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WO 2009/078810 PCT/SG2007/000434 1 CONTACT-LESS AND DUAL
INTERFACE INLAYS AND METHODS FOR PRODUCING THE SAME 5
wo EdeRd N VENTION Embodiments of the present inventige I&&ﬁ 59@5}3954
field of smart cards, and particularly to a design and method o prodﬂuctlon

for contact-less and dual interface inlays for use in smart cards. 10
BACKGROUND Smart Cards, also kpown as Chip Cards and IC Cards,
are plastic (usually), approximately credit card sized cards that contain
one or more semiconductor chips. Smart cards can be used in many
different agpfMfdts! IR AN IRTIBREAFC ESHEAYE in the
telecommunic&iitth R EHSBS HORBROBIMI-ANG JidbaidMiiids. They can
be used in the banking industry for e-payments and transaction &
authentication applications. They can be used in the security industry in

: F@?j(@gwéﬁw from access control to passports, National Ids,
and/

or Drivers licenses. They can also be used in Io%;istic industry for

Eatiedimasisiftatin RREAPAIBYIIIRN IFIAEnPotife B Ph SHIRALBRHES thand
pedicissasettco dtmigle ssd weitbdneéansititdicthicards peidesmndadaal intesface

ifeGraddio Heney¢RF) technology between the card and a
receiver/transmitter. In other applications, the cards can be "contact”

cards that require a physical connection between the card and the card
Bhat&Rab8itonally, "dual interface" cards can have both capabilities
using a single chip module. Similarly, 25 combination cards (combi cards)

shfk PEHREN bR cARAPIlleHRiNg QRe Ciip TRE eqpiactiass apalicaiionsy,
and a separate chip for contact applications. Currently, these cards can be
PRI SEPHLIRTT S SERA BB BT Ui FRNPIR GOEs8R LI FRBNTII YL ChiPs-
StherictHpis are iy gdedrid ot tifleeenbaphlicaitynsf integratedie) woar( @)dg0an
bDQBELRA U ARRLARAMICAISIRY HIRESy ThIER SNBRRERIRM cards. They can
pSnGaRslalRd S%%ﬁ%%&%?f {é‘retehggy#g&é”a;‘%é‘ri}‘éh%?&&%v “LlilhShtication
epoxy, or moulde ing a pre-formed cavity into the desired shape an
agafigatiens 1o BREGHE RaHERR /% SGWEY Insest i rABRICHipS I enging from
anceshlesiol phpmesaatssNatidriaiisn gredivd Osrersititendds of B caodide be
uY a_ZQQy&EBﬁ&QsE’;WS@?&Q%QQ%ﬁo@ PRSHARRALITNESEPAGKIISSthese
agg}ggc%!! ?hrled ga!red(g nacrglchgs%rancags\sly,ltwi%langggée{k?a%tkggaclzards perform data
fransfer using radio frequency {(RF) technology beiween the card and a
receiverfiransmitter. in other applications, the cards can be “contact” cards that fecjuire
a physical connection between the card and the card reader. Additionally, “dual
interface” cards can have both capabiliies using a single chip module. Similarly,
combination cards (combi cards) can perform both capabilites using one chip for

contactiess applications, and a separate chip for contact applications.

Currently, these cards can be manufactured using a number of different processes. In
most of these, the chips are wire bonded between a plurality of integrated circuit (IC)
bond pads onto epoxy camer {apes. They can then be either encapsulated using a glob
top method with an ultraviolet (UV) curing epoxy, or mouided using a pre-formed cavity
into the desired shape and thickness {o become various types of modules. The most
popular IC modules for phone cards and banking cards are either M4 or M8 module
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Standards Organization (ISO) standards, such as ANSI/ISO/IEC
7816/7810. Today, contact-less cards are produced in relatively smaller
uantities of approximately 5 100-200 million in 2006, which is about 10%
WE HEA(fEht volume of smart cards produced. The most cBfifiGRP07/000434

method of manufacturing contact-less products uses a process of
connecting the chip module to a wire antenna pre-embedded into polyvinyl
chloride (PVC) plastic. Normally, thé blank card with antenna is

pdtiigeRahESs hitkagaeprbiiagitheneleritoiiaintanohiftt aatemnmtemational
s%ﬂﬁg%% ) thiadditinaa qusss 40 dRinaehenedheclagipaininiay to

e card thickness, for example, the 1ISO 14443 and ISO 7816
ID-1 standards. The cards are often manufactured in sheets, being, for
Telanmpispceves sboiy devwiddiand of redaiinly mgjter. Mleohtiatné apipoximately
f:dmﬂﬁbnamt@&?ngm, \stg@h gs_sél&alﬁmcilmﬁdéﬁg,hdﬁr@a&nira;m@@p@dag%ﬁoﬁams
use on tap of the wire _bondi chnology as.the chip.sc
oriie e o S O R B S ARG v @
prapRPTBhtaptseiodaprd AMSIeIP Aivie FEeaRR S5 srRPptiRhEaMYYVInY!
citingte gards aastithentihatiayityfdridhie chip middwedsnanilechaAmactured by
as%,@mﬂm%ahﬁéegimgéh%$%éﬂiﬁeqtar;@xngpengubs@ﬂtw SRR PRI
the shéiulder of%}gﬁrst mPH\ed cavijty to %rowdg ccess to the antenng1 IS0
IR e, 1 SRS TRB SRR St BB RE G7 S BIFHAE o RS L
14433nend &M 8 thaheamardsrmingl Senls ey dbiernatendeetuisthi stierts,
b IA6r REQERSS, jémézd&mwaa hegive eatind RRdie. pixeathiivto dhip Bullaig
ities to, proy| ical c . e. an :
R AR T S R R
bandling teskRRsE 25 Rk HAYn 8 RICHNSIEFERE haste. The chip is
thereby 25 electrically connected to the antenna. Additionally,
DG&Q{E@B@&@EM@?&Q@N\%&@&' Ge@méi&tdaﬁ@ %@%@f&@é&%&h@xﬁa@%mon,
cavity in order to. mechanically segure chip madule to the smart card .
BT B i CLT s STt T GR o (BB e i
mitRsduteRAPBRE SRR PSP IObE AN s PRSIt anterng wuties below
thackhesiver g gl esstivaiked eadictly eradbie sivesd fquidsandingaivesisich Sisce

12 GYRReAF YiRiE.edResiuEy RS t%?nﬁ{éé'&é U568ras, g ANEPRIUHY Gantenna

adhesive in less ex&enswe smart cards, In more crlé&t:al s&natrht ca(ri?l1 .
eI HEM e R BRSS9 s PR BReRt L Epi s e adheslye can
theorpeafipcasiSW 2008407 63 16P GTIBTIZE 071 GIGIES! Santrm| baliran, the
aheaiCwakleanPisenadctiverabesivenis dipt applied tadhedanansidakive
may be, for example, a nickel-polymer particle filled epoxy pasie. The chip is thereby

electrically connected fo the anienna.

Additionally, nonconduciive adhesive can be applied to the shoulder of the milled out
cavity in order to mechanically secure the chip module to the smart card body. The
separate nonconductive adhesive is used to hold the chip module within the card body

as it is less expensive and has better adhesive qualities than conductive adhesive.

Liquids adhssives, such as a Cyanoacrylate adhesive, are generally used as the
nonconductive adhesive in less expensive smart cards. In more critical smart card

applications, a double-sided, heat-curable, adhesive tape can be used. Normally, this
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the chip module with a hot-press. Then the chip module is inserted into

the cavity and bonded to the card body with the applied non-conductive

adhesive by heat and pressure. 5 PROBLEMS WITH CURRENT CARDS
WG BHtAEI-8ss cards Due to limitations in the speed of the URFESFIBOR/ 434

embedding process, the output volume using wire antenna embedding is

fairly low, which keeps the costs associated 10 with the production of

such cards using the wire embeddiny process relatively high. 2.) Dual
ddm@fa@@caé@%&mmlyom&ﬁmvm g&ﬁiﬂ@ sy fébalnsdatet@madeagae of
g B O e O oS ONCER A S

[88Gnd The antenna leads ca be 15 accomp

b%ﬁﬁu‘i‘i’tn&@aﬂﬁésﬁ’fé@ tﬁ@?n‘?&? c%ﬁ’ﬁb?@s%ﬂh"@ﬁ%‘?ﬁbe é}dﬁ%w téh@@?&t@ﬂé’

pregddexring material, less than 80% of dual interface cards produced
according to the prior art method are functional, i.e., more than two in ten

I tiple layers of plastic sheeting are added to
p%% ﬁﬂsg% vm%%gﬁ%g@?n to bring the dual interface cards to a
1irégotestiegsiianisss. During the hot lamination process, the unpredictable
DS FRGEHEHER (BEIRPSAYSE rﬁx@fam}agaﬁecsbﬁ@tiee‘m;ﬁmy teslueput
m%é‘% ‘t?y fatgt‘}g connectio al inferface module and. t
VOantenna é25% Antgnnas |tél J}]%c;glﬁér% n in tk%ilrg‘d%st?s gtcgﬁgrﬁg?ﬁl‘:e’ag%

willlfaspreductAng sHeferidangng iR 4es G%IWHMMTE?EH%EF‘GHVE%E%WW

such as PVC or PET, to produce contactless cards. The use of such
2. piebadanisanasdias generally been said to produce cards with poorer

Reﬁ%q dléta ce %lej%os %}{% etrh[ Itanaa etgcriso r nEe }j?f‘l;'?cult %or example

conventionalwisds cRed alamiAry ahtenhas ta

Wﬁfb#‘éé&’hé’@lé&’ﬁi&%*ﬁ%?f@ﬁ%%eﬁ@um% Pé@fdtal%m@@f*&@iérﬁan be
adgoipliensi20stiy (CosK)ctiveicadielsaysiemernsing iipecktiph Bewiecyrl S0Oow

teﬂwﬂé%%'@ﬁﬁi&% R«%EJHQ 6@5@““‘%”&6%1%) B%Kmﬁé}éw'%%!&f produced
systems using.the High Freque%% ISO 1569 code SL2 chip. For'these

a"r‘é’é‘é’Bﬁ%" {hgAZioR3E BEERHY AW, %{@féﬁpm&:ﬁ HRiR ndpipeadsiastve.
antennas to make ISO cards. WO 2009/078810 PC /SG2007/000434 4

Adwidiiionathuiriannas & areil erestieh ek alutinidih @IWEYS JIAME SBAREN
tol%ﬁﬁg I@e dual interface cards io a required thickness. During the hot lamination
process, the unprediciable shrinkage in the. various layers of plastic sheefing can
drastically reduce the reliability of the connection between the dual interface module and
the antenna.

3} Antennas

It is also known in the industry that alternative aniennas can be made using laminated
aluminium etched on plastic film such as PVC or PET, to produce contactiess cards.
The use of such etched antennas has generally been said to produce cards with poorer
read distance (supposedly iower Quality factor or G factor). The conventional wisdom is
that etched aluminium antennas cannot provide the electrical performance, such as a
read distance of 10 om (min) and 20 om (max) typical of systems using the High
frequency 1S0O 14443 Mifare chip; nor the 60 cm (min) to 100 om (max) typicat of
systems using the High Frequency 15O 15693 icode S1.2 chip. For these reasons, there
has been no major development work in using seiched antennas to make SO cards.
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close this loop, it is necessary to provide a cross-over connection between
the outer portion of the antenna and the inner portion of the antenna.
Closm/% thls loop often 5 requires additional production steps when

8riming & completed antenna inlay. Another problem associBfedS@Hl{7/000434
aluminium antennas is the amount of stress added to the etched antenna
as the various types of cards are laminated under high heat and

pressure. Consequently, such cardé are thought to be incapable of
achieving 10 satisfactory results on ISO industry standard tests. For

AGHARRIS: SRllong %ﬁ@edﬁéﬁpg%e@%ﬁﬁhﬁlﬁﬁ?‘%@éﬁaﬁ%&?% e canability,

of performlngt up to 20,000 cycles in the IS 373 bending and torsion
CRER RS HRORId! o RS TR RS S BARHER o (PSS I0YE7 SURRTRB LoReRT (eI Quter
poitiomofrital eatehusage) tHb ivigroatiiod ule $toroEmEct IEssiapditulop often
relfiiRISARRIESH A RANRHEALIHBO AMDRARISY BRUSLITHEBRRL 1A OA2,

MOA4, MOB6, FCP2, MCC2, MCC8, M8.4, D7, D8, CID pak etc.

modules. The antenna routing and antenna tenninal pad location for
ANCRa BIRNATA AR THAP SR 2t IR el i Shaupeeenof Fesrdged to
theliffieredtamiedtledinhensional tguitinésand shipsysigmBsuide tesminak and

pr&ggaﬁéonséeaéaeu@%n%m QRN adulg,SHa 20 a8 M%%Ln@r%inaacmevmg

d| erent Ioc tion fro§n e terminal locations of another madule (such

[YTHTS ir?eg[]l RAREERRNSET BrEU G RIBDE B dane ferp durabitty
(Q@g;ﬂrdaﬁoﬁsymuaﬁﬁéhenﬁaamaf oArkyRtEn Nty GO pyitae uine d36-
1oprQchisRItREcNBsidi 0P Ailidy tac iskisapdrettisiantcautemadedhges
mgfpéjylé%téqg (?m%%%é;d%&#%n 25 keeping production costs down. Being

able to produce antenna ihlays in roll form with greater flexibility in
handling the micro modules is the stepping stone to automation,
Mipar treadlaley fwhermiaotienstenh duzbbiaieatenfds davidieaditivethobeen supplied

in ShaneREds, M@ﬂ?'bﬁ@)ﬁ@'%ﬁ@r%@%@éﬁ figkels, MBS NoR-SEOSHLR .
mcgu} 9$Rgap -1 rec mme dation for secu[e dc??ument§ Curren

produiction meﬁ%E Sas A BB ABTE T Behievertfis TqRcIonA|fynactiess and
d”A%éB?ﬁﬁf@lﬁafﬁéqu‘é HltambYiasecdieieah fﬁh@ﬁ@@ﬂtm@ﬁﬂ%adﬁm‘?@maf
ouiiceeasdtbaib eantenttachindhecamprramissabsmnarhsareds, iwbile mdduRsgingh

asWAS 5 QIR Qf&ﬁ@ré?&qgégmﬁ 95?7& @MQWSCMQSZM&K%%UE@ {such

PCT/SG2007/000434 5 SUMMARY Embodiments of the present
a5 & ttion PBrOVRIE & H&W@ﬁﬁ%fw@ﬁs@ e fﬂaﬁﬁ%ﬁﬁf&fsw@a%ﬁfﬁﬂ% AR&
difigreritartoroapeodueieamidlayskivrisaenuethicornaetie s drelelual interface

The capability to quickiy and efficiently automnate the production process is a key in
keeping production costs down. Being able to produce antenna inlays in roli form
with greater flexibility in handling the micro modules is the stepping stone to
automation, particuiarly when one antenna has to cater for a wide variety of

standards, namely the IS0 cards, Calypso tickets, and non-180 such as ICAC 8303

pari-1 recommendation for secure documents. Current production methods are
unable {o achieve this functionaiity.

Accordingly, there is a significant need for an improved manufacturing process that
can attach the components of smart cards, while addressing one or more of the
probiems discussed above.



10

15

20

25

30

cards, tickets and secure documents. The method provides a thin polymer
PCB that is ultrasonically bonded to the two ends of the antenna terminal
wpadey/dwigolymer PCB may or may not have a chip bondeg-¢@dizdévoo0434
example embodiments, the polymer PCB is placed and connected at the
exact position designated by the 1ISO 7816 standard for 10 contact and
dual interface modules. The polymeg PCB can be a double layer PCB that -
has specific dimensional tolerances. In some embodiments, the polymer
PCB includes metal surfaces to effect an electrical connection between
SthéntAdttule contact surface and the antenna pads using ultrasonic
bonding techniques. To solve these connection problems, one may attach

Ea co er or a}#umlnlum stri § olym PCB to an efched 15 aluminum
TReder R 8%&%‘6.‘{8%5 BTG AP BB P RS A9 PRY OB to
ar BenBFoPaI itz HapeRdaee i iiidly faryues du talh thritertebo addpdue! interface

cap@sitiongsadedalseuroaatementeh ﬂhatrthﬂ)bamdmsfaat@mwﬂagﬂm that is

L | t
ol e NS hoh s RRRA O MRS oo

Mgy AaEEY NP ﬁﬁ?&b@%"f{?‘é’rfﬂzﬁi Bhﬁﬁ%@'@a%’l?@%@@%“&ﬁr%@ﬂ?%f CB is
pleomhent the@ettenirm tbetlkezob ptadiopadesipthwedual ithtelfara &t pstaatindefor

c&ﬁ}ﬁ%&%ﬁ%@iﬁ%&ﬁ@@ﬁp g% B&ﬁﬁ&‘@éﬁ&@{)&e\’%ﬁ%ﬂé%@ WY that
(S 0 mer as an u IHical Cor: orizo
PaSieRy éc'? g"‘%’g{“ T Risdince BRinY SR ST PRIy 4 5 PRYEIRD EE‘% includes

)18 CaMR CRIpS T

Mekgh Wﬁﬁ?g“th@’faﬁtéﬁ riieRiTied \oRmPRSon c?&tty@ﬂreﬂfﬁgrp}é@ﬁc@né@tgum@e
atliSte ioteandpRRchaniCalrsiess honame eRriRRIehad abipimess aBiRBBEN

pééb?eﬁnﬁueﬁganﬁ"xmug%w e, REANR SRR W aﬁgﬁpw gper Qﬁ@&ﬂgd

and torsion es. One aspect of the present inven es an inla

AR AR, TRE"I AP i ERAIRT Sn ARREPREDH RFSRETIER tdifndSEh
dimknpisodstfandanhe Addéionalthabvimensatimn ftaivibadronihabpaasitand are also

loﬂ@ﬂéﬁn%fﬁ&pl?a@%@?de%&@d rf%“?;}éﬁp%‘ﬁﬁ&ﬁ%%@é%?&%ﬁ@ﬁt%@&t%ie
(0] ermi swnerein e rminal.pa n
IF a??P %l FE:Y t tO 3] an Iﬁo i is tﬁg Eal%—r&g nﬂ’%{gésto Eeave

are IOI’]Q%OPO e |n e use eswe

bafy éa(ffaweﬂ%gawﬁ?e&ﬁoﬁ @%ﬁ@@@&%@%@m.mw@m@w
camert ibarshtemreotot fetless=mad otites dutiCikedrfacsaipechdaeumentiuae dua

irfeGakd SRkt C@Fx@ eaﬁt@o&a@pmw@% @@@ﬁmﬁ%r%tégha&ﬁ'aew&ye&éh&;yma

P%ax ISt b §1gontactless 6 Sfﬁl}:l’t ca C% et, secured e
cu?n%?\t“&" b?"s T R T POty iy BB SRRt Mes0S, WS R
indadin &ﬁ’d“Wﬁe‘Féf safidehing htagnieohveedin ipdudtaintefiendeooplastic
sheatatismastieardne ek gerienseéshempabina niRGicfeaclioniassHaBnna is

sl@:@%%n&‘ﬁﬁ%ﬁﬂ&% 2 HRRsAdRd ChiR.ARRA S HALNELIRGS UnG MRS €5 Ses.

smart card to the

One aspect of the present invention provides an inlay for a smart card, the inlay
including an inlay substrate; an antenna on the inlay substrate, the antenna having
at least two terrinal pads; and a polymer PCB bonded o and making an eiectrical
connection between each of the terminal pads; wherein the terminal pads and
polymer PCB are positioned o allow the inlay to be used in a desired smart card
appiication, the appilication selected from a group consisting of a contact smart card,
a confactless smart card, a ticket, a secured document, a combi smart card and a
dual interface smart card, wherein, when the inlay is to be used in a2 contactiess



antenna; wherein the chip is electrically coupled to said layer of aluminium
or copper foil on one of said top side and said bottom side and said
terminal pads, for use in said contactless smart card, said ticket, said
secured document, or said combi smart card, and wherein the layer of
aluminium or copper foil provides thé electrical connection between the
smggtndiiel flakistartaiectipaimeohior nsothile. Stherpobamer PEBMybe £CB

furstibal ake @@m@raféﬁy@mi‘paluna RHBreihcapeartfrilittaghedde mu@faadua
.méﬁac%'%?@o%ét hpiom 5 3? gb%%% Sirate: r!ol g}%@@?odé penis. he, | ade
F ecte fﬁ\/lé)ff

ch p may be a micromo from a gr up consisting o

to RABIRA FOBEPRAESECRCR! 2nRE ek sTRceusit CROlRStEsO AMat g fo the
antE@AyFZE3 thad NSis-glmidrativarulgsd Thedidrimyeabpatlsnmayne atpper foil
on l6AStHR. é{?é'_ad SHpa; Génﬂuﬁnﬁﬁs?ﬁﬁ@*@@dg%@QMWf%rﬁﬁ%l rr?égﬁl n@“ﬂ@eam said
in a umipum opper foil attac 0.ea
oo e S A R e BBl PSR o et
andn¥ieaRie Al IS TEhALIENIER Carernpieiddintsnvidssoipriiedtppbsonnection
betigeatinid paod) @ madb atdyteescofradumiuhipmariopper foil provide the
electrical connection between the terminal pads and a dual interface

Thmod le. T Iarll¥ be s ched between a pl I|t of laminated
SHee sm o pr guceag% aP%nra AL Q%rﬁaf ?ﬁ'lgft% Fva'”}ir%o%c?ﬁpoqer foi
aftﬂ%%ﬂd%ﬁ?&%ﬁﬁet%iﬁatéﬂd shizgierariifthef SofymesPas may be milled

away to produce a cavity, such that a remaining portion of the polymer
in e@%&%‘(&%ﬁﬁ@ﬁ@”%g m@%f%gcgoﬁﬁﬁé%q%re%g%g%@?mm a group
co RS DA, T iR MHe At TG e e B DA
E%&;ﬁ@ﬁﬂeff%m APkl ofiofEmgewestol feciraténbbpeliisgoftive dtigast 0.25
sqinterfacereastyentaibe. sttap lealiser P08 antgNiRRadSABAIRRROINRRNg a
.ayfspﬁ e Rerpsilianed agraidien 8153%4@9%@ gtsggﬁ%%%gﬁg@gg% 2 of

I’OUQ that includes

thg &Py %f@ﬁbk%el'%fgﬂaa?ef%t%%wﬁgﬁasmrhﬁ&ﬁgwawtweﬁs the
antgned 2¢0ONGSB U3 FRaterntegopatie nelxtidn: Thesntdrmamiayber wager foil
prdtam @iehedahsRinismMBaVng sethisknass el akpd! PABICIANS 10 APQAUKBDface

ma@méons; a track width of about 100 microns to about 1200 microns, and a

gap width of about 100 microns to about 1200 microns. In some
embodiments, the polymer PCB may be bonded to the at least two
Theemapahay be sandwiched between a plurality of laminated sheets to produce a

blank of the dual interface smart card. A portion of the plurality of the laminated
sheets and the polymer PCB may be milled away to produce a cavity, such that a
remaining portion of the polymer PCB provides the strap leads that function as a
tower bridge for electrically connecting the dual interface module to the anienna to
produce the smart card.

In some embodiments, the dual interface module may further include a pair of
windows to facilitate bonding of the dual interface module to the strap leads.



pads of the antenna using an ultrasonic bonding process. The ultrasonic

bonding process may use a horn having at least two pads with a pad size

of about 0.25mm by 0.25mm, a spacing distance of about 0.5mm, and a

pitch angle of about 90 degrees. In s§)me embodiments, the inlay may

also include at least one upper layer’of low vicat plastic. An alternate
Thegpdenod thrdpreseibepeivior oW desn rhethodsiipreducineredinglaie  an
indltg sraad=carskidhiediaihogd graydnshtdecibassepsistpravigingranintayp-2,

angURSIEE AL ap ansehn3shereaiilie ARRIR N RABHEAYMGarg for
terminal pads providing aé émer B capable of makind an electrica

traRSRRRERB A PR ARG AHatARRRINMISa4AT pOrRIRTY SRR may be
magdelyimer PCB:tb Auctinoithkaenminalctesyhgreipoth® tenarioa padsand 35
midtehaN8i2EiBradeh RIS HENL IO MWD& Bl DeCisREH RS RS edp width

of ggaa;t%%%ogllg%tlogbt 1988'}%%?‘“ selected from a group consisting of
a contact smar cara et a secured document, a contactless smart

card, a combi smart card, and a dual interface smart card; wherein a chip
In eleemcallynreaup|ebdpobaitlayeBohalubeimanded dopperafoibast e tefminal
pa§§'9ft% sdeand §§t§§’gb&§t%§é%:caﬁgr@%\§ t&'&%@ pags, §H‘é‘%6ﬂ%‘ §§I'Qjmg
bond |9%ste$p pr%wdeg an elegirlcatl conn ctlo etw en sa| %rawgsand
proce%s < a norn %V!%%? ? sSiZe O
chlﬁ/for use n sai ac ess sm card s ticket, sal secure

0. 285¢0meme dhrasaiviansmpl §Pr%¢tftﬁﬁamﬁ@bﬁw@%hﬁ%ﬂ@rﬁéﬁ?@@f%é‘egf@%

method, the polymer PCB may include a substrate having a layer of

In SUARAINLAL QG RRIRET ol ﬂ%ﬁh@%@;g@%ﬁr&tgp gioe and %pregﬁ@gpe?'%? low
Vicht ubstrate. WO 2009/078810 PC'T/SG2007/000434 8 The chip may

%romodule selected from a group consisting of MOA2, MOA4,
MOB4, MOB6, MCC2, MCC8, CID, Cubit, IOA2, EOA2, EOA8, EOAY,

AnFEE3a8dNSE: bf Miswaeditlesehientersvidgbpradehay depatdessidanSnlay
for%%&%%‘%&‘eﬁ{é n‘ﬂe@ﬁ%ﬁ rﬁal{? ﬁf:%m&eem@%?é@se[}ﬁarﬂ‘\ﬁdfﬂgtgﬂ%ﬁg%ubstrate

further include a y|n g at least one upper aﬁer low vicat plastiC to a

aY&Eﬁcﬁ'}ﬁé“iﬂ‘&ﬁ REPEPPIDMEEETRSE ARSI S o*le"%\ﬁ%%@a?‘fjﬁla&rﬁé’d'”g
a pohamssttal clprbialal MREpolymEcP CE arydttion deivwedistieatiasiidgrvo

terdhlayes il WUWQPQ@Q!SW(%@GBQ@ 190AGH Qf@t@?ﬁ}ﬁigﬁﬁg avherein
theP AR SRR yﬂﬁ %I Urg %Q{ od S'?oqéh B 'Hﬁe CSeaQQed in a

the contact 10 sm r car n som |ments e met
deﬁfﬁﬁmlﬁé |M&ﬁh@‘aﬁﬁ€ﬁ%‘?ﬁ§?” seiected from a group conssstmg of a

contact smart card, a ticket, a secured document, a contactless smart card, a combi
smart card, and a dual interface smart card; wherein a chip is electrically coupled to
said layer of aluminum or copper foil on one of said top side and said bottom side
and said terminal pads, such that said bonding step provides an eiectrical
connection between said antenna and said chip for use in said contactless smart
card, said ticket, said secured document, or said combi smart card.

In some embodiments of the method, the polymer PCB may include a substrate

having a layer of aluminum or copper foil attached to each of a top side and a
bottom side of the subsirate.
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layer of material to a top surface of the inlay; laminating at least a second
layer of material to a bottom surface of the inlay, the first layer, the

vaseoRdtayer and the 15 inlay comprising a blank for produ0| g_[?s 5'%7/000434
interface smart card; and milling a portion of the first layer and the inlay to
remove a portion of the polymer PCB to produce a tower bridge, and to
provide a cavity for receiving a dualgdnterface module. 20 The method
m%further include connecting the dual interface module to the blank to

B e caMRteraceie srircet drorne aspne congislion aidjaagIudaAs,
MOl 360RRAINILH dar ety aibiertace, EOAU| =AY CEtoxE IFORA0MENSL-1

mirovisiRIRY. SlRckitahsonnection L%mqeaaam@,saugré giedual o
eSIve é%aﬁe

interface module to the blank using a non-conducting a

ultrasonic bonding process may use a horn having a pad size of about
InGoBmATMPRATIESRNTIG raptisid grals tantberchatidet ApBiying, atndastpiieh upper
lapagieloh abatbRQdag e sy &f*ﬁ@edh!éb'rﬁﬁgf @ﬁﬁ;egﬁ%ﬂ H{%&%Mmﬁl&ﬁ?&&éﬁ B
iof DAl fé@!{BQQ‘QI%B’t‘t&J rface thereof. The OWS ma cilitate the
Ou traso%lc bonding rocotétoigﬁléa@(oé Iar?é‘i? i} @ﬁalng §prog \éé@c de’a stosirate

"gYBge o %ts%&feéwwanain@os%ééeé PREhar s werleplfoieingde and a

boiwnezide f titesnhtéraim bodinweintsrébiading Provickngheliens=raay fhethehiact

sriagiddeypositioning the antenna pads and the polymer PCB according to
an industry standard, the WO 2009/078810 PCT/SG2007/000434 9
industry standard selected from a group consisting of an ISO 781617810

In| prme Sroboginets.3thea meshead dnas HurtssnaE: lastinadiag ab I€ady pstrst

laptanti ardidan] taasppriatipBdickets, iarg,; alﬁ%@\g%(ﬁeaﬁ Egseoandliayer of
0 on 0 the na
mERSANBENIAHIN- sLre RO et gg%é?s @%ﬁrﬁpp e@ﬁﬁﬁﬂ% #@ t?'ue

usm%\?n ultrasonic bondlng proc

INIBR RTINS e iR n&qﬂum%qm%mmm aﬁmergmbmm a
paiadilgf Appdirehiaeored dheriaprip siethovéha atrftoroiadalowing PCB ©

pradilienzdessaptipagby way @ sxaiasle; J&@Qyﬁn@c&e,ﬁﬂwg@ D Wi ce

|(gTi'raWings, in which: Figure 1 illustrates a top view of an of an antenna

singlet used to produce an inlay according to one embodiment of the
present invention;

The method may further include connecting the dual interface module o the biank to

produce the dual interface smart card. The connecting step may include;
ultrasonically bonding the dual interface moduie to the tower bridge to provide an
electrical connection to the antenna, and fixing the dual interface module to the
blank using a non-conducting adhesive.

The ultrasonic bonding process may use a hom having a pad size of about 0.25mm
by 0.25mm, a spacing distance of about 0.5mm, and a pitch angls of about S0 degrees.
The dual interface module may further inciude a pair of windows in a top surface
thereof. The windows may facilitate the ultrasonic bonding process, a soft laser

bonding process, a themmo-compression bonding process, or a micro-welder

‘bonding process.

in alternate embodiments, the two providing steps may further include positioning
the antenna pads and the polymer PCB according to an industry standard, the
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15 Figure 2a illustrates a top view of a polymer PCB that can be attached
to the antenna on the antenna singlet of Figure 1 to produce an inlay
wacalingie one embodiment of the present invention; Figyerdy en7/000434
illustrates a bottom view of the polymer PCB of Figure 2a; 20 Figure 3a
illustrates a cross-sectional view of the antenna singlet of Figure 1, a
polymer PCB of Figures 2a and 2b,gnd a portion of an ultrasonic bonding
machine that can be used to join the two according to one embodiment of
inghisHr SR BARBIRISPMGLPECSS Rt & a%%%%é’éﬂéﬁ&’i\ﬁéwa e
amidlaiDpBoctmwethftonat-ighte 384a8¢cartihg tetemmeinkodiaigmicofdihedard for
GRS Y LA SFaue Radusisates.ene-emhadinientol areibofdercs
praducing the mlagl of Figures 3h and 5a; 30 F:?ur » 3d illustrates one

¥ SRR B i TPIEbRIE TR S ABWITIROEIG B8 U3 RERGTYE: 3e

illustrates a top perspective view of the antenna inlay of Figure 3b; WO
BROOS/OZBERIFTIINISS20QE/000A8MaE8 Figure 4a illustrates a top view of

a polymer PCB that can be attached to the antenna on the antenna

singlet of Figure 1 to produce an inlay according to an alternate
ERpdmpieh P preiem iR EBREEUBRRIRCRE RRAFRAZY 2PRRIEM Bidne
obbitiezpp|ykitcin R2Badf fFogu teelf} Bigngenbiidiudestestanopypesspectivanple
oNIEVAR] RALaRISRRSHRIaN ARCAHINGL0 Analtgrnate embodiment of the

present invention; 10 Figure 5b illustrates a production sheet of the
antenna inlays of Figure 5a according to the ID-1 standard; Figure 5c
Figuser htblysdrpirsoadapryiswest 31 aiermasnadrmingico LERFUR BadiseoraiHYRY
atRotimdRodatandbsdinidntigitie padbustiraiasiarproduction sheet of the
antenna inlays of Figure 5a according to the ID-3 standard; Figure 5e
illustrates one embodiment of a pre-laminated inlay of Figure 3d; 20

FiaggrerdiiRigicst S umVBthRIGRP YRR JCRVBA)IERD BF SHECBATIS HfifaniEBF% o

trdusditeTieefsipgiet of Figure 1 to produce an inlay according io one embodiment of the
present invention;

Figure 2b illustrates & bottom view of the polymer PCB of Figure 2a;
Figure 3a Hllustrates a cross-sectional view of the antenna singiet of Figure 1, a polymer
PCB of Figures 2a and 2b, and a portion of an ulirasonic bonding machine that can be

used to join the two according to one embodiment of the present invention;

Figure 3b iliustrates a cross-sectional view of the inlay produced from Figure 3a

according to one embodiment of the present invention;

Figure 3c iilustrates one embodiment of a method for producing the inlay of Figures 3b
and ba,

Figure 3d illustrates one embodiment of an ulirasonic hom shown in Figure 3a;

Figure 3e illustrates a top perspective view of the antenna inlay of Figure 3b;
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card that can be produced using the inlays of Figures 5a and 5b; Figure
7a illustrates an exploded perspective view of a dual interface module that
can be 25 used with the dual interface card of Figure 6; Figure 7b

W AGLEE Y 0p view of the dual interface module of Figure FXTERRIAE/ 440434
illustrates a bottom view of the dual interface module of Figure 7a; 30
Figure Be illustrates a cross-sectional view of one embodiment of a
laminated dual interface card of Figl]F% 6 and a dual interface module of

Fijoreres iﬁ@?&fﬁ@fo@vié&%@b&%@%@&lﬁé E’tﬁEﬁSﬁ%@%& &?@Q4§4n
1 Figure 8b.illustr ross-secti view.of the inate
o8 SRR AT B LD RO e

sfARCdiRETheE RISy PNREf igure 8c illustrates a cross-sectional view of

one embodiment of an assembled dual 5 interface card of the present

FBYRNIDMuRIGEEE U Sdr by B e N her PBBCH memnis,ef the present

invention provide a new design for a smart card inlay that can be used in

both contactless or dual interface applications, and methods to produce
Fawre dmiusistescadardemrephouried P bre srifmgadirrrsgsifitiign altemate
eatBAdMEls o i praidiint speatfization, the term "card" or "smart card”

includes cards, electronic visa stickers, passports, tickets, labels,

identification tags, anti-counterfeit 15 tags and other secure documents.
Fenee R lsERh APIRLIGERS BBRe PLLR ALERfIRRYs of Figure Sa according fo
thnt@rdpdeabdity/modulation characteristic standards, security standards,

and or testing standards. For example, the Form Factor standards may

'ncludi’et e ISO 7816/78 0(| -1, ID-2, ID-3) size, 20 thefo 15457
PR o IEE0: PR Ehon Chct B7iFe BiEhERE0 SR R SdRMRa o
thedRdesi®d 443 and 1SO 15693 (13.56 MHZ), 1ISO 18000 (860-965

MHz), UHF and EPC compliant RIFD standards. Security standards may

PHIGRCRs irtiliite AR A At Adn QREIBUNG YRS HPIRLIY MSEAL 25 SEXIRTE o
t‘?ﬁ)@? and JICAO recommendations. Testing standards may include ISO

HAYRIPS 201. It is 25 understood that additional standards may be
used to produce embodiments of the present invention. Similarly,

FRAReBanniatceas Baoarseomy priuradnAtig ] Hirsdiaéesin top view
of an antenna singlet 102 used to produce an inlay

Figure 6 illustrates an exploded perspective view of one embodiment of a dual interface
card that can be produced using the inlays of Figures 53 and 5b;

Figure Ta illustrates an exploded perspective view of a dual interface module that can be
used with the dual inlerface card of Figure 6;

Figure 7b illustrates a top view of the gual interface module of Figure 73a;
Figure 7o iliustrates a bottom view of the dua! interface module of Figure 7a;
Figure 8a illustrates a cross-sectional view of one embodiment of a laminated dual

interface card of Figure 6 and a dual interface module of Figures 7a-fc pror {0
assembily,;
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220 (see Figures 3e, 5a) according to one embodiment of the present
invention. 30 Each antenna singlet 102 can have an antenna 103 etched
(95000%/})0 side 105 of a plastic sheet 104. Each antenna 103 may have
VW6 O Hiore terminal pads 106a, 106b. These terminal padS$HE5245680434
are precisely positioned to facilitate the connection of a polymer PCB to
produce a dual interface or contact-less inlay 220 that can be used in ISO

7816 standard ID-1, ID-2, and ID-3 $fart cards, and ISO WO
Figled S MBS 143 G Troés 20T AL Wb ofliR el At atdd G bitigteptsed R4REand dual

iSRRI 89&‘3{5}9%@ Mﬁ%@%ﬁﬁ%m&?me{)@aﬂﬁ%ﬁawpro Ideg on the

top side 105 to faC|I|tate an trical connection between the ends of the
antenna 103. This provides a single step process to connect the open
Figme Soofiltisbader ta ctiesssantiom vig03ofootire pobprimeR B 20 8sskltelaatéual

inteHARO dUREAthe SR RIAVIGER bridge (not shown) on an underside of the
antenna singlet 102. The bridge may be positioned to provide a through

connection to the top side 105 to provide a continuous circuit for the
antenna 103. In a preferred embodiment, the etched antenna 103 is
DETadeStoESCMRIPEION It is understood, however, that other metals, such
as copper, may also be used to produce the etched antenna 103. All 10
% (S[ences b low to an etched aluminium antenna 103 are considered to

RIRIET SR RS TV RRED POYIHRBY PR () ArtM&ersshisiay
thatrgm béckeed indyotl| epsdagtisisnikn dantdriadatesippivaticept argimsBadsifo

proYsteMae Sty StERasI@sFdaCclde pRMAY %céé&xana@lwré%%usw

%’@égéon@h ]ﬁ %}Tcyﬁgafa& lst% 4443 TY@'BOIFD’ SlSO 1(:53§ m Iu s cards,
ver, eac ? ese S andards E‘Te ineés car ?
e*%ﬁﬁ@%%ﬁéﬂﬁ%%ﬁspw@ﬁa.ﬁﬁwtﬁ@sﬁp iReriFicatien @@mé cgienigstait

tagtandorthensebera seduoarnzate National 1D cards, the ID-2 standard can
be used to create Visa stickers, and the ID-3 standard can be used to

ng'e orts (se 5b-5d C,1 tickets can 20 be us

) c%ea?ett eickelii% mguger?n{ggg' t %cgﬁrtlé%&{ argls. tHBt?F@SfﬁE'fMQ?R)‘Wl@f'O”
chiacigtinlicrEmaaEcantepvipsandeods andel, leeiy sisadaeislimensiempist,
théheofinishatbe atdneamid mee ivactl ane 1Dl SOGB4 standanth-teses) size,

anw msnw eicdbe &llf&um%@%m@%&&&%@%ﬂ&&&%ﬁ@ &snea?&

As will be discussed below, different anten

A (et ACEdNhOtESs (S b a AR G S her ),
Ukiinterth & Hlagopadisnti K i etantdattish abterip atiicidetsignaylinstosite 4.1+

anbigEr® 4+1s Oievifing DyyamnmofpRxamRe anly sthesumaeralanteRnaicAo
recommendations. Testing standards may include ISO 10373 and FIPS 201. itis
understood that additional standards may be used to produce embodimenis of the

present invention. Similarly, non-standard cards may also be produced.

Figure 1 illustrates a top view of an antenna singlet 102 used to produce an inlay
220 (see Figures 3e, 5a) according to one embodiment of the present invention.
Each antenna singlet 102 can have an antenna 103 etched onto a top side 105 of a
piastic sheet 104. Each anienna 103 may have two or more ferminal pads 108z,
106b. These terminal pads 108a, 108b, are precisely positioned to facilitate the
connection of a polymer PCB to produce a dual interface or contact-less infay 220
that can be used in ISO 7816 standard ID-1, ID-2, and ID-3 smart cards, and 1SO
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concentric rings or windings, and the location of the contact pads 106a,

106b, and 106c may be determined as desired depending on the specific

standard being used, or on other design requirements. 30 In some
WhibbiiieHEs, the polymer PCB 200 may include a chip 21P(E§GRa0 Qo434

that allows the finished inlay 220 to be used in contactless smart card

applications. In alternate embodiments, the polymer PCB 200 may

provide a base for a tower bridge th# can be used in dual interface cards.

1%@%‘@ fRtRoRA mwamwgmm%%&i&m%ﬂ%%%c is
prov; g ohgliR 6{%" %gdgel éfle an cai%a%Z%’nV\g!]ectg' {or use abc%jé?e%ﬂt%e ends

nterface card, are US provi on a sin

Ob%ﬁﬁﬁﬁﬂ?gi@ﬁloﬁ?hs%m@s%ﬁ*%ﬂﬁmﬁé’@é‘fﬁﬁﬁﬁbaﬂm&ﬁ%@@%n ends
optiovidectdeiay witarneietence ihdigives?®@886. 200hesSkanienaanistagieis:s

me)pRIAMICE g Péﬂﬁﬁnﬁ'%ﬁt@!‘%@f%@@fiﬁeaah?e%%afgfn@@%é The
card Inltlall theE %csheet 104 is laminated with, for example,

bR e RS RS 1o BIRYARBLIoRL, REBFRI S *ﬁ%"%ﬁiﬂ?aﬁﬁﬁ to
piddess cgs@waqhunlnayéiqet&mcmaoﬂ @3hdsiverrsioord drobadimantine

e@hé@mﬁ@y tothe rsa@@%ﬁﬂafﬁhﬁamﬁsti& shaptidbeaniawdhioknesser
%”&from 3040200, 10 muictons. Similarye e metgl i%'é P ha"%@s Al
hickhess rang |nID from 9'to 70 microns. pendin e specl
re’é?fﬁﬂ?&ﬁohe‘ﬂ’ﬂé %rﬂ%e@tﬁ?%rﬁiﬂﬁﬂg‘%’? tﬁ%t%‘?ﬁénﬁg’l@!‘? ?ﬁ@%ﬁﬁﬁﬂoﬁlﬁs"
inahdnpthéracksiand the gap distance between the tracks, may vary. In
the embodiment shown, 3 windings are used with a track width of 0.3mm

f0, It ts, th ber of windj
g mGE e R e ERECR 2w e e
ag Rt asian SOTCERHRNGRACHIRS P tistaFied meenar o incigeuby way of
&h&mmdmabwﬂ&mmasthe%%ae@@amh@pbxs\/\mofmamptso

1@65&') JH#&“@E&R&%P'&‘A@VB‘?%QQ%@%Q éﬁ&?%&@f'ﬁ%mm dimensions

terep thalate (PE paper, P yt ene coated er, or

dRFBEmarsr Ig?}&?ﬂ% PR‘?E:WW@?’@' IFﬁ%”ﬁﬁ'Eﬁie%‘fb B g dhyreate
Ngipealiflexile pladbcisHeoteg, @ndvenspdtinratantsfithetickeapendick 1D-3

sHRrPRAUE S JRtAEearPRIN B Eqesl g, The Rl Issrinatercan krraaeean

oI 2IPediments, of i present lnvention g, Lhe,anjenna, 103 ROrmaly. ..
II’]CU €S severa concen?ﬁc oops or windin S?O I’OVIS
dual interface antenna pads 108a, 106k, 108¢, and the dimensions of the finished card
can be derived from the 1SO 7816 standard, these dimensions will not be discussed
here. Other standards can also be used. As will be discussed beiow, different
antenna pad designs and shapes may also be used to accommodate muitiple
applications on a single antenna inlay 220. 1 is undersiood that the specific design
iliustrated in Figure 1 is provided by way of example only. The number of antenna
concentric rings or windings, and the location of the contact pads 106a, 108b, and
106¢c may be determined as desired depending on the specific standard being used,

or on other design requirements.

in some embodiments, the polymer PCB 200 may include a chip 215 (Figure 2a)
that aliows the finished inlay 220 to be used in contactiess smart card applications.
In alternate embodiments, the polymer PCB 200 may provide a base for a tower
bridge that can be used in dual interface cards. Al of the antenna connections



10

15

20

25

30

adequate reception and transmission capability. The antenna 103 can be
typically prepared on the top side 105 of the plastic sheet 104 by etching

RN %‘%émwanted aluminium or copper and laminating. The aluminium
of COPPErtSil laminated on the PET 30 or PVC sheet 104 caif BE G434

using a resist ink layer as a mask to form a circuit pattern layer.
Thereafter, the resist ink layer is removed. In alternate embodiments,
similar steps can be performed to prTﬁjuce the bridge (not shown) on the

106xacsdeiobd e anianap SOOI (bhisaresessifddiesdsadReseiobr a
d&éﬁ'&k;g £ grmm%rm %S&A'Qggn@ dsgﬁ | e ndie? ?@99%7 88 of

PCT/S 07%00434 14 In the emb ents own in Figure 1
AR Wﬁ%@é@%ﬁ%@%ﬁ%ﬂ%@:ﬂ%ﬂw@aﬁﬁ% HgereBaa-Seoeb,

106c on the top side 105. The etching process allows the contact pads

Tﬂ&@aaﬂt@ﬁna ;9@@3&9' bt@zi@metrdté;arw%ﬁw@i%eteaﬁ@&t& ﬁ*ﬁ@éttqté% base
er wire na,, 10,1aC nnectio fferen

b e e RS SRt I SO B ISR an

algUEHUER coBReTRRll Halhe MeiRifmeN Alea h@maténﬁé@@e@fm@em%s

uskizea aniteapas( 3 Bribvisr) isrdidtediveay benaftaB\ailestrRehaesigpper foil to the

SHARRCRANT AL Bk engépa}&ané\'qmgamixkag@ r};ﬁléklggsfr"o% %rﬁ?%oo

ned tq facilitate the use of high frequenc or ultra
’“fFé en%&?"(’géé %Wﬁ%?&ﬁﬁ”s%ﬁrﬁéh‘si‘ﬂﬁﬁé?ﬂéa@ &Q@H%Od%%fai‘?‘”"”s

antennas for smart cards are known in the art. One example of design
n@g&vmfg thahis %ﬁb@ﬁ?&éﬁrmﬁm@isﬁom;@ﬁ m@m&%@ 103,
the aluminium. qr copper, the long, side 15 and
th% ort¥ %‘? eaqd%aeg\ﬁm 8(IS soﬁ ard ?Pnov?n asgl%é%egy %elanél( Software: ¥
Iny the %ma%fﬁm ﬁhawméwvfaﬁ*@sp?@m‘w@ Adpal Hidh ot S 3ngaRd @
gatesig0ikgrantémisriates petifidiappiccationsfabasefrwindng eswds:aRoliom
a%&m@tétﬁij@@t?ﬁé‘ﬁfa%ﬁ%% Jf@% (2 #dwg%%abownh@/mapﬁﬁ% and

t 20 ant d tt
R R A SN AR AT TR RhS A Eburccs. By way o

example and not limitation, these rolls or sheets can have from1to 5
Tha e sHget9: 02nineg byWiayibhamammis aﬁa@iagﬁmramdeﬁoipamﬂmnde
(ﬁb%(}s'ag'&';ﬁ; :&?@%@@&Qr&f‘aﬁ@e@%’f'f'&@@p'%"%&é&“éé!@éﬁ&?@ R

ccordéng to one embodimen %q%esentlnventlon a polymer -

PR Yo RERPIMTERE RS et Be: f%ﬁé%?ed’ eEgntéhﬁa%‘ma%Mdé%w
typeodfi tetiiies piasticartidnting 220. sMenrdetumbvisnfostiheperactand puip

pideRsinaph s lekpRsR O fREBRIHY AYS B3 Cartdiersint B8 used in embodiments

of the present invention.

The antenna 103 normally inciudes several concentric ioops or windings to provide
adequate reception and transmission capabilty. The antenna 103 can be typicaily
prepared on the top side 105 of the plastic sheet 104 by etching away the unwanted
aluminium or copper and laminating. The aluminium or copper foil laminated on the PET
or PVC sheet 104 can be etched using a resist ink layer as a mask to form a circuit
pattern layer. Thereafier, the resist ink layer is removed. In allernate embodiments,
similar steps can be performed to produce the bridge (not shown) on the underside of
the antenna singlet 102. This process is known to those of skill in the art and will not
be described in detail here. '
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taken in the design of the polymer PCB. Figures 2a and 2b illustrate a top
and bottom view, respectively, of a polymer PCB, designated generally as
reference numeral 200, 30 according to one embodiment of the present
WRBABHEBepending on the type of PCB, and the specific Jpli8aaei/000434
different cross sectional dimensions may be required. In the embodiment
illustrated in Figures 2a and 2b, the polymer PCB 200 is made with
aluminum foil on both sides using antétching process similar to the
aluminum antenna etching process described above. Other materials,
ch as co c n alsp be used, WO 2009/078810
"’b%“r/@@ 4™ B! Ehep?o G IR 555 dY odecrs dlg antenna
1ﬁﬁmc@ai@gn@@ﬁ@n‘@&heﬁ@@@ﬂ@ﬁ@@gimmream%@%emm@rocess
dRwerthtidesadihisds dissasseshim omer e detadr-hetanaw itbreateiamag Wntacts
u@%&%% 3R %5 {ﬂgrgn?é?m@et ¥ %P&Bcgﬁ &FAH%? Oé}éﬁ%gy&dof

ase tape 202 with a layer o umlnum on the top an tto
TR @'F&%&&?ﬁaﬂhﬁ?‘% yuﬁﬁ&&%ﬁt&ﬁ?%‘%"&%e@&%ﬁ?&% 106¢
neanhalsoitegube dHeptsddhasiiteipeh2e2 camtktianether metals, such as
copper can also be used. The polymer PCB 200 can include a first

etal ized ar. con me aII|ze O4b T roduce a

4a an
gl aﬁq%’r‘ eq%% ity coHtactF'es n\apﬁ?é%atlo fe g Chl EEE*”@‘ r%'n e
aﬂfé“fﬁ%‘?ﬁné&!ﬂfé‘é'ﬁ%é’%ﬁ@%"ﬁe‘ Qacandmensitensd iedaciate &'&ﬁmtﬁé of

hizl aGesh oentlye BAaS6 teipiz) 202 ulisin gigho freexamplasa dlgsshipHy ntipdsystems.
TRECRRISJFRANE I NRse AT silhitah e AL BIORNGALIESISIRN HaHE BEETone

and/ar Palyimide prevents the polymer PCB from melting 15 and causing

SRR X nBREERC TRIYERR oAk B aR pr e PRINE e SR o ertena
chetwstyinticto prolvide Bye passk wittitta ¢fl dhe-tirpuighimonn ectiper tdheilptigeside

aﬁ@&ﬂeem;d@@a@t@m@ @%Wﬁ’é tevrresenemobinedtihd Stware. It is
P erm uire Ion ltrasonic bo d|n times to rub awa
D e G Al L SRSE 2B
f‘?ﬁ%"@ﬁf‘&ﬁﬂﬁf@ﬁ&’?ﬂlﬁé ‘Eﬁﬂé’tﬁ%b‘fﬂ"issecond While double 20 sided
polymer PCB is more expensive than single sided, given the relatively

rIMAl SRR themehiRaifgeR. 108 [BeampRial 6084 ﬂ%ﬂ@'?b%cﬂ?%ustom

aggraso ic bondlngl (Process IS escrlbed below with reference to FII%#a 8 red

S‘B"Sdﬁce A SRR RISy SR B REARSE 6O BE
fganaetlroengNenen B3 wingrierensiamodnat dmpaties, therttielimpr sheets
cprepaatiomis then eaptradsiddigsvit e discussat betavsvetadalerenseied

WIS rﬁ?g}%& 18 4QPER Ry BrARLORHES AR AL G BRYMGHE WR725.

may also include a first

According to one embodiment of the present invention, a polymer PCB containing a chip
can be connected fo the antenna singlets 102 to produce the smart card iniay 220. In
order to provide for the exact dimensional tolerances for the inlays 220, care must be
taken in the design of the polymer PCB. Figures 2z and 2b iliustrate a {op and bottom
view, respectively, of a polymer PCB, designated generally as reference numeral 200,
according to one embodiment of the present invention. Depending on the type of PCE,
and the specific application, different cross sectional dimensions may be reguired. in the
embodiment illustrated in Figures 2a and 2b, the polymer PCB 200 is made with
atuminum foil on both sides using an etching process similar to the aluminum antenna
etching process described above. Other materials, such as copper, can also bs used.
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metallized area 205a, a second metallized area 205b, and a third
metallized area 205c. 30 The metallized areas 204, 205 on the top and

bottom of the polymer PCB 200 provide a first bond point 206a, a second
WLHEPEHES06b, and a third bond point 206¢ for connectind §d/3G2007/600434

corresponding points on the antenna 103 of the antenna singlet 102. The

polymer PCB 200 is connected to the antenna singlet 102 in a precise

location across the contact pads 188a, 106b, 106c. Bonds are formed
whatwerindie idipei M 206as«20auiVinte?00/8 SR 260RS, THS Gohe/ 6QB: 3d0

ca%@%a%gm 108,P35R 138202 RRANS ANENRS PAdR. 1065 i,t%ié.saf with

6c, on the antenna singlet 102, respectively. Advantageously,
relgiRARR hE'MEE 322203 to be connected on both ends, while at the same
time the polymer PCB flip chip module 200 is being connected to the
in g@i@ie@a,g@paﬂﬁ@mmﬂ%@#&aﬂm ﬁ@&%&aﬁﬂm QHINSS Ryer
al interface .or contactless cards. T ecise locatipn of the ¢ ct .
of S, B8 L DR SRR, B SRIE X S B S Bimice

(Kantemhafio ke PEFSE s fafdaifds PO Hee b iintipfe hope aRen KtanaRg dnatirther
mdGe, 4840 spespheatian. diadhe erdandirhe miobhosyPIDEFIQOresh, iatadans fakt

mé&ﬂi%@%&%éﬁd%@&%@&é@m}@diQ%Q%@i&h%%@d&@iéegrwg to

end of the antenna 103 is Iocate%ié)r%an,qu,tside of thelo

. Qf pads
be 584 P TBEIET SRS B Br BB RS ReJIH m%‘?{gﬁedeﬁfﬁé GPRe
theyseond 18%lizsthgere Futhnten AEBPROE nabenkadniating288tweing, for
extherROBdipeiMiDHTy BREEs2RwaRstHaeastena Brds106x, 106b, 106¢

both closes the open connection of the antenna, and connects the chip
215 to the 15 antenna in the case of contactiess cards. The first and

Higle BRI ?AITREb ATRIGITTES 2BRIETPEBIsEPENRI e SRNE SR e tglting
andotymenPoBsibixd 208ads-cin dedteditte tireiettibe banteanahyad 06 and

] i
I o et s e

th%ﬂ%tgr’[%apo yrr\?'g\r’ ﬁé%s%%eaoan(? dual fhtefdce r%f)adﬁfe"ﬁﬁ rﬁg'gﬁzagonger
ultsEgRitPpefinadiEE B jull 208 Reasireemiaeto Jisduemef dudpuklersidas
mépifiysticiSageFrgiuess Ta:toitraohidedatipy mgeais absstanagplie svidild Gouble-

si&%{f?&?mi&rb@bq&ﬂ'é@8&&9&@%&4%3]9QHJ%'&’. SRR AIYDUNID BRS size

understood that S|milar§r_epara_tqr steps can be taken 25 when

of SRy MBGbIc-Sull CEppRFtEh e SiReH e %rpﬁ%‘ﬁﬁﬁ%“ﬁ%ﬁﬂf@rﬂ%m
is fesdiifled belyviumthi mieaenee Kirddarehipe-86. perform both the contact and
contact-less transactions within the same chip, the connection of the

Toagrtgm %00%59 .ﬁt(g}f@g%?ﬁa‘fﬁerﬂggé‘lﬁéezgoz can be bonded to the anfenna
singlet 102 without a chip 215, Additional preparation is then required. This will be
discussed below with reference to Figures 4a-8c.

in Figure 2b, a bbttom side 207 of the polymer PCB 200 may also include a first
metallized area 2053, a second metallized area 205b, and a third metallized area 205c.
The metallized areas 204, 205 on the top and bottom of the polymer PCB 200 provide a
first bond point 208a, a second bond point 208k, and a third bond point 206c¢ for
connecting to corresponding points on the antenna 103 of the antenna singlet 102. The
polymer PCB 200 is connected to the antenna singlet 102 in a precise location across
the contact pads 106a, 106b, 106c. Bonds are formed between bond points 206a, 208k
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(Figures 7a-7c) requires the aluminum or copper tape 202 to function as a

tower-bridge to compensate for plastic shrinkage after hot Iamination
ngatch the thickness of the 30 dual interface module 520 to the

y con?alnlng the inlay (etched antenna) can be better a&?ﬁ&?&}% "0"434

using the polymer PCB 200 as the "flexible bump" or "tower bridge", since

the plating thickness of the polymer PCB 200 is easily customizable or

changeable. WO 2009/078810 PCT€G2007/000434 17 If the object is to
andakeeoduisd tRierfape MR\aR22 thethatarihe eapp@cE,BTs00 pEs, on the antenna

ﬂ%@wﬂ%&%&@ KWQ?;@HJ;B:%QAWQ'Q%Q%Q éet&%@@&m%@%%&%

that is to say,. no bond| IS neces In this case
o EP B B8 PSR 0P RSB B ARATE HF BRI b heins
ceheeolsidin tmgmomééﬁnmasm by 33A mm&tapm@m&er
diBeniehips hravmtrdrdlipehip hansedds iHramalvmes aﬁﬁcemﬁl MBI Ebe
[ it ' 5
o A e oL S A" one
e’@%[ﬁ@ﬁ?tﬁb@b*’cﬁ“@ﬁﬁﬁ %tgedggﬁ%w&Pﬁﬁﬁgaﬁﬁﬂwn in the art. Figure 2a

shows the polymer PCB 200 with a chip already attached. The process of

M{Hét%ﬁmsaéw?hpgﬁmt %@@W%@&@f&%@éﬁﬁ%%ﬂ%%&%ﬁ an
elow wi re ence ure a ction of

SR S oS S S P A e i i, A B T A B g
tfnaomﬁ et arte st R a%wmm%mﬂm@ws@amm P
efaBLTHNG dhtesmanty3polygner tREFomastiesEenininingsandipsdiegtbetieen
tﬁ@%&%?ﬁ)ﬁt&%&é& z%%ﬁ/v%é’é %ﬂ“&?éeaﬂ%ﬂgtéﬁﬂga{% Fakis %é? both

Holland), NSL-1 (Nedcard, Holland), and other polymer PCB mod

°‘8§ﬁsb8’ﬁs%‘i‘fr\/\?8ﬂ£‘ﬁ%%°8|§8 (R ARG BOF f&P%?F?—f’oWﬁw&P'ﬁc?é%é%e*Be

anterehigs. the aw$mnicdiaditsacruiiss, Shehfiss! MO ASRCMT At 3@ B4bonds

cMRBG: Ml anMie BorhBeRak vibdR ithe2BulA, B2 QRS & 6N ected

RGN AR er%% Ca“ %3/58:08, é‘ﬁ £d 1o,connsetlo the,lched 8A‘Amﬁ{é'é’¥‘o the
antenna. In or er accommo R ge various mlcromo

C{GHA T pER P IO CHoE0 6B N GBI A BEOBE RIS RRVRRG A Rl nterfoce
myeoiadtfipsh &aés, suahhaseRC B oklimiéa sndaistdinstepoer rothitde RF pad

SPANRE LA GRS MRrSBeHSIHLSERSMHUDIBUELARdNRANRBAZA QRads.

Wldg rane%e%gf m;aéerlals such as leadframes, polymers, or metallized

{Sseinp SEER he §'3 ped. Once the polymer PCB 200 is attached to the

antenna contact pads 106 on the antenna singlet 102, the completed
T ayligwhganrdiranbeapisied i© heosipesmbf eafoigned HaBERS SMadouble

sﬁ@&déuminum tape 202. Ut is understood that similar preparatory steps can be taken
when using double sided copper tape. Since the purpose of the dual interface module is
to function as a “single chip® to perform both the contact and contact-iess transactions
within the same chip, the connectlion of the antenna 103 to a dual interface module 520
(Figures 7a-7¢) requires the aluminum or copper tape 202 to function as a tower-bridge
tu compensate for plastic shrinkage afier hot lamination. Maiching the thickness of the
dual interface module 520 to the card body containing the inlay (etched antenna) can be
better achieved by using the polymer PCB 200 as the “flexible bump” or “tower bridge”,
since the plating thickness of the polymer PCB 200 is easily customizable or
changeable.
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or dual interface cards, after the addition of top sheets, with hot or cold

lamination. 30 Contactless micromodules have traditionally been attached

to the copper wire antenna using a variety of techniques, such as
WEHHEHNG® Brimping, adhesive bonding using conductive adREdiE2040434

thermo-compression bonding (also called micro-welding). Thermo

compression bonding is currently the most widely used technique.

However, it WO 2009/078810 PCT/362007/000434 18 can be difficult to

if @ lyoRis tecknine ferdirakymz@rfﬁ’éa Bﬁ!a?lm thiese inea dayssraEplypperior
aim&t?&'a'éew ntah'b %Bg (%R calgopiagts I & s&a%(a frat i to say.

ment t ymer with or without a p attac
e dinEeR AT ﬁn‘ﬂéﬁ?ﬁé@ﬁgléf‘ 105 &%y mﬁé’é’&i’f*éfb%ﬁﬁlr?é’olﬁfg{ﬁ%déaf‘”
ulttsstinit esraiirgr os she extionmed iSw, diabignéitet iger pradycasnafbre A28 for use

mW@Eﬁé@@pdﬂmﬁé‘t%ﬂach?@g{%éwwﬁ@'%ﬁ&@&i 20 eGSR

ip 215, an ortlons of an uliraso rior to yltras bondi
20 08 SRS, o PR s S T 50 SP B G 2
dmrmwmw@mnmms Eéemﬁ@ﬁﬁmwpm@a@sélnmu%&wmya% of
cHist spagibigndenral Rneembodieant eigare mtenmes imaydghet HEaSEDT Qvith

a %Rf[adalnga@ gﬂcﬂaoanﬁg%ﬁaseééams hBR&EH&?ﬂQBJ?ﬁ%P?&é% the

ntenna sing et 102 an olymer PCB 200 tg produce the inlays 220.
G2 SAELIGH Rfripathe ava%'mdafﬁf‘%w.&’f@%sa%ap%ms 107a,

107b, and 107c. While Figure 3a illustrates the bonding process for a
Ttﬁl@bfr@tﬁrc%%fm@@eptﬁﬁim Bcritipi 24, ébiﬂeéﬁiﬂﬁé&ﬁ@iﬂg Hhotanka SiDMALm
ﬁﬁ%ﬁgs %an be %ég{s %%n]eerrg%B %Qé)ngc];%t do e antalnoa Cpri]é%ed by
RS |scusse N more detail with reference tgalglg Ures 4a-5D DElow.
meHeling 4P prhe spkanen G PRI CIsBio AR EiffFECaR Be gaiepna
100. prbg ves dif akinteiéaasdsatimiatds, FOBPrOLESss-oflanopudiigidiNedeard,
HEHEREA G SRR ERIfRdSrURcHESBRDElR Welgareference (o Figures 5-7. 20
To ultrasonically bond the polymer PCB 200 to the antenna singlet 102,

ultrasonic horns 302a, 302b, 302c and anvils 304a, 304b, 304c of a
Wepdisihed plsnchpeareasgdirad i@rmmgpgémat P@fokasstmagiesifflsion tame
biBedmelalliessuitaces mbike, MuwkprEA0GMER) G C20 6008 hel D elyim elubit,

| ﬁg%%%@»%’%%ﬁ ﬁ%é%ﬁl@@b&QQ&@B&Q&@J‘%@B&%&Q%‘W@&M@

P
€'antenna single b 2. The spacing between the horns 302a, 302 i
alugingE BRI n‘é‘o"B’-{?Eﬁ% ?ﬁﬁiﬁﬁ‘%‘?%%ﬁl?ﬁ&t?fﬁ?“ﬁ%%%‘ﬁﬁﬂ&'eﬁa ti e

patalI6Gan &ifihl| 4ebated he designed having varying geometric shapes, such as, but
not limited to, a stair-step or other patiem.

in other words, using etched aluminium as the antenna 103, a wide range of materials
such as leadframes, polymers, or metallized strips can be strapped. Once the polymer
PCB 200 is attached to the antenna contact pads 106 on the anfenna singiet 102, the
completed inlay 220 can then be used to produce combi cards, contactiess smari cards,

or dual interface cards, after the addition of top sheets, with hot or cold lamination.

Contactiess micromodules have tradifionally been attached to the copper wire antenna
using a variety of technigues, such as solderng, crimping, adhesive bonding using
conductive adhesives, and thermo-compression bonding (also called micro-weiding).
Thermo compression bonding is currently the most widely used technique. However, it
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Figure 3a, the spacing between horns 302c, 302b is about 4.8mm, and
the spacing between horns 302b, 302c is about 10.9mm. It is understood
that mang/ other spacings can also be used as desired. 30 Emplo

6% 8kce and time, an ultrasonic bonder forms a weld W%gég‘ﬁ@““‘m
the parts to be joined together and scrubbing them against one another to
break up and disperse the surface oxides and contaminates. The
resultant clean base metal surfaces 'ére held tightly together. Crystal

cAPOBEGRFIaS ate Ay ahk WikiRi g e npisyisianesef Wo-20RH 048818 er of
5 0I}’CT /§%%QQZ{%%Q#%4 RS Xo) % O@gé@g_{(kaa@gwm& the strong attraction of

foms across the int racet Create a metal allurgical bond, without
reachlng the melt temperature of the metals being joined. Typically, an
inmtmmmummpmpenmgimmmmmtmqmmanagieusis

cobPeMbeiRouagRehAR adiptibed. Jdig ubsikate H@ﬁﬁih& hexlﬂ#@ BlogBM¥tes a
vacuu The ol mer‘_%%? 200, |th or without a chi és then flx%

o T R R AgTY ngﬁ’é bt vaCIaMm re‘é’é‘u?% and'the SHEGRE
siggiph SSRicebeRivmRg &R %@chjﬁm@my AhPafof, Heriea s amdiragpnic
beRlesirisadrapcmesiian maldan fe glicduis themfoymed usiggrs thie NesMa2the

még%B A8 94 Q- PNy t? Wﬁ&ﬂa@‘ﬁe@ﬂ &J}{“Brfﬁ'é’éj ool e

antennd singlet 102 is careful usted. When u asonlc power IS

a &’Bﬁ‘ii@&f"fﬁe"mw% é’P%?E'EP%B‘%IP%/d’E&ﬂw BB IR 25y WiRsRgish pgnding
prowidirgadi metiors Rue rechininz cotoveine checse Sre afistrmetadlig 102 and

théuwﬁaébmpéde 206380 @#eth@.@;&ymr PG%SZ%ME@IS%C@QQUBECE
% csu ace theaﬁt‘% 7 106 gb c frlct d heat
s

grﬁ?eaf? Gi’pr{h lcj)gﬁ es a e Sur ace OXI es an %en am.ﬁérﬁEeS the

borigs P5oresaIferia ﬁﬁbfmew% SPBAERRE e FRP P bRIUES (HREeSiR et 2
sitlay (22690 nendra hedihienpdiaen SR 100 piteddcing aoninlay 223G, This is

d:Q&%Qébatﬁer&‘ae@k%a%stﬁeﬂféfés%%é“&@?@lr%§04ésdﬂuﬁg B\'@d#ﬂe':lgl'ép@ 359
The method 35 régn includes a first stegfol%)row mngan inlay_substrate

CHRERIMRP IS MR Az T SN AE AVRE A S0 A P AR EHRI e AR Amar
cyregls TOBRTBed chPifitutingediqlitnteehore Ao LIRTdRals IBRUTISE BrigMoYith
refhéncanoasiachizle steps for providing a polymer PCB 200, 250 capable
of making an electrical connection between the at least two terminal pads
106a, 106b, as illustrated with reference numeral 354, and bonding the

T%B\WBP‘”@@@%“Q@GWH‘% %ﬁ%@ﬁ?é?é%ﬁ'fﬁ?‘b%ﬁ"ﬁ% OfoBHsTair thpgps
30Pe. G2hIrRIRoaTS 26vI0BedA BBYkaBG4s0K mde MEBROOTRES trwiired fo bring

atRASIHORGE MRl R iMAYoR B 19 d8IIc surfaces of the bond pads 2062, 206b,
206¢ of the polymer PCB 200 and contact pads 108a, 106b, 1086c of the antenna 103 on
the antenna singlet 102. The spacing between the horns 302a, 302b, 302¢ can be
determined by the pariicular application. For example, in the embodiment ifiustrated in
Figure 3a, the spacing between homs 302¢, 302b is about 4.8mm, and the spacing
between homs 302b, 302¢ is about 10.9mm. It is understood that many other spacings -
can also be used as desired.

Employing vibration, force and time, an ulirascnic bonder forms a weld by pressing the
parts to be joined together and scrubbing them against one another to break up and
disperse the surface oxides and contaminates. The resultant clean base metal surfaces

are held tightly together, Crystal boundaries are brought within an atomic distance of



i0

15

20

25

30

used in a desired smart card application, the application selected from a
group consisting of a contact smart card, a ticket, a secured document, a
%opﬂag%I?ess smart card, a combi smart card, and a dual interface smart
VAl tbnal steps are discussed below with reference t8%§&ﬁ“§7"}“°43‘
4a-8c. The bonding step discussed above 30 may include ultrasonically
bonding the polymer PCB to the terminal pads. Figure 3d illustrates a
preferred embodiment of the horns 382. The horn 302 can have a pad
ond28ndtpitChliongle BR2tand atspaminolistaneesdds \Mbdm@erfermingate a

mi B RRQRLF BRGNS DAL R SRS RIGR: Lag.Lar &é@ﬂéﬂ%‘%meﬁ

pattern, and the number of bond WO 2009/078810 PCT/SG20 00434

20 pads per total bondable area, can affect the quality of the bonding
TypiodhyssinTuleasondibgndme ometgarbegineagiinethénskiPstiatantpitande @rgiet
108188ARISIRAY RN (ote s aNdnbRNgRaH RRYIRCARE I @racalsp VAR, The

ctor odlm IIu rated.in. |ze 320
e e R L g e it SRR o2
usig b %Wiﬁ%H’%ﬁ@féW@ﬁﬁ%@’éﬁ%F@@%@@@ %Q%,"g)fwgiploymg
viredoall febapadfithe anbedice pindfrherBlrshowmetsioo i thab irmed using

I Si8od HhatOtheH 56@%5 Mrﬁ!ﬁﬂe%@ﬁ%ﬁe gimnilasy. B R ahihde
ad 320%& ch an é; C|n 324 may var ieldotn onfz
?HBB&! ?%t @T\fa dsi p F‘e‘iy"i‘ﬁ%"i?iﬁ Is g an® PoYmer

P@ﬁm@ﬁ&:@e%h% ﬁ%mbrgtaﬁwn@@r Jb%@@@?b@%@%@@@lle@f@r to relative

mopRfRKiBatebed SerAntkigirNnsuRieNRmINgiat L0BhayinamalpiiimsiPce

26§y§{ O] 30BNS" Q0B AP &%&%3%%” ﬁﬁ&aé@%% S1He %Q@ﬁ&@ﬂﬁ. and

that ast%{eat many other c Inations of the various actors can a

hed ek pYB tIE O s RRESARTSR e BHRGR0 BtiFER PR ARG Ling 1 BES
redGita irdntiveopedjdngrbR @B 00 rOivoer dhiech dmel rsgasibierhipleyet®Othe bonded
structure can be tested to ensure a good electrical and mechanical

conn ction. For exam in-line functlon ﬁgr abI f testin to
s%rﬁrenebs a?n nd0 F:gnmbe E’Po?/‘?aé’d" dl"ﬁ'ngtan ar can b(ge% 98 nera%

PTaTSSU MR ASHS SR, e RLTS 0L 40 Ty 0P aomacs 2
firslt-HtelS or pefodirg, atcinkeasldrstets hevipgsitioettanzhthendrof ke antenna

h&# "f‘fkggs?%g‘%%ﬂéﬁﬁa@?f@é%r CORSIeCHOM RASRAORIRCEHERIBIC Aumeral

If th oes below hreshol value, such as 99%, t

S L B A e Rl B B S RO 290,75
cmi@af.nwf@rm@ﬁrﬁ@ﬁtﬂ@ﬂtﬁéwﬁﬁérm@@%@mrﬁi/iﬂa&ﬁwfm@@lrﬁé?s

10d30 heseheskedsisy wlferdrebigusiniaresfarming Boshingstscaroiwalr
P&%o%, i§5@?oa§&ch of the terminal pads 108a, 106b such that the terminal pads
106a, 106b and polymer PCB 200, 250 are positioned to aliow the inlay 220 to be
used in & desired smart card appiication, the application selected from a group

t“

consisting of a contact sman card, a ticket, a secured document, a contactiess smart
card, a combi smart card, and a dual interface smart card. Additional steps are
discussed below with reference to Figures 4a-8c. The bonding step discussed above
may inciude ulfrasonically bonding the polymer PCB o the terminal pads.

Figﬁre 3d illustrates a preferred embodiment of the horns 302. The horn 302 can have a
pad 320, a pitch angle 322, and a spacing distance 324. When performing ultrasonic
bonding, the hom pad size, the pitch, the horn and anvil pattern, and the number of bond
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25 Figures 4a and 4b illustrate a top and bottom view, respectively, of an
alternate embodiment of a polymer PCB, designated generally as
f meral 250, that can be used with the antenna singlet 102 to
“E)Sk()%(t%(?oec%r%'nlay 220 for use in dual interface applications. %ﬁ%@%ﬂ}%@?o‘m
PCB 250 includes a preformed PET base tape 251 with a 30 layer of
copper or aluminum 252a, 252b on a top surface 253. Similarly, a layer of
copper or aluminum 254a, 254D, and®54c is found on a bottom surface
pads peH talindRES RO Ak R Y come iR asties L6aN Y $Robes8Se e bonding
rtj h per lymi a a t
N R R e S e A
o BBIRIS S DHBISI S5BRIF FAtRie iy fortRE EatEamh yeated in Figure
3R 0608788 RUHISIG 200 CODASY b2 T Bants ] @8as 0k, dldsu-efithkcan be

at%me@._ﬁﬁnﬁi,nﬂlgt ﬂ;)%gil%h_ﬁf)@@c@@@ %r?%?:QEBQJhggd)@tédgé%E.TP@tﬁntg?Qe 290rail

was discuss oV reference to Figures.3a :

R T o PR 2R R et b g S ST g hapos

man e B¢ BsesrgSEHBlYHS eBMpE Rt M Baraich el i8R, amg the

spaligiyoeakhsehordgll between the dual interface module and the
surface-milled antenna. The thickness should also take into account the
amount of expected plastic shrinkage after lamination. The overlays will

In 0% RERSLTE B B RARRAS S AR RIS T FR HE e e Yo pRerifigde of
42 8dcrarisichrshi USejeided] ofsrawenerbridgieshoukbprayeratehicksessnd to an
aieREANGriERM B20:A0h 3R BNFPNST TAS BICkNRRS G vhe aehiayRdussing: 50
miQhEXARRIE, 3R Dicron BET sandwiched by two layers of alurinum of ors
%2% microns on eacﬁ\a e?ln apre erreJ em ocﬁ(ment, the tH?COHESS (6)

C%élﬁ%l?ﬁn%?eﬁ@pé%‘%éﬁlﬁﬁﬁéﬁgﬁ wiiersAls PNt Berweae thscaaianim ginoiet
argrirespblyside REP I, tClatintaboutisB noomasdnokisingeB sniasons ciarbe
(oSRANPLAL AL THYIRRLS SR VRED A LMERLIRY PGS SUHIE, 2 Thine
o e o S O, Sl B e S iR card e
beri ey 51 -Sepipisgne reVistigtienalipld44dBalsne ds 189 ddataidivg 8, IS0
15assalinirofss saotued dnayRea2idhah aegaanhhie AaHdsed ior sheaiictatdon
RRBIEARORS iGN A0SO IBIING 220 FEIRSS PHRPALRIZC, boow

according to the ID-1 standard. Fi%gre 5c Illustrates a pluralit inlays

thep SR X D QTS B AFROT S G OB A BT PIRZ e
expirRipsdROveraApe tefor e gioodiectiontod palyopsiREBragtherddoothee fastors

maL e Rgde:tred DiiasiodiBa@! thehniques for performing such tests are well known
inthe art.

Figures 4a and 4b illustrate a top and bottom view, respectively, of an alternate
embodiment of a polymer PCB, designated generally as reference numeral 250, that can

- be used with the antenna singlet 102 to produce an inlay 220 for use in dual interface

applications. The poiymer PCBE 250 includes a preformed PET base tape 251 with a
layer of copper or aluminum 252a, 252b on a top surface 253. Similarly, a layer of
copper or aluminum 254a, 254h, and 254c¢ is found on a bottom surface 255 It is
understood that PVC, or other plastics, can also be used. Portions of the top copper or
aluminum layers 252a, 252b, and bottom copper or aluminum layers 254a, 254b, and
254¢ provide corresponding bond points 256a, 256b, 256c for attaching fo the antenna
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Similarly, the polymer PCBs 200, 250, with or without a chip 215 bonded
to them, can be 25 produced in large rolls, suitable for large-scale
Fiﬁ (%%%{éng The polymer PCBs 200 can be connected to the antenna

singlé while both are in roll form, and a high speed in- | B U e
can be equipped with a cut and dispense unit to mount the polymer PCBs
200, 250 and strap them onto a continuous roll of antenna singlets 102 on
a flat bed to effect the ultrasonic boﬁaing process. The resulting smart

p&fy dosdayssB) 220 candharhe: sapiatod. intbiplayshes beirisgahd pofmer

PEIIIREL 953 % §l0GIE1- G ABHMIANIBR- DL GaplAURigng,are also
possible depending on the specific laminator used. WO 2009/078810

PCT/SG2007/000434 22 In order to make a contactless card, the
Theo tolpldtédkintsys’ AROpolitheti2OB 260 ipHsorfdadiqpilyme rPE@BrAGRigwshould
b&%@@ca@gd@ﬂhs pkepirAadsrliacdoboddReibRYa e BilAmEP esiath!
baf,20€ SL MOLe pre-laminating or '&‘%Qaé"é% Sleps 1o produce asemi, . ocs
?Inl 8 ?or easy transportation. For example, aﬂer the oIt mer

S*Péééi%@'ﬁr@?s’ ﬁﬁ%ﬁﬁ?ﬁ&ﬁ?‘ﬁ@ﬁd’é&’f@ﬁfﬁ@t@ﬁﬁﬁﬁaﬂ*ﬁﬁ@i@@ﬁr @GB’E?“OTT
THOG:0hih @it hinistinsahbeitnawvitiDfishminl &y Siguey S eTout | fito shigetr PCB

252G esh %@rngéergx IDEludingideX BN elsvd X tRcRiNgIetsn GRS Rthar
sjzes as de §C§ 8géure 5e illustrat so embodiment ofan{?§ Iamlna
r

18RI EEigu ISghatdl "E0% ﬁé? IS8 JPE SRR é‘“ﬁ‘?ﬁ
sapdwighred| niwatledarf 2neriodm ioichid anfesnopnsiasbtskikR, lna preferred
embslitional shedlickidsd dNaldQRISRETFLES 280kRoQRIIBENIINBRrS(S PET, 50

I"I’Hﬁ%)%%re}l?[g rr?]lﬁl}nﬁgg (facﬁ s?cg%f%@r S80S %c%ﬁq 48 E‘?’i@rbrﬂ"égr?cﬁh :F% BIOISHs

In some em ments, the
f%?%ﬂﬁé&?%ﬁﬂﬂﬁ%"?&&% beEsn be S ReiRE R 3% ‘r’@s’%@é within the

recess window to provide "zero 15 pressure" load sheltering. The first top

F&hgéé%@léﬁﬁ%éuméfﬁﬂﬂ@b@g!’ééﬁ%nm@d@w&ﬁy Whilgethe smgiets
dltlo al she t274 mcludesare{;ess win 0%275 A ern ({':\t(ﬁl}/

more "oftheop's 0?1 ets Fro 578 Can be thosendrom & ma erla?%raft]% goveral
SIgMery R STty POIRD A PhEstibp srepbledoday& it seTEFigio
bpairdis: baieturdaciyitadosirystandabtsiowsatiaesipalymer medes alethal

a&&rﬁ%ﬁé‘% W?@%%M'W%@k@ﬁi &%@e@@'&ﬁ%@'&f%ﬂ@’ﬁb%@&'&% to

I’%)_OI’ more Iayers er increase

lasti eets togethe
L AREan Tl CAbtFo R, LG L oba PR AR P he
prpcb@@m@frmmﬁp@sm@éﬂ@ﬂmmﬂaﬁmm gubtit-Fistandanperature
needs to be high enough to allow the layers to melt together. However,

SWEW the polymer PCBs 200, 250, with or without a chip 215 bonded to them, can be
produced in large rolis, suitable for large-scale manufacturing. The polymer PCBs 200
can be connected fo the antenna singlets 102 while both are in rolt form, and a high
speed in-line machine can be equipped with a cut and dispense unit to mount the
polymer PCBs 200, 250 and strap them onto a continuous roll of antenna singlets 102
on a fiat bed to effect the ulirasonic bonding process. The resuliing smart card inlays
220 can then be separated into inlay sheet sizes of 4 x 6 singlet or 3 x 8 singlet
configurations.  Other configurations are aiso possible depending on the specific

laminator used.
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25 temperature and pressure, the films (hence the antenna) may begin to
flow resulting in sheet (hence antenna) distortion. The use of a lower vicat
softening point material in the top sheet 272, for example, allows the
WEHEEPH7S D soften and become "molten” at a relatively lowPfetiGaPAT(HG434
(e.g. 60 degrees centigrade) during the pre-heating cycle. This allows the
sheet 272 to begin to embrace and embed 75% of the etched aluminum
30 antenna 103 prior to the exertion%s¥ any pressure on the inlay 220. The
irestdiion Qb ehdrlukvical aofianing Raletabi e20yiNRBGRS B bonded
achayonncss and \hesiuduralinechanica) durally oldhe anienn
PYEIe onsequen(%Yfl,CBynusmg 3 fow Vicat p%s IC sheét {0 Covarthe - o
syhigstero, HISOTERIGIRE NIPRIRG 278761 sipmierPPds B geignished
pfdssibier tededuemiberghiiiin Goeratmasice quacyhby gaigventigEangdl/ Qre

e IO RBIh B Tkl R HAA0AH 23 Hiskationsl e RicnedARFE8nna
tracks due to shifts in the §§§ width durln%%nﬁnatlon. The goal is to

Ol AR BR 4 AP AEREREST TR hEishE B e ReR
6 wintietarabd/apoiieihizsfsthe daeitesd antenna, before and after lamination. If
there is any change in the track width (necking) and the gap width of the

F?ﬂ?@@“%{ﬂ%@aﬂ Jhg S amination %%ré?c?é-?ar%?r?a%f ;%Fé’gé%?ﬁﬁpe cgedggﬁenated
ad distance may deviate (due to stray capacitancé changes) and ttie

SRAEFHEY ZnTRIRFRITR Y BERO A9 crobKE-Brminalsddrity 248&2ad64s Brakior
sifeat (k2 cenbadiien ibettated in Figltepbshehe I78] top shistadY 2inely278.

ThayeBpthickness -10-0f aheut40 nidanrs iherddiionabshiesbadéd BaYpre-
| have ﬁt%ckngncs of about 1951913%]]:%%%?5’ i%gd eacla oftth%éltn%gop sheet 3

Y BB Y shdb £ 78 may RS ek s BT S mir@%n?cﬁ' ©
regeg ddrd¥ssthiebthe chitckifesskiesiuihisetbe eererspeindivg toprotide “zero
pEREGIET icadngients being fisethpl bhkesomeiembo dinsestisd iROitlet tiecass

Wil ERIe 74! Lﬁm@e%ﬁe“%ﬂg&f%ﬂ&ﬁmm&ﬁﬁgé 02y d08, JiGlSRS of the

pre-laminated ticket inlay 270 for tele-ticketing should be about 280

microns +/- 40 microns. Similarly, to create an ISO 781617810 ID-1
Afeadghinatedriniagg oftestivipishests 872ha7greslabpeinbteehdang mtagt2Bdwith a
WP WD & sl £ BBIMNIGEaN S loufforisfans ol or 1RO 34aERikelpoint is
BRI elicaess o e IRiedaediel 200-AhpUC20.be 20U 360y,

micron +f—j icrons. For 150 7816/ 7815 -1 cardas, & thickness o

MHENGRAENBAId-BRERR 7 60NAY FOPANEISh Y PHMOENTYBEIRePiEsi sheets
tdgether preitaminstedée: iapR30ra reel-tpraslitep sitieet, Sudhy asdadaves.
THIMALAR0 SCHANSuRARLDE SiBCKRAADIA hieiskifRGe AR cithadhadual
neeas fo be high enough to allow the iayers io melt fogether. However, due fo
temperature and pressure, the films (hence the antenna) may begin to flow resulting in
sheet (hence antenna) d'istortion. The use of a lower vical softening point material in the
top sheet 272, for example, allows the sheet 272 fo soften and becoms "molten” at a
relatively fow temperature {e.g. 60 degrees cenligrade) during the pre-heating cycle.
This aliows the sheet 272 fo begin fo embrace and embed 75% of the etched aluminum
antenna 103 prior to the exertion of any pressure an the inlay 220. The addition of such
a low vicat sefiening materal greatly enhances the surface evenness and the .
structuralimechanical durability of the antenna 103. Consequently, by using a low vicat

plastic sheet 272 1o cover the inlay 220, and including a window 273 for the polymer

PCB 200, it is possible to reduce the shift in operating frequency by preventing any
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25 aluminium foil and the PET resin film in a reel-to-reel process with a
single row of ID-2 sized antennas. This top sheet can have a recess

“}%lr?]goo unched out so that the chip module resides within this recess for
2éro" pressure load sheltering. Additionally, an adhesive-bBEREF LAY

printed top sheet and overlay sheet can go over the antenna rolls to
produce, for example, an electronic visa page. This allows electronic visas
to be 30 produced in high volumes.:faany other applications can also use

diSbmbardeslnigies teieyisieckerdadacgaiel imed yaughis iuingNamination.
Th@%;erg naleemhediment. an Ry %aﬁrdgazgremgnééumm&ms (g@fe,?@e%r&weeem

rated into both the front and the back cover or o page to

Wittt 8aR pabsher Rehat ARt W bRItS8 B8 STieT Pryralisnod s tsois s
chadgenirerina §63: onidtie (paskportantayisecaspbevidfitiwizibd antbcostomiredhe

farﬁi%ﬁhﬁ&g% aletieRasshay RAGRERRXYRACARSHIRIoRLadHIRS RideMko
133 OBﬁfaor MOB6 asreab%&8 gc %d for Iongnllfe @/cleeug% (;]'OF i 2 worst

SYARBETIGN of MOBE gma B6& hodu es fo thel anctenna pa e CAn"atst
capR aeitasreRled using the ultrasonic technique described 5 earlier.

Precise positioning of the polymer PCB 200, 250 onto the antenna singlet

Fot% %H%E:ﬁ'ib% 'rrlgveéa%tﬁaﬁe%ewf@y BB'%@BPEFQH%%A\‘;QQ%%@%%E

usm‘%t e mIag;s 220 for making contact-less cards, a polymer P

of 7hGY% 4LJHT R B ARG 6@%5&%@%@3%&%@ H?ﬁﬁaﬂfp%fﬁ’é“ 150
mitEGa, ABBERCHES thanioal doshasictTacudivtioks, sheri a7 dntenf bevecaidatanss

of RBdRaBLARELAS thif eRfAAIBE Hat BARWIERBEREF N D22R €8BYRRdINg on
th%lﬁg%ﬁ%dog?nt neah%et% .—?‘%F(_(%Qé 106a, 106b 106¢ as discussed above.

rco per or Inium is used, in order to form a reliable
connection between the etched aluminium antenna pads 106a, 106b,
in 506e ambidenpolynre pREB2G62R50; 56 1etB5Tag 1pleréairkicthiiay, the

th@mgdy?lymrex Qlwr'ﬁ){ﬁatg@'ﬁci%i%%feﬁ@r%?%@fn%ﬂbeéﬁgﬁ@H?é3§5§u'§280
use alumi lum aluminjum [ C miniu

i o A e et S S PR SN B Bielekeg e
thﬁéwmgsrﬁfstrarmﬁdmmtqd gafmmiamfzﬁrbsm%r@r #op 200 WE0RH- 40
rniems be& onitbesl Ay Te proviidets;andanickeads Hra doshdaisdace pTodkRIId
oLLREORBTHEONIE. THIRRIGReoRdS daSrgSaE A 2041 U ness o

gro uce a dual interface card, it is necessary to understand the
the sAtahaishP DR IREL R E A SREBthe various layers involved. Figure 6

illustrates an exploded perspective view of one example embodiment of a
in @8l dRissiRaertais 1 aesiopatethinate the inlay 220, a reel-to-reel top sheet, such

as a PVC film of 100 microns, can be stacked onio the surface of the etchad body of
aluminium foil and the PET resin film in a reel-fo-reel process with a single row of iD-2
sized antennas. This top sheet can have a recess window punched out so that the chip
module resides within this recess for “zero” pressure ioad sheltering. Additionally, an
adhesive-backed security printed fop sheet and overiay sheet can go over the antenna
rolis to produce, for example, an electronic visa page. This allows electronic visas {o be
produced in high volumes. Many other applications can also use similar technigues to
provide for a large volume throughput.

In an alternate embodiment, an ID-3 size etched aluminum iniay 220 can be integrated
into both the front and the back cover or holder page to produce a passport. The etched
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generally as reference numeral 500. It is understood that this embodiment
is provided 25 for the purposes of illustration only. The dual interface inlay
“%gg'l&r/gqstgg various methods described for producing smari[) E%[#??zga?o 1}9}%34
applied to any type of smart card, having fewer or more layers than ThOLE
illustrated in the example embodiments. The exploded view of the dual
interface card 500 shown in Figure 6 illustrates the card 500 after the
milling process (discussed below) h&& been accomplished. 30 The dual
antiariates ear thd PBssaori nthydeam nspmeraxst| aydshestrbd2dnavingi® edge of
tihiskasss pfaPRrXMAtely AL DICHS AN HRRSLPHISERN SFAROMsA Wfer

thickness of tely 210 microns, lay sheet 510 h
SHTEK LB TSR 15 RISt NI Sk DSO AN & © o

anisiche axsiofeap palsrintatéigceolistieronsing \We 208970ks&xbnique described
edted /SG2007/000434 25 bottom overlay sheet 512 having a thickness of
approximately 40 microns, two additional sheet 508 and 506 of 100
micron each, a lower print sheet 514 having a thickness of approximatel
Pﬁ@%@ﬂ%’?&ﬁﬁ‘%elBWHF‘%R@?%FBH&?%%%‘E&ﬁ@t%@&%%‘s"8? allows the
inEppresinate yudednmoroiinid lepritginrer|alj, Sheietad 1 asidgbbedniaghe2d for
makiddBaM AR BRE alterhed Kebedplaysheaidl duingRRdge between
ol Saamnalon bhase disgussqdanoyg, Hhe dmensians discuseed aboye,
8161 e purpos OEFI”US Fation only. £ i8ih§erstbod e[ﬁfa?emof‘)e or fewer
intgtaee erd AR ke ARmgedifférdRie PIeTSSES tea RIRehECR 8011320 spsobe
attivtledstond dntdrite peaied s0ean 1oets gl atetldhys idnstiing froRattae copper or

aimﬂwqg ugglf %%r@%&%%ﬁa@et%@algﬁ %@@géwp tﬁ%@ﬁ‘ég aluminium

hickness of 0.76 +/- 40 microns 10 including the tc[)gbottpm printed and

t 0.76
aneanmbAgJ0R2. ARBP b WRARL AR EREP IS e e th S RE RS Praak
thd ailsinitévfaceidaddyge 570t thie megaritiessonf thhbethes| imearfoctsedg dis8DI0

baHG W AU S BRISTRM C3PIABE: RS ERRFIVE ViEN: ofreremHRdinaaRbelss
a dual interface,module 1 0. Figures.7b and 7c illustrate a.top and
AR USRS TIGle ot Yol RS EAHEIINS. A PR Al of e

PRIEAREE PhétRie B ot RCRFIBRAUBIR HoRITYiERePOpIatRiPRED Ry dual
intayfeceh@Adaiemicoibe it xyodiles STlsy erds24s(iv ddecfitmsh bovexample, an
epoxy laminate), and a lower layer 526 providing epoxy encapsulation to

protect the chip. The bottom side of the middle layer 524 may.include a .
TR 47 B5EER B M SR O G HENe A B g o

olcthis Isatistoprie. tangr dervaraLtalBle iRty or Timeoftiustrips an exploded
péRRBttRsLPLT ecoBneciaps. Siibdaihsr phis afudduwhteface card, designated
generally as reference numeral 500. It is understood that this embodiment is provided
for the purposes of illustration only. The dual interface inlay 220 and the various
methods described for producing smart cards can be applied 1o any type of smart card,
having fewer or more layers than those iliustrated in the example embodiments. The
exploded view of the dual interface card 500 shown in Figure 8 Hustrates the card 500
after the milling process (discussed below) has been accomplished.

The dual interface card 500 can include an upper overlay sheet 502 having a thickness
of approximately 40 microns, an upper print sheet 504 having a thickness of
approximately 210 microns, a top overlay sheet 510 having a thickness of approximately
40 microns, the inlay sheet 220 having a thickness of approximately 100 microns, a
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sided metallization pads 528a, 528b, and connections 527a, 527b can be
etched from the layer of copper on the bottom side of the middle layer

jde RF electrical connections between the dual inter
W?nggbd%%(eﬂ é% and the antenna 103 in the inlay 25 220. Typicgﬁﬁgﬁ%mmm‘m

interface microprocessor chips have 6 input/out pins (namely, voltage
supply, reset signal, Clock signal, ground, Programming voltage, and Data
Input/Output). The remaining two tacts are reserved within the

bott SR HRBaY/Sebih stamdarg fanifithes 3Dapsendasr G(pinsrate, 6on naditethal

shé& tQS‘a@:?@% GHVS 199 %%9&42?&9 é@&%ﬁ&@#@%ﬁ%ﬂnﬁm&g'&&m&f

poxy Glass tape to the respective top metalllzatlon Ia@/er 522

ap@wwwf #18 dUiSIIRte I IRY Hal S HRY tRisping | o iE¥Ed m'ﬁ'zs,“saﬁ of
apivexicoteiededimane rTderest sivgpaehest 7d (Gavhwiteng theetipddlanasimgve

beém!f{%@ﬁ&eﬂtﬁm.fiﬂay\Mm'ghzggmm%g&%%mgaaﬂm@wmm@ame
e.me IZauon pPads a

eSO SRS SaTp WE plie RS HaR oy, uie ndertcos
thab PRI ST etess P shgete ww&efsnmﬁwgﬁmwé&ﬁ@a used. Itis
alseonmnictions, teackhascthéscomneetiondudtve efvhmuricigrpatismbiiéalabi2vdied

sh@é? % REIRR20 18681 4R 18)RER PAd 1R Ra%NRYE @—Qﬁirn%rons
corres ondi Qg windows 529a SZ%E\that facilitate access for an u {gﬁ ggn

G s PROS LR R YIRY BOETHReBMFS Afiohe R 5d82)
mt@ﬁwmﬁfmﬁﬁ@ portions of the tower. bridge on the inlay 220. These
windows 529a, 529b may be placed anywhere on the module that is

e R e

pe©
!“ua%tﬁme@rra@@?ﬁedﬁé@s%awe%g@a %H‘Esﬂ'amn&ﬂﬁ?e%élﬂ?%féfﬁd@wa
52600Fapcesdibgamitiie dindratinzeivs. a8y Wwatjcof eiam pleraastivalyt Idhitetidna!

intdR8 RIS 528N Be@yPhifnheeoanDS e igdSk Miqngsée@mmm:

an.M8.4 module (Infineo, oro odu se of II in
plaltﬁg SRV RER u%s%%g a'm#% Jﬁnf’%)ﬂléi?ﬁsq; eﬁgrzs‘léa‘i/er can%d\(/?e e s?or?é‘
epetyL BBt ganina ToRerBRISZD rexdinm AP B IRRRRSS G IP R rotect the
chig. S8nbolthe knieeof aye niidficCapesb & Bppraxintiisdy8i6aydB Gpper wvitither

metACKARES i 2hekt GRRB o iidaidas eae %ﬂdb@ta&éﬁﬁm(é&!&é Wbie
can be dellvered on 35mm §§§) rolls, with a matrlng modules p gr%jb'e

Sy YD ENBE1D YR SR B m et &eoRs
sidere rogtalirsiéafaerd mefne 5320 tenthecdnedtinnsr i@ cet dbsoT, ke wighgd from

the layer of copper on the bottom side of the middle layer 524 to provide RF electrical
connections between the dual interfface module 520 and the antenna 103 in the infay
220.

Typical dua! interface microprocessor chips have 6 input/out pins (nameiy, vollage
supply, reset signal, Clock signal, ground, Programming voltage, and Data Input/Output).
The remaining two contacts are reserved within the ISOAEC 1/SC17 standard for futurs
use. These 6 pins are connected to the respective ISO 7816/7810 specification
locations via holes 533 in the Epoxy Glass tape o the respective top metaliization layer
522. The RF part of the dual interface chip has only two pins. These two pins can be
connected to the nearest ring pad 527a, 527b along the circuiar ring frack depending on
which is the shortest critical path between the chip and the metallization pads 528a and
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preparatory steps should be taken. Figures 8a-8c illustrate the process.
Figure 8a shows one embodiment of a laminated dual interface card 500
interface 25 module 520 before any preparatory
“@éﬁ%&% 8b illustrates the dual interface card 500 prep%%gdé %B%WWMM
receive the dual interface module 520. Figure 8c illustrates the
assembled dual interface card 500 with the dual interface module 520
installed. Note that the Figures are Mot drawn to scale, but are provided
SPBeI Al vkt fivates tbenay kngapeatesa AtrRiguse\Beed|Bstriftemdh auakd to
niBAE (RER ERLL AN ABIARSh NS IRIAY 2 40 NAMIRG AP AMIEL P B 29D pads

250 attached. In order to connect the dual interface module 520 to the
52£34°86B 2893BRIBABERE ard 500 must be milled to expose a portion of

the polymer PCB 200, 250, which is then used as a tower bridge. The
ElN et BlidgRHIBoHORS aRWMQVR0D QSRR iSRRI MRBEA, BIO0b that
saRdeads %%E?r‘{ 'Qﬁ»a%ﬁn‘?éeé’éﬁ'@%%S%%EQ%B Avesn, s dyual NIeLRCs o,

module 520 and the antenna 103. M one embo iment, when rcégzarln%I

PRsis 785 S28PACFRSPRBIIREBIeRs S58¢IPYER BHG%BR NSt Rartnese
vhtidwe B8 SRRl gehby migead anlwheneon fbié sunfabctiolt ét tedstidbn area 531

HHIGRSHS Prefersery Withiriaienseuie blauieBRormbMbRS BARBLRICAMLRS e
rrg%@i%% aé)aremsely milled out of the dual interface card 500. A first cavity

corresponds to an outer perimeter of the module 520 is milled to
expose the tower bridge 200. A second cavity 604 is precisely milled to
ragaoperepaaieiiRedoyeidayes ienbih esduabistasiaes moduls ibdace card

sbr%eg%o% f ALNGLIBRSH B%&a)?%%%f%rﬁﬁg@ﬁg"%{ii?rﬂi%fnﬂ?xet!r%"\lﬁéduies

is also milled away eavg%g corresponding contact 10 leads

9085 2 OBHAR A i ETRRHEN AismeiseteRi e R hg e dlnfineon),
od edferibeddudizo reowidiitibosd|pf iskill praferpet] eMibodisients 48-40nedolarihe

lﬂlﬁéﬂ?ﬁy@ﬁc Hah %69%3&?&%@6@,%%%9%2%051@@%3 (;%eerﬁzigggl@ww,dg{@\ﬂla@ a
Sl ropves Intne conta ads a [ IVeLY,
i e S R

Wb thickinssre’ kbl -etavtcd saREEaBPrRiVGERN the EoHiiRe §80sande
d2haecd®0035whichpeaniise witil edietpr @izl enexplesaebieads ot argap between

hasenichard sthatmakes an electrical connection between the
metallization pads 528a, 528b and the contact leads 200a, 200b,

respectively. The grooves 606a, 606b can be formed with a width and a
Iepsier dpeemealipeldur)interrrratednetiRl do thesish divgfane rang &lBrseveral
pPEsitatonBaep2 hdaigabedanaihe Fpakinrmeaiengilerd2focess. Figure 8a

shows one embodiment of a laminated dual interfzce card 500 and a dual interface
meodule 520 before any preparaiory steps are taken. Figure 8b illustrates the dual
interface card 500 prepared {o receive the dual interface module 520. Figure 8¢
illustrates the assembled dual interface card 500 with the dual interface module 520
instalied. Note that the Figures are not drawn fo scale, bul are provided merely fo
tustrate the milling process.

Figure Ba illustrates the dual interface card 500 containing the inlay 220 having a
polymer PCB 200, 250 attached. In order to connect the dual interface module 520 o
the card 500, a portion of the card 500 must be milled to expose a porfion of the polymer
PCB 200, 250, which is then used as a tower bridge. The tower bridge functions as
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20 As described above, the exact size and location of the contact leads

200a, 200b and the metallization pads 528a, 528b are selected to ensure
W% %% 3950 a desired standard. For example, the ISO 7816- 1SpG jsical 0434

specifications can be used. Alternately, other specific spemﬁca{lons can

be used, depending on specific design considerations for the 25

assembled smart card 500. Examples of other specifications that may be

used can include ANSI/ISO/IEC 7834%/7810 and 1SO 10373. In order to

straaﬁ@aaaiﬁaumaé% hecehin ReduaR?indan sRALHEHE laaﬁwasza
ductlv @d esive %éanr?xt})gm %zlle to a ibott%gn 065 t0 th gge {1 the
aﬂcav? %r% and orto & B0 IoWer surtace 526a ot the Tower ré);é P the
Pob‘mrlrﬁgﬁa%@ﬁnﬁ@dufé PG Rl ERTESRITRERY X fe SAWeTC BHAgE, WW%)F"
alphieaniyi eafuda ot dnitati 35, eiamacty letdeand e Yoiry reldigitesenBigve 8b,
SR aEs s, 6&2’%@“&‘8@&*&?@%@%@%&% 0l st
e.antenna
cal o0t RT3 G081 SRS PSR MBS o R, et Tee
theot@mrtbrma%ﬁq@aﬂscwd)@%gﬁ@%swqm@iws@%@ﬁqu@e Hedower
ragéresgbisfﬂh@diﬂﬁ Pesrtedheamanzoard; hatyrapidy wersa-erphadimnemis i
ceg%é ﬁ% t%?‘?he %%Q%&P%%"ﬁ?oﬂ% e Iawes swia 98&%%%8&&@8&%%@8%%&

ot melt tape have one or more holes t

leags 2R A9 thee %rge‘sw% B‘@‘H&ﬂ%&ﬂﬂ‘i}ﬁzﬂ% g dheavemBastihas dersiibed
abbvie |akgditerally, prod petier et eoassisetiead Galdmenfac garivdute HR2C0cuatact
ledifs 19eRA, %@b ies! sbtane rlsshawn)idavasiirie 'apidasasmblioebthethe

catr % EOOZOI this gss e dual inter %e rgg ule 520 canrtthen ;
OB RS Wb TSRS E e LT BT S0 R (0o 2orion o

theroninptdgirds BaoR Sw,oww%ad@mtﬁﬁmé%t‘éﬁﬂ%ti@ SSHYsep Eggentact
lea23020020 QbosesprAtiel e ThidedUal pricifaespoadie:82 Gisaplaeddnitotined

théﬁa@c@g ér?%%%ﬂw&é‘éﬂ%é% @&Mmh@ soalkiorce BQ&Q@éQ By, and the

substrate surface to finish the assembly. In aﬁreferre embodiment, the

copiest gt & TSEPRERINEY: 60% E89¥Efio O ROfh e B igmsdadh 2
wititie ahed iftetfctrerifcally ¢ SROSTHe woriiketha cquienording ofetabizalitepphds

520 sHE Rictiepethd ewentderdy sidaulatzdin the ISO 15 7816-1
standard, whereby no point of the contact surface shall be higher than
0.05mm above or lower than 0.1 mm below the adjacent surface of the

Axdpacrin abiRitn &R sEarath Brar dl s eiaddensdites 2o ke the
metitlimatte spisciiéatib?Bdfasecmirgpbidingure adherence to a desired standard.

For example, the ISO 7816-1 physical spedifications can be used. Altemately, other
specific specifications can be used, depending on specific design considerations for the
assembled smart card 500. Examples of other specifications that may be used can
include ANSIAISOAIEC 7816/7810 and ISO 10373.

in erder to mechanically attach the chip module 520 to the smart card 500 body, a non-
conductive adhesive can be applied to a bottom 605 of the second cavity 804 and/or to a
iower surface 528a of the lower layer 526 of the dual interface module 520. The non-
conductive adhesive can be, by way of exampie and not limitation, cyanocrylate, an
epoxy, a light sensitive epoxy and an acrylate. Additionally, a non-conduciive adhesive
or heat curable Tesa tape can be applied to the shelf 602, but not the antenna contact
leads 200a, 200b, and elsewhere within the second cavity 604 in order to mechanically
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ISO 7816 reader (not shown). 20 Using a customised ultrasonic horn 302
having a weld lobe of 0.5 to 1 mm in diameter, the ultrasonic ham 302
n reach the metallization pads 528a, 528b via windows 529a, 529b to
“fgr%ﬂqu?g?égtncal and mechanical connection with the anterFial&SFF000434
leads 256a, 256b. In alternate embodiments, the dual interface module
520 can be handled and attached using techniques of chip handling
known to those of skill in the art. Figéfe 25 8c shows a cross-sectional

sga%% %4%9%&01@@9@%%%%%5@%&9%@%@%t&lﬁba&ﬁpats 2 ot

”E’it ined abgve. The cavities 529a and 529b may then be closed using

886%?}'&8?5%88 himiBpasHEs? SRR da RY HiHYerABertt tget
tapeMaEne dimanteektheldan figbcde soibathateiedsrovide S@eraiconductive
agRbedaResiayeabaeprior 30 art. The ultrasonic bonding process achieves
a plate-through effect for the antenna connection using the polymer PCB.
This provides a solid-state connection useful for both contactless, combi,

Iny g AeRiRarRSLEem ARGesReE: RROFSRIOBIETRRE D asitle /BR800 R0 Bl @
r&9 &ntdyadinee risoehihe iaviitationapit dussrd oot detl essain leyrdisBip.arnn this

p?&@&%d tﬁl@gﬁ@ Q%rﬁé&@ﬁ%éﬁ%'%ﬁ Eafa'Yﬁ@bﬁbeQ%%lédJ%mQﬂ@ e &‘%%E%d
INncluail mO ule as, an umpolijic or usin
B S DT P e Tl PR SPog SoBr ek o antenna
C@@‘ﬁfﬁ&%@szegﬁd?;pﬁbtmﬁﬁﬁﬁfto@ﬁtéﬁi MerEsetmekis B GisIplaraddntaghe
fif Wi e R ol Bavites \8Bxt) Gl4awis of shaipRibohthaL usrert daystinbaiece o
o6 SFSRLARNIH RIS BANSIEFECS, 156 IURPHERAE s
n aetermining w

%eater flexibility i eret e Polymer PCB can be attac

PR e e AR5 1 o ARG 1 R E1oPO 3in s S e
refiuiremesiy o, thetowisptividositiomayt Bbecracde® arsingethly thiiplkietath dtalhagn

mmthesaabﬁnﬁm&@b%ammd%aamI@Mﬁ&@@ﬁhﬁ%@ﬁ@%ﬁ%ﬂ@%@mm

hat elt er fu ctl(? sc%mtbwaglon gggﬂ Hord |nter |(€o o to
urrenty, the In us{ny has enoug capaC| ?8ebu Hezcﬁ ion Con aw?g' P

ratigniAtdbmeeatiniadatnmpsuisrotilidee bRt ereriiselnmahtscarsgponding
18RizEng readdrransfaatulrers to use existing equipment to make both
contactless and dual interface cards without having to upgrade or

BARGE TSN PR 120 BT rBLEER Dling i eV R AR

thecHEpRMMPINRC ARt TRRCA B aBRiabZalinnskadd 8Pt SHP00B wedewoh20a,
st 6 o IA3hentisigan dhiaisiaRat esisiethors RrE VNG AMEenE: tBehtact leads

288RVESION A WiSAR ABRSIIGeh A YA EALF S 520 can be handied
and attached using techniques of chip handling known to those of skill in the art. Figure
8c shows a cross-sectional view of the dual interface smart card 500 produced using the
steps outiined above. The cavities 528a and 528b may then be closed using a

semiconductor grade thermopiastic or thermosetiing high temperature hot meit.

Embodiments of the inlays described above provide several advantages over the prior
art. The ultrasonic bonding process achieves 3 plate-through effect for the antenna
connection using ihe polymer PCB. This provides a solid-state connection useful for

 hoth contactiess, combi, and dual interface smart cards.
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only perform up to one or a few thousand cycles of the ISO 10373
bending and torsion 20 reliability tests. The cards produced from the
embodiments of the inlays also are able to reach communication
W&P HREE¥ Yhecified for proximity chips, i.e. a minimum of 10°&H¥GRORAHEP43+
1 K cards using reader test standards specified in ISO 10373 test
methods on ISO 14443 chips. 25 The use of the 3 layer low vicat
softening plastic to sandwich the a@®nna layer helps to prevent antenna

EnBIRIREQR SFUHDIDARES, PR ARS of L@m&m ﬁ&E NEThe 15 BerIEHR hinum

antenna against c an esin C?Jacnance which gtherwise can occur due to

antefRa il RPN IpYT ‘P y THPRIORAEAR PG ESE MANdgaseiRgmodule as
an distbiligeh chidingdimg ltwninaliower grocess. 30HPeoirklybridbthe iplaysentn be

protMRRLGR PR éaecaﬁaséu@&@wagomkyr;ﬁi'@m&%l@abn@%a@ém&a@s
duall terface E‘ards sin anec dalu |um{![1jlai},/t saba éa%tun a.

ol §] 2 ve axao e curren where
P ;FFIIS gregtla },W uces ﬂ']g Ime riguwe N the anurac rlng process, as

UEE Féﬁt&‘ﬁhﬁ‘é'a%?d@%ﬁm S ESP e DPARIEEING tyf?@éﬁu?éww
in eutemaiiclyiabels:\WEyR80 803 384 P ERIBE2ROREIGM RS0 eay By

poGfhiAg BrasiyeR B Ll -Becatam g SiE e AL eRREd ShAY R Ak
be patterned in a Zi Stair-ste other va attern des n,itis
oo R T T G AT G TR o b B BB el e be
prothiced thaichiifesy iwhitirore combinait. cesdecth patkhigiegasermads]csurmdy.
the%@uéﬂ&ﬂﬁfﬁc&]m@ﬂldﬁfaoﬁﬂdﬁi@ﬂ@'h’bwmBo'ﬁtﬁfﬁ)&miﬁgrﬂé\%é@t@ifa&elnlays
prodards: 4g.A %%%SS CREHESY ARYERL ?P{é %r&%%%&}gé’éur}@{:%téelléé"&snng

that cannot eac leved using conventio copper wire technolo

eq‘u%@%ﬂ@dﬂ%?%rﬁ%“aﬁ‘éeﬁﬁi&#ﬂ?&ﬁt%{fﬂﬁﬁ ﬁé’%ﬁ%ﬂﬂ‘é Wé’g‘al?cﬂ@@éﬂe
or tthilusteatedifdipr esesshiangutypaot astdrinanstiufetinengriickesiges. such as
antenna shapes that are 10 circular rectangular, square, or other odd

nd s a use mbodlm nts of the inla The
Emf%?ﬁp e“%o%fucedsl%gar% S|zé’ rflllavm FaifaRts S’es%"'ﬁ3 Sll’ed¥ E ““?J"“’“

arigges, BaAikE iy, W@Sﬁﬁ&ﬁ%@@%%&ﬁﬁmﬁ%*§9ﬁ@¥%@l@ﬁ?§rf’é@‘6ﬁi°f‘
test)iTh@y prechyesdag usecimvanipual sisdchcaisk ppylicat ons, stigbleatsHbuld

only E@:rfo?:'ﬂq:Btf&e&%p&J AP UERS B 51GAD ig%%%srb@m#%m%m

can include_15 but are not limited to, HF ISO 14443 Type A, |

relipbily fesi® J A% 695 REBSUBE0E UE PR RHR ) Qﬁf’?ﬁi’ﬁ? %Or%{ﬁ;?b?e to

reasthesrfionmifator dstahtatcsheciiast oo praxtibsshinse - sue il Eof 10 cm for
MitaRELBK7 &S (lBink, rHadr 1B diake s dpbeieantiserdss 18@st ittoddda IS0

14443 chips.

The use of the 3 layer low vicat softening plastic to sandwich the antenna layer helps to
prevent antenna distortion. Furthermore, the use of this plastic sirengthens the etched
antenna against changes in capacitance which otherwise can occur due to stresses laid
upon it by the high Vicat rigid sheets which induces distortion during hot lamination

process.

The inlays of the present invention allow for the production of combination, contact,

- contactiess, or dual interface cards using an etched aluminium inlay as a base antenna.

This greatly reduces the time required in the manufacturing process, as etched
antennas, additional top sheets, and printed (security features or even sticky labsls)
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tickets, the Calypso standard for transportation, the EPC standard for
RFID specifications, and the ICAO 9309 Part-1 recommendation for

%(Fﬂ%%%lments. 20 It will be appreciated by a person skilled in the art

e
WO 3 ;5 e
that numerous variations and/or modifications may be madbtd tha " //t00d3s

present invention as shown in the specific embodiments without departing
from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be c&hsidered in all respects to 25 be
oviSE At RNGHARIERS IR GV Sor:| REd RO 200 LRRAPAnRecearliddls can be
ebiuary 2010, CLAWS 1. Anpley for 2 smort card, e niay.cmprsing.,
PER N ay SubShate! B R it AL o The %%y smas?ra?e:.{ S &htknna P
erphasimpats ebdeniHpyreiatinapaes RAEKIIRAR MeEBes Ortrues seramonly
usibkinpacksleciricalaonasection bpbvasreash oidheastermiudipadsy,saiten

prBRNMRE L RS BTSN ansUstiale haungka BRE A aliaiuROhaving =
copper foil attached to at least 10 one of a top side and a bojtom side o?
el BB

[ R AR Eh e W W HEB Y’ ositioned

to allow the inlay to be used in a desired smart card application, the

it BRPleAlIssISRieCiRd 8 RAHRUP SoasISHNY DlLaiIceastorbatepisliiastrate
contactless smart c?ard a tic etb?. secured document, a corgbé' S
Ure o nng sh

: rt.car
R T RE e R KRR e e e AR R e
cifppigre oivERIRaTsniarRERr P fitESt, Sk FAPE Rt e R cBIALI Rindfed i1
ersardipsaid polymeniREB fimctiandsasan tarrprodarsd cinipgrandashéesing any
thm%gst%éﬂ&'iy ty QDL HSRE N @irﬂﬁé’ﬁy‘,_rﬁ?éfﬁﬁﬁygrcﬁg HaGhaAr SRR Gy 2
_gnd %,Ol‘tl(%?s of the Eo!}/r?;erf PCB tgrbcétrliggsas n;stragalgz%ds |tc(:)a ti((:}ggnseuccthans =
Wighb '(?ge (Q,HlI%Schrt QA iRteiale sl conf’ac?réssrsm%ﬁ &g o sad ’

Uklhtens ethen envtiestianah deeap iRlayeetndaslyesuipl eantsaigns djaican include
b e Ht e dcepBEN STl pRLenEypE Qib M psiads pre saiddattons J8ie asmbo
Uﬁ@igrtéﬂai@grl‘ipliant RFID, or any other form factor dual interface or contacl-less use
such as ISC 7816/7810 (ID-1, ID-2, ID-3) tickets, labels and cards, 150 15457 TFC.1
tickets, the Calypso standard for transportation, the EPC standard for RFID
specifications, and the ICAQ 9308 Part-1 recommendation for secure documents.

it will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadty
described. The present embodiments are, therefore, to be considered in all respects to
be #lustrative and not restrictive.



25 pads, for use in said contactless smart card, said ticket, said secured
document, or said combi smart card, and wherein the layer of alu

or copper foil provides the eleétrical connection between the, ter %75102351’3
and the chip or a chip module. 30 2. The inlay of claim 17 Wﬁlé/re & ruary

" cralfyer of aluminum or copper-foil is attached to each of the top side and '
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the bottom side of the substrate, 3. The inlay.of claim 2, wherein said chip
module is selected from a gr consisting of MOA2, MOA4, MOB4,
Mdee“ﬁ@tism@é@‘dﬁ s t10AZEOA2, 35 EOAB, EOA9, FCP3
and NSLet WimreeiRis Amended Sheet IPEA/AU 32 -

PCT/SG 2060484 ReduimcabsEiEniia s e Nevirgeilfay 6t Rlaims 2
or aartmgrggagsaaddtermmal pads are at least 0.25 square millimeters in

area. 5: ghgc;@lﬁgrqj@@tggsdegrﬁ 2N eReiithepelgmerdP CBwatprises a

5 substrate having g laye I umLQr f ttachaedite each of
atotf) su?ee ancf'é\ quﬁbrr)t( s{ eégflt!t%ggs%ﬁraﬁ%%ﬂﬁispég%qgu&?&aald

duAPREAE YR SR COh Bl AT cardS. the antenna comprises three
termival{sde SERP TR 1ajers S armEHRSRE pper foil provide the
electrical ebamection isetivebpatie aetnmiplarsadiindrs agaltrnetdee
mogpe 4 6inERetiniay ofalaim 5, dvhieseirsthetiniay iswdivehdw
betwfeq-lga%plgg@g%do%mr@t% Brakutg Bradusembianitoiaaiddual

interface mart card ay and.carshof alaim-6. npeLeinadaastion of
salc?(’Bfura'f3 }t cafl':g %r:‘hcl‘#l@ea_ted sheets anlél said ?Jolymer PCB are
mill BB BTSFRIE ST Ry, such that a'remaining portion of said

‘polymer P@Brprovities fire ik FIsapr 1Rt TuACRIPSEESSNRT Bidye for
electricallyssamadctingthentlual irtetfaceatodile tosalgiPeliesing 5

. progussisaid smasiears: a 203 athdie inlay of claim 7, wherein said dual
interface madile frhercamerises 1 Dakel windowssieGaallitasacsanding
of said dual mterfgcergn%duolet}% 33! n?é?afpoée%@ngﬁ%t@we%éw one

of tHE I VRS TGRS Wherein sau?anteptn a pad
connect an embedded chip of the cual interface of ccsntactless smart card

to sald amenna; and .
wherein the chip is electrically coupied to said layer of aluminum or
copper foil on one of said top} side and said bottom side and said isrminal
. pads, for use in said contactiess smart card, said ticket, said secureci'
document, or said combi smart card, and wherein the lavar of aluminum
or copper foll provides the elecirical connection between the terminal pads

and the chip or a chip module.

2. - Tﬁe irday of ‘glaim 1, wherein the laver of aiuminum_ or copper foil s
attached 1o each of the top side and the bottom eida of the substrale,

3. The inlay of claim 2, wherein said chip tnoduie Is selected from a group
consistingj of MOAZ, MOA4, MOB4, MOBS, MCC2, MCCS, CID, Cubit, ltOAZ, EOAZ,
EOAB, EOAD, FCP3 and NSL-1 micromodutes :

Amended Sheet
IPEA/AU
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layags 8l

25 and said polymer PCB are positioned accordingly to suit an industry
standard, said industry standard selected from a group consistin
-SO 7816/7810 ID- 1, ID-2, afi ID-3 standard, an ISO 5457 1F E&Z/Ogg‘é
standard, a Calypso standard for transportation tickets,Raer?ﬁﬁé?’Pl ot
4 930 Rasl Lrecommendationsandswhesainraigkinlaydimdtesidascording
to ar ng{‘é%n.%raar%g'ty/mo‘j“'at'on 30 characteristic standard selected from
squa’%‘?’group consisting of an ISO 14443 standard, an 1ISO 15693 standard,
and ISO 18000 UHF and EPC compliant RIPD st rds. 10: T

' he inlay of
5. anjhenief tisé prsiols ‘B]a‘?m&r\?fﬁg‘re?hesg?dyghefe%%%a eBmprise

8 5SS
nna mprises

supstighechaligmityen biaimgrarthicienees SribsmRhehifeerisYrdpoatcss
ana TDIGERBS; adsaskvdiibafabaut 80mpicrong® sbdud d0eFaierens, and a

<92 Amended Sheeat IPEAINL S3BEEASER0GMA43 $aRecaivetel9 -
re r“a%g%%omgvc‘ggghts?%&b&&;&&9%@@&9&@ ahAULikR0missemss and
10 SUPS

‘ rate comrp%rls?s a plastic sheet having a thickness
termaALRRg ST BB BETFTTSRY

**11. The inlay of any one of the previous -
claims, wherein the polymer PCB is 5 bonded to the at least two terminal

6. padpefihe antennddustrgesoniboiialidedaosvwiehdipR) aehasKEBBhding
of IFSIRGLEOREtive AsRS Wesark er s el prastiomsberidaTd, and an
ultrasonic bonding process. 12. The inlay of claim 11, wherein said
ultrasonic bondjng progess uses, ] [ pagls with a
7- pad 886V éa%r%. S?n%}?f l;é %%é%ﬁ?@;gﬁf%%ﬁ?ﬁ%ﬁi&mm |
iaW@WWaaBﬁﬁ?‘ﬁr@@’BTra?égﬁt@ﬁ aqté‘gfiee_éﬁafS. 1@ inlay of any one of
sudhéhptenvieusioladrartientieraish RAHITGA G GF IBEMIBR e 5H58P fé?%? Fiow
funvieat alastiovat Hddhefameltihbidadl prodacing Bre ittal i gt eand, the
salether sompsising sthesstaps«ed. providing an inlay substrate having an
antenna thereon, the antenna having at least two terminal pads; 20
providing a palymer PCB comptisi i Afes
& alumimi rO&JgF[)%@r};m %’[ﬁ%f% gu%ﬁg%q%%%é}% gg%g?%gﬁ%@ottom
a giijeof windows to fachitate bonding of salg dua mte; ace module 1w sa
lgads. '

9. The iniay of any one of the previous claims, ‘wherein said antenna pads
and said polymer PCB are positioned accordingty to suit an industry standard,

. sald industry standard selectad from a group congieting of an IS0 7816/7810 13-

1, ID-2, and 1D-3 standard, an 130 15457 TFCA standard, a Calypso standard for

transpartation tickets, and an ICAD 8303 Part-1 recommendation; and

whersin said inlay functions according fo an tnt@roperability!mcduiation
characterisiic standard selected from a8 group consisting qf an 180 14443

standard, an 180 15883 standard, and 1SO 18000 UHF and EPC compliant RIFD
standards.

- 10. The inlay of any one of the previous claims, wherein sald antenna

comprises efched aluminum having a thicknass of about 9 microns to about 35
microns: & frack width of about 100 microns © about 1200 microns, and a gap

Amended Sheet
E?E@/AU
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of the substrate and capable of making an electrical connection between
the at least two terminal pads; and bonding the polymer PCB to each of
the terminal pads; 25 wherein tize terminal pads and polymer, %@%2007/00434
positioned to allow the inlay to be used in a desired smggfﬁe&?’ﬁd 19 Pebruary 20?‘0

wig@PRlisationthe. application.seleeie ohisrims, SadroWRFoRSisting.pirarontact
.smaﬁ card, a ticket, a secur

COMEISHS %mﬁjﬁcc%_i}a?taiﬁdwég C?uafgl;rslc%g%u rrggé};‘fgq‘r&g @@%lﬁéé Shakscard, a

ace smart card;-and wherein a chip is
electrically coupled.to said layer of aluminum or copper 30 foil on one of

11, sailitepriidefany sakl Boeyiaes-ei g ¢ isrpih DR SueR it said
borlReRdiNGStanJek ide seanitie ptdeal fba mabtiors bsine enesefi ¢AFfdna and
eri Q,CQ@@Q&QSchﬁB%id&%m&m&&iﬁmaz@nwdé§aideﬁimmmsai®bs‘enured

ocument, or. said. Q '.§' t.gard. 35 15. The method of claim. 14,
bonw'ﬁ%’rg?r% ﬂ%ﬁeuﬁarya/sé?né% a urﬁirgl}?h or copper foil is attached to each of the top
side and the bottom side of the substrate; and: wherein said method

12furtfiep domprsesimart saaete 537 pBTRANG BLSHS Alehtded Sheet

ol BAIAY B4 BE TS GABO7IH0 8ad Rersfveld'as FeBRiahPp 05 ™dMténna, a

spSIRR dREPER\YringLadigims peed ihetineghat hinsicfuippedswith a cut and
dispense unit to mount the polymer PCB and strap said polymer PCB

ont continyous, roll.o enna;si Nea, 17 g 6t the
i g Do e e SF e AL whereiy

) 6. The method of claim 15, wherein said
oneHiPPEBIAYHSELY ¥Rl SiRBHule selected from a group consisting of
‘MOA2, MOA4, MOB4, MOBS, MCC2, MCCS, CID, Cubit, IOA2, EOA2,
14E O ABrEBADoFFRSaN Stiay fatcuslesrt sadwhe e esigomiéidifodule
tn@agantenna are designed to facilitate the use of high frequency or ultra

10 high frequenckchiR SusieEiSalibe The meshes efanshomeofaiains 14 -

. 16, w erelnk\%gii%{g%{rqn‘nabgads are at least 0.25 square millimeters in

NRERE t_L‘gafé & method %f any one of clai@%gtgéi‘%?h further qg{)%prg§ing:
proviiRFE9e 8- B YEE 1 EnSRTBIEKEF oni6 2 urface oOf the Ihlay.

aluminum or copper foil attached to at least one of a top side and a botiom side

of the substréta and capable of making an electrical connection between the at

least two terminal pads; and

bonding the polymer PCB to gach of the terminal pads;

wherein the terminal pads and polymer PCE are positioned fo allow the .
inlay to he used in a desired smart card application; the application sclected from
a group consisiing of a contact emart card, a fickef, @ secured document, a
contactiess smart card, a combi smart card, and & dual interface smart card; and

wherain a chip Is ‘eiectricany soupled io said layer of aluminum of copper
foli on ohe of said top side and said bottom side and said terminal pads, such -
that saeid bonding step provides an electrical conneciicn between sald antennza

and said chip for use in said cmtactieés smart cafd, said ticket, said ssoured

document, or sald combi smart card.

15, The method of claim 14, wherein the layer of aluminum ol copper foil is
attached to each of the fop side and the bottorm side of the substrate; amd
wherein said method further comprises, after said step of providing a said

Amended Sheet
PEA/AU
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contiuRHAEHPE B’Eﬁ?ﬂﬁﬁ

substrate in a reel-to-reel process, said top sheet having a recess window
punched out and positioned such that the chip resides W|th|n %67/00434
for “zero" pressure load sheltéting; 20 providing an in- I| fun b 2010
tester to test said bond to ensure a good electrical and eé’(?hve reoriaty

anteed %9&&%@9%&%@@%@% leasi:oneinp pelckiye pobiloved gt plagtlc to a

top of sald

p\ Hlow oeat plasti
-4 ﬁigﬁfgﬁﬁﬁﬁﬂnﬂﬁnﬁ%ﬁ: e

€ having a layer of aluminum or copper
prodibattached to each of a top side and a bottom side of the substrate for

use in producing said dual interface and said contact smart cards. 30 20.
18. - T'ﬁ‘ﬁe’ﬂﬁ&ﬂ% ofi laim 19, furthencamprising:amiseingaictemstyFirst
sele%% 2 ”%a&% Té%ﬁsmggl&ﬁm@fm@ﬂmﬂﬂyadmtlwanlmca

Secon er O

ng%gg e amg?s ,@gb&&mm@&q ?Ho%%lgs injaywisishfist layer,

, aid inlay comprisin a dual
mtctm@ffa@é%ﬁ?é&fﬁ%af%ﬁﬁ %%e%‘nfﬁ"“%apo ‘9“53 f’o Rrgueinc

fion of Iayer and said
nighrflagutmeechveysieportion of said polymer PCB to produce a tower bridge,

and to provide a cavity for receiving a dual interface module, Amended
17 Shegls IREAJAL aByRInd (3G20ATIB04B4 wReetivedt TorREt IaeF 2010 21.

Cat ,'gag 5?55%89394 ﬁl{f}{ma?e(;ls flghgr comprising connecting said dual interface

o said blank to produce said dual interface smart card. 5 22. The
method of claim 21, wherein said conneglqgeste

pnfurther comprises;
‘1SuItré%h?%@nﬁiﬁﬁ@a‘?&%ﬁﬁ?erfade AR

B'said tow rbrlg eto
- provideignelectidbcepineetishrr SHE<ahteRRa2af %G %ld i

subiRsface moduleotesshistdziassk wsingap rvionededny aeRREsEDY 23,

- puﬂia%msm%@fpe@mg@@mm saidulirasomnie bahdingiprioess. ases a

zgrgmgr%%%m 2 a%e%{éﬁngf at least 0.25mm by 0.25mm, a spacing distance

providing an in<ine functichal tester to test said bond to ensure a good

.alectrical and meckanical connection; and

applying at least one upper layer of low Vmat plastic o a top cf said iniay,
and applying at least one lower iayver of low vicat plasficio & botiom of sa:d Inizy.

1g.  The method of claim 14, wherein fhe polymer PCB comprises & subs’trate
having a layer of aluminum oF copper foil attached to sach of a top side and a

battom side of the subsirate for use In producing said dual interface and said

contact smart cards.

20. . The method of claim 18, further comprising:

lammating at loast a first layer of material to a top surface of said inlay;

laminating at least & second tayer of materiat to & boliom surfa_ca of said
inlay, said first layer, sald second layer and saic{ inlsy corprising a blank for
producing a dual interface smart card; and

milling 2 portion of said first layer and said intay to remove a portion of

said polymer PCB fo prociuce a tower bridge, and io provide a cav;ty for recsiving
a dual interface moduls.
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0.5mm, and a pitch angle of about 90 degrees. 15 24. The method of any
one of claims 20-23, wherein said dual interface module furth

r
comprises a pair of windows i@ top surface thereof. 25, The %‘é %8’%(}07/ 00434
claim 24, wherein said windows facilitate said uItrasonith?B?'}a

a soft laser bonding process, a crimping process, a thermo- 20
. compression bendi rQGESS AhBrdlie Qunsldendeadingprasess: 26.
21 Thé r%gf S{(}J‘a@‘o %‘?f’%{%g’ of ccl&ira . ;@%\/g@%@@%id two providing steps
moduit iR A0 RIFRISE BESHERIRG sa '

onhing said antenna pads and said polymer PCB
according to an industry standard, said industry standard selected from a

rocess,

. 22 groumcostsistickpRErot awIeE TSI PELed Y s PRSI StEhdard,

an |RRsb545¥, Thkihg sisndaed a-Gatppsodtmttaseifor rambfisieation
pmggéeéﬁ’e?ééﬁi% M@Cg@r{@]s_gf@gg@mgmiqn. 27. The method _of any one
of s 120 WIRIelD. Atk paNmes Gk bended ndR ta-ssiciigrminal

“said
padrg(lﬁglﬁa' an u

rasonic bonding process. Amended Sheet IPEA/AU
. adhesive. .

23 The method of claim 22, wherein sald ulfrasonic bonding process uses a
forn having a pad. sire of at lsast 0.25mm by 0.2Bmm, & spac:ing distance of about
0.5rum, and a pitch angle of about 80 degrees.

24,  The method of any one of claims 20-23, whereln said dual interface

radule further comprises a pair of windows in-a top surface thereof.

25. The method of claim 24, whérein said windows facilitate said ultrasonic
bonding process, a soft laser bonding process, a crimping process, a thermo-
compression bonding process, or a micro-welder bonding process.

‘26, The method of any one of claims 14~25, wherein said two providing steps
{further comprise positioning said antenna pads and said polymer PCB apcording
fo an industry standard, said indusiry standard selactad from a group consisiing
of an 18O 7816/7810.10-1, ID-2, and ID-3 standard, an I5C 15457 TFC.A
standard, & Osalypso standard for transportation fickets, and an ICAQ Part-1
recommendation.

27, The method of any one of claims 14-26, wherein said polymer, PCB is bended
to said terminal pads using an ulrasonic bonding process,

" Amended Sheet
IPEA/AU
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