WD 98/ 52735 : ¥ PCT/ US98/ 06976 METHOD FOR
MAKI NG -SMART CARDS BACKGROUND OF THE INVENTICN Smart cards are used as
bankcar dswo d8i3213sr ds, tel ephone cards and the |ike. They areThsosdesapon 5
the use of an el ectromagnetic coupling (either by direct physical contact

or by el ectromagneti c waves) between the smart card's el ectronic conponents .
and a card reader or other receiving device. Such couplings may be
used to effect a reading node al one 10 or a read/wite node. Such
cards are usually made by assenbling several |ayers of plastic sheets in a
sandmtch array. In the case  of so-called "contactless" smart cards
(i.e., those smart cards whose electronic conponents are contacted by
15 el ectromagnetic waves rather than by physical contact), a
center layer of a polynerlzable resin totally encapsul ates an electronic ™~
nodul e that may, for example ri se an 1C chi that |s connected to an

I nductive coil type antemﬁ? q? 8 DSy ecei vi ng

el ectromagneti ¢ waves through the body of the card. The nethods for making
smart cards have varied conS|derany For ~exanpl e, European Patent 0 350
179 di scl oses a snmart car d BACKGROIN F , TONCircuitry is
~encapsul ated in a | ayer of plastlc naterlal that is i ntroduced between .the .
card's two WO 985mAZ85 cards are used as bankcards, ID cards,
PCT/ US98/ 06976 -2- surface | ayers. The nmethod further -conprises

abutting a hi ghelepbpone siaxdsgtandotbendikerberThepmi ave rasiede wgom noul d,
“!??fa}hg the ?gﬁgt(ggdoﬁ an electromagnetic coupling (either by

-direct physical contact or by electromagnetic waves)

between the smart card’s electronic components and a

-card reader or other receiving device. Such

couplings may be used to effect a reading mode alone

10 or a read/write mode. Such cards are usually made

by assembling several layers of plastic sheets in a

sandwich ~"array. In the caée of so-called

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

whose electronic components are contacted by

15 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 1C chip that is connected

to an inductive coil type antenna that is capable of

20 receivihg electromagnetic wﬁves through the body of
the card.

The methods for making smart cards have varied

considerably. For example, European Patent 0 350

179 discloses a smart card wherein electronic

25 - circuitry is encapsulated in a layer of plastic

material that is introduced between the card’s two



el ectronic conponents with respect to that side and 5 then injecting
a reaction nmoldable polymeric material into the nould-such-that—it— '

encapsul ates the el ectronic conponents. European Patent ' '
95400365WP % fes a nethod for neking contactless smart Ggsg%&%e 10
met hod enploys a rigid frame to position and fix an electronic nodule in: a
voi d space between an upper thernopl ast$t sheet and a | ower thernoplastic

heet. Aft t he _f [ echanical ly affjxed tq.. | t h | asti
shect- ALer Lisebeame ateleehan LY ghlide” SpeAfcy Ol gpel oot i

material . U Sypfgteny 5a39ﬁi§147 t&peles as@f@:@%&hcqmaih?é hfenUIpr i sed of -

three layers, nanely,” a first outer [ayer, second Touter layer and

an internedi ahgaihayea sideThE a moaddgdilaicatingydhe ismazt cardfsorned. hy. ...
injection of _a thernoplastic binding material that encases the smart

card' s el ect r GARELEOBHENCOMPONENL s, WitH Fegpese BA hRaEnSdds mAade

I nterngdi ate er | he bindi mat er 4 | s pref y_ made .up
of a bFend of k-'g‘éf'}ol %nfééé@%? 2% Qgggl_tggpue rﬁél%.wbhjgé t\ﬂ?ol%o!?eq%%re '
chemically rgagerdaicoimesethe tildapden Wit co8t agicapdulstids The

outer layers of this smart card can be nmade up of various polyneric
mat eri al s suclhes edeicpromiic cPmpong®te. pol yuret hane. 30 - cooMeSen

Patent 5 417,905 eachos aurethod for PEAY’aElyohle Bl astiggtedit
T S 05518 ek sROTHARA ObohbBc el ot cestuko dofnge @
10 method employs a rigid frame to position and fix an- - -
electronic module in é 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 spaceée is filled with a -
15 polymerizable resin material.
| U.S. Patent 5,399,847 teaches a credit caxd
that is comprised of three layers, namely, a first
outer layer,' a second outer layer and an
intermediate layer. The intermediate 1layer is .
20 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
25 a glue having two or more chemically reactiﬁe
components that harden upon contact with air. The
outer layers of this smart card caﬁ be made up of
various polymeric materials such as polyvinyl
chloride or polyurethane.
30 U.S. Patent 5,417,905 teaches a method for

manufacturing plastic credit cards wherein a mold



support is placed in each nold shell. The nol d shells are then brought
“together—and--a-thernopl astic 5 material injected into the nold to form
t he ‘car d. WOHRS/S2735| owi ng pl astic forces the | abels or inagepeaps8He®789ai NSt
the respective nold faces. U. S. Patent 5,510,074 teaches a nethod of
manuf’act uri ng smart cards havi ng a cardaody with 10 substantial ly
paral l el major sides, a support nmenber with a graphic elenent on at |east
one side, and &@Pkl eempsAEedmodultwa osipelsEngsa e tt@r ga¥ihbaty i s fixed

to a chip. The, manufa turln net.hod general |y conprises the steps of: (1)
pl aci ng the su%?)%ﬁ 1%5?&9&&9 ¢h n8R¥A8 hat Adckabrss oOhe iwalgene and

shape of the ) I aidg, s rt e ainst_a first main -
.wallO of the m)(\ﬁ?LE ?]%2 |l%e %?gaaa thhegﬁggll as‘gﬁgbﬁéteg% iTh® medd/ol ume
defined by t heshﬂ)llmvmsqaatbem rbmﬁightt@ogéthefhaﬁdpgr Eh@?w%:lggt t he

volume that is not ,h occuypied by the support nenb Inseérting an
el ectrohic rmd'%ﬁtt-,e’é"ca]anlaﬁﬁﬁ§sfil d*tIE!‘-Cpobhel oolidn tscal dfou:heru‘m@l eairdc nateri al

before the inj ortunl to conpletely solidify. 25
U.S. Patent 4% g&ﬁ%’ sll@l s%gaﬁ l‘él TG ctE‘Pr ctRbelbnc s uiimagen device
N the Torm ofsupats eiga it Nthe WEbs dﬁe%m&hmof&vfaﬁ%s Spectfl ¢

~arrangenent :.of "l ands, _  grooves 0sses 1N €O ation with
specific orifi ces Ui, noPatental s, SEDO 074 se€athds &0l fetRogCi BgUi t

assenbly in & etn al-i gnment . The vvalls of the carrier are made of a
VD 98/ 52735 an acturing smart cards having a pcardsdgidy6owhtha-

S| l ghtlloy fl eX'léﬂt%ﬁHi{ﬂdﬂy'ﬁbﬂfjfél tRaf&eisidale o support member

with a graphic element on at least one side, and an

electronic module comprising a contact array that is
.fixed to a chip. The manufacturing method generally
comprises the steps of: (1) placing the support

15 member in a wold 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
thermoplastic material into the volume defined by
the hollow space in order to fill that portion of

20 the volume that is not occupied by the support
member; and (4) inserting an electrbnic module at an
appropriate position in said thermoplastic material
before the injected material has the opportunity to
completely solidify.

25 U.S. Patent 4,339,407 discloses an electronic
circuit encapsulation device in the form of a
carrigr having walls which have‘ a specific -
arrangement of lands, grooves and bosses in
combination with‘specific orifices. The mold’s wall

30 sections hold a circuit assembly in a given

alignment. The walls of the carrier are made of a



Insertion of the smart card's electronic circuitry. The carrier is
insertable into an outer nol.d.- Thi-s causes the cartier-wakls-to-nove-toward:
one anothigbsmhr3s in order to hold the conponents agysoRloger6i N
alignment during the injection of the thernoplastic material. The outside
of the walls of the carrier has proj ec‘ilons t hereon which serve to mate:

Wi th detents on the walls of the nold Tn order to |l ocate 10 and fix

the carrier gighRathorteisie THeaRid1al 60 ARGkl €5 LA AAHErd e escape

of trapped gase atent 5,350,553 teaches a netho of pr oduci ng
a decorati ve:.paen:einnormf gk pdreringecand ek eeflecbronici cdmbduitny, .
plastic card in 15 I njection, nol di ng nachi ne, . The net hod

conpri ses th&ngt é‘ﬁ?r&]er ) %‘?ﬁer‘iiﬁh?t%guéﬁﬂ %s?FFBﬁl H‘Slg -f i 15RdE g , a
fllmbearlng or V. V€, p d Vi -

I nj ection rmF%P%%gmactel r?gdﬁ?be)&e olslér)\g 8&;8 gg‘gg%'t ;9 %o a@%é[l{&[ e filmis
20 5 fiXednanGrdexrpetoi NhpRa! t itdie t f'@ét@péheﬁ@é | geefikey amel ectrronic

circuit chip through an aperture in the nold into the nmold cavity in order
to position ahegnmemtp dunimg tirhe ncmtyon otd):he |trhqemmqpigast:a: ‘

th | t t t t f
unﬂ rgg 2;50 gﬁ%g ér %Z‘h‘tgndl?gﬁgv c@gstﬁﬁtcg’\r%rﬁ ’gpeglrnmgat he -
mol d cavity ggd rﬁf@j’é@@léﬂé Gahedd Swh'féherﬁ?]fv@ES]:oSgtﬁaﬁ@ama smart

card whose main fleature 1s a support elenent t supports an
integrated cdetentschimp.the M]smmnbrthel moiadt 1nsomﬂed~ ft@r Jmma.ﬁe oni ng the

chip inside a VWO 98/ 52735
PCT/ 1898/ 0goapd. £ix the carrier w:.th:.n the mold The mold also e
has holes to permit- the escape of trapped ‘gases-.-
U.Ss. Patent 5,350,553 teaches a method of
producing a decorative pattern on, and placing an
electronic cirxcuit 'in, a plastic card 1n ‘an
15 injection molding machine. The method comprises the
steps of: (a) introducing and positioning a £ilm
(e.g., a film bearing a decorative pattern), over an
open mold cavity in the injection molding wmachine;
(b) closing the mold cavity so that the film is
20 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
the chip in the cavity; (d) injecting a
thermoplastic support composition into the mold
25 cavity to form a unified card; and (e) thereafter,
removing any excess material, opening the mold
cavity and removing the caxd.
U.S. Patent 4,961,893 teaches a smart card
whose main feature is a support element that
30 supports an integrated circuit chip. The support

element is used for positioning the chip inside a



nold cavity. The card body i s formed by injecting a plastic material into
thé cavity so that—the-chip-is-entirely enbedded in the plastic material.

I n sone ewspei/szesst s, the edge regions of the support are 5 ed
bet ween the | oad bearing surfaces of the respective nolds. Pﬁ?é”%“%ﬁ%?t

el enént may be a filmwhich is peeled off_the finished card or it may be a
sheet which remains as an integral part of the card. |If the support elenent

i s a. peel -of f Moldncawiy anyTHé® card [ 2Rts. contaiped therein are
transferred and renain visible on thgsaéggd.fé f+?‘“§§eﬁ¥ubﬂ3?Fgépgnént
remai ns as anRiRsighamakexiak inko cﬂud,cahftyswhtgégpbhgscﬁg_gnggts are
formed on a f ZE-'B%eﬁyof an‘g ngnce are_visible to the card uSer. 15 :
U.-S...-Pat ent . 5, 498, BT EAS slnath§n;ﬁﬂ-?3té§r dadenried t haIni soledes a
card board haengpdinditaigh end . ) condyct or nodul e is nounted
onto this opening. Aresin itgei %%% egéléﬁt%?gt hégog‘é}ﬁ n§PRottat aker esi n
mol di n§ is focAedpedticbetwebn2the loﬁ@lndbééﬁﬂnéhaéuf%ﬂé’ &N ¢ eg\grode

I con uc?or Todbtt'€ is

term nal face_for external .connection of said sem co

exposed. TPe E&fé’% Wm%fdﬁ? by‘%mp@rtalaf_bimbfgpanayrwin?gﬁmﬁhrOugh
o condactor 350 ¢ Beree S SR ind o uf craycn aboar
et e e he ot erenn S S0 YR YU ST s
teaches a di sEfh&RenFUPRITt elemsnic bedy peee-of£a ihal,Hdstiq,i i ection
i gn&?gg%g?ggrgggkaﬁiHCg _l_éinémne_%tes_ !éé/r?{a;{:@é {:ﬁe.‘lrg':[i.gg ;i'lel ytransvgfred2735
: ‘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.

15 -~ U.S. Patent 5,498,388 teaches a smart card
device that includes a card board having a through
opening. A semiconductor module is mounted onto
this opening. A resin is.injectéd into the opening
so that a zresin molding is formed under - such

20 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

25 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.

U.S. Patent 5,423,705 teaches a disc having a’
30 - disc body made of a thermoplastic injection molded

material and a laminate layer that is integrally



-6- joined to a disc body. The laninate |ayer includes an outer clear
| amna and -an-inner -white and opaque-tantna.” AT imaging material is

Sandv&ﬁ?’ﬁ’}ﬂg% en these lamna. 5 Al | of thesgc.gfuisggr,?ﬁ?;é net hods

for t cards are to sone degree concerned w th prope
posi tioni ng and fixing. electronic__conponents, nodules or assenbli’es
~inside the smart card. If the el ect rofirc conponents are not properly

ai fixed they A0eq vo ! ki alopolBYed oo SANIAD, AN Olisc: WD 2
I's infée - rmmng,

t her nopl ast iC it erT al fed ™into a card or card
core-fornm ngn Gtdy ¢DEer LARinaf hHanes imdler ndiifter add obpadhier noset -
material injection pressures. The prior art noted above 15 . reveal s
use of vari damigwi d A8l dinaginabeakesiah s fsandwidhed ppbveent hat are
of ten used tt&éaosi]te%{l)n and fix the electronic elenents during the

t her nopl ast i 9% i processes. " The wuse of relatively I|arge,

mechani cal hol di g fleys cosed@\pitb2rt nebibds fofhRiPlyg Sgikeed. bodies

. to hold their electronic conponents in place during injection of such

t her noset ti ngardd earal stbasoneovndegreecraatosrmsd t siithprpbdperly For

exanpl e, the bodies of these relatively Jlarge holdin devices (i.e.,
_large 25 : Posidtipning o ab  ofdXdngni cedBFPERBALS tH PPRBeRYSare- of ten

adver sely (Sl e | 10SEmSIRCk . LALEALT En8"GhEe L QLBRON. L7 e85 the card

may encounter 11 nornal nor nma se.. I nor m nirmze the damage
caused by &LEdErdRi€ecsompbiiente! agkr QivtC pibperly COFPDREA! Shelel d by

sone of these hard, sharply defined bodies are often positioned in a
corrkt of - ‘will - be moved . to.-.. random. . positions when - a -
o ' thermoplastic material’ is ~injectéd into a card-

forming, or card core-forming, cavity under the
influence of ~rather high ' thermoset material
. injection pressures. - The prior art noted above
15 -  reveals use of various solid holding members such as
frames or supports that -are. often used to position
and fix the electronic elements during the
the_rmopiastic injection processes. The use of
relatively large, mechanical holding devices having
20 hard, sharply defined, bodies to hold their
electronic components in place during injection of
‘such thermosetting materials has, however, created
certain problems. For example, the bodies of these
relatively large holding devices (i.e., 1large
25 relative to the electronic components they hold) are
often adversely effect.ed 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
30 components held by some of these hard, sharply

defined bodies are often positioned in a corner of



WO 98/ 52735 ’ PCT/ US98/ 06976 -7- such
smart .cards. - . This -positi-on-ng—lim-tati-on.usually cuts down on the

size and Wgﬂgﬁsgf el ectroni c conponents that can be pl acepci/osssosecar ds.
5 reover, due to differences in the coefficient of expansion of

the materials used to nake these relatiyely large holding devices -
relative to the coefficient of expansion of the other elenents of such

cards - def gpaRti gfartof baRdsappearnien podti®ning dmitdisnrfaces of
finished cards that contain such el ectronic conmponent hol di ng devi ces.

That is to saystuhdlysuciise dhay man ontheansizgeul anfly omunthemeref presence

of such hol ding nenbers in the bod f the card as it experiences different
Cerper at ures $5eCEZORIfy CRFRRUEREA RRR ngani (RS RAGERL: Pe.SuoBSich
deformations gregqgat best, -unsightly; at worst, they may even prevent the
card fromlying conpletely flat in the card-receiving receptacles in
certaig card readi Ngreeveriesue’?@o differendemestid asgfifiederitict urers
have dealt with this problem by reducing the size _and/or body of such

hol di ng devi cef [SXRARSEPY acifolEhgl Maseidalfer ubrdn bR cmakecathese

I nt er connect i ng.l ogki evices .securel, ositio keir hol ders (and
nence the 25 Sa1ataVElY, oRIE I RLRE " BRTASHREY roRltIRe: il CBe o M
form ng cavitpgar¢ycitatt hef t BepaRB st | £ | RheCldtiePr @itkents 1§ use of .
such glues to secure these hol der devices has, however, produced anot her
set of probl esechThepndsual-l y dedfeaimad immmind ftten f aappeadat - @ the nost

commercially avail abl.e, fast curiqg %Luas that are used to fix spuch
eIectFBnLc_coﬁﬁﬁﬁéﬁ?;hoFHE§§cFﬁ_ of Tinished cards that contain

such electronic component holding devices. - - That is

to say that surface deformations can result from.the

mere presence of such holding members in the body of

the card as it experiences different temperatures

15 and pressures during its manufacture. . Such

deformations are, at best, unsightly; at woxrst, they

may even prevent the card from lying completely flat

in the card-receiving receptacles in certain card
reading machines.

20 _ Some smart card manufacturers have dealt with

- this problem by reducing the size and/or body of

such holding devices by using various glues (rather

than mechanical interconnecting locking devices) to

securely position their holders (and hence the

25 electronic component that they hold) in their card-

forming cavities during the thermoplastic injection

process. The use of such glues to secure these

holder devices has, however, produced another set of

problems. They usually revolve around the fact that

30 - most commercially available, fast curing glues that

are used to fix such electronic component holders in



WD 98/ 52735 PCT/ US98/ 06976 -8- pl ace
.also .are.often.characterized- by their-high degrees of shrinkage.

Moreover, relatively large volunes of glue are needed to {j

rel ativel YOI5°43hol ders when they are inpinged upon by th%bémgg%%g_ﬁncom ng
thernoset material. Use of the relatively |arge volunes of high shrinkage
gl ues needed to fix these holders in®place tends to winkle and

ot herwi se defg h [ .of ashiG..S . or. layer .t o, whi.gh .such gl ues
are applied. P éee%/i_e‘?e, %%e °&€%ea#&%ge§12%cdr eg edth%f/r ﬂi"%"e )
wrinkl e-1i ke--aetf:,géaat-l@ms sBitihRkagensi deoseokases példbevel pstiagqgeeet s
(e.g., sheets of polyvinyl chloride) used to nake a smart card's surface

| ayer (s) are vodnwest todfd gineughet heededattiorefix t hhas¢e rglatfinehyabout

'0.075 15 - ~ _to abqut 'cg.'2'5" bodi es of these, sheet materjals. These
forces often -Eﬁﬁgs-ti?%l R er WOFPr %t aFFe YHRAFRICSr $POR tBXe the a | ocal

wave- | ke, beg =1y oK | s ghar r certain
toI-era!r;lce's, tEggga%g\ge?ﬁelfggéggnt@(ﬁrlvﬁ'nk?ﬁe{;?iﬁg 589' re&%é:(e}’f%l%tions
are unaccept abheget woluimes frhigic aslirinikiagé rglues nbeded; toTeiwk

techni ques have been developed to_try to at_least mnimze deformties of
this .—kind. . thesenf fialdens| yin = phage (&edfmt i ohs Wohnkdge tande a

probl em™- "especially when smart,.25 . . cards _ar e using various |
hi gh speed g?ghﬁgwn‘gwo%sf@ gFﬁg eSS ecgét ?’veﬁ'ﬁ%‘bes SFgerm%Ievi ces to
the thin sheelaygel tdee wHBSH | SubBt gluaks a® GppNEA. t hbrker Rdihe out si de

surfaces “of nost smart cards.
. 10.  the fbrc_es_____._cr_eated . by . these  wrinkle-like

o= - deformations-on- the "inside surfaces of the plastic
| sheets (e.g., sheets of polyvinyl chloride) used to

make a smart card’s surface layex(sf are transmitted

j?;;:J_;m. .througﬁ the relatively thin (e.g., from about 0.075
- 5. --to about 0.25 mm) bodies of these sheet materials.

| These forces oftén cause the 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

20 deformations are unacceptable to the smart card

industry. Hence, many technigques have been

developed to try to at least minimize deformities of

this kind. Unfortunately, such deformations
continue to be a problem - especially when smart
25 ~cards are made using various high speed gluing

methods to 'glue these relatively 1large holder
devices to the thin sheets of the plastic materials

- (e.g., PVC) that form the outside surfaces of most

- smart cards.
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SUMVARY OF THE | NVENTI-ON Appli-cant's snmart- - cards- -(-e~g-y —~eredi-t-cards;-
personal wgeBkyisy cards, access control, telephone cards, ettusoswwdréeret hods
for maki ng them 5 are primarily based upon the wuse of certain
herernafter nore fully described gl ues_.qnd gl uing procedures. The
beneficial effects of applicant's glues and gl uing procedures, however, can
be augnment ed and enhanced by the use of certain other 10 specific

mat eri al s and manuf acturing net hods. For exanpl e, the beneficial effects
of applicant's glues and gl asMlgaRaoRadititds INAENILION|rt her enhanced by use
of (1) «certain hereinafter nore fully described "cold," "low pressure,"”
form ng procedures, (2)Applicantéert @martpl acandsts (eofy.,t heredict ronic
conponents within these snarh cards, .(3) certain thernoset flow gate
geonetries af@tdf4) PEZFLRRA AS€ e£aL8a§ apAGCEHR ' CORNKAL £ or

recei ving the terd t y | kD€ of anount
needed 20 EE?%B@(??E% ﬁldelﬁcsdr 2&?%@ oﬁgaof&e{%ﬁ%a%&sﬁggig ctaéét]g. In

any sase, agpplipxandarsily sribided capdn tHee paséi culfar ldemhwi@ct eri zed
by their high quality external surfaces. The term"high quality” in the
context of thhsrpanaites seorsufylinodeseribadegluemsand givdng a

bstantially_flat f j.e.. f ' bends, T
W inkies or VBERCRARREF™ AsthecRRRIIGIAL ‘SaHerd, B2 R LRAI S n (op
| ayer having ghyeBsi %@uréﬁﬁsggndp%c@&@éﬁ SUabiiéPer 2 bgfahomﬂéyer

havi ng an insrde surface and 3 an outside surface. and a center or
core |layer thatngmented and enhanced by the use of certain other.. .

10 specific materials'and'manufactufing”méthodélm For
example, the beneficial effects of applicant’s glues
and gluing procedures may be further enhanced by use
of (1) certain hereinafter more - fully described
“cold,” “low pressure,” forming procedures, (2)

15 certain placements of the electronic c¢omponents
within these smart cards, (3) certain thermoset flow
gate geometries and (4) certain receptacles in
applicant’s molds for receiving thermoset material
that may be injected in excess of the amount needed

20 to form the core regions of applicant’s smart cards.
In any case, applicant’s smart cards are
particularly characterized by their high quality
external surfaces. The term “high quality” in the
context of this patent disclosure should be taken to

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

Applicant’s smart cards are comprised of a top
layer having an inside surface and an outside
surface, a bottom layer having an inside surface and

30 an outside surface and a center or core layer that



WD 98/ 52735 : | PCT/ US98/ 06976 -10- is
——sandwi ched between. the top and bottom | ayers. Al three of these |ayers are

uni fi edé{,&%g{aﬁgénart card body by bondi ng action pb6dciReds the

t her nos olynmeric material used to create the 5 core layer and
the material (s) out of whi-ch the top_iﬁg bottom | ayers are nade. In sone
preferred enbodi nents of applicant's vention, this bonding action nay be

augnent ed 't hy ou n@@ﬂ afiis ergj naf.ter ek d i.bed .
t'reat ments o*é)t %Jé cq{ec%/néléggggﬁr ftg{cé; %%Bt hgegf 0|01‘;°<E;1i:|r‘14 or E%%H"‘gr'n | ayers.
-The el ectr onAT1 COAREBERIES Hitedh , 1opePsit afeClini fied eitito fapmaktor, etc.)
of applicant's smart cards are enbedded in the thernosetting polyneric
_material thataxdnstbedyes bie chapdingent &clgrorzor ebebiyeen 15the Hence,

""these electrani c_conponents formno part of .the external suyrface of
applicant's éhﬁﬁ@ﬂﬁgpgﬁﬁgtp8;¥8§Flﬂg%ﬁﬁ?qﬁiamyqﬁdaﬁﬁs?f?ﬁgeaggeoften
referged to agreCoRyast haas tneMialeialdsis) B SOMHPERaLRe! REBUID
el ectromagneti ¢ waves that are received (and 20 I n some caSes even
transm tted)ahdr casfttdthe lay®rsof aree madet carkh visonet spapfexmedconponent .

‘For wi de comrercial use, such smprt cards nust be nade, to very precise,
_.st-andar di zed®BPR8HBEBRE . AforaRRIhPARt ' § Son¥eRtdond 7dabs r BGUAABE t hat t hey

‘have a nom n I t . ' wi gt h :53.98 mm and a
- nom nal thr C%%%%énofm%y7%@@?e§?cee%g@\ﬂzﬁag ny%?t?rt ﬁ% iv% 3'%t fe details

~of applicanthereehheterf giormkiuly hdeboiebaae vxfdatbriBr 6£Cahds, it
~should be first noted that for the 30 - pur poses of this patent
isclesure.t hesidengurfpper ofahlie" Fopeand/or bpbpomadayenst.tom " | ayer (s)

The electronic components (e.g., computer chip,

antenna, capacitor, etc.) of applicant’s smart cards

are embedded in the thermosetting polymeric material

¥ i;;: f that conStiEutes the card’s center or core layer.

- a5 Hence, these electronic components form no part of

the external surface of applicant’s £finished smart

cards. Again, cards of this kind are often referred

to as “contactless” smart cards. They communicate

through electromagnetic waves that are received (and

20 in some cases even transmitted) through the body of

the smart card via its antenna cowmponent. For wide

commercial use, such smart cards must be made to

very precise, standardized dimensions. For example,

IS0 Standard 7810 requires that they have a nominal

25 length of 85.6 mm, a nominal width of 53.98 mm and a
nominal thickness of 0.76 mm.

Before delving any further into the details of
applicant’s methods for making the hereindescribed
smart cards, it should be first noted that for the

"~ 30 purposes of this patent disclosure the terms “upper”

and “lower,” or “top” and “bottom,” layer(s) should



WD 98/ 52735 : - PCT/ US98/ 06976 -11- be
regarded as being relative. That is to say that: they-are i-npli-ed--by-the—-—-—
rel ati vewpagishizgns of the nold shells that are enpl oyed t®cwasss/ecovér e

t hese cards. Hence, these ternms should not inply any 5 absol ute
position or orientation. ° Applicant .dqes, however, have certain relative
position preferences for making the smart cards of this patent

di scl osure. peFeegarded as Beliory t:i‘wla,lsﬂr@f CEh&BI sl tauighy dhaeni - 1i qui d
glues plays an especially 10 important role in the hereindescribed
processes, thbeyemne "b@Pléﬁﬂ byaythe nreé‘,a#éveusmsltmsy ofertike n :

positional prefere For examl e licant's es_ar r ef er abl y
used to pos”ﬁ“f’gﬁ tsﬁ"ee%?fr B3k 8LF, SN (;'oc}'(ﬁ%ﬁo‘f‘l%n{“?n §%F§ tgth%)
capaci tor, 18ards. ©f Giendd) ! bfe: E0%§%éa%oﬁdan%|&eeimﬁi meggyial (e g.,
PVC) that eventually becones the "bottom I ayer" of the card Thi s-

pr ef esence mbsoldtieer:ms:ﬂ:imntbe drflmﬂ:ataforgr avnpplamammpldmx s liquid
or sem-liquid glues when they are first, (laid dqQqw or ot herw se

di spensed. BBOWEVETy of3R t ?’MEnEP&FEFE%?OiSth H?%f?ﬁfé?%escrl bed
met hods for Kin ctl car I nj ect I on
nol di ng machl?'ﬁes %“V\%Q%&arﬁten |n8| w% #y re er?%ai Cé%@éhﬁ

"RIM). Theggseaeluies arpofsesamplie] Wirte the uskd meéér@@ﬂné bottom
‘nol d shell that are capable of performing certain hereindfter nore

fully descri Badquidd doxi oﬁﬁmieésquéd fglueAg phayatiams especiablyt one of
e SBect S, O pBYrHIB ST S TS horesndSudhant GrodfibegohBgp (M (v
term “bottom” may in some uses -imply ce_rta:.n o
positional preferences. For example, applicant’s
glues are prefefably used to position the card’s
electronic components (antenna, chip, capacitor,

15 etc.) on the “top surface” of a sheet of material
(e.g., PVC) that eventually becomes the ‘“bottom
layer” of the card. This preference is in deference
to the effects of gravity on applicant’s liquid or
semi-liguid glues when they are first laid down ox

20 otherwise dispensed.

Be this top/bottom nomenclature as it may, the
here‘indescribed methods for making contactless smart
cards will employ reaction injection molding
machines (which are often individually referred to

25 as “RIM”). These machines are associated with a top

"~ mold shell and a bottom mold shell that are capable
of performing certain hereinafter more fully
described cold, low pressure, forming operations on
at least one of the sheets of polymeric wmaterial

30 (e.g., PVC) that make up the two major external

surface layers of applicant"s smart cards. Such top



WD 98/ 52735 PCT/ US98/ 06976 -12- and
—bottom nol d shells cooperate in ways that are well known to those

ski-lled in the polynmeric material nolding arts.
appl i cartY©88/82], ol?é?ﬂ%;s\@éﬁ

PYicul ar processes, however, at | east one RIMs

nold shells, e.g., the top nold sheII will have at | east one cavity for
partially defining the thickness of, ja%d general peri pheral extent of, a

P eer SO SR BRELoR e ka0 RExBle. LPUREE S (g Dot veer

applicant’s (s of khbfnt €E8 " RhBsk! S @k i3Mid (EH61$KQY"%& nepiwi |1 include
bodi es of "excess' polynerlc material) is to distinguis ose roughly

defi ned car dnsiostibsl t ealding f @utel by Foch nsked ldnwapplicam:fbose 15
"fini shed" smart, cards that are produced by renpving the excess polyrrerlc

material s (PILLIGHLAF| BRPRGSEREmM ehherthr e€8F5 0P bEBF) and by
cutting the l?fﬁpé”ﬁxgﬁ.dcggk Badi eg Lo C%Hea'%oﬁxéigi' NL 51 Ze§40¢. 9., 85.6

.mm by 53. 98 m as per - andard any ‘gi ven fini shed

pr Oduct smarjaeqr dt Seabtcuohkl wvtmyprmﬁrpmmlrpsdeﬁmﬁgythermve t he
excess material in one cuttin [g/trlrrmng operation. It also will be well
__appreci ated iziyl@h@%%SsI@flll eil)n

' make.such 25 ~._cards | i p ratl 3 WI1|| nost
‘preferably r%’&%c%‘?‘arsﬁg‘ﬁ g%%eigt 8’1 Ja§0/ Fg ? ‘gf ¥ 6, 8,
etc.) for QﬂuféVﬁéﬁheaUﬁétﬁééﬂstﬁé”thaﬂémasbhelibose skllled in this

‘art also w1l appreciate 30 that applicant's use of terns |Iike
! pol :ymerl c," "pl asti mightt mlﬂnmb@stm@t‘edmherehdmﬁm;eappihg'caaac‘ls

use of the term “precursor smart card body” (which
will include bodies of “excess” polymeric material)
is to distinguish those roughly defined card bodies
that are formed by such mold devices £from those
- 15 “finished” smart cards that are produced by removing
the excess polymeric materials (e.g., by trimming
them off of the precursor card body) and by cutting
the precursor card bodies to certain prescribed
sizes (e.g., 85.6 mm by 53.98 mm as per ISO Standard
20 7810) for any given £inished product smart card.
Such cutting to prescribed sizes also may remove the
excess material in one cutting/trimming operation.
It also will be well appreciated by those skilled in
this art that the molding devices used to make such
25 cards in commexcial production bperations will most
preferably have mold shells having multiple cavities
(e.g.,. 2, 4, 6, 8, etc.) for making several such
cards simultaneously.
Those skilled in this art also will appreciate
30 - that applicant’s use of terms like “polymeric,”

“plastic,” “thermoplastic” and “thermosetting” each

ngeRexadr tpeFipheral nerEens defi cas used to -
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to a potentially wide variety of materials. Be that as it may, the- e

pol-ymeri gg@8risal s enpl oyed by applicant will generally fp@jﬂ/usgam“wne of
two subcat egori es - t her nopl astic material s or 5 t her nosetting

mat eri al s. Thernopl astic material s.qGsuch as their cover materials)
consi st of long nolecules (either Iinear or branched) having side chains or

groups that gegeROtrdt hagirbrtialiiher whaky piriewy eoll asaterial®nsequently,
t hef nopl astic 10 materials can be repeatedly softened and hardened by
heating and Beolthaf s tieymayin bbef ppAvymerind mav@ricads «mployedt they

harden into final. desired ape. al | no a preC|abIe
chem cal chaRe BBkESaPbCar it | SePEERRL Re AT | JBHO 1T RE a0
operations. gupCARkefoiblels ther Mgbindil adBier i ahﬁté§§§&sas togir
resins), have chemcally reactive portions that form chem cal

cr osssl i nkagéhehaosedt inge | makerndaisl. ecul Bsermopbast bei mapmdyhelszat i on.

These | i near poI mer chai ns become bonded together 20 to form stereo
chemical strd sas THaE¥ orcoveInclateaialy heFF?B§étsf-'-| ngf }eBgns are

har dened, I t i t hout
degrading at Haseigs M PRAE Andil g M ARldHRC pRYAUER LR OV
Ei t her fObflaing®f or PESUFE! that Hebernct @Itft%.rdﬂéld agbl Co@her

thernnsettlng) may be used for the top |ayer and/or the bottoml ayer of
appl i cant's Ppedymesar deole@ultes. appl Coasequemddint ttirexmoplastier m

_'t gg' gggf bot ¢ SRR Far he MepBHeddfy s edda ana RL-4LnSH 8PP O S

: | heating and cooling so they can be formed, and then -
cooled so that they harden into a final desired
shape. Generally speaking, no appreciable chemical
changes take place during such heat driven, forming

15 operations. Conversely, thermosetting materials

| (such as their resins), have chemically reactive
portions that form chemical cross-linkages between
their long molecules dgring their polymerization.
These linear polymer chains become bonded together

20 to form stereo chemical structures. Therefore, once
such  thermosetting <resins are hardened, the
resulting material cannot be softened by heating
without degrading at least some of these chemical
cross linkages.

25 Either form of polymeric material
(thermoplgstic or thermosetting) may be used for the
top layer and/or the bottom layer of applicant’s
smart cards. Hence,'applicant's use of the general
term “polymeric” with respect to the materials out

30 of which applicant’s top and bottom layers can be

made should be taken to include thermosetting



made shoul d be taken to include therrmsettl ng WD 98/ 52735
PCT/ US98/ 06976 -14- materials as well as thernoplastic materials.

Ther m)s%‘r,(;bg)& pol ymer s are, however, hi ghly pref q;crlﬁgg9§/ggg7great| ng
the center”or core | ayer of applicant's smart cards. There are several

reasons 5 for this reference. - exanpl e, thernoset polyners
generally bond with the materials (elg , PVC) fromwhich the top and bottom

ayers are miAlaably magde. yHrmogst E?ﬂe%:ﬂ%%:?ea‘%ltﬁ% Cafaberpoppereially .

obtained in easy to use, |iquid nononer- m Xt ures

partially pahemdsett imy di ngo];pmeﬁsndsaret,hat however par thigheyly wel |-
suited for use | n applicant's cold, | ow pressure form ngl operations. Sone
repr esent at ipreEerxrad nfer c crepsiag dhe (QW%pPﬁsFP@eo ayext neEet ting)..

t hat can be used 15 for, maki ap ant S to bottomlayers wi l |
i ncl ude pol ﬁy*cagmﬁlﬁgart p8?§€gny c?nlag‘rq dJy\E"r‘\?I‘? Bacet at e,

pol yei hyl enggor ﬂpiyeféw/émeterp&ﬁt% Te, pﬂhdﬂﬁ&éé‘@%lﬁﬁé%gm”"e

but adi ene styrene, vi nyl acetate copol ymer pol yest ers
pol yet hyl enaggenexrokdy ahdndi Witbndshe mauehiads dedgbot tRIA) afeom al so may
such as ar bonat e, cellulose

be made from_of her, polyneric terials
~acetate and “@b’r%l'b‘g% é&%t%&‘% %t%alﬁ%? Eimti n%r%g Erblysmade. o - the. -
pol yreric bottom
- layers coul e é %o v%r\@ée&rsm§yv$%?/lbe %iéglf‘élhe pge%?%ﬁqupr eferred
because of tie @égprtbOueﬁaqllaqmwadomr-tpcﬂymér tiistwpéefi ek and its

ability to receive printing and its relatively |ower cost.

10 partially polymerized mold:Lng compounds, that. are-
.partlcularly well suited for use in applicant’s
cold, low pressure forming operations.

Some representative polymeric - materials

_ (thermoplastic or thermosetting) that can be used

15 for making applicant’s top and bottom layers will
o include polyvinyl chloride, 'polyvinyi dichloride,
polyvinyl acetate,. polyethylene, polyethylene-
terephthalate, polyurethane, acrylonitrile butadiene

" styrene, vinyl acetate copolymer, polyesters,

20 polyethylene, epoxy and silicones. Such top and
bottom layers also may be made from other polymeric
materials such as polycarbonate, cellulose acetate
and cellulose acetate butyrate-containing materials.
Of all the ©polymeric materials from which

25 applicant'é top and bottom layers could be made,
howeve:f, polyvinyl chloride is especially preferred
because of the clear to opaque visual qualities of
this wmaterial and its ability to receive printing
and its relatively lower cost.

30 The most preferred thermosetting materials for

applicant’s injection purposes are polyurethane,



30 The nost preferred thernosetting materials for applicant's
injéection purposes are pol yuret hane, WO 98/ 52735 _
PCT/ USO8/ WED9BE27355- epoxy and unsat urat ed pol yester pol ynewicanigdegedal s. By
way of sonme nore specific exanples, polyurethanes nade by condensati on
reactions of isocyanate and a polyol -islerived from propyl ene

oxi de or 5 trichlorobutylene oxide are especially preferred. O
the various p&PR¥%H and tunsaturated yelyesteppboTymkt Sc PHYECESSSs .t hose
that can be f l)}Q”,er c?ract erized as being "ethyl enic unsaturated” are
particularly ?ef Y & AP SRRGIELD; eXagbles s(polyurethanesss

| i nked t hr oughhsdeei v deslkenka W fﬁ'% i bke. _nmononers al so '
cont ai ni ng - -et hyl en% unsat ﬂr a’?’?%ﬁ) Itaér% er%}:ﬁétﬁg r‘rﬁf’é’?’r”‘&g‘geolﬁn f @whi ch
applicant's t@elyed bot demiveder s &ﬁ:em_rradeprop%_mgngore Bkgher red gpoxy
materlglsfor use.in the 15 ~ practice of this invention will De those

made frPom epi EALGHIHRFRRUE AR | ame oesppctalbyohyreferread an

al i phatic pol uc lycerol). They. are particularly preferred
because of thé?lr ggﬁ%l [ ?}?%?'8 ongo%V%ﬁt?Eﬁe gp&%hegﬁﬁr ebﬁte‘ﬂéﬁﬁedlﬁat erials
20 (e. 9. appdiyantyls chlrated@hsout tREgUNI ppl.canl’ s.top and bottom
‘|-ayers--are--1mde. . These. ..t.hrge general ki ndg 0 ?h?ﬁrrlosg%t i%‘ér&?lﬁferi al ,
(pol yur et hane chagaefexizadsas ubsting phéyieplenjc ahsatarategef eg#6d because

t hey do not 'tendtt'io clherii cal I%/ react with 25 applicant's " nore
preferred gl REECIERIGELY \Rrefrrred shesanpeataf bhbedr ghiddty too form

_unsi ghbly "ar bef agk8ss! M iMked O r SYUP N1 APRLLETL  So535d opd) es-
: - compatible . monomers . (also containing éthylene
unsaturation) and with the materials out of which
_applicant's top and bottom layers are made; . " The
more preferred epoxy materials for use in the
15 practice of this invention will be those made from
epichlorohydrin and bisphenol A, or epichlorohydrin,
and an aliphatic polyol (such as glycerol). They
are particularly preferred because of their ébility
to bond with some of the more preferred materials
20 (e.g., polyvinyl chloride) out of which applicant’s
top and bottom layers are made. These three general
kinds of thermosetting material, (polyurethane,

epoxy and unsaturated polyester), also are preferred
because they do not tend to chemically react with
25 applicant’s more preferred glues (e.g., various
cyanoacrylate-based glues), to form unsightly
“artifacts” in the core reéions of applicant’s card

bodies.

Next, it should be noted that applicant’s use
30 of expressions such as “cold, low pressure forming

conditions” generally should be taken to mean



Next, it should be noted that applicant's use 30
as "cold, |ow pressure formng conditions"

nmean

- 16- forwcﬁg?é%% itions wherein the tenperature of the inj ect e%§

of expressions- such _
-general |l y shoul d -be-t-akep—t-o——

8496976

pol ymeric

liquid or sem-liquid material is |ess_than the heat distortion tenperature.
of the plastic sheet material being coF‘ “formed (e.g., the 5

of applicant’

sone of the nore pr

FoP i éfg"f‘? arr;g gﬁ@%@%estﬂf%eh?eea%ﬁ%t PO ¢

I ments her ei ndescrr

top | ayer
. In .
bed

processes, thajeetedf podymerienpégatiar ex seed-ligaid mateirinlprigcesses .
will be at | east 100[err] F less 10 than the heat distortion

tenperature oleshe phamt t@eshb@tnﬂleﬂﬁ%tm n'g'eml?ﬁlrééﬂ-re By, e of a nore -

f th t .t I
iﬁleglrl :jg ?é@@iﬁﬁ&ﬁe& att i3 Iogf ? giéllr-gﬂ eg&ﬂé e y 1] ures used
to colg formigy 1aye§uelz 8&451&&3&&5 st BrApRl beeats[)s ra&racmﬁxﬁfeeg

be no nore than about (230[err]F - 100[err]F) 130

err] F. “Applicant’

any w | |
S nore

preferred col desbovtharssabaitf oi50i0ngpspr ocedur esomgi | 0f itrhve| wexed nj ection -

of thernosetting polyrrerlc rraterlals whose te era ures, 20 range from
“about  56[ er r PFEEEETRG Lo e ?%[“@F‘FFF ndelt espfiibed)  of erabty -
range from { o, er 0 Mor e
pref erably, ggtggr%g%r’at ?Jfrzgs éo‘fiq f%fs"ﬁ'lﬂ%os g?‘?%ggggrﬁrgre&ssgel ng I nj ected

into the cent S.b 95.caRte s2 processedi A 1af Eé’p|a|tcal'éa§t0§!0®9FW1és§’e bet ween

about 65[err]

F and about [err] F under injection pressures that p

rangelDrom abtbang®lteo Hexr: ;ﬁlstd»rtmtemperature of the. plastlc

15

20

25

30

‘sheet material being ' molded " By way’ of a “more "

specific example, the heat distortion temperature of
many polyvinyl chloride (PVC) materials is about

230°F. Hence, the temperatures used to cold form

.such PVC sheets in applicant’s process preferably

will be no more than about (230°F - 100°F) 130°F.
Applicant’s more preferred cold, low pressure
forming procedures will - involve injection of
thermosetting polymeric materials whose temperatures
range from about 56°F to about 160°F, underx
préssures ~ that preferably range from about
atmospheric pressure to about 500 psi. More
preferably, the temperatures of the thermosetting
polymers being injected into the center or 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. In some
of the most preferred embodiments of this invention
the 1liquid or semi-liquid the:r:mosett:.ng polymer:l.c

material will be injected into any given card

referably



of the nost preferred enbodi nents of this invention the liquid or
—Sef--}+gqui-d- t-her-mosetting polyneric 30 material wll be injected

into anyyo /498 card WD 98/ 52735 PCT/US98/06976

PCT/ US98/ 06976 -17- form ng cavity under these preferred tenperature and

pressure conditions at flow rates ranghhg from about 0.1 to about 50

grans/ second/ card-formng cavity. Flowrates of 1.5 to 1.7

gr ams/ secondsf¢6aiingoeavigySunder eaesky prefetted Mepeyatiald athd Those

skil'led in this art also w || appreciate the applicant's |ow tenperature

and- pressure pnﬁasnrgngonssnt:nags p&t Fdpvs Fatgisy ranginch £xaw RbaWher

terrperatures er. to 1000} err] F),and essures from 500
to 10 ant'p% %H}’é" p‘??%n ?ardﬁ#%mgb%ed:(avsaﬂah card

Tami nati on @1 iR 0 1 gmtal 097 TR S AR - RN X T, i
shoul-d be noted that applicant's use of "such relatively cold, |ow pressure,

formng 15 cavitytiars ewgnr egprer epraderaed. gi VErosmt ek:.(l.n.eé. inhe
passageway that ,connects_a runner wi th each individual ,card- f or i ng cavity)
be larger thah Fﬁosaertga?é§° JEddt FHPIBFPBFe dte apBiicaRptis Ip¥ssure
cperations.  renPeRRREdR sha PieSeufl CcoBbTEERAD ¥otlragy FELALLVELY

1-arger-t-han- prlo art gates s are a y pass t he

t her noset mat ehaablts)el Wothnjtasd eehuameh:gaab ce&hpérs@hﬁlesl ope g essur e
form ng conditions. Simlarly, the runner (i.e., the main thernoset

materi al suppkypopBRssagevagoi®) t Ard2pressuires d (esgst, enfxdmt 500eels from
‘the”“source’ of the thernoset_mgterial to each |nd| vidyal gate), wll
.-NOL. malle be. i.R%200Q! tPsbht MERA nER; {BREY aRELOT aRFE, high speed,

- smart card lamination or injection molding
_,manufacturing operations.

Next, it shpuld'be noted that applicant’s use

of such relatively cold, 1low pressure, forming

1s. 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
operations. Applicant’s gates are preferably

20 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. Similarly, the runner (i.e.,

the main thermoset material supply passageway in the

25 mold system that £feeds from the source of the
thermoset material to each individual gatex, 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

30 - to 8 cavities) in the manifold system at the

relatively cold temperature (e.g., 56°F to 160°F)



hence, shoul d be capabl e of simultaneously supplying the nunber of
gates/card formng cavities (e.g:; 4 -30-—to--8—cavities) —tn -the - -

mani.-fold system at the relatively cold tenperature (e.q... ]F to
160 er ] F)WO 9818935/ 52735 YerusBlosds

PCT/ US98/ 06976 -18- and relatively Ilow_ pressure (e.g., atnospheric
pressure to 500 psi) conditions used iﬁléﬁplicant's process. It also

m ght be noted at .t his.pqi.nt .t-hat, the flow rates for: the pol ric thernoset
material 5 anGndé:rElag‘d'mqltyantl%w | BEESFRhper dBula- ar#m#&gﬁﬁ% ‘
condi tions nongkg‘é%ﬁ%& e i suchnd el chbeysane i%b|ag»ptﬂc§aq{ﬂ3|s‘9t ely
fill a given card-tormng cavity in less than or about 10 seconds per

card-fornm ng cproepss(andtralspreightabby hotédsatt bavisapoints thht o
seconds). Card-fornin%:cavit -fill tipes of less than 1 second are even

nore pref err edthe) £lgwefaftes ER% PP YMET1Ee LRSS M odi nent s

t&F
of appl gcant's t q%ﬁi pr Ss | | o t sﬂﬂﬁi a wdth
whi ch ié a najggﬁégacﬁﬂg#%) %?g fgfheeégﬁ%#htggga %@%@i g e 6%90f t he
card to be forgegditisns honettalésqIehduld) He AmMatAl iR £ e) . |
Applicant prefers that the wwdth of a given gate be from about 20 percent

to about 200 pebdentcfcompletielin £111ha -piyepngasdpfqmingigeaviteo. ...

mul tiple gates.can be used to fill the_same card- formn i t i.e.,

The *bated eddl 5% EhAE Sar 2PRMF a6 T SR Sre ReEASH EARTMNG prefers
to_enploy gategatgl, afendRRhd PR¥ReLBIV 2 f] Rbkxel phat dapbit! oy area to
a 25 relatively narrow core region that ends at or near the |eading

edge(sioof thesemodsddy bcamg-fformddg cavity- -£ill times of less - - -

than 1 second are evén_moré'preféfrédf“'In”ﬁiew of
these conditions, certain preferred embodiments of
applicant’s smart card wmaking processes will employ
gates having a width which is a major fraction of
15 - the 1ehgth. of a leading ‘edge of the card to be
formed (that is, a card edge which is 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 1leading edge (or edges -
20 multiple gates can be used to fill the same card-
forming cavity), i.e., the “gated” edge(s), of the

smart card being formed.
Applicant also prefers to employ gates that are
tapered down from a relatively wide inflow area to a
25 . relatively narrow core region that ends at or near
the leading edge(s) of the card body being formed.
Most preferably, these gates will narrow down from a
relatively wide diameter (e.g., from about 5 to
about 10 wmm) injection port that is in £luid
30 connection with the thermosetting material-supplying

runner, to a relatively thin diameter (e.g., 0.10



Most preferably, these gates will narrow down froma relatively w de
di-aneter (e.g.;-fromabeut—5-to-about-10.nm..injection port that is in
fluid 30 wosesszmsection with the thernosetting material - SupgtksiloebrgINET ,
to arelatively thin dianmeter (e.g., 0.10 WO 98/ 52735

PCT/ US98/ 06976 -19- nm) gate/card edggg-where the gate feeds the
thernosetting nmaterial into the void space which ultinmately becones the

center or coremm) agitiec/oard fedgehedheaed. the waysaoé | Feleey oxgapl e,
applicant 5 has found that gates that taper froman initial dianeter

of about 7.0 nFPPrREEErLiggwnmeberindniinee ditheet ¥pidf space Oviiclm wil |
roduce especi I u r | i.cant's preferred cold, |ow |
b PF oc i SimaEaTy! BUloh g R ARRRY ot B Aned a1 ot hat

pressure injection.con

can be used tofidishedgeagdongBy Way aF0!fusdNers éiéall@il n '
procedures is the use of nold shell gthat have one o %r %@e%ﬂe%%l es for
recei vifg "excB3ds" fougdethatnpgetesl that rmpere fuoposshy imjterded i nto
t he 15 VOj ce b en applicanf: s top and bottom|layers in order
t.0 expunge anyhgfﬂﬁlggﬁal 8% \éﬁ?&t ggls%@w’g‘??tgﬁ%SGOUEs&@ foMigtimym t he
exot herm ¢ chegigabte@ad# ORBohRalg | : t | dients used to
Formilaf e Moot poLSTELLC " (hrabect - el ias Eredhe” ssbeniatly

toget her) frogpodaimesuldisi uspereapplitante st hereEseted Nabedi enisy ar e

preferably m xed 'éust priqQr to (e.gé, . about 30 -seconds -before) their
i nj ection int oPTRESYEPIL1BJSEELOD: crRAddLAOnsopt i.onal procedures that may be

25 1oused .t.o_. enhﬂ.ﬁﬁﬁh&h}e detidda Otfegg{nr}g 1t °80% $e used to
ad_vantaée.. é.lohg..- with. applicant'.s giués and. gluing
- procedures is the use of mold shells that ‘have one

or more receptacles for receiving “excess’ polymeric
~material that may be purposely injected into the

15 void space between applicant's' top and bottom layers
in order to expunge any air and/oxr other gases

_ (e..g.,' those gases formed by the exothérmic chemical

. reactions that occur when the ingredients used to
formulate most polymeric thermoset materials. are

20 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.

- Still other optional procedures that may be

25 used to enhance the results of using applicant’s
glues and gluing methods may include the use of: (1)
treatments that encourage and/or augment the bonding -

action between the inside surfaces of the top and

bottom 1layers and the injected thermosetting

30 material, - (2) films that displ.ay

alphanumeric/graphic information that is visible at
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ng of a gl ue |°§%‘Jit§ﬁ %%ént?rte ypflﬁggg\Fu(e%qs d’gcrgg%e in
vol une. The thermbset wmatergall.so iIt omight mesdss eBebyndted | Rek@ase in

density that the glue undergoes as a result of curing. Regardless of the
nmethodl@sed t othat the outside surfaces of the smart cards

resulting from applicant’s manufacturing processes
may be thereafter embossed or printed upon in order
to display alphanumeric/graphic information.

The glues .used in the hereindescribed processes
are best characterized as “low shrinkage” glues. At
this point it might also be noted that the amount of
“curing” (which_is usually associated with an amount
of “shrinkage”) of a given glue can be measured, or
at least approximated, in several ways. For
example, the degree of curing of a glue is often
measured by the glue’s decrease in volume. The
amount of curing also is often measured by the
increase in density that the glue undergoes as a
result of curing. Regardless of the method used to
measure these phenomena, applicant’s use of the term
*low shrinkage glue” may be taken to mean a glue
that does not decrease. in volume (or increase in
density) -by more than 15 percent.

Applicant has found that some of the more
preferred glues that best meet his “low shrinkage”

requirements will include (but not be limited to)



25 nmeasure these phenonena, applicant's use of the term"|ow shrinkage
glue” may be taken-to nmean a glue-that.does-not-decrease .in volune (or.. .
i ncrease WOg Bskiy) by nore than 15 percent. Applicant haspé dsbRt sone
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40 5 - secondferfadd to SaEe "CAEY mnjdesaei:bamnab@utcéwéaon@w by
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cure" in from Gurapdeipgaruesg s dSXABPAR o x@RI icank &#Selfmlllm@nl c g
conponent tha a £ sQcC d h, rtia cure
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glue wll remainin p ace wh I ng
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applicant's processes. ~Indeed, as used in this patent disclosure, the

expressi on "pasecamﬂy)cawemﬁmely be;mgeéxpaaeﬂetbaMhetatmmsphemglue t hat
or an el ectronic

i's capabl e of an electrq c co t

corrpolr[:ent cont Pﬁ?h&q&séeﬁ& I Xrﬁ}“fehe IhFFRB A - Po¥gner.
ection ste ica er, r C ri ences

{0l ect i of St ePaBbutont | ‘ﬁpgﬁcégﬁﬁg “-?Jm%*?s% S Dile Ve L PlagGIReT | ohcc

partial curingcompbnestal | yhive ethagenchdehy fasadiated! witski ntharound
the body of freshly di spensed |ow shrinkage, glue, That i's to say that
1¥ - . partially cured glue Wlll remaln 1n place while it

'is being immersed in a thermosetting material under

the cold, low pressure . conditions employed in
applicantis processes.  Indeed, as used in this

-patent disclosure, the .expression “partially cured

15 - glue” can be taken to mean a glue that is capable of
holding an electronic component or an electronic

. component-containing assembly in position during the
thermoset polymer injection step of applicant’'s

overall process - but which also experiences further

20 curing upon being immersed in the thermoset polymer.
This partial curing will usually be ' evidenced

by fqrmation of a “skin” around the body of freshly
dispensed low shrinkage, glue. That is to say that

such a skin will surround a still semi-liquid body

25 -~ of low shrinkage glue while it is in such a
partially cured state. A more detailed description

of many such CA type glues is given in a technical

data publication “Pronto™ and Pronto Plus™ Instant
Adhesives” published in May 1996 by 3M Adhesive

30 Systems Industrial Tape and Specialties Division, 3M

Center, Building 220-7E-01, -St. Paul, MN 55144-1000
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cured by exposure t¥amhougr tqtrhem akinéﬁerqﬁ/ s‘&ueSe n!ayebﬁ amsextedgy source
ot-her than anblen heaﬁ and/ or gpt) i exa ch an artificial
ener-gy source ﬁ%? pEae a?a@F@ﬁ?? 1s Xﬂt WeYSr., PBPdduce 10
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be nore quickly cured by exposure gl ving

of f el ectromagaet i tavhiEichalt ngenargyl esguirser arfdi.eg,f r am akadrgz00 to
about 400 nanoneters (nn) Such 15  glues are often referred to as "W
cur-abl e g|ueS"S°EF§€tPI8§ Bl ent ahenbr amddognaldaiibducFey devi ces
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even. nore prefenaedevbenzeai ng wer t aijgssoneapiiibpse té\écurﬁ%au%'eues o
the ‘many "WV cur abl e, | ow shrinkage, gl ues
“_"__“10 R electromagnetlc waves of a given wave length. Some

'f%‘%ﬁ"f’“"”'glueSf”for example, “can be more quickly cured by
N exposure to energy sources -giving off
- electromagnetic waves having wave lengths ranging
" .. from about 200 to about 400 nanometers (mm). Such
s glues are often referred to as “UV curable glues”.
" Electrically powered UV and/or microwave producing
devices known to those skilled in this art may be
employed as sources of such 200-400 nm wave forms.
Use of devices that emit 260-270 nm wave forms is
20 even more preferred when using certain some of these

UV curable glues.

Of the many UV curable, low shrinkage, glues
that may be used in applicant’s processes, those
having acrylate components are particularly

25 preferred. Acrylate containing glues that are based
in urethanes may be particularly useful in some of
applicant’s processes. For example, a urethane
based acrylate glue produced by Loctite Corporation
of Rocky Hill, Connecticut, ﬁnder their designation

30 ' ‘Loctite 3104®, may be used to considerable

advantage.
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cards. Such glue mound(s) also may be applied to_an
electronic component which is then glued in a given
place on an inside surface of the card’s bottom - (or
top) layer. In some even more preferred embodiments

of applicant’s processes, two or more such mounds of

~glue will be employed to support two regions of an

antenna component of an assembly or module of
electronic components of which the antenna is an
element. In these more preferred embodiments, the
two or more mounds of glue will support an
electronic component (e.g., an antemna) in a
“pedestal-like” fashioﬁ above the surface of the
layer (e.g., the bottom layer) to which the glue is
applied. When such glues are dispensed (e.g., as
droplets) on the inside surface of a bottom layer,
they generally will, under the influence of gravity
and sﬁrface tension phenomena, assume a mound-like
or hemisphere-like configuration.

In these ﬁore preferred embodiments, the

volumes of these mounds of glue will be very small



el ectronic conponent (e.g., an antenna) in a "pedestal-Ilike" fashion
-above-t-he surface of the |layer (e.g., the bottomlayer) to which the glue

is 25 WEPHiires. When such glues are dispensed (e.d., pe&nNoR@beES) on
the inside surface of a bottom | ayer, they generally will, under the

i nfluence of gravity and surface tensiqggphenonena, assurre a nound-1i ke or
hem sphere-1i ke configuration. 30 In these nore preferred

enbodi ments, - (ehg.yollgms than hﬁsec”@imspﬂﬁféﬂ'&ﬁ i 1bsberhany el | Vo
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hol di ng devi ces that ave heret%?ore een use Xt ronic

conponeBts in pnecertbwncng:ohipenentimhrehldgimsﬁfmlq ]Jéi;seetthaﬁfl tHePCesses.
In any event, o@@l i cant has found that dropl ets of glue having
vol unes -of- aboUPle‘“‘GW the prier weh mpldigights or

t hi cknesses tﬁ%Rr c%rse ur| aa}e ?b%,f g:'getz %‘%giggggﬁg tﬂ}%ﬁ}l_fec.trom C

.conponent.s.._in ace and

ensuing col d, elb@‘ﬁr’b&ﬁ%s% tbﬁ'éﬁ@él@.@x S%F&ée E@ﬁlwlehelfon%d@fatlon
t he hei ght of the void space etvveen the top and bottom !l ayers (i.e., the

thi ckness of thdgborpxesgure” ippection meEssnd t haTn manydeweEntyl ue whose

he_l_g_htl upon Zoppllca%%rtflal | %o%lgd nghat dxgopléthse \éefrtéfgle rhaa{j\;lurfg of a

- volumes - of ‘about 0. 007 cc will produce mounds of
glue having heights or thicknesses that arxe
es_pec:_i.ally well suited to holding the. electronic
cdmponents in 'place during applicant’s partial

is curing and ensuing cold, 1low pressure injection
steps. Taking into consideration the height of the
void space between the top and bottom layers (i.e.,
the thickness of the core layer), applicant has
found that mounds of glue whose height, upon

20 partially curing, (e.g., the vertical radius of a
hemispherical-like glue body) that is between about
0.20 mm and about 0.01 mm will give particularly.
good results. Glue body heights or thicknesses
between about 0.075 wmm to about 0.13 mm are even

25 more preferred. |

. It also should be noted he:r:e that, in general,
an electronic component that is placed upon such a
body of freshly dispensed glue will to some degree
“sink” into that body of glue. Indeed, in some

30 instances, the electronic component  may even be

purposely mechanically forced into that body of glue
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they are virtually completely .1mmersed in the:
thermoset material that forms the core layer of
applicant’s caxds. In other woxds, applicant
prefers to set his electronic component(s) on a glue

15 “pedestal” arrangement so that the thermoset .can
invade the space between the Dbottom of the
electronic component and the top of layer material

upon which the glue is placed. By way of example

only, using applicant’s gluing methods, a section of

26 an antenna may be though of as ‘“bridging” or
spanning the distance between two mounds of glue so

that the incoming thermoset can easily invade the

space under the antenné as well as the space above

_and around the antenna. Taking into consideration

25 the fact that applicant’s electronic components will
to some degree “sink” into a £freshly laid mound of

'glue _under the influence 6f gravity, applicant
prefers that his electronic components generally end

up being positioned in the *“partially cured” glue

30 ~ (as the term *“partially cured” is used in this

patent disclosure) at a distance of from about 0.01
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shrinkage gl ues al so should be further characterized by their ability to be
‘"at. 1o near the center reglon of the core of cured . .

)

4*?“?* """" - thermoset material that lies between the top and -
" bottom 1ayers of applicant’s finished smart cards.

e 7 Regardless of the ©physical position of

applicant’s glues, their exact volumes,  their
- 15 'percent-shrinkage, or the identity of the electrical
component (s) with which they make physical contact,
applicant’s low shrinkage glues also should be
further characterized by their ability to be *“at
least partially cured” -~ but preferably not totally
20 cured - in about 0.1 to about 40 seconds {and even
more preferably in about 0.1 to about 5 seconds).
Better yet, they should at least partially cure in
less than 3 seconds. Again, for the purposes of
this patent disclosure the expression “at least
25 partially cﬁre” can be taken to mean that the glue
is cured to an extent that it is able to hold the
electronic component in place while that electronic
component is being immersed in the polymeric
thermosetting material under the injection pressures
- 30 being employed (e.g., under injection pressures of

80 to 120 psi) - and thereafter be *“totally” cured
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in place whilghibatiel ést demersediionaite i shémmogét npelgwmdrin e pol ymeric
thefnosetting material under the injection pressures 30 bei ng enpl oyed

(e.g., under usg e@f oRighedsufherweset tibnicetien) nreganxerr adfler be
totaIIy cured 98L5

PCT/ US98/ 0697328721 | &M %rjlyu s MORfer HFIPELTR (REFRIBE: SHEMRS.  The use .

of higher thesgnsa! ciPlleten dﬂfﬁ%}"ﬁéf&&:&' t&@negméylsl Tiimer S8 €
-extensive par ial  curing. Again, conplete curing before the glue is

imersed 5 in ithe hethetmoselsetis | swothoprefieafrad eddrzomese sugich
conpl ete curing even | ow . hr| nk | ues cause, dampge to the
sheet or | ayefOoHR %FFaIC“%i'e‘ g’gfong éﬁ?ﬁ%%a@%egieegf

pllcant S t| I u I ( a CA type
gl ue, U\?’D%ﬁggblafg“% t% y%%n%ﬁgfgeﬁ yf%é’? m? ar eg{eﬁg Eafter - -

'"""'E:orrpl et eI y" pvcgaduﬁgsnbahmghl ther gadei 4st paalced.noset rrat erial and/or by
residing in that thernoset material for relatively |ong pericods of tineg,

e.g., for t| me . 15ApplicpeEl §d§loﬂms ok m‘F\mMeﬂuFﬁantlh@ ptRgerred 5

seconds or I n V\/m ch e ue | partial Ly, cure n extent that it
- can. h%?d an eggﬁ &E fue' or a HiElo1é giu e, or

- Some other type of glue) are thereafter “completely”
cured by being immersed in the thermoset material

- and/or by residing in that thermoset material for
relatively long - periods of time, e.g., for time

15 periods that are wmuch longer than the preferred 5
seconds or 1less in which the glue is “partially

cured” to an extent that it can hold an electromic
component in place during the injection step of
applicant‘s overall process. Indeed, the complete

20 curing of many *“partially cured” glues in such a
thermoset. material may take hours, even days. When

so immersed in a polymeric thermoset material, the

“final curing” (e.g., as much as the last 90% of the

total curing that the glue _underg_oes) of such a

25 partially cured glue will do little damage to the
sheet of polymeric material to which the glue has

been applied in c.omparison to the damage that may be

done to the sheet material if the glue is allowed to
completely dry before it is immersed in the

30 thermoset polymer. For the purposes of this patent

disclosure, applicant’s “partially cured” glues may



conponent in place during the injection step of applicant's overall

process. | ndeed, the conplete 20 curing of many-"partially-ecured*————
glues in ﬁﬁggfs%%herrmset material nmay take hours, even daysyyu¥¥iiiseRO

imersed rn"a"polynmeric thernoset nmaterial, the "final curing” (e.g., as

much as the [ ast 90% of the total curi_r%_t hat the -gl ue undergoes) of such .a

25 partially cured glue will do little damage to the sheet of

pol ymeric mat ey i I g fthengl fias el aRdHed ¢ riggn to the
damage t hat n%’&%éendég}%@t %Qtt%%&egtso{r%gte??a{b | f trﬂ:g §|°3e3|9§92| I%ﬁed to

conpl etely dr pehedenite off | shebverntsdl nculrdngd0 aftert hrenogluepoiygner. For

t he purposes of this patent disclosure, applicant's "partially cured" glues
my WD 98/ SFWRysed in the thermoset material that 1s penje£bef06976... ... .

curing af ter TRE S o RE 40aBF Wl A S RS T

'n roset materi a

injected intoyditowiThypEe BEyeed £16n Caisthér t9@rapacbive, thettom
| ayers. Stated from another perspective, the glue can be fromabout 10 to
about 90 percaueparamal bg tuewd abetibr6l0 | tto | abougePedperaenthe

t hernoset material, mght als e _noted here that the cuyring of 10
applicant's’ (ﬁﬂa—slai}sy bé?"r“é%éld gﬁgoﬁﬁne}gﬂ |-y-& aieé““ﬁ actRr-dF §toa o o
logarithmc f mé\?%ggeﬁgfneral form C=1-e[err] where Cis the ,
percentage of the total curing the glue undergoes, t i.s tine’in seconds, K

is a proportionalitymighthsaiad bantdoted herecthatl8he chnirdgf oft

applicant seeks to, partially cure his_glues such that the Rer'cent age of
curing® applicant’s dlues 1is believed to generally  take .

place according to a .logarithmic function having a
general form C=1-e* where C is the percentage of
the total curing the glue undergoes, t is time  in
seconds, K 1is a proportionality constant and ..
15 . . e=2.7183. In effect applicant seeks to partially
cure his glues such that the percentage of curing
that takes place before the glue is immersed in the
thermoset lies between those points where the
. percentage of total curing is between 10 percent and
20 90 percent. It might also be noted at this point
that many thermoset polymers may take up to about 24
hours to cure after they are injected into the void
space between applicant’s top and bottom layers.
Hence, the thermoset material may (or may mnot)
25 | totally cure before the glue does.

Preferably, these low shrinkage glues also will
be further charactérized by the fact that they do
not cause any so-called “artifacts” in the center or
core layer of applicant’s cards by chemically

30 reacting with the injected thermoset material that

ultimately becomes the card’s center layer. That is



‘that takes place before the glue is imersed in the thernoset |ies between
—t-hese -poi-nt s -where the percentage of total curing is between 10 percent and
20 - WO pgsa78st . It might also be noted at this poi ntPGRESI8/PEINS
t hernoset polymers nmay take up to about 24 hours to cure after they are
injetted into the void space between appkicant's top and bottom | ayers.

Hence, the thernoset nmaterial may (or may not) 25 totally cure before
t he gl ue doestoPrssher &blay, $hebe dlaveshprefegabdiyuewidlsmnaefk | [Edumm f urt her

characterized by the_fact that they do_not causg any so-called "artifacts”
in the centercag“‘i:ﬁ?% | a%BRCHOR ppi FEIRRCES caritthy” Gheni

reacting wt hp%gggéghgc%émimv\%ﬁég;%&gél ahviehal Wohigrt ehyibegpnes t he

_card's center hat 15 - 5

PCT/ US98/ 06978pp28cibblyayiififirentc hfgbmetiy ekolebl ofii then@uded m
chem cal - reaction products wth a thernoset polyneric material that
(1) ha%e a coFbermpgeti s POEYWBRY ablax di flRer enEhpEombhiskersr dthe he cured

5 t her noget 0 f [ that _blisters t he thernopl astic

bot t om t op IaggPE“gﬁbjégE&gngo&tﬁ&‘%B&sH‘Pé’rgrﬁaki ng the smart cards of this
patent disclosure ahsd;iERyt’ 8 rdtHRld OFtY heRibgetnkNsalate (diprdise of at
—l-east- one gas.venting 10 . . procedure and/or “at |east one. excess

pol yneri ¢ nmat efi &his euatieningdisckpsuree.also Mmye, pasf analdptidrele will be
at ‘I east one such receptacle per card- formng cavity. The™ presence of

such gas vent FRECHRE oA DURIYEs LhE: ¥ Pt abeilPafy Qi ok ANt IS 15
_aI'I O\A'ﬁ-"gases fﬁ“ogedur ! rand‘?gq “3.% 9G¥ roq.@ct ieqa:ess polymeric -
7 naterial .feceiving réceptacle. More preferably,
there will be at least one such receptacle per card-
forming cavity. The presence of such gas venting
and/or excess material receiving receptacles will
15 ~ allow gases (e.g., _ai:;, and the gaseous reaction
products associated with those usually exothermic
chemical reactions of the polymeric material forming
ingredients) and/or relatively small amounts of the -
.incoming thermoset polymeric material itself to
20 escape from each void space during applicant’s cold,
low pressure forming operations and be received in
such receptacles and/or be totally £flushed out of
the mold system. These gas venting procedures and
excess material receptacles generally serve to
25 prevent imperfections that may otherwise be created
by entrapping gases in the void space during the
injection of the polymeric material. .
Thus, this aspect of applicant’s invention
involves injecting a flowable liquid or semi-liquid
30 - moldable polymeric material into a void space

between the top and bottom layers of applicant’s



products associated with those usually exotherm c chem cal reactions of the

pol ymeric material -formng ingredients) -and/ or- rel-atively -smal-l—ampunts-of -

t he -i ncong nmoset polynmeric material itself to 20 DSSARefd OM

each voigkggg%ggéuring applicant's cold, |ow pressure forn?%g operat i ons

and be received in such receptaclesaﬂﬁﬁéy be totally flushed out of the-
e

nol d system These gas venting proce s and excess material receptacles

generally sor ik Thra inPho¥EbeLEPGREERILI N Lo un @ Bt e e

created by enttrappi ng gases | € Vvoi d space durin e 1nj ron of the
~ polymeric mat gidlds dheSrebbestdvyreet afutdiyd | againsti Bhenticy andol ves
injecting a flowable liquid or sem -liquid 30 nol dabl e pol yneric
material i nt dottowolayerspac Uhawemarhe cagdl sl Bomadd |pgrkingf
applicant's NV)98/5273é . -y _ oy

PCT/ US98/ 06976108 PERLPECeE 8% 3R FITAR RhePELFSWRE (P LNABot t om

nol ds afe res%ﬁfﬁﬁ:}’cﬁiéﬁ@b%t efa PO dfea yf Opi8nd i t Qilsayepacef the

smart card at a no parting line pefinmeter or lip region at pressures that
are 5 sufWfiith entliquid ar ceenu €1 Byid i thexrthesebt ting ppokymetrhica | i quid
or sem-liquid thermpsetting polynmeric material under the cold_ formng
condi ti ons usdiRtierink URdeE; 4es Golbdfoppbrgssenditions 8qd 1R nor -

anounts of t hq:rpeol yﬂ&éfﬁg?g§£5$Ld°”§5§f§g}sg%scar d(rbj)o d:aif\r%gr_ﬁﬂgr T i

and into the "excess errar-rec € and/ or ‘(c) \ e gases in
the void spacemdinit® 6¥cagfe NBbEymElitcaRRleddhd amsk obfdrine sdel gases

conpletely out of the nold system (e.g., drive such gases out_ of the nold . "
at theé®artindgadimeng cavities -and. into the excess material ... ..
' receptacle and/or (c) drive the gases in'the'vdid”““
space to the_excess material receptacle and/or drive
i such gases.completely out of the mold system (e.g.,
drive such gases out of the mold at the parting line
15 regions where the top and bottom mold shells come
together) . Thus, the mold 1lip pressufes used in
applicant’s procedures should be sufficient to hold
the pressures at which the thermoplastic material is
injected in order to completely £ill the void space
20 between the top and bottom (e.g., between about
ambient pressure and 200 psi) but still permit small
amounts of the thermoset material and any gases to
be flushed or squirted out of the mold system at its
parting line. In other words, in these preferred
25 embodiments, applicant’s “excess” material
receptacles need not, and preferably will not,

. receive all of the excess material injecﬁed into the
void space. Excess thermoset material and/or gases
also may be -~ and preferably are - expunged from the

30 entire mold system at the parting line where the top

mold lip and the bottom mold lip abut against each



15 regi ons where the top and bottom nold shells cone together).

Thus,- t-he-nol-&-1-ip-pressures used-in applicant's procedures shoul d be
suffici emo bgisiss8 d t he pressures at which the thernopl ast iRCHESBHOH6 | s
injected in order to conpletely fill the-void space 20 bet ween the top
and bottom (e.g., between about anbi-gnt- pressure and 200 psi) but still
permt small anmounts of the thernoset material and any gases to be flushed
or squirted oothet wise showh Syt paratingt < imer t7 niml F:'Lgure I3n(1b)t hE)r wor ds,
in these preferred 25 , enbodj nent s, appl i cant s"
material recepfaciit Agadnskotthe o i@p p?éY@Fab?%/ a\ﬂldl Ithﬁotbm?t'é?,‘ﬁl ve all

of the excess ngre%r |28é a+£l SﬁB%ﬂ lr}{ oF_Ing paceInEéﬁg_%tt hg{el?)set

~material and/% gasés al'so iy be - are - expun fromthe

30 - entireppehdngyStafapd bie Mi-lrﬁgplidletn/emesbhe symetic | ip and
the bottommold lip gbutﬂia%al nst each WO 98/ 52735 B

PCT/ US98/ 0697®ateriadt mmmlse@mnfwlparuhmqud@espam Fiumerseg A) (1) or

but t top | 24 and the bott 26 h Fi
3. “OTn"ot 1 EBE eIRetERRLS CpmRaRSE A Roxa ladﬂsfa%ﬁeé%“%%ykgt‘fﬁzs

mat eri al c'orrpgﬁt the Hdis éaé‘fcé/%gtﬁgéﬁethé”%bsﬁié ol Rt 1P

conpoenent-s--and f-orces any- present 1n the void space between t%e top and.
bottom | ayers (é&s welll as aapygagasescreatatiedy bpe théencbemieahct i on  of
the 'starting ingredients of the 10 ., - polyneric material) out of the .
voi d space an&eag %é-éﬁe of ef dlieed §§§§§188rrpl-"é'&?%ﬂ3€ﬁﬂt%f Ofe’ nBh® system

AL SHEN, 30U BT BRINE {RaELEILET Y oRUIE S vb TR ESRAL Ol U2 2

~surface pock,
e - ... ‘'some.. preferred cases: completely. out of the mold

-sy_stem. All such actions sexrve to eliminate any
surface imperfections such as surface “pock marks”
and/or encapsulated bubbles that might otherwise
15  form if such gases were entrapped in the thermoset
polymeric material when it solidifies to form the

_core region of applicant’s cards.
Finally it also should be noted that the top
and/or bottom layers used in applicant’s processes
20 may -be at least partially molded into cavity-
containing forms before they are placed in the mold
system used to make the smart cards of this patent
disclosure. Hence, the “cold, low pressure” molding
operations called for in this patent disclosure may
25 .. be only a part of the total molding to which these
- layer or sheet materials are subjected. Thus, for
example the cold, low pressure molding procedures of
this patent disclosure may provide only a partial
- amount of the total molding experienced by a molded
~30 - - top- layer'of applicant’s smart card. In the more

preferred embodiments of this invention, however,



and/ or encapsul at ed bubbl es that m ght otherw se 15 formif such gases
were entrapped in the thernoset- pol yneri-c-materi-al--when it -solidifies-to
formthe jon of applicant's cards. Finally it aIsoP%H&g not ed
that the ﬁg%ﬁﬁﬁggér bottom | ayers used in applicant's processesgggaﬁ6 may
be at least partially nolded into ﬁggyity- containing forns before they
are placed in the nold systemused to e the smart cards of this patent

di scl osure. He , eqn Oy 4 OW . ls n |l ed for
I thi o pai entCOF sEPBCtpEeE L8 eRbEEURCe, o108 BBRERRLOVS 7 D DO
to which theseataygaser sohgRirceRits iadld e i efaslly dDUsoff @heexanpl e
the cold, |low pressure nolding procedures of this patent disclosure nmay
provide only atpbali atokdingt isf ewperdencesol dang daxpinedndsd Ihrea nol ded
300 top layer of agpplicant's smart_card. In the nore preferred

embodi ment s of CRARES] AFLRAONVORBREVEE The ygRYAFE fxpated by the

PCT/ US98/ 06976, = 343 LN b I WM e e | p ' e.g., at
| east %% percgﬁ??&éﬁg ﬁgéggﬁég¥2rg I%hglFggp'tEgﬁtgfggbﬁgﬁdﬁﬁgﬁﬁgg
experiences (@petationd b¥ théscpavegati ditbkogarene of the cavity created
by the 5 nol di ng operation) by the cold, |ow pressure nolding

operations of this E&ptassafdsinopakentegdpdnsdanpyagsy et Prediermeshguage,. a. .

D o | ayer " oCubdingheBE hERR: canf? 9350CCRE ERE BiAn M iy, 0oV 19

enbedded and achelt MEVIdGEra ¥bp! 1698, B £dreUlaR@ratin eghicAN@oUNd of
a |l ow shrinkage glue to connect an el ectronic conponent to

.. .10 . electronic component is embedded and a bottom layer,
| will comprise'(l)'usiﬁg'at least one mound of a low
shrinkage glue to connect an electronic component to

an inside surface of the bottom layer of the smart

card to form - a bottom layer/low -shrinkage

. .15  glue/electronic component assembly; (2) partially
curing the low shrinkage glue to produce a bottom

" layer/partially cured glue/electronic component

- assembly; (3) positioning the bottom layer/partially

cured glue/electronic component assembly in a bottom

20 mold; (4) positioning a top layer in a top mold; (5)
closing the top mold to the bottom mold in a manner

that creates a void space between the top layer and

bottom layer; (6) injecting a thermosetting
_polymeric material into the wvoid space at a

25 temperature and pressure which are such that: (a)
the electronic component is held in place by the
partially cured glue, (b) at least one layer of the

smart card is at least partially cold, iow pressure
molded into a cavity in the mold device, (c) gases-

30 and excess polymeric material are driven out of the

void space, (d) the electronic component is



an inside surface of the bottom|ayer of the smart card to form a
bottom | ayer/l-ow —-shri nkage--15- ---gt-uet-el-ectroni c -component assenbly;
(2) parti awoysserasng t he | ow shrinkage gl ue to produce a boPCwmsss/06976

| ayer/partially cured glue/electronic conponent assenbly; (3)
positioning the bottomlayer/partially <3ged glue/electronic conponent
assenbly in a bottom 20 mol d; (4) positioning a top layer in a top
mol d;. (5) cl osienpagenXaipeduil tihe tﬁiaa:bmsantmgdpmhymenhonmtéhahlcr eat es
a void space between the to | ayer and bqttagom Iayer i nj ectrng a
t her noset ti ng S?ﬁ EHL 11y puged; gdue, gigy %‘&&%"—e%l’ cyreg

tenperature an r h o onponent
is held.in pl agaerﬁ% %éﬁe%pgpt%% cure Z’(-}'l% gi’h[%?)l eas a(t‘)]lr’reﬂlfé?%r of the
smart card is a\tlﬂleabbtnarﬁhal Itbpcoisjyefowgrm eghul eb@p&&gd ],rgyﬁq agpavity in
the nol d device, (c) gases 30 - -and excess polyneric material are driven

out of the voi @r@gm a (ifie@ patesninsoy csmewhpormrd hicsly; \WD)98/52735

PCT/ US98/ 06976 - 33- encapsul at ¢ t he t hernosetting polyneric_materi al
before the par i1y Er gFﬁég?'g‘QCBFﬁFBFé Swat aﬁ%—"% e]?°‘?lﬁe rom

thermosetting Role/ M@ ”BE%&bé' ¥ h 20t ae g&tgégéggﬂ he

bottom.lLayer-to 5- - produce- a- unl re -precursor-smart ¢ (7

renovi ng the umsndmd et rsa destted aditménsyohr oo phedﬁaédadsmaee and
(8) trinmmng the- precursor smart, card to a desired di nensi-on to produce a
smart card. O9fHd opt PEREr rﬁ?Ric’éHlﬁJesPE%eﬁPﬁéa ﬁ?—%l@em in t patent

di scl o3y & 1y e, U3e {01 UL LN Ty B a8 S ERPEReL kS REGE oL

process in- ord 0 pro uce.
enhance this preferred process in order . to produce.m.

- smart caxrds hav:Lng_ still better surface quality

characteristics.



smart cards having still better surface quality characteristics. WO
DESCRI PTI @9 §ds273dE DRAW-NGS Figure 1 is a cut-away side vi %WTﬁLss»ﬁ’/oéﬁer or
sheet of a plastic material (e.g., PVC) that can be used to nake
applicant's smart cards. This viewis 25,_ shown before (Figure 1(A)) and
after (Figure 1(B)) a drop of a prior ar%, "hi gh shrinkage" glue 1is :
allowed to cure on that layer of plastic material. Figure 2 is a cut-away .
side view of a smart card made according to the teachings of this patent 10
di scl osure. Figures 3(ABRIE RIRTTON -OF\IHS iDRawANgs of a nold tool
set up for making a first preferred enbodi nent of a smart card of this
patent. di scl osure. vhbgare. teibaan cuthEwaaarsl ROMPRAENGS &' BagBeWR 15

before a liquid polyneric material is injected between the card' s top
and bottom |'ay®ReetseE ai gdrsticamatemidlaf teerg. ( SRECKi ghake €aB) pe t he
polymeric matetj .S Lojpec l,nto.a vaid ace betwegn,the,top.,and bottom
| ayers and thgéégé #?Ihﬁggséﬁglﬁgﬁﬁt2§ SmaTl %ﬂtﬁs Dol yf¥r +€ materi at
and colgl form ghoWRebé pbréayrigatet R C o] n KRyof, the top
nol d' s card-forning-cavity.yFigure g(i??%?d gggﬁgtébﬁggggt23?))p%éferred
enbodi-nent: of - @heR iefer i-@rider ent t he'highd tshalinkage” gdlewniisn Figure

3(A) is further. proyided with an excess polyngeri.c material and/or gas
recei vi ng rece%{%§V%g torryne o BRrat 1) 2yeyi PEsPLREtAesBAEeE AR ecti ng t he

mol d system depi ct eg; ffirEi QUr £ 36N ddd-away side view of a smart

~“card made according to'the teachings of this patent

10 ©  disclosure.

' Figures 3(a) and 3(B) areICut-away side views
of a mold tool set up for making a first-preferred
" embodiment of a smart card of this patent disclosure
wherein certain smart card components are éhown
15 before a liquid polymeric material is injected
between the card’s top and bottom layers (see Figure
3(A)) and after (see Figure 3(B)) the polymeric
material is injected into a void space between the
top and bottom layers and thereby filing said void
20 space with a polymeric material and cold forming the
top layer of the smart card to the contour of the

top mold’s card-forming cavity.
Figure 3(a) (1) depicts another preferred
_embodiment-of this invention wherein the mold tool
25 shown in Figure 3(A) is further provided with an
excess polymeric: material and/or gas receiving
receptacle. Figure 3(B) (1) depicts the result of
injecting the mold system depicted in Figure 2 (A) (1)

with a 'thermosetting polymeric material under the



with a thernosetting polyneric material under the WD 98/ 52735

PCT/ US98/ 06976 -35- cold forning, | ow pressure €ondi-ti-ens-of-this process. - - .

Fi gure 3 wé)sk2Bsi | | ustrates another preferred enbodi ment péETiusdsiodons/ent i on
wherein the sheet or 5 | ayer conponents of applicant's cards term nate
at the front edge of a- excess nmatgydial receiving receptacle.

Figure 3(B) (2) shows the systemshown in Figure 3(A) (2) after the void
space (and theocdxcestormuimy, allowceprasbayear echidikddnsy iof ecthds 10

of a thernosetting polyneric material. Figure 4 is a cut-away side view of
a nold tool nBECSYESE-second enbodi nent according to this patent disclosure

wherein both the t er tt are each cold fo n t heir
respective nold 15%&9111%ca\§ﬂ?‘?é?? ngg{%{"%g%al: %%?El?aﬁﬁy Rr% :515% ng a
mol d tool bei eaboATMEE | 6HMERLRT waﬁléﬁameee&% Doy bplemd Oy the
systemgenerally depicted in Figure 3 (B) (1) -~ Flgure- 6

depict§ cut-dayer p¢qmpomm:s cpfis sappdditgant s emardé rarndmmteEongar ati ve

gates for injection of ap cant t hernoset material s, Figure 7 depicts a
mol d t ool sysgg‘r"‘n %qué a mRspiR ma(qe:éma JF%‘EE}Vlnsrrart

cards 25 usl 1 BR73
PCT/ US98/ 0697g§|dgﬂttm%o ﬁlgureV\Q (% 5% éhows the System Shown

in Figure 3(A) (2) after the void space (and ‘the

excess material receptacle) are f111ed by 1nject10n

10 of a thermosettlng polymerlc mater1al S
Flgure 4 is a cut-away side view of a mold tool

making a second embodiment according to this patent
~disclosure wherein both the top layer and bottom

~layer are each'cold formed in_their respective mold

15 . cav1t1es

Figure 5 is a cut-away view showing a mold tool
~ being removed from a precursor smart card " body
'formed by the system generally depicted in Figure

3(B) (1).

20 Figure 6 depicts cut-away plan and cross
section views of wvarious comparative gates for
injection of applicant’s thermoset materials.

Figure 7 depicts a mold tool system capable of

making multiple (i.e., four) smart cards

25 simultaneously.



-36- DETAI LED DESCRI PTION OF THE | NVENTI ON Figure 1(A) is contrasted with
Frgure--1(B) - In-effect, Figure 1(B) illustrates the problemthat is solved
by the s maki ng processes of this 5 pat ent | . To
this end@b%ﬁé%rge 1(A) depicts, in cut-away cross sectioﬂ#ﬁ/gg%zoleéé’t% or

| ayer of a plastic material 10 (e.g., _aj[g_heet or layer of polyvinyl ’
chl ori de, polyurethane, etc.) having atop surface 12 and a bottom surface
14. Such sheets 10 will generally have a thickness 13 ranging from
about 0.075 mmto about 0.25 mm A nound, drop, or dollop of a liquid or
semi -1iquid, high shrbBERATBEDobBeCREPTIONCOFCIEE IRVERIEON' ecent |y

di spensed on the top surface 12 of the plastic sheet 10 shown in 15

Figure 1(A).  The nmgigeofl (gcay laortiranse dritinier ifdeni gied i1, Figure
1(A) i's shown having an initial width Werr]. By way of contrast, Figure
1(B) 'shows (i effesfgerBigurd ok (§) t hklustnatesotheupropleme thamdisf gl ue 16
shown in Figure.l t 0 % 20 snal | er und of cured glue 16!. The

Wi dth W of tﬁ@lﬁ’((?@ob%f bEr sPafitueCasd RRkiNE PTICEFSES e OF Hihis

consi derably hang it | W-erdg) of 4.k d ofg,.t ne aid

li qui dgor ' semb;%%i%é]lt&i dr%llét}g'#gr}%]bure ﬂi-( Aﬁﬁg "Eglrﬁ, tr?é"dhgcaﬁ(eq gﬂ
simphicity, depizks, in dut-eassy cYossiyddtdage, Dfshddie oﬁri%@ﬂ width
‘Werr] (i.e., [err]Werr]) of the mound of newy dispensed, high shrinkage
glue is repreS®dnttePiaptiqurataxsl p3 ot ke - di neasisbest’ joar Jayexr rdfV " on the

deft side of LiSAUA dnididdd “YBIY A thade 'ded 5 Ha¥endy 4050 90t side

¥
»

--_—3;_7-5-3[:?:_--:---.---—----surface 12 and a bottom surface 14. Such sheets
“77710 7 "will gemerally have a thickness 13 ranging from
about 0.075 mm to about_ 0.25 mm. A mound, drop, or

dollop of a liquid or. semi-liquid, high shrinkage,

et - ' 'glué 16 is depicted as being recently dispensed on
 the top surface 12 of the plastic sheet 10 shown in

15 Figure 1(A). The mound of recently dispensed glue

16 depicted in Figure 1(A) is shown having an

initial width W,. By way of contrast, Figure 1(B)

shows (in exaggerated form) the results of curing

the mound of glue 16 shown in Figure 1(A) to a

20 smaller mound of cured glue 16’. The width W, of

the mound of cured glué 16’ depicted in Figure 1 (B)

is considerably less than the width W, of the mound

of the newly laid liquid or semi-liquid glue in

Figure 1(a). For the sake of simplicity, the

25 decrease or shrinkage of the original width W,
(i.e., AW,) of the mound of newly dispensed, high

shrinkage glue is represented in Figure 1(B) by the

dimensions “¥ AW,” on the left side of the mound of

and a comparable “¥% AW” on_ the right side of said



nound of cured glue 16'. Such curing 1is also depicted by a decrease in

the volume of the original mound of glue 16. --For exanple;--this--decrease——

i-n vol umyosyys2kss as nuch as 20 to 30 percent in nmany 5 PCTIRISHB/069M6I nkage
gl ues. As previously noted the concept of a "high shrinkage" glue versus a
"l ow shrinkage" glue also can be deal t3wi~-th in terns of the increase in
density of a cured glue relative to the density of 10 that glue inits
newly Taid stgbfng g8l uddi diife PUEPOSES BhohNigupahents di sel gsur e

ei ther of these cﬁangesqfa ecrease in volune or an 1ncrease in density).
can be expresgegieted b9’ acdeageasedify iher vislined off thepraasigigaper cent age
changes may be used 15 for the purposes_of this patent disc|osure.

In other wordspundr ahegduRe 1. si feY cPrpmpiegi dnipedeeneage change in a
vol une decrease.(0r densitg incre%ig) of g ;yrgﬂ?glue reLaLive to its newy -
di spensed or URCHPSEd W P n§ BRCRAR a2 &9 bt nBSSEeRt 10y ¥ ¥%nti al Iy

the sage for {BgHPUhRANRSSRS gikes Patent disclosure. Thus, a glue that has
undergone a 10 percent deCrease in volunme (i.e., a glue that has "shrunk"
10 percent) al so mag bpreejeuddy asotedl| uthe hatonmepthadfa 40 Yeigknt

I ncrease in density - 25 even though this percentage_nay not be
precisely t heSb&iBkagein\ g cFeEads. aDgchﬂ"F p_f}‘gﬁgk‘?g? e B8Rt of g

o1 ueLs PerCekage S gigPe e, SO%BY be DEnERdensehgg! Lo Curim
glue 16 depi chensityFichire ¢(fbdt glule irkadtive aboi Bhel derginagy WpEch WO
98/ 52735 : PCT/ US98/ 06976 ~ .~ 7~
10 that glue in its newly laid state. Again,_formthetfmm;w__
purposes of this patent disclosure either of these -
changes (a decrease in wvolume or an increase in-
density) can be expressed as a percentage and either
method of expressing percentage changes may be used . .
15 for the purposes of this patent disclosure. In
other words, for the sake of simplicity, a given
percentage change in a volume decrease (or density
increase) of a cured glue relative to its newly
dispensed or uncured form, may be regarded as being
20 substantially the same for the purposes of. this
patent disclosure. Thus, a glue that has undergone
a 10 percent decrease in volume (i.e., a glue that
has “shrunk” 10 percent) also may be regarded as a
glue that has had a 10 percent increase in density -
25 even though this percentage may not be precisely the
same in any given case.
Descriptions - of the extent of a glue’s
percentage shrinkage aside, the point to be made is
that the curing process associated with high

30 shrinkage glues causes the mound of glue 16 depicted

in Figure 1(A) to shrink from an initial size which



-38- can be thought of as having an initial wwdth Werr] (wherein the nound
of"glue is in a sem-liquid or tacky state) to a final wdth Werr]

(wherein t‘ﬂé ?’gfﬁ% glue 16" is in a substantially solid state) and that 5
this high ‘484 f shrinkage (e.g., greater than about 15PGRAESS86976 and

often as much as 20-30 percent) causes the top surface 12 of the |l ayer or.
sheet of plastic material to "wind8 up" or otherwise deform e.g.,
formwinkl es such as those 10 indicated by item18 in Figure 1(B).

Such def or ni ngcast i bas tdranght f ofcess | havimg ehat i Meind dhi wikkyerwie. 9.,
0.075 to 0.25 thigﬁ ‘#{ plastic.materi-al /10.,  These forces are '
transmitted to PREXGSE SRS UPPURE ©F Fludails| dypera osepiadiquidateeri al 10.
15. . These ] d for | urn .cause deformations
20, (curves, bgﬁgg?n%aﬂ\?tgg? W n Iggr?a]ét‘g?'??hi #’tfﬁ'@hﬁﬁﬁ'ﬂm r @A 4 of “the
plastic |ayer glueAgainisady aushbdeunsiadny so1Td@ sthile) SHPHRSUrface 14
are regarded as_ yndesjred deformties by 20 the smart  carg I ndustry
and, hence, = &R&s thiglhedagreai afd shrinkagee (e.fqul,| egteat€xt @Han

possi bl e. Cons tl | everrent of smart card surfaces having no such

waves, bends, %rﬂlaﬁgl e%? g%ce?rgt one BP% hLEPPNeRy It Ref 20hd@ r ocesses

ofothis. 25 .. pepobft) dHan@le@s byg U pi Gt t -away_si de view of
pe ) @a Wi tbFUERrEadaPhs Squiigﬂ%aiaxgr

a smart card 22 nade according to the teachings of di%cl osure.
Inits finishe@heetm ofucPplastiny t matretriul | the cogpihkped ofysa tep. | ayer

24, a 30 bottom | ayer 26, and a center or core layer 28" in which the
smart card's e?gf&?’FBﬁFE gﬁﬁﬁﬁﬁ‘enﬁsg(-e. gorm wrinkles such as those
10 " indicated by item 18 in Figure 1(B). Such deforming

actions create forces in the relatively thin layer
(e.g.', 0.075 to 0.25 mm thick) of plastic material
lo. These forces are transmitted to the bottom
| surface 14 of that layer of plastic material 10.
15 These  transmitted forces, in  turn, cause
deformations 20, (curves, bends, waves, - wrinkles,
etc.), in the bottom surface 14 of the plastic layer
10. Again, any such deviations from a flat, smooth
- surface 14 are regarded as undesired deformities by
20 the smart card industry and, hence, are to be
minimized to the fullest  extent possible.
Conseciuently, achievement of smart card surfaces
having no such waves, bends, wrinkles, etc. is one
of the primary objects of the processes of this
25 patent disclosure.

Figure 2 depicts ‘a cut-away side view of a
smart card 22 made according to the teachings of
this patent disclosure. In its finished form, such
a smart card will be comprised of a top layer 24, a

30 bottom layer 26, and a center or core layer 28 in

which the smart card’'s electronic components (e.g.,
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.antenna 30, conputer chip 32, etc.) are enbedded in a thernosetting - - - -

pol.yneri qugodgrerisal 34 (e.g., an initially liquid or sem - |IRQRASHS/06976
thernosetting resin) that, upon curing, constitutes the center or core 5

|layer 28 of a finished smart cargdo- . The thernosetting
material 34 that event uaI |y becorres the center |ayer 28.of the smart card
is injected ipfo S Pefn a Qpttom

| ayer 26. ThQI‘1 F‘Er}p‘gc ed Sdl |c er| I'{"}{O e 5 GL\-ga'hou e capabl e of

bei ng inject eﬁnuradedhéfr@oge&ﬁngebmymbhc Imqmes&sme (eQgmi,ncaxwondi ti ons
enpl oyed in applicant's process. In any case, such thernpsetting
pol yneric nat dnisisldyl Ligudd; @Jre@e@d-uhmmart@emmqsettmélg/@:etﬁn@

space 36 deflggg bet ween the,insi de S rJ‘ e 38t%f the to I%y 24 and the
o

i nsi de surf ackP26. ofURIR GBELBH | es PERYFS ng
pol yrregl c nat E%’%& 34, 9f tdye cgnt eflﬁfélﬁédZS s‘i:m}.‘tl d bahd. or ot hﬂ;gm se
adhere to bot e inside surface 38 of he top l'ayer 24 and the

i nsi de surf acehéfmokethidnigot habetriger :ﬂﬁ thapr oehnentaa]myf im=tames body.
Such adherence_can be aided by treatin the |n5|de surfaces 38 and 40 of
the top and bbheoReTHASN sla¥ehngBorkf oFhseAmant @354 15F0"r“1§<%‘1'ﬁ)¢

bondi ng 25 %g%%ts r%é)cf%hié gé%wgg%{epﬁee%hg %S’ e bondi ng:"

bet ween t he c& Iayer €T NDSé rial er| a (s) from
whi ch the topb@&&ohptia%i ayels anfidmggjeéted. polPieric rﬁ’afte@yapf exanpl e

only, M nnesota Mning and Manufacturing s 30 base prinmer product 4475
can bazoused f 3¢ tsheubdnde capable of being injected under the. :
. relatively cold, 1low pressure forming conditions -
employed in applicant’s process.
In any case, such thermosetting polymeric
materials will be injected into, and £ill, the wvoid .
15 space 36 defined between the inside surface 38 of
the top layer 24 and the inside surface 40 of the.
bottom layer 26. Upon curing, the polymeric
material 34 of the center layer 28 should bond. .or
otherwise adhere to both the inside surface 38 of
- 20 the top layer 24 and the inside surface 40 of the
bottom layer 26 to produce a unified card body.
Such adherence can be aided by tre.ating the inside
surfaces 38 and 40 of the top and bottom layers in
any one of several ways. . For example, bonding.
25 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 made (e.g., PVC). By way of
example only, Minnesota Mining and Manufacturing’s

30 base primer product 4475® can be used for this bond
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enhanci ng purpose, especially when the top or bottom| ayer material s -PVC -

Q her treﬁ,wg%;g%%st hat can be applied to the inside surfacepcpiushbdifsotdP
and/ or bottomTTayers could include plasma corona treatnents 5 and acid

etching. The smart card's thickness 39 ios_ defined by placenent of the nol'd

faces (not shown in Figure 2) as the tHernobset nmaterial is injected into

t he- void space 36 as part of the cold, | ow pressure formng 10

process of theshancdng MuRoseyr @€speqlaldy ahen ththe (YR QY dPio® he

t hernoset material  into . the wQqj ac - t n om | ayers
Syl 10, Y AP AR VIERRGS o e oA

fills any porfi voi'd space IS no W s€ 0occCupi ed by

the el ectroni gppadE@NEBt Theor iR¥iGbe skixrfaces MBENd{lsd . t@E amdyoshrinkage

‘glue upon which the electronic conponents are placed. Figure 2 also
i | | ustrates hdottom ilayeks sioulst dngflude plasnm eronvttreatnsgnts 24

and/ or 26 al so y %pro%ibided wth strips of filmbearing 20
al phanémari c Gc aﬁﬁﬁ Tt ormation and designs. Thus, if the top layer
were made of a traﬂ:&lﬁcgﬂx&rgolamw thiPkheesal 39 i%JCEef%n@& %yPVQ

t he al phanumeric/ graphic 1 nformation woul e visible to the card user.
For_ exanpl e, pladempmute &F stisd moPd facesal(pbanshewnc/igr aitere 2) - - - -
i nformati on-contai_nin filmstrip 41_is shown posit,ioned on the_inside

surface 38 of ash&heptheymesel material ndpddyecteded B (HaePigers al so
TRy e 10 Iobothd o N BaSh, Y e SpTHCT 1B, IR Fofpysgel 10
10 process of this patent disclosure. 1In effect, the
injection of the thermoset material into the void
space 36 between the top and bottom layers fills any
portion of that void space 36 that is not otherwise
occupied by the electronic components or by the
15 mound(s) of low shrinkage glue upon which the
electronic components are placed.
Figure 2 also illustrates how the inside
surface of the top and/or bottom layers 24 and/or 26
also may be provided with strips of film bearing
20 ‘alphanumeric and/or graphic information and designs.
Thus, if the top layer were made of a translucent
polymeric material such as pVC, the
alphanumeric/graphic information would be visible to
the card user. For example, in Figure 2 such a
25 alphanumeric/graphic information-containing £ilm
strip 41 is shown positioned on the inside surface
38 of the top layer 24. The inside surfaces of
these layers Ialso may be provided with layers of
materials such as film layers or coatings whose

30 function is to increase (or reduce) the opacity of
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card body so that its el ectronic conponents-are not visible through the—-—-——.
card bodywolMash73sit shoul d be noted that the smart card' s ®CEAISHYYNEGIT6
conponents (e.g., antenna 30, chip 32, 5 etc.) are preferably

posi tioned above the inside surface 464qaf- the bottom | ayer 26 through use

of one or nore drops or dollops of applicant's [|ow shrinkage glue

42. The el e 0 t I to of
fan “or rior o i et BN g€ SPS e100ERRTR Yordiifts e O O
general |l y suggest edsible g:m@m&ﬁ&aiaﬁdﬂe)ddymm ng liquid or sem-liquid

polymeric material wll flow under such el ectronic conponents as wel | as
i merse these conpdieatt s ity cthaiblsl danaotedntbasi ths) emartigcard’s|n other

words, in the go g eferred enb glrre ts of this |nv i on, t.he :gr?und(s) of-
glue will ser%d®§ Cor AR ReBestq s) "aHBSHnﬁh t BB et foni ¢
conpongnts ar @¢pl, QCeQréo ﬁf@iefé?mym%s&t%ﬂédtIa%o%e%hemfng@aaonents dO
not come into direct contact with the top surface 40 of the bottom

| ayer 26, but suatface QOeQﬁﬂmlesénbbtmm Hexyrer @6 rthtdwghopsasof conent eri al

34. This circunmstance enabl es_these el egtroni ¢ .components to better

resist any fl &%ur &"AfR/ oiirPBFsi &% f AEORFHe Sfar anRy o5 low e
encount er bl OTghOLh o3 | Lt QoAU ShAE LRGSR QDAY of

its four outsi aces | n"Some erred € od| nment s

of this inveniowt tlpis.ﬁeﬂaam}f orplcad‘é&mc&tent&;ﬁe & | tamerus;a 3aorei |1 be
positioned by the glue at a 30 di stance 43 of from about 0.075 mmto -
about 10. 13 mmmeed{g)he ahsidddisurdaice 4 of e¥@. botRontheyemapger = ... .

generally suggested in Figure 2 so that the incoming

‘liquid oxr seml-llquld-polymerlc materlal-W111 flow
under such electronic components as well as immerse
these components from above and from their sides.
15 In other words, in thé more p;eferred embodiments of
this invention the mound(s) of glue will sexrve as
.one or more “pedestal(s)” upon which the electronic
components are placed so that.the underside of the
electronic components do not come into direct
20 contact With the top surface 40 of the bottom layer
26, but rather are immersed in the incoming
thermoplastic material 34. This circumstance
enables these electronic components to better resist
any flexure and/or torsion forces the smart card may
25 encounter upon either or bdth of its major outside
surfaces or on any of its four outside edge
surfaces. In some of the more preferred embodiments
of this invention these electronic components (e.g.,
antenna 32) will be positioned by the glue at a
30 distance 43 of from about 0.075 mm to about 0.13 mm

above the inside surface 40 of the bottom layer 26.
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Figures 3(A) and 3(B) are contrasted to illustrate --a --fifst——r e
preferredy,q gabadi ment of applicant's nethods for naki ngpSRREs/dedfeds -

That is to "say that Figure 3(A) depicts a particularly 5

preferred enbodi nent of this inventionherein a flat, top layer or sheet
of plastic material 24 such as PVC is éhomn before it is cold, |ow
pressure formed according to, Lge teachlngs of this patent di scl osure. In .
other words, Figur &iSu&esjepd &L t ABA10 3(B) RFY t GORELEEEST | US® prior to
t he injection y I al ein, op layer 24
(e.g., a flat slélgtﬁ%o Vg)?arlsfs"{ﬁ:tsq:r ﬁ%fgﬁltléﬁ ﬂ\t‘ar(l:LIéd ué]%er a
card-forn ng @%\ﬁltmaﬁt't&mettmbdﬂ)lﬂbﬂ%ﬂmhga éiﬁﬁmmd:&y@f 2fhde.gs,__anot her
15 flat et of PVC) is shown as it is placed over a bottom nold 46.
Again, howevéo say &bat Fé9§1‘pr e éh) eddepighs astpaxtuwmby

enbodlnents | i cant roc S t op I e be_pre- nDIdéd.
or at Peast pé’rrtq%p ‘% % r%f‘e&bif 1°nt o%ﬁﬁeﬂjﬁne‘?al -

contour of the é&sﬁ rﬂd&%fadﬁ}téhéét the ISP:PSE.@: GatryRY #4 geaparison,

t he botton1nDI 6 has no cavity conparabl'e to the cavity in the top mol d

44, FlgureaéMEWC diepi chownt Neefeté edits- isf doljdct Loy tpeesderepset - ---- - -
polymeric material jnto the 25 voi d space 36 between the top and

bottom | ayer s ERFma®H 26°0TedRg, 49 gihe FBRCREBIE 1He thisi Bakedy after it

has, been ol degl JA O €20 I SURAP GRS Y Bllaldle Ifaf BelPLs Hne nozgge_

t her maget ting tdlﬂld/flﬁiér Q@teﬁpahu§€ psu&hrow& heiendiryecrics ot enan oritice.
49 that |eads to the void

polymeric material and wherein a f£lat, top layer 24 o
(e.g., a flat sheet of PVC) is shown as it is
initially placed under a card-forming cavity of the

top mold 44 and a bottom layer 26 (e.g., another

15 flat sheet of PVC) is shown as it is placed over a
bottom mold 4s6. Again, however, in some less
preferred, but still viable, . embodiments - of

applicant’s processes the top layer 24 may be pre-
molded or at least partiélly pre-molded, preferably,
20 to the general contour of the card-forming cavity in
the top mold. By way of comparison, the bottom mold
46 has no cavity comparable to the cavity in the top
mold 44. Figure 3(B) depicts the effects of
-injecting the thermoset polymeric material into the
25 void space 36 between the top and bottom layers 24
and 26. Thus, Figure 3(B) shows the top layer 24
after it has been molded into a card-forming cavity
64 in the top mold 44. A nozzle 48 for injecting a
liquid or semi-liquid, thermoplastic or
30 thermosetting polymeric material 34 is shown being

inserted into an orifice 49 that leads to the void
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36 .that is defined between the inside surface 38 of the top |ayer 24 and. ... ...

t he. i nsi deoossrsizase 40 of the bottom | ayer 26. The di st anceP@BHUSESA$T6he t op
surface of the top layer and the bottom surface of 5 the bottom card

I s depicted by di stance 50. The voi d4zpace 36 is shown extending fromthe
| eft end 52 to the right end 54 of the juxtaposed top Iayer 24 and bottom

| ayer 26. r I s F Si of the
top | ayer 24 |§E§§ L tq%;:t i)}etd%{%%téétiwémgﬁhe#%el?%é e sur %%% 56 of
the card-fornzggofa\tiey top daydre wpamml thd4 insBewapnrdaceordo asf, the

outside surface 58 of the bottom | ayer s shown in substantially flat,
abutting cont tbe \MQWQMeliYI%xdéssurfTél% @1 %an%ebs‘éweem the topnpld 46.
I n both Figures A B), the ele tric co hes rt card
(e!g., its an?@ﬁ%&c)fo rﬁh‘f’ EOPeEL@Y)e raélih%%”gggg c%/e he inside

surfacg 40 of the hottom kaver £9. depBrreay ¥ a@.stanceexwpl e PRéy, such
el ectrical conponents are shown pedestal ed on two dabs or dollops 62 and

62' of applicaotids spame 36riskshownglextending fThemethgl defirdesdal s hol d

t he electronlc co onents,f enquah above the inside surface 40 of the
bottom | ayer td the p1 gﬁFr ﬁ‘%a%é‘uP . Bhs ErH'F‘FGPEﬁ?GIt YPPL3L3F§T t hat - t he

i ncom ng thergqse&nﬁ)oﬂ)é(g@éﬁlc ﬁggr iz%l 34Iﬁa8th9¥a%gh e r '19be§§ under the

el ectri cal conponents as regi ons ese electronic
conponents. Agiia, t&té:ho@tsljad@edasfabearssarmnem stdp 1ayerar234 pisf erred

because the presence of the thernoset polynmerjic material under the

el ect 28ni c comedndiats in contact with the 'inside surface 56 of the

card-forming cavity 64 of the top mold 44. By way

of contrast, the outside sﬁrface 58 of the bottom

layer 26 1is shown in substantially flat, abutting

_ contact with the inside surface 60 of the bottom
15 mold 46.

In both Figures 3(A) and 3(B) the electrical

components of the smart card (e.g., its antemna 30,

chip 32, etc.) are shown positioned above the inside

surface 40 of the Dbottom layer 26. By way of

20 example only, such electrical components are shown

pedestaled on two dabs or dollops 62 and 62’ of

applicant’s low shrinkage glue. These glue

pedestals hold the electronic components far enough

above the inside surface 40 of the bottom 1layer

25 (e.g., from about 0.075 mm to about 0.13 mm) that

the incoming thermoset polymeric material 34 can

invade the region 63 under the electrical components

as well as the regions above these electronic

components. Again, such glue pedestal arrangements

30 are preferred because the presence of the thermoset

polymeric material under the electronic components
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to augnent the . protection of -such- el ectroni-e-conpenents-agai-nst--any-forces - -

or shock {By be received by the outside surfaces (i P%TU§9%699&'tS| de
of the bgﬁ&?#l ayer and/or the outside of the top 5 sur%ace) of the

card. In Figure 3 (A) the top nold 44 | shown having a cavity 64 which -
defines the surface contour of the top oqf the smart card to be forned
during the injection process. To this end, the injection of 10 t he

liquid or s&ends die daugBeRbssheyPXRReGeiom: ofi Slchy elRR%PBEC under

dt t i Id, |
DS e ORI S iy SHSRRaR k' BEGHIS, MR et O, o
how the col d, yeRiRreds B etHE outsider BuRgaPescqds e0f, tles dat&ide

di sclosure has in fact conformed the top surface 55 of the top layer 24 to

the confi guratqfontbé bottom d-eyemi agdiavi thesoutside 06p the deard. Again,
t he bottom surfac of téﬁa bot t mlayer 26 is shown in Figure 3(B) 20
ol ded Sagai nstSUF t & qf?q i nsi de surface 60 of the bottom nold
46. This is a partgf Yo P¥ regd 35 Aty i ipgngmart
cards of this patent (thlkgéc‘l'loesurgiﬁln Fi gu %F}z\) an 3 B ag?rontéllp
region 66 25 a ca\dtyrﬂtwtmdmldé%mctlaefstnrtad:e pcasmgmmn 68 thethe -

bottom nol d 46 are shown spaced apart from each other | a distance 70

that  (takindoR nod c&hei dewarforcard t4e clhﬁ?es§°6f“efihed’t1§bn§ndth6t tom
| ayers 24 ﬁgd vigsoe p:acrggggsgﬁgggf;hﬂfs b8 eI AMCERE0 njectiord of + 1hE

10 he ~liquid or -- semi-liquid - thermoset polymerlc,
material 34 should be under pressure and temperature
conditions such that the top layer 24 is cold, low
pressure, formed into the cavity 64 of the top mold
44. Figure 3(B) shows how the dbld, " low pressure
15 . forming process of this patent .disclosure has in
‘fact conformed the top surface 55 of the top layer
24 to the configuration of the card-forming cavity
64 in the top mold 44. Again, the bottom surface 58
of the bottom layer 26 is shown in Figure 3(B)
20 molded against a substantially flat inside surface
60 of the bottom mold 46. This is a particularly
prefe:r:red arrangement for making the smart cards of

this patent disclosure.
In Figures 3(A) and 3(B) a front lip region 66
25 of the top mold 44 and a front lip region 68 of the
bottom mold 46 are shown spaced apart from each
other by a distance 70 that (taking into
consideration the thickness of the top and bottom
layers 24 and 26), in effect, defines the distance
30 36 (i.e., the width of the void spade) between the
top layer 24 and the bottom layer 26 at these lip



top layer 24 and the bottom | ayer 26 at these lip WD 98/ 52735
PCTHUS98/-06976 -45- regions of the two nolds 44 and 46. This distance 70
shoul d beWORA8A2T38at the thernoset polyneric material 34 capclrisofivéet ed
into the void space 36 over the entire length of the card (e.g., fromits 5
left side 52 to its right side 54). Thascounterpart distance 70' of the
nol d device setting on the right side of the system shown in Figure 3(A
may differ fropeghohsolbof tthe opipd € igSt e, 40 o ef.t S|de In
any case the di stgance 70" shoul d b@eggghqfom 4gt ha?h%% ‘%’TJ

defined bet weei0t héhpulﬂdebswédmie Ihaf tﬁ‘rﬁetmelmwetmm%%@es

t hrough the rear nold 44 and the inside surface 40 of

6' he top
the.. bottom ‘é?rgﬁg 3t4haﬁan p%%séEJFﬁFGGgH-the theyr void epacef ade bottom
mold 46 is 15 t|II nite. hat is_to say that this
very smal | di sct)gﬁge\ﬁgléw sﬂod%d éeij[%t:’ili?ge eﬁ'&ﬂf 1£3%s ??09\/‘ gafgemy it g
air, poyneri cléﬁgrerﬂ&enszreacitgnrﬂﬁﬁﬁu%‘s&dﬁa%@s) eirhe) go%ntééqipa(}ltd space

36 that ori gi nall exi sted between the top and bottom 2 ers 24 and
26 (see agai n, OFf GPGEB'("A})OﬁnEhexmeésl feiicer setidther onl the lie.gaﬁ-_hausted
fromsaid voi d 8303.153@1}1 but Inége smgl | enough to hold the injection
.pressures. use.d 0.i.Nnjec ¢=Thseyﬁ QYT p iy U ared ) amay diffsad, the
di stance 36' f£BombSthat of' r I Io ven thin
| ayers of the liquid pol yﬁeﬁzg érrg{tﬂehr:?g?sg& aEL F‘?igg @ L oor
"flashed" out sidehe Vo dugpacassbtheadd sthmtealdow éngo@ia BQS%%&PS' di ng
in, or Ocreat edtl'lnt tqle v8| d s ace 36 to be expunged out of

: 1sta ce 36’ defined between the inside

- surface 38 of the top layer 24 that Passes through

- the rear 1lip 66’ of the top ‘mold 44 and the inside
-surface 40 of the bottom layer 26 that . passes
through the rear lip 68’ of the bottom mold 46 is

15 ~very small - but still finite. That is to say that
this very small distance 36’ should be large enough

- to-allow gases 72 (e.g., air, polymeric ingredient
reaction product gases, etc.) in the void space 36

that originally existed between the top and bottom

20 layers 24 and 26 (see again, Figure 3(A)) and excess
polymeric material to be exhausted from said void

space 36,.but still be small enough to hold the
injection pressures used to inject the thermoset
polymeric material. Indeed, the distance 36’ is

25 preferably sized large enough to allow even thin
layers of the liquid polymeric material 34 itself to

be “squirted” or “flashed” out of the void space 36

- and thus allowing all gases residing in, or
created in, the void space 36 to be expunged out of

30 said void space and, indeed, out of the mold system

itself. Thus, all such gases 72 are completely



30

‘sai d

voi d space and, indeed, out of the nDId systenfltself

al-l--such gases 72-are--conpl-etely—— WD-98/-52735 -
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Thds,

H73546- replaced by the inconming |iqui d t her mpgguseBbens al

34.

This gas exhaust technique serves to prevent gas bubbles from formng
upon 5

in the
curing

body
of th

of the thernoset materigl_ 34 that eventually (i.e.
e thernoset material) conprises the center |ayer 28.

Figures 3(A) (1) and 3(B ) depi ct, an-eyen, referred enpodi
hohb i} e

the process

10

Fi gure

&t <P aIJHFQ“}’F}S‘st g 5‘8158 Haentrl 3

ment

(B).

~and 46. Consega@nt Ibublles g_asmn?Zféﬁhingndmhe&heal broag;ct ich pepeuct
"excess" - polgnerlc 15 material (i.e., polymeric material

gases)

34 in excess &hegmmsetrcya

and

eriialt 34 f bRt (gRentuakly sfaice.  3@)ponr

expunged or exhausted 3$t§$f t?ﬁennlds 44 %gd 46. . This mol d_and_gexh

arrang@ment ey WOk 5

sone 20

"Appl i cant has,

§BRESEhe

et Mptdomd ayer materials) than it does wth othe
however,” al so found that in sone cases, the overal

e
aust

rs.
nol d

.of

23(A , I
and bottom | a?er( )Tg?g' %ﬁ)vﬁkﬁ)g% e%%ﬁ%f%ﬁ‘z resrélt?’{"/lgtprmﬁégr44

§£fa}%1e%?m%ﬂlﬁ%fer?%?s (and

-syst-em depi.cted -i_-n-ﬁm&@;@@ﬁ)(ldn(hrﬁi Q(B)s(:s)orrmpmis amfeven tthoxresi dual

bodi es of soIidif'ed e cess ﬁ&h%nerlc material that, in one way or

anot her,

inte

effect thls a

"dirty"

condi
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t flgb #3Et uP (ﬁtQQCCBEGFﬁﬁssm&h@§mnﬂ?§)
1ﬁéﬂg¥%¥¥§ FPIRLE FRSed eAN R 5018e8VS(RY | a0) & @QVI Cerhn

on that” i's not
--Figures 3 (Aa) and -3(B)., the rear or rlght side 54 of

~ the top layer 24 ‘and bottom layer 26 are shown

protruding out of their respective molds 44 and 46.
Consequently, the gases 72 (air and chemical
reaction ~product gases) ' and “excess” 'poiymeric
material (i.e., polymeric material 34 in excess of
that required to £ill the void space 36)  are
expunged or exhausted out of the molds 44 and 46.
This mold and exhaust arrangement may work better
with soﬁe-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 system depicted in

Figures 3(A) and 3(B) is 'sometimes left with

residual bodies of solidified excess polymeric

- material that, in one way or another, interfere with

30

the manufacture of succeeding smart card(s). In
effect this arrangement sometimes leaves the overall
mold device in a *“dirty” condition that is not
conducive to making high quality smart cards in
succeeding cycles of the high speed molding

operations employed to make them.

a -

‘In

In
24
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conduci ve to nmaking high quality smart cards in 30 succee
of - the~~hrgh -------- speed - ol di-ng--operati ons enpl oyed to nmake them
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enbodi ment shown in Figures 3 (A (1) and 3 (B) (1) can be used to correct

t hi s probl em

It does this through thegypse of a top nold 44 that

an excess nmaterial receptacle cavity 74. The 5 function of t

excess material rec CEﬁb&ﬁ!hE 6 %hgwﬁoc(laF; %%%§CSQ6*nggdgg

t hernoset material and any gases

purged fromtha (Bli(d)spear Be byséde tion @@fj_n@@tofthtl@e ﬁp&gml c rr?{:
In said void 10 space. | ndeed, in sone of nore pre

enbaodi nent s..

e

ofloeshithis Shsieugin theeusss of pmlt;a:emcﬁ:ldm;erttl@ét ﬁﬂso

Phet Cwnu o ot nEbR 7, BrHEp St B RebReels dritly Y5 et

that woul d othérw seé b

28

entrap sonme of these gases in the excess po

al so has
hi s
excess
gases)
erial 34
rred
wll be
gases

ceBher | ayer

of Ehe cargunctARg '&ﬁnﬁhise)é@fc%%srmﬁ\gf%f.{ai n&%%%p%%c;f Oﬁéj“{fyfﬁg

yneric m

manner gener al ¢ idmditoat é8) | reBedweeari Mold) afy xRy hdrmbsdprese

7
be exh uste fromthe 20 ol d system at |ts"part|n9 line 7
ggsgzggggted b Ml civiy oﬁmm:9%#9%mﬁ57ﬂairwgahﬂmﬁnel xeaesiin cards in
t e r'om.suc precursor” !
L?Sre?“fﬁtc?‘éa?%*?ﬁ- PE SapeRI Bl LR sﬁ8b11d;8€°ﬁot:;éd mhkbe n 25
diomniofoft the tap r
ol ded [nto the Lop T ool bas 76 o he cocoustebtal; 3 4P aElvdts' P1 the

into the top regions 78 of
nDIded - _spacg.m“g Indeed, in some of the more preferred

“sane -
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25

30

. material 34’ will be. purposely injected into the

void space 36 in order to drive out any gases that

- would otherwise be entrapped or entrained in the

center layer 28 of the card. Applicant’s excess
material injection procedure may entrap some of
these gases in the excess polymeric material 34 in
the manner generally indicated in Figures 3(B) (1) or
some or all of these gases may be exhausted from the
mold system at its parting line 77 as suggested by
the direction of arrow 72. Again the “excessg”
thermoset material 34° ié eventually trimmed from
such ‘“precursor” cards in order to create a
“finished” card. It also should be noted that in

this preferred embodiment of applicant’s proceés,

*”'embodlments of - this - invention, excess polymeric -

the top layer 24 is molded into the top regions 78

of the excess material receptacle 74 in the same
general way that the top layer 24 is molded into the
card forming cavity 64.

Figures 3(a)(2) and 3(B) (2), also by way of

contrast, depict another preferred embodiment of



general way that the top layer 24 is nolded into the card formng cavity §
64. 30 _Figures 3(A.(2) and 3(B)(2), also by way of contrast, i
" 'depi ct another preferred enbodi nent of WO 98/ 52735

PCT/ US®OP98T3% - 48- this invention wherein the top | aydCTUSHRPohe bottom
| ayer 26 only extend to the front edge 80 of the excess material receptacle
74. Thus the top layer 24 is not v8ded into the excess material 5
receptacle 74 as it was in the case shown in Figure 3(B)(1). In this

embodi ment , t 194 I IRRAGIGITESwhEraRfl BRESTopPOLUPRET C24 RREr Bk 34' are

- not entirely ejected-fromthe nold cavity system as they were in the
process shdwttomFlgyer 26( Bplybexteadhdo dhe 1fxront "edgeuseddfin a
receptacle 74 that itself ﬁlso resides in the aoverall nold cavity

—system-- | ttBE s GXIGRA Rk LR Ly BasePtacieri dfre 3TRRF (BhS ( REPtop 55 of
the top | ay _ S s pot t |t O [ u%£&% 0, : receptacl e
74 as it di%%¥%étﬁgplég :n8§33g§5%¥585?§§e369§ |gu?§§3?§?%fégi Those gases
.72 tdat ar ere@bpeatleppedabn itheagxdes Tl vaes | showmheihaFigdrenay be, and
preferably are, exhausted fromthe nold systemat its parting line 77.
Figure 4 i13(B} {3kl es Insbhishembodinentef enkrapped gasespids asdi|| viabl e,

ool S R LEELE, AT R TR e 45

Cpegmmate. o -

LS
: Phem suSﬂg&?S ity 64. :
Figure 5 shoyeceedeliohi ehéhﬁalarcaweyr §9Et3R, as tHEY kegdl 4pof the type .
shown in Figure 3(B)(1) being renoved Troma nold system Section |ines :
.84-84 and the process shown in Figure 3(B), but rather are

~“f;10“fff“"“captured{".in“ a récepﬁaclé i74'_that itself also
T resides in the overall mold cavity system. It also
should be noted that, in Figure 3(B) (2) the top 55
of the top layer 24 does not extend into a side
surface 80’ of the receptacle 74 as it did in the
15 - system depicted in Figure 3(B) (1). Those gases 72
that are not entrapped in the excess polymeric
material 34’ may be, and preferably are, exhausted

from the mold system at its parting line 77.
Figure 4 illustrates a somewhat less preferred,

20 but still wviable, embodiment of this invention

wherein the bottom mold 46 is provided with a cavity
82 much in the way that the top mold 44 has such a
cavity 64.
Figure 5 shows a semi-finished or precursor
25 smart card of the type shown in Figure 3(B) (1) being
| removed from a mold system. Section lines 84-84 and
86-86 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

30 dimensions of a finished smart card. For example,




86-86 respectively show how the left end and right end of the precursor

| sart---card--can--be-cut or trimmed away to create the sharp edges and

preci se 3W098/52738 mensi ons of a finished smart card. For SCAAE%8/06976 WO
98/ 52735 PCT/ US98/ 06976 -49- | SO
Standard 7810 requires that such cards H#8~ a |length 74 of 85 nm Figures
6(A) through 6(E) contrast various gates into which a thernoset polyneric
material 5 1580 W thikteadd 96490 Pns £RatOSNER by BAsS Rie cgrd For
exarrple Figure 6(A) depicts a prior art gate configuration Q R S, T
comonly referiletcth J4 o &5 tmppe gate. The term"fan" refers to the .
fan-1ike, general conf |u3:urat|on of the gate whi ch a t hernoset

to
polyneric material f&-q e Sclidd frfgAush urFLQE) QLFQWEﬁa?%ed‘éa’Eh%u%arl ous
gates in a man'gfa %Sh chh Jpﬁéget g%é%fﬁ SeLfia1

confi gurations are often enpl oyed W|t prior art pressure

nol di ngs procedisiddl be injected 1lfn ordetart@mwaatgdﬁre&hesméﬁﬁ Q R
S, T'is shown provided with an injection port 88 for receiving the incom ng
t her noset pol y@‘-’l‘de neRQf | exawgale, AEiguss BriAK é@@é@t@(@ pinkbB ARt he

|nject|on port has_a.sel atively ter relative othe wi dt h
20 -92 of - % %O%l%uraqh%ndpsg%ncesdﬂ m B‘F‘ﬁpg' SIE% in the
regi on where ”&% %‘t £aheeddel Yatd he qqul tﬁéfd‘aﬁfiﬂ‘ ”EeEQ%ngiﬁ?ré‘heOU“ i ne
S, T, U -Vof the snart card to be formed. Figures 6(D) to 6(E) by way of

contrast, depi dar?iike, gpperaidnttsnfagerabibngufit ithes. gatkt dhmgbt al so

be not ed here tha,t appl I.cant é)refers to taper these
. _Which a thermoset polymeric material 34 is injected

-'--'-----';-'- from a runner 94 that.feeds the various gates in a
manifold fashion. These | fan-like gate
_ configurations. are often eﬁxployed with prior art,
.hot, high pressure molding procedures. The
15 narrowest part of the fan Q, R, S, T is shown
provided with an injection port 88 for receiving the
incoming thermoset polymeric material 34. As seen
in Figures 6(A) and 6AA, the injection port 88 has a
relatively 'small diameter 90, relative to the width
20 92 of the fan (i.e., the distance from points S to
point T) in the region where the gate feeds into the
cavity that forms the general outline S, T, U, V of
the smart card to be formed.
Figures 6(D) to 6(E) by way of contrast, depict
25 applicant’s gate configurations. It might also be
noted here that applicant prefers to taper these
gates in the manner previously described but which
is not shown in Figures 6(B) to 6(E). In any event,
the diameters of applicant’s gates are significantly
e 30 larger than the gates used in prior art smart card

molding processes. For example the diameter 90 of



gates in the manner previously described but which is not shown in Figures
6(-B)--t-0-6(E)-- ln any event, the dianmeters of applicant's gates are -

signifi cant lcqé | arger than the gates used in prior B,mcard
525 vo BB

nol di ng For exanple the diameter 90 of

PCT/ U898/ 06976 50 the injection port gﬁ of such prior art systens may be
sonething on the order of 7.0 mMmmwhile PHé width of the fan along the |line
extending frompoint Sto point T (which is also the nomnal width of the 5
credit card tothe ﬁuang@t)xonsp@lnl;ute%bﬁnﬁqm mvexoxhertequstemsnmyof | SO

St andard 7810) as see n the cro ctlon Vi de ed in .
Fi gure 6AA, thBedFQH‘E'E@F' 3" %‘rfeﬁt nYe t™8n ﬁb?‘? gg§ Bﬁd%ﬁbure
6(A)  that |egdsenbr ¢ ha EHO! YIRS | &xcdénding "BEShI BbintPR! ¥4 unner 94
to the gate 96 ?s out 1/ 18}%‘ tr%) vmi%éth 92 of'ui1 e edgesof" the card to be
f-or ned. Suchpbdzhat ive (hiehsi bes allso ghhe tduminssl 1WwiAths of delas t he
edge of the card being serviced by that gate) suffice I n_ _nost

prior Sart 15creditpgagdatoubendormerdddswiboditn Shofmm (disyPed &dur e

f-orm ng condjti noplas

mat eri al . - For Exgﬁ’%?c meggﬁe%?.foé?’ Sttaaq'gréb"g&eisgaeis&) nj ec%Hfg Q oﬁteyegrlerl c
materials at . teapehat Witssd HEHtibld10Widr caepseted 2&0&?&@&1&5 tgar20
1000F at pressures ranging from 500 to 20,000 psi. Again such hi gh

t enper at ur e anthei glianedssuret cbhei prioy aty fmjemdnoablﬁﬂ fafom those
Lo temmeraturg ad PrERYTCrERRC {4288 CPBLOYSK N A | Sollni 00555
10 material supply runner 94 to the gate 96 is about
S © 1/10 of the width 92 of the edge of the card to be
Iformed. Such relative dimensions (a gate that is
1/10 as wide as ti:le .edge of the card being serviced
by that = gate) suffice din wmost prior art
15 manufacturing methods wherein hot, high pressure
forming conditions .are 'being applied to a
thermoplastic material. For example, some prior art
processes inject their polymeric materials a_\t.
temperatures ranging from in excess of 200°F to
20 1000°F at pressures ranging from 500 to 20,000 psi.
Again such high temperéture and high pressure
conditions 'diffe:: considerably from those low
temperature and pressure conditions employed in
applicant’s processes.
25 By way of contrast with such prior art runner
gate systems, such as the one depicted in Figure
6(A), applicant’s gate systems, as depicted in
Figures 6(B) to 6(E), for making smart cards that
are made through use of relatively cold, low

30 pressure conditions are characterized by their



gate systens, such as the one depicted in Figure 6(A), applicant's gate
systens,- as--depi-ct-ed-in--Fi-gures-6(B)-to-6(E), for-nmaking smart cards that
are -made yhroguesuse of relatively cold, 1ow 30. pr ess prCe/usosioedré i ons
are characterized by their WO 98/ 52735

PCT/ US98/ 06976 -51- relatively w de gates.- Applicant has found that under
the cold, |ow pressure conditions (e.g., 56[err]F to 100[err]F and

t her i A t 00 ' I . - h ' | bed
P oconees. | higrontavery’ wfdd, ditee (P ABSELLNE Tt BLHEATEALEC
cards) are produagd Wieh ¢ i by BtedbaRR! Sorlie ingn(é e bAPOTT 88

for a gate 96' I's consider an those enployed in"prior art
manuf act uri ng. get hade°r Tanéhi atmbdphkirddr e préEduriehr agh HE) goHi)

illustrate four variations of applicant's "w de gate" concept. In
Figure 6(B), - Eoployadpl in the bexedndesgribed | preeessasporkigheyat e 88

I s about 50 percent,,of the width 92 theapr cursor rd to pe fo d. I n
Figure 56(C) @Ra@Liity: Pregprsey capds,sldn h?ﬂ?%c&?"&ﬁ %?régfe 88" is

about 80 per ceg‘treofp.,_l;g@lgg&itth%g%rghz‘k%@gdﬁhgggra%&e]g ob® R NinT ) of

the precursor card.”" In Figure 6 of the injection port or
gate 88 -and tiajecttibrOXoxt hesd stanca fgatra ppéht iS ¢congbderaBly of the

20 precursor. credit card (S, T ) are substaptially the

sane. Figure 6WEAeTefhans thass @WW%%&%HW\}\%%iWPE‘H@%HfHHSO' of
Lhe 02t 1,9 BB O 7 OBHLa AR CRUBEhb" P S AP% o Lhe
precur gg@r. snarljaystrate T'-ﬁour.-'-.-- variations  of - applicant’s ‘“wide
) . gate” concept. In ?iguré 6(B), for example, the
diameter 920’ of injection port or gate 88’ is about
50 percent of the width 92’ the precursor card to be
- formed. In PFigure 6(C) the width 90’ of the
15 injection port or gate 88’ is about 80 percent of
the width (the distance from point S’ to point T’)
of the precursor card. In Figure 6 (D) the width 90’
of the injection port or gate 88’ and the width 92’
(the distance from point S’ to point T’) of the
20 precursor credit caxrd (s8’, T', U’', V') are
| substantially the same. Figure 6(E) depicts a card
molding system wherein the width 80’ of the gate is
greater (e.g., about 25% greater) than the width 52’
of the edge. of (depicted by the distance from point
25 S’ to point T’) of the precursor smart card S‘, T',
v, Vv, In general, applicant has found that the
best results are obtained when the width 90’ of his
gates are from about 25% to about 200% of the width
(the distance from point S’ to point T’) of the edge

30 of thewpreéursor card serviced by the gate. This



u, V. I n general, applicant has found that the best results are )
~obtai ned when the width 90' of his gates are from about 25%to about 200%™~

"of the width (the distance frompoint S to point T') of Q@g.ﬁp

of the dWQ@@PéH? card serviced by the gate. Thi s VE?@@PEZ g

PCT/ US98/ 06976 -52- contrasts sharplyg,with nost prior art (high
tenperature/ high pressure) systens whére the width of the injection port

(again note the distance frompoint Qto point R in Figure 6(A),) is usually
less 5 t fentEpshe 1GhaRlght WhtBhe WR%E h PERRE dia¥tancdBi&dn point S

to point T) of th g I he r 1\ng | ce t gal. Fi gure.7

Il lustrates aéﬁﬂPgFg 9§?2§é§§réﬁ%ﬁgﬁgﬁﬂay??gégﬁ%ugﬂgﬁﬁ%ggﬁ?n%E%F ~some  of
the preferregdsl@ne injREtddnRErt Ofaddis Ret&Nthdi asbesnece Wienein four.. . ..
“credit cards are being nolded sinultaneously in a system wherein, by way of

exanpl e only, pohstcodustpeimt cRvini FlgugieoseR) X ols husitaldyt ilessnozzl e 48)
are being fed with an i.ncom ng thernoset polyneric 1 material 34 via
respective ga?ggn%aab%"vi 351 ég?/ﬁccﬁrht ( 8%9.&1? hglgitg‘t aﬁ"tléef tdt}rﬁttﬁd’ﬂﬁ 98 to
poi nt 100) th | S ng shal g4 ihe s o] e e S ard (the
di st ance frome%grln 1 t% gc?i %Jll 4) \?\hidllfed‘ltnﬂee t&ggm‘ﬁa {r:'iélrémggl?. e., nore
renote fromtbheil§ serviicedebly chatngatlee 48) card-formng .cavities

~trave~injection ports and qﬁtps that are substantially as wide as the w dth
(102 to 104) of thEigh&eurssorllgtrates| . moldhrgdpreegdnrse PEIGIShown in

o e CEER A B BBl L e " e e 11

edges a grvenTsi ze an
- 10 . 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 48)

" are being fed with an incoming thermoset polymeric

15 matexrial 34 via respective gates 96’ having a width
(e.g., the distance from point 98 to point 100) that

is about one half of the width of the precursor card

(the distance from point 102 to point 104) while the

two more remote (i.e., wmore remote £from the

20 injection nozzle 48) card—formiﬁg cavities have
injection ports and gates that are substantially as

wide as the width (102 to 104) of the precursor card

itself. The dotted line 106 shown in Figure 7
depicts the outiine of a finished smart card after

25 the edges have been trimmed to (a given size and to
eliminate the excess thermoset material in the

excess. material receptacles 74) 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).

30 Again, these cards may be further “finished” by

application of alphanumeric/graphic information on



-elimnate the excess thernoset nmaterial in the excess material

receptacles 74)--teo -produce---a-fi-ni-shed-sart--card-(-e-g:, one havi-ng a

| engt h ofw@9ssm3and a width of 54 mm as per | SO Standard 78CONSIFEEI76
Again, these cards may be further "finished" by application of

al phanumeri c/ graphic information on -¥W®-98/ 52735

PCT/ US98/ 06976 -53- their major exterior surfaces, e.g., by various
printing and/o Bl.m |.Cala, ce owy t:o th il inthis
art. Wiile thi éh%%%en‘?igﬂr)lkhzésitgée%ﬁégesééﬁﬁéec W m"‘ o %?eé}éeécltoq%o vari ous
speci fi c exanppesneliifigaanybirt £iMinCApbl ieefion! pddceduies KirAll 8 the use
of special glues and gluing  procedures, it is to be understood that the
“her ei ndescri bethpagepkidhedhanl §hpe prwi-ted in scope only by the fol | ow ng
cl ai ms. WD 98/ 52735 s . ' : .. PCT/ US98/ 06976
-54- Thus, what is-éﬁ&ﬁ'ﬁeaﬂf’ss.-- invengion hag Peey dRERFHReda Wit card
conprising a tpashakel .t ¢aEfolidY Ypddi ¥ CBxARpELEC R § Eymenent 1S
enbedded and a bottom | ayer, said process conprising: 5 (D
using at | eawvhichneis noomhitdled | bov Hireé nkapeepktuecof o thennase anf

el ectronic conponent .to an inside surface of the bottomlayer of the snart
card-and ther eBReFaRrh SHIRT oAPayRIWIRG, PRACREITESy| uFe it FOniRe

conponent assefilk¥rstood tha_t'___the__he_reir;described invention should

be limited in scope.only by _thé following claims-.



10 (2) partially curing the mound of | ow shrinkage glue to

produce a bottom |l ayer/partially cured glue/el ectronic conmponent -assenbl-y;-—-—--

(3) - positionin t he bottom | ayer/partially _cu

gl ue/ el ecWPMISET35component 15 , assenbly in a bottom rm?‘a'l,"[’?%f“w%
positioning a top layer in a top nold; (5) closing the top nold to the
bottommold in a nanner that creates a~v8id space between 20 the top
| ayer and bottom | ayer; (6) injecting a thernosetting polynmeric material
into the void space at tenperature and pressure conditions which are such

that: (a) the electronic conponent_is hsld in place by the nmound 25 of

partially cured oFpes:wWhpe 1Ene€lap®et dfifc conponent and nound of

partially cured glue are imersed in the thernosetting material, (b) at

| east one layer of the smart card is at |east partially WO 98/ 52735 -
PCT/ US98/ 06976 -55-1¢o0l da | @rgfeassur €odl degkimg 0 a Castddt i ncahd top 30
nol d, (c) gases and excess polyneric material are driven out of the void
space, (d) thecemptirdngc axokppndidyen.,s acksdssulayer iy whieh an

h ' I ' | al f; h L al l d gl b |
compl otel y cur BReHRECPSs EREPCREPRose: rvgodad ond plpokERm TalRa el o0 e

with both the Lapgl ?if'SEeQdebhlﬁrEQtih@m | ayer to-produce a unified precursor -

smart card body; (7) renoving the ufified precursor smart card body from
the nol 8 device; and - (1) wusing at 1least one mound of  low

shrinkage glue to connect an electronic component to

an inside surface of the bottom layer of the smart. ~ 7770

card and thereby form a bottom layer/low éhi:inkagé '
glue/eleci:ronic component assembly;

10 (2) partially curing the mound of low
_shrinkage glue to produce a bottom layer/partially
cured glue/electronic component assembly;

(3) positioning the bottom
layer/partially cured glue/electronic component

15 assembly in a bdttom mold;

(4) positioning' a top layer in a top
mold;

(5) closing the top mold to the bottom
mold in a manner that creates a void space between

20 the top layer and bottom layer;

(6) injecting a thermosetting polymeric
material into the wvoid space at temperature and
- pressure conditions which are such that: (a) the
electronic component is held in place by the mound

25 of partially cured glue while the. electronic
component and mound of partially cured glue are
immersed in the thermosetting material, (b) at least

one layer of the smart card is at least partially

* [ L M s *




40 (8) trimmng the precursor smart card to a desired

di nension to produce a smart card.--2. - The -net-hod--.of —-claim—1—wherein .
t he el ectwongsz2menponent does not come in physical contact pefrigsed/be7oot t om

| ayer. 3. The nmethod of <claim 1 wherein the electronic conmponent is
posi tioned at |east 0.01 nm above the hggtom | ayer. 4. The nmethod of

claim 1 wherein the electronic conponent is an antenna that 1is
pedest al ed on ea Tmnds .o | ve,.t hat hol.d the antenna at | east
0. 01 nm above ?%%hboﬁ' ttbgtm aéygegrﬂ.y%.ms%‘%%&rrép%d e, in\/\ﬁg'reeitr‘?ﬂ he | ow
shrinksge gl uemb3da CHENOGEEYS AP IEREENS PHIGTIEIMG tHAEeLS a%gége of at
| east partially curing i ggi&ess t han about 5“seconds. V\% 9%%52 3

PCT/ US98/ 06976dx§8ens.out ThE rhehovodfl cipacel Wddr ethet leddanrcaiiie nkage

glue is a W curable glue,that is capahle of, at least partially curing in
 ess than abou?mgpgﬁsghds.ls?. enle’r?é’s‘ﬁéqﬁﬁi ot? ckiem thermasefting | ow

shri nkage gl uepg,‘f?ﬁg keaﬁ{at\:b%i%q-r Cﬁé'ﬁ%fé”%ﬂei [#%ﬁi%ie N aRayt %dfeconds.

8. The nmethod of claim1l erein t | ow's | Ge"rs it 10 to

about 90 per cebécomesd cgnipletiely scure@r agd i (o) hehehehmepiddttdinmt eri al .
9. The method of claim 1l wherein the inside surface of the top layer and
the i % de surPat¥merichwaperish Popds wisht bekiedheo tiogeilayent arde

creation of a gfgong,bojd t16«'\'=LSrVeVE'\renttohepgro:(%aulcgyearl Wheseq precursor

smart card body;
- (7} removing the unified precursor smart .......
card body from the mold device; and - |
40 (8) | trimming the precursor smart card to

a desired dimension to produce a smart card.

2. The method of claim 1 wherein the
electronic component does not come in physical

contact with the bottom layer.

3. The method of claim 1 wherein the
electronic component is positioned at least 0.01 mm

above the bottom layer.

4. The method of claim 1 wherein the
electronic component dis an antenna that is
pedestaled on at least two mounds of glue that hold

the antenna at least 0.01 mm above the bottom layer.

5. The method of claim 1 wherein the low
s_hrinkage glue is a cyanoacrylate adhesive type glue

that is capable of at least partially curing in less

than about 5 seconds.

MO



5 the thernosetting materi al ahd,the bottom | ayer and the
thernmosetting material. 10. The -nethod of-clai-m 1 wherein-the-insi-de—-—------

sur f ace | ayer and the inside surface of the bot are
Mo WSt Lo R ogsRkpire

treated ing each with a bonding agent. 11. The neth im 1
wherein the inside surface of the top |ayer and the inside surface of thé
bottom | ayer are treated by a corona discharge process. WO 98/ 52735
PCT/ US98/ 06976 12. The nmethod of <claim 1 wherein the thernosetting.
material is injected into the void space at a pressure between about

anbi ent pressure and abqut 500, psi,. 13. _.The thod_ of "aim 1 wherein
the thernosetting %gteri e’i?eFﬁfgct%g i$&%ﬁ?thv8$8rgﬁgcegéF.21% essure
bet ween about 3Q-i3fkhgdd Yhue 20s P$i pylburabhe glRleh@hatofis Ckaphabid - Wherein
the thernosetting material is injected into the void -space at a tenperature
bet ween about cBb[at r LEaatd pexhitalli0 eurikg in le8= thebhhaboutrf Sclaim 1
wherein the thernosetting material is injected into the voi'd space between
the top | ayer S87PR9% bottom | ayer at a tenperature between about 65[err]F
and about 70[err]F. 16. The nethod of claim1l wherein a film bearing
al phanurneric/ graphic information is applied to the inside surface of the
top layer. 17. The met harheof melthiol lofhetPaima 1 aywderefinopanetyleweventing. ...
material is applied to the inside _
: shrinkage glue is at least 10 percent cured in less -
than about 3 seconds.
8. The method of claim _i' wherein the low
shrinkage glue is about 10 to about 90 percent cured

while it is immersed in the thermosetting material.

9. The method of claim 1 wherein the inside
surface of the top layer and the inside surface of
the bottom layer are treated to £facilitate' the
creation of a strong bond between the top layer and

5 the thermosetting material and the bottom layer and

the thermosetting material.

10. The method of claim 1 wherein the inside
surface of the top layer and the inside surface of
the bottom layer are treated by coating each with a

bonding agent.

11. The method of claim 1 wherein the inside
surface of the top layer and the inside surface of
~the bottom layer are treated by a corona discharge

process.
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surface of the top |ayer and the |n5|de surface of the botton1|ayer WO

98/ 52735 . - ~PCT} US98/ 06976 - 58-—-18: - ~TFhe—
method ofoo9gs2assn 1 wherein the electronic  conponent P¢'E’USQ§N697&ntenna
that is electrically connected to a chip. 19. The nethod of claim1

wherein the top layer and the bottom |-®7%r are each fornmed froma fl at

sheet of polyneric material. 20. The nethod of claim1 wherein the top

layer is preformediwithrile |iR@Sho@ne oFr deiQifi NG Cayhb¥eildl. tH&8e nethod

of claim1 wherein the top layer is nolded into a card-form ng cavity of a
top nold andtheemosetding apeterialnolsednimptienst inkosubbearvoddl y fl at
surface of a bottomnold. 22. The_ nethod of claim 1 wherein the

t her noset t i ngSPACEr i3kt RsPRSESNFEr RSHRER 2§boutrh§mb&§pﬁocprqﬁsu:5§al mod o
wherein the ey ti .erial is an epoxy. 24. The nethod - of

claim 1 \A,herggﬁn %ﬁltg tsﬁgr g’%tslettl ng material is a unsaturated pol yester.:

25. The method of claim1l wherein the void space is filled by a gate whose
width is at | east about 25 percent of the width of an edge of a precursor

card being serviced3by Shied gunebhod \gf 98c3ai®s 1 wherein the

PCT/ US98/ 0697%hermosett1ng material 1s 1njected 1nto the VOld

space at a pressure between about 80 and about 120

psi.

14. The method of «claim 1 wherein the
thermosetting material is injected into the void
space at a temperature between about 56°F and about

100°F.

15. The method of  claim 1 wherein the
thermosetting material is injected into the wvoid
space between the top layer and the bottom layer at

a temperature between about 65°F and about 70°F.

16. The method of claim 1 wherein a £ilm
bearing alphanumeric/graphic information is applied

to the inside surface of the top layer.

17. The method of claim 1 wherein a layer of
opacity preventing material is applied to the inside
surface of the top layer and the inside surface of

the bottom layer.
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26. A process for maki ng a smart card conprising a top |layer, a core

‘layer in whi.ch an el.éctronic-conponent -i-s—-enbedded -and -a-bottem |-ayer, said

process Iézg#ﬁg: 5 (1) wusing at | easleradgoeFpUNd oOf
| ow shrinkage gl'ue having a volune of |ess than bout 0.1 cc to position an
el ectroni c conponent from about 0.075_tgp about 0.13 nmfrom an inside ’

surface of the bottom /| ayer of the smaft. card and thereby forma 10
bottom | ayer/ | ow shri nkage gl.ue/ el ectroni c conponent assenply; (2) curing.
the mound of | ow shfi nkﬁgé gmedhodom @boutCifither dentWhareibut tHE per cent

of the total | o] ' xXperj ence in. lod of tine
| ess t han abo%#é Eg%{égﬁds ﬁ“%gr%é&tge g.s b0§§pm%$%%%ﬁ parttr{%‘g:lrl yq'scured
glue/ el ectr onéTeEOFPOREYY 86£R8BLEA £8)a BRSpLIONIiNg - the . ...
bottom | ayer/partially <cured glue/electronic - conponent 20 assenbly

in a bottomnold; (4) positioning:.a top layer in-a top nold; (5) closing
the top nold to the bottomnold in a nper, that greatges a_voi d space
bet ween 25 th%StopT?ﬁyé?e%fb‘{]b&{gﬁﬁla&?‘er?’ (BIereciify &°P

t her nosetti ng risaly i [ BabfMBES e en about
65[err] F and ]é utf %gl[derﬁé %ﬁgtg@ g’ Sresg?ﬁée %gt ween a%%tfggﬁ'g% and

about. 120 psify&tcsheee oficpolimeritamaBerial. t-he el-ectronic_conponent. is . .

held in place by the .60 mound of partially cured glue while the
electronic ' ‘ ' - : i N :

20. The method of claim 1 wherein the top
layer is-preformed with at-- least- one card-forming -

cavity.

21. The method of claim 1 ‘wherein the  top
layer is molded into a card-forming cavity of a top
mold and the bottom layer is molded against a

substantially flat surface of a bottom mold.

22. The method of «claim 1 wherein the

thermosetting material is a polyurethane.

23. The method of c¢laim 1 wherein the

thermosetting material is an epoxy.

24. The method of claim 1 wherein the

thermosetting material is a unsaturated polyester.

25, The method of claim 1 wherein the void
space is filled by a gate whose width is at least
about 25 percent of the width of an edge of a

precursor card being serviced byl said gate.
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conponent and nound of partially cured glue are inmmersed in the
thernosetting nmaterial, (b) at |east one |ayer of the smart card is at. . -

| east parwiosdslsg73sol d, | ow pressure nolded into a cavity i npchrasospsom®! d,

(c) gases and excess polyneric material are driven out of the void space,
(d) the electronic conmponent is encapsukated in the thernosetting polyneric
material before the partially cured glue becones conpletely cured and (e)
the thernosetting pokynmegi C i jal ds . oth-the top | ayer, and the
bottom | ayer to pr O%Eée % urﬁ%%c#%r e?ggsorﬁ%ﬁrr%é) cgrd %%%f/g (f%/arr novi ng
the unified preswpsbsingard €opdlagey,f ramddie nDiyedeviCeyhife @& .
trimmng the precursor smart card to a desired dinension to produce a snart
card. 27. A sn@teckreaieogpmpenagtaisopmbedded andome bo&fem ilayer,ch an

el ectronic co on{?né ig enbedded. and a bottom | ayer, and wherein said smart =
card further compriRERCEPS| ERBPTLRA Fdunds of | ow shrinkage glue that serve
to holdsthe electronic ceaponggingn at0i ygg‘sp_osbhgonmioﬁntdheo%orq_dwayer such
that the el ectronic conponent s not in contact wth the top 1ayer or the
bottom | ayer ashirinkagehglue havingnaofrodunet ofi dkskhhatomehitl W.as core

| ayer is under thg el ectfopi c conponent and between the nounds of |ow

shrinkage gl ue®©28° TRRSIHIPR A% LIACETeRhe 2PoMPONent t BEORD@ROWS low . .
D varage 01 UaPers! L8 anblE 6l 25" RANERoAURO 1AM AR shERakali ek 0T T

‘above the bottom _ SHEETS
SG 61 bottom layer of the smart card and thereby form a
10 bottom layer/low shrinkage glue/electronic component
assembly; '

(2) curing the mound of low shrinkage
glue from about 10 percent to about 90 percent of
the total curing the glue will experience in a

15 period of time less than about 5 seconds to produce
a bottom layer/partially cured glue/electronic
component assembly; . _

(3) positioning the bottom
layer/partially cured glue/electronic component

20 assembly in a bottom mold;

(4) positioning a top layer in a top
mold;

(5) closing the top mold to the bottom
mold in a manner that creates a void space between

25 the top layer and bottom layer;

(6) injecting a thermosetting material
into the void space at a temperature between about
65°F and about 70°F and at a pressure between about
80 psi and about 120 psi which are such that: (a)

30 the electronic component is held in place by the

O T



29. The smart card of claim27 that further conprises a bondi ng agent

| ocat ed..bet ween--t-he-t-op-}l-ayer--and-t-he core--1ayer and a bondi ng agent

| ocat ed between the bottom | ayer and the core | ayer. 30. B ard of
clai m 27 XK@ t her conprises an . al phanuneric/ gr aph?l;c%er in %gﬁat i on-
cont ai ni ng {fTHIE SHEET HAS MEENti oned between the top layer and the core

| ayer. 31. { The q-\rE?LAcEDard off claim 27°Chat further conprises an opacity

i ncreasi ng kayesr—od e+—af—1t hat is positioned between the top |ayer and
the core | ayemound % hparbiallynguretedldie tWaile stheowletbnanic an
opacity increasin Lgment ., 32.. The rt _card.of claim 27 that_ further .
conpri ses al pﬁﬁﬁ@%@% al ?‘Bp‘aﬂh?‘&né]nfo%ﬁ‘g’ H‘Xt Fg‘rﬁa]ac%:'d?%n %f:ermj or
_outside surfaggmab-gele itMhe ¢Hetmodt tAny et &3d: CABY iat NGasd Op | ayer,
a core layer 1n which an electronic conponent is enbedded and a bottom

| ayer, and whenei riayexl sfathecasmartur ched denpat séeast Ipmadtially nounds of
| ow shrinkage glLue each having a volunme qQf |ess thapn about serve

the 03% cc t h&P18er APY PREFIUTHcMOLPEE: ABNL & oFPBHeNt 1Pn ERSH SR i on t hat
I s bet b .0 : | NS f th
bot tom T ayer  To; () 2 BsRadnd); SclBL KBRS OhEE 2RISR (00,

-l ayer- i-s-undegriiRerel 6atr-@f ctheNp@iAt spadehet Wbenthée emddttsowic | ow

shrinkage gl ue. ,
- component is encapsulated in the thermosetting

fanaX M
et T

polymeric material before the partially cured glue
20 - becomes--completely-cured and - (e) the thermosetting
péij}mérié"'that'eriai”bdnds with both the t'c'ipmiayer and
_ the'bottdm layer to produée a unified precursor

- smart card body; -
| '(.7)' removing the unified precursor smart

45 " card body from the mold device; and

(8) trimming the precursor smart card to

a desired dimension to produce a smart card.

27. A smart card comprising a top layer, a

- core layer in which an electronic component is
embedded and a bottom layer, and wherein said smart

card further comprises at least one mound of low

"5 shrinkage glue that serves to hold an electronic

component in a given position in the core layer.

28. The smart card of claim 27 wherein the
mound of low shrinkage glue positions the electronic
component at least about 0.01 wmm above the bottom

layer.

-

¢t Has Been Replaced
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cet Has Been Re hcen :

o

_61-. THIS SHEET HAS BEEN .
| REPLAGED

29. The Smart card of claim 27 that further

comprises a bonding agent located between the top
“layer and the core layer and a bonding agent located

between the bottom layer and the core layer.

30. The smart card of claim 27 that further
_comprises an  alphanumeric/graphic information-
containing film that is positioned between the top

" layer and the core layer.

~ 31. The smart card of claJ':m 27 that further
comprises an opacity increasing layer of material
‘that is positioned between the top layer and the
core layer and a thermosetting material that is

provided with an opacity increasing pigment.

32. The smart card of claim 27 that further
comprises alphamimerical/graphic information that is

placed on a major outside surface of the smart card.

33. A smart card comprising a top layer, a
core layer in which an electronic component is
embedded and a bottom layer, and wherein said smart
card further comprises at least one' mound of low
shrinkage glue having a wvolume of less than about
0.1 cc that serves to hold an. electronic component
in a position that is between about 0.075 and about

0.13 mm above an inside surface of the bottom layer.

|



