Sy e3elaU d@FT13 JAN 2Wo WD 99147332 , PCT/ US99/ 05741 METHOD FOR _MAKI NG
SMART CARDS US| NG | SOTROPI C THERMOSET ADHESI VE MATERI ALS BACRGHURM® oF THE
I NVENTI ON Smart cards are used as bankcards, ID cards, 5 tel ephone cards
and the |like. They are based upon the use of an el ectromagnetic coupling
(ei ther by nggﬁ@nphy5|cal contact or by el ectronmagneti c pgaugsyoshat ween a
smart card's el ectronic conponents and a card reader, pickup head, etc. of
a receiving device 10 such as an ATM nmachine. These el ectri cal coupl i ngs
may be used to effect a reading node alone or a read/wit
cards are usually made by assenbling several |ayers of plgmmmmﬁwM@mﬁmmln a
sandwi ch Z5 array. In the case of "contact" type smart cards Lhe card
contact surface is placed in direct physical contact with a machthe s
reader or pickup head conponent. In the case of so-called "contactless"
smart cards (i.e., those smart cards 20 whose el ectronic conponents are
accessed by el ectromagnetic waves rather than by physical contact), a
center |layer of a pol yneri zalirrHoss Fort BABIYY sMARIOESHRBEES an el ectronic
modul e that may, for exsaNg €SOTROPIE IFHEHMOSETCRDRESHWE Masrmgerfgcted 25 to
an inductive coil type antenna that is capable of 1 3 JAN 2i 105 WO
99147332 PCT/ US99/ 05741 -2 receiving electronagnetlc waves through the body
of the card. The nethods for gri ed considerably.

.|sc'oses a

For exanpl e) European Pat ent smart card wherein
el ectronic Smart cards are used as bankcards, ID cards,
5 telephone cards and the like. They are based upon

the use of an electromagnetic coupling (either by

direct physical contact or by electromagnetic waves)

between a smart card’s electronic components and a

card reader, pickup head, etc. of a receiving device

10 such as an ATM machine. These electrical couplings

may be used to effect a reading mode alone or a
read/write mode.

Smart cards are usually made by assembling

several layers of plastic sheets in a sandwich

15 array. In the case of “contact” type amart cards,

the card’s contact surface is placed in direct

physical contact with a machine’s reader or pickup

head component. In the case of so-called

“contactless” smart cards (i.e., those smart cards

20 whose electronic components are accegsed by

electromagnetic waves rather than by physical

contact), a center layer of a polymerizable resin

totally encapsulates an electronic module that may,

for example, comprise an IC chip that is connected

25 to an inductive coil type antenna that is capable of

ORI
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“circuitry is encapsulated in a | ayer of plastic material that is introduced
bet ween the card's two surface |ayers. The method further cof@r PA¥U05
~abutting a high tensile strength holding nenber 10 against a side of a

noul d, locating the smart card's electronic conponents with respect to that
side and thewdonrydeti ng a reacti on nol dabl e pol yneri c mat ectasoiosmsp t he
nmoul d such that it encapsul ates the el ectronic conponents. 15 European

Pat ent Application 95400365. 3 teaches a ne2-+od for nmaki ng contactl ess smart
cards. The nethod enploys a rigid frane to position and fix an _electronic
nodul e in a void sHRREBEGWEARCEEONPIRAL IhHNHaTSS &STPEg8hEBe BAAY aof ower

t hernopl astic sheet, 20 After the frame is mechanically affixed to the

| ower thernoplastic sheet, the void apace is filled with a polynerizable
resin material. U S. Pathenme5h889, 847 twakivie smrdr edirdsc hiaget atried
conprised of three |ayers anely, a first. 25 outer |ayer sec out er

| ayer and an inter?\%‘?f?l’é{eélafbgyer. e PR i ‘{re°qe§3?erpeﬁtsen?or°rre§§(gy
infection ok a thefy®plaisddiesksndangsiater i edrd hathardaseslebersndet card's
el ectronic elenents (e.g., an IC chip and an antenna) in the 30

i nter medi at e | ayercHedWTy . 1ThEnGRRAVIRE Gt dRi A LEYBFefl aBLyshifle up of
a bl end of copol yagdes 6" that~ :']3_!: %mr%ﬁgéea\ong%é2§3@h£’clé&§9§/9&541 -3 a

gl ue having two or nore chemcally reactive conponents that harden upon
contact with air. dimefamet erlalyayers of Théi smethod camthean lbempaisesp of
various polyneric terials sutcl:.h s gol i’i nyﬁlt 2 cp{_lorri1 e..Qr_ pol yur et hane.
U.S. Patent 5,417, B9cn8s K Het foB 107w cturihg PilasPFBOLY edi t
cards wher aion a nMohghid acedpei s£Gh afould) sbeitsnd xind esAGLt eatefd ne a

cavity for producing such cards. A |label, or inmage 10 support, is placed in
each ol d shel | . TeEeGRAGRENEPTECRE 7 w&&%#&&gﬁﬁtt aaeFﬁgF Shde o2nd

thernopl astic mat efped iﬂhﬁ@é@ﬂ'@ Nt theaspisht omboasbide galigmedite
inflowing plastic forces the |abels or inage supports against™the

respective nold faesteripd Unto Fgienmowld 18ugyithahchEs eacapsnbet of

manuf acturi ng smar kg ody with substantially parallel
maj or sides, a sup%%e?'?erl%%%g%ﬁgw ?ﬁ“%?lgghi c elenent on at | east one side,

and an el easr oni ¢ nodulEnropepni Pabhenia Zppl Bt BF40at5i. 3 E8athe=ed to a
d I [ dul i B ] izomr RAESI ¢hed

chi p. The manufacturin thod generally conprises the steps of:_(1)

pl aci ng the suppor? ﬂ%%%cg‘f Fﬂragﬂgflbgtﬁ%rftaace iFEs stnﬁé:%vocfatf%'andi'é%ape of

the card; (2) hol dhehsRichpioppoat rigidefragaitespoaitiost an@i fiwedd of the

nold; (3) injecting a 25 thernoplastic material into the vol une defined by
the hol | ow space ifteftdoRito "eAbLet ARt 2pFPERoRPBFet RBEYSFRINR™ t BBRSY s not

occupi ed by the supporfoTBRERSE; sRékt (hla hNIBkL: Nthm 186k eNkkedDdUl € at
an appropriate position’in said thernoplastic material 30 before the
injected m@eri al MEkex aeofpane ukd tneabgndeapletaffixes itgi £he lower

thermoplastic sheet, the vold space is filled with a
polymerizable resin material.

U.S. Patent 5,399,847 teaches a credit card

that is comprised of three layers, namely, a first

25 outer layer, a second outer layer and an

intermediate layer. The intermediate layer is

formed by injection of a thermoplastic binding

material that encases the smart card’s electronic

elements (e.g., an IC chip and an antenna) in the

30 intermediate layer material. The binding material

is preferably made up of a blend of copolyamides or



1 3 JAN 2005 WD 9-9/47332 PCT/US99/ 05741 , -4 U.S. Patent 4,339, 407

di scl oses an electronic circuit encapsul ation device in the fia& dASf20%
carrier having walls which have a specific arrangenent of |ands, grooves
"and bosses in 5 conbination with specific orifices. The nold's wall
sections hombauezecuit assenbly in a given alignnment. TheCWHEP®5BE t he
carrier are made of a slightly flexible material in order to facititate
insertion of the smart card's electronic cBrcuitry. 10 The carrier is
insertable into an_outer | d.. This causes the carrier |l's to _nove toward
one another in ord@r ?f@?&ﬂhfvPﬁg CEW%OHEﬁtgmggchéFWl??ﬁ i FFAEREVBuri ng
the injection of themphredrip! it harear udbn TBAtaBt Skdenohithe wakls of
the carrier 15 have projections thereon ich serve to mate with detents on
the walls of the noRee¥ nlayeky b Fothtemaifid ¢354 t¢an e r vade Wi hPA t he

nmol d. The nold als ol rm ca f trap . U S
Pat ent 5, 350, 553 tggcﬁggya 5%#ﬁhf¥%= f%tgpgaggingﬁgﬂde%gra&?@ggggﬁiern on,
and pl aci ngsan el echtoride ¢irr poilyurethanepl astic card in an injection
nol di ng machi ne. The nethod copprjs the _steps of: (a) introducing and
positioning a film (e. djhs a ?’FFEP%%‘E#&Q'&S ecoiAH18%e %atr[‘eetrbrﬂ, 698r an 25
open nmold cavity igahieadtiirGsyl étildﬁtﬁdi ng-aaehi diids( byhe&dedsi "9 wBeq ol d

cavity so that the filmis fixed and clanped in position therein; (c)
inserting an el ect @} ccempeifad @fi FuohrdsdhsansapéreafetPndefitngndd into

the mold cavity incgyder :6: ROMdARG3AuLhe cabhp. [ Nal BEpCRVLLYinbd)

injecting a thernop C support cofposition into the no
-5 PCT/ USQ@/005741 suppost t bsf glacadurinf | earlcamdld agtield) t hEreahobd,

rempovi ng any excess erj.al epnLn h lL.d _cavity d_remvi t he
card. U S. Patent ﬂPéﬁ%ﬁ F€§§h§%°ébéﬁ;%9 55?5 %n%ﬁ%ggmﬁﬁPﬁ nggﬁre is a
support el enent t hakt&tiyIor i) sdtadntiagoattest anglellito chopm The sapaort

el ement is used for positioning the chip_.inside a nold cavity. The card

body is formed by FRfedPfAgWing| RIBPELTRERFFEF FHEO YARELEa\RY y1¥BI® hat t he

chip is 10 entirel ¥y, ealiRst hend! AsdgectiRtenb Bl - £ddegS0Me enbodi nent s,
t he edge regions of e support are clanped between the | oad bearing

surfaces ofl5t he respect¥e ndRESNE The S Porkt beeskes rfay mMeshadf i ¢fn which
is peeled off the f]nl d i t b : e i r j NS as an
{qéeﬁ%%irkg:%rﬁ?@ diart! JiB¥s %a%lw.g sh 8&::&"6"3:(_9%“\9??#

integral part of t t he support elenent is a p rMmm then
any graphi cs el enestisgtaunitadilyedaraklel magoe sidasf ea rabrand membén visibl e

on the card. If the,support_ el.ement repmains_.as an.ntegral, part.of the 20
card, then such grgbﬁ?c%)gﬁﬁégﬁgnfgeg?gg?%ﬁr&ﬁf@ﬁ?5§ D8 °tRSt e8P a, hence,
are visible to theeTédttlrdifier module comprising a contact array that is

20 fixed to a chip. The manufacturing method generally
comprises the steps of: (1) placing the support
member in a mold that defines the volume and shape
of the card; (2) holding said support member against
a first main wall of the mold; (3) injecting a

25 thermoplastic material into the volume defined by
the hollow space in order to £ill that portion of
the volume that is not occupied by the support
member; and (4) inserting an electronic module at an
appropriate position in said thermoplastic material

30 before the injected material has the opportunity to

completely solidify.



"U. S. Patent 5,498,388 teaches a smart card device that includes a card
board having a through 25 opening. A sem conductor nodul e i s 1r8ouAlefilbont o
this opening. Aresinis injected into the opening so that a resin nolding
‘is formed under such condition that only an electrode term nal face for
external corweey#m32 of said sem conductor nodule is 30 expreyasky®Be card is
conpl eted by nounting a card board having a through opening onto a | ower
nol d of 1 3 JAN 2005 WD 991 47332 PCT/ US9%F05741 -6 two opposi ng nol di ng
dies, nmounting a sem condﬁct ar nodul e_ont o t he, openi ng of said card board,
tightening an upper dieVthat FAEERG 6&?%91443067di‘?e1b5 %51 3bwetehrerdsd
injecting a resin icateutbe oRANgEai¥ha db@i @At An Uche PaLARL o 423, 705
teaches a disc having a disc body made of a thernoplastic injection nolded
material and a | anicAatéer ay@aviRdt v llst egrilaly jbaved Bo ssmicidilgody. The
| am nate | ayer incl oyter r | am nd [ [ it.e and
opaque | am na. An F#ggﬁﬁé%#g?er?gl %ghgghdm?ghgge et&ggn ?ﬁgggg?a na. All
of these pri®r art combhnalsidrowithkispgesfibe toxidridesar eThe wale degnee
concerned with pr ogerw 15 pgsi‘ii oni ng, and, fixin Ilect r.onic corné)]onents,
modul es or assenbl PESETART deP e sharfITEPE 13° &€l e¢fr offi ¢ IEdRPonent s

are not properly a&fx&?ﬁﬂemey Yhe | wdEl gdetHO daRdeP RRSI iagRSwhgn a
t hernopl astic materia

al is injected into a card 20 form ng, or card
core-forming, cavi Eyligheby tfjlﬁéx?-}h*? uBRERTHFL r d8 herdrrgitot hesgiddsatmat eri al
i njection pressureg, Ihe ol i g Ad Hphed AbAVE LeUEALSyiISe. Qfc¥atious solid
hol di ng nenbers sucﬁ as ?rames or supports that are oftfen Used 10 position
25 and fix Xthe el eChronarridementinsdrtrhyet hetdé her nopleastnicd di. nj ehtison

processes. The use of E“rael té vcellyr.le%,r g,ea msghani cgl hol dj ng devi cgs havi ng
hard, sharply defi R88%®BodiesCtd 1551 F22rEcE? oRP¥E b iAMo5PSEe during
injection of such 38 tbedspsetdi ngob@t ethél Schmsondmsey ecugb et egncertain
probl ems. For exar‘rgl e, the bé)di,es of these ,'I 3 JAN 2005 WO 9/47332
lignment during the injection of the thermoplastic
material. The outside of the walls of the carrier
15 have projections thereon which serve to mate with

detents on the walls of the mold in order to locate
and fix the carrier within the mold. The mold also
has holes to permit the escape of trapped gases.
U.s. Patent 5,350,553 teaches a method of
20 producing a decorative pattern on, and placing an
electronic circuit in, a plastic card in an
injection molding machine. The method comprises the
steps of: (a) introducing and positioning a film
(e.g., a film bearing a decorative pattern), over an
25 open mold cavity in the injection molding machine;
{b) closing the mold cavity so that the film is
fixed and clamped in position therein; (c¢) inserting
an electronic circuit chip through an aperture in
the mold into the mold cavity in order to position
30 the chip in the cavity; (d) injecting a

thermoplastic support composition into the mold



“PCT/ US99/ 05741 relatively large holding devices (i.e., large relative to
the el ectronic conponents they hold) are often adversely effected by those
shock, flexure and/or torsion forces the card may encounter in 5 nornmal
"(and abnormal) use. In order to mnimze the damage caused by such forces,
t he el ect r omioss@amaponents hel d by sone of these hard, shaPgFys®@sithed

bodi es are often positioned in a corner of such smart cards. This* o
positioning limtation 10 usually cuts dowr on the size and number of

el ectroni ¢ conponents .t hat n.be placed.in_such_cards reover, due to
differences in t h&XoEs ?"& ﬁmofa é’s{’;};’&ﬁ%ﬁa& ’tﬁggr’rgfa}:\r %F’sfeﬁg'é%lr'to make
these 15 rel ativelpenoaigg hehgli ngkdtes caaterigl at iotReniagt heneoehdici ent of
expansi on of the other elements of such cards - deformations often appear
on the external sfVic¥sapf FePP&ined t&&r §3T8€hat contain such electronic
conponent hol di ng devi . .S 20 rfac or j ons can
result fromthe nere p?gés’énc%?éoefﬂtsu%hgﬁ% I ngtt%g%‘gggs alan%fn%g{:bo y dof t he
card as it experi efimese dmkfier efeatwrperiat urees sappoptessliementdurtier i ts
manuf acture. Such deforpations, are at best, u sightly; f}i wor st tthey 25
may even prevent tTPPEAFE AfortiLPRGTESmTEFREY FPAP i n Tie THRP%ecei vi ng
receptacles in cerdidimenean@ neRd FHrTesdHitdednihgMehemuhipC andigany act urers
have dealt with this problem by reducing the, size and/or body of 30 such
hol di ng devi ces byolsi FFV¥EYi olheylcged ggazrh@ e dBYhaR) @G ing a

i nterconnecting | i deyi ££831 1 J b / 3

PCT/ US99/ 05741 _g%qggggfe%t posiltilglrt{“’t %%r%ﬁ%ﬁ?g\l\%ﬁg fdehin is

el ect roni cleonponemtirkidy ehesddes din ithet pdiaptiar véberialg cals tdaee duri ng

t he thernoplastic Ié{‘? ECtieO@s Progess, 4 'ghereus.en%f gycghgl ues to secure: t hese
5 hol der devices FIEOABRBVRT, “pFodidsd HroiWeEr et “6F SUBPSHFe® S Such
probl ems usual ly rQumbeé acawednt hhef abdad haéanirsd esonfms«ed abFy taeai | abl e,
fast curing glues that are used to fix such el ectronic conponent, holders in
pl ace al so are of tréﬁpéﬁ'é?‘é%t’%‘?e]idzsed 59€ 18R RRY T 'eﬁﬁnheﬂ?% e & £1Mi nkage.
Moreover, relati vehychalgepa@lddEsothgl fen e d1eadadot0if infay HRSQ
relatively | arge hol ders when they are inpinged upon by the inconi ng

thermoset Hat eri alshegsewbich emadpat piery 1R oPARESOBIEI GRTES
shrinkage gl ues nggdeget Qu{)bé?é haseﬁnem! der & bRePLage f£ngs ifn o | e and

ot herw se deformthe region of a plastic sheet or [ayer to uch gl ues
axe applied. Wrsgraphicshe fedemest¢skeat edobpainede wehakeén| i kare

defor et 0n O B8 sb0h e8GR SO BETATSIE LS g Sheets
transmtted throughppbetr elahentel yeridiing (a gan fnteyrabophr8. @E5 the about
0.25 m) gggies OLaEQ?S?hggegﬁcﬂngéggﬁﬁkﬁg)TQ?&SE&%Q‘%?%‘)Jfﬁédc%%sg the
face thereof and, hence, are wvisible to the card
user.
U.S. Patent 5,498,388 teaches a smart cazrd
device that includes a card board having a through
25 opening. A semiconductor module is mounted onto
this opening. A resin is injected into the opening
so that a resin molding is formed under such
condition that only an electrode terminal face for
external connection of said semiconductor module is
30 exposed. The card is completed by mounting a card

board having a through opening onto a lower mold of



“25 outer surface of the smart card to take on a | ocal wave-Ilike, bent, or
even wrinkled, character. Beyond certain tol erances, these wagejAn z®5 bent,
or winkle-like deformati ons are unacceptable to the smart card i ndustry.
"Hence, many techni ques have 30 been developed to try to at |east mnimze
def orm ti eswefooafdss ki nd. Unfortunately, such 13 JAN 20PST/V¥9089AU7332
PCT/ US99/ 05741 -g deformati ons continue to be a problem- especially when
smart cards are nade using various high stfeed gl uing nethods to gl ue these

relatively | arge hol der deyice ,the_thin sheet,s of the.,plastic materi al
5 (e. | \é ,yPVC) gt hadtWo &Pﬁ’lotg\l’(l:ggofsﬁ‘?igh%q s%’r?sl‘acéio l?i‘gsta §ﬁ‘E‘FE°E§‘F‘|ﬁF§r In e

further response tRdhe abueBcethk acpeAPhgt eby Ssaisf agiedy Bedsy,ion to
t he above-noted problens, it has been proposed that both the large, 10

rigid, circuitry Holgditegingvarasprehdiehbhal ghas Jn@edle, 18PELRY LSS _
conponents (e. g., I e | . u . chi oS etc.)
t hat they anchor iann%kgege%e%%gpllagggt%mﬁghnpakgge?gt %l\?g yeﬁﬁﬁ%éﬁﬁnl i ke

| ayer of these polwinethe, ghter noset 15 adhesive materials that al so have
the rather unusual ability to_act gs gn _?I ectrical con .uctc&réai 'B\{; usi ng such
a material, a smart caPd®s ERFERFtry*tdn e %Ce .9 By WG an
integral part of tfiacCopdiyCtiade Jfi landidemopatetial inJoestorohyrmyd ¢, 20

el ectricity-conducting materials are sonetines referred to as isotropic
t her moset adhesi vanaterial) ang e i APBiInFhRy 1d¥rE SR gl | yrbegEagyed and

used to bond el ecty 'ig%'d Leads at 9c CRIRYL ermthi NidAd et REYEPY: 201 RId T Nat e

the need for so-cdl gol d bunmp” bondi ng of such elenfents. In other
wor ds theseol TA netrerdudles wéeerudaninn drngivemn dinsetr whiite campormadueassenbl y

costs by replacin al.d as the, el e%tri%IIr opdu tig oncgig m%terial
used to connect a SE8mputt TRL NG gﬁ é?gcf'Pl af ﬁ%‘gﬁe %"ff FAN 2005
WO q9/ 47332 PCT/ U957 4thina.
All of these prior art methods for making smart
cards are to some degree concerned with properly
15 positioning and fixing electronic components,
modules or assemblies inside the smart card. If the
electronic components are not properly affixed they
will be moved to random ©positions when a
thermoplastic material is injected into a card-
20 forming, or card core-forming, cavity wunder the
influence of rather high thermoset material
injection pressures. The prior art noted above
reveals use of various solid holding members such as
frames or supports that are often used to position
25 and fix the electronic elements during the
thermoplastic injection processes. The use of
relatively large, mechanical holding devices having
hard, sharply defined, bodies to hold electronic
components in place during injection of such
30 thermosetting materials has, however, created

certain problems. For example, the bodies of these



"-10 These I TA materials were subsequently made into thin, filmlike
materials in which electrical circuitry was incorporated (e. g., by etching
electrical circuitry into the ITA). These ITAfilms |ike natdrd dhS Hve
"been produced by Phillips Electronics, the Netherlands. Aside fromtheir

| ower spaceweegurygnents in a smart card, and their | ower PcDOFS®/O0sHhese | TA
films are further characterized by the fact that they are nuch nore 10
flexible than the prior art netal circuitfy-that the | TA material has

sought to replace. Hence, ITA circuits _can w thstand far greater flexure
and/or torsional fBRHHEWhod@0FcaliNGiffe SEYLEEEcalllt Pow paRREe def i ned

by their circui tS-ré—ﬁaéiQrfeoﬁ:BUBﬁEeéiiVef%%flE?ﬁ% icémﬁoﬁ&:wsaﬂw%iaw@%k

associated with the use of these f ke materials for 'smart car
circuitry. They | acktemhodgvergelechifacted byi ditisey" shock ar lexnee ef or,

not well suited to sgne p ical as s .of the nuf acturing 20 processes
used to make snart? ro(fs.gig—'%?l%&a%ﬁ?g%gtﬁ Se ?ﬁ%?lmlak’e %‘f%"}rﬁaﬁrs ﬁ%ual ly do

not have engugh rigbsidly (addbabpoopelr) yudeandraderaae thendeipiepethy | ocat ed
in a void space fornmed by two sheets of thernosetting material that

respectively formEHRIS (SIS & HPacdBCeene SHErt CEFETERIC t he

bottom or obverse syffafeatadl hEPd @R dsohd e Bhask! 08, tBRaPHipr art,
these ITAfilmlike materials are placed in this void space and held by the

cl anpi ng acti on ofdefinddapodiiey Gree@féesuppaibionddthe &roprnd0 @brtions

of the opposing no u o] such r.ds , hi s hol di ng
technique is 13 %‘g‘% 2%%%%\0 gg‘?%i?;% Fuﬁ@%gﬁﬁﬁ%llengp%%%‘} t he
front portiion of theudllAr fictsi sdgwhpped byhe hesifzeontandf nhhebedl doflevi ce
and the rear portion of ITA filmsinply "sags down" in the void space until
it comes to rest ofFFHEFXYS s‘fﬁ"fpé’é"&ggﬁ §hta%e $t t B ngﬁ‘&fagof“’t h%u‘g"hart
card. Thereafter, @atd., liquid thernosetting polyneric material is

injected into the void space. In_ite sagged down position, the ITA film
tends to become enbeddd®XeRVERe f¥%i ﬁé&tfi%ﬁ%c%? Pheheo coréfpsett i ng

polymeric material of hgh i 0Lith {5F EREC rfAkeTERIST uskEl ¥ Chaidiergagd. For
el ectrical signal trans?er reasons) it Is, however, highly preferred that

the | TA matléri al heelkatdvedystlaggeahioyding eflevicémrt zoatatiwy itentttd on in
the core of the card..15 .V\hgn otfhee)%l%%vs c)plotpef_d tj_ %W_Jzé;llx(e%‘ cl fgnpé r]i% aoclg_i on is

enpl oyed, the ITA $O55 lr?’&fnal So tEARE 6n°d Wavelt kK& Tonf gurati on under
the i nfluence of téeck utdarak i Acodefurratdond, edtemerappesmt ebhal thd ndeed,
the thin filmlike I TA materia% i's of%e&l,torﬂ éromits 20 front nporings
(provided by the nFFRDGaF YIRS gCRctiIAPREY AFESr Udtrtor SPREIH ng

l'iquid thernosettiggP W61 FBEEHhShentHMRAingN aePLEEs Of hde their
potential advantages, |ITA materials are not nornally used as the
ci rcuit-defPni ng ckerpiehabsserfaes defozmgsions can result from the

mere presence of such holding members in the body of
the card as it experiences different temperatures
and pressures during its manufacture. Such
deformations are, at best, unsightly; at worst, they
25 may even prevent the card from lying completely flat
in the card-receiving receptacles in certain card
reading machines.
Some smart card manufacturers have dealt with
this problem by reducing the size and/or body of
30 such holding devices by using various glues (rather

than mechanical interconnecting locking devices) to



"1 3 JAN 2005 WD 99/ 47332 PCT/ US99/ 05741 -12 SUMVARY OF THE I?N Jﬁy
Applicant's ITAcircuit-containing smart cards (e. g., cred t Car

personal identity cards, access control cards, tel ephone cards, etc.) are
‘made 5 possible by the use of certain, hereinafter nore fully descrl bed,

t her nopl ast iwo §d/@2spl i tter devices. These devices are pretensmiosrsa
physically associated (e. g., by gluing, thernobonding, etc.) with a sheet
or filmof isotropic thernoset adhesive 168¢ITA) naterial that is to be
used as a circuit conponent of these smart cards. The smart card may be a
"contact | ess” typeSS@RFelEamPsifiononthpir Mpdeexmar (adr disficea KPBIri d

contact/contact | esglégpfénﬁarcc&“@,fon[eﬁg Lype @%gptﬂﬁgﬁw Slfeq._rhrqu t.9,8s "combs”

15 smart cards. In any case, the splitter device s or |ts a
stream of i nconi ngfotreimpsedititigspduyingi ChﬁathermPlaatbo.ct wmn:et:tearrs. One

stream general ly fl ows over LJJ%% sheet or flb I At_[material_ g d the other
stream general |y fPB%&=hder tHE | F eST % EBFBEM BFF?ti ng

action serves to ppsidé®rudvieekTAas] rEdMéveQQ”BQB&ﬁ&edrhrﬁ:tﬁiéQshéeti:E' ly
hori zontal orientation in, or near, the center of the core region of the

smart card. Appli cﬁﬁ‘?b%e“t?r oc SHFPe PTPBILCBE | BFiHa Hy JRYOLYep@SPuRdnthg an | TA
circuit conmponent hé‘t?axﬁo%%/htéﬂtﬁrﬁé?ﬁra ?.E/ aav%‘il‘ib&@ﬁe%sef cft §H§” card

can be augnented an ance e use of “certain ot speC|
material s and rranughmﬂjrumq, aeehousded ttmtf ixl sochr el et mimiaf tcempanentf ul | y

descri bed. For 30 g pplLicant'.s | TA ti on| met hods
JAN 2005 WO 99/ 473%‘2?% 9%6?21 also @y u?% E%’é %%“tﬁf“ﬂa%yof (1)
certain herei naft egheir e iy degesddedot cobdrinkégw pr essgk-govesf Or m ng

procedures, (2) certain thermoset flow gate_geonetries and 3% certain
receptacles in 5 apptatcidilys 13gegs vPermeacef vehye t RES t Ree

pol ymeric material¢fdad r@é/laQ@.wﬂe'iltyeCtlﬁggén fueeess Ofwﬁé}? appant peeded to
formthe core regions of applicani's smart card Applicant's smart cards

are general |y conpimpiawero wiom bbpthayeﬁlchmnﬂg téﬁrmﬂsﬁﬂdemsuﬂfaaﬂe and an
out si de surface, augaé)ttgfn I@ﬁ/ f@i"d qg,eg i Qg!rgg syg%&g " anglf si de

surface and a center core [ ayer t sandw che et ween t op and
bottom | ayéass. Theslumﬂca@le géueernéa;eeir tal $ox comt s8 rts:ltdlees15nlﬂ:@a¢mt erial.

Al'l three of these I ers are |f| 0 a smart. card. bo ondi ng
action between the % rﬁ?sé’irt paﬁ"gn%{}l‘%r%e i {xdi gﬂe Z%Jr the core

| ayer and the natefiphsgt it snéewmoehlhpertea ad chotduem | FRYsS aarresa made.
In sonme preferred
applied. Worse yet, the forces created by these
wrinkle-like deformations on the inside surfaces of
20 the plastic sheets (e.g., s8heets of polyvinyl
chloride) wused to make a smart card’s surface
layer(s) are transmitted through the relatively thin

{(e.g., from about 0.075 to about 0.25 mm) bodies of

these sheet materials. These forces often cause the

25 outer surface of the smart card to take on a local
wave-like, bent, or even wrinkled, character.

Beyond certain tolerances, these wave-like, bent, or
wrinkle-like deformations are unacceptable to the

smart card industry. Hence, many techniques have

30 been developed to try to at least minimize

deformities of this kind. Unfortunately, such



“20 enbodi nments of applicant's invention, this bonding action r’%y HEZODS
augnented t hrough use of various hereinafter nore fully descrli éé
treatments of the inside surface of the top and/or bottom | ayers. Thus,
"sone, or all, of the electronic elenments 25 (e. g., conputer chip,

el ectrical owvoead7sazy, antenna, capacitor, etc.) that are cromuEdneddl n the

| TA sheet or filmare enbedded in the thernosetting polyneric naterial that
constitutes the card's center or core laye®- If all of these electronic

conponents are so 30 _enbedded, they can communicate with a smart cardusing
machi ne such as and@fRFTREIARMCHCINUE $ojhe Borr B ey« 7aepecially

PCT/ US99/ 05741 - 14,RLRCEAPRIBELIS XY ERaddals P FHCRIE G gt QpeaRd i N
sqonme cases even transnmitted out of) the body of the smart card via an

ant enna conponent gluing nebheds speglué¢ chlless wediatiyely nlargepdotlideul arly

preferred 5 enbodi He‘r){cgg d

hi,s_ | ntion . all _of, the smart card',s
el ectrical conponents &re pi at}eedrk:ﬁﬁnasﬁzﬁ%? of {-’lﬁ %?%?calm %&tlailg
conpl etely enrbeddedeid. t hevd)hetiwas et dinn 10| direyi dehadurdadpei 5€SmbRe core
| ayer of the smart card. Again, such an arrangenent 10 produces a so-called
"contactl ess" smarf™@%r £23¥A%at is to say that, in this case, none of the

| TA circuit conponents {pr g githeRar t- fde gxt epal aehace t he
finished smart card. In other cgses, eﬁ%\?\%ver, t hese | TA g:}lr%ui t8£159

conponents rmay be etemigtiedal |aptdsfineteryl solufiasnder tdre pikovepnheed t hat
does forma part o r fyac f r 0,that .such_reader cones
et 0 8af pE0 SISl 0 Al 0D

into physical cont a machi ne 8§§ethe card.
Agai n, card® havi nglqid expbsedit2fy r eatieéin®r devtkep, hemd atite oktignay ef erred

to as "contact” tyrﬁe sjgrrart cards., Those skilled in this art also wll
appreci ate that to"pekui THITE FEE3niCIPOBRAET cil§r Juse™ehdd 8BERTRFrar t

cards nust be midelécg;s)/,erdbnﬂﬁft‘é!rs%hiinbf;ln‘i&bdblegréli NMBRES! PNEhat Of hedy
exanpl e, 1SO Standard 7810 requires that contactleas smart cards have a
noni nal |ength of FFEWIMAR RIAGET Nk WARdEIFesf WwiBh o8 rahadridedynbhimal

thickness of 0.76 gy, 73148 JANRQOS 5el4g p)y.e CrfelG@! 1 Y ¢ n8e695di N9 to
the invention, there 1s providéd a process for "naking a smart car
conpri singl&a top ladhesive meterialmerthat wAsohhave | e bhadderciingsnsl
ability to act as an electrical conductor. By using
such a material, a smart card’'s circuitry can be
made (e.g., by etching) an integral part of the
conductive, film-like material. These polymeric,
20 electricity-conducting materials are sometimes
referred to as isotropic thermoset adhesive (“ITA”)
materials. '
They were originally developed and used to bond
electrical 1leads to computer chips and thereby
25 . eliminate the need for so-called, ‘“gold bump”
bonding of such elements. In other words these ITA
materials were used to lower electronic component
assembly costs by replacing gold as the electrically

conductive bonding material used to connect a

30 computer chip and an electrical lead.



‘I's enbedded and a bottom | ayer, said process conprising: (1) ?és‘?@j @isng a
splitter edge device with a I TA-based circuit to forma splittér g

device/ | TA-based circuit assenbly; (2) placing the splitter edge

‘device/ | TA-based circuit assenbly in a gate region wherein a |liquid
thernosetti MORY47832 al is injected into a void space bet wGT/USA¥OSFHOp | ayer
and the bottomlayer; (3) placing the splitter edge device/l TA-based

circuit assembly over 1o a bottom | ayer ofl® polymeric material in a bottom

nol d; (4) positioning op l.ayer under,a top nold; (5 | osi ng.the top
nol d to the bottom nol nglsen % H‘@Ee’fh%&s c"\leel%t 2y geggg t§¥> Setheen the
top layer and bottemhpyefilg6)iked)] metdmiglishe dn quinh drhersmsahifi-gg
palymeric material into, the void 15 space at tenperature and pressure

conditi ons whi ch aF&rSHtHY hat'ds (afnEREPPHHREIhsede P rcui PYi s ateimnged in a
central region of LhgcteidDsaLELDE | g, th s baseg G reuit is
not in contact with t%e bottom | aye]r:?{,;mi(lgd thhel gg}é\g oﬁgﬂ%%g'raﬁoglghe smart
card is at ISeast paitk¢ almateniladed have abeewitpyroduddie thyp rmwidlipd) gases
are driven out of VOl pac ( he. | TA-baseq circuit is encapsul ated
in a cured form of ﬁ?%%t%d’qlc%ér rr'gl%eet ﬁe %‘eﬁéﬂ}ﬁiri c REL8PI at*UhdERRYTt he

t hernosetting pol ypewé:r stricer irekubeasientd tin hotdmdrde dadia, | anar tagg, t he

bottom | ayer to produce a unified precursor smart card body; (7) renoving
the unified precurtd¥eSnartsEdrd bORRES r ofTPhe fbIWE devAxk®e; #Hgthen 3 JAN

2005 characterized by the fact that they are much more
10 flexible than the prior art metal circuitry that the
ITA material has sought to replace. Hence, 1ITA

circuits can withstand far greater flexure and/or
torsional forces without breaking the electrical
flow paths defined by their circuits.

15 Unfortunately, there is a very severe drawback
associated with the use of these film-like materials
for smart card circuitry. They lack ‘“body” and
mechanical “rigidity” and are, therefor, not well
suited to some physical aspects of the manufacturing

20 processes used to make smart cards. For example,
thege film-like materials usually do not have enough
rigidity to be properly handled, and hence properly
located in a void space formed by two sheets of
thermosetting material that respectively form the

25 top or face surface of the smart card and the bottom
or obverse surface of that card. In the practice of
the prior art, these ITA film-like wmaterials are
placed in thie void space and held by the clamping
action of the jaw, lip or edge surfaces of the front

30 portions of the opposing molds used to make such

cards. In effect, when this holding technique is



~-14b(8) trimm ng the precursor smart card to a desired di rren%os;ﬁ; @pr oduce
a smart card. The splitter edge device may have a thickness ith is at

| east twice the thickness of the material that fornms the | TA-based circuit.
"The splitter edge device may be made froma nmaterial that is nore rigid

t han t he matveo d9adraskr om whi ch the | TA-based circuit. i s nmad®CTIR®/O5EI hod may

further conprise use of a top nold that is provided with an excess nmateri al
receptacle. The nethod may further conprisklpurging gases fromthe void

space by injecting a quantity of thernosettin erjal jnto_the void space
that is in excess §FPLA¥ed ol e o%r?rhte PBFE}% acrf%t ahhétﬁé{ﬁeb?ﬂ%r ¢fng gases
out of said void sgaggped oy |thit F3o8E 6FMEhd tmdTRY deRSkdeand te redked form
of the thernosetting naterial in a substantially horizontal orientation.

The | TA-based circorrtiey 8& PBRi £ibnedlmRrlY AT WY Midbdhe Meddbott om
15 layer. The |ITA- j [ ' trgmw j oSkt i oned
at least 0.01 nmm a%g\%ggtﬁg{;%%t%%%@?{%%/%ﬁ&%%@n%? e sﬁﬁﬂgggéu%%ctghglft op

| ayer and the insi daeshotftoe lafyerhefbohé csmdty eraxdny be treated to

{her mset (i ng mat i al EHEESHESTor Lo | 2% and 1HR% hot AESMASE R e or | ol
The inside surfacepgfivhdeid apadeaaman andihhectosi decs Wacr of dpheebottom
| ayer may be treated by coating each with a bondi ng agent.
In its sagged down position, the ITA £film tends to
become embedded in the lower portions of the
10 thermosetting polymeric material that forms the core
or center region of the card. For electrical signal
transfer reasons, it is, however, highly preferred
that the ITA material have a substantially level or
horizontal orientation in the core of the card.
15 When the above noted jaw-like clamping action is
employed, the ITA film may also take on a “wavef_
like” configuration under the influence of the rush

of incoming liquid, polymeric material. Indeed, the

thin film-like ITA material is often torn from its

20 front moorings (provided by the mold’'s jaw gripping
action) by this rush of incoming liquid
thermosetting polymeric material. Hence, in spite

of all their potential advantages, ITA materials are
not normally used as the circuit-defining component

25 of smart cards.



“The inside surface of the top layer and the inside surface of the bottom
| ayer may be treated by a corona di scharge process. 13 JAN 204N 20bgcThe
thernosetting material nmay be injected into the void space at a pressure
"bet ween about ambi ent pressure and about 500 psi. The thernpsetting
mat eri al moawo »e7338j ected into the void space at a pressulPETRENEBA about 80
and about 120 psi. The thernosetting material nmay be injected into the void
space at a tenperature between about 56FXhd about 100F. The thernosetting
material may be injected into the void space between the top |ayer and the
bottom |l ayer at a tenperature between about 65F and about 70F. A fil m
bearing al phanuneric/ graphic i maR B 1 pebied to the inside
surface of the top layer. A layer o ‘opaC| y enhanci ng material may be
applied to the inside ﬁqtgjfﬁqﬁtofs the th_Q-cthEéoﬁEilﬁlh% | dnfde agbace of
the bottom |l ayer. The I'TA-based circuit may include an antenna that is
el ectrical ly conndeted, texredithicprdss mmrsanyyd lidparibvidcards betocessl ayer may
be each fornmed frgm grcfji at_ ¢ et le%{%ﬂglt %ralrglE ngctpp Az%ye;naggy be at
| east partially pF@F rned Wth'a car ormn ty.

5 possible by the use of certaln, hereinafter more

fully described, thermoplastic flow splitter
devices. These devices are preferably physically
associated (e.g., by gluing, thermobonding, etc.)
with a sheet or film of isotropic thermoset adhesive
10 (ITA) material that is to be used as a circuit
component of these smart cards. The smart card may
be a “contactless” type smart card, a “contact” type
smart card or a hybrid contact/contactless smart
card of the type sometimes referred to as “combi”
15 smart cards. In any case, the splitter device.
divides or splits a stream of incoming thermosetting
polymeric material into two streams. One sgtream
generally flows over the sheet or film of ITA
material and the other stream generally flows under
20 the ITA material. This stream splitting action
serves to position the ITA circuit component in a
substantially horizontal orientation in, or near,

the center of the core region of the smart card.
Applicant’s procedures for orienting and
25 positioning an ITA circuit component in, or near,
the center of a core region of a smart card can be
augmented and enhanced by the use of certain other
gspecific materials and manufacturing methods that
also are hereinafter more fully described. For

30 example, applicant’s ITA positioning methods may be



‘The top layer may be nolded into a card-formng cavity of a top nold and -
may be nol ded against a substantially flat sugfaseild a
bottom nold. 20 The thernpsetting material may be a pol yurethane. The
“thernosetting material may be an epoxy. The thernpsetting materi al

the bottom | ayer

unsat ur at edye 9d/4r8t er .
Is at | east about 25 percent

may be a

The void space may be filled by a Rgatusssmsotie wi dt h
13 JAN 2005 -14dof the width of amr edge of a

precursor card being serviced by said gat®- According to the invention,
there is also provided a smart card precursor coggrised of a top |layer, a

core layer in whi E€8rhRer TARBaReRA Py cife PE dhbe

said smart card fypther, copmidsinged sebidler rAoerdeuice, atiagh
HI'lb%ﬁe?nélp Itter edée devi ce may hgbe a thlcknessqﬁkich i's

at | east tw ce therbhediness of(2)he emttaying

| TA-based circuit.

et HhdRer HRATHRY ayer

to the

thexmgsgths £hew| TAAFgsed

circuit. The splitter edge devic be nmade_ftrom |-al. th is nore
rigid than the na?&PFﬁEr ?%n1WHF§hn?%B ITﬁﬁgggéé ci?%ﬁ?gégéﬁﬁhdeagl o The
| TA-based circuit ;ppyicest de¢ molébe four esbdedvingf tie thermmssaittingg
material in a substantially horizontal orientatiagn. The, |l TA-based circuit

may be positionedPREYMERE TRYFEidh 5BRY MNP IIsHEPGy LR excese of

10

15

20

25

30

the amount needed to form the core regions of
applicant’s smart cards.

Applicant‘s smart cards are generally comprised
of a top layer having an inside surface and an
outside surface, a bottom layer having an inside
surface and an outside surface and a center or core
layer that is sandwiched between the top and bottom
layers. The core or center layer also contains the

ITA material. All three of these layers are unified

into a smart card body by a bonding action between

the thermosetting polymeric materlal used to create
the core layer and the material(s) out of which the
top and bottom layers are made. In some preferred
embodiments of applicant’s invention, this bonding
action may be augmented through use of various
hereinafter more fully described treatments of the
inside surface of the top and/or bottom layers.
Thus, some, or all, of the electronic elements
(e.g., computer chip, electrical circuitry, antenna,
capacitor, etc.) that are contained in the ITA sheet
or film are embedded in the thermosetting polymeric
material that constitutes the card’s center or core
layer. If all of these electronic components are 80
embedded, they can communicate with a smart card-

using machine such as an ATM by means of



“The | TA-based circuit may include an antenna that is positigned at | east

0.01 15 nm above the bottomlayer. A film bearing al phanunerli /JQNa%g?ﬁ C

i nformati on may be applied to the inside surface of the top |ayer. The

‘I TA-based circuit may include an antenna that is electrically connected to
a chip. 20 Th®doamsss ayer and the bottom |l ayer may be each fuiiRedsrAm a
flat sheet of PVC material. The thernpsetting material may be a «

pol yur et hane. The thernosetting material najyg-be an epoxy. The ther m)settl ng

material nmay be a unsaturated polyester. 1 3 JAN 2005 - 14e Before
del ving any furtherelentramagnetiec B8ves dhate ahet acielc:eivédam&d; camtd g et hods
not ed 3 JAN

for maki ng the hereindescribed srrart car ds, cilt m g }_ eh
2005 WO 99/ 47332 PCIIsGGf§S FYeH transmitted out "of) the body of the
smart card via an antenna component of the card’'s

electrical circuitry. In a particularly pi‘eferred
5 embodiment of this invention, all of the sgmart
card’s electrical components are placed in a layer
of ITA material that is completely embedded in the
thermosetting polymer that comprises the core layer
of the smart card. Again, such anf arrangement
10 produces a so-called “contactless” smart card. That
is to say that, in this case, none of the ITA
circuit components form any part of .the external

surface of the finished smart card.

In other cases, however, these ITA circuit

15 components may be electrically.connected to a reader
or pickup head that does form a part of the surface

of the smart card so that such reader comes into
physical contact with a machine (e.g., an ATM) that

empioys the card. Again, cards having an exposed

20 reader_ or pickup head are often referred to as
“*contact” type smart cards. Those skillled in this

art also wlll appreclate that to be suitable for

wide commercial use, all such smart cardes must be

made to very precise, standardized dimensions. For

25 example, ISO Standard 7810 requires that contactless
smart cards have a nominal length of 85,6 mm, a

nominal width of 53.98 mm and a nominal thickness of

0.76 mm.



-15that for the purposes of this patent disclosure the terns i‘gpf}ﬁ\["mgmd
"l oner," or "top" and "bottom" |ayers) should be regarded as’ bel'ng
relative. That is to say that they are inplied by the relative 5 positions
‘of the nold shells that are enployed to manufacture these smart cards.
Hence, these terns should not inply 32y absol ute position or . orientation.
He this top/bottom nomencl ature as it “fAay, the 10 herei ndescribed met hods

for making smar tMﬁ@rs?éci‘ﬂci_llly !&@éd"f@thYO ﬁimh@ﬁtigg,rtﬁ@x%tié Bfgvid&*i%ﬁzgrb% gﬁ' g ing

machi ne (which are often individually referr to as

machi ne is - [ I jai.e i t op,.ool.d shel | a bot.tom nol d
shel | that @@&gggh@g%g ]idg:%ﬁbﬂgg{ agtro ﬁ:lér#glr%ecrolrg}axew&v@?lﬁl&ﬁ gf‘grl?ﬁfe@ GRgPity
descri bed noldin perati ons (and especially. certain cold, |ow pressure,
nol di ng opé? SIP}’%‘%@ agq]aipap@éé}/eroq%f PCeH SOLREENE: of pol ymeric material (e.
g., PVCO) that nmake up the two mmjor external 20 surface |ayers of
applicant's smart cardl. S§89¢iatg ammlitterordee deviee witbraelllAsbased pirruit ® formway's
that are well known to those skilled in the polyneric nolding arts. For use
i n appl iScartsphtteradge deviae/IhA dessbarithassembdy;, at | east one of the RIMs

mol d shells, 2S e.g., the top nold shell, will have at |east one cavity

that at |east partialiRy dqﬂidih@thtehgliﬂé}ieﬁ O8&HcHITA-BREILHOBH alscRBly i{ﬁ&eral
extent of, a precursor smart card body that is to be pressure nolded (e.

g., cold, l.gwBEies iR AERN thbsideS . |} S, "l 3 JAN
J005 Vo oo/ e SEBR SRR IYGH hEiR T?ggrﬁ;%%r%a\{\gsl b iho 5t Boace prlyein

applicant’ rm"precursor smart card body" (which will include
bodi es of i%ij%gslgﬁr%g‘f@ﬁg)ro%mﬂg%ﬂ al) is used to distinguish those roughly
defined card 5 bodi ez t hat ~are fhor ned bé such nold devices fromthose

"fini shed” smart card¥ t hAAH&the Bt g%‘g""ﬂ‘é’ﬁgﬁ'hgseflﬁg"\é‘ké@%lbbtﬂ‘?ﬁeri c
materials (e.g., by trimming themoff of the precursor card body) and by
cuttind®t hé%&@@dﬁwpféépm@geﬂ@i ig @tbottpm moldpr escri bed sizes (e.g., to
the S5.6 mm by 53.98 nmm si ze prescribed by |1 SO Standard 7810) for any given
fini shed product smaf4) campdsitiSuing adop tayeguider ptegsmoldped si zes al so may
renove the excess material in one cutting/trinmng operation. Those skilled

in 15 this art also \$) | 2pRigahet® ﬂlbl@ttoftﬁlﬂodﬂ%hﬁinpgi iAeMh &SR HReLrehfds Make

such cards in commercial production operations will nost preferably, have

mol d shel | g vBaMInASE BRHVELPINE (&4 . , 4, 6, 8, etc.) for nuking
several such carpgs 20 si mul t%ﬂlgghﬂs@.%ﬁﬁg‘slgy%ki lled in this art also wll

appreci ate that appligant. of .terns |jke "polynmeric," "plastic,"”

"t her nopl astic" and k@ﬁgiercrgg f’i%ihr(ﬂfé“& tglgﬁoslﬁ’élfngrpoﬁgn%‘%?téﬁ?li IBFQ t3"'\)(?’6%
varietxsofsnéate{{ als. t25aﬂ§ that as |t ma‘x,. the pol yneric materials

enpl oyed biPERA PRIV 2 grasire cogditions Which aresueh Hiat:(abthe dbAhasebr i es -

t hernmopl astic .materials or thernosetting materials. Thernoplastic materials
consi st of RS MBmerssA ds a centra) spsion ofcthe thermgsettingmetesid), (h)athe FHA baskel chai ns
or groups that are not attached to other polyner nolecul es. Consequently,
13 JAN- 2DO0slrcult is not in contact with the bottom layer, (c) at least one layer of the smart card is

at least partially molded into a cavity in the top mold, (d) gases are driven out of the
void space, (e) the ITA-based circuit is encapsulated in a cured form of the

'20  thermosetting polymeric material and (f) the thermosetting polymeric material bonds
with both the top layer and the bottom layer to produce a unified precursor smart card

body;

7 removing the unified precursor smart card body from the mold

device; and



“WO 99/ 47332 PCT/ US99/ 05741 -17 thernopl astic materials can be { peat edl y
sof tened and hardened by heating and cooling so they can be fo N 2085
then cooled so that they harden into a final desired shape. Generally
‘speaking, no 5 appreciable chem cal changes take place during such heat
driven, form ng operations. Conversely, thernosetting materials (such as
their resins), have chemcally reactivesportions that formchem ca

cross-1inkages betwe t hej es duri to theit polynerization.
These |inear pol ymer E@]ai ?ﬁﬂg‘g@%ﬁ%@gﬁ%ﬁ% S?‘Baﬁg?%@%’ ?ﬂesértcgtdgﬁg‘ls cal
structures. Therefore, once such thernosetting resins are hardened, the
resul ting it lf'cleﬁls%%g?' be softened by heating w thout permanently
degrading 15 at | east sone of these chem cal cross |linkages. Either form of
pol ymeri ¢ mat er i 1€ Splifier sdgsidgeice mayhavea thieknsss whigh isretyledse twisethef or t he t op
| ayer and/or the bottom|ayer of applicant's smart cards. Hence,

appl i cant' ghigkeessbf theanagemalrthdt fang the T A fhabgddrduit’! with respect to the
materials out of which applicant's top and bottom | ayers can be nade shoul d

be takens to i nclTideplifiarddgs aévitegaybe iddelffonfs midrlal it ishﬁsx@'%gi&lﬁ{ag‘%?e
materials. Thernosetting polyners are, however, highly 25 preferre or

Creati Ng 1 igareileRin RhidhtheTt ABledlircARR hea0l s SMart cards. There are

several reasons for this reference. For exanple, thernpset polyners

general |y bond wi rials (e. g. PVC)HB m whi ch_ the top and
bottom | ayers a‘ﬁ‘é‘%g?ééﬁ‘g‘lrs‘g‘ﬁ??irﬁnﬁa89m§’gs°ﬂﬁgr"ﬁa§%{ H@‘ﬁfe‘rsgr‘é‘llg‘ﬁp‘?ﬁ‘%a‘be
comercially obtained in easy to use, |iquid nononer-polynmer m xtures, or
1 3 JAN 2, ;S’Xc%‘%‘?% Be5PBE¢/ US99/ 05741 -18 partially pol yneri zed nol di ng
conpounds, that are particularly well suited for use in applicant's nore
preferred col d, Thewgthedsmay &urthst pomprissmrging gasss fdonthervepd gmeabat i ve
polynmeric materials 5 (thernoplastic or thernosetting) that can be used for
meki ng lapplitjecting asquanptyerfdhdrntdsetting aaesrial itd thei vodd sihee Bk 16vih R¥bess BF @i de,
pol yvinyl dichloride, polyvinyl acetate, polyethylene, _
pol yet hyl enelhsteagiheabont SacdMhd/HeRbY FoRingamEH d%@b?édiéﬁ?ila%gé‘é@. ene |0

yle

styrene, vinyl acetate copol yner, polyesters, polyet ne, epoxy and

si licones. SUChTh@E’Tﬁins&%ﬁ'c%th@c’%ﬁ%ﬁ?%&% BV R g@ﬂ% J&é"?‘ﬁﬁ% jper pol ymeric

mat eri al s such as pol ycar bonate, se acetate an 88 acetate

but yr at e- C%&ﬂaﬁ‘ir@sﬁ'{aﬁ%ﬂ %%Zﬂogta?gﬂ? %%t he polyneric materials from which

applicant's top and & nmade, however, pol yvi nyl
chloride ("PVC'). i ecj al | referred because of the clear to opaque
visual qualiti eih‘a?f ﬁﬂ%éedrﬁ{cél%i"gf}y, be pasitioned at last §. (g akiove thectbostam ous
thernosetting materials, its ability to receive printing and its relatively
| ower ddst !@¥%he nost preferred thernosetting materials for applicant's

i njection purposes are pol yurethane, epoxy and unsaturated pol yester
pol yneri c mat er Th¢ ETA-based circuit may include an antenna that is positioned at least 0.01

mm above the bottom layer.
The inside surface of the top layer and the inside surface of the bottom layer
may be treated to facilitate the creation of a strong bond between the top layer and the
‘20 thermosetting material and the bottom layer and the thermosetting material.
The inside surface of the top layer and the inside surface of the bottom layer
may be treated by coating each with a bonding agent.
The inside surface of the top layer and the inside surface of the bottom layer

may be treated by a corona discharge process.



25 By way of sone nore specific exanples, polyurethanes nade byqg ya 200
condensati on reactions of isocyanate and a pol yol derived from propy']| en
oxide or trichlorobutylene oxide are especially preferred. O the various
‘pol yesters that can be used in 30 applicant's processes, those that can be
further characterized as being "ethyl enic unsaturated” are "I 3 JAN Z005
WD 99/ 47332 PCT/ US99/ 05741 w -19 partiéularly preferred because of their

bility to b ' 4 Jali : ' DI
monomer s (al S0 c g R iy e nfe T Ao RN S EBREN 2 ¢ ot

of which 5 icant’ . and bot t.om | rs.are made (e. g., PVQO. The
nor e preferbﬁég’géegﬁﬁg‘)&/t%naﬁlgﬁpé?sgu?o@d&?%uti 8tpﬁb practice of this invention

will be those maﬂg {aram epi chl or ohydri n and bi sphenol, A, or

epi chl or ohydr i n, IhgdBergipsehing material gy \bg injeetgd fnte ther(pidFpace abs pressmiey ar e
particularly preferred because of their ability to bond with sonme of the
nore pref erieBicchebent &) and@bouyl20 BC) out of which applicant's. top and
bottom | ayers are nade. These three general kinds of thernpsetting

mat erials, 15 (pdihedherrivacteng epotial afng bennjatted aite thePR)id B5dceh) a teipeat@ee
preferred because they do not tend to chemcally react with applicant's

nor e pref erveRiketllab8st 96°F Gnd aW@iti100G, cyanoacryl at e- based glues), to form
unsightly "artifacts" in the core regions of 20 applicant's card bodi es.

SMMGLURE. ot S I RN e S R

| ow pressure formng con I ons era F or mi ng
condi tions i he t erature of the 25 injec |l ymerj ¢ liquid or
sem -1 i qui é%g%rgdr {ﬂgltboﬁgnllelggeg a?ﬁgﬂnqeﬁguwg)fpv ‘EﬁnﬁbISPE é%ﬁ aggﬁé%‘lltajtou?-e of the

pl asti c sheet terial bei cold forned (e.g., the top |ayer of
applicant's sma”?\ g[fﬁga%f)n,g ai%b““ﬁ?’@é‘%@?"é’é“q iatgmation map dgtappd! taghe insidesome of
the nore 30 preferred enbodi nents of the hereindescribed processes, the

col d fdPni sErfacepidhatondasrused in 9 3 JAN 2005 WD 991 47332 PCT/ US99/ 05741

A layer of opacity enhancing material may be applied to the inside surface of the
top layer and the inside surface of the bottom layer.

The ITA-based circuit may include an antenna that is electrically connected toa
chip.

15 The top layer and the bottom layer may be each formed from a flat sheet of PVC

material.

The top layer may be at least partially preformed with a card-forming cavity.

The top layer may be molded into a card-forming cavity of a top mold and the
bottom layer may be molded against a substantially flat surface of a bottom mold.

20 The thermosetting material may be a polyurethane.
The thermosetting material may be an epoxy.
The thermosetting material may be a unsaturated polyester.

The void space may be filled by a gate whose width is at least about 25 percent



--20 applicant's processes will be at |east 100F | ess than the heat
distortion tenperature of the plastic sheet material being nol detl3 AN 28y
of a nore specific exanple, the heat distortion tenperature of 5 nany

‘pol yvinyl chloride (PVC) materials is about 230F. Hence, the tenperatures
used to cold formsuch PVC sheets in applicant's process preferably wll be
no mare than about (230F - 100F) 130F4dxpplicant's nore preferred cold, |ow

pressure 10ffty widi)oPaPEeRRWIAprédurdor iYWy Jehli€st byPshi®hatk her moset ting
polymeric materials whose tenperatures range from dbout "56F to about 160F,

under pressures : : 3 t heric pressure to
about 500 psi. I\I/Lt‘bérz:g}digé g{@% Zﬂfﬁ?é@qgﬁgqﬁwgﬁﬁgggﬁ}é?pﬁaﬁipﬁeﬁ PPoset ti ng
pol ymers being .injected.into the. center .or c .. regi.on qof applicant's

bar ds wil | BETHET A ORIBI IS VG BOukiEh o0 Arhassd §irguiscs pBRCded aBd e
that preferably range fromabout 80 to 120 psi. In some 20 of the nost
preferred &RHem 1AEss: saidsmart cardifaxisscpmiprising alsplitieredge dewiag attacked t the

t hernosetting polynmeric material will be injected into any given card

f or mi ngScaJrl awﬁeircuithese preferred tenperature and pressure conditions at
flowrates ranging fromabout 25 0.1 to about 50 grans/second/card-formng
cavity. Flow rat®e spfittdr.cdge device/ m@y davd 5 Beckndsy WcH i ANddsn@viedihet y are even
nore preferred. These relatively |ow tenperature, pressure and flow rate

condi 1 ons thieRbsd of the Syeattal tHE SRR (OR QbatRERRHCE! damage Lo 30 the
relatively delicate ITA materials used in 1 3 JAN 2005 WD 99/ 47332

PCT/ US99/ 05741 i ' r S Those skil,led in this art also
wi |l appreciat e@%gﬁ?@%ﬁt@@eﬁ%reangﬁLﬂﬁsgrgFl?g{ﬁtqr@Lh@fmgwrg th&?&“sure
conditions contrast rathe |y with the nuch higher tenperatures 5 (e.
g., 200F t&la?ﬁti’é%)"“bw lcgﬁé%w@gs%&“gﬁt}smﬂﬁn 500 to 20,000 psi) used in
many prior art, high speed, smart card | am nation or injection nolding
manuf adfuri ng OE@PSTA&%@ QyECUt may residgam theraresofoss of tha theppisettiagt ' s use 10
of such relatively cold, |ow pressure, formng conditions may require that
any given deaterial in @sybstantialhnberiapate prittatioconnect s a runner with each

i ndi vidual card-formng cavity) be larger than those gates used in prior

art, hot, high fhedSArtasdbcitirmaiy beposithitet iaf RASL 050 ORLESHOAE She BUtRLET abl y,
relatively larger than prior art gates so that they are able to quickly

pass the thgeposet material being injected under applicant's cold, |ow
pressure formng conditions. The gate region is also a 20 preferred

I ti f th jt t pf. th | i t's | TA fil I
Shoot materi al | TPRor MRS ARERINE eflas el n BRB: ERPoRpRR et BB, " "
passaggxaygg%ﬁgé%hv%iggkatﬁ%?temthat feeds fromthe source of the thernoset

materiaf t iQd54l gate), will normally be in a nufti-gate or

mani fol d array, .and, hence, should be capable of sinultaneously supplying
the nunber of gétdl&r bearimer Yphanvinesisigranhissinfermgtion maydegipplied ta the jnside t he
mani fold systemat the relatively cold tenperature 30 (e. g., 56F to 160F)
and rel at i swfagelodthegoptayar.e (e. g., atnospheric pressure to 500 psi)
condi tions
The ITA-based circuit may include an antenna that is electrically connected to a
chip.
- 20 The top layer and the bottom layer may be each formed from a flat sheet of PVC

material.
The thermosetting material may be a polyurethane.
The thermosetting material may be an epoxy.

The thermosetting material may be a unsaturated polyester.



~ 3 "SAN 2005 WD 99147332 PCT/ US99/ 05741 -22 used in applicant's process.
It also mght be noted at this point that the flow rates for the3 QaNyResiC
t hernoset material under applicant's |ow tenperature and pressure
“condi ti ons nonethel ess, should be such 5 that they are able to conpletely

fill a given cardform ng cavity in |less than about |0 seconds per
card-formng cavity (and nore preferably in | ess than about 3 seconds).
Card-formng cavity fill tines of less than 1 second are even nore

preferred. to In view of these conditiolfse Tertain preferred enbodi nents of
applicant's smart card naki ng processes will enploy gates having a width
which is a mpjor fraction of the length of a | eading edge of the card to be
formed (that is, a card edge which is 15 connected to a gate). Applicant
prefers that the widthBfffoxegi geAviage BBYfr EWFERRUt VT Pertdent moreabout
200 percent,,of the wdth o eagi o) - tiple_gates can
be used to%PiH trﬁf%é%%%(éﬁ%é#%#ngﬁgggg$?g§?§ %.gg?ﬁ§%% Eé%t 128
edge(s), of the sneid wearalidtiseyibesnemarSorardppl ieamighs 86 hbksd
invention may call far the use of gates that are tapered down from a
relatively wwde inflow area to a relatively narrow core region that ends at
or near the |eading edges) 25 of the card body being forned. For exanple,
these gates may narrow down froma relatively wi de dianeter (e.g., from
about 5 to about 10 mm) injection port that is in fluid connection with the
thernosetting material -supplying runner, to a 30 relatively thin dianeter
(e. g., 0.10 nm gate/card edge where the gate feeds the thernosetting

mat eri al "1 3 JAN 2005 WD 991 47332 PCT/ US99/ 05741 -23 into the void
space which ultimately becones the center or core of applicant's finished
card. By way of further exanple, applicant has found that gates that taper
froman initial dianeter of about 7.0



5 mllineters down to a m ni num di aneter of about 0.13 nmvxféNI roduce
especially good results under applicant's preferred cold, |o Jﬁ&e ur e

i njection conditions. Another optional feature that can be used to 10
"advant age in making applicant's | TA-containing smart cards is the use of
nol d shel | swiohak7save one or nore receptacl es for receivi PQI/USVEHSS"
polynmeric material that may be purposely injected into the void space-

bet ween applicant's top and bottom | ayersiib in order to expunge any air
and/ or other gases (e. g., those gases forned by the exotherm c c£hem cal
reactions that ocdihabtwfex the pHEPetRemE tisied Hagensr fdPsteswrstthpl yneric

thermset Ml or | al alse okl A hefgyelf OM Al deol daspacBoc TiRSe 20

t hermoset ingredients are preferably mxed just prior to (e. g., about 30
seconds prior to) ltdyeirr(s) npeotldrbe megatriedvas dospur ael8tive. ot Tiat opt i onal

procedures that nmay be used t nhance the result f i ng_| TA- based 25
circuits in the heérei hie8Yi Eg’d‘%s &Y cards ‘R 1?§c%é’dtaﬁ?%erﬁls£é§f§ (1)
treat ments ghat e t388:26¢/ @hed WHTRANtsHQ sbAMHLN G AL difghl the

i nside surfaces of the top and bottom | ayers and the injected thernosetting

material, (2) surfmagafprgfere BheseamFSpFag sl phBRRFRr | ERffm piRiEns
i nformation that %F){%él blrg%tf;t tip@&ar darﬁz MeLBL o S & ac%(o%)itiéé) or~ 3 JAN
41 - or

?pp~ WO 99147332 99/ opacity pronotl ng preventing) filnms
or layers, (4) useufentepibmyers or bottom | ayers that are at | east

partially pre-nolded by a_ptecgedi | di_n ration (e, _g.. a . receding,
prior art type; "hot" éenﬁﬁﬁ? ngo perta qmoﬁmg‘reggff‘)?‘éﬁée)d?énglt‘ g%efyd“ '%tﬁ ding .
operation spich as Hdiesaddeseihdidndthddai Topamaringi sabps ucLrandiial (5) the

use of opacity pronoting pignents) in the thernoset material. It mght also
be noted here thatnotrﬁ’élgﬁt STRAPY 7 FF5REE516R P hgn MPAAdny fLRGHdE (i ng

fromapplicant’s ”(gmifcﬁCté‘:Eé NG rREACESSES, K 1MG theroaldLr cgnbossed or
printed upon in order to display al phanumeric/graphic/ photographic etc.
i nformation. Asi de'RIMSin. t héuchyge mefchingpds| yeghpaacatlungdsadeird<id i oned

| TA circuit conponent(s),. th [ r res | and 4l l.,of these
operations are par“f t:&‘ulaartloEi'J g'ﬁgrggg&??zggdé #hg"é}gh@d quall yth%%ternal
surfaces. Ihe termrehigpaplal ioffy perforinéngoneeksimf héhe ngftteentmatiescl osur e
shoul d be taken tq inply a substantially flaf surfac L. : a
surface having no é’sfgéﬁéﬁag?gvv}n?ﬁgf%% 8¥e1|6%% i L%I}C.F é\%%??%&r}ﬁd s

met hods for meki ngetdiaismeblidcands @fkesbiuse panendiny sopasitrional) senmay, as
further optional feature(ts), i nvol ve the use of at%ieast, one 25 , %s venting

procedure and/or &t k8RSt oPRE eREesBep ARRRESI CTaP RFYURT 4% A NA

receptacle. Mre pregeralvs) thedfe whké B9 aénd eaab QRS oTUCIkiAeRAL acl e per
card-form ng cavity. "The presence of such gas venting and/or excess

material r2e€eivi nguddareckprers &f wePliarpbip FAWES Cargs; afych 498 the
gaseous reaction %5%d%&k§0ﬁ5§gﬁhakﬁglwgtQQBBQ§§te in ways that are

well known to those skilled in the polymeric molding
arts. For use in applicant’s particular processes,
however, at least one of the RIM‘s mold shells,
25 e.g., the top mold shell, will have at least one
cavity that at least partially defines the thickness
of, and general peripheral extent of, a precursor
smart card body that is to be pressure molded (e.g.,
cold, low pressure molded) between the two mold

30 shells.



-1 3 JAN 2005 WD 99147332 PCT/ US99/ 05741 -25 usually exotherm c chem cal
reactions of the polyneric material form ng ingredients) arld/ dANr2805at i vel y .
smal | amounts of the incom ng thernoset polyneric material itself to escape
‘fromeach void 5 space during applicant's cold, |ow pressure formng

oper ati ons aweolygrasecei ved in such receptacl es and/ or be trtTaAId9y0s74lushed
out of the nold system These gas venting procedures and excess naterial
receptacl es generally serve to prevent inp&éfections 10 that nmay ot herw se
be created by entrapping gases in the void space during the injection of
the polyneric material. Ifhosghs HlgH ooredtedd eeesbbhr reAPPECAYDIS cant ' s

| nvent i on i nvol ves ol 66l iy 3 P qhleulBok i gk ObasEMhokl AUl dh M| dabl o
polymeric material 1nto a void spac€ between the top and %o¥tom ayers of
applicant's smart odld tihefuds hodies hef Weweassdupoddmbyichwatdiiatdt eri al ,

in a process wherei,n; the to nd_bott.om nml ds are_ respectively abutted 20

agai nst the top andShdt4%m t’?‘gygﬁtb‘fg'{lﬁéi Shit:1m c’é‘?‘&?@‘t}pag?r#!ﬂn&dpacratri g line

perimeter orglip regdeRsatcHAtESHtY esothed By € stohfl idlantadwidead) aap a | TA
material in position in the void apace, (b) conpletely fill the void space

with a liquid or 2%heesi -"Gigdphedhepraskt cRAGS poPRrfed*® mEasical Myder the

formng conditions f bl r: htions), us in the

her ei ndescri bed pror((?glsggg{slfg ??:1)% dér%csle%%m%r?ol aeﬁ%?n{ﬁ%to%%qtg%é p(%l'ér'rér?)

mat.eri al out of therdamdngortimemgeifavift tbse precurdcyr 3@rtihbodxtessl gt eri al

receptacle and/or (d).drive_the gases_in the void space to the exgess
material '~ 3 JA(ﬁ“lz'GéggV\Dtggl 4g§§§uﬁﬂ7 US@@VCSS%&-% e epiHd® and/ or
drive such gases cemeketebydopized (e nolud st @B.(6e.nfh bydrssvessumh gases

out of the nold at the parting |ine re%i ons where_ the top and bottom nold
shel I's cone toget h&ipe ?Hﬁ%?r’th’ﬁi‘i R B 1StengrEdshpLe) Y Gplefcant ' s

procedures shoul d hgpguhlscigiadd Nahdrt hecdd Mt gikal éandigspepially a
splitter device associated wth said I TA material) in place as well as hold

the pressures at wpirescrieed iaaspladspi saymremdve the pHfees chterial

in one cutting/trimming operation. Those skilled in
15 this art also will appreciate that the molding

devices used to make such cards in commercial

production operations will most preferably, have

mold shells having multiple cavities (e.g., 2, 4, 6,

8, etc.) for making several such cards
20 simultaneously.

Those skilled in this art also will appreciate
that applicant’s use of terms like “polymeric,”
“plastic,” “thermoplastic” and “thermosetting” each
refer to a potentially wide variety of materials.

25 Be that as it may, the polymeric materials employed
by applicant will generally fall into one of two
subcategories - thermoplastic materials or
thermosetting materials. Thermoplastic materials
consist of 1long molecules (either linear or

30 branched) having side chains or groups that are not

attached to other polymer molecules. Consequently,



-10 order to conpletely fill the void space between the top and bottom (e.
g., between about anbient pressure and 200 psi) - but still1Pelan bogs el |
anounts of the thernopset nmaterial and any gases to be flushed or squirted
‘out of the nold systemat its parting line. 15 In other words, in these
preferred ewbadinents, applicant's "excess" nmaterial recepEEEI%8s7heed not,
and preferably will not, receive all of the excess material injected into
the voi d space. Excess thernoset materiall@dnd/ or gases also may be - and 20
preferably are - expunged fromthe entire nold systemat_the garting l'ine

where the top nol FherFoRhasthe Batewtatl et i peakePeabadhst seakenest her at a

parting line. In rdeR8al BGORLLY4 hd Ak & 68 -dd aud, t et
pol ymeric materi a[qﬂ;dgqn%rg:eel y Zg EFPPJSJI# he vo?‘tsjo a%;agce, ?&ni%élrs%lg{t e | TA and
any other el ectrorficxmednpenéntbeposoblehesioi hhathetbey ehasiponimo tehe smart

card and forces.any, ai.r present in_the void_space,between the top and
bottom | ayers (asr%/bé'lall a egﬁ§eéa55§a8?9at ed®b efﬁﬁf%heﬁ?%aif“’rgeactrfc’on 30 of
the starting ingregpeetsabiet fiemidaineiHangeBt eakal p1evé ebrime seid space.

In some preferred =~ WO 99147332 -27 PCT/US99/ 05741 cases the air (and
reaction gases) at@akonpirdveRy dEPYBARGuUt CBETRRECHMY d sySPRYErEelY.such
actions serve to ehji.q € I3 f I rdieQtd QRS+ h surface
"pock marks" and/ g:rhe?rlllgg%su ate § B’EEEI Zgg%lh?t%eng ght ot ﬁélrﬁ\é/j\nﬁse ormif
such gases were emtheappalllyn tdastiiver npsetipws yridetc fater i chemittaal it

solidifies to form.the ggre re%i on. oefe ap&{iican#_c'ms cards, Finally, it also
shoul d be noted t FEPSERE™IHIFTO 2R botTicm T TOHEEH 9% %ant ' s
processes 1@y be ahelicapblphetizdtdion 1ol dedesdt Digeast t yEOAIY NHME fsOr NB

before they are placed in the nold systemused to nake the smart cards of
this patent discl &8GPBe HeReRdeq he SQIFERET| owiBr es8HFERC ol SheT o83

operations calledgkofctfirdd] S PanapbrdbsC! asilie BR¥nbetRBiNost@My Of the
total nolding to which these |ayer or sheet materials are subjectéd. Thus,

for exanple the coldinpoarpr berderedp| thegrpeeticing evatgriali samamosnt
di scl . . Ldi
I'sclosure may proyl gggﬁ’%%%d f’oa};%re%\:?laﬁéxg Wbe%ah@ﬁti%ﬁ%g%lgﬂﬁng

experi enced by a nol er o plicant™s smart ¢ e nore
preferred Bnbodi mant 3east tdome iofvehesenchémimalercroshelinpadenier wil |

experience a nmajor poriion e.g., at least O pergent,, and nore preferably
all of the 25 total rm#ﬂtis‘)kh%fit eXPeti enc® (asp%]g‘frp?élf by t'ﬁ‘?é:eé'lgrﬁﬁge in the
vol ume of the cavi(tyeeneplsst oy orhensbhebery ioror akiyoby tyed MEorcehd, | ow
pressure nol ding operations of this 1ﬁt)atent di scl osure. Thus,, a particularly

preferred embodi mERP JRYSE aﬁﬂﬂ/i"(,ra_n'i & BPBERRs IP¥PT R mPR-GRRM Scar d
having a top |ayepn,dcCoiLad aYaferddd) Wpbthcaht | d Aud@tSH idle ighnera13 JAN

2005 WD 99/ 47332
20 term “polymeric” with respect to the materials out
of which applicant’s top and bottom layers can be
made should be taken to include thermosetting
materials as well as thermoplastic materials.
Thermosetting polymers are, however, highly
25 preferred for creating the center or core layer of
applicant’s smart cards. There are several reasons
for this reference. For example, thermoset polymers
generally bond with those materials (e.g., PVC) from
which the top and bottom layers are preferably made.
30 Thermoset polymers also can be commercially obtained

in easy to use, liquid monomer-polymer mixtures, or



-PCT/ US99/ 05741 -28 enbedded) and a bottom layer, will conprise (1) placing

a film sheet, layer, etc. of a ITA material - that is furthpg\m’ ﬁdgged
with a sheet-like body that fornms a splatter edge between the toFS\P er and

‘5 bottomlayer - in a position such that a runner that feeds the smart
card-form noweayiky i N a nol ding device | eads to the spl athcavusesigresit hat i s
associated with the ITA material; (2) positioning the | TA materiak and-a
bottom |l ayer in a bottomnold; (3) 10 posiisening a top layer in a top
mol d; (4) closing the top nold to the bottomnold in a manner which grips
the splatter edge mgééﬁgi-léd pRlymerhzed TROARLRY | SOTRAUNGRI clhheFeat®s a void

space between the %%Qt&@%f%xérng»fﬂqt Q9} L4YEL > d.(s5e) ijnnjaggﬁgggré@ & dnore

t hernosetting pol ymeric na i'nto the voi d space nperature and
pressure which arepsé€brigdtcold,a)low preasushefrminayeperettonof the | TA
material is at least partially oriented and positjoned by the flow of the

t her moset ting pol ymeri cSABE er i ZPPEGEFLAF 1ifd unkRTYTHE 9 eadiHFHEIE of the

splatter, (by at '%%:ﬁg_@;&w&r of thersp@édcGaNd imatdt chgasgk Rayeld ally
cold, low pressure nolded into a cavity in the nold device, (c) gases and

excess pol ymeric mfoar imgkiage aprilieanb(® bepPt BBy FFtopadayerd) widd 25

film sheet, |ayer ’in%&ﬁdeOf f-h Iﬂ-%f\ r@{l%gjiﬁh,i s%%r%@%g,?d &{1 ﬁ][i'chid

t her nosetti ng pol yméric rratpeorll a n a substanti i ZOntal ori éntation
and (e) the thernogelyvigybol yauetiatenat epohfe tigpnenew t hpbbydtiyienteep | ayer
and the bottom |l ayer to produce a uynified 30 precyrsor_smart card body; (6)
renoving the unifi é&rﬁPE&ﬁg e’sﬁ&ﬁ?’uﬁﬁ\:lﬂarb%dfcfré’gﬁw‘hﬁlﬂgl131'1 i®C&; and

3 JAN ~ WO P9I 47332+ RedhdSO9AQRY41 -2Rthtk trédpBline)e PEECHHRRsSMArt
card to a desired dinension to produce a_smart card. O her optional
procedures descri b®@lVAtRYienat eRPx¥li 3Bf oSl CABGS be SRR t BOP urPAer

ST o g Bk B s IR TR ekl S0HTof S I
99/ 47332 PCT/ US99/ pe¥dtials such as polycarbonate, cellulose acetate
and cellulose acetate butyrate-containing materials.

15 of all the polymeric materials from which
applicant’s top and bottom layers could be made,.
however, polyvinyl chloride (“PVC”) is especially
preferred because of the clear to opaque visual
qualities of this material, its ability to bond with

20 various thermosetting materials, its ability to
receive printing and its relatively lower cost.

The most preferred thermosetting materials for
applicant’s injection purposés are polyurethane,
epoxy and unsaturated polyester polymeric materials.

25 By way of some more specific examples, polyurethanes
made by condensation reactions of isocyanate and a
polyol derived from propylene oxide or
trichlorobutylene oxide are especially preferred.
0f the wvarious polyesters that can be used in

30 applicant’s processes, those that can be further

characterized as being “ethylenic unsaturated” are



-30 Figure 1 is a cut-away plan view of a nold systemfor nmaking prior art
smart cards that may enploy I TA materials. 5 Figure 2 is atduUARvgys Side
view of a prior art nold systemin which a filmof |ITA material resides.
"Figure 3 is a cut-away, side view of a nold systemin which a thernopsetting
pol ymeric nwbepissz 10 is being inj ected in a manner thatPEHEKPRS4 wave

| i ke configuration in a filmof the ITA material. Figure 4 is a cut-away,

pl an view of a nold system for naking appltfcant’'s snmart cards wherein a
filmor layer of an ITA material residing in each 15 card fqrmng cavity is
further provided WRERLIGUERFIY t BFeRige atesiauas f° er;ter?'rntﬁl?f'%sltgat for

receiving the theposelsdnoaRkes! Fhrolibfurthdls Sadustd - Bus SIle Vi ew of
a nold systemin which a thernosetting polymeric material 20 is being
injected into a gapepahibpast menoperst er(addge a&FAIRISI wi ethilemie m or

| ayer of an I TA material _i manner ught ks atept discl.osure.
Figure 6 is a cut P&\ﬁ/ﬁbyri{‘g%r%vi Q@o?’i%ﬁll g%r%z%%??% %ﬁesﬁgét&ojf&an | TA
materi al hayi ng aapeheehnt cél tebr atiit botBbai Nagetbentien Madmt AR.Hhe used in

the practice of apg/l icant's inventiagn. Figure 7 is a,cgt-gway si de vi ew of
a layer, film or P¥Réet BRe HPUTRIFEEEFII CRITH MALSHLBYE LR USE3 IFAN 2005

WO 99/ 47332 PCT/ U§QQ/ Q32411281 0% tehid Shkviehtebneddel MpketilseaGieiedi ng to
t he general teachings of this patent disclosure. Figure 7A shows an | TA

materi al and a splfirbter epgehherehydrinof FRingur e bispheaodr osé-sectoron vi ew.

5 Figure 7A shows a odi of is.1 I j | 0 of the
"jaws" of an uppel’apgﬁﬁggﬁ%dy@}]%dmarﬁér]m%a g\riggéhgg%mg??g%?nggp %ié {; %p surface
and the boid om sughgeerof) t heTisey) i dterpatgeutateyi preféipd eodtausea

cut-away, side view of a prior.]0 art stem wherei n two. sheets of an | TA
material are assoffat' @il tﬂb%\l’r%eFoog"ﬁ’& y%%csﬁﬁfeﬁfal RIS

pol yet hyl ene in apiaREefedUChatdilalldot N(esShEGT S mvle)t houkTAJTat eitiizh are
affixed to the same side of the polynmeric material. 15 Figure 9 is a
cut-away side vi eAPBLIiEARE She'edR 4 HPULPR nYetiSalargt (MECked tTHe8S ayer of

o TEL e il PEoBALEL S Plifenbily Wit | ofer o
20 i nventinom. (polyurethane, epoxy and unsaturated polyester),
also are preferred because they do not tend to
chemically react with applicant’s more preferred
glues (e.g., various cyanoacrylate-based glues), to
form unsightly “artifacts” in the core regions of
20 applicant’s card boedies.

Next, it should be noted that applicant’s use
of expressions such as “cold, low pressure forming
conditions” generally should be taken to mean
forming conditions wherein the temperature of the

25 injected polymeric liquid or semi-liquid material is
less than the heat distortion temperatuxre of the
plastic sheet material being cold formed (e.g., the
top layer of applicant’s smart cards), and pressures
less than about 500 psi. In some of the more

30 preferred embodiments of the hereindescribed

processes, the cold forming temperatures used in



‘Figure |10 is a cut-away, aide view of a smart card circuit device conprised
of two sheets of an |ITA-based material that are separated f"l’aOUAﬁ?ﬁ(g ot her
by a sheet of polyneric material. According 25 to the teachings this
‘patent disclosure, the |eading edge of the polyneric material is provided
with a splifoobsdeyice. Figure 11 is a cut-away side vi ewwCH/US/PF7#lor art
smart card circuit. device conprised of two 30 separate sheets of* | TA -
material that are electrically associated2e+th each other via an "I 3 JAN
2005 WD 99/ 47332 PCT/ US99/ 05741 -32 opening in the center Iayer of a

pol yneri c mat eri al 2RHdCagEar MOSeERLS mlghé’é‘t s2tof 1833t maPBTE alessi gure 12
depi cts anot her e i t bt RisSed i }yéﬁ_%r I rjal the
splitter layer 5 :)qa%g{a{%% gﬁ%aitslaégggg?%}{eﬁv}\?t gﬁ'g@ofﬁ@t h;ﬁél gigﬁg%cgri al s
rather than wth tdteqrol yaterialrabeinql mokdgar e 1Byi svay caf - anayorsi de vi ew
of an enbodi nent of this inventjon wherein a,smart, card circuit device is
conprised of two SRREFELE EKBERLSAC-RS5 BERA ﬁh?‘é?’?%ﬂmi ﬁzﬁmp&F@t'&E‘%o@%’at ed
with a center !ayqaa@f POl yBiyIC BRiGFiIR PVt latarsRhat iy Sege materi al
is attached. Figure I4 is a cut-away, side view of a contactless type snart
card having an | TRIMFeri denk®, erthed dezinfaratugegentsed dro corlal riggmon and
whi ch was made by providinhg such |TA material wth_a splatter device.
Figures 15 is a CLﬁpu-cg\Nag‘@i aﬁe?ﬁsewlﬁf agp?lfﬁfan§ ool p’srgfe%% PSFE?@%% a first
preferred enmbodi magit) 12@e0hot hbSe i theeN bt WSS 69 -Cabber)n 13wart card
conponents are shown before a liquid polynmeric material is infected into a
core regi on between t h&rpai@ant tHpmerrl PHeEernedhye?sd: HeWir BragsWifows t he
system depigted i i e r |y j terd ;S Nnfected into
the voi d s%gce be&m%gﬁaphez%%#gﬁgggot iR, a;r%‘}sfﬁé’lr% t ﬂejraéect%}%ﬁ | i% sai d
voi d space with a geyoeettingtprlyalerdedméberiaig (Whoske tabbgriyurescol d
formng operation) the top |layer of the_snmart cahguf:o the, 30 contour of the

top mol d's card- f d3R95g My AL oSt T onFRg £ TAYRBt%r i N9ST a

substantial ly pressures that preferably <range from about
atmospheric pressure to about 500 psi. M%re
15 preferably, the temperatures of the thermosetting

polymers being injected into the center oxr core
region of applicant’s cards will be between about
65°F and about 70°F under injection pressures that
preferably range from about 80 to 120 psi. 1In some
20 of the most preferred embodiments of this invention
the liquid or semi-liquid thermosetting polymeric
material will be injected into any given card
forming cavity under these preferred temperature and
pressure conditions at flow rates ranging from about
25 0.1 to about 50 grams/second/card-forming cavity.
Flow rates of 1.5 to 1.7 grams/seconds/card-forming
cavity are even more preferred. These relatively
low temperature, pressure and flow rate conditions
tend to prevent thermal and/or mechanical damage to

30 the relatively delicate ITA materials used in



-1 3 JAN 2005 WO 99/47332 PCT/US99/ 05741 -33 horizontal orienjatimnogs the
center of the card's core region. Figure 17 depicts anot her pre?erred
enbodi ment of this invention wherein the nold tool shown in 5 Figure 15 is
“further provided with an excess polyneric material and/or gas receiving
recept acl e.whbgith$s 18 depicts the result of injecting theomise/ssyat em
depicted in Figure 17 with a thernosetting polyneric material (preferable
under 10 the cold formng, |low pressure €xanditions). Figure 19 illustrates
anot her preferred enbodi nent of this invention wherein the sheet or |ayer
conponent s depi ct 88P1 heame sotart sATeset (Phrasfatskiddfec iy &byt 8% t he t op

surface and the 13,pottonysurigee gt.a ilﬁ%?l—x'ts cangse! g:F:.Ith%‘?:E‘édat the
i g . Fig 20°s

edge of a excess nmaierial "reCelving receptacle ure ows the system
shown in Figure 1l%caf ttsmperatuped aphceréamuré heomddedonsatmmntahst

receptacle) is filled by injection of a 20 thernopsettin ol ynmeric material
therein. Figure 2¥afRen EE?‘PJ?Bi&y “@tge AW BFRa ﬁ&rt o‘gﬁ‘“? 2t4peBhat has

made a secqnd enbedi gent ﬁeboﬁ hts i1Q¥8%) OBnyhgLekBubes h (khg. top bayer and
the bottom1ayer are each nolded in their respective 25 nold cavities.

Figure 22 is a cusoawdy B®&WiShaw g used| dnt ginYbed ¥y epdvedhighm a
Do S ST G S b TR SR e SRl 1 Py
depi cts cut-away phanfarchrinesspeestioms vi ews of various conparative gates
for injection of appliégg&jEﬁéig%gﬂ%gﬂbénﬁé%ngE%at applicant’s use
10 of such relatively cold, 1low pressure, forming
conditions may require that any given gate (i.e.,
the passageway that connects a runner with each
individual card-forming cavity) be larger than those
gates used in prior art, hot, high pressure
15 operations. Applicant’s gates are, preferably,
relatively larger than prior art gates so that they .
are able to quickly pass the thermoset material
being injected under applicant’s cold, low pressure
forming conditions. The gate region is also a
20 preferred location for the splitter component of the
applicant’s ITA film or layer or sheet material.
The runner (i.e., the main thermoset material
supply passageway in the mold system that feeds from
the source of the thermoset material to each
25 individual gate), will normally be in a multi-gate
or manifold array, and, hehce, should be capable of
gimultaneously supplying the number of gates/card
forming cavities (e.g., 4 to 8 cavities} in the
manifold system at the relatively cold temperature

30 (e.g., 56°F to 160°F) and relatively low pressure

(e.g., atmospheric pressure to 500 psi) conditions



"Figure 24 depicts a nold tool system capable of 5 making rrul‘,t‘g'f le e (i.e
four) smart cards sinultaneously according to the teachings o tANiEOSpatent
di scl osure. 9 3 JAN 20D5 WD 99147332 PCT/ US99/ 05741 -35 DETAI LED

"DESCRI PTI ON OF THE I NVENTION Figure 1 depicts a plan view of a prior art

nol d syst.enyd@od7@2 maki ng four smart cards sinultaneousl yYCTAISSYeseam of
liquid or sem-liquid 5 thernosetting polyneric material 12 is shown bei ng
injected into a central runner conduit 142ehkhat, in nmanifold fashion, |eads
into gates 16A, 16B, 16C and_ 16D, of nold cavities 18A) 18B, 18C and 18D in
their respective rifafs i20ApPRbEANYOCrHeeeBED. Bt saksp mightobei roted | TA

mterial 227 228,23%400.28D LRaCNOND ERAPSGLlM,] RuBARBILIRLLL These

| TA strips provide the el éectric crrcurtry for such smart ¢ ant om
| i nes 24A, 24B, 24fheamcbsgdDmaliegridl tindelreagphbicantyss dfowakempenatunge body of

the liquid 15 thernpsettin ol ic material 12. The ed of the nold
system10 is gener3id )Pr(féﬁi%(‘fgeﬂxgg{ﬂ?fés 2"6°.nq§ih§’3'}ﬁ832 Fgc”éﬂgtﬁ‘? WP

ai de-vi ew of one afh WRed s¥et 8p1d8Ed cdorgiereaneralingl gisust &d0 shown
in Figure 1. In such a systemthe central runner 20 conduit 14 delivers the

thernoset mat eri alfoEmipgt ¢ay1Fyi diisphe®s 2Bhpet RPEHEL HE t¥FINEFerPSB0 and
o e 2yl 8o S 16D | g OoFe ek Epish SYSLARC Do o
shell 34 is 25 shaman rabbar | 3y eecoold) ng- coatdrdiorwing tdwritep fidyer 30 of
St card, S L&Ae PRl LG ASRANE SHITVh eSS RBRRe T ont act |
With a botigm | ayem 3%iel Pefyretdse Mebanieiomd, t hadrewihl Hesfadhea bottom
| ayer of the smart card. ~ 3 JAN 2005 WO 99147332 PCT/ US99/ 05741 - 36
embodiments o©f applicant’s smart card making
processes will employ gates having a width which is
a major fraction of the length of a leading edge of
the card to be formed (that is, a card edge which is
15 connected to a gate). Applicant prefers that the
width of a given gate be from about 20 percent to
about 200 percent of the width of the leading edge
(or edges - multiple gates can be used to fill the
same card-forming cavity), i.e., the “gated”
20 edge (s), of the smart card being formed.
Some applications of this invention may call
for the use of gates that are tapered down from a
relatively wide inflow area to a relatively narrow
core region that ends at or near the leading edge(s)
25 of the card body being formed. For example, these
gates may narrow down from a relatively wide
diameter (e.g., from about 5 to about 10 mm)
injection port that is in fluid connection with the
thermosetting material-supplying runner, to a
30 relatively thin diameter (e.g., 0.10 mm) gate/card

edge where the gate feeds the thermosetting material



-The top nmold half shell 34 is shown provided with a lip or b%w re%i on 38
that, in cooperation with a counterpart lip or jaw region 4 of AN K3hot t om
nold half shell 36 serve to define an opening between the 5 top | ayer 30
"and the bottom layer 32 into which the thernosetting nmaterial. 12 is

i njected i woyolutse2 voi d apace 28. An extended side of thePCpP8/057g] | aw
regions 38 and 40 also clanps the front or left end 44 of a sheet, |ayer or
filmof ITA material 22D. 10 The seet, |-ager or filmof the I TA materi al
22D i s shown extending into the cavity or void space 28 that will define
the core region ofngp f Eheshedds fRacec htch nubFeatielya BeeeReOrthe |l m of | TA
material 22D wil |l i j ' ' Legh : Vﬂf% 15,s5p 2 8 .
The right end 4 60%%%e%trgﬁ§gtg %)Plg erl%gﬁl%flél r%]i%&lﬁfie I 'msul:3 r‘?% 22D i s
shown "saggi ng dowh" fartheomxagple, r epplatanat pbanst fgendr ahhy depected by

arrow 48 on the top surface 50 of the hottom].ayer 32. 20 Fiqure 2 also
illustrates a verVP"’ﬁ kef5¥i naP™ p8Ei ti9 18$ tdr%(?%le‘fﬁrf ﬂfrzn %?‘%I’i?ﬂo 22D in a
dried bodysof themileiisteet togn P YW BinGmiRt @famdte? dMjagetiedoi M0 the

core region of a finished card in those cases where applicant's hereinafter
nore fully 25 des®ti beldlsplPaeddreedgerdtalival 9o99notre8ipFByender split an

incomng liquid s .Sal Lyggr| t episaly-ig aii N4 | S, Stream
splitting takes p%lgf;ﬁgrg\ﬁ%fgnét eeﬁgad?%gbg%igg %4 o%ranmll% fllﬂpcra'r{:?iéé%resent ed
to an incom ng stewmaintdbnshe t hernosetting 30 polynmeric material 12. In

other words, if applicant.,s_streamsplitting edge device 52 is not 13 JAN
2005 WO 99/ 47332 PCT/ %ﬁgf’ﬁ’é?&i’%?g‘}aﬁsﬁa‘?‘é‘é‘% | g%a'f‘i EAPODE RSE 4 ¢ hat
depi cted b Fi gurfavhntiagedsnt@alkiniy applibansesertsageedingogi éhort it was in

before the thernosetting polyneric naterial 12 was injected to formthe
core 5 region of $3EsSsnid t th&r¥ee TREsmoddgFbgilBodPaFodtade SR8t ©%f the | TA

material 22D is ypdesi radds dQlksatrdLashcd Wi dLas8RSe s d rﬁalwh&eié TA
material 22D is in direct contact (e.g., at paint 48) with the top surface
50 10 of the bottwahdripdr G@wtofmahebsnpurreaprdy THISchaRkesnthe YA fil m 22D

Cir faces of the St Eara DGR BRtenkd i T ans e R RS e

el ect romaghBet i ¢ viaveosidgnaltccoexpumgrat any kEoimwi ahdAosnmthecarghaemader
device (e. g., an ATM en the circuit contained in the ITA material 22D
is. substantially'§p&ral x‘\g?s? IS5 &RapereB¥ %?e ﬁ%‘é’t@SFH‘lFeﬁéﬁ?“@é\/i ce (not
shown). This par aldRitishEargapeniccus RWheh edn | inackiieved whea tde TTA 20
film22D is in the substantially horizontal orientation degi cted in Figure

5 rather than in {9F@WLe58gePtowRC 1Bt at PERTORDY cMBFeFA2EF gA%E 2. Thus,

“success" in the praeti ¢8g0tnth) S #eNEaeA Woukd bgpide. condidddfan wherein
the ITA material 22D 25 is not in contact wth the bottomlayer 34 of the
card. An aflded dddresacspt sutrarediestgchrEyedPIFiam@lyTAMRRE@r iISt22D al so

or i entation i n tHE ok ST elTaR HTHITE erd Broaiar BATRET Car e %8 AN
2005 injection into the void space.
Still other optional procedures that may be
used to enhance the results of using ITA-based
25 circuits in the hereindescribed smart cards may
include the use of: (1) treatments that encourage
and/or augment the bonding action between the inside
surfaces of the top and bottom layers and the
injected thermosetting material, (2) surface layers

30 that display alphanumeric/graphic information that

is wvisible at the card’s major surface(s), (3)



-WO 99147332 PCT/ US99/ 05741 -38 Figure 3 is a cut-away, cr OSS'@%N% Vi ew
of a prior art smart card-formng nold set up. It shows a core 0 d
region 28 forned between a top |ayer 30 of polyneric material such as PVC
"and a bottom5 | ayer 32 of a conparable material (e.g., PVC). A stream of
thernosettiwgogmdagyial 12 is shown being injected into thecvussdosgiace 28
and thereby creating an "undesired" wave-like configuration in a fil mof

| TA material 22D. 10 Figure 4 shows a pl ar4vi ew of a nold system 10 fox
maki ng four smart cards sinultaneously according to the teachings of this
pat ent di scl osur e . CPRAEYNRIPMOGingmips @reversiRgbnfilmener shaversn Figure
1 by virtue of the/fia { Li.p ~Of 5 i , 22C
and 22D resi ding i(n4 )i %ser E?be‘%#\t}eﬁtﬁg}sdoga\?hgéoﬁslg?%g%he atfztz)aarae rZ%tSBpecti ve.
splitter edge devileash2/AparB2Elly? @rerho32Bd Pryefar pbkyeding hmspding er edge
devices are nmade as harts of __an overall sheet that pl ageg the gplitter 20
edge components 53RSTESEONSIR-Any BRFSGTEIAT o REFQHcBLE C¥REh flg%"pecti ve
card form ng cavi ine1i8Ag 1SFeradtfiCrmandr 18D. ptausdihesaciali therandpge

devi ces 52A, 52B, 52C and 52D face the incom ng flow of thernoset naterial
12 at the respectiohergsies FoKh 283 15R0sq sdegAained dn ttHulsnoPakamdviti es.

Figure 5 is a cut- SS: i Vi a rd ’ erein a
smart card's | TA f@]‘ﬁﬁ]igg%iﬁaéngggﬁ gg)op{éfr; yg%?. 8?@%%??2 n{:g%{rﬁé}-)%fﬂ%“;i tioned
by an incom ng fl g@igoentlier nbsetta redpe3Bopet ymareciatat efcamig2t allwe | eft or
front edge 44 of filmlike b of .| TA material_22D is_shown ~ 3 JAN
2005 WO 99/ 47332 Fﬁgéﬁlg%’ﬁ%%ig tSFox‘?l‘ggh‘?W%"rf%ﬁegySF nge Pttt er edge
mat eri al 520 whi ch cakkge mMaeswetiager Fedmt 0 applibhft pat epbndisehosHge as a

"splitter edge device 52". Preferably the splitter edge device 52 will be
from5 about 1 toPXS66F59D TINERE (HRETERLERFAPEadH 0T PAIREREURSD 22D,

Preferably the spliifteroggige deypce Hdgphag W Iglﬁgn%ggigyg@a&m_tc?ri al that

is nore rigid than the material fromwhich the | filmis ha he added
t hi ckness (and/ or phiogegraphiofetiche i0fephatien. edge material 52 will cause

an incom ng stream of [ I rj ' . 1 plit. into two
streanms 12A and 12B. Aépﬁég?ﬁ?%% Pﬁe%} g%ér% {%E @?ﬁ%ﬁlzﬁﬁ%ﬁé 8% the 1TA
mat eri al 22D and sbeéatried ITOwsrender compahdnEA simt €he abmPAD.catdsThi s

streamsplitting acti?g.gauses th% ITA#ratetri I %ZD %o take on a
substantial Iy hor FZ8HEEF"Dr i ¥ atBn Ph't IR cPESFegPBRTRT1He &%&rt card.

Thi s circunst ancepagtliouberrppnichasheterdidd t be "tInggedhidown 'queildte and
orientation of the ITA 20 materi al de&gi cted in Figure 2 and the "wave-|ike"
configuration depf&tegnsh frptAees. The term “high quality” in the

context of this patent disclosure should be taken to

20 imply a substantially flat surface (i.e., a surface
having no waves, bends, wrinkles or pock marks).

hpplicant’s methods for making the smart cards

of this patent disclosure also may, as further

optional feature(s), involve the use of at least omne

25 gas venting procedure and/or at least one excess

polymeric material receiving receptacle. More

preferably, there will be at 1least one such

receptacle per card-forming cavity. The presence of

such gas venting and/or excess material receiving

30 receptacles will allow gases (e.g., air, and the

gaseous reaction products associated with those



-Figure 6 shows a cut-away, cross-section view of a prior art |T maépgrl al
54. It is conprised of a polyneric film56 that has el ectrich® d¥et or
mat eri al s enmbedded or di ssolved therein. Thus, electrical circuit el enment s
‘or components 58, 58A, 58H, etc. (e. g., conputer ships, antennae,

capaci t or s wbeygrzzan be made a part of the pol ynmeric nat ®CTraiS9®B%741For
exanpl e, such circuit conponents 30 can be etched into the polyneric
material 54 by processes well known to t1&$—ci rcuit manuf act uring 1 3 JAN
2005 WD 99/ 47332 PCT/ US99/ b5741 -40 arts. .Th se nmeric maierials 54 can
be made in sheet sUR%IHY aSKPFRR MG, { FR %ticﬂ"s fPom &B6ut . 013

mm to about .25 NPl3yfd Y €Smaft d QUGN HednisOW Mﬁjﬂéaianhm mahaybal 5
configurations that can be enployed in the practice of this invention. Any

such configurati onehm‘yi‘t?eh’r efelile PMORINES "ghEA- W&n@' rtdgirmoset | TA
circuit mterial, o 1 oA MEIAa] 1kEa)Raged Glbbll tron’ bitnlibmy’ "1 TA

system " etc. forPPHE Burposes of this pat ent |sc oSure. “Fox - exanpl e,
Figure 7 shpows anspdde rm:ﬂrﬂgalap@éuaanac@edo:(@ Ipw pn;esmmeomsrtmn@ods known

to those skilled in this such as b U|n , Jpy.ther bondln co- nol di ng
the two material, CReEa5iqns 528 ;b e&ﬁ:}g’ efnt &Pi oFUGED. %§BF1FFer edge

15 material 52 W%ﬁdﬂ%”@é'fo@&lﬁy sbﬁ@éné& iy es£ ObnBOkBTRY isGsbBhEr i al |
cardboard, etc. e splitter edge material 52 will preferably have a

t hi ckness of frorrTlant gag2yenhlng MFAfedurer mRd PeEFesabmaterhelsplitter

edge materi al t hat

t hi ckness of the %éﬁéﬁ%%%sp?éﬁ’?gﬁ}ﬁ;s%%&é g@ ?A? QIFI tt eﬁggglgggenbl y
such as that showahatn tﬁlygmthei‘wn.snedm angpead edr byssettamngAgaseeanml 2 of

t her nosetting polghrrerlc terial 12| shqwn bg t &otwo di stinct
25 streans 12A an*42f Pﬁ‘gep?'é’élerfﬁ:er{ﬁ FHECS PP t? r l}aedﬁé’ ¥BEEtfal 52 in
the flow path of gdygedigom ng polyneric material 12. The thickness of the
splitter edge material is preferabl fromabout 1 to about 10 tines the

t hi ckness 60 of the | HRYPat er?al Pighl¥ gREiPIROWs FBRIiHendrt @f r angenent

of two distinct fﬁ%%lscaq{t'ls-rén%ﬁéibﬁl indoBReh ShjeRttiaghad £1owhnBe JAN 2005
WD 99/ 47332 PCT/ 05741 ..
15 liquid or semi-liquid moldable polymeric material

into a void space between the top and bottom layers
of applicant’s smart card that is not otherwise
occupied by the ITA material, in a process wherein;
the top and bottom molds are respectively abutted
20 against the tdp and bottom layers of the smart card
at a mold parting line perimeter or lip region at
pressures that are sufficient to (a) clamp a ITA
material in position in the +void space, (b)
completely £ill the vold space with a liquid or
25 gemi-liquid thermosetting polymeric material under
the forming conditions (an preferably the cold
forming conditions) wused in the hereindescribed
processes, (c) drive minor amounts of the polymeric
material out of the card forming cavities and into
30 the excess material receptacle and/or (d) drive the

gases in the vold space to the excess material



-to a base or substrate, polyneric material 62 such as pol yet hyl ene.

Pol yet hyl ene sheets havi ng thicknesses of about 0.002 mllin€e & JAR 2005he
effectively used for this purpose. 5 Figure 9 is a cut-away, side view of a
"I TA system- li.ke the systemdepicted in Figure a which has a | ayer of

pol yneri c maoamisadsz 62 such as pol yet hyl ene that supports PEBUSESMhct | TA
circuits 54 and 54'. The systemin Figure 9 is, however, |0 further '
provided with a splatter edge device 52 wRifch is attached to the left side
of the polyneric |ayer 62 Figure 10 shows an | TA circui sten1mhere|n
the left side of arfESRH2 89 ﬂEr@E?WﬁaF@FﬁaﬁaBES'%°@§#QH5} t BHti Aft he
interior of a spl a&ﬁ@rm&pcgesf@f_te%{l(@ 952 dImeel %e:a 8hses! w@rb@ prierial 62
separates. two ITAfilmmaterials 54 and 54'. Figure 11 shows a prior art

| TA syst em conpri seelldfatanthe paitiag éﬂn54189ﬂ88ﬁeuhﬁﬁethbetb@P2@n@|de of a
pol yneric materi al l.yet n I T er att ached
to the underside ?qﬁh q%ﬁ%ﬁé?%%xﬁapébg ?oggghggk céﬁ%@%en 5 O%%d 58’
are electrigally cnnmqpﬁ&ahunaseasbdotheapyltcant«ﬁ qukmmdakesosnenlmr

el ement 64 that passes through 25 the | of polymeric materi al

Figure 12 shows tHhRe| TR nElréﬁlth§ﬁ§ the fFaéremiEeﬁiﬁ¥ldé%P4Mtl1 a
splatter edge mat eééﬁécﬁéhyhaé b1 A ddrieged d s st dadWpit 10 gd T
material 54. 30 Figure 13 Shows an enbodi nent of the | TA-based circuit of
Figure 11 provi dedlTa& tmtsrgpﬂat terplagge as well @axl\hq;@whe Pres o ey 332

PCT/ US99/ 05741 -42 5 e i rat her than
the ITA film54. I’—agure 4 tlc}?a l{éf&%@%& .ILQ mBg%%i;H\“ :g%v fgféCtseﬁdarJtn card 66
made accordobng to ddder eta:cfmom&ebél;’é filils tpm entiddispaktesbetwedm tutes
finished form such a ard will rise er a
bottom I ayer 70, arfP 5"53%95 Br (& ¢te gﬁ%‘? Za]i’%dR/wﬂm?ﬁeﬁng %‘f 61 ayer of

| TA-based circuit Fmi enicabsi# rasivlesinn gesubstainillnlkmpuhiesi gprimd 10
orientation, near the center of the core |ayer 72. The electronlc circuit
components in the YhE&MegeEr MAteYiatoaPd BBY GRSREy tor ReaRtabesnIqr an

antenna 76, a COMuAk+Ghi Bu¥ ot Blife molaBystantat teSpakifnbapae Circuit
conponents are enbedded in a
15 In other words, in these preferred embodiments,

applicant’s “excess” material receptacles need not,

and preferably will not, receive all of the excess

material injected into the wvoid space. Excess
thermoget material and/or gases also may be - and
20 preferably are - expunged from the entire mold

system at the parting line where the top mold 1lip
and the bottom mold lip abut against each other at a
parting line. In effect, the incoming 1liquid or
semi-liquid thermoset polymeric material completely
25 fills the void space, immerses the ITA and any other
electronic components positioned in the core region
of the smart card and forces any air present in the
void space between the top and bottom layers (as
well as any gases created by the chemical reaction
30 of the starting ingredients of the polymeric

material) out of the void space. In some preferred



-15 thernosetting polyneric material 12 (e.g., an initially liquid or
sem-liquid thernosetting resin) that, upon curing, constitutes the solid,
center or core layer 72 of a finished smart card. The thernopsetting
‘polymeric material 12 that eventually 20 becones the center or core |ayer
80 of the svmew473sard is injected into a void space 82 bePHEMIYAY! top | ayer
68 and bottom |l ayer 70. This injected polymeric material 12 is preferably
capabl e of being injected under relativeld’cold, |ow pressure formng 25

conditions. Such thernosgiting pol.yneri erials,1 re.injected into,
and fill, the voi aaéﬁﬁcgg%zaégfi‘r?@§ FeAGoaan, 1980l 2 hrIEtET ot " he
top layer 68 and ghevémsbde sir fthee WA dfsgdteniot t ALl aypeh &xtidAsUpon

curing, the polyneric material 12 of the center or core |ayer 80 should
bond or ot herwi seSg#fRr &0t §1iminatg ARPYOERIAD B AL LIREHESSHIPDE 741 - 43

poth the inside syripcasBlaaieddie topel aygrls anth/bie dsifaguehace 86 of

the bottom | ayer to produce a unified card body. Such adherence can be
ai ded by trseati ngbtbeléendibds saghbceshswized f£86mot £ 5sudte damesl wgee and t he
bottom | ayer in any_one several _ways. For_ex l.e, hondi.ng agents known
to this art may b‘éX‘é poe%fedn%o eenhtél'r‘l%%mcbsc?r?dipr?g yg“enent%\?\‘/gertl‘rl Q‘ﬁglégr gﬂen '

| ayer-form ng thefposstidiiesi a8b aofh i water rabsonfsHrappliicanthe top and
bottom | ayers are 10 made (e. g., PVC). By way of exanple only, M nnesota
M ni ng and Manuf a€*¥#8ng' s base priner product 447y? can be used for this

bond enhanci ng pur pose:§3A9¢ aliky MRAeN hB8150BeOhokRLt @ALEAYRL pBberial is
made of PVC. Other treatnenfs that can be applied 15 to the I nside surfaces

of the topoand/ orabdfamwnpdtfyes slaymusd used ude prisinentdLomroreeaesent s and.
acid etching. The_smart card' hi ckn IS i hed, t he acenent of
den” Brguishdh) e AL ¥ hoPREee ik | SR REP S

nmol d faces (not sH®wn igure 12) el nbset nateri
injected 20 into thecadniicthos facas8Befbdre efiectaret hd acededni @he Oholde

thernoset material 12 into the void space 82 between the top and bottom
layers fills any PR (10amaks dRSepas(’,‘@r@c \PI%EP Pg EB‘E‘SOPF‘E?W se

occupi ed by the sgiidisurdevi gende, ahdydoha, | ayerpedsshikA2hobasks circuit
material 54. Figure 14 also illustrates how the inside surface of the top

and/ or botom | ayeReragdo@fdratie8 EPSolfelbie BATRATIEH SRLPRUEE rPPE of film
ool 19,2 PLeMEEE g etie Loty mhighintd gkl s, 1

_ layer or sheet materials are subjected. Thus, for

example the cold, low pressure molding procedures of

this patent disclosure may provide only a partial

20 amount of the total molding experienced by a molded

top layer of applicant’s smart card. In the more

preferred embodiments of this invention, however,

the top layer will experience a major portion, e.g.,

at least. 50 percent, and more preferably all of the

25 total molding it experiences (as defined by the

change in the volume of the cavity created by the

molding operation) by the cold, low pressure molding

operations of this patent disclosure.
Thus, a particularly preferred embodiment of

30 applicant’s process for making a smart card having a

top layer, a core layer (in which an ITA material is



-PCT/ US99/ 05741 -44 polyneric material such as PVC, the

al phanuneric/graphic information on strip 90 would be vi si bile3 MJON: 2085 car d
user. For exanple, in Figure 14 such a al phanuneric/graphic information 5
‘containing filmstrip 90 is shown positioned on the inside surface 84 of

the top Iayw 9%73 ;I'he i nsi de surfaces of these layers alsg oo gm)rovi ded
with |ayers (% mat:eri als such as filmlayers or coatings \Mcmse upction is

to increase (or reduce) the 10 opacity of jghe card body so that its

el ectroni c conponents are not visible through the card body. Next, it
shoul d be noted t haibddaeds nediid car dbsHohA- bagesd, ciwiqui tcomidrdeal (Pp 1S
preferably positioned in a substantially horizontal 15 orientation, about
hal fway between t HRL35$8dE SutPactheR: ol AWVRE. bet¢ o] & dTA7Batryiahe

inside. surface 84 ofyihe;top & HBovildd Iyent at a | tioning of
the | TA-based circuit 54 ils aglﬁ?%vedga?v &ggt&%ﬂnﬁp%r %hggtv?ﬂf%g}%&the fact
that 20 a splitterthedgdodnsi aesplitves phgecdetwednecHd mepoflafepvamd t he

incomng liguid thernosettin ol yneric terial that enters a gate and
then event ugl ly f(@f%g%g‘ ;LSV?% go’f’i aré’é’lségg% ik tlé‘% FUpReH. thefat is to
say that splitter fdge dmd cembPr Webkd2Bofmithe E8eitCOAI N hbak g o

sem -liquid polyneric material 1.2 to flow under the ITA filmb54 as well as
above it and ther d/VicAn2raLB bR Flyy ERLSSteY RRIHIPEE BEl afFaptRtadm t he

sides. In the noreypnef eps ed@badt 8BIE S, of o hi i IEHS OpR L her 30
underside of the filmor |ayer of |ITA mat er(i t:Ztl cé)lm%zloes not g%%ree'tl?:z\to di rect

physi cal contact wWatieripé and3a)AQtzons lapeg9ina7 338 bRCHMUSS/N57ED - 45

i nside surface 86 of .th t yer 70,.but rather.is entirely inmrersed
in the i nc%?ri ng t g’ﬁ%gg ?ﬁ#}gg% ér %\Ye}gzl.nﬁi%o%ilp%h%’stgﬂ)cecﬁéﬁiges t he
| TA material 54 taheettiopr moAsi o ame fHobtome rnd/ dn S thdsian Jardges t he
smart card may encoynt e[ﬁl_g%pogpilther or, both of ,its _major outside surfaces

or on any of its fdPSo d8PeHe L upfde e 88907 186RE Jfitthether T9r ef erred

enbodi ments of t hinatleRYENt e dikior TheaRbar hakoDd Mbhle DSe RN ikgaed at a
di stance of 10 from about 0.075 mmto about 0.13 mm above the I nside

surface 86 of theto8ttdAYPAyefn?0. PPEERM eslaB%ind 4% i |indsatdng aafir st

preferred pabodi MgRkREs&PRIA B L hpolss A5 LN r using a
Splitter dovice 53 onigeehiid BeIymelte ] 54.Ifl(l%ilgg?§blgh§ier?;ﬂ5%q[ St

particul arly pref @&tr ad tembedabere @idtpiressuneewtiioi wrer educha thiast:, top
| ayer or sheet of plasti terl 6. h gs PVC i.s. s before.it is
(Q% 3 ggﬂ.ﬁ? ?%év&t')’ §a 2t &% 9 the %gm q:(?rtlﬁ%

formed (and preferably ressur€ forne accor
t eachi ngs of soneiB0aprbdastr grredhdlly nerientefd ahdsppai eidneti 381 @agre. In

ot her words, Fi gurg 15 2epi cts_a nold. tqol setl-u | ust ;t)__rior to the
frgh ST

i nj ection of the Hfat WPSEHOSES TP Aoty™ STER4t OVESp | ayer

68 (e.g., =o flat ashaetin@ér PMK3 lsadliVedfe idf ithe splitter, (b) at
least one layer of the smart 'card is at least
partially cold, low pressure molded into a cavity in
the mold device, (c) gases and excess polymeric
material are driven out of the void space, (d) the

25 film, sheet, layer, etc. of the ITA material is
embedded in the thermosetting polymeric material in
a substantially horizontal orientation and (e) the
thermosetting polymeric material bonds with both the
top layer and the bottom layer to produce a unified
30 precursor smart card body; (6) removing the unified

precursor smart card body from the mold device; and



-25 initially placed under a card-formng cavity 98 of a top ngld half shel
94. A bottomlayer 70 (e. g., another flat sheet of PVC is WANA20S ¢ i s
pl aced over a bottomnold half shell 96. Again, however, in sone |ess
‘preferred, but still viable, 30 enbodi nents of applicant's processes the
top | ayer 68yowya® pre-nol ded or at |east partially pre pcrn39gosii2005 WO
99/ 47332 PCT/ US99/ 05741 -46 nol ded, preferably, to the general contour- of
the card-formng cavity 98 in the top nol<dralf shell 94. By way of
conparison, the bottomnold half shell 96 has no cavity conparable to the
cavity 98 5 in the(FbptrpNEL M| Fhe HRY§CWEon BIEr§uCa TS tot Ife AePATRAL eri al
54 is shown in a " i " ggﬁ UC, t.dtsre surface
86 of the bottom| g%ggﬁ%lggwgﬁ% d:apiég?ésﬁ?hcedrggf'f eﬁ%eg{l c%ptnqug%??ng t he
10 t her noset pol ynprocedmtesy i ¢dscr biedt dnt Hehisoi mh temdic elig2 lostiveemayrhe t op

| ayer 68 and bottom |l ayer 70, It _shows the top |layer. 68 after it has been
mol ded into a car d®For HPRY chPi t $988¢H t?f’@“ﬁ%ﬁ st hATRaZ6E| | t8AS(see

Figure 15). sA nozzhge A0 ddTpidbedfd i 1) 8rddr | LaUipdollicE eBinakt Jehdds
thernopl astic or thernosetting polyneric material 12 is shown being.
inserted into an okaYir® stgdlt hasheE A2 kid 1t IFbaysrHeshRecs®B2 shown in-
Figure 15 that is defined between the inside surface 84 of the top | ayer 68
and the 20 inside surface 86 of the bottom|ayer 70. The void space 82
extends fromthe left end 104 to the right end 106 of the juxtaposed top

| ayer 68 and bottom |l ayer 70. In Figure 15 the outside surface 108 of the
top layer 68 is not yet in contact wwth the 25 inside surface 110 of the
card-formng cavity 98 of the top nold half shell 94. By way of contrast,
t he outside surface 112 of the bottom |l ayer 70 is shown in substantially
flat, abutting contact with the inside surface 114 of the bottom nold half
shell 96. 30 In Figure 16 the | TA-based circuit 54 is shown positioned
above the inside surface 86 of the bottom 1 3 JAN 20D5 WD 99/47332

PCT/ US99/ 05741 -47 | ayer 70. Preferably, the ITA circuit material 54 wll
be positioned above the inside surface 86 of the bottomlayer 70 at a

di stance 124 of from about 0.075 mmto about 0.13 mm In other words, the



-5 incom ng thernoset polyneric material 12 will have invaded the region 116
under the | TA-based circuit 54 to such an extent that the | TASnéA%2i§ 54
is elevated to a preferred | evel wherein the distance 124 shown in Figure
16 is fromabout 0.075 to about 10 o0.13 mm Again, such a position for

t he. | TA- baswozd?suit 54 is preferred because the presen®ETASIVISAIt her noset
polynmeric material 54 under the electronic conponents tends to atignent the
protection of the ITA circuit 54 agai nst-3®ny forces or shocks that may 15
be received by the outside surfaces (i.e., the outside of the bottom| ayer
and/or the outside of the top surface) of the card. Figure 16 shows how

nol di ng a process such as ggj 0 SR WD PE 6% ShiF © Mfﬁgocess of this
patent 20 disclosure has int ntornmed the top surface 108 of the top

| ayer 68 to the confi guiigaireon ofigt Re @af GrfaQf MhIvh CVedhY o8 4 Npbig top nmold
hal f shell 94 that is shown in Figure 15. Again, the outside surface 112 of
the bottom | ayer S¥ehen sfeonmpling Priorears ramaddd capdsmsthat swéwtantial ly
flat inside surf 4 mnold half shell 96. This is a
particularly pr e?%%léo}i’ gﬁ‘?\aﬁggﬁgﬁf ‘or making the smart cards of this

pat ent di sel osure. |n Figgreee 1% andouls-sawdy,ordidd priew j@fv 4 egrodr 30 118 of
the top nold half shell 34 and a front |ip or jaw region 120 of the bottom
7ol d hal f shel | GtFtrBo1d 1 9YRRR 2885 WA 37 §49Mper LK) B8yaial - 48
shown spaced apartediigam.each other by a distance 122 that (taking into
consi deration the thickness of the top and bottomlayers 6s and 70), in
effect, defines the WFGEHTBf 3t e vdi GUEpaveY befhBenVERY ©dp d ayekd 68 5 and
the bottom | ayer ts 1 hp .ored i . 12 t wo

nol ds 94 and 96. %%%dilgszﬁélgh12§ t:'5 ég)g‘fJ 59_2, c#@@?%%e%%ﬁﬁ%ﬁetti ng
pol yneri clpat eri als I®iggn indechpdctndai maronehethat decspates 82 wanes- t he
entire length of the card.(e._a. . 10 framits_left d 104 to its right end
106). The counterlplgﬁet c&flsf'éﬁfzaégji%'mo? fgﬁ mn%?dtseysﬁg‘mmggefﬁﬁl‘ri ght side of
the system shown in Firggues &5 ianch 16ubBawaly f fprafr omewhat &f hda
counterpart distance 122 on the left side. In any case the distance 122' 15
shoul d be such t IEYSteRe TAF sPERLRS 3PP HsaNed SERREcR2FRR VRRY& furface 110
of the top layer f8n it RaaSeSHA MU t W éLad1 | FduiA2g Ofr tdigat op nol d
94 and the inside surface 86 of the bottomlayer 70 that passes through the
rear |ip 320" of a¥F& bEP¥BHIDO CABLEY 96ls s fpEEPesnepyovidedt €ith| ainite.
That is to say ”Zbg;tl'ttl%z? V&dde smg{._%rgéfjta&ceegg' oS eég.péy 445 ge enough
to all ow gases 1 e. g., ar, polymeric ingredient reaction product
gases, etc.) in tdeseividgsphe @rmobett bngghatdrialexi sted 25 bet ween the
top and bottom | ayers_68 and_7Q _and excess pol ric. material tq be

exhaust ed from the redf? ]f?e.s, q'rsi g%tc%ﬁ" e a}}c)if %m% vglleff”sf)gcg é‘?fa‘dbut still
be smal|l enough tsyshkehd inhevhiieheat itherpoesstiies poskgménid Nhfdritahe

t her noset golyrrer,i c .30 material 12, |ndeed, the djstance 82'_ is preferably

sized | arg?® enoudff t%%6 d\ﬁjg\'fﬁﬁ&t RPRC| By @AESorathPast a splitter

edge associated with a f£ilm or layer of an ITA

material in a manner taught by this patent
disclosure.
Figure 6 is a cut-away, side view of a layer,
25 film or sheet of an ITA material having an
electrical circuit contained therein that can be
used in the practice of applicant’s invention.
Figure 7 is a cut-away side view of a layer,

film, or sheet of an ITA material that is provided



-1 3 JAN 2005 WD 99/47332 PCT/ US99/ 05741 -49 liquid polyneric material 12
itself to be "squirted" or "flashed" out of the void space - hBdJAN g5

al l owi ng all gases residing in, or created in, the void space 82 to be
“expunged out of the rear or 5 right side of said void space (i.e., near
where the wWWplophast he void space is depicted with di st anoe1aigeys4182' )
and, indeed, out of the nold systemitself. Thus, all such gases 126 are
conpletely replaced by the incomng |iqui-git-hernoset material 10 12'. This
gas exhaust technique serves to prevent gas bubbles fromformng in the
body of the thernoséthnewt espaliti@t tddge ewateuidl y accordinmpdm ctheng of
the thernoset naterial 112) coglpri ses_t.he, cegﬁ:ertor.coie | ayer 72. 15
Figures 17 and 18 %%Ib?’fﬁ &5 38 éﬁgﬁo?% o EAFERLABBGT A of the nol di ng
process that was gener atigurel I7astshavedan NITA gbtesribl aiid 6.sphatEkgures 15
and 16, the rear or _right side 106 of the top and bottom | ayers 68 and 70
are shown protrudi PFDUPRAT A9 Figurepdctin e rBTfRs Beciignogiew.

Consequent |y, the g 138 (ddueAngn CieilaTheh€AG OBpPE 0dubngRsRS) and
"excess" polyneric terial (i.e., polyneric material 12 in excess of that

required to fill tweexsdind poyyhdons2Piathke eXjnwafedorreippest @adlduandf the 25
nol ds 94 and 96. This ml d exhaust arrangene wor k better_ wth
some thernoset i nj %Cf?%eﬁ r%"tqéllij Pals SF‘SHEI %51’1%‘9%%%%%& EHAERGH ePnd

mat eri al s) than ittkwesttcnh sakbees . o A\Riel 6pDLtb&s , ed\ers®erial so found

that in sone cases, the overall nold 30 system depicted in Figures 15 and
16 is sometimes |eft wWHYFIYEsiBdUE Dot e sAiM QY Skersprier3 JAN

2005 WO 99447332 PLA USAReQSdfidre DO R WHRELE HRIEL i Ay tatelha] aid ONE way

or another, interferes with the manufacture of succeeding smart card(s). In
effect this arrangesmaniatedetiifls a daver e podamaricnwhbedtald ceudn a

"dirty" 5 conditio i C ucj o] ¥ i q i spart
cards in succeedi n%s yg&eegig?g{l%eﬁg?agﬁda\égg%dsﬁ I ng@(%%grhaglﬁééégeonfpﬁoyed in
maki ng such cards.tilhaTmanbetdental aofe affixedntd sthesntel addehefimtd i n
Figures 17 and 18 can be.used to,correct this problem It does this through

the use of a top MSIY™SFFnIPteT+% has an excess material receptacle cavity
128. The fupction of tliguescesssnat et alwayeeddeatiewCay¥i tyo 1d8edtss t O

receive and hold %Qg'an ITA material attached to a la i
yer of polymeric
- material in the manner shown in Figure 8, but
wherein a layer of splitter edge material is
attached according to the general concept of this
20 invention.

Figure 10 is a cut-away, side view of a smart
card circuit device comprised of two sheets of an
ITA-based material that are separated from each
other by a sheet of polymeric material. According

25 to the teachings of this patent disclosure, the
leading edge of the polymeric material is provided
with a splitter device.

Figure 11 is a cut-away side view of a prior
art smart card circuit. device comprised of two

30 separate sheets of ITA material that are

electrically associated with each other wvia an



-15 excess thernoset material and any gases 126 (air, chem cal reaction
product gases) purged fromthe void space 82 by the injecti d8 ANt 185
polymeric material 12 in said void space. Indeed, in sonme of the nore
‘preferred enbodi nents of this invention, 20 excess polyneric material 12
will be purwoselssi njected into the void space 82 in ordePCwustod?yie out any
gases 126' that woul d otherw se be entrapped or entrained in the *center

| ayer 80 of the card. Applicant's excess-3mterial injection procedure nmay
25 entrap sone of these gases in the excess polyneric matferial 54' in the
manner general |y PRENERT et | Hher GRREST1 8 a¥PTs B 20PN HEC (TateT igdses may

be exhausted fromphe gobd-Syst @Meatub! Snddd id10 fraNRaddfi2s Suggested by

the direction of arrow 132. 30 Again the "excess" thernoset material in the
excess materi-al receptBitdurel 2B sepiens uahbypheri embddimemt of| tBidAN 2005
WD 99/ 47332 PCT/ US99/ 05741 -51 such_"precursor,” .cards_in, order to create a
"fini shed" card. fLPV'é?rsJoo%Hg’tﬁr&lBeaﬂo? D3RG 4o ?h?ss%fjetf%eﬁ dd¥Ehbodi nent
of applicanf's preeespatddiaill ops! aysiodlted Mplgled dndt 0ot herHeOP IrRYI ONS 134
5 of the excess material_receptacle 128 in the sane general way that the
top |ayer 68 is nBpBewWaH Fatherchhan etk fdec Relypesse Mtarialis al so

shows that the inside ﬁﬂ_:flfx%ce%()fié he tggtag‘gléﬁr hatgom, i ayerss cap be
provided with various filns, e.g., those that 10 carry
al phanuneri cal / desingedimgrir n&f | bhisr iprvent ten cehergin quabinkirescapdt he card,

e.g., such a filmyccould ptovide the card w.th city enhanci ualities.
Figures 19 and 20° Ecpll"% %%%/)Jt eerlspr%?&rrrlggdlgfce)@gdi%@n - e5F Fﬁgggf nvention
wherein the top | agenTiSmandrihe bhat oaxrkapeksodDabed ywekih ead cearéhe front.:

edge of the excess materj al receEt acle 128. Thus, the tqp |ayer 68 is not

mol ded into the eXk¥¥es HaPOlVEFTIE Misciad £ogWhich 2GRt erhedgase shown

20 in Figure 18. hixd-heenkodiegRhkeghown in Figure 20, entrapped gases 126
and excess polyneric material 54' are not entirely ejected fromthe nold

cavity system as theyFigare i A4t hes procend-awevm | #idd gwiewl6efbud rat her

are "captured” incgrgﬁea%%% g%%,%r isﬂar€5c%§'ﬁel?1ta@ﬁé§ éﬁ8ﬁ,§a ai__@ H al so

resides in the ove ity system 1t a oul e noted that, in
Fi gures 195and 20etmbmxidesh ib08tef cehbet opr | ayer Biyidmesndowhézbewas i nto t he

ecepracle 125 aplio S e Y LR, SER B RS By fleee 0
be; and preferabl gewtes. 1 3 JAN 2005 WO 99147332 PCT/ US99/ 05741
Figures 15 is a cut-away side view of a mold
tool set up for making a first preferred embodiment
20 of this invention wherein certain smart card
components are shown before a liquid polymeric
material is injected into a core region between the
card’s top and bottom layers.
Figure 16 shows the system depicted in Figure
25 15 after a polymeric material is injected into the
void space between the top and bottom layers and
thereby filing said wvoid sgpace with a polymeric
material and forming (preferably by a cold forming
operation) the top layer of the smart card to the
30 contour of the top mold’'s card-forming cavity and

positioning the ITA material in a substantially



-52 exhausted fromthe nold systemat its parting line |30. Fi gure 21
illustrates a sonewhat |ess preferred, but still viable, e g of this
5 invention wherein the bottomnold 96 is provided with a caV|ty 1 3 much
‘in the way that the top nold 94 has such a Cavity 98. Figure 22 shows a
sem - fini shagoegsrpszecur sor smart card of the type shown i redivypas/es?418 be| ng
10 renoved froma nold system Section |ines 140-140 and 142-142 *»
respectively show how the | eft end and ri-gi3t- end of the precursor smart
card can be cut or trimed away to create the sharE edges and precise

di nensi ons of a fikeEkRantadaarientationain, thy ®apces 8f &kanprEd’ £SO
Standard 7810 requikes Adhalopsuch cards have a length 144 of 85 mm Figures
23(A) through 23(E) contrast various gates into which a thernosetting
polynmeric material 12 dtgudebd7’i ruijep¢cee| anooheferprefdnyrad aengnoaemestrart 20
card. For exanple, Figutre 23(A s.a,pr g uration Q
R S, T comonly r%{egﬁéﬁ 8V t gaﬁhﬂ‘/’%ﬁgggﬁs %Fh'd ﬁaror% "&é%va‘ré?ers to
the fan-1ike) genepféuzes)nf:isgurmtl @orehet hepgmiidat avinthi clna theespset

polymeric material 12 is injected 25 froma runner 146 that feeds the
various gates in re@k¥eardcr BahpEhal R/ IpFKECER EIRD HEGREAELBN shown i n

Figure 23A1s often enplsd Wel laofibe 8hk. -ahehbah sRyeseise plding

procedures. The narrowest part he fan Q I's shown
provided with an impltti enspemt ﬁéﬁ:.f:bedreaal vi Fitgutee | m@ommghl i qal d,

t her noset pol yneric mater 13.JAN 2005 E\O 99447332 $U899/ 5741 -53
12. As can be bett @5’&? f’inﬁl FOPEMSEAA TRRETFRAT e SPESASHRRYE 1989 such a

prior art systens ts ddlaelakinyedy rowipredsapet esndfflonsgl.ative to the
wi dth 152 of the fan (|., .. _the distance frompoints S to 5 point in
Figure 23A) in the regifd@%ifer el he YAEtratae i MR caFFF?e’EFl%ﬁl f or ns

the general outlingusedihent, of Ofhildeimratioaahdreine dHa MBiketByomay of
contrast, Figures 23(D) to 23(E) depict sonme of applicant's nore preferred

gate 10 configuratlawer gampengRtsaldepiptedotad ther aaldattandplsetardp pref er s
L0 Laner  hese ot gy 1:UGSFELYGy PEHLOLSLY (85 §5Pehed bl gl con o
appl i cant' a5gat es otz gnrfacantf yagrdiigentt bapards terminate at the
edge of a excess material receiving receptacle.
Figure 20 shows the system shown in Figure 19
after the void space (and the excess material
receptacle) is filled by injection of a
20 thermosetting polymeric material therein.
Figure 21 is a cut-away side view of a mold
tool set up that has made a second embodiment of
this invention wherein both the top layer and the
bottom layer are each molded in their respective
25 mold cavities.
Figure 22 1is a cut-away view showing a mold
tool being removed from a precursor smart card body

formed by the system generally depicted in Figure
18.



-15 the gates used in prior art smart card nol ding processes. For exanple
the diameter 150 of the injection port 148 of such prior art $9siaN®R006ay be
sonmething on the order of 7.0 mmwhile the width of the fan along the line
‘extending frompoint Sto 20 point T (which is also the nom nal w dth of
the credit weog4isee be formed) is about 54 mm (as per the peruswesmant s of

| SO Standard 7810). Hence, as seen in the cross sectional view depicted in
Fi gure 23AA, the dianeter of the prior ars4+njection port 148 of 25 Figure
23(A) which leads fromthe main olgmsric material supply runner 146 to the
injection port 148 is Ebﬁﬁ?ew?@)go‘ﬁ Torglni 235 dER1efS t Fel vigy dflathe card
to be fornmed. Such.rse Lye ggpcﬁ,s ( . J t_J.s _about:
1/10 as wi de as t%gdsggééges%% t el"ggf’é ggi%%@dv%gggéét%ﬁﬁtgé&a se)
suffice in nost pifoar iaféctionfict appl hganet diddermobed thaAbe205s WO 991 47332
PCT/ US99/ 05741 -54 wherein hot, F{]i gh ress for.m n%\gcondi tions are being
applied to a thernopl aStPerfreterdSE CtRo? B el SYREEP FRAYS Afr ocesses
inject theig pol ygakhiggmat auieigiat tenperat urgsud)angi gigady omdirga excess
of 20dF to 1000F at pressures ranging from 500 to 20,000 psi. Again such

hi gh tenperature &ABUhEFREPIRSEURECTSHEAT i ohstBef feachdngs defatihyisf r om
those | ow t enper aggggngn&ligémyeq conditions that are preferably enpl oyed
in applicant's processes. 1o By way of contrast with such prior art runner
gate systens, such as the one depicted in Figure 23(A), several of
applicant's injection port systens, are illustrated in Figures 23(B) to
23(E). Applicant's injection port systens are characterized 15 by their
relatively wide gates. For exanple, applicant has found that under the nore
preferable cold, |ow pressure conditions (e.g., 56F to 100F and at nospheric
pressure to 200 psi) enployed in applicant's preferred processes, higher
quality 20 precursor cards (and hence finished cards) are produced when the
wi dth or diameter 150 of an injection port 148 for a gate is considerably
wi der than those enployed in prior art manufacturing nethods. To this end,
Figures 23(H) through 23(E) 25 illustrate four variations of applicant's
"W de injection port" concept. In Figure 23(B), for exanple, the dianeter
150" of injection port or gate 148 is about 50 percent of the width 152"
the precursor card to be forned. In Figure 23(C) the 30 width 150" of the
injection port or gate 14B' is 1 3 JAN 2005 WO /47332 PCT/ US99/.05741



--55 about 80 percent of the width (the distance frompoint S to point T)
of the precursor card. In Figure 23(D) the width 152" of tHegijaneshd on port
or gate 14B' and the width (the distance frompoint S 5 to point ) of
‘the precursor credit card (S, T, U, V) are substantially the sane.
Figure 23(Byvodepidszt s a card nol di ng system wherei n the wiRETAWSEES41of t he
gate is greater (e. g., about 25%greater) than the width 152' of*the ‘edge
of (depicted by the 10 di stance from poin35S to point T') of the precursor
smart card S, T, U, V. In general, applicant has found that the best
results are obtained when the width 150" of his gates are from about 25%to
about 200% of the wi dth @Pmerehs! fEdE: ToTaBNSrNTHD wint T') of the
edge of the precursor card serviced by the gate. s contrasts sharply
with most prior art (hpghutenmpenapiieeshiaghpluesside)osyst @ ovhane the
wi dth of the injection port (again note the distance frompoint Qto point
Rin Figure 20 23MmaLy | syasenl | y0| efort harmmkdbsut Ertrperamant ofcande wi dt h
(the distance from,pqi oi t f th r ing
serviced by that g@é?'gwis—'?%?ﬁ% 24 %I%-esfé)% eé@af%l?il nc(fzjf p?g%lg%dl%rcﬁﬁgei ng
carried outs accor ghegmbsetsoirgy qfolivhericefmatieeda?’ 12nticedishents wafinkhi s
patent disclosure wherein four credit cards are bei nol ded si nyl t aneously
in a system wher et eByehayu? %xﬁﬁ’b‘f%a]on’f‘ﬁne%ecciﬂ‘%‘géstl‘lt woakavitti es
(closest to the igphackbon NeAalon, 1902adr enheigad sedewi t Do) 1gtC@mang
thernoset polynmeric 30 materjal 12 by gates 152' and 152" respectively.
These gates have &6Ri deh NRL4 Fayithes didR and® f Adm and 138D AN XHesrwo
991 47332 PCT/ US99/ - it 4' pohAt yop th j.S.«abaut one
hal f of the wi dthrgngé%%l%en%rds%oﬁ%gér 55§069??hae&%%satndnc§fért?):r%?pglynt 158
to point 1BD') whifiémt b ITo matreriadneRd, (R2B, , 220rand aian dsf mbowhhe
injection nozzle 5 100), card-f.orm ng caviti have.lnjection ports and
gates that are abB§PPEEEHTY &% FHSHV\H‘%%' (%%'E?Set %%6##%? R¥18Fecur sor
card itself. The dabtedibtteiZ06chimmtryn Hicgur esidh degmagts tdagdeut!ine of
a finished smart card after, the edges_have been 13 trimmed o (a_given size
t

and to elininate PREEXRessPPerifdbet 2HBt erd®d PR I?‘émexeﬁgjsc‘haf:éfi al
receptacl es 12s) tg.piegucaga féni shedi sdBiinCapdaye ok thonaigayhng a

l ength of 85 nmand a wdth of 54 nmas per |ISO Standard 7B10). Again,
these carde 15 nayhpenespitiag MAySwEde HAtappricdli-on Bre edge of

al phanuner i ¢/ gr apBhe hOfPIdiRkan 0Nl Nedded Ny aBBieELa mUkACES. © 0., by
various printing and/or fil'm application procédures knowi to those skilled
inthis art. 20 Wil e Figurd & et iprcdtaauwsaan sddecvigedohi cherefpact to
various specific ex I i Ll I S fm% f oncept of
positioning a | TA™ gggs %eﬁr@ﬂﬁ&?) h%garthttehgg%g%?jérmo t estrt%gﬂsté't%t %ng%ol ymer
core region of a sparigaaedl.it InS suehba Zoyatetertdteoakntiral trihener

her ei ndescri bed inventjon shoul,d be limted in gcope only by .,the follow ng
claims. . A%. AU ASCRIEIARS APJRETR Fhoythermoset material 12 into a

vold space 28 between the top layer 30 and bottom

layer 32 of the card. As seen in Figure 2, the mold
gsystem 10 has a top mold half shell 34 and a bottom
mold half shell 36. The top mold half shell 34 is
25 shown in top layer-molding-contact with the top
layer 30 of polymeric material that will eventually
form the top layer of the resulting smart card.
Similarly, the bottom mold half shell 36 is shown in
contact with a bottom layer 32 of polymeric material
30 that will form the bottom layer of the smart card.
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] ca] cal] ca] cal] cath y SRR DS tdleXsere region © inished smart

card. In effect, a atrip or film of ITA material
22D will be contained in the core region or wvoid
15 space 28. The right end 46 of the sheet, layer or
film of the ITA material 22D is shown “sagging down” -
and coming to rest at a point generally depicted by
arrow 48 on the top surface 50 of the bottom layer
32.
20 Figure 2 also illustrates a very likely final
position of the ITA film material 22D in a dried
body of the thermosetting polymeric material 12
injected into the core region of a finished card in
those cases where applicant’s hereinafter more fully
25 described splitter edge material is not employed to
split an incoming liquid stream of said polymeric
material 12. Again, this stream splitting takes
place when the leading edge 44 of an ITA film is
presented to an incoming stream of the thermosetting
30 polymeric material 12. In other words, Iif

applicant’s stream splitting edge device 52 is not
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0% ()-0!'M Yd0%dactsl YEAKEE() tB31@%h&mblekif) 22D is in direct
contact (e.g., at point 48) with the top surface 50
10 of the bottom layer 36 of the smart card. This
makes the ITA f£ilm 22D more susceptible to damage by
bending or torsional forces on the external surfaces
of the smart card. Second, the ITA film 22D makes
better electromagnetic wave signal communication
15 with a smart card reader device (e.g., an ATM) when
the circuit contained in the ITA material 22D is-
substantially parallel to a pickup head of the card
reader device (not shown) . This parallel
arrangement is most easily achieved when the ITA
20 film 22D is in the substantially horizontal
orientation depicted in Figure 5 rather than in the
vgagged down” orientation depicted in Figure 2.
Thus, “success” in the practice of this invention
would be the condition wherein the ITA material 22D
25 is not in contact with the bottom layer 34 of the
card. An added degree of success is achieved if the
ITA material 22D also is in a substantially f£flat
configuration and in a substantially horizontal

orientation in the core region of the end product

30 gmart card.
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Lml0% & () - mY10%&' () - @GYMIAMR ) 1s1Qpét-away, croes-section view of a

prior art smart card-forming mold set up. It shows
a core or void region 28 formed between a top layer
30 of polymeric material such as PVC and a bottom

5 layer 32 of a comparable material (e.g., PVC). A
stream of thermosetting material 12 is shown being
injected into the void space 28 and thereby creating
an “undesired” wave-like configuration in a film of
ITA material 22D.

10 Figure 4 shows a plan view of a mold system 10
for making four smart cards simultaneously according
to the teachings of this patent disclosure. This
mold system 10 differs from in one shown in Figure 1
by virtue of the fact that each strip of ITA

15 material 22A, 22B, 22C and 22D reslding in its
respective mold cavity is attached to a respective. -
splitter edge device 52A, 52B, 52C and 52D.
Preferably, such splitter edge devices are made as
parts of an overall sheet that places the splitter

20 edge components 52A, 52B, 52C and 52D at the
entrance of each respective card forming cavity 183,
188, 18C and 18D. Thus, these splitter edge devices
52A, 52B, 52C and 52D face the incoming flow of
thermoset material 12 at the respective gates 1634,

25 16B, 16C and 16D of the mold cavities.

Figure 5 is a cut-away, cross-section view of.a
smart card system wherein a smart card’s ITA film
22D has been properly (i.e., horizontally)
positioned by an incoming £flow of thermosetting

30 polymeric material 12. The left or front edge 44 of
a film-like body of ITA material 22D is shown
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52 also will be made of a material that is more
rigid than the material from which the ITA f£ilm is
made. The added thickness (and/or rigidity) of the
10 splitter edge material 52 will cause an incoming
stream of thermosetting polymeric material 12 to
split into two streams 12A and 12B. As depicted in
Figure 5, stream 122 flows over the ITA material 22D
and stream 12B flows under said ITA material 22D.
15 This stream splitting action causes the ITA material
22D to take on a substantially horizontal
orientation in the core region of the smart card.
This circumstance is to be contrasted with the
“gagged down” state and orientation of the ITA
20 material depicted in Figure 2 and the “wave-like”
configuration depicted in Figure 3.
Figure 6 shows a cut-away, cross-section view
of a prior art ITA material 54. It is comprised of
a polymeric film 56 that has electrical conductor
25 materials embedded or dissolved therxein. Thus,
electrical circuit elements or components 58, 58A,
58B, etc. (e.g., computer ships, antennae,
capacitors etc.) can be made a part of the polymeric
material 54. For example, such circuit components
30 can be etched into the polymeric material 54 by

processes well known to the circuit manufacturing
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109 () - | 5 configurations that can be employed in the practice
of this invention. Any such configuration may be
referred to as an “ITA-based circuit,” “ITA circuit
material,” “ITA material,” “ITA-based circuit,” “ITA
film,” “ITA system,” etc. for the purposes of this
10 patent disclosure. For example, Figure 7 shows an
ITA material 54 attached (e.g., by various methods
known to those skilled in this such as by gluing, by
thermobonding, by co-molding the two material, etc.)
to a splitter edge material 52. The splitter edge
15 material 52 will normally be a sheet or layer of
polymeric material, cardboard, etc. The splitter.
edge material 52 will preferably have a thickness of
from about .025 mm to about 1.27 wmm. Preferably,
the splitter edge material 52 will have a thickness
20 that is greater than the thickness of the ITA film.
Figure 7A shows a ITA/splitter edge assembly
such as that shown in Figure 7 in enlarged cross-
section. A stream 12 of thermosetting polymeric
material 12 is shown being split into two distinct
25 streams 12A and 12B by the presence of the sgplitter
edge material 52 in the flow path of the incoming
polymeric material 12. The thickness of the
splitter edge material is preferably from about 1 to
about 10 times the thickness 60 of the ITA material.
30 Figure 8 shows a prior art arrangement of two

distinct sheets of ITA material 54 and 54’ attached
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to a base or substrate, polymeric material 62 such
as polyethylene. Polyethylene sheets having
thicknesses of about 0.002 millimeters can be
effectively used for this purpose.
5 Figure 9 is a cut-away, side view of a ITA
gsystem - like the system depicted in Figure 8 -
which has a layer of polymeric material 62 such as
polyethylene that supports two distinct ITA circuits
54 and 54’'. The system in Figure 9 is, however,
10 further provided with a splitter edge device 52
which is attached to the left side of the polymeric

layer 62.
Figure 10 shows an ITA circuit system wherein

the left side of a layer of polymeric material 62 is
15 mounted in the interior of a splitter edge material
52. The layer of polymeric material 62 separates.
two ITA film materials 54 and 54°'.
Figure 11 shows a prior art ITA system
comprised of an ITA material 54 attached to the top
20 side of a polymeric material 62 such as polyethylene
and an ITA material 54‘ attached to the underside of
the polymeric material 62. ITA components 58 and
58’ are electrically connected to each other via an
electrical connector element 64 that passes through
25 the layer of polymeric material 62.
Figure 12 shows the ITA-based circuit shown in
figure 11 provided with a splitter edge material 62
that is affixed to the upper layer of ITA material

54.
30 Figure 13 shows an embodiment of the ITA-based

circuit of Figure 11 provided with a splitter edge
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52 that is affixed to .the polymeric layer 62 rather
than the ITA £ilm 54.
Figure 14 depicts a cut-away side view of a
smart card 66 made according to the teachings of
5 this patent disclosure. In its finished form, such
a smart card will be comprised of a top layer €8, a
bottom layer 70, and a center or core layer 72 in
which a film or layer of ITA-based circuit material
74 resides in a substantially horizontal
10 orientation, near the center of the core layer 72.
The electronic circuit components in the ITA
material 74 could be, by way of example only, an
antenna 76, a computer chip 78, etc. In any case,
these ITA-based cilrcuit components are embedded in a
15 thermosetting polymeric material 12 (e.q., an
initially liquid or semi-liquid thermosetting resin) -
that, upon curing, constitutes the solid, center or
core layer 72 of a finished smart card. The
thermosetting polymeric material 12 that eventually
20 becomes the center or core layer 80 of the smart
card is injected into a void space 82 between the
top layer 68 and bottom layer 70. This injected
polymeric material 12 is preferably capable of being
injected under relatively cold, low pressure forming
25 conditions.
Such thermosetting polymeric materials 12 are
injected into, and £ill, the void space 82 defined
between the inside surface 84 of the top layer 68
and the inside surface 86 of the bottom layer 70.
30 Upon curing, the polymeric material 12 of the center

or core layer 80 should bond or otherwise adhere to
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both the inside surface 84 of the top layer 68 and
the inside surface 86 of the bottom layer 70 to
produce a unified card body. Such adherence can be
aided by treating the inside surfaces 84 and 86 of
5 the top layer and the bottom layer in any one of
several ways. For example, bonding agents known to
this art 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
10 made (e.g., PVC). By way of example only, Minnesota
Mining and Manufacturing’s base primer product
4475® can be used for this bond enhancing purpose -
especially when the top or bottom layer material is
made of PVC. Other treatments that can be applied
15 to the inside surfaces of the top and/or bottom
layers could include plasma corona treatments and
acid etching. The smart card‘s thickness 88 is
defined by the placement of mold faces (not shown in
Figure 14) as the thermoset material 12 is injected
20 into the void space 82. 1In effect, the injection of
the thermoset material 12 into the void space 82
between the top and bottom layers fills any portion
of that void space 82 that is not otherwise occupied
by the splitter device 52 or by the layer of ITA-

25 based circuit material 54.
Figure 14 also illustrates how the inside
surface of the top and/or bottom layers 68 and/or 70
also may be provided with strips of film 90 bearing
alphanumeric and/or graphic information and designs.

30 Thus, if the top layer 68 were made of a translucent
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: polymeric material such as PVC, the

alphanumeric/graphic information on strip 90 would

be visible to the card user. For example, in Figure

14 guch a alphanumeric/graphic information-

5 containing film strip 90 is shown positioned on the
inside surface 84 of the top layer 68. The inside
surfaces of these layers also may be provided with

layers of materials such as film layers or coatings

whose function 1is to increase (or reduce) the

10 opacity of the card body so that its electronic

components are not visible through the card body.

Next, it should be noted that the smart card'’'s

ITA-based circuit material 54 is preferably
positioned  in a substantially horizontal

15 orientation, about halfway between the inside
surface 86 of the bottom layer 70 and the inside .

surface 84 of the top layer 68. This orientation

and positioning of the ITA-based circuit 54 is
achieved at least in part by virtue of the fact that

20 a splitter edge device 52 was placed in the line of
flow of the incoming liquid thermosetting polymeric
material 12 that enters a gate and then eventually

forms a 8so0lid core region 80 of the asmart card.

That is to say that splitter edge device 52 will

25 cause the incoming liquid or semi-liquid polymeric
material 12 to flow under the ITA film 54 as well as

above it and thereby immerse said £ilm 54 from

above, below and from the sides. In the more
preferred embodiments of this invention the

30 underside of the film or layer of ITA material 54

does not come into direct physical contact with the
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material 54 to better resist any flexure and/or
5 torsion forces the smart card may encounter upon
either or both of its major outside surfaces or on
any of its four outside edge surfaces. In some of
the more preferred embodiments of this invention the
ITA material 54 will be positioned at a distance of
10 . from about 0.075 mm to about 0.13 wm above the
inside surface 86 of the bottom layer 70.

Figures 15 and 16 illustrate a first preferred
embodiment of applicant’s methods for making smart
cards using a splitter device 52 on an ITA material

15 54. Figure 15 depicts a particularly preferred
embodiment of thies invention wherein a flat, top-
layer or sheet of plastic material 68 such as PVC is
shown before it is formed (and preferably cold, low
pressure formed) according to the teachings of some

20 preferred embodiments of this patent disclosure. In
other words, Figure 15 depicts a mold tool set-up
just prior to the injection of the polymeric
material 12. In this set up, a £flat, top layer &8
(e.g., a flat sheet of PVC) is shown as it 1is

25 initially placed under a card-forming cavity 98 of a
top mold half shell 94. A bottom layer 70 (e.g.,
another flat sheet of PVC) is shown as it is placed
over a bottom mold half shell 896. Again, however,
in some less preferred, but st1ll wviable,

30 embodiments of applicant’s processes the top layer

68 may be pre-molded or at least partially pre-
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shell 96 has no cavity comparable to the cavity 98
5 in the top mold half shell 94. In Figure 15, the
ITA material 54 is shown in a “sagging down” stage
such that it rests on the top suxrface 86 of the
bottom layer 70.
Figure 16 depicts the effects of injecting the
10 thermoset polymeric material 12 into the void space
82 between the top layer 68 and bottom layer 70. It
shows the top layer 68 after it has been molded into
a card-forming cavity 98 in the top mold half shell
94 (see Figure 15). A nozzle 100 for injecting a
15 liquid or semi-liquid, thermoplastic or
thermosetting polymeric material 12 is shown being
inserted into an orifice 102 that leads to the void
space 82 shown in Figure 15 that 1s defined between
the inside surface 84 of the top layer 68 and the
20 inside surface 86 of the bottom layer 70. The wvoid
space 82 extends from the left end 104 to the right
end 106 of the juxtaposed top layer 68 and bottom
layer 70. In Figure 15 the outside surface 108 of
the top layer 68 is not yet in contact with the
25 inside surface 110 of the card-forming cavity 98 of
the top mold half shell 94. By way of contrast, the
outside surface 112 of the bottom layer 70 is shown
in substantially f£lat, abutting contact with the
inside surface 114 of the bottom mold half shell 96.
30 In Figure 16 the ITA-based circuit 54 is shown

positioned above the inside surface 86 of the bottom
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will be positioned above the inside surface 86 of
the bottom layer 70 at a distance 124 of from about
0.075 mm to about 0.13 mm. In other words, the
incoming thermoset polymeric material 12 will have
invaded the region 116 under the ITA-based circuit
54 to such an extent that the ITA material 54 is
elevated to a preferred level wherein the distance
124 shown in Figure 16 is from about 0.075 to about
0.13 mm. Againh such a position for the ITA-based
circuit 54 is preferred because the presence of the
thermoset polymeric material 54 under the electronic
components tends to augment the protection of the
ITA circuit 54 against any forces or shocks that may

be received by the outside surfaces (i.e., the

outgide of the bottom layer and/or the outside of-

the top surface) of the card.

Figure 16 shows how molding a process such as a
cold, low pressure forming procesé of this patent
disclosure has in fact conformed the top surface 108
of the top layer 68 to the configuration of the
card-forming cavity 98 in the top mold half shell 94
that is shown i1n Figure 15. Again, the outside
surface 112 of the bottom layer 70 is shown in
Figure 16 molded against a substantially flat insilde
surface 114 of the bottom mold half shell 96. This
is a partilcularly preferred arrangement for making
the smart cards of this patent disclosure.

In Figures 15 and 16 a front lip or jaw region
118 of the top mold half shell 94 and a front lip or
jaw region 120 of the bottom mold half shell 96 are
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the width of the void space between the top layer 68

5 and the bottom layer 70 at these 1lip or jaw regions
118 and 120 of the two molds 94 and 96. This
distance 122 should be such that the thermosetting
polymeric material 12 can be injected into the void

space 82 over the entire length of the card (e.g.,

10 from its left end 104 to its right end 106). The
counterpart distance 122’ of the mold system on the

right side of the system shown in Figures 15 and 16

may differ from that of its counterpart distance 122

on the left side. In any case the distance 122’

15 gshould be such that the distance 82’ defined between
the inslide surface 110 of the top layer 68 that

passes through the rear lip 122’ of the top meld 94

and the inside surface 86 of the bottom layer 70

that passes through the rear lip 120’ of the bottom

20 mold 96 is very small - but still finite. That is
to say that this very small distance 82’ is
preferably large enough to allow gases 126 (e.g.,

air, polymeric ingredient reaction product gases,

etc.) in the void space 82 that originally existed

25 between the top and bottom layers 68 and 70 and
excess polymeric material to be exhausted from the

rear (i.e., right side) of the void space 82, but

still be small enough to hold the injection
pressures used to inject the thermoset polymeric

30 material 12. Indeed, the distance 82' is preferably

gized large enough to allow even thin layers of the
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or “flashed” out of the void space - and thus
allowing all gases residing in, or created in, the
void space 82 to be expunged out of the rear or
5 right side of said void space (i.e., near where the
width of the void space is depicted with distance
arrows 82') and, indeed, out of the mold system
itself. Thus, all such gases 126 are completely
replaced by the incoming liquid thermoset material

10 127 . This gas exhaust technique serves to prevent
gas bubbles from forming in the body of the
thermoset material 12’ that eventually (i.e., upon
curing of the thermoset material 12) comprises the
center or core layer 72.

15 Figures 17 and 18 depict an even more preferred
embodiment of the molding process that was generally
illustrated in Figures 15 and 16. In Figures 15 and
16, the rear or right side 106 of the top and bottom
layers 68 and 70 are shown protruding out of their

20 respective molds 94 and 96. Consequently, the gases
126 (air and chemical reaction product gases) and
“excess” polymeric material (i.e., polymeric
material 12 in excess of that required to £ill the
void space 82) are expunged or exhausted out of the

25 molds 94 and 96. This mold and exhaust arrangement
may work better with some thermoset injection
materials (and some top and bottom layer materials)
than it does with others. Applicant has, however,
also found that in some cases, the overall mold

30 system depicted in Pigures 15 and 16 is sometimes

left with residual bodies of solidified excess
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interferes with the manufacture of succeeding smart

card(s) . In effect this| arrangement sometimes

leaves the overall mold device in a “dirty”

5 condition that is not conducive to making high
quality smart cards in succeeding cycles of the high
speed molding operations employed in making such
cards.

The embodiment of applicant’s invention shown

10 in Figures 17 and 18 can be used to correct this
problem. It does this through the use of a top mold
94 that also has an excess material receptacle
cavity 128. The function of this excess material
receptacle cavity 128 is to receive and hold any

15 excess thermoset material and any gases 126 (air,
chemical reaction product gases) purged from the
void space 82 by the injection of the polymeric
material 12 in said void space. Indeed, in some of
the more preferred embodiments of this invention,

20 excess polymeric material 12 will be purposely
injected into the vold space 82 in order to drive
out any gases 126’ that would otherwise be entrapped
or entrained in the center layer 80 of the card.
Applicant’s excess material injection procedure may

25 entrap some of these gases in the excess polymeric
material 54’ in the manner generally indicated in
Figure 18 or some or all of these gases may be
exhausted from the mold system at its parting line
130 as suggested by the direction of arrow 132,

30 Again the “excess” thermoset material in the excess

material receptacle 128 is eventually trimmed from
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general way that the top layer 68 is molded into the

card forming cavity 98. Figure 18 also shows that

the inside surfaces of the top and/or bottom layers

can be provided with various films, e.g., those that

10 carry alphanumerical/design information or provide

certain gqualities to the card, e.g., such a £ilm

could provide the card with opacity enhancing
qualities.

Figures 19 and 20 depict another preferred

15 embodiment of this invention wherein the top layer

68 and the bottom layer 70 only extend to the front

edge of the excess material receptacle 128. Thus,

the top layer 68 is not molded into the excess

material receptacle 128 as it was in the case shown

20 in Figure 18. In the embodiment shown in Figure 20,

entrapped gases 126 and excess polymeric material

54’ are not entirely ejected from the mold cavity

gystem, as they were in the process shown in Figure

16, but rather are “captured” in an excess material

25 receptacle 128 that itself also resides in the

overall mold cavity system. It also should be noted

that, in Figures 19 and 20 the top 108 of the top

layer 68 does not extend into the receptacle 128 as

it did in the system depicted in Figure 18. Those

30 gases 126 that are not entrapped in the excess

polymeric material 54’ may be;, and preferably are,
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invention wherein the bottom mold 96 is provided
with a cavity 138 much in the way that the top mold
94 has such a cavity 98.

Figure 22 shows a sgemi-finished or precursor
smart card of the type shown in Figure 18 being
removed from a mold system. Section lines 140-140
and 142-142 respectively show how the left end and
right end of the precursor smart card can be cut or
trimmed away to create the sharp edges and precise
dimensions of a finished smart card. Again, by way
of example, ISO Standard 7810 requires that such
cards have a length 144 of 85 mm.

Figures 23(A) through 23(E) contrast vaxious
gates into which a thermosetting polymeric material
12 could be injected in order to form a given smart
card. For example, Figure 23 (A) depicts a prior art
gate configuration Q, R, S, T commonly referred to
as a fan type gate. The term “fan” refers to the
fan-like, general configuration of the gate into
which a thermoset polymeric material 12 is injected
from a runner 146 that feeds the various gates in
manifold fashion. The fan-like gate configuration
shown in Figure 23A is often employed with prior
art, hot, high pressure molding procedures. The
narrowest part Q, R of the fan Q, R, S, T is shown
provided with an injection port 148 for receiving

the incoming liquid, thermoset polymeric material
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depict some of appllcant 8 more preferred gate

10 configurations. It might also be noted here that
applicant prefers to taper these gates in the manner
previously described, but which can not be shown in
Figures 23(B) to 23(E). 1In any event, the diameters
of applicant’s gates are significantly larger than

15 the gates used in prior art smart card molding
processes. For example the diameter 150 of the.
injection port 148 of such prior art systems may be
something on the order of 7.0 mm while the width of
the fan along the line extending from point S to

20 point T (which is also the nominal width of the
credit card to be formed) is about 54 mm (as per the
requirements of IS0 Standard 7810). Hence, as seen
in the cross sectional view depicted in Figure 2324,
the diameter of the prior art injection port 148 of

25 Figure 23(A) which leads from the main polymeric
material supply runner 146 to the injection port 148
is about 1/10 of the width 152 of the edge of the
card to be formed. Such relative dimensions (an
injection port that is about 1/10 as wide as the

30 edge of the card being serviced by that gate)

guffice in most prior art manufacturing methods
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Applicant‘s injection port systems are characterized

15 by their relatively wide gates. For example,
applicant has found that under the more preferable
cold, low pressure conditions (e.g., 56°F to 100°F
and atmospheric pressure to 200 psi) employed in
applicant’s preferred processes, higher quality

20 precursor cards (and hence finished cards) are
produced when the width or diameter 150’ of an
injection port 148’ for a gate is considerably wider
'than those employed in prior art manufacturing
methods. To this end, Figures 23(B) through 23(E)

25 illustrate four variations of applicant’s “wide
injection port” concept. In Figure 23(B), for
example, the diameter 150’ of injection port or gate
148’ is about 50 percent of the width 152’ the
precursor card to be formed. In Figure 23(C) the

30 width 150’ of the injection port or gate 148’ is
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about 80 percent of the width (the distance from
point S’ to point T’) of the precursor card. In
Figure 23 (D) the width 152’ of the injection port or
gate 148’ and the width (the distance from point S’
5 to point T’) of the precursor credit card (S8', T',
U', V') are substantially the same. Figure 23 (E)
depicts a card molding system wherein the width 150’
of the gate is greater (e.g., about 25% greater)
than the width 152’ of the edge of (depicted by the
10 distance from point S8’ to point T’) of the precursor
smart card Ss’', T', U', V', In general, applicant
has found that the best results are obtained when
the width 150’ of his gates are from about 25% to
about 200% of the width (the distance from point S’
15 to point T') of the edge of the precursor card
serviced by the gate. This contrasts sharply with
most prior art (high temperature/high pressure)
systems where the width of the injection port (again
note the distance from point Q to point R in Figure
20 23(A)) is usually less than about 1.0 percént of the
width (the distance from point S to point T) of the

edge of the card being serviced by that gate.
Figure 24 illustrates a molding procedure being
carried out according to some of the preferred
25 embodiments of this patent disclosure wherein four
credit cards are being molded simultaneously in a
system wherein, by way of example only, the closest
two cavities (closest to the injection nozzle 100)
are being fed with an incoming thermoset polymeric
30 material 12 by gates 152’ and 152" respectively.

These gates have a width (e.g., the distance from
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point 154’ to point 156') that is about one half of
the width of the precursor card 106 (the distance
from point 158’ to point 160’) while the two more
remote (i.e., more remote from the injection nozzle
100) card-forming cavities have injection ports and
gates that are about as wide as the width (158’ to
160’) of the precursor card itself. The dotted line
106 shown in Figure 24 depicts the outline of a
finished smart card after the edges have been
trimmed to {(a given size and to eliminate the excess
thexrmoset material in the excess material
receptacles 128) to produce a finished smart card
(e.g., one having a length of 85 mm and a width of
54 mm as per ISO Standard 7810). Again, these cards
may be further “finished” by application of
alphanumeric/graphic information on their major
exterior surfaces, e.g., by various printing and/or
film application procedures known to those skilled
in this art.

While this invention has been described with
respect to various specific examples and a spirit
which is committed to the concept of positioning a
ITA-based circuit near the center of thermosetting
polymer core region of a smart card, i1t is to be
understood that the hereindescribed invention should

be limited in scope only by the following claims.



