; e3et HGg>>?1 BCF6FTHG~uui uu~ -1 ARTI CLE HAVI NG AN EMBEDDED ELESTRONI C

DEVI CE, AND METHOD OF MAKI NG SAME 5 This Application cl ai it of
U.S. Provisional Application Serial Number 60/104,337 fil gmwwﬁmmyﬁmm&p
1998, of U.S. Provisional Application Serial Nunber 60/129] ril
15, 1999, of U S. Provisional Application Serial Nunber 60/131,377 filed
April 28, 1999, of U.S. Provisional Application Serial Nunbern5@Ghil240556
filed May 18, 1999 and of U S. Patent Appldcation Serial 10 Nunber

09/ 412,058 filed Cctober 4, 1999. The present invention relates to an
article, and, in particular, to an article having an enbedded el ectronic
device and a nethod for nmaking the article. The plastic "credit card" has
seem ngly becone WRTHICLBHAVING AN EMBEDPEDRELECIRONIC DEEKCE0r | dwi de

for purchasi ng goods and seryjc ﬁ@) h,15 credit or debit type
accounts, but they are rapi éﬂpm %Eﬁ)m rS% ot her uses, such as
menbership cards, |ibrary cards, identification cards, access cards,

driver's licenses and the like. Wth the increasing use of plastic cards
has cofre t he i ncrEaisiApplinatemsidaiisdlielodhefitviElt) ISe Prdyvysidral AppBcavion Serislons

seekin naut. hori ceces r a.false identification., 20 The first
innoi/a'? [ gn t u%ﬁ&@%@%@?g@%%@%l@égi{h&:gr Viﬁ&ﬁabﬁpﬁ’l&aﬂ%b% nor e

) ; e ) ) terial i
o o canal IREmBeas P2RY A18F AR5, D000 G52 PRSI ATBAORbhSeBL o 81 11

account nunbNumben®/ EXp3 T7afilled Apeih 28,S1998s0WE S| Pasviss@mll Aipplcatioh Gerfalt | on, such
as personal jdent i%ﬂ_{g@i nformation_and Pl N nunbers. The magnetic stripe

has the advahNtager Wefiled Mayoks, AP andesddénsPatentApnhgatignRsrist e and
encodey The j j l is aided by an International

St andg(r)di zZi nlgﬁ@%%ﬁ/ggf%nﬂ%?géﬁg{g’ﬁld(%?d for the dinensions and stripe
properties for suThe presehsinvehisregldiarto faalaltivie dnd,Ha padidular,a0 antirtizte enbossed
"hol ographic” or diffraction grating optjcal patch that chan?ed col or

and/ or desi grAVARE ) anedded slertieris devasr andrymethod fergnaliiag theaglicle. These opti cal
devices had the a e 301 R~ IRl ~ il 2 - at they
were very inexpe ngl:{%@'étag: r?gér%iﬁtféag{: ,Il}qrag,Sgb%l?&lyr?gc%%gBﬁlggittél%sé&poﬁgg@eagg

sophi st i cat eplagiictaadsirnsé werldride foepytclia3ingqodds andwiabys, wakthexthrough
counterfeiting_inpractical. the ingenuity of the thieves and

. Al as, , .
count &8 f ei t efr8dih aEdebiAnPERFCO MR hub they s @pidbpediping dntawem ©r manyofhepe pl asti ¢

cards and ev i af: ri . fur ieve greater
socurity, o Hesguog Iefln BB YRR | AR E o Y P
al so nore didrivegsllicehses andithedikeeWith e iAdreds@fSise @fiplastiatardsSha3wbmeakpensi ve
and requires, sophisticated productign pachi nery. The enbedded el ectronic
devi ce, in pRFIANNE BHsusEtheswd; whstherdydhicyes of PeFsgas prebineduauthprzegdaseess

sol ution thus fafswe ifeRcdih! ect roni c devices may include a nenory device,
a mcroprocessor, or a combl nati on t her eof, and are conventionally enbedded
in a eavity fornethé¢ firstinnboastionto Gwake tidsankiquitbecplasticahrdsiegsiad te va¢ endcoupl ed
into and out of such enbedded el ectronj¢ devices either by direct

el ectrical cORIGKREUEISRBHIASESeHRIdhe additien of asliipe obmagnetis materad gy which
"direct contagct, t 121G S 4 Q r adi. 0= V. ' i ng
bet ween a Ca% t}eeéggg(%ed‘égfog%éﬁan ﬁagg%?t{? rt?%y%n@l?%%ése’%&%r?g&ye%ré%g%gi n the
card in the amlsspihtioicdnésnas wek as sécyrey' information, anclsagerdongkidedifpingst i ¢ card
i ncl udi ng one or nore enbedded el ectronic devices is often referred to as a

"smart car d. MfegrtienepdRBY pymberse The magnaeticaytapcantmadyapaaeobicing ¢asy

pol yvihayl chl or. , ' hel e ced:

pol ye g tg er t héerir%{r%%%ﬁgzieé %:i}/%}o( IBE@W%%% g ¥§C6#h gfrh%?pg%g‘re%f@g bggle%%%%gs i qm%

t her mopl ast i by #reBitdrRatignal $tanddrdizing Odgeniostidn (IS0} eamiardfod tie, diteadienseandor t he
nost part which of the avail abl e manufacturing processing techniques have
sui t abl e t enfEPaPIOPertish iPrispeibcads oEhareadten frllogid tag additiongd] agyeadosssdC resin
typically so& ) . - . ndi ng
on tho. amount Syt oy H8Re kgl SPREN Bhish Bl LGy Cllet i denBRREC
substrate. Tyigivedlioy ditfefenehrgdés @td thedardsC These opdicalt ReideOhadlle bdvantage

el ectrically connected to one side of a small printed wiring electronic
subst Plt e by wi re-bondi ng connections using very fine gold or alum num
wires. This small substrate is necessary because the bonding of the gold
wires nust be perfornmed at a tenperature of 150 - 250 C whi Cmmmmﬂmw&mm
than the thernoplastic card substrates can withstand. After

the 30 i nput/output connections of the electronic device to the edomedronic
substrate with gold 15 April 2003



-3 or alumnumw res, the electronic device is then encapsulated to the

el ectronic substrate with a glob of resin for both nechanical and

envi ronnmental protection. This internediate el ectronic substrate with an
el ectronic device wire-bonded thereto forns a nodule that is subsequently
bonded onto a cavity machined or otherw se forned in 5 the card substrate,
whi ch bonding is performed at a tenperature around 60 C. Fl GURAptl260R
cross-sectional side view of a prior art2smart card 100 of this type.
Plastic card blank or substrate 102 has a cavity 104 fornmed therein. An

el ectroni c npgithey Wk vebEinddpmsae t@hﬁﬁhfa@ﬁk& btk efindhikétuadriReddd to one
side of an electronic substrate 114, which be of type FR4 printed
circuit boarspphistieatedind ¢xpensive mequmr& to d?mﬁmé thyabkiog nonserfeiéngpoxy t hat
cures at a tenperature of about 150 C attaches el ectronic device die 112 to
substrate 119PHHSEE/ out put connections from el ectronic device 112 are
connected by bondapjsrge 1r9g%ﬁu1b%i°cﬁ@ t136dcs AT SoRHer&li RE Hal @hébléd‘tl%ﬁlrtéfa%o 114

whi ch connect to external” corntacts 118 on the ot her side thereof

El ectrbdnic d@procleceﬂmagnwcsumpﬂasltlatcedsmd eVanodnnbmssacl mtlbsltpamhesedlirAy by
encapsul ant t:Ll nﬂym be either dispens tHe on or nol ded thereto,
typical |y at8UWSndordg {?P’ teq BRsEity BENQEe S%Pr}a%%ﬁfte ﬂ@}e OBpatOfERISHRTY, Was

di spensed i nhgededYhdtYs a.%mgie mﬁ&nsta%aﬁtatfat %Q%t RAg oh@ﬁﬁtﬁqﬁ%%x RiveS
inserted therein to conplete smart card . One problem associated with

t hi s net hod mfdraqmeasisbthtscatdd@mdamdon mq@hmerys élhe endretldenl eledumniti degamsinng of
bot h encapsul ant g and, adhesi ve, 106 so th(g%h tern]glllﬂ}sugﬂ% e of
oubst rat o 1106 D R SHHEPYICIRG Shipe B2 MDY ettbg;stls@ tion tluisak fHehal | y
co-pl gpar wi qhis is
G TF Ot oot ARReeR R ut o ARG ARG, BhfiertBiocets B #5hpbitaibl

typi cal |y grtharedf, cahiﬂ atecnonbermdna]ﬂylanbeﬂdbdm 4 edvitylformhetbiaa ;ﬂamticmmrdajlduﬂd

surface necessary for proper |nt a card ther dj sadvant age
resul ts fronteR&cal ScﬂEﬁF‘“Hﬁ?ﬁsij‘F%@?/ hed dﬁ] fi”&ﬁ&Fllt for
each el ectr Oé}l&rél%l'e%c R@a@f‘t of oI fifdls %ﬁ@@é@&&c‘ At 1Y1'tﬂé@zlsg8¥0<ﬂréc¥pe
encapsul ati o process. ac these operati ons I ncreases the cost
convent i onal caet typeacatdd 6tags or b eddid- Iﬁeqwmy §1)] s1ga1hhgd>eﬂmenar¢aﬂdereahar hi gh

as $0. $1. 00 US r card when c d by the custone Litt
i npr 0\]/grrent qnd %TSE%IV%ﬁEaWEtFFr@BWG%WB@FS He 6@:@ in Hhecase ol soutagi- SSoy usi ng

dh t 29 dt
at1ach 30 modll o TEbeRE Gt (fRlblc b ARy bl e e L e

typi cal ly cudevigs 1saoften115feﬁred|td> as2£)ﬁh3nart4card=.r’at| vely |ow tenperature, e.g.,
| ess than 60 Cfor a reasonable tine, ri‘{omngéﬁs or longer. Simlar
processes of wire %‘f?ﬂ?lﬂ@a”dnﬁn%%r%ﬁqer?@m(ﬁ@ wads ohigid gelyviwkchlptide o spart

card are enp, d rties

of 5 PET 1 ooy Xt P e e RS ARty fetef Hepol A IERRTL L 0

and deéor nmat tesin. ﬂhmperr;mrtwseﬁ tlake EPEiﬁno;ﬁlaﬂhn'esmﬂ,bﬁrtrcthﬂQ tie meiihp PET resin

card substrates, the gl ectronic devi ceg}r;Bd | e att chnment nmay be perforned
I

at slightly SrpREfureatigateerihg masppark thepigilkle TR Eclfing Srccesins ng a
maj or probl s in

hi gher terrpgﬂr&a}tm-g eéélﬁgié%lgﬁ%g@@gér%%ﬁé‘@dst%&?? k@asﬁr g2 (z.\sl(?{?a?gg%r FOSllrg:&aj'te
properties aP¥Cavsin typlidadly sbﬂéns\ﬂnﬂhefdﬂﬁsaﬁm&nmefdmhremﬁmmdtﬁodl%&d\/ant ages as
set forth above for PVC cards. Direct-contact type smart cards are al so

limted by témpendingen thyamaunt aEplastiqiser usgdeinthaprosessiagwEthedeCemd snart card
and t card r i d tions
of el ggt ro- nsed(izjﬁfg%?cgyﬁgfg%g%teg&&,&gﬁo&%q? zér %110{1 5‘?0 ar{aﬁ% e%? chlﬁl}?’dl I{n%%?hese
limtations t@fon%@ﬁfetof(a&hﬁlll{ﬂnltédz\eﬁm‘gie[&hﬁﬁﬁ sm@smwbmtre%ndmg berdRctichs
conmuni cate wiith a contact-less smart card. Because the card need not be in
physi cal conesies very fine gald ar glumipamaeires. pilitis gpallsubsisete frencepwary beewise theader |

a contact-| (iS85 iS.sRAT ed i npor and
Fort " eor | eot TRNTHERIAEROH sifesBRist bf BeRirmidabh bk MBRiArED - 280 e Hifehn
smart card ag I@l‘xglﬁatﬂaﬁ'ﬂﬁe th&"iﬁoﬁlﬁﬁe%ﬁﬁd%ihb&%dté‘sscaﬁfwﬁr@@naOA@t%f M&lﬂoﬁﬂmﬁﬁle
w rel ess communi cation |ink between the snart card and the card reader

det er A ne whinpuieutputeannectiongiofphe electudnie deyips fodhe eleetronihsutsatetitht gdd a
matter or inches, feet or yards, or a greater distance. A typical prior art
contact-less smart card 1, for exanple, a "Data Carrier Having Separately
Provided Integrated Crcuit and Induction Coil" of U S. Patent 25
5,880,934, is shown in plan and cross-sectional side views in Fl GURES 2A
and 2B. Prior art contact-less card 1 has two outer substrates 10 on one of
whi ch is deposited an induction coil 7 having coil |eads 8 fornmed by one of
conventlonal screen prlntlng an electrlcally conductlve adhe5|ve applylng

. o, . o, = .



15 April 2003 -5 elenents 5 of a substrate of nodule 6 by wre bondi ng and
covering integrated circuit 4 with a glob of encapsulating material,

al though integrated circuit 4 could be attached to the substrate of nodul e
6 in a conventional manner by bonding the contact pads thereof to contact
el enments 5 using electrically conductive adhesive. Mdule 6 is 5 then
attached to top layer 10 by connecting contact elenents 5 of 160¢uil@063to
coil leads 8 of induction coil 7 using eldectrically conductive adhesive. A
conventional card blank having a stepped cavity 3 therein for receiving
integrated CoffhirhinufPRULE (K d18ctRIBPAVRE D heh dAtApatlafed td MR didtiehicl ayers 11
each having an opening 3 of different dinension therethrough that together
form a st eppabstsasemwithp Fob of resinfat batbinyechamieal 20d envieonmeated protectiony iThy a

st epped opening 3.forned therein as.by | di ng,, machi.ni.ng ,or .hot-form ng
coul 8 be. emprgmadia Senit B YR on e deles M RaeSLtPss KB ot tom
outer layer Jfobefqng i@ﬁﬂidécﬁleﬁtl%ﬁoﬂd’éﬁ%h&%icdv'i}&@n&ﬁﬁl@ﬂ BEotRerwisdRhin¥d i OP
cover 10 and the prepared card blank of layers 11 are positioned so that
nodul e56 ext thadsrd sabsirat¢, eyipelobapiing is peommna dt laeeraparetoreardunddetC.| ayers 10,

11 are |l am nated together, 15 for exanple, between flat plates at a
tenmperature and f Eiljg a gpss-spntionplesideoyiow Ré 2 PHOEars smart card 108 of gusn
per manent bo o] : I Formiel he _many
separate st eﬁ@e'i Ela%%ca?rg%bg%? a@%ﬂ%?qg?ihg$§g§\?{yg%rf? carthgr,eﬁlt' %‘8 current
cost of a cogleaminid meduls o inddded afreldetrinic devive hld sitishedwetonedileiof asever al
tinmes nore than that of a direct-contact type snart card, and so . tepds to

prevent the Zectgniesubgede di4.orhich maybg of BERAGH fed e boRd pygeralofort he
electign! ¢ deulife MBY LIS SRR S LAY h ggyesta{?@ﬁ}%ﬂat&r%f%ﬁogﬁ%B{;' ng

and receiving Circul Irs7overs owed € Ccos packagi ng

and assenbl i fithchéteeléctivhcdevicedte CRY @ subdifatd ERS AAplitRitRACkARchchsaRSh | S

quite a bit nore than that of contact type cards is prlnC|paIg{ due to the
o

need for an degemiedevien dirmge eonneeted bphprd wirgs bHrloagathctpads 28 elestiorid nodul e

including the, el ec ni.¢ .device. | articu o L | ogp..ant enna nust be
formed on o SUBGEFdIE MHgteERaRT iy HeBaLiTS st P FEC BRRsEner

conduct or t hEfeefréhi®ded¥e YEPRShtdpIGlated!td SRcPENIE MDsERICI 198D chipsilaht 119
conductive ink thereon as described above. Curing the deposited, attaching

t he elléct r onwhichanaydee qithier dispenseskthergon op oddsdvibereiootyaicall lesicoperitwpehsi ng,

and curing, and esi yel .am:nating.the 30 substrate to.the card
substrate, a%uégggl p(?'oé‘tf&\%*’éw of pdhest t'f p%ﬂ?_ﬁg Hg%f’?v’t)@f“t(ﬂﬁlc%r%isggsuai% Apri |
2003 -6 si m | @ addanédmoRiiehh 67Find&RAGh&tRG0 WbinPlfOMNANE-@100. &S Bblcm
processing for prior art direct-contact type smart cards. Accordingly,

there i s a nasocifited wathghisdngthed of assembiplisthe apetl togeciskpemtiol thetdispandieg and

f thod gf maki th ids t d to individuall dl e,
i o bond. anth COHEACRrE 12D abd RS0 b B DR ey bUBe b et
such pgt hod {RadAIILSRlcted hiadhARPi0Ads w&%ﬁﬁlw&-ﬁﬁnwm:pﬁlel%% @i offor

hi gher - speed and hi gher vol unme production than are avail abl e under the
convent i onal carésihstistedd®c i bedticth thisis difficultite adnele. tihéachithé wpefobrethe

oS LSOl B0 COTOA S5 SuT R S L S e 1

substrate, agfifade hod8darPiorFRdder hiseMBRI BtAIERS] XRoMBr JiBRIVEAGRSS redMis &R Of
the substrate covering the electroni ¢ device, wherein the electronic device

i s encapsul athedndiyidnhichandimg ansf muitipte wiro heddserequited Sonveach Alectvordt dgyvice a
furth aspect, of the invention t hod of king an article 15 having an
el ect Pan o ol TemeEwuaHeF preeeRe BB SeesU o0 Pettiy. L eRBLHER o havi ng
first and segQRsiARRAIEARSs hElchRCEonRhiised shdrt@BrdelVCEd BRI the d6% bE8adho the
first surface of the substrate; providing a |layer of nelt-fl owabl e adhesive

proxi mate t heard icarsbe &higlgaae%ﬁo t B&.08 Lispar et wiienguirhias¢deyt the leiitéamess t o
cover the el fﬁttlé Rrrl}l)rgvedrge\:/r{t (1:se f)osgi%?e with conventional methods, except possibly by using
adhesives that bond and cure faster to reduce the process time required to attach

30 module 110 to card substrate 102. Current production adhesives typically cure at a



20 melt flowing the nelt-fl owabl e adhesive to encapsul ate the electronic
device to the substrate. BRI EF DESCRI PTI ON OF THE DRAW NG The detai |l ed
description of the preferred enbodi nents of the present invention 25 w |
be nore easily and better understood when read in conjunction with the

FI GURES of the Drawi ng which include: FIGURE 1 is a cross-sectional side
view of a prior art smart card of the direct contact type; FIIGURES 2083and
2B are plan and cross-sectional side views; respectively, of 30 a prior art
smart card of the contact-less type; 15 April 2003 7 FIGURE 3 is a

cross-sect i opahtivel iR wieRpefurd daness in 60 eC K6 Vebsonbhls HbRL €3., 80 thifutes
plurality of electronic devices 1n accordance with the present invention;

FIGURE 4 is arlonggs-sectional side view of the panel of electronic

bstrates and el ectronic devices of FIl GURE 3 hayin n adhesi ve | ayer
Choron: F GURE. 5 SR Brsess ¥ oF e hoafing FAE sYe B R BE Lol SRR RHARE Infh 3

contact typegshmichrdGaé %ﬁ?&d’ﬂir R dAb QARG UORRA oSS Fs L SR ProgekRGlroni ¢
devi ce according to Fl E"4; FIGQURES 6 and 7 are graphical 'representations

of theS5stren§ER redimdifter dioirs thoss ot VC erinairily imethe highbssofisaihg landvdeformhateon

present invention over a range of tenperature and 10 over tine of exposure
to moi stur e, fRReFRpEes QEPET OEF‘WIJ—Il@'il 0 8Cc Mot LT sesinyepadt swlishatesithsy of an

enbodi nent o . : EIIH%E r}&:# ' 'S ive

el ectronic sE‘gétlt?(r%é? gwa{%%ﬁg({dgl}:eggrttgm c El\lliglcge; %%g@gg{}%ﬁf’galar e
Cross-secti Of@hdpesatd@, for @¥emple, drotiddE20 W vatho@tdaenearhngirpestlém OTha cont act
type smart card including an alternative substrate; 15 FIGURES 11 and 12

are a pl an vpessapddditionalepossible, useeaframr caeds in highentempertye snyireuments, at e
14 ar 400y oss reultrRE i R foategRol FePhERT RO e smERoRERs of s
cont act - | ess agPlidadafRbel Get RrthRBo BSPVC égent i on; FI GURES 15 and 16 are
plan views of an alternative exenplary substrate for a
Direct-contact type smart cards are also limited by the number of contacts that
are available between the smart card and the card reader, as well as the durability and
reliability limitations of electro-mechanical contacts. A long-term solution that avoids
15 these limitations of smart card utilizes wireless communication methods to
communicate with a contact-less smart card. Because the card need not be in physical
contact with the card reader, but only need be “near” the reader, a contact-less smart
card is particularly suited important for fare and toll collection. access control, time-
attendance, and other conventional smart card applications. The characteristics of the
20 particular RF wireless communication link between the smart card and the card reader
determine what is “near” in a particular application, whether that be a matter or inches,
feet or yards, or a greater distance.
A typical prior art contact-less smart card 1, for example, a “Data Carrier
Having Separately Provided Integrated Circuit and Induction Coil” of U.S. Patent
25 5,880,934, is shown in plan and cross-sectional side views in FIGURES 2A and 2B.
Prior art contact-less card 1 has two outer substrates 10 on one of which is deposited
an induction coil 7 having coil leads 8 formed by one of conventional screen printing
an electrically-conductive adhesive, applying an electro-conductive coating by hot
stamping, punching out of a metal foil or an electro-conductively coated plastic film.

30 Separately, a module 6 is fabricated by attaching an integrated circuit 4 to contact



20 contact-less card according to the present invention; and FIGURE 17 is a
manuf acturing arrangenent useful with the foregoing el ectronic substrates
and cards. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 25 FIGURE 3 is a
cross-sectional side view of a panel 220 of electronic substrates enpl oyed
in the method of making smart cards or other articles in accordance with
the present invention. Panel 220 is intended to be cut apart 1orAmil®2§0Bat ed
at dashed cut lines 222 to produce a plwslity of individual electronic
substrates 224. Panel 220 is typically formed of a conventional printed

Wi ring circuklenRARITofMBdubhttaé of Sdilc 8Dy iide Béhdifed £1d R eridtintdghited@rdugtr med
of other suitable electronic substrate materials, such as a 15 April 2003
_g_ flexibl edorithcaiglob of epcapsulatingematerial; alérough idegratedirevit 4kowd ba ktiaghed,
ceramic, and the like Panel 220 has a pattern of contac ad ormed on
cach of t he. 5 BRGUEATRIeIRoNER Dot SomheR el FlaPhct by SRBHRR LS Satict BB on one
surface of syRadorad SoatGlemats 3 MEhdEleGrisdIBHRAdRive ABhA e, PMIRIuELSiseach
associated with one of the individual substrates 224 and 5 arranged

rel ativel y fthenmtth¢hed toltapdayerdOrbyaonnecting contactretenrentedeof module hdo sothrt car d,

i d ith.t | i.cabl, t andard t f h S
Standard. Thiefsot indheiiteal Zusivplettbondytieathaive & SHyERieR 725 m
by 53.975 mm.jgy b@a&%vgigag%ﬁ@ga caviPthefi R YecivirdPintdpfdle Pdirddt Midduid 6 A

correspondi ng pattern ct pads 228 on the opposing surface of
substrat e pamgireéd bnkimicmggwoumser dfyecsolit each hpanlg ad Op@dg atdiffefennhi ch i s

associ ated wiith one of the i|ndividual .substrates 224 and .is el ectricall
connect ed.{ oS RG ReeEmEN i SOHR e COTL A eRrsg BB A ATV GPaenD 7
througly subsifal fiyé?0 ha¥ihg™d ﬁgﬁgﬁ@sﬁniﬂg‘j'f?ﬁne@tﬁe&ﬁl efs%gtfﬁ'ol@ltn %Q&Hnihg 2} he

group of contact pads 228 ©on artfcular individual subStrate 2
Ther eaf t er, hotpfonmalg doyldbe ehloyedynr the dinerr taysrs2A1 Zoaldbedbmambeidtottiee subst r at e

anel 15 220, as by conventj onal pick-and-pl ace equi. nt_. or, ot her suitable
B| acenent - mebpoT Sltter SAver Qé pelitmadle ﬁ&@ﬁ@t%ynt& E‘ElggSaltFF’%FHé’o‘t‘?H&eY‘?rve

i nt t . i Loz ti

I nterconnec ?o%ﬁ&ﬂgggg%?etc{a (Ef?(m)faﬁﬁtoi"fa ers 1 a gno%%&g f}ﬁisf?'gﬁé‘l'e extaduct i ve

material that are on the contact pa strate panel 220
or on the conitasteppaidspeiig Jodndehe cdvep andintienlapas 20,2 lre timihateditdgathleryent .

Preferably, conductjve bu 218 are deposited 20, the cont ac ads 228
of a I'drge niRsRAmBle, Prteet ﬁatanjlatgws%tﬁalps@t%anf fose tmpmtef%F _ﬁ@d_ on
substrate pangk:sag01) BEHAFmRIAEborkPd the cbitbiele SERBLRLEG: AL O | ndi vi dual
circuit substrates 224. Alternatively, conductive bunps 218 can be

deposi ted on the Ometatte madgssepdrdteatepslirethemumuactiey bfpridtla?t madrheards, en on
t he contact pads 228 In 25 this grrangenment, it is

f bstr at | 220 ,
preferred th&?”?%éoﬁﬁﬁﬁggﬁaaélggiﬁ%a&‘%“ﬁée Hléﬁ%“s"ief"éﬂ‘abme@o@ﬁés €¥sfehct pads
214 of the eljgek hgﬂé ngﬁ‘?ll’{dtg?ﬁ_d%@t-&‘ﬁ{agf pd giﬁaﬁ L&Al Ao GetlR b @F‘%e&jtﬁe are

O 1 ndl vi dua e.g., alt

separated int evi ces, er the electroni evices 212
are f@0med owidersseofonatticirdtechadlegy. Wiile bief anseofi the elsetroriodeiicd may baf er i s
di ced or singul ated jnto_individual sem conductor die, each containing an

el ectronic d %éef%lzhﬂx@yg‘aﬁmg??rvt@rﬁ%gg OABTeSFIINGLTGUIS it 608 &S substrat e
220 or el ect LOlkkddRl 5§ %he cotPofRikkdgi tsSeniinge SEHIGEeR chidl THG,
stenciling, rra‘grﬁ printi gg,e? nﬁoﬁ%t n?%tq?inaé or other su&?!t%aS & met hod, and
are al |l owed teasalr thepaclgitgamest is Anitad bamharg chanfthdtlof comtac dgypengrdsas hod i s t hat

conductive bunps e deposited on a | arge nunber Qf substyates or
el ectroni ¢ dBUPgEalY dpedo él?%qeg foray eapbedried erﬁem@@yg &\FSP*H?“E@ Ragkaged ad and

expensg of dite%féﬁr}ﬁ%d?.@e &Elu%%ﬁ@éfdﬁ%ﬁi@dé\%éﬁﬂﬁ gh}éhl%‘ﬂﬂ e R¥TBSH terifa of
bunps. El ectronic devices are then attac to substrate pane as
foll ows: Whebe farored wata substhaterpyeheptied bantachidgleloop ofipsdre os other asnduytobe f or ned
by the conventi onal and connecti on process, substrate

"CA" sol der buppi ng
220 is heat efhergo 8t Pé%&szﬁ n@rﬂéovlég’%cqnwsmlqnﬁlet%r%f Hghrandrpiarednk thereon asol der
i.e. less th 0C. LNl 8 I S ronic
devi ces 212 gggﬁﬁgg?gﬁ%tgggkgg%%%:g?&?é&%ggﬁ%&ﬁ%lgﬁﬂﬁﬁ%ﬁ%%%ffﬁgg?§%%g%ature
of sol der andyaorventiaws ddxgientispensihgtandiceripgnad adzGiviely lntnénapng fer
| ocatigns. Upon contact, the solder bunps 218 nelt and then solidify to
form S8 der FPRSEREEIA #&c%arfi)ﬁ?sgat& %b@%ﬂ‘?‘i%@né@%é@?e Hulrosh ﬁl?éﬂs Bl ectronic
device 212 and the correspondi ng contact pads 228 of substrate panel 220.
15 A like attachnment process is enployed where the conductive bunps 218 are
formed of a thernoplastic conductive adhesive bunps 218 or a rapid curing
B- st ageabl e thernosetting conducti ve adhesive and the substrate panel 220
is heated to a tenperature |less than the nelt flow tenperature of the
conductive adhesive and the electronic device 212 is heated to a
tenperature higher than the nelt flow tenperature




20 of the conductive adhesive. H gh tenperature materials, such as sol der
or high nelt tenperature adhesives, may be enployed in this stage of
fabrication because both the el ectronic devices 212 and the substrate 220,
which is typically an FR4 or other conventional printed wiring circuit
board material or other suitable electronic dielectric substrate, can

wi t hstand such tenperatures. 25 In FIGURE 4, substrate panel 1320prdf2003

el ectroni c substrates 224 having el ectrargc devices 212 attached thereto,
is covered with an adhesive |layer 206 of uniformthickness that

encapsul at es;gliRe td @R pFotlés £R8cidbd wathtohPerltdnIISs YIS Fﬁi&e@&%e@f ¥lorf #f
assenbly of substrates 224 into smart cards. Adhesive layer 206 1s forned
of an i nsul atireq-cohlacttypesmarhgards. t her nopl asti ¢ adhesive that is applied by

roll 30 coating, Screeni tencili or her wi se appl yi ng an adhesi ve
o 1 qui @ or past Accoramelip here Bonsed I s dingtl i Sk dBeRrelot s at o
panel 220 onmaRL G B8 rﬁéth@&@ﬁqalﬁhg%rﬂé)ﬂi ey tﬁ?ﬁee’eﬂt&imﬁ%uﬁlﬁeﬁhnq[e\/! ng or

jaf
B- st agi ng the adhesive. Adhesive |ayer 286amay al so be formed by | am nating
a sheet of dmyredonBasd enragsilats gleatromig devieesndswouldibg desirablethatoguich steithod

adhesive ontp the surface of substrate nel .220 .on .whi ch e gttached 5
el ot roni o drptideet Brafimaet Pl & b it oanEsBed e TR acn,
but not curey,f, b &@£¢aﬂhb1em§%rrt§§%&vehtaoﬁ1 RRiMBYs 8%scﬂb&i urality
of electronic no es 210 that are attached together, each electronic

nodul e 210 i aledwedi ng an el ectroni c device 212 attached to an electronic
substrate 224 and_encaps ted | ayer 206 of insu]ating adhesive of

I y
substantial l'y uni ffeﬁhlﬁpﬂé’,éﬁ%%@f% oA ReRESgL NVERIQNFOMBRSEHBIOPHalE BAYIRe t hat
al | ofyot he el ' A o BBGARBUIAI & nbdhidl i Q! fRstQRRRA | ON
t hat ;}r()oducesﬁgtd??géicgg%rﬁggqsg% suiltrg?aé% pargﬁfe to tge %} I’Ci}lt §substrate,
and t hat t heofifiesnbsitatel @fd alayer afadels-@owableladhdsinaesonathe @t aypdadeafitheof
el ectronic device 212 and, as, an adhesive .in sybsequent assenbly. Subsirate
panel 220 i sS{hsEAtecaverde B flgairemie deVips oVherrin thegtliifromreaerics i %%mrrﬂt%ﬁ 210
for assenbl y| . LS.noted that not 15 only is the
t hi ckness of b#hmgqggﬁgz)g?{\/gg ?‘gg%rleé%lgklﬁﬁi form but the thickness is
control | abl e and aeosiditgantal furtherpepdcadf the sivehtiad, acastbed aff rmaking an eftiett ed
because the substrate 224 either protrudes fromor is recessed under the
surfade of t Ravipgap elsrtspe dadceenbesided e SOMPESSyr eat er ext ent under the

conventional assenbly haf ak%ﬁg%ﬁk&ggg%ggg&ngg%pgﬁgﬁjrya%eg.ayer 206

conforns to the el ectronic device surroun e 1's no need for
an underfill of i nsul atitagimpdredectoniddeicehy tlevfosthungcadltthe susahte;

processing. FIGURE 5 is a c¢ross-sectiongl sjde view of an exenplar

enbodi nent of a conpl ePEVHIPEE ayer)ﬂfﬁlaelf-%@wblﬁ adhesiv oo oty e dirtpftasee _
dovi ce 212" accor df nat e R R iag AR F e B RoReh, B0eAnE 2o ©
PET, aoryl onitril e- but asilefevisg yieanelt-flaBSple adhesive topacpsylateyse yleermi¢ H PS) ,
pol yi m de, polyester, or other plastic, or other suitable material, has a
cavity or recess S0vice ESPPSHR%t i s sized to receive electronic modul e 210
therein and is |located on blank 202 in accordance with the applicable I SO

or other standard. Electronic nodule 210 is placed into cavity 204, for
exanpl e, by 30 automated pBRKEBRDESQRAEEIGHN OFNERDRAWINGer suitabl e

pl acenent neans, and bond A5 April 2003 -11 in place by adhesive 206
Phereof . Where candegraild g@fznp%orb@fr the eﬁegermé@ngbwgnerﬁsa%fetae BESP R ARYEnHAN

t enpersat ure Qf: TR L : erature
bel owngout dllﬁg%%g%flgrarﬁgg&e&gd%?tg ggﬁﬁgn%%gﬁ?rg%pgg%ﬂ?’% vgt @gP ve that
nmel ts and boRHSUREStE e Prasing whidhriedadd agai nst PVC under a pressure of
about 5 psi (about Q.35 kg/cnR) at  a fe,rrpe,rature of 70 Cis yfpﬁﬁgBmGO
adhesi ve whi ch i s FEGHREbISa essrisstiqna] sige vigwsHa@dirior grtsmertsadat the dwerdl ogy,
Inc., l|ocat egoétgctménceton, New Jersey. Wiere card blank 202 is of PET
whi ch has a detor 'on tenperature of about |20 C, an adhesive that bonds
at a tenperature [FEGURBSZA Ghd 3B pregjled irebcrossudettdiiab sille viehar resjpdcestlycof
adhesives that nelt and bond instantly when pressed agai nst PET under a
pressile of ANSIOY art spart cardfthe epmact-1gsy 1¥PER) i ncl ude type MB7060 whi ch
bonds at a tenperature of about 65 - 75 C, type MB7070 which bonds at a
tenperature of about 70 - 90 C, and type MB7100 whi ch bonds at a
tenperature of about 110 C, all of



whi ch are cormmercially available in sheet formfrom Al Technol ogy, Inc.
Type 15 MB7060 may be bonded at a | ower tenperature, such as 60 Cif a

hi gher pressure is utilized, as is the case with types MB7070 and MB 7100
as well. Further, where a high tenperature and high-strength bond is
desired, an epoxy adhesive, such as type ESP7450-SC t hernosetti ng epoxy
adhesive avail able from Al Technol ogy, may be enpl oyed. Type IBSRHIRDOIC has
a high bond strength up to tenperatures of-about 20 125 - 150 C, yet is

fl owabl e (under a pressure of about 5 psi (about 0.35 kg/cnZ)) and curable
in less than 30 NMpIGURE P atréRRGIGHaIIGe PlewdTAPanddf Cleckasib s@straft8 98d
adhesi ves has a di e-shear strength greater than 500 - 1000 psi (35 - 70

kg/ cn2) at t empbealitywf electreiodedbesiin ad®rdangs wiith the prgsent #tventidy t he di e shear

strength characterjstics, of FI GURE, 6, althou a bon rengt h of about 200
ot Cabout 1425 EIGURE B cesperianal 80 Der B of sl SurrdRont for
many smart capfloRARIIC 8iORDS FIGURED hdvilh arlf {MBE§vaRNEShYRSn;ar € i nsensitive
to exposure to noisture as is desirable for cards tdo be used in tropical
climat &s, or to tFHGWREE eism dressrsgeticmahside eidwart antehnbodinsent pf @ cegawt dypeas i s
illustrated by the dig a.hear Ftrengthbrmi starF exposure characteristics of
FI GURE 7. 30SWEcaddneludingap elegonic subsipts agd glegirpic H¥icq pACEHBE P ¢ o
substrate 22? GYRE 45 April 2003 -12 deposited bunps 218 of an electrically
conductive a %e5| ve, preferred adhesives are thernoplastic and

t her nosetti ng adh&@GUBEStthatd Aare gidphéecal teheesentiitems ofi tledstrength chardttesstioss t hat

have a nodul u§ of el ast] l%i ty jh?]% is |less, than about 500, Q00 - 1,000,000
psi (about 38fewtpin matgrighsaisklyl witp themresenfinventim qyera rapgg of mnesais At ur es

t hat t]]t@)e bo”g%tﬁh%fﬁﬁﬁggﬁe%%’fsﬁfﬁ" esﬂe%ti%?ﬁ":i fied to operate over.

Sui t abl'e conducti ve adhesives 1nc types’P S S 8090 and P S S 8150
t her nosetti ng pasFeGHRES is\assosshsectioml sidereietv-dflanwntbodnhadnk ef thie shantpardat ur es

of about 120 and 200 C, respectively, and are availahle from Al

Technol ogy, pEEIG%Eé lpésémg@nr%ﬁymstévwmtmw%Ma glectepniggyice;
tenperature, such i L gher .. I Lo RN is the
case for 10 type [Eg(sé‘gii%% %:%ndm{aq Ef}e Iaﬁ(gplg%(:tligég]%g}séi‘ﬁ%w ?fg{lgirlr%rlzagtsmgﬁézdhesi ve
underfill betkmwbedintnecdfravintactigpe sma tadanduding ah nb¢reatR24ubstraté;nsul at i ng

adhesive that will_be drawn under the electronic device 212 eg di spensed
and haWing a modulfiSUBESE land; leiarg 2 plangiieys piagt 2 sidg Miewh sespeftiveReOt&hduct i ve

adhesi ve util] I J LQr .8 ..shoul d be
enpl oyed. For kgelggl%%{) %@@ﬁ&%&é@%@%ﬁ;f&e@?%{dgpﬁ]%@ﬂggﬁ%é@@?vtﬁ&@set ting
epoxy adhesi ve av&#IGHBRES 13 anh 14l ard exolsisdedolyal sideividwefaltarnatideitxesnpdiry

el asticity of about 10,000 psi B (about 700 kg{a@nﬂ), is suitable for use with
types PSSSO9G“@H@“W9§8‘¥W°€EWB[?€% fapd a%&?ﬁfggg € PESeRtdNYeREAN\EE7650- 5 whi ch
is nore flexible. i 5 t] L i t ative
enbodi nent of a 2(32Jf ds}ggr%% %aérn?i1 1%038é Bﬁﬂc %dr%ﬂghelz%g% %Qgﬁ&lﬁé%%f@eziﬁég in
whi ch 2 ect r eontacteless caed akkadrdisg witheplesent évehtiorg ahdt rat e 224. Gt her than for

el ectronic device 2|2 being nounted to substrate €€%%4 y\“hetjts contact pads
214 on the side t REFEBE By manyfaciymganppgenoy usetph wit OI8ANE 219

electrically DEE eanh@cigpads 214 of electronic device 212 to

contact pads egegg o?’ g%%s?trate 5554 card 200" is |like card 200 descri bed
above and is 25 fabricated in the sane manner. Specifically, electronic
devices 212 are mounted to a 20 of substrates 22 st andard

,[panel 2 4 b g

conductive epoxy at t adPRRARIP tIQBﬁQEFﬁﬁ%%EE@RBEDl%MB@D%@@ e connected to
the c act pads t P@@‘ di A L:BS i jr ed at
150 - 200 C. Then ng esl %/gyal %g%?geg% slgggﬁw%fc?%gple%?a(ggﬁégp@cgF%%%&gni C
device 212 arehpbsyediisitheanethod of mmking skme sardobr atiiestivies fncrcc@dalm@nitinthe

el ectroni c nodul es 210" into respective cavities 204 in card blanks 202 as

15 April 200Present igpagien. aprelp2Q ipjatendedtozeut apash gingslate 3t dadhed /eyt vi dual
el ectroni m?ﬁ’lgé 2 t%ép%duaé%g ﬂgﬁ@ic{f%?&ida %&&ﬁ%n&%gﬁﬂﬁkés%d Babhd1 3906 OF

paste form as by screening, I ng, nasking, jet printing or other
sui t abl e net hgscaly foRyedef AdvnacitmaMsrimébeiridgasiiconbestdtnmateridl sduchae FR20.

30 material, but may be formed of other suitable electronic substrate materials, such as a



5 Advant ageously, the separate operations of first glob encapsul ating the
el ectroni c devices and then di spensing adhesive to bond theminto the card
bl ank are elimnated. However, even if electronic devices 212 were to be
gl ob encapsul ated and cured, typically at 150 C, the method according to
the present invention could still be enployed to form an adhesive | ayer 206
t hereover having uniformthickness for 10 proper bondi ng intd5cavil200204 of
card blank 202 at a suitably low tenmperatwwe. FIGURE 9 is a cross-sectional
side view of an enbodi ment of a contact type smart card 300 including an

al ternative hafbraiegit %ﬂﬁ&yﬁﬁu@ oB6ther fadtitenatbdid dr aluihs ickahfic, 204 tielelg a
cavity 204 of given depth into which an electronic nodule 210 is placed as

descri bed abBawel 220 hed apatism efcontactipads formzpddnxaoh obthe braadredagsdhgted, 15
card 300 has substrate 302 i_ng a pre-cut. through .cavi.ty 304
her o0 bashe Bithh Pttt Pt s e Bugi Or bbbl 8NN Sss o
sui tabl e car gr iRk F@dsQZ%-eﬁeh asSYGatedFIth o loy tH¥ if@ividaal RbbedtesdBISdndC, | S

coated with a thin layer of conpatible nmelt flowable adhesive 306 and is
| ani nated t oawartgsd relatevebpforwiakitg disscofontack withulrsrd waderfar the smbt cadhissi ve

oy be rel at IRBIgEn Tk hednplicitle uiadte pRRRN BB T oSl 10 RG ed < o
the total thigknes §iz@fforéb%ﬁfact3§/9e cd¥is:abBut@. 799 hARR3 B M 155)0.78F mbhe
el ectronic nodule 210 is relatively thin and has parallel front and back

surfaces, as(aboth3.37gmelibhy 2dI26adhdyy Toalilf)e A toresspandied patievebiycantdchpadihesi ve
| ayer 306 is fficient., If the electronic I, C f the dul e i s,thicker
ant 5o ext end2d b lHERRpHing pytaEE of MRS AN Lot el etohis BT SOSS PR ch 1

| s at yached, H3 Henhd i GHie asBERARRA With bRYSHthSMBividuall SfHskralb 824 Jlteist hi ckness

of substrate 302 may be slightly greater than the thickness of the
el ect roni ¢ delectricalpy Gnpectad tiuthe c@t&ponding canbd phds 226dryecontacticetas28idi ¢

device 212 ig relativel in, and the thi esses of base substrate 308
and adhesi vealr%%‘rsu ﬁgﬁtégé 'S@P@@P@@“gge‘flﬁﬁgﬁ]‘ﬁio g%? ChF‘_ﬂfoctPﬁ&Oé‘p card 300
I's compati bl @oﬁtgct,tpg@sdfmli&&Hkgnﬁaraﬁmmwﬂe&bst@mwom ¢ 30 nodul e 210 is
the sanme as described above in relation to FIGURES 3 - 5. 15 April 2003
-14 As is shown i Mhtieeftexpalnddiy bheettrqnar davores 812 Fe@UREhed to sgmtrategranelat i on

of card subsér&te 302, adhesiy I%@r 306, and subﬁtrate 308 to formcard
300, t'Re el eded-dib¥ cRRYANHEND pickagndmplcn UIPRFNEQE YRESUARIE PIATE Shesi ve of
adhesi ve | aygo R0 ag! dgxg,@&’?dei’&o b efeb@itallnEshdGadifterRintdls S d
substrate 302, thereby enbedding 5 electronic nodule 210 i n adhesive | ayer
306 to secur éormedftom Rb@resorpuapsof pestiricalbyrcorsluati vevpatenaldhatdre ddpositat e 302

and card 300. Preferabl vity 304 is ut 75%filled with hesi ve from
adhesi ve | ay 8P BEontasf P%@@éﬁ of F‘é’éir@ﬁe p@?ellﬁggé’éf’na}ﬁ ORIRELRAUS ng} ogglﬁgtgqq}%

| ayer 306 ma i { bl vity
300 it s uhgags FIPpRKTD el SRl RS Pl BERLY e BRI PR 510 1 s
i nsert28d 10 thestostact padst2B8bf aboigd eurdlid ofiotdividud whbstmies 204 yhat hivexchbed | nt 0
adhesi ve | ayer 306, and the thjick s of adhesive | ayer 306 shoul d. b

control | ed t &PTEFEIH S&ﬂ%ﬁtecmrﬁ%?@mﬁfite pg@k??@&ﬁfﬂﬁggﬁ Wéedslﬂf?s‘f’gmqué

thi ckness of .t he: aflbgsbyed4 ayer 306 that may be enployed in a card

according to the present Invention reduces the thickness of the card
substrate 302, seAlematiselyacandoétivietomnmps 2018 cam ke déposihal aathd castacteatls 24 an

adhesi ve, 15 d facilitates construction of a card.3Q0 having f r
substrate |a9§5§9tr<§1}@€1?“%1§ g réﬂ%@{lﬂ&t@ﬂﬁ&%ﬂ@ géﬁé‘l‘hﬁ”@f@é’%@ﬁ%&@: L a
subst gt i al ﬂqy%g%%%ﬁleﬁé itqg’ﬁl%?érf‘ég éha tRe ﬁ%ﬂ@c%ﬂ% s 208'd depbsRd bRGULE es at

| east three or ayers, I nc Ing the two layers required to formthe
st epped cavi tyntact pads 214 off the vleticdniadedcps@i 2 ibofoad thelebertroninidevivedil 2eare s

i nserted, and which, nust, b roperly registered for such rpose. 20

Addi ti onal | y SCRAFEEGEEP W“%Ml‘iﬁ‘f‘“&dﬁés ?8%@*“? ﬁlﬁ?tr‘?ﬂb%fie“lﬁ‘ées&qg@&séwe‘ﬁf’%Bensed
onto the sho SRGERULEBEARE Rl dndfictBF WafeRlsdficdddr shpnBk&bintdhe
edges of theg%:rg%?g@{amhﬁﬁ t¢1ereto I'S ef inm{l%at eé ?ns t%e 6rsgfsé2nt irl}venti on.
Furt her, t heildividuallsamicoatuaor die oghreahtairgsg af eledteonie ésace2l2nvent i on avoi d
the need to heat the PVC substrates to tenperatures roachi n hei r

mel t - fi%w t enper afGonductiye mepém?@r%%%%g%aror sirate 5@0& eﬁwgféﬁ%ceﬁ he
printable quality of their surface finish. Card 300 is nmade as follows. A 2
- 5ml thick (0.05 - 0.13 mm |ayer of type MB7060 adhesive avail able from
Al Technology is applied onto a 2 - 10 ml| (0.05 0.25 mm thick sheet of
PVC base substrate 308 material, by |amnating a sheet of such adhesive
thereto or by roll coating, screening, stenciling or other suitable nethod
30 of depositing adhesive thereon. A sheet of 12 - 18 m| thick (0.3 - 0.45
my PVC 15 April 2003 -15



substrate 302 material having die-cut through-hole cavities 304
therethrough is lamnated with the sheet of base substrate 308 material and
adhesive layer 306 to form |l am nated substrate 301 having, for exanple, a

t hi ckness consistent with the applicable | SO standard, i.e. about 0.78 mm
(about 31 mls). The thickness of 5 substrate 302 is selected consistently
with the thickness of the el ectronic device or nodule that wiljApdsiodd i n
the cavities 304 therethrough. Laminatiampis performed at a tenperature of
about 65 - 75 C for annealed PVC substrate materials. Cavities 304 are
llocated rel abiy Ey%&e%%t%b&én&% bk }Sﬂﬁ‘t’ihé, H}ﬂc-ﬁ:h?ﬁﬁtir%f orl MErRaksle
substrates 301 iS cut I1ntoindividual card substrates, cavities 304 wll be
in the posit noathqu; emstare b dwbd toldry oh B-siggel iAredrlventage df the fordgriog methodsy be
advant ageous to enpl q ui de hql es, or other indexi indiciain the sheet
o Farm ot oa (61t e SRS 1 QRGP SRR R LG G5BEIcS PERIon

rel ati onship ji1d & 4 hildi iR 19eC
rodul es 210" (5 st R AL SRSt et AR AR O T R e
| ami natSed suladhesateds f@filindvidual banps ougbussulfdumpses 301 or cards 300.

El ectroni c nodul es, 210 ar | aced and 15 honded into the res ive
cavities 304, suc%l%éroﬁﬂf ds%f'gﬁﬂ gt -aétﬁalealt%é@sgaﬁipﬁﬁérﬁz? agﬁ‘?lh’“fshei r
respective ¢ i rate 301 is
heated to a ?gﬁggFg?ﬁﬁﬁvﬁ%ﬁgﬁﬁﬂ?%ﬁgSﬁﬁéﬁﬁgﬁgﬁﬁﬁgFﬁc #gﬁ?ﬁgﬁg ulg 210 is
pressed i nt o comwntignd FC4Wsdldercbumpess anideconheaioaprod@ss, sdlistpt 220adbbedtedto? -
0.7 kg/cn2)to flow the t%Ee MB 7060 adhesive. The sheet of conpleted cards
i s then prinedempgratrolgss than tegeltay tamperatustod seldes, hedessdhibabodhd2q Leut or
singul g ed i - ndi v I [ . tivel t ter
| ayer sl%trray bg‘grg[%ne%(rg‘ll ﬁ'tltg‘(%]t?cl it ?d}rs\?\ég‘%glguﬁ(?lﬁ%ﬁéﬁ%s r%\{zaagei lﬁeﬁ &?JIS t(gl \a{tﬁfl%é}ét&?%e hol es
or ot her i ndihgdher fhah thy eléihg Rsdcrdtorei oTgoldethandage flatéd dgathst SubGidREpdfkli s a
cross-sectional side vieM/o% a further alternative enbodi nent of a contact
type smart cae@ inthgprencalocpionshdpoapentast, thersqldspbuapelst meland theg| ob 25
encapsul at ed . r.e- " i.he i ionto

sX‘ﬁ% t%% golﬁ?ﬁﬁ!;:?cgéﬁ@c&oﬁ? 2 Pi?ge(:t{vsgsh ﬁine %Q&é@faﬁ%ﬁa .

FIGURE 8 is bonded into cavi card su fate 00' is mmde

by the sanme RlRE61iS dovict 31T atdkh30Orebpsadind echtad Puds 228n6f suBstratd pdnier 220, he
sane materials and adhesives. In |like manner to card 300, upon | am nation

to forkd car d A8lke attaghmenti precess isrpmpdonediwhere thy spndiglve bemas 2 it ae dermadypf304

in card substrate 302.enmbeddi n | ectyoni le .30 . i4:.2003 -16
210" therein att erglé)g&s %c %ngiﬁgtéve%dgﬁﬁ}'én&bnrl ngelgo"%:)%‘sr??‘l%& Hmrl%?éﬁ%/egﬂltﬂ o card
substrat e 30Znedsétfifiglcctdtctiveldhedividdrduie yubstriie paha@0ed hdatudi that ed
substrates 301 may be singulated into individual |amnated substrates 301

before an el éempasgiuee lggsdhanthe nelt Hovp temperaipngod dhosconductysadhesivennd thawvi t y
304 at the t ture t ] f
oot o a0 STRERREGGEDS RRSRHI S B e Anty oGV ERRSRES, ©

substrate 307 srve rayer ase s arred to
obt ai podi f f elfe wadektiReAdha3OR. Hiph eiiRefee mAey 8lch dhwldehbekigh ssclof t he
adhesi ve | ayer 306 should be selected for %roper adhesi ve fl ow when

| ani nati ng sd@BPperauee Bihesives, mag beesiplayed imihi of faprication becausedodetier i bed
above in relation.t al 200,.. 200’ .as. PET t 00
adnesi ve, | fop SRaNbRe kS Rt ne dbud? 0 i BR oA MEPaRRREE o 1
i's noted thatcontdntiondl Phineltwibing ¢lrest Baird hateiaPboythér sultatilbeleatrénic| es and
met hods descrjbed herein. For exanple, the contact nodul es described in
U.S. Patent Apgledtdesubsiratecanayitheiang spclommpeatwe? now US 6, 288, 905,

Same" B3 ed by Kedt RURE Btals Yauel ol el siiliR 228 iRk on' 19

hereby i ncor pricabgid deeicey 71 2ttatiRfdaneeeeis dovered wathtdnl hysivéRyer@®oipl oyed.
Contact-1ess cards, on the other hand, are advantageous because they do not

require the naidony thicknspetbatencapsoluesietestropisiicuices W4 andds bxgeave sler, and so
not only 20 dq,they. avoid.th ot ent i,al, . poar - cont.act, propl used by
Cont ani nat | o ahSSerar FoRmaldt B aRs oat i hadbiar AR BB AR W 1 a
card reader Q¥gfieddT arfinduldihgCRtBiokdn@ostbBicpMstialadittisBlealda s agplieBizsoll 1 and
12 are plan and side views, respectively, of an exenplary substrate 402 for
a cont¥tt - | eseating, scra@ing stenpiding ar ethevwise applyeen edhesinsdtl digyid ¢renagten.
Substrate 402 is formed of a thin sheet of substrate material, such 25 as
PVC, PET, ABS or HIPS, polyimde, polyner film or other plastic, or paper
film or other suitable material, on which is deposited an el ongated

el ectrical conductor 404 that serves as an RF | oop antenna 404. Antenna 404
is formed of a thernoplastic or thernosetting polymer adhesive that is nade
el ectrically conductive by the inclusion of electrically conductive
particles therein. Electronic device 410 is attached to 30 substrate 402 in

. e o - ArNSS 2 1 o A -



A stencil, screen or mask defining the pattern of antenna 404 is enpl oyed
to deposit electrically conductive adhesive on substrate 402 in the pattern
of antenna 404. Typically, the substrate 402 is between about 0.25 nmand 1
mm thick (about 10 - 40 mls thick), and the conductors form ng antenna 404
are about 250 wm (about 15 10 mls) wde and are within the range of about
25mto 125mthick (about 0.5 to 5 mls thick). In nost cases,15April 2003
conductors of antenna 404 are about 50 -=1800 pmthick (about 2 - 4 mls

thi ck) when wet and about 25 - 75 ~mthick (about 1 - 3 mils thick) after
drying or B- ${fénd thedkasdbsus Qs faricy 22BN FhIchaPe athichstDglectfddic &xadem! €,
type PSS8150 thernpsetting conductive adhesive filled with silver particles
which is 20 av3idndithen drymmOAB-ﬂ’@ng]the@gh@swenoﬁdhewaﬂaefdr 206 ®ay plsebon, New

J . Th i.ted duct h i ed B- st d by heat
o o) e BBy RgRes & koo Biay Brdesed it St erios R ot ot o 403
ei ther when Hﬁhﬁg@@l‘ﬁ&ﬁ! éﬁﬁeéﬁe &ith e Wetacd 5OMHALIO ParllEPIG bh GUi P ar@httRhed he

conductive a e Is dried or B-staged. Were antenna 402 has pl ural
turns and el elttramic dedeas & umi& duntaluigeempmaumana?prmwe to attavh, bit mhteana 404

or other conductors for rred | ectrically ctive adhe5|v
particul arl y%ﬁ?é‘?‘@sw?ﬂé‘aﬁ"‘ﬂ lg:rre tdélalﬁ’ﬁn%f)f%l? Lﬁulé gﬁ](,e{;%‘i“gcfr? EI‘?&E?O i
l'ess than abey . a%éched%%eter a{ﬂ@ﬂ@ tré'IQC mo%glerﬂlbsl)lclualh aﬂ%&@ﬁbﬂlé‘aevwe

conductive adhesive I's pr r| ed or B-staged ore attachnent of
el ectroni c dév? agachédto # clectrmit silbptmie Qizbmméncalbwlamalayer 206 of

el ectrically-copductive, adhesi ve | osit., a seco | ayer of
adhesi ve on ing eahasiye i sestantia YI’“E)‘SR @E&P%@ A\ﬁyarhta%es le? whi | e
15 Aprig 2004, qdd thﬁ\%lstﬁ?f?@ AR mBul B NP ndepsBid 2 BhERTOpEHMbRY Of

B—stagl ng. However ere e conductor w or spacing Is s , It is
preferred t haiat ptddacésefit adhesme&utfamparalthém the ciitdit bbsahtecandithat thecond

B! o, OGR4 Wi o e el b P S b
underfill | ”ahh&Wean%s%ﬁgai%@%ﬂﬁp'Suﬁﬁra gzﬂ&l b8(is@HGE BF sinb @Gk ‘i’ﬁ}bc

device 410 fromwhere | y “capl action to substantia ny|II
t he remai ni ngndividuiteldabneanodul X 0dod assanbly dieto 4 kthastrudrd ullb &t moaddethdidbtt hat

is not filled by con tive adhesive. Such adhesive ynde provi des
addi t i lonal n@BIYa‘ﬁF}Lea‘Iq‘lch‘?séﬁﬁfh? afiges[l\ﬁ‘elamr@gé HH&WF“ Jrut %@ L%qs?bsni c device
410 to substr, I
cont am nants. Gwoelfag?ﬁaﬁ@ Fg% I?tlhglgp %tébg%%gé%%% ‘::jc{rl(gs %gﬂem e{eld 2’% %teH)%l bl e
adhesi ve sucBubssratey3d dH:B&Bﬁ:BGudairdm orisstdeatedandbrethe surffiee o tirtdast Bladli)2 i s

sonewhat flexible, a flexible adhesive underfill, _such as E7650 or
type NEE765025CHhe5cHbI0 Rmpel erepisn oxtenipaden ae aqrgvan%wf PSSR %fﬁsth?

Technol ogy, f F gﬂg@ ecti onal
vi ew of an efg(#gpgrt%%%g%h%%ﬁ%ﬁadl%gég su s%(?gl![ezlé}ﬁ hlggiegggg?% ged above.
Separ acel y, augaurdshtherekis 48 feclfl foPMCumterfAEGT matletingadhesive,abqobyaveiding t hat
of substrate 402 having .a cavity 422 therein for receiving electronic
device 410 i & ﬂ‘ltléﬁ"’éri’é‘éf“eﬁ%?g assenbly into a conplete card by | ami nating a
mel t-f| OY"ab' e adh Gt’J‘REs:Eﬁe({[cr&rs -JeBiydifal 444 vfeaﬁéfedtn% F: Rﬁ gxgnt ofa
alternatively, p055| y 1N some cases pre era e5| ve sheet
424 coul d be cbmlpielmmeat-bmtamttmtartaja&l 2A02r . likSaksde atchldﬂfg?mmiettmnmao@ﬂe card

bl ank 420 are _aligned so that electr device_4 pos to go
into cavity 439hayingasubsiatediarg. angfp@grpmgtdgwgg% %Woﬁﬁ?@%‘%lﬁﬁﬂ{gﬂo are

| am n dto | e I mdet ween
heat e?s‘raol I e%ﬁg{a%ﬁ%n@gggﬁu ge gﬁ%@pr#%ﬁgﬁg%}p@?%@ e%ggl%f(%B dhesi ve
| ayer 424 t o high-impacopolgsigrehio(HIPS), petyimitenpolbesta, af otberddstiat@ of2 t o card

bl ank 420 to formthe conpl ete contact-]|ess carﬂ 400, with el ectronic

devi ce 410 payitablemateriah hé%@/F%‘?tYMZCO&ﬁ%z%b%FS sz aizedblopsesive eleetioni¢ e 402
and card bl a I ARk

cross-secti or?llfa?(ﬂl? %@’t\}h@%w ar{dlg%}%? egro ﬂg)ﬁ?&rz\r?gtll \aléekoéd}glnp aI‘i‘ﬁe %Jn%h%%bg?jllsrr%nt of
a contact - | ess ofef skadidd. BRewosit repdule 210ds plaeskinto ¢avitg 204, dbr exaaipde, 490" |

15 April 2003 -19 |ike card 400 descri bed above, includes a prepared

subst rift e 402ulgniated Rigkrandrplasn aqwpmentfl odice 41kl RlagsaenE Beanspa

t hereon as described in relation to FIGURES 11 and 12. Card bl ank 420" of
PVC or PET material corresponding to that of substrate 402, does not have a
cavity for receiving el ectronic device 410, thereby




5 advant ageously sinplifying the making of card 400° and elimnating a
processi ng step. Substrate 402 is prepared for assenbly into a conplete
card by roll coating a | ayer 424 or |lam nating a sheet 424 of nelt-flowabl e
adhesive thereto or, alternatively, by |lam nating an adhesive sheet 424 to
card bl ank 420'. Adhesive |ayer 424 has a thickness greater than the height
(thickness) of electronic device 410 above substrate 10 402 d6 Afdt2008 is
sufficient to cover and encapsul ate el ectfonic device 410. It is noted that
t he adhesive of which layer 424 is formed is preferably selected to be of a
different typephbasy ddhedibE260iNd1eti ve adhesi ve of which |oop antenna 402
and contacts 4%6 are formed so as to avoid the snearing thereof, such as an
adhesi ve based up8¥hese cirfl benk202 ehefirigid PY Cofhich dasoeforrhationdmaperatnse ofil

structure, such ne being a 15 therposetting adhesi ve and the ot her
being a ther ﬁmtgéfi%e%gd% givg thaf Rﬂ“{goti‘ﬁéé‘?rﬂlf@gatéﬁg%e% ﬁ'@f’"ff’l%pf Erignt
sol venst so h i [

di ssol ve t hebot réetrd ?ﬁ%ﬁ%g t@%&?ﬁ%ﬁ?ﬂ%@bﬁ@ﬁ%@ l?);ﬂ tdf %&?ﬁgﬁ e?s
f or med 5by | apiessidiaggingt BV € ahdafa plesset ofab&atsst iy Gboui 0.85 kglomieatta- f r ee,

adhesive to substrate 402. Substrate 402 and card bl ank 420" are_ | am nated
t oget her bet {EEeraegodd0r Cds type MBZ0oradhesivewhish is diajlable commesciglbpider at ur e

and for a ti | atre f hesi Vel 4 t fl n rma
per manent bo ng%ﬁeglgoﬁi\[f\leofggnm 2& ETS? t @gotl%%'ﬂrg’f"_\e[fﬁc& te?alrg 5 nﬁ‘%étﬂé’%l% _ber§ fe %%eg _(a)lr form
the conpl et eprARDAL s IEET RIcH 4P defthhatid tBRbERNIE o fROLE E200E aposi ti oned
and encapsul at ed between substrate 402 and card bl ank 420 by neltfl owabl e

adhesi ve 424adigSiveltiEvREndssatiaserapgrhtare balew!20 °@ ispisftredt Suit@lsleas for cards
400, 400" abqve in which an aJternative arrangenent for unting_an

ol ect Mni ¢ dBTEePlaF 2 BS%BEQW%&F@%&?H?%H yohea presseamgN REGapdere
410", for ex £ 6 .4 i SudeStvbé Misto reler:1s om
substrate 40% Sglge?mgﬁd(?(gﬁ?gﬂdﬁ%g&ﬁ4%? Iélgéeil?dee?yb‘% or e&gnp e, sgggte% apart
al ong opposi mgnetgee df hbne s .- 7B, opp MBTEIINGhiéD Bondsfat a wérhpdrhtarerd fthbbut30 and

conductivity is d% osited, as by screen printing, stencilin? or ot her
suitabl e  180A8P°F, aglyzpe MBTHEY mbdchdfonds plosiempaeptega of about 110 °C, all of

el ectrically-conductive adhesiyv ont strate 2.and h at. t he ends
Cher eof  cont 201 b e RISy fnie Mg 050 FRLPAL LR e Pre Tl

di stange as BAE7050HmAMe RS Alowef teRlpRfatire/ueh 4EY0 o€ it ghdrPresdimieiif g

el ectrical connection thereto. In addition, a support 408 I's deposited onto
substrat e 408tifizad, & is thepese with typep MB700 apdddB7000 as welli Eertliapwherpart from
cont act pads t hereof .. Support .408 be .deposited at the,sane tine

412! ma
2nd of tho. Shie rRPERRE e EESEne hendzb Hestien T ony itSlveotichiRa B Foni ¢
device 410" EQpWMMKECHCIitheriiobditiREeptixh AGRRT ¢ Vaflabis Al ROTQhn6R8Y 8aysie t hat
the function of electronic device 410° will not be conprom séd by having
el ectri cal | yemplayedt Tyre BSRESDASE hastady gle bondwireagih, updo teapgratntesafgbory be 10

deposited separately.or of , a different material, such as ectpjcally
ot 20 g adteel b2, BrieplrubicE iR byt Ghoul T3S kekin) R

el ectrically- i i Rpa wd O i NCcrease
the hei gnt  { Fapoi e fu SOEShNES JERcPoIREE oo 80°L S B eed 0t o
support 408 uéhesives havd dieisheir eraesth peateetlght500 he0e®psi (B €20 kgoind) devi ce 40’
is flipped over and npunted to substrate 402, as is 15 shown in Fl GURE 16,
with cont act tgsereEatures belowmbest 4y avis Atisinated bydhe diesbearggengiihd wi t h

el ectroni c deyi 4 -ng ,Su [ f = roni c
devi ce a10" ety BEFRuRL B RURRE bO et R et Wil BE B s ¢ e
to form cont ggicm’ ARt Gempétatufdd DRI alibB4 RPE iSduffiienvdbs makhy §higt agtlhesi ves
form ng contacts 406" and support 408 may be dried or B-staged prior to

att achment ofprdicetensordn eddition,dhess adhesivgs prstinsengitive\leexpoaure e moisbiirg 98 isc
adhesive is yti.li for cqntacts 406 d suppor 0 | ectyonic device
20 my be drvbfhr 8t GlRePE & o SiRaE RS bedtlint ek biigr S

el ectroni c dgwesRisédpfdcedsed, AR il IaMAH &by AERRS ebt @refpthih&ibaR exiposr®! t fl ow
the thernopl astic adhesive (i.e. make it wettable for bonding and curing)
when subst r ackardgeristicsl of[ENGIEREZI 0' are pressed together. Were a

t her etting adhesive is utilized for contacts, 406 d.s ort 408,

el ect ?ni c devi ce "4¥%° elﬁggp%%dgﬁeagﬁaret%tag@ﬁgsqr&)gpgetﬁt@fuﬁé}raber Jng device
410" into the wet thernosetting adhesive or by heating substrate 402 and/ or
el ectronic device 410' to an elevated tenperature sufficient to nmelt flow
the B-staged thernosetting adhesive (i.e. make it wettable for bondi ng and
curing) and pressing substrate 402 and device 410" together. The

t hernosetting 30 adhesive may then be cured by heating for a sufficient
time at an appropriate el evated 15 April 2003 -21 tenperature. The
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underfill may be enployed to better secure electronic device 410" to
substrate 402 after it is attached thereto by contacts 406' and support

408'. \Were electronic device 410" is of small size, e.g., |ess than about
5 mmalong its edge, an underfill of rigid material or of flexible material
may be enployed, with a flexible underfill material 10 being enpl oyed where

substrate 402 is flexible. If device 410" is |larger, however, 15tA@il 2008ut 5
nm al ong any edge and a rigid substrate_gspch as an FR4 substrate is

enpl oyed, or if substrate 402 is flexible, or if the adhesive enployed for
contacts 406 depRAtPbumpPPR df hQfeckifcafly bhfdtichl €aBRBQS] pteferrbd 8heBivks &%l bl e
adhesive underfill is preferred. The underfill adhesive provides additional
strengt h for thehmoplesiit dndttheravosatingladhicsivesithat arafiflexibles whao eurtd2ie.and al so
provi des addi tional i nsul ati on.and. resistance.to jintrusi f. co jhants,
i ncl udi ng mi gﬁshaf’ﬂVS%ﬂBf agie mpdytsy et‘%&“%ﬁl&h‘ét‘?%?éhaﬁa?erPfcf‘@s&toﬁalt&dﬁ’ be
enpl oyed to i,gRatdut §908Y<YDDb ¥e/chr’ Gt 8fithtdnge 6PRAMETANEs Adh@si ve. The
preferred adhgglgl\;/eu ?o’r ?II exi b?eg/rﬁn erfe? ?s a t?%% I\/E%{%SO- £

el ectriscal | ybomiedleddcirngic deliex 2b2 & spheafied®eadperatgowathSsitatde adistmctivai | abl e

fromAl 20 Technol o whi ch e | ] | ong t he edges, of el ectronic
devi ce 410' AMFS|ves %tmﬁggﬁo%%gﬁgo%ﬁagwﬂmaaigeédhwqﬁw Shillary
action. In addit PR gt ' ' i i LAl y be
ool oyed bs- ShPRoy HiRIAACR: kel dABILAIROTE RO SRIENER oY
resi st mechaatecahilshdé A65maNl DéchRblobpdpc. ANy 8008 maghd nednilawtbonded at a

contam nants _and other environments therew th. Because the size 25 of the
el ectroni c déwesdempesafare, suaias|l09 8¢, ifia highes presspe ts wilizedirag és theicgiedorndhesi ve

der f il | he ki li zed i f .additi onal hani cal . ion is desired.
e meithod o PRaR G BokodgFOF YiBHa) sBBrVAR R B RRE Byl 1711
(0.178 m) sbRrekroMt daNBE2I2Lshd bty 27, laf irival a8inPWehdstreaRitaviN ¥R drdvef erabl y,

the sheet is of sufficient size that a plurality of substrates 402 may be
made cont enpundaréaueegironBodavine 2d R avhehnalispansed and hevingy modulyseii elaaidttn28 mm

by 28 mm) sheet. is conveni.ent for. rik. 2003 -22 i ng,a, panel

cont ai ni ng a%ﬁawﬁ?njﬂzfté’ t}BEfCOT%‘.lC&YSégeﬁf%osu,t{hﬁé)%ﬁ thy C-Olnﬁﬁﬁwﬁ%l .-(iagch (about
28 mm by 46 aaﬁne%ﬁ&%tz1B%hslga%@_@h%myea.oyom&ﬁmm,@yﬁ@@nEEmsmﬁ@ummwatﬁFby 8
array of 24 substrates, each with sufficient unused peripheral area of the
sheet ISemai nihegmpssttingwpopy adhayvaavaitabipfromn Adolesbnalpgy thagh hasdenodidusefd

i t indjicia 5 that facilit and. al | t.of the sheet,
For exanpl e, clito;efibin o0 sk Bbfu R FEERLhof PleeBls BRI T hatt ™ "
equi prent , | aREBEI0 4HA FEYHRT BOVBAHucH SadhidiVés)8s RAWMERY65@B W Hilieishide. AN

el ectrically-conductive adhesive, such as type PSS8090 t hernopl astic
hi ghl y- el ect flexidld. y- conductive (e.g., <0.001 ohm cm conductivity) adhesive

avai l abl e from Al 0oqgy, is screen. printed opto the PVC.sheet. at a 10
Chickness of _aboufTSORF LS Bbeoed sal Hios Viel o Gp Al Rel e Srad
antenmge 404 saaf ceRAIMOBC ine ikl drtelvdtiontt MRbANE D OOM iR wiRMH &l8Grohiddedid 210 ibe
attached in a single step, although stenciling, maskin ink jet printing

or other sui wdtstondedtosiubitonte A4. Hother thah doralentrobis device 23 8 deingimauatade

conducti ve adhesivena,s .gtill l.ectroni ¢ ,dgvices 41 Q are, heat to a

t enper at ur e §Yr)?sfria@?z@ﬁtmﬁbltsrr‘éqn¥\a P%‘ﬁ/ Zﬁ%é’nggehﬂﬁ% ﬁ'\e eé)?ggﬁ%grf)g‘esugﬁﬁaqigg%r e

pl aced onto Hh \5’1‘1@0&@;@@9%}&@&{0&@9 é’odn@ctir{gecoﬂfafé dsQQ&b‘flel@B@oﬂi@ﬂe\ﬁ@é\Q@Pt S

t hereon to nake electrical contact and bond with the conducti ve adhesive at

the ends of theomart padsrifdtod dulpstiatest2dscasd 200 d like cwrd 248 esariped powis aadtiennae

by pi ck- and- pl.ace uj,pnent. ' The substrates 402 w t.h ctronic Vi ces
10"t 170 con SHEEaA HETER® senate SR RN S0 tiCerarboeted e oy be
i nspect ed anga@ll ©0b bt &¥sirited 234 asthﬁdaz@c&ﬁﬁlbﬁ%iepo&ymadmﬂent,h%}ﬁkaltyo- 25 mm
sheet 424 of dried type MB7060-W el t-fl owabl e white-pignmented adhesive is
| ami nat ed t o caredtah$0 ¥hewtl aof connedtéd torthe kontdt pads thedeo Bynleaiding wires 219,

hi ghly-printable PVC at a tenperature of about 75 C. Preferably, this PVC
sheet is of PPeasgoldwirgs banded gk 130 200 “Chel honadhesiys oy 2996%‘?9%‘?@&0 402 are
made, 1.e. a - 8- %81“15 . . king a
3 by 8 arrayggﬁﬁ%%glégg?é%g:e gﬁ%%(% r\?\ng{t%ﬁ%w Fﬁ?}é‘?\@eﬁiﬂge egplgé fdgﬁer al
area @0 t he bbadihg eleomonic npdiles 210renpl raspeornd cavitieg 20d én baad kanks 20 fer

i ndexi ng and al i gnnent indicia corresponding to those on the sheet of
substrates 402 that facilitate placenent and alignnent of these two sheets.
Wth proper indexing and sufficient precision of size, individual panels
can be lamnated to a web form for ease of subsequent die cutting and
further 30 processing. The sheet of substrates 402 and the sheet of card
bl anks 420" are roll 15 April 2003 - 23 |am nated together at a
tenperature and speed selected to raise the adhesive 424 to about 65 - 75
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types MB7100 from Al Technol ogy, and tenperatures consistent therewith, are
enpl oyed therein. For exanple, for substrates of PET material, electronic
devi ces 410 nay be attached with conductive adhesives at a nelt-fl ow
tenperature of either 120 C or 200 C, such as types PSS8090 and PSS8150,
respectively, as is convenient, 15 because with the PET heated to about 120
C and the el ectronic device heated to about 200 C, the adhesilseAmill2008el t

fl ow and bond instantly wi thout heating-the PET appreciably above 120 C
Lam nation of the card thereafter requires a tenperature in the range of
about 60 - 126hve, aftduibii@ieeroaht Yinglakl 80 ifdividaRenctBgicQRodul& NarF ti cul ar

mel t-fl owabl e adhe5|ve enpl oyed, which does not disturb the connections 20
at t achi ng t hAdbésiot layeri206 deayi eeipplitsbidiaphid orepasierfornh fis by saedningy ateneitihgsi ve

underfill is desired between el ectroni evi ce 410 .and substrate 402, a
FToxt bl ¢ adnBUrbRs Taki Paatrs GEh s age Moy SRSt

t her noset ti ng,GRAXY tAIBGSitY 850 avai | abl e from Al Technol ogy, which cure at a
tenperature of |less than about 80 C, is suitable. Were the size of the

el ectréni ¢ devi ceAidsartagdobsly ctbe vapatatoopdratiang iodl fiesd Igkedi eneapsnéng the 25 may be
enployed. It js nqted.that .the arrangengent. of FI GURE 14 i artjcularly
advant ageouse%@fe%mg devigrand fhep Ipepy pdheivE o E@_l Emilt fodbe aféH?é‘Fﬁ%g
formed in tNelififathd!HflevkR ol aFiFelEubIE IBHESITION o BPHE G6b LhEhSIIRd Bt S ot
only saves tine and reduces cost, but also sinplifies processing, and in
addi tion per pureg, tipicallysatds0 raf the 4Zhaiatcoding tblthapresdht ArOntiormdaald sllbbe €. g.
each about 5 m|s (about 0.127 mm) thick, to be enplaoyed with a 15 Apri
2003 - 24 rel 80plpypq ta form e adhesied pyes 206 thereoyoyhavangyunitosmdhickness fory 5 nj | s
(about;0.25 - 0. {aﬁ thi gk ] . i.ckness

el ect rlc())ni C dg{,“?’g%@? léﬂ) éf;aﬁlety ?rg? ? ﬁﬁrécl)%lgg{igaa éeig%l@]éﬁ’}lg{&g%?}gesru@}h&as type
MB7070 t her nopl asFIGUREIES ia\teoswhbdtivnhl sidsvial of ah eibbeimmat af Alcentadt typeout 70
- 90 C, serves as the core of card 400' and flows 5 around el ectronic

devi ce 410 t smart gph30R ingluding an pléerpafiverlgmingtedspbytrajg 3¢ . Jratherdbansg ze and
I tion. As InG 2. L j . 2d f ! fil i t4
ocatlon s@bs[r? 2Y0b hav1pl§r %abl@ef@lgt?g??%led%rgg@gtou&ﬂ%ﬁ rell}d e!ﬁg{)?l'c rﬂ?o"(l]]luf’e 3109

adhesi ve under electioni c®devi avol rona
processing. igc"ipla@atas dedeeibE ARG i bl ARIn16 dardd 200 hddy2O0 D FIGERES 3 drled,f t o
bei ng enpl oyed in a conti nuous grocess to produce a | arge nunber of cards

havi ndSan el e¥d3gRines yeihstrate 392 daviegaauc-erdhwngh hals cavitid04 thereindore 17,
| nstead of b?éocpg«}] r&%%ﬁcﬁgdﬁbi?& Lgﬂiﬁ‘.baw&b%%ggbg'gf{lgt%gie‘gg#cﬁﬁaé%?t rates

402 and card are'made i ST provi _ I'ps 1n’rol
form i.e. os.g @V FIQ palyinfddlor oties piptit Mebyatedwith @ thif@ayeebf cdrhputidld e
adhesive on roll 520 to be lamnated therewith. The conductive | oops 404

and cont act s meltelograble asihesipe 30f and is fanpinated tyibstigie SOB sthiciy is o§ ke spbatyate ot
printing 15 tion . £ i i 410 I eqQn as
Subst rae ot FpiEas Hie B S0 B EafRt) BRE cln hoBlEPhBiahh 2580”20,
the n@oi ng sbf Ay bé rélitiety ikl &.ghabsigS00 NEDWBbUtR0dhils)g compared t@theqstabl8.
Then the prepared substrate strgp 402, the neltfl owabl e adhesive strip 424
and the car dtbekngrs afiaerd3 U2 e.2a Ve’ Sonmugheut 34 geilPe I the elepteprip mpdalet2d P is

pre- heating, | 1.0 i i nch_r r eated to a
20 suitable & q\gvaegi%m{ Aen?rdyraﬂeaF g%%ﬁgl Ig%n af;‘%é%%fof ug%ge%t aSa‘%l gggp uzlﬁétkg)ng) that is
the final cakbduld tenaselativedy fion adlesive layer 806 BTl cddnedIfane elsctronic device

Al ternatively, panels having suitable sprocket holes may be butted together

end-t o- end aR#thgmaedsie isyhigkergnd s extepds spbstanfiadly fram e ipdividaal uogEataEr Wit h
strips,cof ad hvies.  Final I ndivi e . e
strip 5y a sul Cz%FfZS a}tg%ﬂa%rﬁyéhé?élﬂ?ﬁlfet@ggﬂ%ﬁ}ég%%eg?bgz (fég{r%a@gfoirﬁgg‘ﬂ%rgghog?, t he
arrangement  efibstrh(eIBE nlaf beatighy eiemeothan thi thitkaess off theSléttionRMetHce@12 08t ri p
220 of electronic substrates 224 onto which el ectronic devices 212 are

attached at swsitlecH OspBticuerdy whetethe deqteamiadavies 2A2tinreatively thippndithisesi ve
206 by heat eg'fi ! nCsrés oP t)alls% o s%r%?e § @I a{g@rﬂ@%iée%l%&e%?@é\lg%/ens%*e\ét:eg%%gl}aﬁ lélgeﬁt%gagm ¢

nmodul es 210 Sort shown TH _ _
illustrate ofgclayoor AEE3 0 is ¢ampstitie ethdiapflidableldafd staddard\PEletbtratd®3 - 25
present invention, the cost of materials and assenbly for conventional PVC

smart Xar ds, moduleidiOrigthetsame @s desstibehaboak dr reldinngo FEGURES 3 s5.estimated to
be in the range of about $0.25 - $0.50 for a contact type smart card,
however, conventional contact-less smart cards are even nore costly ow ng
to the addition of a wire-loop antenna. On the 5 other hand, the cost of
mat eri al s and assenbly, but excluding the electronic device, for a
contact-1less card having an enbedded el ectronic device, and utilizing the
hi gher tenperature, higher-cost PET material, as described above in



15 incorporated herein by reference in its entirety, nmay be so nade.
Sui t abl e pi ck-and-pl ace equi pnment that is enployed in the nethod descri bed
herein and in conventional surface nount technology is w dely avail able
commercially and typically has a placenent inaccuracy of 0.12 nmmor |ess.
Sui t abl e pi ck-and-pl ace equi pnent is commercially available from Mydat a
Aut omation | ocated 20 i n Peabody, Massachusetts, from Univer dalApm008nent
| ocated i n Bi nghant on, New York, from Zevatech Inc. located in Morrisville,
North Carolina, and from Manncorp, and can place objects onto substrates

W th a positional AlsRagfownaaYhPéxpandeddngl beravFIGORED) upse indhatiedsst and at
a rate greater than one object per second. As is known, the contact pads on

t he subst r at eardanbsttatec¥)2, adhesive laver3a ol substEatel 308 welorm card308f theabl y

i ted with i.dat | - i t duct| terj t. t t hei
aii o | ow r Elepedtin gevict 2 B aeR B bufRp s e fneRes o lhekls ke o '
copper cont agh&id¥ih88vd foTRHint Eeﬂlitzl(?)bd% i sBbstaRB022theRdb® cAbepdiRgM and

ot her senmiconductor contacts, or otherwi se coated with [ayérs of nrckel,
gol d, ni ckel elgotrahic paidhiedilOnp adliesivellayenBO@ sgoyre phoadul endii® iopreyieh posipereci ous

tal, d inati d 3 N ) 15, il. 2003 _-.26 j |
The b eoont bt oGt B AR 1 Shetabe SBYIBLI s PR g% led ' ©
exenpl ary emodi ARG v frofabiRdsiw éf"i3b§'.i mtw@ghlsgrgﬁer &16ss8PihidkhesREs dhe

&
present invention as defi ned Sby t¥1e claims folTowng wll be apparent to
t hose ski | | eddliesivkligyeaB®6 mepbe emplyyed to inkichee dnidalceteasstthe fillmgdd\chvgs3 G, e

descri bed as.heing attached to 5 suhstrates ol der, or._adhesiv

i nt er connect Ftd?lgn‘%ﬁ’éﬂé?t pqheive oXef &%@‘tﬁﬁ%?"?’?ﬂ‘ Ploﬂﬁlteezrlgé? ’éls?ﬁf? be

enpl o to .l i i A

Subst IS e: Cyplisrein phfal o8I0 Gol MERHEArMARES B RITISNL EFPI0 BOE © 1e
adhesi ve, f otheakizkmdse of adlssive ddyee3@shenid Bd controled {oeawblal sach nendiidrisng

adhesi ve having a_nodul us of elasticity that | s ng greater n that of the
flexi bl o conduct ; Vs Beika &) e sviasya) digkmess fhs pdhe wa?ays& @Pﬁ@&yf’ﬁ t he
formof a pr ' W olas [ ' Lnting or
ot her sui tab?@giﬁ?ﬁ({)nd&{ﬂgécg?@hg%sﬁh%??%?ﬁté% e’tlgct ror??sgmg(ltal\g/li&f:ﬂgg% %ﬂflgss t han
about 5 nmm akandgubdstsatestlife sereesnseattioditiad struictyirelofttib esid\as wetldsrahialhesivey be
enpl oyed. | nag(ggji tion, although the electroni¢c devices herein have been

descrilfed as2ablasiiptensrisErdiongdgicaek 000 ving fgwe"s%lrk??té%ﬁ EtSof-85 AR GPt ed
circuits, nMegid a8, f@rfﬁ(%{n% S g5 @34ubdisntial K&affa egpé&nn}gdd &floy, €npl oyed,
el ectroni ¢ devi ces coul d 1 nclude netvvorﬂs of conductors a for daiodes for
provi di ng copbhventidnal amd whieh teguites A1 d¢castthrdeatr fmariayeas, induding thedwd daytess

networ ks of resistors and/or capacitors and/or inductors, as may. be
necessary or '¢BHELH %‘ﬁ“ the,stepped sayity e fole 1nte, hich 4 qogyensional ‘g%ﬁtrd’nfo
according to i J = may be nmade
as descri bed 11'?1(Jgrﬁlee'iq$1‘f‘\ﬂérgrﬂ;;ﬁgd(’)f/‘ﬁ%glmedthc eségﬁé%%l%%rr%&%%&&rns E%Pl?@[e)g%oops on the
card <fbst r atAelditionakly,\tke @ dflspedRif adidseres that heseboprecily desparstd asto the

advant ageous as ert?l{fp enbodi nents described herein, wire | oops nmay

facilitate minqylggrof %V‘_éi‘lt) the REORa FHgs farhrading thecdeepglthe pontpgt | 5 not ed
25 that | 0op i eNAER1NE YifithafedSiTRhd prddEP Giveltiord UriitheTRle B f HRIIRMEM | N
cards according to the present invention ereln the electronic device has
spaced apart tampdratates of thetpresentniaeéntion avbiel thedeeddd hedteherBV Cisubstratesitoop

antenna and the el ectroni c device i unted to bridge.quer or straddle the
i nt er medi at e ¥PSEAVESE appreaciethisi .mq?hngem%g@}qus REW. whéthgO@Sﬁaléﬁ?@t to

whi ch e el i . ith electrically connect nm
be dep%sgi ted%%h{eg&#ﬁglg%%gat%?ea e %ygyfﬁg lgggg%tggl?gghto 15 April ¥003 - 27 they

| oop ant enna t her €anrd 300 ismyadeas ddpost tAed - Snhib thitle(0e05%-c.1 dning) ldgariof &pe

either at the individual sem conductor chip | evel or at theléem' onduct or

waf er | evel , MB70a%adhestyr auailable diom ﬁéTF%BP%MtI%?ﬂPé‘eQHEW dhe rBri ¢
device Is atlaghah tlcl iReSHIE Bh& sublirid'S6d mBRAbL bY MniRMRIg s GRECL yPe
credit card applications, cards and other articles” having electronic

devi ces enbeddédadhbgveihereie oobydioligouting, Berepriag etdncilingen bithen suitaplehaethod | | zed
in other applications and.in_ special environnments, such as renotel

| dent 130 abl 6 of depsHpEadbeeeheeal AohRadE 2 r ABRIbihick Qe 45 MMV

account for personnel, animals, tools, equipnent, |aundry, and other itens.
In certain of these applications, the cards and the el ectronic devices
therein may be exposed to a totally 10 different environnment that requires
the substrate to be of a material other than those



described above in relation to typical credit card applications. For
exanple, in the case of laundry tags, the card and enbedded device is
washed and cl eaned along with the clothing or other article to which it is
attached and so is exposed to various chem cal solvents, soaps, detergents
and water, as well as to high tenperatures of up 15 to about 250 C. In such
applications, the substrate and card bl ank nust be able to wltShird2@08 he

hi gher tenperature and the chem cal enviggnnment, and so rmay be forned of
polyimde film such as Kapton film or other high tenperature

t her nopl ast i Ghsaing 30D eGR L haviRE Bfcl @k Trrodph-hdE tavii®s W4Qh&ethrdupf il ectronic
devi ce, the attached sem conductor die may be encapsulated with a resin

t hat exhi bi t banynated withtley shegtofibass subatnate 30% matesiabupbathesi ve layed T4l to fonma
solvents to i.C h r il 1. be exposed, such as type MEE 7650.

it erent | afdiing dhataR ok hadaeofriiie s BEtret o e MR e, For
exanpl e, typgsyifeshlé490sRidd, 118 ABAR 0 heS@UHR 336R%)! THe 1AdaRs] yes may be
pre-applied as an outer layer of an article and may subsequently be

utilizéd to bdstratel362 a telected wmnsistenthewith thecthidkhess of te dedtionlcaleviseton
identify. The foregoing adhesives 25 are also co rcially.avall able from
Al Technol ogWOdu{efgat%ﬁir?m%)‘ﬁéhe- %‘W&?ﬁlt@r@gmuﬂﬁﬁ@na@ RPAIOPES 8 havi ng
an el ectroni i d &bk i o & B G, t €5 RN first
and second o%% s¥%§%§ﬁ5§§g§§ig?|$”§%?§ﬁ?§? 5 Eggggagﬁgﬁé%ﬂ§d§#acegngnd

havi ng at | eastloddtel rela€iot td €rh odent@thas when theahédt b$ tantinated! sylisaatas 38Liisf ace
t hereof; an el ectronic device nmounted on the f road . pl anar, S{-ﬂLf ace of

j I'st
sai d subst r af¥ IBednixidualragd sybstates. cayifies Jpdwd ]?:%‘l‘?dg‘ép‘é%tﬂqq Rgterigh Pyt s

conneghed re i; t el ' ; i d
subst fltgt e; aﬁf}:a;@@é/ag#%fg@%@r@l Ict)wa l'e aggﬁggée?% @n&?ﬂgg‘lﬁ& ?gfﬁ B%? gg%‘%gﬂl anar
surface of saiddxinglrsdiciatiethechestiofithnsinated sutsahtes B0 Lindeknaea prefigemiinedai d

| ayer of nelt-flowabl e adhesive is of substantially unifgrmthickness; and

a card bl ankpogtionsdrelatiogshipie thecapitigs 3Phiasiaitateplacamant af elsctippiamodules oad
| f . @] [ LSt i ded
DA hur ! oaf i ARARLM Al R BBl A B Bl e Sbone

mel t - f | owabl grteédfdpdiive subdiatesi3nl sataded @ t Electt¢hicimviicles 2 50 shephrsdandet ween
said substrate and said card blank and is_encapsul ated by said |ayer of

mel t - fiSowabl Bordeddnto e respretive gdtigh It ctuch g5 by plapdard pighedndimlacsai d substrat e
| ncl udes at %@ﬁﬁﬁleﬁt\’@\i’\tﬁltﬁeﬁ {ek;ge%livég&&:?c?ﬁds%éé}ﬁo 3c %&e&ﬁ?ﬁnﬂ#ﬁ r
eof, and nsard two e fe electrically

surface ther erel ectrical contacts

connect ed t os@Rtratedl0@6$ heabddao davmperatuge ofldbOUBES | T3 €C @hd eleatdhidmotigleilo sai d
substrate includes at |l east two electrical 25 contacts on the first 2broad

pl anar sur f aésepressed swd cavitydootith episestre olaboshd adf psidabaOd <) dkgcanite
device are elsectricall egt ed d wh in t t el.ectri cont act s
on the 11t TBrdausgr a7 ORDReSEe A Re PRl dpe A R ELb R
connecfoed r e&&%ﬁfdﬁﬁhﬁé duStohdee irf¥entloR Ghd isc@lt of Sinpalated i individégdicand br oad
pl anar surface thereof. . )
300. Alternatively, the cover or outer layers may be preprinted in a web or panel form
having suitable guide holes or other indicia for proper positioning and registration.
FIGURE 10 is a cross-sectional side view of a further alternative embodiment
of a contact type smart card 300 that is the same as card 300 except that a glob-
25 encapsulated wire-bonded module 210’ as described above in relation to FIGURE 8 is
bonded into cavity 304 of card substrate 302. Card 300’ is made by the same process
as is card 300 described above, and may utilize the same materials and adhesives. In
like manner to card 300, upon lamination to form card 300°, adhesive from adhesive

layer 306 flows into cavity 304 in card substrate 302 embedding electronic module

30



30 15 April 2003 -29 4. An article having an el ectronic devi ce enebedded
therein conprising: a substrate having first and second opposi ng surfaces;
an el ectronic device nmounted on the first surface of said substrate; and a
| ayer of nelt-fl owabl e adhesive on the first surface of said substrate 5
covering said electronic device, wherein said electronic device is
encapsul ated by said |ayer of nmelt-flowabl e adhesive, wherei iS5s%gprd 2003
substrate includes at |east two electricag-contacts on the second surface
t hereof, and wherein said two electrical contacts are electrically

connect ed t 02 5RitHern96 6N ModEREREE, in?ngp@?%bﬁth st ed batirsabfrakd®iudes at
| east two electrical contacts on the rst surface thereof to which

respective caemtead 30¢f said electronic device are electrically connect ed
and wherein the t el ectr| acts o rface . of sa

substrate are el eg)tf‘?‘@ﬂ?’?l?}’ %Wgc?ttelan?@éﬁgne%‘i’?%ﬁ/ﬁﬁcfn% %‘W@F‘élﬂ?. cal
contacts on Maewalﬁﬁ%ﬂnﬁteaE@&eafeagoméfor@melée‘irmsweQm@ A100isgliRelr i cal
contacts on the second surface of said substrate are electrically connected

to cor Sesponaidiprdedinde tavityd(dait thesbmpenatme endipessoee dgtediabdvet évdsmtieect i on
sel ected ftom.the gro consi of sol nect onducti ve
adhesi ve con 6*%% Ogﬁﬁﬁlﬂl‘tgﬁﬁ% agﬂ%Wﬂgqr%g aa h“i%ﬁ'n@gc‘?’%ﬁ% varid g
The article Rio&%{ﬁ'dﬁf&eﬂmfﬁdb 360’ %ﬁl&?e"‘s&és%@wé%?'tHE‘ﬁﬁck%sstJﬁhé hdrebivBr oad

pl anar surface thereof an elondated el ectrical conductor having first and
second ends Hyerci(6 shatldybesokroted If@cprbpneradhcku&l ﬂnw whan Gandeatingssub@tatG301An
article having an el ectronic device e edd erein co risipng: a .
substrate hatdth§ g?%“?egtth‘ﬁ]ﬁ‘&ia%eg%@a@b‘ﬁgb %\@égrel%o 'ioé:@f‘{‘l%rqpcz@evi ce
mount §@ on tQgyfdst a%‘drr%ﬁ& 511 06 Btk %be%eatrgm fsd 6Y hpled i

mel t-fl owabl e aﬂggrve o} Iﬁl fll rst ssurTace sal%sabstra e ?:ol\?erl ng said
el ectroni ¢ deakimg,camds808) 3008.ai d el ectroni c devi ce is encapsul ated 30 by
said layer of nelt-flo erein said

dh | 03 -3
substrate incl udeé“%ﬂ"t? @%P&efgéwgpéuféﬂgéﬁ“ be egpley eérﬂ@g}eﬁl‘e?seﬂdrl cal
conduct or hayj gt Hés%hb%ﬂeréﬁc%g ﬁﬂ’gﬁe GheEsdth &%ddﬁle@%@fkﬁ%@ﬂn UX. et
ereln sal

el ectroni ¢ devi ce, ong ate el ectrical conductor iIs
formed by deppslitdtiog Sarial ehbarQ9/41R2, (Isandamz US/&28R1H@S; ientitl @' Cdntact Mcslule,

surface of said substrate. The. article of clajm 6 wherein d deposited
patt erld i ncl éd@@rétsmea@%ﬁédé\éﬁhaéfmtMFlngﬁamedgé dabyclgﬁ‘ﬂﬁ&rsr UR8R8si ve

connection t @cﬁ)%'efj4,ell99§} WhRh ﬁpﬁi?c\éh&? is h]epeby incorporated herein by reference in its

entirety, may be employed.
Contact-less cards, on the other hand, are advantageous because they do not
require the making of electro-mechanical contact with a card reader, and so not only
20 do they avoid the potential poor-contact problems caused by contamination, oxidation
and corrosion, but they also may operate with a card reader over an RF link covering a
substantial distance. FIGURES 11 and 12 are plan and side views, respectively, of an
exemplary substrate 402 for a contact-less card 400 having an electronic device
embedded therein. Substrate 402 is formed of a thin sheet of substrate material, such
25 as PVC, PET, ABS or HIPS, polyimide, polymer film, or other plastic, or paper film,
or other suitable material, on which is deposited an elongated electrical conductor 404
that serves as an RF loop antenna 404. Antenna 404 is formed of a thermoplastic or
thermosetting polymer adhesive that is made electrically conductive by the inclusion
of electrically conductive particles therein. Electronic device 410 is attached to

30 substrate 402 in a flip-chip manner by electrical connections 406 that bond the contact



8. The article of claim®6 wherein said deposited pattern includes a |oop
antenna. 9. An article having an el ectroni c device enbedded therein
conprising: a substrate having first and second opposi ng broad pl anar
surfaces; 15 an electronic device nounted on the first broad planar surface
of said substrate; a |layer of nelt-fl owabl e adhesive on the first broad

pl anar surface of said substrate covering said electronic dedScgril@83ei n
said electronic device is encapsul ated by7said | ayer of nelt-fl owabl e
adhesive; and 20 a card blank bonded to said substrate by said |ayer of

nel t-fl owabl ?acﬁ%édﬂt@thé’@?ﬂé 8f theTRirdaRl @6AdRIAVE palliYh 664 bScollitaiBged bet ween
said substrate and said card blank and is encapsul ated by said | ayer of

mel t - f | onabl elhesiive that serveds the comaets af RFdda atermh40d Coonectioph@lteton sai d
card bl ank has a ca erein f.or eivin sal el ectronic vj,.ce and at
anst part ofieaiime Yexjds 10 Fasof peteipeiaiuER DAoL whilg

el ectroni ¢ dgyda8tivelabhesiiethfeof &l vPet Bly pcrAcﬁigméct%&defvwemerthér&ﬁi siding a

second substrate, wherein said 30 |ayer of nelt-fl owabl e adhesive is
applied to sa)miluste&mdheswmpattem 404 mhp beilnedar H—stagﬁdibtfbmﬁledﬁmuedwml ty

therein for recei said electro Vi C 200

wherei n sai d4§q é’y &f%ﬁa’&ﬂté@qnﬁés qﬁgﬁ‘ggg eﬁl‘f’tgoort“ﬂé‘n%a\f’%d‘ﬂ)‘?nvgé Sbvfr d

bl ank and 'ntfags bt raﬁén) ﬁéﬂm 'tﬁe@ﬁ%‘sﬁ%te"iﬁnﬁﬁeﬁ%Qngl%%t?&slt?dlﬂ%tlfeﬁﬁﬁnt0 be
covered thereby. 5 12. e article of aim1l or 9 Wherein said substrate
and said caranbirmrglthdndnp@smubsmf atticlelfilg inlhe fsanﬂlesanzmnarcdn\sﬁnapmallyaamd wher ei n
said |l ayer of nelt-flowabl e adhesi ve subs ' vol. une between

sai d subst r afUINAVeRHNRPSIg Wrb]néﬁRO‘H‘SWWE’am Rt %r{té’léllaz‘ﬂg tha IR oNKer eof .
10 13.9The aa&hﬁle of claim1 or 9 wherein sald card blank is bonded to
sai d substrate y said el ectronic device being bonded to said substrate and
said el ectroni c dawteeilpereey doandk defining diechattemcbflaintenka B4 sanployedeo  of
mel t- 1 ovabl cel'\ep%glrt] %ﬁect\{’i%hlly conductive adhesive on substrate 402 in the pattern of antenna
404. Typically, the substrate 402 is between about 0.25 mm and 1 mm thick (about
10 - 40 mils thick), and the conductors forming antenna 404 are about 250 pm (about
15 10 mils) wide and are within the range of about 25um to 125um thick (about 0.5 to 5
mils thick). In most cases, the conductors of antenna 404 are about 50 - 100 um thick
(about 2 - 4 mils thick) when wet and about 25 - 75 pm thick (about 1 - 3 mils thick)
after drying or B-staging. Suitable conductive adhesives include, for example, type
PSS8150 thermosetting conductive adhesive filled with silver particles which is
20 available from Al Technology, Inc. located in Princeton, New Jersey. The deposited
conductive adhesive is dried or B-staged by heating in an oven. Electronic devices
410 may be positioned to the substrate 402 either when the adhesive is still wet from
being deposited or after the conductive adhesive is dried or B-staged.
Where antenna 402 has plural turns and electronic device 410 bridges one or
25 more turns of antenna 404 or other conductors formed of electrically-conductive
adhesive, and particularly where the width or spacing of such conductors is small, i.e.
less than about 0.25 - 0.5 mm (about 10 - 20 mils), the deposited conductive adhesive
is preferably dried or B-staged before attachment of electronic device 410. A second

deposition of the same electrically-conductive adhesive is made to deposit a second

30 layer of adhesive on bumps 406 to which electronic device 410 may be attached while



15 14. The article of claim1l or 9 wherein said |ayer of nelt-flowable
adhesive is one of a |lam nated sheet and a deposited |ayer, wherein the
deposited | ayer is deposited by one of roll coating, screen printing,
stenciling, masking, and ink jet printing. 20 15. An article having an

el ectroni c device enbedded therein conprising: a substrate having first and
second opposi ng surfaces; an el ectronic device nounted on thd5fAprdt2083ir f ace
of said substrate; and a |ayer of nelt-figwabl e adhesive on the first
surface of said substrate covering said electronic device, wherein said

el ectronic dﬁl\é'sé&nﬂf’laﬁ%ﬁﬁﬁﬁh@é dw&or AtteS@yfhgl @ ¥estagihg "Holveldrowabic@he
adhesi ve, wherein sai'd nelt-fl owabl e adhesive has a bond strength greater

t han about 2C@dpstor Width kyspacing lasmalénperpa«tfgnredsthlaéatsactlmamt odlstegtrouis deyice 15
April 2003 16.. The arti m,1 or 9 where t .one of said
Ubstrate antl Qs ek dres sy dchodtiof oftubeieatnitree Butps A BRE% oup
consi sting ofriRPboykfaytd.chloride, acrylonitrile-butadi ene-styrene polyner,

hi gh-i npact pol ystyrene, polyester, and polyimde. 5 17. The article of
claim3$ or 9 wher @'ptiomaﬂllg uthie siang applidatiend, ayedferaldfy, aneihsuldtingwalbesvaidhesi ve i s

utilized to at rtlcle to g. ytilization ohpj.ect JAn article
havi ng an el ‘é‘é‘{efﬁlﬂ?rb %@@%Bﬁe@wﬁﬁ&n&tﬁ %‘&%PP@F%@“‘%&VéC%ﬂaﬁﬁt e
having first f I elhll)al’lﬁ ted on
the first suW?ace dgﬂgalgﬁmﬂggggg@gg @&%§§g§9g?tﬁ&f lﬁ @p ﬁg§%Ve on
the first suelkeemiofdeviad 4l Osamdstibsitace Mthanlngotsﬁliledl@mﬂuﬂmemdﬂmece,
wherein said_electranic |ce [ Iat sai d | ayer of

mel t - f | owabl §“‘%1'b"rﬁ’i‘§$w%u“ PB’Vquséa‘g‘POB‘T %@F Sirgpeth Ffb%@é‘%ﬂ’éf‘eé‘&?f ace of
said ggbstr af,-léct?&ﬁ@a&@cmo tatsa A RIS nfcudreihd bikRbbRAiRDI ect

19. An article conprising: a avi ng |rst an opposi ng
subst ant i al | yopanmhhtel Where the electncally—conductlve adhesive is a flexible adhes1ve such

as type PSS8150, as is desirable where the substrate 402 is somewhat flexible, a
flexible adhesive underfill, such as type MEE7650 or type MEE7650-5 thermoplastic
epoxy adhesive also available from Al Technology, is preferably utilized.

15 FIGURE 13 is a side cross-sectional view of an exemplary card 400 including
a substrate 402 as described above. Separately, a card blank 420 of PVC or PET
material corresponding to that of substrate 402, having a cavity 422 therein for
receiving electronic device 410 is prepared for assembly into a complete card by
laminating a melt-flowable adhesive sheet or layer 424 thereto (although,

20 alternatively, and possibly in some cases preferably, the adhesive sheet 424 could be
laminated to substrate 402). Substrate 402 and prepared card blank 420 are aligned so
that electronic device 410 is positioned to go into cavity 422 of card blank 420.
Substrate 402 and card blank 420 are laminated together, for example, between two
heated flat plates or between heated rollers, at a temperature and for a time appropriate

25 for adhesive layer 424 to melt flow and form a permanent bond of substrate 402 to
card blank 420 to form the complete contact-less card 400, with electronic device 410
positioned in cavity 422 and encapsulated between substrate 402 and card blank 420
by melt-flowable adhesive 424.

FIGURE 14 is a cross-sectional side view of another alternative exemplary

30 embodiment of a contact-less card 400’ according to the present invention. Card 400°,



20 broad planar surfaces; a substrate opposing said plastic blank, said
substrate having first and second opposing substantially parallel broad
pl anar surfaces and having at |least two electrical contacts on the first
broad pl anar surface thereof; an electronic device attached to the first
broad pl anar surface of said 25 substrate and having at |east two

el ectrical contacts connected respectively to the at |east twd Aprdd2003cal
contacts of said substrate, wherein saidlglectronic device is attached to
sai d substrate between said substrate and said plastic blank; a |ayer of

nel t - f | onabl gkaedie 30y detibsdifisdveinbialltya prepired Rubshueleoe satBBophaRatd ng t he
first broad planar surface of said plastic blank and the first broad planar

surface of sAP4anddlectromicedevigedtunesindest thetepy as describryl inrelatiprtoel IGURENpr i |

2003 -33 therebe en tq,substantiald apsulate said.electraoni c device.
20, The art1 & 851 2 oL aerhIa e PEP kARG B SRt S T 8T Uy Tt o
whi ch said eb@strheiog, dRY in6Ehdve aR@fity f? N&Livisy Sledtdid dSadett 1TBtHerdblowabl e
adhesive. 5 21. The article of claim 20 wherein said |ayer of melt flowable

adhesi ve hasadvantigedusbssimplififingihe making ofwant 4004and elimutating p prafessingsteR2. An
ticl ising: ,10.a plastic bl ank:. bst,r at i ng.said pl asti

ol ank: an o ot 408isr Bl b el b HRUEE P BRI G ol '

substrate andy$a dmhaA% ia%hék@tafﬂk of thel VSRV ab® aditive tﬁewa,gltaﬂaﬁﬁémﬁy

attaching said plastic blank and said 15 substrate, and substantially
filling the bpsHvdgingrerabetivesheet 424¢talsstdaiankadA0y. ddbespealayeret2ddiasiael ect r oni c

Gt o e o B ek Fon BT ARl S GRS P BER
havingoa cavibysd @at #t RCRINEOH 15 @b 8h&EhdaBiliiste ARYIGSc device 410. 1t is noted

that the adhesive of which layer 424 is formed is preferably selected to be of a
different type than is the conductive adhesive of which loop antenna 402 and contacts
406 are formed so as to avoid the smearing thereof, such as an adhesive based upon a
different chemistry of its molecular and physical structure, such as one being a

15 thermosetting adhesive and the other being a thermoplastic adhesive or two adhesives
employing different solvenst so that the solvent of the one adhesive does not affect or
dissolve the other adhesive. Smearing is also avoided if layer 424 is formed by
laminating a sheet of dried or B-staged, i.e. solvent-free, adhesive to substrate 402.
Substrate 402 and card blank 420’ are laminated together between heated flat plates or

20 heated rollers, at a temperature and for a time appropriate for adhesive layer 424 to
melt flow and form a permanent bond between substrate 402 and card blank 420’
thereby to form the complete contact-less card 400’ with electronic device 410
positioned and encapsulated between substrate 402 and card blank 420 by melt-
flowable adhesive 424.

25 FIGURE 15 is a plan view of a substrate 402 as for cards 400, 400’ above in
which an alternative arrangement for mounting an electronic device 410’ to substrate
402 is employed. Electronic device 410°, for example, a semiconductor die, which is
illustrated apart from substrate 402, has two contact pads 412’ located, for example,
spaced apart along opposing edges thereof. RF loop antenna 404’ of suitable width

30 and conductivity is deposited, as by screen printing, stenciling or other suitable



20 23. The article of claim19 or 22 including a plurality of electrical
contacts on an exposed surface of said substrate, wherein said plurality of
el ectrical contacts are electrically connected to said el ectronic device.
25 24. The article of claim19 or 22 including an electrically-conductive
pattern on said substrate having at | east one connection to said electronic
device. 25. The article of claim24 wherein said electricall y5chprd@008ve
pattern including said at | east one connggtion is fornmed of an electrically
conductive adhesive 30 deposited on said substrate. 15 April 2003 -34 26.

The article gltfoldiraegdit &l &b tr$al19-Bhdgchive aBhRIVE, SRS sdbserdte 402 dn@Mhas
receiving at |east part of said electronic device. 27. A nethod of making

an articl e hatthegndsitherkefccontacisctOdeof RE lanpratinod 404 etpated @artélmqﬁanm ng:

provi ding a substrate havin t d second .o Si.n ar

sur f aces; alﬁ@ﬂ?en?f aéﬁc‘éqt%‘ifg’ﬁé)%%@ 82&138%0‘11%8?‘%&? §?’g‘8198 3‘ sur f ace
of the SUbSt EdtinRetiokthBYeRY 1 1H1a08itiBn, ABPoR UOTR depbliRiihl Ssddhiag v fat OXi mat e
the first broad planar surface of the substrate, wherein the | ayer of

nmel t - f Bowabl suppditegi amrtefelatmhicalemies 410 tmtlfmnsudnﬁacirpadsaﬂythﬂneo‘for mand is

sufficient tQ cover. the el ctro ¢ device; and t flown he
a1 T 1 el SUBIFCANB/BRY BF Gemosa it ecommedinad Bt ¢ eamEmabal & e aremns, | 1

the substant j&f-liymd 3RS er(;qftee cﬁtsﬁi%%%m@x 18 wHIE i Wil SRl e iRRiivited 28. A

met hod of meking an arti avi ng an e ectroni c device enbedded therein
conpri si ng: @abcqatedwodhatghafimotiet ofadl ectdoaic degickidl 8t wdhabtdbecomprapisedbyng

surfaces; attaching a,n Iectronlc evice t e first surface of the
substrate, whdfRs flegsey a?‘l“él‘:‘?ﬁ‘f?ga g??‘%q @Wﬁ%‘?‘ﬁreﬂbﬂ E‘@’ppﬁc‘ll%gd%@’ %% mi ng

el ect rcal deposited separately or of a different material, such as an electrically insulating
adhesive. Alternatively, a second deposit of electrically-conductive adhesive may be

made onto contacts 406’ to increase the height thereof, and a second deposit of

adhesive may be made onto support 408 to similarly increase the height thereof.

Electronic device 40’ is flipped over and mounted to substrate 402, as is

15 shown in FIGURE 16, with contact pads 412’ connecting to antenna contacts 406’ and
with electronic device 410 also being supported by support 408. Electronic device
410’ can be attached to substrate 402 while the adhesive deposited to form contacts
406’ and support 408 are still wet, or the adhesives forming contacts 406’ and support
408 may be dried or B-staged prior to attachment of electronic device 410’ thereto.

20 Where a thermoplastic adhesive is utilized for contacts 406’ and support 408,
electronic device 410’ may be attached to substrate 402 by heating substrate 402
and/or electronic device 410’ to an elevated temperature sufficient to melt flow the
thermoplastic adhesive (i.e. make it wettable for bonding and curing) when substrate
402 and device 410’ are pressed together. Where a thermosetting adhesive is utilized

25 for contacts 406’ and support 408, electronic device 410° may be attached to substrate
402 by pressing device 410’ into the wet thermosetting adhesive or by heating
substrate 402 and/or electronic device 410’ to an elevated temperature sufficient to
melt flow the B-staged thermosetting adhesive (i.e. make it wettable for bonding and
curing) and pressing substrate 402 and device 410’ together. The thermosetting

30 adhesive may then be cured by heating for a sufficient time at an appropriate elevated



connections between contact pads on said substrate and correspondi ng
contact pads on said electronic device; 25 providing a | ayer of

mel t-fl owabl e adhesive proximate the first surface of the substrate of
sufficient thickness to cover the electronic device; and nelt flow ng the
mel t-fl owabl e adhesive to encapsul ate the el ectronic device to the
substrate. 30 29. The nethod of claim 28 wherein said form ndS5eAAmidt2008al
connections includes at |east one of forping a solder connection, formng a
conducti ve adhesive 15 April 2003 -35 connection and formng a flexible
conductive aghggiapgeconnection. 30. The nethod of claim 28wherein said
formng electrical connections includes depositing a pattern of

el ectrical ly condlib¢ preéeredradbesie foonard ¢00 4000 iﬁraatsfpsPSSS}rfé)sqimmiktaﬂg to the
pattern of contact pads, of the electronic rst surface of
Phe. subst r at eondggtive Aexinfrtherasstioe Aot A EaP IS IB AL Tethr gy drhich

el ectroni c dgui 68 phiftel WigSa RliA6leNBdiNmIGRIKAGS, Padsbotl 1 hﬁﬁuﬁh@&ﬁd@[‘hﬁn

b
devi ce agai nst thg correspondi ng 10 contact features at a tine when the
conducti ve athieks to/providersemdble sondattivigland uelityefhdtodQaif asteamadt®0. Wmer ei n sai d

attaching an e e ronlc de I pcl udes pl.acin he cont act ads t he

el ectronic d 5&3@(. fsm w&ﬁé%f;?t&am%p ﬂact%ﬁ%i%vtwer‘@ i uebGHR 402 o

after the co hé’ d 33.
A et hod of %ﬁﬁ%‘g‘ﬁ%&%??‘?éé%“s HEHaSs 406 %“P%%fﬁﬁﬁeﬁ%ééﬁﬁﬁﬁ%‘ﬁﬁﬁgﬁﬁ%r ei
conpri si ng: pr@\s of sialbsize) ey rledsehdneabonys frini slong itd edge; an dndgyfitl ©if nigid

surfaces; 20 formng el ongat e ctrlcal (of0) du tor., on t first, surface
of the substmatesial axqf r%mawr@fj@ey & Fmplaged, vaih ¢ et @WPg—%@&tFFélce of

the sypstrat ﬁemg Eﬁéio‘}g@q’hgrel sﬁﬁﬁfafté) ltfexfbllé)vﬁmaﬁﬁ@&if@% Iﬁ?%e? NeveL e the

first surface o ubstrate o iclent thrckness to ctover thé
el ectronic demnabouteﬁndnﬂeﬂon@éﬂy e‘dgemnchg rigliesubgtidte $uchwia lah FRAdabstrateist o

encapsul ate grrr]lglo%(? %tr Ef substrate 402 is flexible, or if the adhesive employed for contacts 406’
and/or support 408 is a flexible adhesive, then a flexible adhesive underfill is
preferred. The underfill adhesive provides additional strength for the bond between

15 device 410’ and substrate 402, and also provides additional insulation and resistance
to intrusion of contaminants, including migration of silver from the conductive
particles that might be employed to impart conductivity to an electrically-conductive
adhesive. The preferred adhesive for flexible underfill is a type MEE7650-5
electrically-insulating, flexible thermosetting adhesive also available from Al

20 Technology, which may be applied along the edges of electronic device 410’ and is
drawn between device 410” and substrate 402 by capillary action. In addition, the
same flexible insulating adhesive material may be employed as a protective coating
for substrate 402 and card 400, 400’ to resist mechanical abrasion of RF loop antenna
404’ and contact of contaminants and other environments therewith. Because the size

25 of the electronic devices usually utilized in these types of cards, rigid adhesive
underfill may be utilized if additional mechanical protection is desired.

The method of making an exemplary card 400’ is as follows. A 7-mil thick
(0.178 mm) sheet of annealed, highly-printable PVC is obtained. Preferably, the sheet

is of sufficient size that a plurality of substrates 402 may be made contemporaneously.

30 For example, an 11-inch by 11-inch (about 28 mm by 28 mm) sheet is convenient for



device to the substrate. 34. The nethod of claim33 wherein said formng an
el ongated el ectrical conductor includes depositing a pattern of a
conductive adhesive on the first 30 surface of the substrate. 15 Apri
2003 -36 35. The nethod of claim 34 wherein said attaching an el ectri cal
device includes attaching at | east one contact on the electronic device to
a location on the pattern of conductive adhesive. 5 36. The nstAwi] 2003 cl ai m
33wherein said form ng an el ongated el ecpgical conductor includes
depositing a |l oop antenna pattern of a conductive adhesive on the first
surface of thgsURahalBntafiifh ¥BBYY dragdrd2 ARG G AN 19hEE LY I $ahondevi ce

I ncl udes attaching at |east one contact on the electronic device to one end
of the | oop @bber28anmaiyt 4 mnyfshesd ickeonyenientfdhmsaking a pafel Fontamings B bg Sof
maki ng an article having an el ectronjc device enpbedded therein conprising:
providing a %‘Eﬂi’s‘ifrgtsé‘{’ﬁ%ﬁsnﬁachiwlg’t S“gﬁﬂe%té’@é}ﬁ%l R?E]Bg?ﬁ %‘e%ﬂﬁhﬁé &t attaching

an el ectroni | ' ; éﬁl]lp% {zgn MRt i | ding a
| ayer of nel fen‘ %ﬁﬁ%&rgﬂ%%lﬁgesnﬁ évng%f)glgglé fr%glt% goﬁgel&{:i?(rlst %#d?&ell e o? f 1!tfl)iﬁfe&w
substr &t e of thatfatilitite placérhentlané aligriment of the shit, fok exdmpla) witldesspexe fo wher ei n

said providing a |layer of nelt-fl owabl e adhesi ve includes formng the |ayer
of mel t - f| owdsBeeds aphesnyls, B‘ﬁktaﬂé'PfﬁcF%u‘B@P\“aia@‘ ‘{‘%:P'ét%agter t he
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el 1 owabl el e hfkETAh ALl iy Batety (lesivh YL P P3 38090
substrate. 3fhernidydastiethigidy-efectricall yreéntnbtvesfery. s<0.0D If aitnAemocondectlvaty®r  of
nelt-fl owabl e_adhesi ve_ i ncludes one of sheet |am nati n&)is roll coating,

screen pri nt #dhgsivegvailapledrem i Teglralogyg s sgrrgn prRtedontghe KV ¢ gheehat a
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first and segqihébn@eporiong vilicH éledfonicdbvidet 4t hikgo BB atthehed ivabidgkkawpce to
the first surface of the substrate; providing a |ayer of nelt-flowable
adhesi ve pr odlfhoagh stepeiling,maskings fkciet printing or other suitable deposition method

could also be utilized. While the conductive adhesive is still wet, electronic devices
410 are heated to a temperature sufficient to melt-flow the conductive adhesive and

15 are placed onto the PVC sheet substrate in the proper positions for contacts thereon to
make electrical contact and bond with the conductive adhesive at the ends of the 24
elongated patterns of conductive adhesive loop antennae by pick-and-place
equipment. The substrates 402 with electronic devices 410 thereon are then dried or
B-staged in an oven at about 60 °C, and may be inspected and electrically tested, if

20 desired. A 10-mil thick (0.25 mm) sheet 424 of dried type MB7060-W melt-flowable
white-pigmented adhesive is laminated to another sheet of 7-mil thick (0.178 mm)
annealed highly-printable PVC at a temperature of about 75 °C. Preferably, this PVC
sheet is of like size to that of which the plurality of substrates 402 are made, i.e. an
11-inch by 18-inch (about 28 mm by 46 mm) sheet for making a 3 by 8 array of 24

25 card blanks 420° with sufficient unused peripheral area of the sheet remaining for the
placement of guide holes or other indexing and alignment indicia corresponding to
those on the sheet of substrates 402 that facilitate placement and alignment of these
two sheets. With proper indexing and sufficient precision of size, individual panels
can be laminated to a web form for ease of subsequent die cutting and further

30 processing. The sheet of substrates 402 and the sheet of card blanks 420’ are roll



15 April 2003 -37 of the substrate of sufficient thickness to cover the

el ectronic device; placing a card bl ank against the |ayer of nelt-fl owable
adhesive; and nelt flowing the nmelt-fl owabl e adhesive to attach the card
blank to the substrate with the el ectronic device therebetween. 40. The

met hod of claim 39 wherein said placing a card bl ank includes positioning a
card bl ank having a cavity adapted for receiving an el ectronild Aimui2083
therein in a position with the cavity opppsite the el ectronic device. 10
41. The nethod of claim40 wherein said nelt flow ng includes pressing the

substrat e anpinlih@ed figethbt @&nletpaiatui@ind HebPSdlédtednotrhige HedhssU £24dgVi ce in
the cavity in the card blank. 42. A nethod of making an article having an

el ectroni ¢ dehdut 65 eth&Gdwlich meaydierfadiBtatasiniyr preiheafingthe twal shegtsdo sbingtSOat e
having first _and second opposing surfaces; attaching an el ectronic device
to the fi rst6@u€1a‘é§é136 ytewg?@mﬂg'ﬁa?@@n%rrel}?raiswgcegag%ﬁj a distangs £94al Bnabl e
adhesi ve pr o L[eS of fl.cl.ent

hi okness t o anckndspBr e B 3B0> T EncH RLAG Bhd HhnFNE

mel t - f Bowabl gagdiesf aiein pocRets bpsueblthe substragd, ¢iod ¢abd blankleanid eiee ddhetilve
substrate, wherein said nelt flow ng includes,hgating the ne]t-fl owabl e

adhesi ve to WhifBwould ipd e wsakeaithe earduithe rombingd shastof lamprated wrds 1097 ess
than a defor patj on. %W%pﬁ%q‘fée @%&g@;&ﬁ#@&e {nt%md@aﬁ‘@%éggregg%ﬁ cQtlgg,glg)Ot’ 25 43.

A nmet hod of neking an”ar ctronic enbe her ei n

conpri sing: pdch\ading@n@le&trohip devicpan@bmbéddad phea¢ial i ty of substrates having
first and second opposing surfaces; 30 attaching electronic devices to the
first surface of bhike mainenecapis#08) 430) opPES apd ofigr agterials may be made by

10 the foregoing method where PET sheets and suitable melt-flowable adhesives, such as
types MB7100 from Al Technology, and temperatures consistent therewith, are
employed therein. For example, for substrates of PET material, electronic devices 410
may be attached with conductive adhesives at a melt-flow temperature of either 120
°C or 200 °C, such as types PSS8090 and PSS8150, respectively, as is convenient,

15 because with the PET heated to about 120 °C and the electronic device heated to
about 200 °C, the adhesive will melt flow and bond instantly without heating the PET
appreciably above 120 °C. Lamination of the card thereafter requires a temperature in
the range of about 60 - 120 °C, and preferably about 80 °C, depending on the
particular melt-flowable adhesive employed, which does not disturb the connections

20 attaching the electronic device embedded therein. If an optional adhesive underfill is
desired between electronic device 410 and substrate 402, a flexible adhesive, such as
types MEE7650, MEE7650-5 and MEE7850 thermosetting epoxy adhesives available
from Al Technology, which cure at a temperature of less than about 80 °C, is suitable.

Where the size of the electronic device is small, conventional rigid adhesive underfill

25 may be employed.

It is noted that the arrangement of FIGURE 14 is particularly advantageous
because no cavity is required to be machined or otherwise formed in the card blank to
receive the electronic device therein. This not only saves time and reduces cost, but
also simplifies processing, and in addition permits thin substrate 402 and card blank

30 420’ materials, e.g., each about 5 mils (about 0.127 mm) thick, to be employed with a



15 April 2003 -38 providing a layer of nelt-flowabl e adhesive proxinmate the
first surface of the strip or panel of a plurality of substrates, wherein
the melt-fl owabl e adhesive is of sufficient thickness to cover the

el ectronic devices; and nelt flowing the nelt-fl owabl e adhesive to
encapsul ate the electronic 5 devices to the strip or panel of a plurality
of substrates. 44. The nethod of claim43 including separatind Aprd 2008i p or
panel of a plurality of substrates into-a4plurality of separate substrates
after said nelt flowing the nelt-fl owabl e adhesive. 10 45. The nethod of

cl ai m 43 whefreditiveBathitkpr ahesv @ tyer 428y 8., @bouta bt--155| Rie@beutadieso. 98 nimic | udes
formng the | ayer of nelt-flomagle adhesi ve on the first surface of said
provi ded st rthicketo gasiy pcapimmedsits standard thickaesstelgetronisaierises. cTlausy theangle

hed th f h incl udi ' h OVi '
e LSl S A B RSB oL bR B
substrates af ‘id?vizl teigie?'atﬁx‘érdﬁaﬂ&t%e- JoP(CEer9ts 4he éé&%%QhQO@de% on the
thereof. 46 claim 27, 28,

first surface ) . The article made by the nethod o

33, 375 39, didund elédrord®dévice 4 et tarch inqrlacet iengpvay therdfocwih peacisegizan

el ectroni c devjice enbedded therein conprising: prQvigding a supstrate having
first and se @c@ﬁ)@bgﬁf’grﬁéwﬁﬁéﬁfég n%?&ﬁtf%@ e&fﬁﬁ%&ﬁlﬁ}ﬂ?@l Feige pifer e
first surfac ' ﬁj@ﬁ} ; : ' of nmelt-flowabl e
adhesi ve of ?S%g%rgﬁ?%é y ijE@%@%%gglﬁwgﬁ%@ggﬁgk&%ﬁgfi rst surface of said
substrat e coveri nin faai, thedbmsgbingmiathatbad vaatagedustydemisisiclf tebeiag emplayediavi ce

I s encapsul ated by said |ayer of ne|t fl owabl e adhesive. 48. The net hod of
cl ai m 47 whef EPHIVGRHPIIFETIlYPIGUE & s e of e dRiparngn PEOmE Ayt | east
o EHGCL L ! C 8GR Al As'shGwi B FIIURE72iteRf of Bing RSB shebffbrm, 15

the material from which substrates 402 and card blanks 420, 420’ are made is
provided as long strips in roll form, i.e. on rolls 510 and 530, respectively, as is the
melt-flowable adhesive on roll 520 to be laminated therewith. The conductive loops
404 and contacts 406 are roll printed onto the moving substrate strip 402 at printing

15 station 512, the electronic devices 410 are placed thereon as substrate strip 404 moves
past a pick-and-place equipment station 515, and the moving strip is dried as it passes
through a drying oven station 518. Then the prepared substrate strip 402, the melt-
flowable adhesive strip 424 and the card blank strip 420 are brought together,
preferably after pre-heating, and roll laminated in a set of pinch rollers 535 heated to a

20 suitable elevated temperature and spaced apart a fixed distance that is the final card
thickness, to form a strip of completed cards. Alternatively, panels having suitable
sprocket holes may be butted together end-to-end and driven by a sprocket drive so as
to be driven together with strips of adhesives. Finally the individual cards 400 are cut
from the strip by a suitable rotary die cutter or other cutter 540.

25 Further, the arrangement of FIGURE 17 may be employed with a roll 510
providing a strip 220 of electronic substrates 224 onto which electronic devices 212
are attached at station 515, and which is laminated with a strip of adhesive 206 by
heated pinch rollers 225 to form a strip of individual electronic modules 210 of the
sort shown in FIGURE 5.

30 By way of comparison to illustrate one advantage of cards according to the



-39 electrically connecting the two electrical contacts to said electronic

device. 49. The nethod of claim48 wherein said providing at | east two

el ectrical contacts 5 includes: providing at |least two electrical contacts

on the first surface of the substrate to which respective contacts of said

el ectronic device are electrically connected, and wherein said electrically
connecting the two electrical contacts to said 10 el ectronic 1deAprde003

i ncludes: electrically connecting the twpsel ectrical contacts on the first

surface of the substrate to the two electrical contacts on the second

surface ther gRkent drentibie tRPERPEF Mhtefihidiand 456eMBB/ B Borf@hlorl PVICnt a
substrate includes: 15 provi dlﬁr]‘g an el ongated el ectrical conductor having

first and seeaxdtl exendiagttie enst o eﬁlep@;@mg devieg ds estiaragesk to bgnn thel rangerdfcal | y
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on the first surface of the substrate.” 52. A nethod for naking an article
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attaching the plastic nk and the substrate with the | ayer of
April 2003 -4Dafd Myabb&hnmﬂétbtmbcabeuﬂﬂlkﬁm$(b25 whén maden pdmelssa;ﬂéﬂeards

t her ebet ween to subsiantial | capsul ate t el ec 53. The
rothod of - ol 5190 G5 a0 by EEnRs o S BnaLbeehbihs o i 1PRE 5
subst ngte |ng(l)gtlggsgcﬁgglvglupmd}gmw&‘?b@ﬁltoeéygl c device into a cavity in the
plastic blank to contact the nelt-flowabl e adhesive. 54. The net hod of

cl ai m 52 i ncl udi ni:is noted that other articles may be made by the methods described herein.
For example, the wireless articles described in U.S. Patent Application Serial Number
09/411,849, now US 6,353,013, entitled “Wireless Article Including A Plural-Turn
Antenna” filed by Kevin K-T Chung on October 4, 1999, which application is hereby
15 incorporated herein by reference in its entirety, may be so made.

Suitable pick-and-place equipment that is employed in the method described
herein and in conventional surface mount technology is widely available
commercially and typically has a placement inaccuracy of 0.12 mm or less. Suitable
pick-and-place equipment is commercially available from Mydata Automation located

20 in Peabody, Massachusetts, from Universal Instrument located in Binghamton, New
York, from Zevatech Inc. located in Morrisville, North Carolina, and from Manncorp,
and can place objects onto substrates with a positional inaccuracy of one one-
thousandth of an inch or less and at a rate greater than one object per second.

As is known, the contact pads on the substrates and those on the electronic

25 devices are preferably passivated with an oxidation-resistant conductive material to
further their making low resistance and reliable electrical connections. For example,
copper contacts may be tinned with solder or plated, as are aluminum and other
semiconductor contacts, or otherwise coated with layers of nickel, gold, nickel-gold,
palladium, nickel-palladium, platinum or other precious metal, and combinations and

30 alloys thereof.



providing a plurality of electrical contacts on an exposed surface of the
10 substrate, wherein the plurality of electrical contacts are electrically
connected to the el ectronic device. 55. The nmethod of claim52 including
provi ding an electrically-conductive pattern 15 on the substrate having at

| east one connection to the el ectronic device. 56. The nethod of claim55
wherein said providing an el ectrically-conductive pattern indSusizd 2003
depositing an electrically conductive adpgsi ve on the substrate. 20 57. A
met hod for making a plurality of articles each having an el ectroni c device

enbedded t herei n oQARMthSpeSnt RiveXiicH R beel aéscAbed Bk@id ¢fl th&orkgdngd 1 r st and
second opposi ng broad planar surfaces, wherein the substrate material has a

plurality of excomlayenbddipants varsations whtirf the scorisrand dpisit ahthe pregeftace t her eof ;
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material; prgyi gh&amiplfile Me B tfontd RUBRL GreaftB@fiedQs BEAS aftBdRd ke fir st
broad pl anar surface of the substrate naterial, wherein the | ayer of
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I's sufficient
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device thereto 1n the substantially uniformthi'ckness |ayer of
mel t - f | onabl forasdiveplieyesuimhlt wkiedil! is aiftbxibd¢ inshlatng adhesive haehg amialvhis| of
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met hod of cl mikrjeGpriftingtdnethee suiablesmethod. Where the size of an electronic device is
less than about 5 mm along any edge, conventional rigid adhesive underfill may be
employed.

In addition, although the electronic devices herein have been described as

15 semiconductor devices, of which semiconductor integrated circuits, memories,
microprocessors and the like are most likely employed, electronic devices could
include networks of conductors and/or diodes for providing continuity and the lack
thereof between particular contacts, networks of resistors and/or capacitors and/or
inductors, as may be necessary or convenient in any particular application of a card

20 according to the present invention.

Further, contact-less cards may be made as described herein employing etched
metal or wire conductive loops on the card substrate to serve as the RF antenna
therefor. While not as advantageous as certain embodiments described herein, wire
loops may facilitate multiple turn antennae having higher gain. However, it is noted

25 that loop antennae having a small number of turns may be employed in cards
according to the present invention wherein the electronic device has spaced apart
contacts that connect to the ends of the multi-turn loop antenna and the electronic
device is mounted to bridge over or straddle the intermediate turns of the antenna.

In any case, the antenna contacts to which the electronic devices employed

30 therewith electrically connect may be deposited onto the substrate to make contact to



pl aci ng plastic blank material opposing the |ayer of nelt-fl owabl e adhesive
and the first surface of the broad planar substrate naterial with the

el ectroni c device between the substrate material and the plastic blank
material; 15 and wherein said nelting the nelt-fl owabl e adhesive conpri ses:
attaching the plastic blank material and the broad planar substrate
material with the layer of nelt-flowabl e adhesi ve substanti alllsyAgrill200hg t he
space therebetween to substantially encapgul ate the el ectronic device,
wherein each separate article includes at | east one of the plurality of 20

el ectronic dﬂl\éll&gﬁaxﬁéiﬁﬁmé&{ SUnHNbAdpebisddr #itd iR ctroRRIdel R8s, @fthdrye thel asti ¢
bl ank nmateri al 9. The nmethod of claim 57 wherein said attaching an

el ectronic d'mduc@ual perhigdaductdr shipdavdl oe bietbe semicondimtargeaferdevdl taapakene of : 25

maki ng electr| tions of co cts f t he ic,device to a
"o0p. ant ennacaiia sSBaRE fpopifaph wheT meeliRh Ruics dtufatel G s
surface of the Sui?ﬁéddﬂicﬁ& tH@ﬁ@iﬂlﬁJc catd dypN@edif cardd Sp il Eéfd_@incp&ﬁéxac'f
patterns on the first broad planar surface of the substrate material; and

maki ng5el ect aitickes hedng elettrams dG\fIC¢Sftalh§dd¢(hthB®1I’O%iCCDhbngﬂOébQ presént indeviioe t o

30 a pattern of extsegla ontaclts on e second broad ‘iaheqssurfa e of the
substrate maf@yPgptifred 19, eBPPIHFé%‘P 1D "E‘Gﬁ‘?fﬁ%‘inspé‘f AEMBH% he

first broad 1deﬁ§ﬁsz‘?f talggif Q%vncé@u&ﬁ%ﬁéegstwcf(%?‘?dﬁﬁf& Gﬁd/%&'?@éohﬁttﬁr material .

60. The nethod of clarm wherein sal d making el ectrical connections
i ncl udes at pesminelaeinwls, tarlsyiequipmest lamdry; emhether bems. flanrcm“talg oﬁtlmsmductl ve
adhesive 5 conr?ectl on_and forgn ng.a fl%\)jd‘?bl e conduct i e adhe
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mel t - flpowabl &fﬁ%?%ﬁ%ﬁ)nh{b% HAeR gEHesathQEub%ﬂﬁt%tto ba ¥ R afaked ofhet ihaﬁ ARkt ng,

screen printing, stenciling, masking, and ink j et printing th
mel t - f | onabl desadbebaboge omrefdtionfto typical Orebit cad qpphcm]mnschBraaxaane trhthe
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the clothing or other article to which it is attached and so is exposed to various
chemical solvents, soaps, detergents and water, as well as to high temperatures of up

15 to about 250 °C. In such applications, the substrate and card blank must be able to
withstand the higher temperature and the chemical environment, and so may be
formed of polyimide film, such as Kapton® film, or other high temperature
thermoplastics and thermoset materials. Further, to protect the electronic device, the
attached semiconductor die may be encapsulated with a resin that exhibits satisfactory

20 resistance to the expected chemicals and solvents to which the card will be exposed,
such as type MEE 7650. Different layering and thicknesses of adhesives may also be
utilized. For example, types ESP7450-SC or TP7205-E pressure sensitive adhesives
may be pre-applied as an outer layer of an article and may subsequently be utilized to
bond the article onto the object that the article is to identify. The foregoing adhesives

25 are also commercially available from AI Technology.



broad pl anar surfaces; 15 an elongated el ectrical conductor on the first
broad pl anar surface of said substrate, said elongated electrical conductor
having first and second term nals and being formed of a pattern of

el ectrically-conductive adhesive; an electronic device having first and
second contacts attached 20 respectively to the electrically conductive
adhesi ve of the first and second term nals of said el ongat ed 18| Auilr2003
conductor on the first broad planar surfage of said card-sized substrate in
flip chip manner; a card-sized plastic bl ank opposing said card-sized
substrate and having first and séﬁHﬁ&W§dﬂsﬁﬁﬁEBdSIy paral | el broad surfaces
di sposed 25 substantially parallel to the first and second broad surfaces
of said substrate; and a | ayer of nelt-fl owabl e adhesi ve between said

card-si zed sybstr aher@éhSahsat destroid 88liR @tbdddedtRithn adhpsdingg sai d
card-si zed plastic blank and said substrate, and 30 said |layer of

mel t - f | owabl e adhesi vea sulistratgrdaviagfirsttant |seevgdopposipgebstahbal slkedn to

encapsyl ate said gl ectronic device., .15 ril 2003.-.43 3. Th i rel ess
card of ol ai m 62 eH elmassr PR heviskab B il fnasdon BE 2
nel t-flowabl e adhggiay gldnaviurfac@tHdRlol- f | ow tenmperature of less than 120C, 5

A 3

a nelt-flowabl e adhesive having a nelt-flow tenperature in the range of
about 70-90C, a nelt - f hoektraiadéve meutted omthedirstdiroad plonartserfpeercftsaide i n
t he range of about ,65-75C, . and a

elasticity of aboﬂﬂmﬁgefﬁgbﬁﬂnégﬁgg%gﬁ&kgﬁg%%gé?ﬁggﬁ%ﬁgﬁﬂgﬁhggﬂgggpdulus o

respectively to the at least two electrical contacts of said substrate; a layer of

10 melt-flowable adhesive on the first broad planar surface of said substrate
covering said electronic device, wherein said layer of melt-flowable adhesive
is of substantially uniform thickness; and

a card blank having first and second opposing substantially parallel

broad planar surfaces, wherein the first broad planar surface thereof is bonded

15 to the first broad planar surface of said substrate by said layer of melt-flowable
adhesive, wherein said electronic device is disposed between said substrate
and said card blank and is encapsulated by said layer of melt-flowable

adhesive.

20 2. The article of claim 1 wherein said substrate includes at least two electrical
contacts on the second broad planar surface thereof, and wherein said two

electrical contacts are electrically connected to said electronic device.

3. The article of claim 2 wherein said substrate includes at least two electrical
25 contacts on the first broad planar surface thereof to which respective contacts
of said electronic device are electrically connected, and wherein the two
electrical contacts on the first broad planar surface of said substrate are
electrically connected respectively to the two electrical contacts on the second
broad planar surface thereof.

30



a card-sized substrate having first and second substantially parallel broad
pl anar surfaces; 15 a card-sized plastic blank opposing said card-sized
substrate and having first and second substantially parallel broad surfaces
di sposed substantially parallel to the first and second broad surfaces of
said substrate, said card-sized plastic blank having a cavity therein; a

| ayer of melt-flowabl e adhesive attaching the first broad pl d3akprid@083ir f ace
of said card-sized substrate and the fir89-broad planar surface of said
card-si zed plastic blank, and substantially filling the space_ therebetween;
an el ect roni # subAnmagice havngen dppesiadevie anebsadedtbersH-oIBRING| anar
surfaces and first and cond .t idal s if . tern of electrically
conducti ve adhesive ona%ﬁgg?gggg&gﬁggéigF%%%?q?gé?§%§§#ﬁ§$eof and

el ectrically 25 connecigéleéttori¢ d&liccntumesomthetRiturfaenéBaidsubsegemti vel y,
on the second broad planar surface thereof, wherein said el ectronic
substrate is disposed #&yehef melt-floyable adagsivecrthie §irst surfasiend said sabsirake wi t h

t he respective second broad anar, surfaces thereof heing substantjally

Cospl atar . 30° an E1atE SR SORE et A TEn MUF B frodE 0BReS HoRE BB sRA

attached respectiyghald Ifef bEmélt-Nistvapledde@s@nd term nals of said electronic

substrate on the 15 Aﬁril 2003 -44 first broad pl anar surface thereof in
51

flip chip manner, wher @hereiedaifl sibsizate invluded at/icas twe eleptrisaloeontacts andhe | ayer
of nmelt flowabl e adhesi ve far hal ding the second, broa | anar surface of
oai el ect roni ¢ sdHOTT MiFtace fhersit EMgrO8 sBET R IRl e Bt E e By Oy
contact card of cl&ingted t9\8d Befirsifid devi®l t - f 1 owabl e adhesi ve incl udes one
of: a nelt-flowabl e adhesive having a nelt-flow tenperature of |ess than

120C, 100 a nel t - f | owabwbergthsasd substiate inpdudes atlenst twvowlectigplesoatagtseon the t he

range first surface thereof to which respective contacts of said electronic device are
electrically connected and wherein the two electrical contacts on the first
surface of said substrate are electrically connected respectively to the two
electrical contacts on the second surface thereof, and

15 wherein the two electrical contacts on the second surface of said
substrate are electrically connected to corresponding contacts on said
electronic device by an interconnection selected from the group consisting of

solder connections, conductive adhesive connections and flexible conductive

adhesive connections.

20
5. The article of claim 1 wherein said substrate includes on the first broad planar
surface thereof an elongated electrical conductor having first and second ends
electrically connected to said electronic device.
25 6. An article having an electronic device embedded therein comprising:

a substrate having first and second opposing surfaces;

an electronic device mounted on the first surface of said substrate; and

a layer of melt-flowable adhesive on the first surface of said substrate
covering said electronic device, wherein said electronic device is encapsulated

30 by said layer of melt-flowable adhesive,



of about 70-90C, a nelt-flowabl e adhesive having a nelt-flow tenperature in
the range of about 65-75C, and a nelt-fl owabl e adhesi ve havi ng a nodul us of
el asticity of about 15 10,000 psi. 66. A card conprising: a card-sized
substrate having first and second substantially parallel broad planar
surfaces and at |l east two electrical contacts on the first broad 20 pl anar
surface; a card-sized plastic blank opposing said card-sized 1Sumil2802 and
having first and second substantially pag@llel broad surfaces di sposed

substantially parallel to the first and second broad surfaces of said
substrate, a |ayer of whereinfsaihwbbteate ielusiey en the firstunigee thereof ps elobgaedi

I 25 f f .said d-si zed. subst r at d .t first broad pl
U face of sai d crmenseR0 it BRI SR S B hre bR REG B
space t her ebet weegectaise @vi®l 86d roni ¢ device having first and second

contacts attached respectively to the at |east two electrical contacts on
the first broad planarwheneinasonl edongatddoelecirierl spndugtos isokormed by depokiting achi p

manner . 30 wherein said.electroni.c device i.s enhedded .i.n id layer of nelt
'l owabP e adhost vePuBRbOEmaar S Aoy a ity SR ooy car o of zog
15 April 2003 - 45 substrate and the card-sized plastic blank. 67. The
card of claim66 wherein said nelt-fl owabl e adhesive includes one of: a

mel t - f | owabl & adh€k¢ articleaficlagmd#® whdreinfshidwlepesifed pattemeénafddses keastmmn 5 120 C,
a nmelt-flowabl e adhesi ye, havi a nelt-flgowabl e tenperature in the range of
Sbout 70-90 G, - a SRINAC HAb AL S 2 dratieye ARG cantrEon 1) S FERRS: ur e n
the ange of abouty&3s/5 C, and 10 a nelt-fl owabl e adhesi ve havi ng a nodul us

of elasticity of about
10

8. The article of claim 6 wherein said deposited pattern includes a loop antenna,

9. An article having an electronic device embedded therein comprising:

a substrate having first and second opposing broad planar surfaces;

15 an electronic device mounted on the first broad planar surface of said
substrate;

a layer of melt-flowable adhesive on the first broad planar surface of
said substrate covering said electronic device, wherein said electronic device is
encapsulated by said layer of melt-flowable adhesive; and

20 a card blank bonded to said substrate by said layer of melt-flowable
adhesive, wherein said electronic device is disposed between said substrate
and said card blank and is encapsulated by said layer of melt-flowable

adhesive.

25 10.  The article of claim 1 or 9 wherein said card blank has a cavity therein for
receiving said electronic device and at least part of said layer of melt-flowable

adhesive that covers said electronic device.

11.  The article of claim 1 or 9 further including a second substrate, wherein said
30 layer of melt-flowable adhesive is applied to said second substrate, wherein

said card blank has a cavity therein for receiving said electronic device, and



10,000 psi. 68. The card of claim66 wherein said card-sized plastic blank
has a cavity in the first broad planar surface thereof, and wherein said

el ectronic device is 15 disposed in the cavity of said card-sized plastic
bl ank. 69. The card of claim66 wherein said card-sized substrate includes
on the first broad planar surface thereof an elongated el ectrical conductor
el ectrically connected to said two electrical contacts. 20 705 Agrd 2063 d of
claim 69 wherein said elongated el ectrical -conductor and/or said two

electrical contacts are formed by depositing a pattern of conductive
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a substrate having first and second opposing surfaces;
an electronic device mounted on the first surface of said substrate;
a layer of melt-flowable adhesive on the first surface of said substrate
covering said electronic device, wherein said electronic device is encapsulated
by said layer of melt-flowable adhesive; and

15 a layer of adhesive on the second surface of said substrate adapted for

attaching said article to a utilization object.

19.  An article comprising:
a plastic blank having first and second opposing substantially parallel
20 broad planar surfaces;

a substrate opposing said plastic blank, said substrate having first and
second opposing substantially parallel broad planar surfaces and having at
least two electrical contacts on the first broad planar surface thereof;

an electronic device attached to the first broad planar surface of said

25 substrate and having at least two electrical contacts connected respectively to
the at least two electrical contacts of said substrate, wherein said electronic
device is attached to said substrate between said substrate and said plastic
blank;

a layer of melt-flowable adhesive of substantially uniform thickness

30 attaching the first broad planar surface of said plastic blank and the first broad

planar surface of said substrate, and substantially filling the space
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therebetween to substantially encapsulate said electronic device.

20.  The article of claim 19 wherein said plastic blank has a cavity into which said

electronic device is positioned to contact said melt-flowable adhesive.

21.  The article of claim 20 wherein said layer of melt flowable adhesive has a

thickness sufficient to cover said electronic device.

22.  An article comprising:
10 a plastic blank;
a substrate opposing said plastic blank;
an electronic device attached to said substrate between said substrate
and said plastic blank;
a layer of melt-flowable adhesive attaching said plastic blank and said
15 substrate, and substantially filling the space therebetween to substantially
encapsulate said electronic device,
wherein said layer of melt flowable adhesive has a thickness sufficient
to cover said electronic device without said plastic blank having a cavity for
receiving said electronic device.
20
23.  The article of claim 19 or 22 including a plurality of electrical contacts on an
exposed surface of said substrate, wherein said plurality of electrical contacts

are electrically connected to said electronic device.

25 24.  The article of claim 19 or 22 including an electrically-conductive pattern on

said substrate having at least one connection to said electronic device.

25.  The article of claim 24 wherein said electrically-conductive pattern including
said at least one connection is formed of an electrically conductive adhesive

30 deposited on said substrate.
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least part of said electronic device.

27. A method of making an article having an electronic device embedded therein
5 comprising:
providing a substrate having first and second opposing broad planar
surfaces;
attaching an electronic device to the first broad planar surface of the
substrate;
10 providing a layer of melt-flowable adhesive proximate the first broad
planar surface of the substrate, wherein the layer of melt-flowable adhesive has
a thickness that is substantially uniform and is sufficient to cover the electronic
device; and

melt flowing the melt-flowable adhesive to encapsulate the electronic

15 device thereto in the substantially uniform thickness layer of melt-flowable
adhesive.
28. A method of making an article having an electronic device embedded therein
comprising:
20 providing a substrate having first and second opposing surfaces;

attaching an electronic device to the first surface of the substrate,
wherein said attaching an electronic device includes forming electrical
connections between contact pads on said substrate and corresponding contact
pads on said electronic device;
25 providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the electronic device; and
melt flowing the melt-flowable adhesive to encapsulate the electronic

device to the substrate.

30 29.  The method of claim 28 wherein said forming electrical connections includes

at least one of forming a solder connection, forming a conductive adhesive
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30.

31.

32.

33.

34.

The method of claim 28wherein said forming electrical connections includes
depositing a pattern of electrically conductive adhesive contact features
corresponding to the pattern of contact pads of the electronic device onto the

first surface of the substrate.

The method of claim 30 wherein said attaching an electronic device includes
placing the contact pads of the electronic device against the corresponding

contact features at a time when the conductive adhesive thereof is wet.

The method of claim 30 wherein said attaching an electronic device includes
placing the contact pads of the electronic device against the corresponding
contact features at a time after the conductive adhesive thereof is one of dried

and B-staged.

A method of making an article having an electronic device embedded therein
comprising:

providing a substrate having first and second opposing surfaces;

forming an elongated electrical conductor on the first surface of the
substrate;

attaching an electronic device to the first surface of the substrate;

providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the electronic device; and

melt flowing the melt-flowable adhesive to encapsulate the electronic

device to the substrate.

The method of claim 33 wherein said forming an elongated electrical
conductor includes depositing a pattern of a conductive adhesive on the first

surface of the substrate.
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pattern of conductive adhesive.

5 36.  The method of claim 33wherein said forming an elongated electrical conductor
includes depositing a loop antenna pattern of a conductive adhesive on the first
surface of the substrate, and wherein said attaching an electrical device
includes attaching at least one contact on the electronic device to one end of
the loop antenna pattern of conductive adhesive.

10
37. A method of making an article having an electronic device embedded therein
comprising:
providing a substrate having first and second opposing surfaces;
attaching an electronic device to the first surface of the substrate;
15 providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the electronic device,
wherein said providing a layer of melt-flowable adhesive includes
forming the layer of melt-flowable adhesive on the first surface of said
substrate after the electronic device is attached thereto; and
20 melt flowing the melt-flowable adhesive to encapsulate the electronic

device to the substrate.

38.  The method of claim 37wherein said forming the layer of melt-flowable
adhesive includes one of sheet laminating, roll coating, screen printing,

25 stenciling, masking, and ink-jet printing the melt-flowable adhesive.

39. A method of making an article having an electronic device embedded therein
comprising:
providing a substrate having first and second opposing surfaces;
30 attaching an electronic device to the first surface of the substrate;

providing a layer of melt-flowable adhesive proximate the first surface
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40. The method of claim 39 wherein said placing a card blank includes positioning

a card blank having a cavity adapted for receiving an electronic device therein

in a position with the cavity opposite the electronic device.

10 41.  The method of claim 40 wherein said melt flowing includes pressing the
substrate and the card blank together to position the electronic device in the

cavity in the card blank.

42. A method of making an article having an electronic device embedded therein
15 comprising:
providing a substrate having first and second opposing surfaces;
attaching an electronic device to the first surface of the substrate;
providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the electronic device; and
20 melt flowing the melt-flowable adhesive to encapsulate the electronic
device to the substrate,
wherein said melt flowing includes heating the melt-flowable adhesive
to a melt-flow temperature, which melt-flow temperature is less than a
deformation temperature of the substrate and the card blank.
25
43, A method of making an article having an electronic device embedded therein
comprising:
providing a strip or panel of a plurality of substrates having first and
second opposing surfaces;
30 attaching electronic devices to the first surface of ones of the plurality

of substrates;
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45.  The method of claim 43 wherein said providing a layer of melt-flowable
adhesive includes forming the layer of melt-flowable adhesive on the first
surface of said provided strip or panel of substrates after the electronic device
is attached thereto, and further including separating the provided strip or panel
15 of a plurality of substrates into a plurality of separate substrates after said

forming the layer of melt-flowable adhesive on the first surface thereof.
46. The article made by the method of claim 27, 28, 33, 37, 39, 42 or 43.

20 47. A method for making an article having an electronic device embedded therein
comprising:
providing a substrate having first and second opposing surfaces;
mounting an electronic device on the first surface of said substrate; and
applying a layer of melt-flowable adhesive of substantially uniform
25 thickness on the first surface of said substrate covering said electronic device,
wherein said electronic device is encapsulated by said layer of melt-

flowable adhesive.

48.  The method of claim 47 wherein said providing a substrate includes:
30 providing at least two electrical contacts on the second surface of the

substrate, and
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5 includes:
providing at least two electrical contacts on the first surface of the
substrate to which respective contacts of said electronic device are electrically
connected, and
wherein said electrically connecting the two electrical contacts to said
10 electronic device includes:
electrically connecting the two electrical contacts on the first surface of

the substrate to the two electrical contacts on the second surface thereof.

50.  The method of claim 47 wherein said providing a substrate includes:
15 providing an elongated electrical conductor having first and second
contacts on the first surface thereof, and
electrically connecting the first and second contacts thereof to the

electronic device.

20 51.  The method of claim 50 wherein said providing an elongated electrical
conductor includes depositing a pattern of conductive adhesive on the first

surface of the substrate.

52. A method for making an article comprising:

25 providing a substrate;
attaching an electronic device to the substrate;
applying a layer of melt-flowable adhesive to the substrate to cover the

electronic device;

placing a plastic blank opposing the substrate with the electronic

30 device between the substrate and the plastic blank;
attaching the plastic blank and the substrate with the layer of melt-
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56.  The method of claim 55 wherein said providing an electrically-conductive
pattern includes depositing an electrically conductive adhesive on the
substrate.

20
57. A method for making a plurality of articles each having an electronic device
embedded therein comprising:
providing substrate material having first and second opposing broad
planar surfaces, wherein the substrate material has a plurality of contact
25 patterns on the first broad planar surface thereof;,
attaching an electronic device having contacts to each of the plurality
of contact patterns on the first broad planar surface of the substrate material;
providing a layer of melt-flowable adhesive proximate the first broad
planar surface of the substrate material, wherein the layer of melt-flowable
30 adhesive has a thickness that is substantially uniform and is sufficient to cover

the plurality of electronic devices;
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material with the layer of melt-flowable adhesive substantially filling the space
therebetween to substantially encapsulate the electronic device,
wherein each separate article includes at least one of the plurality of
20 electronic devices encapsulated on a substrate and a portion of the plastic

blank material.

59.  The method of claim 57 wherein said attaching an electronic device includes,
for each electronic device, at least one of*

25 making electrical connections of the contacts of the electronic device to
a loop antenna disposed on either the first or the second broad planar surface
of the substrate material via one of the plurality of contact patterns on the first
broad planar surface of the substrate material; and

making electrical connections of the contacts of the electronic device to
30 a pattern of external contacts on the second broad planar surface of the

substrate material via one of the plurality of contact patterns on the first broad
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said substrate,
said elongated electrical conductor having first and second terminals
and being formed of a pattern of electrically-conductive adhesive;
an electronic device having first and second contacts attached
20 respectively to the electrically conductive adhesive of the first and second
terminals of said elongated electrical conductor on the first broad planar
surface of said card-sized substrate in flip chip manner;
a card-sized plastic blank opposing said card-sized substrate and
having first and second substantially parallel broad surfaces disposed
25 substantially parallel to the first and second broad surfaces of said substrate;
and
a layer of melt-flowable adhesive between said card-sized substrate and
said card-sized plastic blank attaching said card-sized plastic blank and said
substrate, and
30 said layer of melt-flowable adhesive substantially filling the space

therebetween to encapsulate said electronic device.
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63. The wireless card of claim 62 wherein said melt-flowable adhesive includes
one of:

a melt-flowable adhesive having a melt-flow temperature of less than
120°C,
5 a melt-flowable adhesive having a melt-flow temperature in the range
of about 70-90°C,
a melt-flowable adhesive having a melt-flow temperature in the range
of about 65-75°C, and
a melt-flowable adhesive having a modulus of elasticity of about

10 10,000 psi.

64. A contact card comprising:
a card-sized substrate having first and second substantially parallel
broad planar surfaces;

15 a card-sized plastic blank opposing said card-sized substrate and
having first and second substantially paraliel broad surfaces disposed
substantially parallel to the first and second broad surfaces of said substrate,

said card-sized plastic blank having a cavity therein;
a layer of melt-flowable adhesive attaching the first broad planar

20 surface of said card-sized substrate and the first broad planar surface of said
card-sized plastic blank, and substantially filling the space therebetween,;

an electronic substrate having opposing first and second broad planar
surfaces and first and second terminals formed of a pattern of electrically-
conductive adhesive on the first broad planar surface thereof and electrically

25 connected to first and second metal contacts, respectively, on the second broad
planar surface thereof,

wherein said electronic substrate is disposed in the cavity of said card-
sized plastic blank with the respective second broad planar surfaces thereof
being substantially co-planar;

30 an electronic device having first and second contacts attached

respectively to the first and second terminals of said electronic substrate on the
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of:
a melt-flowable adhesive having a melt-flow temperature of less than
120°C,
10 a melt-flowable adhesive having a melt-flow temperature in the range

of about 70-90°C,
a melt-flowable adhesive having a melt-flow temperature in the range
of about 65-75°C, and

a melt-flowable adhesive having a modulus of elasticity of about

15 10,000 psi.

66. A card comprising:

a card-sized substrate having first and second substantially parallel

broad planar surfaces and at least two electrical contacts on the first broad
20 planar surface;

a card-sized plastic blank opposing said card-sized substrate and
having first and second substantially parallel broad surfaces disposed
substantially parallel to the first and second broad surfaces of said substrate,

a layer of melt-flowable adhesive attaching the first broad planar

25 surface of said card-sized substrate and the first broad planar surface of said
card-sized plastic blank and substantially filling the space therebetween; and
an electronic device having first and second contacts attached
respectively to the at least two electrical contacts on the first broad planar
surface of said card-sized substrate in flip chip manner,
30 wherein said electronic device is embedded in said layer of melt

flowable adhesive substantially filling the space between said card-sized
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substrate and the card-sized plastic blank.

The card of claim 66 wherein said melt-flowable adhesive includes one of:

a melt-flowable adhesive having a melt-flow temperature of less than
120 °C,

a melt-flowable adhesive having a melt-flowable temperature in the
range of about 70-90 °C,

a melt-flowable adhesive having a melt-flow temperature in the ange of
about 65-75 °C, and

a melt-flowable adhesive having a modulus of elasticity of about

10,000 psi.

The card of claim 66 wherein said card-sized plastic blank has a cavity in the
first broad planar surface thereof, and wherein said electronic device is

disposed in the cavity of said card-sized plastic blank.

The card of claim 66 wherein said card-sized substrate includes on the first
broad planar surface thereof an elongated electrical conductor electrically

connected to said two electrical contacts.

The card of claim 69 wherein said elongated electrical conductor and/or said
two electrical contacts are formed by depositing a pattern of conductive

adhesive on the first surface of said card-sized substrate.

The card of claim 69 wherein said elongated electrical conductor defines a

loop antenna.



