WD 2006/ 107968 PCT/ US2006/ 012505 A SMART CARD AND METHOD FOR MANUFACTURI NG A
SMART CARD BACKGROUND OF THE | NVENTI ON [ 0001] Generally, snmart cards may be
used as ' s, bankcards, ID cards, telephone c S266RRH y cards
or siml 21‘&8%(5/6(@2%9 Smart cards are gener aI ly constructe 3% assieérOr%I i ng
several |ayers of plastic sheets in a sandw ch array. Further, smart cards
contain electronic conponents that enable the smart card to perform a
nunber of functions. [0002] European Patent 0 350 179 discloses a smart card
wherein el ect rASMART CARILy ANDeMEFTHOD FORNVEANYFACTURENG A materi al
that is introduced between the <card's two surface |layers. The nethod
further conprises abutting a hi gh SMARE CARRngth hol di ng nenber agai nst a
side of a nould, locating the smart card's electronic conponents with
respect to that side and then injecting a reaction noldable polyneric
material into the nould such tha apsul ates t he el ectroni c conponents.
[ 0003] European Patent Appllﬁé%éﬁfbéyﬂégéﬁ{@mﬁm@% nmet hod for maki ng
contact-less smart cards. The nethod errpl oys arigid frame to position and
fix an ele [ HRPEE | astic
sheet and aqP%@ngGép%g#i grst??r\gngﬁg ter tﬁ@at?%‘;ne |sdstﬁehglﬁggglpcal ly
affixed to ttélephomerardss ieeumyp:laatstomsumltamlbvlcemeSmm dardpareenaraflyl  ed with a

olyneri zabl e resin materi [ 00 Patent No. 5,399, 847 teaches a
oredi | card@HWG%W&%&W@WW@%&@SO%W%S eﬁﬁﬁ%@ﬁ&ﬂﬂﬁﬂfsba@w outer |ayer,
a second OUtP%frmE:@\éﬁ%rt%thsacBnﬂaﬂI é?%éﬁ%%@éo ogll YRS that BRabl P{eesﬁdaswdt 2B | ayer is

formed by injection of her nopl astic ng nmateri a encases the
smart card’ $eeﬂonniarrmmherefﬁmen¢rs (e.g., an IC chip and an antenna) in the
intermedi ate |ayer material. The binding material is preferably made up of a

component s 1 ﬂ@éﬁ%#ﬁéw%[}’ai‘w?eiéﬁpﬁﬁ%‘ ibione Rhart S SUIGERI PRGVREof 1 i <

smart card | yvi nyl
chi or i do. or oy iSPRaRARaRl in LRAEEUERBIICHRGIA (BR3P 4588 1)

Pat ent No. ZadllstweOiirfacaldyers. Shomidilom futhemmmyirizes abuittimg phigbttensiler edi t

strength holding member against a side of a mould, locating the smart card's

electronic components with respect to that side and then injecting a reaction moldable

polymeric material into the mould such that it encapsulates the electronic components.

[0003] European Patent Application 95400365.3 teaches a method for making
contact-less smart cards. The method employs a rigid frame to position and fix an
electronic module in a void space between an upper thermoplastic sheet and a lower
thermoplastic sheet. After the frame is mechanically affixed to the lower

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

[0004] U.S. Patent No. 5,399,847 teaches a credit card that is comprised of three
layers, namely, a first 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
intermediate layer material. The binding material is preferably made up of a blend of
copolyamides or a glue having two or more chemically reactive components that
harden upon contact with air. The outer layers of this smart card can be made up of

various polymeric materials such as polyvinyl chloride or polyurethane.
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cards wherein a nold tool conprised of two shells is closed to define a
cavity for producing such cards. A |label or image support is placed in each

nmol d shel | d shells are then brought together g &, hfkrnreep! astic
mat eri al ‘}Vﬂjzg‘gk({nlé)&&?nto the mold to formthe card. The inflow ng plastic

forces the | abels or image supports against the respective nold faces.
[0006] U.S. Patent No. 5,510,074 teaches a nethod of manufacturing smart

cards havi ng a card body with substantially parallel major sides, a support
nenber wi t h [8005)r dp.6i RatentdNert4 159 teachesse methodSorimanufadtuzing plastie etedit c

dul i S : . sy fii xed ip. Th

Tanuf act or | G aHeCE SONaP dool orBistd B rub e Blosa By HeRia P fog ¢ e

support nmenigsducihgisudR kakds hAt labd ok B e_tshp?owistmceari@ewﬁa&d%em.h@he card; (2)
S

hol di ng the support nenber against a fir main wall of the nold; (3)

i nj ecting a méldshells axe theo bueuaht toagethenang & thermeplastis nustrialdnjepigd inte theol | ow

space in order.to fikl tha ortion of 1. ol that .i s _not occupi ed by
the suppor t g furin the shed T Ao RRe SlashE Foreh e Taek s el Slpo B

appropri at e Jpginaktth® fespéctiveendlagadeppl astic material before the injected
material has the opportunity to conpletely solidify. [0007] U S. Patent No.

4,339,407 discloses an electronic circuit encapsulation device in the form

of a carri erl09Q6}i dd-Sn8etent Noal,S HhV#4 teacheee methodof mgnudartaringfmarheads

rooves and,bo S .1 h._conbi lon.wth s I f.ic.orifices.. The, mol.d s wall
dectionshdrang axerdpfd Sl BesBpdty B Biof s RO (e
carrier are grlc élbment & atdedst ¥nd i@ iahd &n BREERSNIS mJdRledoRtfrising d cvhtdet t at e
insertion of the smart card's electronic circuitry. The carrier is capable

of bei ng i ngwway dept infivedto anhipr Thomanufimng methed generally gemprisesikd gtepst o nove
toward one apo in.order to hold.the ts.secyrely i | bgnnment
during the ioﬁj Q@ﬁ*‘éiwgo eft}p@om?z%edlnégﬁoig%fg%}ﬁemcéimga%gﬁﬁ gléapgf’%ﬁ]ﬁe wal | s
of the carr icafd; (Bshoia @ duppért inteatbes efaimst b Firétah£in WallofdRs gl (PN the wal |'s
of the mold in order to |locate and fix the carrier within the nold. The

nol d al so hdgjeptingsasthepnoplastiei matetiel intodhgreolome defipgsbly thedelowspamsh U. S.

P No. 5,35 h d .of, .pr aduci ' :
ot Dl aot ng et BRIRATRAAGT o AT FOMRR i iPRAGELRE By M RO EmbRE ool
machi ne. Thep Jggg%orﬁ?ﬂ%&sg B ERESorif thodlRRS aﬁ’gppr()ﬁi)iaté Rbsigen &l fhe tidtsloplastid | oni ng

a film-2 WO 200 PCT/ US2006/ 01250 .
material before the injected material has the opportunity to completely solidify.

[0007] TU.S. Patent No. 4,339,407 discloses an electronic circuit encapsulation
device in the form of a carrier having walls that have a specific arrangement of lands,
grooves and bosses in combination with specific orifices. The mold's wall sections
hold a circuit assembly in a given alighment. The walls of the carrier are made of a
slightly flexible material in order to facilitate insertion of the smart card's electronic
circuitry. The carrier is capable of being inserted into an outer mold. This causes the
carrier walls to move toward one another in order to hold the components securely in
alignment during the injection of the thermoplastic material. The outside of the walls
of the carrier has projections that 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.

[0008] U.S. Patent No. 5,350,553 teaches a method of 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
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(e.g., afilmbearing a decorative pattern), over an open nold cavity in the
i njection nolding machine; (b) closing the nold cavity so that the filmis
fixed andwq icn position therein; (c) inserting arpEheshidissCcircuit
chi p throug 2%ggr%ﬁ)g|93de8rture inthe nold into the nold cavity in order to
position the chip in the cavity; (d) injecting a thernoplastic support
conposition into the nold cavity to forma unified card; and (e)

thereafter, renoving any excess material, opening the nold cavity and

renovi ng t he(e.ga Glm p@ongje decgativapatern)overandpen svdd cavaptasheiniegtion card

wh in f L iS.a. t el L hat t i nt ' it
ohipe The suBBidmpdhif: Bla0Hhe 5 iR Yrnbf ' 55188 Bhds RRed AR T [ GV
cavity. The gaitibnaBebsin; &c)findepfth Ayeledtiontd diftlitdhipthesiighGnipbiiredh thent 0 t he
cavity so that the chip_ is entirely enbedded in the plastic material. In

sone enbodi niapldsinta the medd eaviygh erder &3 pesitionsthp shiptin dhecayitinisd injesdingden  t he

fiim that T RSIORERS sheedr Do ARER b i Boffeavit T HBER WhicR SR bnd® o e
as an i nt egrkrepfiér, rendvitid)@nycéMcdss rhitetidlCosenRipothe nﬁil@ﬁ@ﬁ?&ﬂr&n@ﬁﬁgt&f f film
t hen any graphics el enents contained therein are transferred and remain

visible on t¢@dcard. If the support elenent renmains as an integral part of
the card, then such graphics elenents are fornmed on a face thereof and,

enches o snigbPSLaPS” RROTA, RaTsa ieaehbe Slodictaed BGRB8 o

openi ng. A s&iph6R RitufcnPthalBiipbts b inlEptatee dir@liit ¢hip.NThe s@PROR dldmerhig @3N i s
injected into the opening so that a resin nol di ng is formed under such

condi ti on t hir pesitigning thel ohip inside arraeldicavity. f Beecard bodkisdpragd vinirsting an of

id ' t d ' e L] . ti
card board  PAUHORS AP SRR she T s UattP B e R g
nol di ng di esmaf¥Bidl tThi36me bRk ted dlge MEHosofARE szgg)bﬁ a@Pelainped Bétween d car d
board, tightening an upper die_ that has a gate | eading onto a | ower die and

i nj ecti ng a thedead hearing surfacepefitha gesppetiverreoldyalke sypport Ejlemensmapde aftlono .

"hiect i on moftdes peaed RN BtisRdh Buffbr S oe O B Broalud B PRABM Bt eq -
WO 2006/ 107 96@&heedrd VPO 8lso#bé8ment is a peel-off film, then any graphics elements

contained therein are transferred and remain visible on the card. If the support

element remains as an integral part of the card, then such graphics elements are

formed on a face thereof and, hence, are visible to the card user.

[0010] U.S. Patent No. 5,498,388 teaches a smart card device thalt includes a card
board having a through 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 exposed. The card is completed by mounting a card board
having a through opening onto a lower mold of two opposing molding dies, mounting
a semiconductor module onto the opening of said card board, tightening an upper die
that has a gate leading onto a lower die and injecting a resin into the opening via the

gate.

[0011] U.S. Patent No. 5,423,705 teaches a disc having a disc body made of a

thermoplastic injection molded material and a laminate layer that is integrally joined
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to a disc body. The lam nate |ayer includes an outer clear |am na and an

I nner white and opaque |amna. An inaging material is sandw ched between
these | ang ﬁa. @9&%2} U.S. Patent No. 6,025,054 discl osqgraudihéciassesor
constructY 920216/ t card wusing | ow shrinkage glue to hold the electronic
devices in place during the devices imersion in thernosetting materi al

t hat becones the core layer of the smart card. [00131 Cenerally, all of the

above nethods for making smart cards are concerned wth groperly i
posi t i oni ng taadiscibedngThe laminaimlayerdaelydesan aitter pleay lasging and g ewst Whe | nsi de

i1 be roddopate IR ASRARR SRR b RuRhE POeRh ARGt Lo IV 8ot e

into a card- formng, or card core-formng, cavity under the influence of

rat her hi gh [0082] 0SSt Patent ¥6.i 63025,084edisdlenss phedlsad o8 consmcting osmarnt tardot ed
above reveal s, use of various sgil I d hol ding nenbers _such as franges or
supports t hasinglewshrigkpagedue toqolbibe elestionip deyicss inyplaceddugiag i deviesh enent s

during the t; LGl eTRYclF | 2LV, | ar ge,
mechani cal HAPon BEEORE A 108 85des S G eEbr [ ke | 8
their electronic conponents in place during injection of such thernosetting
mat eri al s hg8013]ha@eneeally, all efithechiboes mathodpfon inhakimg soart cadsamelcencerinel bodi es
of these relatively |large .holdjpg devices (i.e., large relative }o t he

el ectroni c CHHHBRBELYS PesiQning and fixing elsrirenic campananty, piodules or esemPliehose
hock, fl / [ f - 1 | I d
Sbnor mal ) - udfR et AUE! Fihd AEARNC ARIAERS Mo SRIRITBxddtnBPRTIR | O

el ectroni ¢ demevdtd saddehdpdsitiche Rhenfa thérhplabii¢ thatedfabisfihj¢ciddintoadardsodi es
are often positioned in a corner of, such smart. cards. Thi s pagsitioning
linitation ToEwiag)er card eorerdOuming cakidy undes theatlnenasof rggherdyigh thegposet
conponents t . ' . to
di ff erences r{&aﬁ&gﬁgﬁﬁgoec}rﬁrgfsems. :)I? © @)ﬁggﬁgﬁéﬁa 8%‘%}1%6%&%\%%?02&5{10%%@% o make

t hese rel at ihoidig nefrders vtk anfrasiey bicapportethat dre oftb® usdieto positibh ah®fik tief
expansi on of the other elenents of such cards--deformations offen appear on
the ext er ngllecsgpicelemsends dyring thp hprmagplastia injection arospsses (Jdi use ebrelabinely

cornponent h ]ﬁ%ug%,rilg%c}}%\&f:ﬁos‘l%ipﬁfeﬁeE%Jv%?hﬁ@%@#ﬁ@%&éﬁneﬁ h@ocﬁgslr # hfo[d(r)tgleilr yi ng

conpl etely e car recerving xece s inter n-ca r eadi ng
machi nes. - 4188Q0ARABMHIRSES irFlAé¢d it HGRUZSDSE such thermosetting materials has,

however, created certain problems. For example, the bodies of these relatively large

holding devices (i.e., large relative to the electronic components they hold) are often
adversely affected by those shock, flexure and/or torsion forces the card may
encounter in normal (and abnormal) use. In order to minimize the damage caused by
such forces, the electronic components held by some of these hard, sharply defined
bodies are often positioned in a corner of such smart cards. This positioning limitation
usually cuts down on the size and number of electronic components that can be placed

in such cards.

[0014] Moreover, due to differences in the coefficient of expansion of the materials
used to make these relatively large holding devices--relative to the coefficient of
expansion of the other elements of such cards--deformations often appear on the
external surfaces of finished cards that contain such electronic component holding
devices. Deformations may prevent the card from lying completely flat in the card-

receiving receptacles in certain card reading machines.
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[0015] Sone smart card manufacturers have dealt wth this problem by
reduci ng the size and/or body of such hol ding devices by using various

gl ues (ram?%&}ﬁ@? chani cal interconnecting | ocking dei;éf/%?%]oog,@n%%curel y

position rs (and hence the electronic conponen at t hol d)
in their card-formng cavities during the thernoplastic injection process.
However, the use of such glues to secure these holder devices has produced
anot her set of problens. [0016] U. S. Patent No. 6, 025, 054 discloses a nethod
for construclli0Ag] sfeme soartderd menufactorersdeivedoalt svhﬂllthllsa)gd)lghdwsed@umhet i on

d hol d el ect t f t t |
fhat Torme. ¢ gt G fody B Shth B4lfing Bevic B REN R vtionS gl (BBER Han" D, T pht ont
6, 025, 054 haﬁle@mﬁa@ﬁﬁa%ﬁeeﬁggmﬁmg devicéd) s kécﬁrel e*»&%&x ﬁﬁir%ﬁlérsf@h@Od

produces war pi ng and other undesirable physical ects caused by the
curing of th melcct;pnmccsnpcaient thalrﬂlenehqld)imthemearldﬁfdrmmgsavntlas)dmml y for

i i on. 1 ieqBeRoRlas P CEHRBa e HeWener s SRS SURFEEY such as

voi ds and ai folautithess Wid BloBudkd BB+ s Bf froBR@AUSE the geometric shapes of
the el ectronic conponents within the card obstruct the flow of the

thernpsetting naterial such that the '_therm)settl ng nateri a_I fl ows around
t he conponen?@ﬁhslb‘i Raitent Noh 6,026,054 disclosesparahithad dor copstradiing sovag catdst he

smart card. Moreover 054 .r.equi r £5,t he, use cust om equi pnent,
gni 11 cant | BE RERIgW heakibslbes 10 peuipiand flg ehfupRE msChRen | bo17)
In view of t ch@h'o@WﬂMmo&étﬁﬁ@rrﬂafen@l ﬂhﬁ‘?ﬂr&@ﬂle&:m&ér &fahélcand Tae met hod of
constructing the smart card that is capabl e of housing numerous el ectrical

conponent s meﬂwdlsilsc@shdeLSn@’awm 00250 5hbasoronsidenahlitalrawbdske. Btiysiilyal

mvent 1 on, AR FEa PHGES Warping o GoL R I Oeire SN S op

surface and gy c%ﬁﬂ%%!ﬁfﬁeﬁﬁ@set@ng%%ﬁhl‘ (Phrtilr, @i fittdod is QERMILEHS fHichBhed o

the top surface e printed circuit board’ a filler board, attached to
the top surfhodngéng dnetwmrqommuiem:s rthus limbimgrits, fumtimﬂhkymlmadrhhmy, the¢ mathedd to

above a t op dissOa 5058 TuFuchS hereriendtiotss siobauols PR ACOP Iy REDT £ | or
board and a ﬁﬁﬁﬁ c&x@%&aﬁ@%& SRR OGLPEEST thdElebtrddi&EorRPiHetts Witfin the card
obstruct the flow of the thermosetting material such that the thermosetting material
flows around the components faster than the air can be pushed out of the core of the
smart card. Moreover, U.S. Patent ‘054 requires the use of custom equipment,

significantly limiting the scope and scalability of its application.

[0017] In view of the following, there is a need for a smart card and a method of
constructing the smart card that is capable of housing numerous electrical components

without exhibiting warping and other undesirable physical defects.

SUMMARY OF THE INVENTION

[0018] According to one embodiment of the invention, a smart card comprises a
printed circuit board, having a top surface and a bottom surface, a plurality of circuit
components attached to the top surface of the printed circuit board, a filler board,
attached to the top surface of the printed circuit board, a bottom overlay attached to

the bottom surface of the printed circuit board, a top overlay positioned above a top
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plurality of circuit conponents and the top overlay. [0019] According to
anot her enbodi nent of the present invention, a nethod for nmanufacturing a
smart car VO3A9I0EW8 providing a printed circuit board hXETAP2H{081505 sur face
and a bottomsurface, with circuit traces on the top surface of the printed
circuit board, attaching filler board having a plurality of openings to the
top surface of the printed circuit board, inserting a plurality of circuit
conponent s i Rhiade Ut th HN& dadd arfdf a Edrk | 85Er PRRIGHe@BERIERE the Blldrohlid) thet NE.
bottom surface of the printed circuit board to a bottom overlay, |oading
the printed qlurelitytof oisewiticemporsotstandtheteploagrlayat o an i nj ecti on nol di ng
apparatus, |loading a top overlay positioned above a top surface of the

fill b ' he j.nj ecti di.. t d j.njecti
ther moset ¢ 1 ndOUy AP dsort Spial SRR Bletr3Rter Phet elPator , o
circuit conponnfenaig o Meart &2d eyﬁPhwé -prov[im% g]pr%n(iﬁdi dircuft bB&rd&Mlﬁfgéattﬁﬁd t hat

both the foregoing general description-and t ow ng detail e

descri pti on &nda hottprasvafags,pritineitamitytrased gn theriop surfacaof therpsinted cti ve of

t he invention.as., gl ai .. BRI SCRI PTI ON, OFK. THE DRAW 021]. These and
ot her featuré& f’még?)aéé’t aﬁmgéﬁgéﬁ%égggw% atpp.}galbtygf QR?I_’WR/I\@P% g’R SURATS (ﬁls)ecorre
appar ent fr oRhd fientéPikid brard Sadertind d SliraliAPORGRAH cohipoli®nts ¢l tHeHurality
acconpanyi ng exenpl ar ¥Pent;od| ments 'shown i'n the draw ngs, which are briefly

descri bed beloffiller PEHiIggs, attaching the betiamm anrfadesfthyf prantedreireuitchoan] eecor di ng
t nbodi t of , t t, | ti . 0023], FIG .2 1| t .

sect onal vi GHRGR Sege. Madihs E Hinled 8t S pa Sehom eniip i fp bigen

accor di ng t 0 y418ing APPhE Nbadlhg hlr&g; HePR§ %si{i&’{cﬂrﬁﬂo_%'ta_t&gpﬁﬁf’ake bf fhe fillet S a

perspective view of a filler board affixed to a printed circuit board. -6

WO 2006/ 10796®ardmiou2 ijérton2edding[appasius Bhdinjercting therosettingypolymeripr i nt ed
orinted of r i H BRyeen BeRboES e BRI e B mPEES GR ISP BT e

present invention will be described below wth
[0020] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory only, and are not

restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other features, aspects and advantages of the present invention
will become apparent from the following description, appended claims, and the
accompanying exemplary embodiments shown in the drawings, which are briefly

described below.

[0022] FIG. 1 is a sectional view of a smart card according to one embodiment of

the present invention.

[0023] FIG. 2 is a top sectional view of a series of smart cards formed on one

molded sheet according to one embodiment of the present invention.

[0024] FIG. 3 is a perspective view of a filler board affixed to a printed circuit
board.



reference to the acconpanying drawi ngs. It should be understood that the
followng descriptionis intended to describe exenplary enbodi nents of the
inventi on WAW6ABI68 to |init the invention. [0028] Accor BERYSW6/BHS0S

enbodi ment of the present invention, as shown in FIG 1, the smart card 1
conprises a printed circuit board 10, a plurality of circuit conponents 20,
a filler board 30, a bottomoverlay 40, a top overlay 50 and a core |ayer

60. [0029] T[P?gg]ri Pi@.ﬁﬁiartﬁybkmbﬁiolgrérg@@ci?mﬁ%a?&”face 11 and a bottom

surface 12. printed circuit s conprised of any known
conventional material suitable for receiving an electronic circuit. For
exanpl e, t he[0926ht EHG.CY isautbp viewaofth fikksr Hoerd affinpd foseptingéd eirddithoard.et ar dant
lam nate with a woven gl ass reinforced epoxy resin. This material is also
known as FR-4 board. Alternatively, the printed circuit board may be

conprised of a plastic conpound i L r receiving conductive
ink. As shown in FIG 1 and degﬁﬁﬁ%%%ibQESQ?R%ﬁgﬁgrinted circuit board 10
is configured to receive and vertically stabilize a plurality of circuit

conponent s 2[02FPO08RIbobinntd &t th Pre@éntGhvetibh will 86 @8sciiBed BOBWWItl FI Gs. 2, 4
and 5) reside on the top surface 11 of the printed circuit board 10. The

circuit tracreferémcedodheanspingamying dawingsn tihshouldle widgrstvad thatghe &llowing
conponents 2Q. The circuit traces..13 electricall. connect to the plurality
of ey roui + cOApBRG s iSEbdedlth it BrEnERnL i Eo S AL AEdinsiol A LE o b
perform ng elfahftitlkfinvéntidat i ons within the smart card 1. The circuit traces
13 may be fornmed on the printed circuit board 10 by anyone of a nunber of

met hods. For exanple, the circuit traces 13 may be formed on the Pri nt ed
circuit boal928D Kygcendingtelonagmbediseent ofihe presertridvantioneasrsowniinFIG@sl, et ched

to formthe Lraces -7 2006/ 107968, RCT/ US2 0125 . anot her
exanpl e, the isP]@ﬁti(iﬂIq Y\(g)glggnieg WQ%cqcblft:ﬁ?&r%gﬁi?ﬁimgﬁﬁyﬁgcﬁ%rcuit board
10 with Condé&h'dﬁén{srﬂo-,aEQQﬁE&m&SO,iAE&fonb@%rﬁ¥a©,ﬁf@opaéﬁeﬁﬁij'gd ah@akthe top
surface 11 of the printed circuit board 10. The filler board 30 may be

attached to layer@tinted circuit board 10 using any one of a nunber of
nmet hods. Accordi ng to one enbodi nent of the invention, the filler board 30

's attached (@ biehoB S ACEt bdardthal RPN T Ehd £HbRom Y3, Uik9 2
printed circuit board is comprised of any known conventional material suitable for
receiving an electronic circuit. For example, the printed circuit board may be
comprised of a flame retardant laminate with a woven glass reinforced epoxy resin.

This material is also known as FR-4 board. Alternatively, the printed circuit board
may be comprised of a plastic compound that is suitable for receiving conductive ink.
As shown in FIG. 1 and described below, the printed circuit board 10 is configured to

receive and vertically stabilize a plurality of circuit components 20.

[0030] A plurality of circuit traces 13 (shown in FIGs. 2, 4 and 5) reside on the top
surface 11 of the printed circuit board 10. The circuit traces 13 are configured to
contact the plurality of circuit components 20. The circuit traces 13 electrically
connect to the plurality of circuit components 20 such that the circuit components 20
are capable of performing electrical functions within the smart card 1. The circuit
traces 13 may be formed on the printed circuit board 10 by anyone of a number of
methods. For example, the circuit traces 13 may be formed on the printed circuit

board 10 by an etching process where conductive material is etched to form the traces
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heated | am nation process. In another enbodi nent of the invention, the
filler board 30 is attached to the top surface 11 of the printed circuit
board 10 using a pressure |am nation process. [0032] As seen in FIGs. 1 and
3, the filygr 30 is significantly thicker than the | b cui t
board 10. ﬁzg@@dggses, the filler board 30 may have a tlaﬁ?{:dkszﬁeogglﬁgi eater
than that of one of the plurality of circuit conponents 20. The thickness of
the filler board 30 reduces the thickness variation within the smart card 1
once a core |layer (conprised of thernosetting polyneric material) 60 is

i nj ect ed bet WeAsahethergrample thesira®d tepges 1hmap be famedwaartheprin@d cirenit ur n,
war pi ng and gt hﬁr phé_gi C%lﬁ tgjef.e ts that may occur during the setting or
curing of th Ogr elpr%l ¢ &‘6’01 yrmeric material are mnimzed. Preferably,
the filler board 30 has a thickness in the range of .010 inches to.016

i nches. The {0031 rAbﬁﬂéﬁbdiﬁYWis%ﬁmﬂQGﬂﬁfto?BMfﬁdéim&iﬁtﬂe prdited tidduit oakd
exanple, the filler board may be conposed of flanme retardant |lamnate with

woven gl ass 1@ Ahefillexbassd() maydiermttachieddo thernsinted ciraithoard Khesing any ange
industry as _FR-4 board. .[0033] As.shown in.FLGs, nd 5 .according to one
erbodi ment o ¢ AR soqt, Asspiie 'R <hitoeipens SR tupennE B BUAP. 70"
openi ngs 31. baira 30ReRkdaed Blihatsp suéfaté 1 D6 @ peiardd iiouborkd foustigd o1 boar d
30 is attached to the printed circuit board ortions of the circuit

0,
traces 13 onheated lappnationfrreesess.1Ingmothee epbodimsat ef tﬁe inventiomrthe filler hopwd
exposed. Gengral ly,,the portions of, t ci.rcyit trace 3 that are |left
exposed are oD Bharepdp e et T dclfe Gri chebt BES3 40 Yoot nflsis 1y o
circuit conppm@Ritfon’flocesgach of the plurality of openings 31 is shaped so
that a corresponding circuit conponent 20 fits in the opening 31 and nay

contact the exposed circuit traces 13. -8 WO 2006/107968 PCT/ US2006/ 012505
[0034] As defl032bed\sagen in Fliispll andiBi thy filer baard 80 is signifieantlytthicker tharsthgt t ached

to the top rface 11, of eprinted citcpit bo 1 As Q in Fig. 1,
the crrourt DHBRRSetoig 107 LRt fioef e Hitr AR Sy polk EHERAGAS on P ngs
31 so that tbRtes &R that of nk 8€the tof\irt it EdtRpeentsd0. tTheGhickhdss of thet r aces
13 on the printed circuit board 10. he circuit conponents 20 may be

attached to filler prarg3@ secvicescthe thihnessivarmtion avithin the ssyseicdard taneeya ease t he
cireuit trac ?aS}'erl (%or%ri%&y of trﬂgrrr?c];se inglf)o y%en%fmggxt'iaﬁ?gé is i'rzljoercte%)i)aeg%e%’the top

overlay 50 and the bottom overlay 40. In turn, warping and other physical defects

that may occur during the setting or curing of the thermosetting polymeric material
are minimized. Preferably, the filler board 30 has a thickness in the range of .010
inches to .016 inches. The filler board may be composed of any suitable material.
For example, the filler board may be composed of flame retardant laminate with
woven glass reinforced epoxy resin. This material is well known in the industry as
FR-4 board.

[0033] As shown in FIGs. 3 and 5, according to one embodiment of the present
invention, the filler board 30 has a plurality of openings 31. The openings 31 are
configured so that when the filler board 30 is attached to the printed circuit board 10,
portions of the circuit traces 13 on the top surface 11 of the printed circuit board 10
are exposed. Generally, the portions of the circuit traces 13 that are left exposed are
leads that will electrically connect to one of a plurality of circuit components 20.
Each of the plurality of openings 31 is shaped so that a corresponding circuit

component 20 fits in the opening 31 and may contact the exposed circuit traces 13.
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I n ane enbodi nent of the invention, the circuit conponents 20 are connected
to the printed circuit board 10 with a conductive adhesive. Preferably, the
circuit cQpRERSHRYss20 are soldered onto the printed cirggrudamiodshy- The
plurality of circuit conmponents 20 can be positioned anywhere on the
printed circuit board 10 as desired. The purpose of the smart card 1 and
design paraneters will dictate the position of the <circuit traces 13 and
the position of the circuit conponents 20. Functionality will also dictate

what types of[0634] c . As deseribastabove, Dplupatipudfainsuitsempenent20 aterattachedothed 10.

[ 0035] For examl peses only.. tk I litw of cidcuit, CQ nents 20
coul d be on)é0 n?urgacggﬁ tog?li;,prglq%%?qcﬁéoogrﬁ@r%%%%@ﬁggh&lbe %{Rg speaker .
Any one or aldomipbfifts 20 hfeGidsitionedMARRthe filletbohrd pdtindss 1t fdeh@rthélt @thelint Cui t
board 10. Further, additional cjircuit conponents 20 may inc|lude but are not
linmited to LEDgctqontaet with the plpradie of cirmititrages Bhemthe paintedeizeniiborrd 10Ref er ri ng
to FIG 2, a

10,710 2,2 AR oYL BB RRIC b R oo

M croprocess C&pe'difiwlg?@ R ércitttct P13 B akPdne dffaudiber BE nietHodsl Foiodkagipte, of f . A
circuit conmponent 20 may be connected to the other end of the button 23. In

anot her  enbddioneembedimenhtoithe inventiom shaxifcoit camponenin20 aremoanected torke smar t

card 1 includes Jiquid crystal di .ay 25 as the circyit.conponent 20
connect ed topfll’?e%bcﬂlr[cf”g#%.cl alcf’?]%‘%hv%/? PP BFGE%‘FQV’ H¥'be used to

di spl ay i nf orogipbfiéhté 20 drelsdRleredSeHif thdpritfed ciRAR bRArdIH. ?‘Th‘eg)luﬂaﬁ dReircuit
alternative or in addition to, the smart card 1 shown in FIG may include

a speaker (noomphoewy 20 capBwposiionsd anywyhere he theoprisdedeiraiitdinanhl as dasized.2 may

vary in thickness _and ength. F e | e purposes.,onl he batt e 21 has
ol thnons JHRIRERE of tr ek card R AR R BRBRRSRl Biite i Bostfed SHie

i nches and t it ThQENI3ANA3hE1BSsifort b tRE Bigdst DmpoReM&280PaAHDAARE will also

PCT/ U52006/ 012505 .015 inches. In addition, the smart card 1 show in FIG
2 coul d have dictsip ediabtypesof cirsifitmempohents AQ papulite theprintedEircuitlt®ardhthes.
[00?7] Asfsh?wn in F!( Gd 1, a _b?t Lom gve(r)l a¥_ 40bi tstattache:zl to the boLtom
surface o rinted ciycui oar ) tom overl a C e
ottnahed t o (GE; B EdepleHimase BT e sl A8 i iR O e SR RS .
For exanpl e, dnB®f E?(Bht?té}?‘ PV EImY mi_ér%gf&)éssbﬁcﬂiﬁ%i H@fyﬂiei.%ﬁﬁ@n@&télptﬂbs%urface

of the printed circuit board 10. _
circuit components could populate the printed circuit board 10. Further, additional

circuit components 20 may include but are not limited to LEDs, flexible displays,
RFID antennas, and emulators. Referring to FIG. 2, a circuit layout for a smart card 1
is shown. The printed circuit board 10 shown in FIG. 2 is populated by a battery 21, a
microprocessor chip 22 and a button 23 for turning the circuit on and off. A circuit
component 20 may be connected to the other end of the button 23. In another
embodiment of the present invention as shown in FIG. 5, the smart card 1 includes a
liquid crystal display 25 as the circuit component 20 connected to the button 23. The
liquid crystal display 25 may be used to display information to a user, such as an
account balance. In the alternative or in addition to, the smart card 1 shown in FIG. 2

may include a speaker (not shown),

[0036] Generally, the components shown in FIG. 2 may vary in thickness and
length. For example purposes only, the battery 21 has a thickness of .016 inches, the
push button 23 has a thickness of .020 inches and the microchip 22 has a thickness of



| am nati on may be perforned by either heat or pressure |am nation processes.
The bottom overlay 40 nay be conprised of any suitable nmaterial but

pr ef er abl ywot2hes/1008t om overlay 40 is conprised of pol yviregiosehismzsde ( PVC)
or like material. According to one enbodi ment of the invention, the surface
of the bottomoverlay 40 in contact with the printed circuit board 10 has
printed information. For exanple, the bottomoverlay 40 may include printed

expi 1t | on daa s Sk (R AP0 S5O i FRY & o e TR B IT above
the top surf ge@w)habvitg athickh&d of.010Uhéheboard 10 is shown in FIG 1. The top

overlay 50 may be conprised of any suitable material, for exanple, the top

overlay 50 may conprise of %ol yvinyl chloride (PVC) or like material.
Accor di ng to[‘ﬁﬁé’] edddhpwaie FHE. 1. adottameoverlay 40 iaitaghed tadhe bettam surfasg of

overlay 50 ip.C IR t-her ' I L has printed
I nformati on. H"‘—eoprq' Hltégd;ér%rpﬁwg,b%ﬁ%gf‘q'oﬁ%@ﬁa@‘%@yﬁgms F’ﬁ%%%ép{)?(:” %’?3’6‘ Iﬁ?eﬁf ormation
consi stent Weirbuibbdrd 10l dY @ng heibér efkindwnimethodbl For axdiaple, the bpitsialoverlaydat e
and account nunber. [0039] As shown in FIG 1, a core |layer 60 is

posi ti oned béPwayrbetlaminatad tethe battomp surfacp of theipsintad cifcuitdioardodarkhe10 and t he

top overl a . Pref er abl the Gore.laver 60 | 0 sed

thor moset £ ndAHBRUSLRRE Br derthted ¥3iskne iRl pCsiien RETRAR S fieafse The
properties, ®ofSth@®veNSr APMAY b BEmMPHLAGTang shitabds mafriaNb@grefeRbly, iR t Op
overlay 50 wwth the remaining conponents to forma smart card 1. [0040] The

preferred thbptemevellathisicompaised aff polyanyliehiaride BV C3 pokile materiainsat ur at ed

Contensat | onABaTeTOnE pibodimel BF e ¥, oS wkeE o BB PRI sy 4P e
oxide or - 104t HithQKO pBnREEILELBEMRd 90 BaPPrinted inFbinR4tiAU POt eRenplXitHe ar e

preferred. O the various polyesters that can be used, those that can be
further char dettemioveday40 mey insludet trinteshinformation censisteitt vethea stardard eradiar | y
preferred because ﬁ“f.their abi ”t‘fl t(P bedcross | inked through their double
bonds with 08?{?&’[’\0 ding A hAe FEP AN Sat M ACRPYY "BPRST ene unsat urati on) and
wth the materials out of which the top 50 and bottom 40 overlays are nade.
The nmore pr¢fo38] eh ﬁ:@%rlgqasepbﬁﬁénd‘d%ou&meiwp silteacB lof el pinté citdiitboard
invention will be thoSe nade

10 is shown in FIG. 1. The top overlay 50 may be comprised of any suitable material,

for example, the top overlay 50 may comprise of polyvinyl chloride (PVC) or like
material. According to one embodiment of the invention, the surface of the top
overlay 50 in contact with the thermosetting polymeric layer 60 has printed
information. For example, the top overlay 50 may include printed information
consistent with a standard credit card, including a name, expiration date and account

number.

[0039] Asshown in FIG. 1, a core layer 60 is positioned between the top surface of
the printed circuit board 10 and the top overlay 50. Preferably, the core layer 60 is
composed of a thermosetting polymeric material. Due to its bonding and adhesive
properties, a core thermosetting polymeric layer 60 integrates the top overlay 50 with

the remaining components to form a smart card 1.

[0040] The preferred thermosetting materials are polyurethane, epoxy and
unsaturated polyester polymeric materials. Specifically, polyurethanes made by

condensation reactions of isocyanate and a polyol derived from propylene oxide or
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from epi chl orohydrin and bi sphenol A, or epichlorohydrin, and an aliphatic
pol yol (such as glycerol). They are particularly preferred because of their
ability tovVO3HH/MFA sone of the nore preferred nateri alPET(EB2006/012585 yvi nyl
chl oride) out of which the top 50 and bottom 40 |ayers nay be made. [0041]
A nmethod for manufacturing a smart card according to the present invention
w Il now be described. [0042] First, a printed circuit board 10 is provided.

the printed widfdobufyRl bull dgreferei OO {Afdhs bblRME:ARYLA BESYL T ace 12

Circuit traces 13 aré present oh the top su 0 e printed circuit
board. [0043}thdsethat can bé further bwaacterB@d ias being dethgldnicainsiteratety asair f ace 11 of

the printed cirgcujt. board, Preferabl.y, . .the filler board 30.is .| am nated on
the Lop sur f RBEICHETSTeIgEEH bEEROt BriF BRHIEY i ook rsiah Brir ABUE 30 has
a plurality @on@P&fih @nggét}bpl\é bﬂl:éfs sb ‘éont&ﬁ:ﬁ%eéﬁjrwﬁé &mﬁ&&@do‘ﬁgaﬁd Rt 1ty

of circuit conponents plurality of circuit “ conponents 20 are then
i nserted i nt matérialsoutrod sylietoihe gopfbiand bdtiono#0 dvérlays ateanade. Theenomegs 31.

Whi l e being placed,in the filler board openin 31 the plurali of . circuit
component s 2BSiEge bR TR Herals Y iytie PRches ctbisdavetsicpngl e it madeaces 13
on _the top Sk B5enbdoi9iiih AR BishRABIACLE GiiloRFash, 1d a Apieélol
conponents 20 ma?ﬁbe cgnr%ect%d Sgy any’onﬁﬂol#mlsae er al (riret hggs icr?gl}{?di ng the
use of doubl €swhasglycetodk They atelpartutalyqireferred hpmusdotheir abiligy tot bomdpithr al i ty
of circuit conponents 20 ar onnected via,a.conyentional .sol.derin
ot ocese. | 00SARERERe e HETPO MRS E - RN SHIORELOR of S e BB ERF%L0 | s
attached to B eferably, the bottom surface 12 of the
printed ci rcglngti g%%@?o(}%&irrés%?,g%%a%éd to the bottomoverlay 40. It should
be noted that the bottomoverlay 40 -11 WO 2006/ 107968 PCT/ US2006/ 012505
may be attacHe@tl] o A hetlpd fiot ednufactuting alsmartaaddadoefdmgtotthe pfeséritémventiom d 30
Is attached ta tbweqefieiénte%tcircuit board. In the alternative, the bottom

a

overlay 40 nylBg f%f% o0 the printed circuit board 10 after the filler
board 30 is attached to the printed circuit board 10 and the circuit

conponents 2 (i)(fffzgogi}i%ﬁ%gaﬂﬂ%ed &ifcult! HohRY 10PR PrViQRE THAIS ed cirduftQfbard 10¥s

printed circ , attached to the bottomoverlay 40, wth the
filler boarda30p sufacelliraatiatbotiofn wirfaceii2. Cioyidtrasesd 3 26 presanhen thetapged as one
conpl ete

surface 11 of the printed circuit board.

[0043] Next, a filler board 30 is attached to the top surface 11 of the printed circuit
board. Preferably, the filler board 30 is laminated on the top surface 11 of the printed
circuit board 10. The filler board 30 has a plurality of openings 31 configured to
respectively receive a plurality of circuit components 20. A plurality of circuit
components 20 are then inserted into the corresponding plurality of filler board
openings 31. While being placed in the filler board openings 31 the plurality of
circuit components 20 may be further electrically connected to the circuit traces 13 on
the top surface 11 of the printed circuit board 10. The circuit components 20 may be
connected by any one of several methods including the use of double-sided
electrically conducting tape. Preferably, the plurality of circuit components 20 are

connected via a conventional soldering process.

[0044] Next, the bottom surface of the printed circuit board 10 is attached to a
bottom overlay 40. Preferably, the bottom surface 12 of the printed circuit board 10 is
laminated to the bottom overlay 40. It should be noted that the bottom overlay 40
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sheet into an injection nolding apparatus. A top overlay 50 is placed into
the injection nolding apparatus and positioned such that the top overlay 50
i s above twWe20a60079%8r f ace 11 of the filler board 30. Spe®CHTUSNN6P1250he

i njection nolding apparatus nmay be a reaction injection nolding nmachi ne
(which is often individually referred to as "RIM). These nmachines are
associated with a top nold shell and a bottomnold shell that are capable

sheet s of poriar bt BrEe iR osElihaiRy PRBEAL BRTIRY pokg 8B kmchlfcr o
40 overlay. Shepridtedciaandt bueird.omn thiebHerphdlel theddpa Gleglay B0 Weaybetditathedite wel |
known to those skilled in the 8()' yneri.c material nolding arts. [00461 The

i nj ecti on noltes Printadeiseuit beard he alterthe &iller hased 30 iscattarheg to dhe printp CirGiil er i al
via a nozzle L s El L ottom
overlay 40 fcl)jr%fgnrdﬁ\g \th%: glrrgdlfg%}ééongg&@%?ﬁ ﬁlﬁgerd%@fﬁﬁéﬂg%f%@@%t erial.
[00471 Cold, |ow pressure form ng conditions generally nmean formng
conditions Voe45i MHehwintehgicouitboasl ¥, attivhed @ thelbaytom GRrlepns,sith thg of

t her nosetti ngiioolayrrgri c material, is less than the heat distortion
t enper at ur e dflef heard 38 and phmality f cipuitieompanepis 2Pds thepdoaded ap pageqmpletes | ess

t han about 5 | d ﬂt}! : C form r: 11| be at

| east 100 F %gese(se%étﬂan I@E‘gﬁ ea%ﬂdglié;f%gri{alb‘gh fé) d&rgg %?@ﬁﬁl?ﬁeﬁéﬁ@gﬁé 50 and
bottom 40 ovéiijectis mdldenghadplaratnssdndrposOionéEsten tivdt tiectop fovemdayy 5(islapuvethe
chloride (PVC) materials is_about 230 degrees F. Thus, the_ tenperatures used
to cold foriersifrepVE of thedilieribeard ). Speeifiselly, theiniactian moalding appasatibr e t han
about (230 F- gqu 3Q. .E: [ . ' i

I nvention, t e mrdgpeﬁétgch‘elrﬁ}eecégrg%?%éq ‘ﬁggl\%aﬂﬁgg‘gé@? gyﬁeﬁmmglgk{p{rﬁg% 5%?%@@\& |

i nvol ve inj eak"RIMYY. Thee¢ maskints 2¢ apkiatedrwith a iop ME1dABERAADE B66om mold

PCT/ US2006/ 012505 materials with tenperatures ranging fromabout 56 F to
about 160 F, shellithat atgcapahle eEparfsming eald lawpyessuggormingoRersions ar ablsptier i c
pressure to i : ' f ' i_om, the
t enper at uresaogl?%ﬁg%?lﬁée{?%ggpﬂeﬁg%ag%rl@%gpvgz g}%g}c@ Egiﬂlheg%ﬁﬁpec?ed into
the smart camndttbmid dvebiay DSLMERD aall Bottorf Indld shellsabepérate 1A waysithdesreiwdllect i on
pressures that preferably range fromabout 80 to 120 psi. In a one

enbodi ment ofknowa to theseskilled in the polyenerig neateriad molding@rts. t her noset ti ng

pol ymeric

[0046] The injection molding apparatus then injects thermosetting polymeric
material via a nozzle 70 (shown in FIG. 1) between the top overlay qnd the bottom

overlay 40 forming the core layer 60 from thermosetting polymeric material.

[0047] Cold, low pressure forming conditions generally mean forming conditions
wherein the temperature of the core layer 60 consisting of thermosetting polymeric
material, is less than the heat distortion temperature of the top 50 and bottom 40
overlays, and the pressure is less than about 500 psi. Preferably, the cold forming
temperatures will be at least 100° F less than the heat distortion temperature of the top
50 and bottom 40 overlays. The heat distortion temperature of many polyvinyl
chloride (PVC) materials is about 230 degrees F. Thus, the temperatures used to cold
form such PVC sheets in the present invention will be no more than about (230° F-
100°F) 130°F.

[0048] According to one embodiment of the invention, the more preferred cold, low

pressure forming procedures will involve injection of thermosetting polymeric

-12-



material will be injected under these preferred tenperature and pressure
conditions at flowrates ranging fromabout 0.1 to about 50

gr ans/ secoN0/200/1@7968r i ng cavity. Flow rates of 1.5 to PCA/US2006/012505

grans/ seconds/ card-form ng cavity are even nore preferred. [0049] It should
be noted that the use of such relatively cold, |ow pressure, formng
conditions may require that any given gate (i.e., the passageway that
connects a ruan ' Ldl Vs Y ' | arger than
t hose gates ﬂ%@snm%ﬁ%ﬁ&%m%‘%ﬁ%@%?@;ﬁ 8%82?%%0}0?‘138 &rSr ef erably,

t he gates ar greselras thaeprgfdrablyg eange feom alpout atmaspherirapressusototdbatit 300egsi.dne abl e

2ppl | cant | s' B3PS SNPERLAT e TUPHHGRy hEJHEPETORS. of 1ty ReTBRey ARy A imer

applicant's , : ; er
i.e., th ' ] | ' [ I inth

(i.e em"%ag%ﬁﬁgé@g%gkétwaﬁaww &x{r‘i‘t%ﬁfl t@'be SRR boutRRS %’%Qﬁ%%ut{ n the

nol d syste romthe source o e thernosetting material to
each i ndi vi d78P Fgmtler)injeatidn pressures thyt greferablyaranpé fromgatioat 80 ton¥xd sl bh aar r ay,
and, hence, shoul e capabl e of .sinulfaneously, supplying the nuynber, of
gates/card {8f W‘g@‘?@lﬂ‘F 5? @‘E Igyengjon, the il‘d»“lg Of éﬁﬁkh%& ﬂ?ﬁﬁ“‘??’r’é“?ﬁaﬁ’ﬂq?’l@?&c system
at the relati ne atively | ow
ot essar e (o. arielel Al b tHBTBELA kst BreferrochBimbeloficd B ploo B0 o Rl Rlna P
applicant's ploscmts rangheg fromvaboat @3 t6 about 56 gramed/sewerid/cartlfemning eatityng

mat eri al under the | ow tenperature an pr; sure conditions are aple_to
conpl et el y fiblow gates Qfdnd tay -a-gmffﬁmn%éw NG eaydtyake AV esymens pueferred.
seconds per card-formng cavity (and nore preferably in | ess than about 3
seconds). Pr a - ' | L Libetd 0 econd
ar o oven mor d00B) il dhoufPoiel Bal o Ry bi dooh sty 0P lay, St Bming 20
enpl oy gat es cbaditions may véqdirk thdtahy given gatej(ie., the passagewnf thitheonhestgah of a

| eadi ng edge of the card,to he fornmed ,(that is, a card edge that j.s
connect ed t o TERFAME cagh Bndéwg'mlwrdrr%anmg&taﬁltﬂfbeal%v&w&a&se gates usfddit 20

percent to a i d I [ s- -13
%) 200611079(%&%&3&'%%%%%?%%%%@&%%% f??%%g%@ecéﬁgtjaggﬁgggﬁyg%efﬁﬁ?he
sane car d- f orpriongrt gates so/dhat theg are dtieto’ gatkdy passehgthemposetiingtgodyseriar t card
being formed. [0050], Preferably, gates are enployed that, are tapered down
froma rel at in@aémj%ms anF?FF%‘WXE‘dra@BhQa@t%CQI@I IQNRf%ﬂSWengW@&"@B iHOR%gi on t hat
ends at or n : Lo ed : : | d. Most
preferably, ﬁxégléff;ééﬂgcﬁ%@ﬁlﬁhgﬁ%\%néﬂg%&og ?cgﬁg‘g&yﬁ%ﬂx Rt SEISH 1y

passageway in the mold system that feeds from the source of the thermosetting

material to each individual gate), will normally be in a multi-gate or manifold array,
and, hence, should be capable of simultaneously supplying the number of gates/card
forming cavities (e.g., 4 to 8 cavities) in the manifold system at the relatively cold
temperature (e.g., 56° F to 160° F) and relatively low pressure (e.g., atmospheric
pressure to 500 psi) conditions used in applicant's process. The flow rates for the
polymeric thermosetting material under the low temperature and pressure conditions
are able to completely fill a given card-forming cavity in less than or about 10
seconds per card-forming cavity (and more preferably in less than about 3 seconds).
Preferably, card-forming cavity fill times of less than 1 second are éven more
preferred. In view of these conditions, the processes may employ gates having a
width that is a major fraction of the length of a leading edge of the card to be formed
(that is, a card edge that is connected to a gate). Preferably, the width of a given gate
is about 20 percent to about 200 percent of the width of the leading edge (or edges--
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relatively wide dianmeter (e.g., fromabout 5 to about 10 mm injection port
that is in fluid connection with the thernosetting material -suppl yi ng

runner, tqva&g@é[/ﬁ%@éel y thin dianmeter (e.g., 0.10 mm g%@ﬁ%ﬁgﬂg wher e

the gate fee e thernosetting material into the void space

ultimtely beconmes the center or core of the finished smart card 1. Gates
that taper froman initial dianmeter of about 7.0 mllinmeters dowmn to a

m ni nrum di aneter of about 0.13 mmw || produce especially good results
under the pr efwtiplegatesical) b¢ usedpo didlsthe sama¢ardformming omdiy)j iomsthe @& Anot her

optional featyre {h can be ed I.s the use of nold shells that have one
or nore rece E&%F)eg?ﬁ’&sr@gccéf‘tﬁﬂﬁg BPELss" polyneric material that may be
purposely injected into the void space between the top 50 and bottom 40

layers in ornggso)t ?r@%%ﬁq%ﬁﬁg}ér@é plBPeH 1@kt £ BPeredaRDIN fr&in G relatibél§ Svigases
formed by the exotherm ¢ chem cal reactions that occur when the ingredients

used to for minfiew areade a relativelenarow kererrogion thaterds atlos neardhercading edgptther )
bror "o (oo g teBGTbodiheat fired RERtpiefoHiti: e e Bt Sl b R Ry |
space. [ 0052]reléﬁve1§wmé dafmkfer (clg., frB&hJUohi S0 Mt 1) BhYiRREGEFpéPthat f¥iigkness

variation caused y the curing of the thernosetting polymeric material
af t er i nj ect ifbwd eonmgetiort With thel thermasetping matérialgipplyingpanrent to azelativeély thinl ded

one. enbo moEeBer R (D i e e e PR RO TSt "of one
mol ded sheet ;i fal into PePv il SpaRWiHieH ultiitdly Sedortes thOEHRG R RoRNT ti1€EL -

According to another embodiment of the invention, the injected sheet '
corresponds timished smgtteasihr Gatesthdt taperTiem sniifitinkbdismeter phighat@Ot card 1 wil |

depend upon the.materjals used.in the co I t] of each of the snart cards
1" ndi vi duaiRRER ARG to Sy shERder I aboCk BT vl Sioses Sedaks] The
fini shed smargyogadsHfs dnddk %éﬂ}ﬁférfeﬁ%M?%ﬁ-f)fégélﬁ@ﬁg@di%ﬁ%nﬁ%ﬂﬂer' c materials
(e.g., by trimmng themoff ‘of the precursor card body) and cut to certain
prescri bed sizes (e.g., 85.6 nmby 53.98 mm as per |SO Standard 7810)
dependent  ud8051] heAsaihertoptinndlifeatureribatabes by nsedas dreetserof mufld shedls s hevecar d 1.

T S RS TR o AR TN

purposely injected into the void space between the top 50 and bottom 40 layers in
order to expunge any air and/or other gases (e.g., those gases formed by the
exothermic chemical reactions that occur when the ingredients used to formulate most
polymeric thermoset materials are mixed together) from said void space. These
thermoset ingredients are preferably mixed just prior to (e.g., about 30 seconds

before) their injection into the void space.

[0052] As seenin FIG. 1, the filler board 30 reduces the thickness variation caused
by the curing of the thermosetting polymeric material after injection around the
plurality of circuit components 20. The molded structure is then removed from the
injection molded apparatus. According to one embodiment of the invention, several
smart cards 1 are cut out of one molded sheet. FIG. 2 depicts several smart cards
formed on one sheet. According to another embodiment of the invention, the injected
sheet corresponds to a single smart card 1. The stiffness of the smart card 1 will
depend upon the materials used in the composition of each of the smart cards 1

individual components.
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also will be well appreciated by those skilled in this art that the nol ding
devi ces used to nake such cards in comercial production operations wll
nost pref evakbos/lozeee nol d shell's having nmultiple caviti ®@ET(ES2006/0125054, 6,
8, etc.) for making several such cards simultaneously. [0054] The present
I nvention has several advantages including a cost effective manner to
produce one or nore smart cards. Most of the nodules in the smart card 1

can be constr d - . L1 .l Ng costs.
Furt ner - nASY o i ekl 110 R rhilBped AONIFS TR 19 0
enabl e gr eat efatgriadd @ad.j WntriniMingithem off afahepreeurber catd bodyl) agd vatntgfcagiinr i ng
which in turn | owers praoduction cqosts and rai ses production output.

Mor eover, t h@reseabresizs (6-Be 85:0aB@RY 33:9%mm spes APOStandark 7§ 10) depapdent t o

produce rmnul ti . ) t [ r ' Eﬁ]ﬁ‘]ﬁ tion of a
preferred en%lgé’?ﬂn%%%t’fo‘h?hgfsqng\ggﬁgﬁ gﬁra?;%ge?? %@E%a%@g@ﬁfiégﬁl?%r puirr%oses of
i Il ustrationppgidssiaay blsprémmove the eksesfipaterial mruheduitihghfimneinf aperativie Br to
limt the invention to the precise formdisclosed, and nodi fications _and

vari ations a@abopyglideprall anpreqigied bythose skilledbindhisastcthatihe solding devdcesdised r ed
f : . . _ . _ ol
or dor Fo- expy Hike b iR cblherd M RERAG, TR MR AR b IR R Do 1

appl i cation nléskdlshaoing melplelcadities (d.51£2,a; 6, 8,@tdl) for nZkingheveralaighi on in
various enbodi nenfs and with various nodification are suited to the
particul ar uSardssisewimpeedsdy. 1t is intended that the scope of the invention
be defined by the clains appended hereto and their equivalents. -15 WHAT IS

CLAI MED | S: ngﬁ[g . g@mﬁ ' ﬁ[{@l{ . Y Walok

providing a i?(l)sme c&?%%?{mboar &‘arﬁa%\%‘}r?gﬁé op e&r"%zlgdgn%%gggeg%%%m surface,

Wi th circuit nidnaee® peodice@®nt 0Py §rage carlls.t Mestoufithé adales biihe shaatrcdid 1

attaching filler board havi n% a plurality of gpenings to the top_surface of
g

the printed &ARberenstpeted in pHaditionalgnannet theblertges sranyfactuing costpSHERTs int o
the plurali t%{ﬁrg{gg&r {:jiﬁ{uci) ao%gcg 19 %%Fﬂgé\}%%ﬁ@%&@&@&% 0 aPRIGOMR PHbLAER Of the

printed circui
to circuit components 20 during manufacturing which in turn lowers production costs

and raises production output. Moreover, the method of the present invention can be

easily adapted to produce multiple smart cards at once.

[0055] The foregoing description of a preferred embodiment of the invention has
been presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and modifications
and variations are possible in light of the above teaching or may be acquired from
practice of the invention. The embodiment was chosen and described in order to
explain the principles of the invention and as a practical application to enable one
skilled in the art to utilize the invention in various embodiments and with various
modification are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the claims appended hereto and their equivalents.
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| oadi ng the printed circuit board and bottom overlay into an injection
nol di ng apparatus; |oading a top overlay positioned above a top surface of
the filler board into the injection nolding apparatus; and injecting

t hernosetting polyneric material between the top surface of the filler
board, the plurality of circuit conponents and the bottom overlay. 2. The
nmet hod of claim 1. wherein a Plurality of smart cards are forned on one

printed ci r cUWHAT IS SLAIMEDIS ot hod of clai m 2, further conpri sing:
removing the injected top and bottomoverlay fromthe nould; and cutting

out the plurality smart cards. 4. The nethod of claim1, wherein the
circuit traces arel.for dndiyod for atannfycturiag @smarttoard, kemprisinged circuit board.

5. The method of claim 1l wherein the inserting step.further conprises
connecting each ofPrPVEmg apranted girgit baard having & Fpowelacs an ag?@méﬁf%rface of

the printed Gy eididic R On tHethp surface of the printed circuit board,

attaching filler board having a plurality of openings to the top surface of
the printed circuit board;

inserting a plurality of circuit components into the plurality of filler board
openings;

attaching the bottom surface of the printed circuit board to a bottom
overlay;

loading the printed circuit board and bottom overlay into an injection
molding apparatus;

loading a top overlay positioned above a top surface of the filler board into
the injection molding apparatus; and

injecting thermosetting polymeric material between the top surface of the

filler board, the plurality of circuit components and the bottom overlay.

2. The method of claim 1, wherein a plurality of smart cards are

formed on one printed circuit board.

3. The method of claim 2, further comprising: removing the injected

top and bottom overlay from the mould; and cutting out the plurality smart cards.

4, The method of claim 1, wherein the circuit traces are formed by

etching traces into the printed circuit board.
5. The method of claim 1 wherein the inserting step further comprises

connecting each of the plurality of circuit components to the top surface of the

printed circuit board.

-16 -



