rl

c orrial. eTldk wdid spaceiofapmioxinietelp ol T, 2 S mrRAIRSWHnjdefbdigd8ymer to
;ﬁbd S age. The |nte%rated el ectroni cs assenbly that

due 1Rid Shacei3Be caverithg Eectrani sesRRnetisaRd he bottom surface of the

top layer, with no voids, pockets and with an even and complete distribution of the

polymeric material in the void space.

The integrated electronics assembly that makes up the bottom layer is produced on a
single continuous sheet, which is then cut by a machine tool in a form that allows the

Advanced Smart Card perimeter to be covered by the injected polymer.

Brief Description of the Drawings

FIG. 1 is a cut-away side view of an Advanced Smart Card made according to the

teachings of this patent disclosure.

FIGS. 2 and 3 are cut-away side views of a mold tool set up for making a first

preferred embodiment of an Advanced Smart Card of this patent disclosure wherein
3 ‘
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singl e continuous sheet, which is then cut by a
machi ne tool in a formthat all ows the Advanced Snart

wQanw/pewsnet er to be covered by the injected pOTISEIN5/009649

Brief Description of the Drawings FIG 1 is a cut-away
side view of an Advanced Smart Card nmade according to

t he t.eachin f | S I 5C F oA

Dot 6HR00 Sl 0l BObROlen ) 23O BB atcona
ekl &re d8hbwh Befops &flRfufdesolenibed imBeeiial &f infetteddvaawearthe Advanced
Smart Card of this patent disclaosure whereincertain

AdwaricEardSiiap enchpordaysan e §10e4 gnd phertfeatd: ©) the polymeric
R, FURRoF SR, SR D 8
AdiViaipcsild Sord rspad@awith 8 pblymesicdndiatidl aml lcaldefosmingeke feipGayer of the

4 and after (see FIG 5) th ol yneric. materijal i.s )
i Bancd S CaraBii iRt oL IR IEE MO Beah IPTBRE Rty
| ayers and thereby filling said void space with a

PRI%MBIisC BRLENdy2lic@NshowRhs of b D] Wefgt Rhdvad SForRfa precursor
the Advanced Smart Card to the contour of the to

me\dvasced SovartGardfhodyriforgnesichyi thy systensgerderaldy depdeied awalo. 3.
view showi ng a nold tool being renoved froma

. Ad . f
DG YRGS oS Rl 5 P it WA pyngen Smar
M@aeds (@ath Exehaenst dfabplokiraaeBisemal by ®knig) sihiltancously.
Advanced Smart Cards (wi th dinmensions of approxinmately
54 by 85 i mul t, ly. FIG 6 il t
R T s WA
AGEON 3G i Ldfid 8 BP it BRaR diddisarpat ent di sclosur e,

ustrates a cut-away view of a Contactl ess
Advanced Smart Card made according to the teachi ngs of
t HI6. pélustrates b sot-osay dewRIf @ CatictlesssAdvanes] Smei tCasdvanade

view of a | Interface Advapced Snart Card made
aé&?ﬂrg’inﬁéo %aﬁf"f?bmcgé%ﬂ?lf‘l@%te‘btfad?icﬁc?sgrepat ent disclosure.
FIG 9 illustrates a cut-away view of a Dual Interface

Adveng ethsBaRE b cliaiwayib® oF D Bitfhdit AGRASET Skt CaAtEmade
according to the teachings of this patent disclosure.

Flagsordimgitp thedeachings of thispatanledisclstifs- of a
Chenosensitive Advanced Smart Card with a Sensor Strip

3 FIENG G BrafeDF LAY viERAAT 80 M ANAAESePS bt kd with o
signa en particular chem cal “substances or
r Fingdprin Seasori3eemddeientiag, o Thetehddngsod tisis patert disclosure.

FIG. 10 illustrates a cut-away view of a Chemosensitive Advanced Smart Card with a
Sensor Strip 37 that is chemically reactive and provides a visual signal when
particular chemical substances or radiation has been detected. The heat-sensitive
Sensory Strip is protected from high temperature deterioration by the low-
temperature, low-pressure process used with the card manufacturing method in this

disclosure.

FIG. 11 illustrates a cut-away view of a Contactless Advanced Smart Card with an

Acoustic Speaker 73 made according to the teachings of this patent disclosure.
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Sensory Strip is protected from high tenperature
deterioration by the | owtenperature, |ow pressure

woropassivsised with the card manufacturi ng met hedTius2005/009649

this disclosure. FIG 11 illustrates a cut-away view
of a Contactless Advanced Smart Card with an Acoustic

DSpela ec?ﬁ e A% (,Qﬂ to the teachings of this

Description of the

I nti,on Fl G 1dejctsa ut Lde vie f_an .
afGnt E8Piel ot p st Vil A ARVRE TS Br G R P L el arorains
Ofto i iSadhM RV tidls pekRSHEEosutd) Thitis firighed Hegh, fsQstan Adednced
an Advanced Smart Card will be conprised of a top

| Speart Oard vailldwstqommarised ef 2 12p layend4aa belfare laysy 2 ¢ind a center or

| ayer, 28.,0T t I . ' il e .
el 28 e S 1Y hisdhPoikye IFsffndefipePle.. Testin ™,
PEwWC,ardipagidnate) br SthBiesuitable hadidrial nThe botdm 1ake 26 it dmslectronics
| ayer 26 is an electronics assenbly, on a_substrate

ciastembly BB asubyrRteCirgys| bpprd (@& Pl irpide iphilexiple prpied cirouits or

Cl; . 3 . i Ar

AL o R o AR 4 0 SORMEP L R a mamber o
i rihiegrasddedecttonit components spdirmsrat Isightuhittisg BiddeghED) 30, a battery
Enitting Di ode (LED) .30, ,

P £ ROSTer SOme Pk adebuonsesy Snae ArBad T AN Crysel

LiIS‘i's‘#)lg Shy ?‘h@ke LSdY BYe Bfer chRSists 87k BherRosARRE élgﬁh@fic material
consi sts of a ernosetting polyneric mBLerial 34

( S4de.g.,an initiatly sipiigd drisepui-tqwd theemosdtiingiiedin) that, upon curing,

t her npsettin esin hat ,,upon _curin constitute

¢ R aIaes Fhosnled P Cong st 2895 Bt Ak AT GAT. The conter
SircbreGayét- 28 e pt& el ncapsulats QllleRp6ded 2&c0hRIcBinPbitents on the top
encapsul ates all exposed el ectroni c conponents on the

t cpriges ¢ftbe bottomhayeb a6+ She theyaesetting mpferiel i thetseventualy

terial.34 that ev I :ent l. :
2pegrmir e aaiend BN Aty SRR CRTFRIRd e voia
V QipHlcsSTRB@waén ettty RRert Dieariddpttoaylayerb. altds fagdctedpolymeric
| ayer 26. This injected polyneric material 34 should
benataialsideshenlddsi qagahln pé&lwmﬁm undee theaplatiyelgcld, low pressure
c - ow . ' . W enpl oyed in
agflb)%lmc ane n@%ﬁ%%%ﬁ%&% f#@%{;&%gg E%d"gﬂ%h t hernosetting
polyneric materials will be injected into, and fill,
t He angicdses paheth@todeting pdlybetriveeateridiewilhbé thgected iitog end fill, the

2 ﬁ@?cﬁ,g%{égg%%gglg?&’%wy &e %gﬁ%%%ﬁ%&% ﬂgog r&%ﬁyérozﬂnd the inside
ma%l?fab@llo 31413}91%&&% IS%EEZET H@M%ﬁﬁﬁ@ tBHoy fheRO Rtht&al 34 of the

ot herw se adhere to i nside surface 38 of the
center layer 28 should bond or otherwise adhere to both the inside surface 38 of the

top layer 24 and the inside surface 40 of the bottom layer 26 to produce a unified
Advanced Smart Card body. Such adhesion can be aided by treating the inside
surfaces 38 and 40 of the top and bottom layers, respectively, in any one of several
ways. For example, bond promoting agents known to this art (e.g. chloro-polyolefins)
may be employed to enhance bonding between the core layer-forming thermoset
material and the material(s) from which the top and bottom layers are made (e.g.,
Teslin, PVC, polyimide). By way of example only, Minnesota Mining and
Manufacturing's base primer product 4475.RTM can be used for this bond enhancing
purpose, especially when the top or bottom layer material is PVC. Other treatments
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top layer 24 and the inside surface 40 of the bottom
| ayer 26 to produce a unified Advanced Smart Card

woaads/10898h adhesi on can be ai ded by treating PO®US2005/009649

i nside surfaces 38 and 40 of the top and bottom
| ayers, respectively, in any one of several ways. For

e | e, bond .pronoting agents.kn t.hi.s_ a €. g.
crieheat porgicanp R85 g sBEah S SR v Mikelleben freye
befinaatokdif ekehtdded adi@efthitg. t her moset material and
the material (s) fromwhich the top and bottom | ayers

are made (e.g., Teslin, PVC_ polyimde). By way_ of

exﬂwrx@aamcy?mwma@% thackipssi 39gs dpfanadeyinlacamsnt Rfths mold faces

b ' 4 - '

RGBT ER S AL STNERRSDS et L ety S0

| gaetrofiid @id,dbwipseddiie. fofhingprédessadfithistpatanatiisclasurbe In effect, the
i nsi de surfaces of the and/

i ed
DORIeGAn 2o SrermEres T i eoiouh8PRET AR PRBIIER tiige and botiom
iaglh rfﬁﬁ? %ﬂ}g@orglgﬁ’ of‘fﬁé@(l‘&ﬁgpm@th&f% gbtsotﬁ&%%r&%%i@@ by the

ef 1 ne acenent of the nold faces (not shown
i reléetiGnicipngpeneite prdtexdingsieom st otioat laysr 2j ect ed into
the void space 36 as part of the cold, |ow pressure

farm.n rocess of this ten i sclosur n..ef f.ect .

t iR R b EERReRt rbbRdRRtE e SRR o e kBt 15 the
S RAffeB Bkl WaRiBothal InTHGAD AN HRMhEcNiap Siqhid drseditiquid
portion of that void space 36 that is not otherw se

oqulphesit wgptetinktodlove oyesang arwing 6H sittes opexnosedielggraniom

the hottam | ayer 26. The |ayout of electronic

coc%?r?g%@% on the top surface of the bottomlayer in

t he manner generally suggested in FIG 2 allows the

i Meienelagorhéripuprdpeaties efihe lcurpditiermoket petynerproede plotdetion from
fl ow over and around all tf‘li des of. exlgosed el ectéé)ni C

cothysiiaing therme! giressers e the clsPiapis ppIBROoRSNLy indlic betieyn layer. The
t *L%@iegﬁgor r gg é@@n&é %Yp%ed&mﬁa%a%cé QM RMSxpaded@M tronics

t hermal st r e el ectronic conponents in the
b adnblethagssemblfite redisi flexminsnd i tgsipn apd/ot ingsaco foredsdhat the

orANRCedatad Card Y e et oBor pEE SRR Gro P B ees or on
anghQJr its TRaJutdide 682 shiftades! Mhe AMLHARCIASLITHE probértids HBe

encounter upon either of its major outside surfaces or
orelastymerfaliot rediicathe amovitcd healge vehielf the electrPhis conppheiits may be

ot B TRk PR B E s A ST o creme

bea high quality exterior surface on the bottom surface of the bottom layer.

FIGS. 2 and 3 are contrasted to illustrate a first preferred embodiment of applicant's
methods for making Advanced Smart Cards. That is to say that FIG. 2 depicts a
particularly preferred embodiment of this invention wherein a flat, top layer or sheet
24 of synthetic paper such as Teslin ™ or plastic material such as PVC is shown
before it is cold, low pressure formed according to the teachings of this patent
disclosure. In other words, FIG. 2 depicts the mold tool set-up just prior to the
injection of the polymeric material and wherein a flat, top layer 24 (e.g., a flat sheet of
PVC) is shown as it is initially placed under an Advanced Smart Card-forming cavity
of the top mold 44 and a bottom layer 26 (e.g., an integrated electronics assembly on a

substrate) is shown as it is placed over a bottom mold 46. Again, however, in some
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exposed during a final hot |am nation process
enploying a thin layer of PVC to create a high quality

wexb@rivon3surf ace on the bottom surface of thePODUSZIVE/009649

layer. FIGS. 2 and 3 are contrasted to illustrate a
first preferred enbodi ment of applicant's methods for

Ki Th th G
e R e B D s, TP oshine R PL P i e g fopdaver 24
| RS p}étrﬂmé@éﬂht Poabd ;?értlalhﬂﬁelrﬂdl@éd 9ref§ﬂas@t to2dhe @bneral contour
synt heti c paper such as Teslin(tm. plastic _materi al

s 0f theasdvauced Smeth Sard-fuororgcgvityiod in @h%ltor) epddl-p By seayrad

g?rglgl%%g cg ! %Oﬂglinﬁrel?ld% ﬁélg A Elrl%%ﬁcéo(}%%atrm@ tcP@% %%&Ef in the top

t agdld 981 Alibzz1esd8 fof ingécting atlgid oy s&&tﬂliqmd;)fhehheplastlc or
polyneric material and wherein a flat, top.laye

( éhq\gmoseﬁmg a@lyglﬁ@@fnaéﬁnaﬂ:%}s shovarhsing inserfed 111‘@ an onﬁce 49 that
| néad h}é VBL@&)%QC y@ﬁ}%{ 1s}%ﬁﬁgcy BaGE @féﬁﬁ ﬂlﬁ%@% Trag top

cavi and bottom ayer
a mayeﬂ 12@ gndithednﬂﬂ@mrfarae KHoof &&ﬁﬁmbtrylawr 2. §E]iesilstalt0&)betvseen the
is placed bot t om

ﬁg%ém%? ace p ﬂ@d%laée%a@r%? boilan sugRe iﬂl@d‘?m&ﬂ%g%e of the
e'ﬁt&whrea%ﬁar@tgﬂrre LgieRh’ vy R B39 THERBId Dhcd @eyershgém

be pre-nol or  at ast partially pre-nol ded,
p re&feadmlglfygm the left end)emibe aight emt dithe pﬁ(tapheedﬁtdp dayeed4 and bottom

ﬁ%a ﬁ?g’%‘?{r w?lﬁg IB};I[{}O%,] 6491@3@%?1%&2;8% 8”2 K/)){ayer ¥4 is not yet
c Qﬁf@&'itgalvﬁtﬂ e ‘iﬁb?de%%}‘faEé/ 56 Br i %dv@ﬁcé@l‘ﬂrﬂarﬂéardpfoﬁﬂﬁ@ Qwity 64

48 for injecting a liquid or sem-I|iquid,
t roérthnjpp aytld é4oBytvreer<rfwgetr@stn§e p@ﬂsgdﬁ@urf@cense& afrthgpotgem layer 26

| 35 RS9 L S 3 SR 662 st

i nsbldacs MGat aepd&s @fe dfft@tst dfiinjeetitey the theamdset belynmercdﬁatenal into
surface 40 of the bottomlayer 26. The dista

géhmd Sp#re %dwwmtbe@p@dth@eorndayqr&% anda%@ ifh'é% FIG. 3 shows
B

B%mlﬁtﬁéﬁt@wﬁn&amendl ng fromthe left end to the ri ght
end of the juxtaposed top |layer 24 and bottom | ayer

2l A S Bl S SO LS Y S5E 2,05
| ke ﬂﬂv%’a&%{% ?&tﬁ@o é %t’) lﬁ}jﬁ?&éﬁﬂﬁ a4l b%[ﬁ%f}t 35ac s SPaP@shown as

cavity By Wway of dontrast,
ouhsy mey be pbsitiencddn tie intgratlicrt ¢lostrdnigseassedgbly sompnmg |th¢ bottom

S AEPRAR TR T £ MR RN M

efh L8 Lidfan b BGkd Hé’slgrﬁththﬁdd%&Qt‘e PRI Bnipdheits ahd devices

! nm ?he bottom layer. The detailed design of the electronic components in bottom layer
26 will depend on the specific application(s) for which the Advanced Smart Card is
intended. These applications may include: access control for building entry, data
display for bank cards or ATM cards, password entry for Identification Cards, and

fingerprint verification (using a fingerprint sensor) for security-related applications.

For the purpose of this invention, the detailed design of the circuit and electronic
components in bottom layer 26 is not critical except for the dimensional constraints

that must be satisfied. For an ISO 7810-compliant Advanced Smart Card produced
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the void space 36 between the top and bottom | ayers 24
and 26. Thus, FIG 3 shows the top |layer 24 after it

waasoshieers nol ded i nto an Advanced Smart Car d- f BCHUSZV05/009649

cavity 64 in the top nold 44. i both FIGS. 2 and 3 the
el ectronic conponents contained in the bottom | ayer 26

gguts%ngﬁhi%%e Hcl)cg% tgqﬁccaélgmgﬁﬁ % theyéﬁ?ﬁ‘g%ﬁ%a%@% éit within a form

PaEtbt @mdxmrn(leﬁgeh)l Byt 4omat @dde) end WithiaQﬁa)ﬁﬁﬁlﬁﬂbélght of 0.55 mm
conpr|3|n%Athe bottom | ayer. Thi s invention for
prigsindingt Mﬁﬁ@é@ywabaﬁa@r dhe flistange a1 Kige3 agapout 0.15 mm

Vi 2Rlifrehlserits MedfinfANES 1 arce Fdnfi@s i Abe 38 of the top layer 24
i S i {5

i ncorporate a vari e conponents a evices In
b cint] dle 1opym05t siﬂfﬁceotffttm ]lnghlesd e]sbtganﬁof:ompenalt 8€ hroonted on the

onents ttom | ayer nd on t .
3}9 Py leve ﬁ&m@m@}l drl%'im%%ﬂdhret‘lﬂg i AllRee gﬁl&?&weﬂed
g?{: ofyrhéid ﬁ%ﬁﬁgﬁt@ gpzﬁﬁﬁﬁteatﬁé’ bie6@éiie @ en'té"x‘ﬁl)ﬂﬁjc@d on the bottom

€ss control f ding entry, a display f
bdayer and tis povideEieqEtaishockabsonptich m&lymﬁad) ansulation propertles
Identification Cards, and fingerprint verification

( f|ne it nsqr).for_ s nit I te
IRERS, 2 e 0 Sl 4R ks HE0R ke oo 8 hich B e gurtace
dedogtoueds ﬂﬁ&b}g of ik Adifﬁnéﬁdrﬁhdrt C&ﬂdo%&'&ﬁﬁéﬂrﬂlﬁmg the injection
conponents in bottomlayer 26 is not critical except

f drrogase  §p thim snd g injesten Pﬁthﬁthgutdﬁtsemrilﬂu@ethermoset polymeric

Car 5&&%1691 shogI:J 4 rzgﬁpet %%gfgllnk) é sﬁgﬁ{htat the top

rroducedusi ng on C
elleyeenuss toldf loss Iireﬁshm;rfdrmedﬁntﬂwm cefvhtty Gm dfluhentop nﬁcﬂd rzm FIG. 3
factor of 81 nm (Il ength) 49 mm (w and with

meSRP R RPWehey ﬁ@ldolpwci)rswmﬁomw& nyaq%o tilalzes st éwploavé has in fact
2 %ﬁ?& HeB e t-gg%uﬁ’h(?et AGEhé 'IQyﬁlf' h9-t0 the & Pﬁ%ﬁ‘:‘éﬁﬁl@ offheWBvanced

repres nts the m n| ear ance
i rxhate Catd-foaméng3@ivith 6t e theapp hmje4d. 2Agamdthb mettomrsurfm 58 of the

o{ﬁgglelggért% |Sg«g)gpq 1er2](%IGe %ﬁ)é(t)lﬁqul A ent téﬁgrﬁe}r% énsu?e surface

r ST tﬁ?b&l@orﬁ Il V48 UfrhisGé §g£rt1bﬁllaﬁ9b?é?el%d éi‘ﬁﬁfgbﬁlent for making the
mat er | to encapsul ate the el ectifonic conponents

moAdntardedSmbtt € adst afdhis ipatget diseldswre pr ovi de adequat e
shock- absorpti on and thermal insulation properti es. hi

G Pind S By bRt BB PO o o o

Aoma%t@&n%ﬁeﬁﬂ %6 Gad shobvd sE@ceﬁQt a8 dr ot éadngatmdmyl AYi&teidedD that
process. To this end, e infection of the [iquid or

s e(fking igtq epnsisisration dhe 'ibzﬂkyﬁSé of $herfgp and hpttan layesi A4angde26), in
H g‘?etc%gi Sincening dl%ﬂl%cé g@e%rﬁflé'&?dtﬁ aF ﬂiet‘)o%]scpa%ﬁc%t&fge%the top layer

24 and the bottom layer 26 at these lip regions of the two molds 44 and 46. This

distance 70 should be such that the thermoset polymeric material 34 can be injected
into the void space 36 over the entire length of the Advanced Smart Card (e.g., from
its left side to its right side). The counterpart distance 70' of the mold device setting
on the right side of the system shown in FIG. 2 may differ from that of its counterpart
distance 70 on the left side. In any case the distance 70' should be such that the
distance 36' defined between the inside surface 38 of the top layer 24 that passes
through the rear lip 66' of the top mold 44 and the inside surface 40 of the bottom
layer 26 that passes through the rear lip 68' of the bottom mold 46 is very small--but

8
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20

25

| ayer 24 is cold, |ow pressure, fornmed into the cavity
64 of the top nold 44. FIG 3 shows how the cold, |ow

wonressnre3f orm ng process of this patent discl eeus208809649

in fact confornmed the top surface 55 of the top | ayer
24 to the configuration of the Advanced Smart

Car.gd-.f ] . it t h
oA A o R a0
Flaffow3ab@RI 708, ca G, pslyniris &(ﬁ&itlréddtlkbnfphﬁiuct ga?sbﬂ th ) in the void

surface 60 of the otton1#§?d 46. This is
papaded@lthatioyigiradly existad betwesngbertom anﬁ&@“ﬁﬁklﬁwgs £fheand 26 (see

Ad
R0, R S R LSRR i
amdt &ilf beogrhall éfpugk @ holdGRe dijectibe prestirenused tol 1n§éi:t dhiethermoset

shown spaced. apart from each ot her di st ance 70
t atymerignaterialn dedecd e distancs 4 18 H’@%ﬁﬁé’ﬂ?@éiﬂg? eRqyigh to allow

t " 1] " "
Sy Tt e
betunetthe tvbid spaqe 3@yend tBus dlositdal poes msidiay sy oPGreated in, the

these i ons o wQ .ol ds 44 and 46. Thi
it Tt hetiountsel G oh A APk 1l o ooFof the mold
PQUMBRIHsELEMRLEY, lafllsudf o 5RO 7D Grel BIPES tﬁg réplhcedtgyany ficBming liquid

space 36 over the entl re length o e Advanced Smart
Cahdn(oeetgna,terﬁal Gh Thés ga@fet(hmstj@clomqmq rYdsgh presfpd@as byhlkles from

© Rifg Rt g baay sF il psttant SRud B EPEAL g, B 8ing of
dltﬁé BkerthdRimbigihl) QbniphiSesiy BéRENaydr 281 St ance 70 on the

| eft side. In any case the distance 70" should be such
that the distance 36" defined between the inside

s lrrIGaé shass memlh’rém'@l@ﬁ& qrayesursey Adnanced SsmastCondrod faghtyps ghown in
a | c

5 > bRinE e R B " SRR A EEES

| IrBsp@&lvdD}f stﬂsehcb&OtIﬁe!Jlﬁftrmﬂ dn@ﬁghtsen‘deithespmbﬂrsdmAdS\tambdzd Smart

finite. That is to say that this ver gggpll dlsta

3@ard ﬁ%‘PQ}ICl’é@rW@@ M@y §horeaicdhy %mn% §%P{e@w§ imensions of

ai t1nl

oy RPLATEEd 858 080 REHe BB 4 SRBRL 5 il

beb \ame(bnh e IS© 38 Hhsbebifichions fay e EleRdficatwniBird see

agai n, Fl G 2) and excess polyneric material to be

e u fromsaid vo

b TRl e Rt B e eTirb felstipgp B pf the

gﬁ'efeﬁgdl BRBSAinf2atsydT Ak ?)aféﬁﬁ @Edlgdure WREREOsix Y afldedtSAGECards

" 1s preferably sized | arge enough to all ow even
t rWJrﬁh dmswn@ﬁf amommtﬁlxﬂ%mwhﬁ P euparechging mokdedt sel f

ﬁw rted" or "flashed" out of the void space

369113}’1](531'{ WYl owi ng al | gases residing in, or created
in, the

FIG. 6 illustrates a completed contacted Advanced Smart Card made according to the

teachings of this patent disclosure.

FIG. 7 illustrates a completed contactless Advanced Smart Card made according to

the teachings of this patent disclosure.

FIG. 8 illustrates a dual interface Advanced Smart Card made according to the

teachings of this patent disclosure.
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voi d space 36 to be expunged out of said void space
and, indeed, out of the nold systemitself. Thus, al

weuels/1games 72 are conpletely replaced by the PATMIS206/009649

liquid thernoset material 34. This gas exhaust
techni que serves to prevent gas bubbles from form ng

[ . f the ther [ - .

3Gt GRS gl R AR BB S B eyt hgerprint sensor 30
mah&de aabord@nmp theescHing dfehik patchbdietloiBe. FI G 4 shows

a sem -finished or precursor Advanced Smart Card of

oy 4f Tsaiaicn s chemeseng B Ak r g Grse: FRGBE b Gy strip 37 tha
Z gg%ﬁﬁgﬁlghn%?%tﬁf&apgwoﬁﬁ% 4 Vigih s%ﬂgl Whed S8t QNS HCR a1

vance can be cut or tri away to
c rsehitendel er sddaation ddg) beenatetecpade ditedredi-sonsisive sensof step is protected

finishe dvanced .Smart .Card.. In this case the

o 5 - oAb R S gEietigms i by P TP B G e uressocess
7804 %R8Ghd E£A B0 RchRIgdRethSle R thisi GRldsar. Card. FIG 5
illustrates a nol di ng procedure being carried out

according to sonme of the preferred enbodi ments of this
patleni | diustpiss acentagiiase Adveanoed Aanahced vEthaan acoustgsspeaker 73
wi_t h, di nensi ans, of oxd yat by 54 mm are

bél* %déa aﬁﬁ?@z qgi%hrr%ﬁe? %ﬁﬁ) Sugs%lltfé.% p%eé (%gCI:gﬁr%st rates a

conpl eted contacted Advanced Smart Card nade accordi ng

t oWhhie thieawbhtigshasbethd&cribédwith dispedt 06 uarouskspégifid examples and
illTustrates a conpl eted contact| ess Advanced Smart_ .

Ca Puread 1 commatisddoithe eonsepteod dhs wgof specialigducs apd gluing
gt it B ygbotolS A B Ao B SLrib R LR, shoula be timited
t ihscqpetomby bylthedbiewing.cldifis. 9 il |l ustrates a dual

interface Advanced Smart Card with fingerprint sensor

30 nade according to the teachings of this patent

di sclosure. FIG 10 illustrates a chenosensitive

Advanced Smart Card with a sensor strip 37 that is
chemcally reactive and provides a visual signal when
particul ar chem cal substances or radiation has been
detected. The heat-sensitive sensor strip is protected

from hi gh-tenperature deterioration by the

| ow-tenperature, |ow pressure process used with the

card manufacturing nmethod in this disclosure.
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FIG 11 illustrates a contactl ess Advanced Smart Card

W th an acoustic speaker 73 made according to the
woeeawhiongs of this patent disclosure. Wil e thPET/US2005/009649

i nvention has been described with respect to various

specific exanples and a spirit that is conmtted to

t ept of the use of special glues and gl uing

E%‘(%ﬁges it is to be understood that the

h@ﬂ@tﬁ&é@@@dbed i nvention should be limted in scope

only b% tﬁb Eﬁ?)élfg Qﬁnglaﬁ'a%an%&@t Loy! sﬁmgréﬂegﬁg compnsmg

is: ing an advanced smart card

s ambﬂ BnyeId a\cbmelaszcﬁrm? thesmbsget @olmmrical;taemalaamm eottomy kryenf

t hermpset pol yneri.c materi al a bottom | ayer

AP ShE gb S aied Glotaaies FEEEPBrin Guted SR ABH P Rl i grethod

OEofﬁ kst rate, said method conprising: (1)

posi | on ng the integrated el ect roni cs asserrbl y

nmpunt ed. on substra%e in a botto ch t

h6Dgwsitioninedhs iniearpiad glogienicaesrd yayowﬁ? op éa{@fﬂéﬁn a bottom
' Ehc}lﬂ SudithbiGB1En oéhe siu%)sm&e 8l dcOR b By BndI@ Pedi¥8 in fhfe bottom
synthetic paper (e.g. Teslin(tm) of other suitab
mateddi al in a top nDId, (3) closing the top nold to
the bottomnold in a manner that creates a void space

eHa 14 BF syaftisbticfapé radipthpbanhiRitaisle material
aggﬁﬁﬁp ?nfgﬁtlﬁg a tﬁg?éggggtlng pglynerlc  materia
nmmennmmokhto the void space at a tenperature and
pressure which are such that: (a) the integrated
e'@C&B@ ﬁﬁ é@%ﬁﬂ@i&&h&fﬁ%ﬁ%&& irfla ﬁiéﬁ%érﬁﬁét%réa%es%cﬂdb ce

t he I'd registers; the top |ayer of materia
i be’aﬁeehebsstoppaydraadltm intepated edevtioniss ssgemblysl ded into a
cavity in the top nold; (b) gases and excess pol yneric
Yah Erit BfatdHRl thtS BRGRI §fake het t

ngjﬁﬁgl ég{mgggéeq%m t{h]lcle | n?’ﬂgrrlat ed el ectroni clzs }gﬁge eilnpera e
arsd prassips oNbacheate isucht thet: t her noset ti ng pol yneric
material; and (d) the thernosetting polyneric materi al

bondg,) i ittelPhibt £1BGrdaRR dsefly aRfkntdd®n a substrate is held in place by
the mold registers; the top layer of material is at least partially cold, low

pressure molded into a cavity in the top mold;
(b) gases and excess polymeric material are driven out of the void space;

(c) the exposed areas of the integrated electronics assembly are encapsulated in

the thermosetting polymeric material; and

(d) the thermosetting polymeric material bonds with both the top layer and the

bottom layer to produce a unified precursor advanced smart card body;

(5) removing the unified precursor advanced smart card body from the top and bottom

molds; and

(6) trimming the precursor advanced smart card to a desired dimension to produce a

finished advanced smart card.

11



bottom | ayer to produce a unified precursor advanced

smart card body; (5) renoving the unified precursor
wadvwnoessmart card body fromthe top and bot POmMUS2005/009649

nol ds; and (6) trinmmng the precursor advanced snart

card to a desired dinension to produce a finished

advanc T I?l%m

the i n? egrat e%}h&?ﬁfi%lglg}”l B’zh %@Isle gt!e({flH&d&0 mmg&hﬁy

S wifintedt o Hadstravs |hammaﬂ1mmmﬂnm1$wmﬁ ob84 mm m@h85.85mﬁ long, and

mm | ong, _and 0.50 mmthick. 3. The nethod of claim1,

wieY0ap substrate is a printed circuit board. 4.

The nmethod of claim1l wherein the inside surface of

t he t op. ITeancthodiof ¢ceim hswitkeeis tind substratt i Hpritted civenit board.

| ayer are treated to facilitate the creation of a

strong 4b I d
her oot A e or gt ApderEHE B8t of e op eyerand the
t tesidwoseface ngthnfmbﬂomahyerare tTdatedetthaititatd the lcedativd of a strong bond

wherein the inside surface of the to nd .t he
| hefvtRen og toRdayesand e tfa%mosw 1P%§r@fer§f @mf %@&Pﬁamt}@yer and the
Qﬁ%{h@gﬂ? Pla‘(@rfah a bond pronoting agent. 6. The

t ho

iml wherein the inside surface of the

;?2 lt ?“é:tr and?&lgg 8%{:131 d?a‘ishgr ; aﬁﬁéﬁ%@%gggaggto% %rg-lthgyayer and the
W%Méis&facs b bbiWhRah i Ard Reudd Y S0%iaL thaowRR L WERA bfomoting

material is injected into the void space at a pressure
begeween about anbi ent pressure and about 500 psi. 8.
The nmethod of claim 1l wherein the thernosetting
pol yerg_ eryth&hb@bf éifink mm&;&dme%adé fgraeiod (A3 @aﬁf and the
a pressure between about 80 and about 120 psi. he
matdidoisuface bﬁthmbbttvxtmela}a&rmrct neatednlzy mosrena disghgyed mqas'sc
material is injected into the void space at a
tenper at ufig rﬁ@ﬁ%@ 6?(:1@919 Yy RBeil the%ﬁ&rﬂﬁ@tﬁhg %lerrl:e}nclﬁatenal is
The method of claim1l wherein the thernoséttin
panjpeted irgo thet erid apace st & picssrrebetivecn alhdw anbiant prsasiee and about
ﬁ%)Sn'perature bet ween about 65 F. and about 70 F. 11.
Yhod of claim1 wherein a film bearing

al phanuneri c/ gr aphi c
8. The method of claim 1 wherein the thermosetting polymeric material is

injected into the void space at a pressure between about 80 and about 120 psi.

9. The method of claim 1 wherein the thermosetting polymeric material is

injected into the void space at a temperature between about 56° F. and about 100° F.

10. The method of claim 1 wherein the thermosetting polymeric material is

injected into the void space at a temperature between about 65° F. and about 70° F.

11. The method of claim 1 wherein a film bearing alphanumeric/graphic

information is applied to the inside surface of the top layer.

12. The method of claim 1 wherein a layer of opacity preventing material is

applied to the inside surface of the top layer.

13. The method of claim 1 wherein the integrated electronics assembly

includes electronic components selected from the following group: microprocessors,

12



information is applied to the inside surface of the

top layer. 12. The nmethod of claim 1l wherein a | ayer
wohowpaciosy preventing naterial is applied to PO®US2005/009649

i nside surface of the top layer. 13. The nethod of

claim1 wherein the integrated el ectronics assenbly

[

o T o P O O R R PR Tk D Bes (LED),

Ci IriquidtCry$t@) Dishlays (L@B),tptelym dotregtitches, resistays,Bienstes (such as

D), Liquid t al | ays (LCD), polyner done
g@%}g@mtgwgfsg%ﬁ§ap%tﬁ rs (such as fingerprint
sensors), and capacitors. 14. The nethod of claim
1wher eildt. tHie metpod affelnin § Whereie theftop ayar fslfatmahfrern adflat sheet of
po rrerLc mat.erial. 15. The nethod of claim 1 wherein

Yt @P ‘s preformed with at | east one
card form ng cavity. 16. The method of claim lwherein
t he t opl3. dfherméthodrof ceiin I nheran thivep tyer Spreformed with at least
formn L of a top nold and the bottom |l ayer is
noqndé:al%a%’ H@C AWt¥ubstantial ly flat surface of a
bottom nold. 17. The nethod of claim 1 wherein the
t her noslét tThegngtbdd nfelaim ﬂmﬂ&rdilatheitep ypoisynoldedmtea advanced

h f h .
o TSP B 118 2 43P BB o DOiara gt iato g ogalast

clsﬁbmlameﬂaeglﬁféda%ftafb%&aﬁsfﬁ&lw ng polyneric material
is an unsaturat ed pol yester 20. The nethod of claim

1wher ei e vojd.s |II te

width i ¢mctapd Qg Shereip ﬁ’tﬂﬁggfwoa%ﬁn%i’v@ﬁwé‘&j%ateﬂal isa
ofp EtREAH. SOr Advanced Srrart Card being filled by

said gate. 2 1. A nethod for nmaking an advanced snart

fZ;Sr 6 et S Riph Eherars e FeiooRef Bolypiept pteral is an

| aspeky.comprising an integrated el ectronics assenbly
nmount ed on a substrate, said nmethod conpri sing:

19. The method of claim 1 wherein the thermosetting polymeric material is an

unsaturated polyester.

20. The method of claim 1 wherein the void space is filled by a gate whose
width is at least 25 percent of the width of an edge of a precursor Advanced Smart
Card being filled by said gate.

21. A method for making an advanced smart card or similar device
comprising a top layer, a core layer of thermoset polymeric material, and a bottom
layer comprising an integrated electronics assembly mounted on a substrate, said

method comprising:

(1) using an integrated electronics assembly mounted on a substrate, with maximum
dimensions of 54 mm wide, 85.6 mm long, and 0.50 mm thick, and positioning the
integrated electronics assembly mounted on a substrate in a bottom mold such that

holes in the substrate are secured by mold registers in the bottom mold;

(2) positioning a top layer of synthetic paper (e.g. Teslin™) or other suitable material

in a top mold;

13



(1) using an integrated el ectronics assenbly nounted

on a substrate, w th maxi num di mensi ons of 54 mm wi de,
we30@/mm9Bong, and 0.50 mm thick, and positi onPagushms/009649

integrated el ectronics assenbly nounted on a substrate

in a bottomnold such that holes in the substrate are

sequred by nold i.sters in bot 1o l.d. rni

o Coisirin Wi o Pl B PO Bl s et SR frpecs Bvoid space
TG s ek tHB thp UyePhktBthe Sitebratd@letlbaics assemblyd t op nol d;

(3) closing the top nold to the bottomnold in a

ner that .creates a void.space be [
e R
a pbRREABSEL bh 0P hyd BrebsurdBét@eéra80 PSI and 139 RSTiwhislpaeuch
at a tenperature between 65 F and 70 F and pressure
béhaeen 80 PSI and 120 PSI which are such that: (a)
the integrated el ectronics assenbly nounted on a
Subsgay @letntegratee bidctionicp haemblp yndihied omh shibsieae stheldsn plade)by the
the top hg%er of material is at |east partially cold,
| ow pr 8018155} ded into a cavity in the top mold; (c)
gases and excess polyneric material are driven out of |
t he (it wpdayer of tipteriabisek prostarrtialypeld low peessure molded into a

integrated electronigs assenbly are encapsul ated in
Srrbe B EF

the th Oé’IBS ymeric material; and (e) the

thernosetting polynmeric material bonds with both the
top (Agesesand extrss polymsnicimaferial pre fivsenoebobthgyoid wgce;
precursor advanced smart card body; (5) renoving the

uni f { §4hPEGfNEEREaPSIMBORRSE HE8 Elecarich R0eHbly@eeAdaPsulated in
top and bottom nolds; and (6) trimming the precursor

advancdlie thermesetimgdpol ynericimsicriald 28d mensi on t o produce
a finished advanced snmart card.

(e) the thermosetting polymeric material bonds with both the top layer and the

bottom layer to produce a unified precursor advanced smart card body;

(5) removing the unified precursor advanced smart card body from the top and bottom

molds; and

(6) trimming the precursor advanced smart card to a desired dimension to produce a

finished advanced smart card.
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