METHOD AND APPARATUS FOR MAKING A RADIO FREQUENCY
INLAY FIELD OF THE INVENTION The pesent invention relates to a
method and apparatus for making radio frequency (RE) inlays and the
resulting inlay, and more particularly to a method and apparatus for
making high frequency RF devices that include an integrated circuit and
an antenna affixed/tp BrBODSNAB NRF(RA BOCKOROIUNDNG- THE

INVENTION An RF inlay.i w t g(j% be an integrated
circuit and antenna joineﬁ%@ﬁ%ﬁﬁ% y%? (ﬁ‘e %trate. Typically,
the inlay is subjected to further processing to make a final product. Further

processing may include adﬁﬁdgggﬂjﬂﬁgﬁllwtﬁwﬁﬁﬁ of material such as

plastic to make a card-shaped device. Other finishing techniques may
form thgémagséntona ararietyebiifinal fonmbodependipg atpofvtenkimagl radio frequency
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inductively coupled to one or'more interrogating devices or readers

o g higie matenns BY Assmss GRraib deequetrs defmiciticatibin FHenna affixed
integriated ceritiqr chip contains information that is usefui for performing
various tasks. One type of information is identification information

pertaining to the holdétor i58FQPMNE RE GiBVid& Rt ¥se, the RF

deviceAn®ralgayhe seferied to@ssdrdiodreguaency.identification tRiHa) joined
device. Not all RF devices necessarily contain information about the
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itheddefitity pbtietuBernher plREeinlaysnify theinfinishiefodmaie usedringers of

variety of lications. For example, RF, inlays used far makin
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fapplitatiohy that mayiay widynnbfanue e dentificatiothofithe apgéigation of the
incéudgng but not limited to access to computer or computer networks and

%ro ulg . ) .
atabases, public transportation
In general terms, the integrated circuit is inductively coupled to one or more

interrogating devices or readers through the antenna by means of radio frequency
communication. The integrated circuit or chip contains information that is useful for
performing various tasks. One type of information is identification information pertaining
to the holder or user of the RF device. In this case, the RF device may also be referred to as
a radio frequency identification (RFID) device. Not all RF devices necessarily contain
information about the identity of the user and some RF devices contain information in
addition to the identity of the user.

RF inlays in their finished form are used in a variety of applications. For example,
RF inlays are used for making security access devices (RFID devices) or may be used for
other applications that may or may not involve identification of the user, including but not
limited to access to computer or computer networks and databases, public transportation
passes, toll way access passes, vending machine payment devices, debit and/or credit cards
and passports. Given the variety and expanding end user applications for RF devices, they
are also sometimes referred to as "smart cards." Some identification applications, such as
passports, now utilize RFID inlays or RFID prelams (transponders that have been
subjected to a lamination process) to store identification data and to allow efficient and
rapid transfer of the identification data for processing by appropriate governmental
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passes, toll way access passes, vending machine payment devices, debit
and/or credit cards and passports. Given the variety and expanding end
user applications for RF devices, they are also sometimes referred to as
"smart cards."” Some identification applications, such as passports, now
utilize RFID inlays or RFID prelams (transponders that have been
stujectetioiadaminationiprosesshiugtose idertificaiion dada fang teriallgwnd/or
fficient and rapid transfer of the identification data.for prqocessing by
RS St BRI RONEL ‘S0 Hioa PHE LS (RN ALEs PR Tnclude
biometkic daty, duohtasifingergrintsaarfaéarplratdsiohthel passpartchicides,
3 well.as informationidentfying e falder., Axerieh fhmeinadsexist
or manu act{urlng RF n'?fays. IA Some methods a stibstrate of one or more
layergiisnprockigsed! imvarioysstepsiieydinginotasmtioptold laminefidi.layers
AP A0d aniepna. sbasRembIYdRbeorapiateskin Aneer mAre afihend. by
layers and the layers are joined together by adhesives or by softening the
prast e fayersard ) byinscdansoppressiier. joinihg thethapsravioysthéixed to or
Qtenmethads, wirg dsalfixedta.on embesddechwithing %BBéHﬁ‘éE‘eHMQE the

form of an antenna and the opposing ends of the antenna coil are
Uit o R tarhemhAshsr EHN g Rdter iBfFei i iBrehify 6F t§ier to the

temnahagas taishipdrdulens stipunadulgasthat tesmHsased BRI an
comprises an integrated circuit attached. to a lead frame_having enlarged .
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eslargatdenninal areas efithaleadfignedyheitharexisemely shialhand cither
d(-%-licat? wires, or(‘i H’]? oEder. of 20 t%28 icr?ef? itn %éameter, or(tlhrou%? a
Fonductive 'adnesive 'stich"as inthe'case ot athip chip. The ehip and the '
bleotricakootmectioni¢e theuadrminallareas of thifeddfraimecare @rdoasetkctrical

in an %ox¥l er for.pr tectior}. Th[ec fnbination or supbassemb] 9f th
C(ﬁln ctrons 10 crimi areas, o the. ca ra*ne are encascd in an.epox ayer 10r
chip/chip module and the coil of wire that forms an antenna is sometimes

referieentd bs @mransponder s wibéyfofriinghihetinterndal iy e coil of wire
ambsdded, iy, or. RatiallyiWInR e FUPSL AL RYUREP- AR WHRSOMEN . the

wire embedding technique, as understood by those skilled in the art. The
EHipEhipanbietebrtly el S e st rsdtd the 1§iB shate 5y ErRersraeing itlgasonic

{he surfaagie E@@rﬁi&f&%?r@s‘%rﬁfe@(o%@ﬁknﬂl&iﬁsﬁiﬂ%ﬁ@§$hf@5ﬁ‘.eﬂliﬂ!‘cmﬁ/chip module
substrate. Adhesive may or may not be used to adhere the chip/chip

RHYRAS IS T CUBS trAheTath 8 e FHE bR idnedh Ut Rir&Umhasy B BoAdRtee or by
sasnected lodhsdesmipakareasiefihe chimer ehipayedhieyatoabeutiheo adhere
ame time as the wire is embedded in the substrate, or the bonding ma
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thenwdrelusetkinthenmanutactulie afiRbr iclgy s)otthiers: thewite isime time as the
ultrasonically embedded in a substrate, js 110 tq 120 microns in diameter
R e R R A b o S o eauen
shovtcinouitingepf the antenna, as the windings of wire forming the
anten S itj i ' i .
pica iRy RS HENER BN TR IR NI EMR e i
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and typically provide a farther read range when inductively coupled to a

FsanBMip gy gerdianteren finss Bie BisBrRbs Yolaistoand 2ié BakcetibiEnd
remevah frgm an R Agvissiwithaubdamageda theipRaiatianaRdpolyamides,
functionality of the transponder. Potential removal and reuse of a
RPA}L@&H&&S AISS8 ™ HUTRBEr BF Seddrity And BrRrac BtobleE sFgrmpared to
@xarmple sihallegitimater thanspardes:suhsiss eamaly ( chip(chipamosidla @ndfarther
antenna') may be removed frgm one passport and. placed in anothe
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number of patents that disclose variousxdevices and methods for the
manufacture of RP devices including the manufacture of inlays. For
example, U.S. Patent Nos. 6,698,089 and 62:33,818 disclose methods of
making an RP device wherein at least one chip and one antenna are
affixed to a chip mounting hoard or substrate. The wire forming the

antenna is embedded in the substrate by use of an ultrasonic generator.
Ac nart of the wire embeddina nrocece diceeclneed in each of thece Nnatante



While the inventions disclosed in these references may be adequate for

the 3 intended purposes, there 1.s still a need for an improved method of
making RE inlays for various applications including hut not limited to
contactless smart cards and other security access devices. SUNIMARY

OF THE INVENTION In accordance with the present invention, a
iethod@nd appapatls @reprovidednionmanufactusingoRhdiiays aF sinilaiation

devgices. Inﬁ?ne e}s e%:t of the Er etnttin ention, it algé be ¢ nsidered?a )
TR PR IR YR AR SR theF é%é%?’&’ﬁ%é@res“éﬁﬂn?/gﬁﬁ%"ﬁ erraises a
maybe tensidereddthe apparatusnor. Marnutacpltinfgadqgipmentasgebfoler

akin e inlays, In yet.another aspect of the present invention, it may b
T R e Ry R T OB R DA
Sab=domibipatiorsy thénispabe variobstapparatusi componeartsaiecgroduce

the Rhviplay, |0 A DG 29RRGS TG RASSEO! INYRINQRVIAY B GRARIIERY the

the resulting inlay device produced by the method or apparatus. In

AeebrdancoiR desi apparkttia fopriakind e sraysaphd or rorelwité S. Patent

RHbeddingsheads, o1 SONPHRAES-ASAREY DA ASLDE Ralled,iareHsrehie: least
embed antenna wire partially or fully into a substrate. The embeddin

HSAASRARS PEFANRBIWIE itia GRaty ARYIPREERE Meerddihg ftaifg thewire

Mfindipas-ohamaniennseddea sUDSEALRFIRYHACEOHMAYAMEAONR: @Ederator. As part
plurality of antennas. A single antenna may correspond to a single inlay or

SO HiorR RHIERR ALY HEHUSHiShe P HBYS kit o BRLH SARfenna
and gatrespanddaha singleialaye inthadattereasaethguplutalit @fy over and away

ntennas may be conn tg a common chip/chjp module or tq different .
iR R R R S e S
dfeddsligutiizat thetembedidinglheads mayadyeligruhisenrobetween the two
{dsRengently, YRon.gompletion of the wire %%3945%%%6%5‘ formed by
transpondoer site, the wire Is cut an either the embe ding hea (s? move
tobhddnexthsiteoldted sutystratehmovess relativéoitioe sratyedding theabisynd

{9RASHIG0 DY ANSPARMIGT SIS AT LS, L8 EMARGFBE GRS 100ps of the

Typically, the chip or chip module is placed on the substrate or in a recess
Yormdadn e subst atehsrcrid Ay oire Bk dcarbaddetiahtectRETD chip and

ﬁh‘zﬁ%lrél}ﬁyeh@&%%%ei BﬁB@sﬂé%%@é"ﬁd @Mj@lﬂﬂo{ﬂe Q’é@cﬁ@ Richip mogle MayiR&cross
tglaced in position after or durlr:;qkéhe wire embedding process.

Th
FeBRt iFVRRAbN Provide SR difsrivaiive Spprsbidn WBFHBE@d?ﬁédmrengdeing

dayhsivateas desadibedsiHaerpieviously sdentified peanampatentsrands. In the
other kno?gg%r'or art, Rather than embeddin%,the wire on one side of the

REHEF & OREID EHTP B RO RS 8 TgEhi Ry tHE W dirdags of the
RVED thepterdinalcareacthen enbedding thadnsulatad wirdntaltbémpression

bs(yn%?lt)r;ga.ltgl?qugt?v(e)foyp %Scitvevi%drga?/fl}g gml\ﬂiggma% e?sr%gécfr%g&j rellgcf rt‘ll‘?e chip subsequently
positioned in a pre-designated recess where the terminals of the chip will contact the
previously secured wire. The ends of the wire then will be bonded to the terminal areas of
the chip by means of thermal compression bonding. U.S. Patent 6,088,230 describes an
alternative process where a first end of the wire is positioned in contact with a first
terminal area of a chip or chip module and is bonded to the first terminal area, then the
embedding tool embeds the wire in the substrate to form an antenna, and then the wire is
positioned over a second terminal area of the chip or chip module where it is bonded to the
terminal area.

While the inventions disclosed in these references may be adequate for the
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antenna and then positioning the insulated wire directly over a second

terminal area of the RFID chip and embedding it again, it is proposed that

the embedding and bonding process begin with the wire adjacent to and
laterally offset from the terminal area of a chip or chip module and that the

wire not be passed over the terminal area Rather, the wire is embedded
imtodbe supstaieHa dasmiam aptanoaawiththe, by eemndporiansnef RIvawire for
the antenna, not embedded in thell.subscfrate. The two end por ionsdar :
FOSHO AR S SLE TS HAE TAtEIAI St O ARl A e AL 5P c%ﬁ%%?ecu”ty
chipndodidte. in one embodiment the full length of each of these end

portions of wire are uns%igwﬁq A&@Jﬁfuﬁ%ﬁﬁﬁﬁﬁg@hd step, after the
antenna is formed, the end portions of the wire are moved into a position

over ofinwondactavithhthie teevinainaregasofthe bhipaod chipumodate pTiaded for
IR S0AS: ALRRAR PrUGNS inte, centact with thatermipal ARas HAtl &ftRN, it may

the antenna’is fully formed, and bonding does not occur until the antenna

s famyifsrasetmethodrphrsalsaadrésibdaifne Ao Rehecid Ae BrEsafirst/ RiYigen it may

& bR WiR dsRMBEAdRd 1 e SHRRIALE W) HG.Pegin ﬁ&%@ﬁﬂ%ﬁ@fr{ﬁ‘y’s. In yet

first length of wire extending out of the substrate. This first length of wire is

BEEh6 ASF LRI A Isrialy bfsstr orT s deiiAiaraPe gt AEmpkane the

rhipmaduleldinext continuousniengitoof wike is netwrmhedgedritithemponents
substrate but is placed over the substrate. The next following length of

ire R e G o trie SiBEtHARs b fo5r i SAAMREERH "THER e Faggred the

eoitingahis yergibc proasitansdialonglibe subhstiaiedut not embedded.

Finally alenl%th of Wirﬁ: iﬁ embedded in the. su str.a}e with the final portion
In acg nce wit € makxi € 1n O morc wi

of that Rengt of Wiré ex en&Pr?é‘rgﬂltsof) tHESUBstrate. Phe fist two eng{ﬁs
ohbviddiageh positionedadjdcent teand jatbrally cfiisdt firommstidedernis@hntenna
areas of a chi chip mo uLe.T lengths of wire that are laterally.offset
P e T R A BRI VRS
emigths ofywirgcand (positian &drover tbe inicdntct withuthaterminalbasgats ofay

1he shiperehiR module. These enaths &f yire. are.nes Q{%u%ﬁé@a;%;{e%tq%ﬁngle

with the terminal areas until after the antenna is fully formed. Inyet a
if)lEh e Pre O $aiYig BtepAsAeto e Iies te fetAsa aney ap pararigesfnd

ébﬁdgf)%ﬁﬁmé i@Yﬁ@I@ﬁi%.%ﬂﬁ@ﬁt%ﬁEﬁ?éﬁtﬁ% Bf%ﬂ%%&&!@gmlﬁe connected

connects the lengths of wire positioned over or in contact with the terminal

re SN HeC ARG atR Ik e S BRI Y RIS HEt BREdMGHERthe
iantpeneis fully formesky of etishoud hedppreciated thatieaging heads may
rocessing steps may all occur at a simile Jocation or.may occur at
‘E’ﬂﬁ'ﬁb‘?e“IB%%Ri8’?115‘,"&8‘?fEL‘ZBFtilQP%“s‘fﬂB]Bl%%Oé|@&8HF§E§‘%§@|%%tf%?&h
thirgsonie enebeadding toels, the doodtcheepasition fiteddngtihs of wite: aver site or
r in . contact with the.terminal areas,.c R. th nding.tool. Alternatively, .
R e L R P AL BB s
positione thonrebsépaabe ddoTheac]1Stithéurtieor thepsubdtiate piayethen the

ek difterent Pesitans I SAM&G A st 10GR§ RIRSESE SlehstWiilBinto the

the tools remaln stationary.
substrate. However, in the present invention, the chip/chip module may be placed in

position after or during the wire embedding process.

The present invention provides an alternative approach of embedding wire into a
substrate as described in the previously identified prior art patents and other known prior
art. Rather than embedding the wire on one side of the terminal area of the RFID chip or
chip module, guiding the wire directly over the terminal area, then embedding the insulated
wire into the substrate on the opposite side of the terminal area, forming the
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Various other features and advantages will become apparent from a

review of the following detailed description taken in conjunction with the
drawings. BRIEF DESCRIPTION OF THE DRAWINGS Fig.lisa
schematic view of an embedding tool such as a sonotrode having a length

of residual wire extending from the end of the capillary tube having been
prieviously cihfpdawinghganapletioneafwritedplacenaent ina@dRRdeviaerea of the

ig. 2.1 h tic vi f the embedding too] M. ised ition.
Pt RGh S 1 Eepen i O SPE DuT G Tp aPEa B Process
thagihof ffigh2 wire afigzedtiafragmentanyfparspectiveanew dfacprgcessingr chip

e uﬁ‘é”a%é‘@%‘?toe r&%@%‘iﬁ%f%ﬁe‘% %0%@55%%‘@1? S, RatheImt Bl
enlarged plan view of a portion or an or Iniay speci ica Yy

distddtindne chips moduletpdsitiomeanom iz substiatey anddptadement o wire
ReRasing.ends.of he aptenna Lol diasenthe £ig MedUB ions Fi9p3sifoned

a partial perspective view of a portion of an RE or REID inlay wherein the

shpesing arblserahe dhterrencsinpiagedcdjalcepbitherchin modilie hrene

dompedasanoulansxensiens.imibesaiband afsetat spaga M thene
terminal areas; Ig. 6 illustrates the embodiment of Fig. 5 with the

ARGUAT- SX &IOS YObitiBHd OVEF AR felthivl. Abe 48 bOBYG8hitg ey Wire are
eombingdhemspier dhg terMiliai areassenthatthe-extensionsmay themibenodule.
t?lgr\g}?e”gn%gggeegog%ﬁgg g%l?rirr?t@gcl)r%g%?\s)\;ith the terminal areas until after the antenna is
fully formed, and bonding does not occur until the antenna is fully formed.

In a second embodiment of the invention, a first length of the wire is embedded in
the substrate with the beginning portion of the first length of wire extending out of the
substrate. This first length of wire is positioned adjacent to and laterally offset from a
terminal area of a chip or chip module. A next continuous length of wire is not embedded
in the substrate but is placed over the substrate. The next following length of wire is
embedded into the substrate to form an antenna. Then, the next continuous length is
positioned along the substrate but not embedded. Finally, a length of wire is embedded in
the substrate with the final portion of that length of wire extending out of the substrate. The
last two lengths of wire are positioned adjacent to and laterally offset from the terminal
areas of a chip or chip module. The lengths of wire that are laterally offset from the
terminal areas are then repositioned so that portions of those lengths of wire are positioned
over or in contact with the terminal areas of the chip or chip module. These lengths of wire
are not brought into contact with the terminal areas until after the antenna is fully formed.

In yet a further processing step in accordance with the method and apparatus of the
present invention, a bonding element is provided that electrically connects the lengths of
wire positioned over or in contact with the terminal areas to the designated terminal areas.
Bonding does not occur until the antenna is fully formed.

It should be appreciated that these processing steps may all occur at a single
location or may occur at multiple locations. For example, a single head element may

include the ultrasonic embedding tools, the tool to reposition the lengths of wire over or in



Fig. 7 is a top plan view of a portion of a second embodiment of an RE or
RED inlay where portions of the opposing ends of the antenna wire are
embedded in the substrate Fig. 8 is a cross-sectional view taken along
line 8-8 of Fig. 7. Fig. 9 is a top plan view of a portion of an RE or
RED inlay specifically illustrating chip module positioned on a substrate,

&‘ﬁ@ag?%vgﬁlﬂ%s{@lgn%?ﬂ%@%h&é@ﬁ%%ﬂd%ﬁg {&Hoﬁdﬂé}‘ﬁﬁgdé‘l}wﬂ&@&w&%ay be
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iew of a thermal compression ing ele osmone ver th

S ReRiRe WIHS %g.hsﬁw%ta fééffﬁsﬁﬁlapa?&épns forjpape Qi B et fhese process
“pipredideatctatl evemathotiglezohip module may be shown in the figures

or desvribedsintthe fepecHicaiion cimtiains,iil isdotendpshtbat Roehiprevaynbe the
ﬁ%%%ﬁmg%gt&%@&émm%%&éeEﬁ/&ﬁlﬂﬁ@ﬁ%\wt}m&%dﬁmﬁl from the

scope of the preselgggﬁ%qﬁtdg % FDEMPW illustrates an
example of an embe evice such as an_ultrasonic

Fig. 1 1s a schematic Vlew of an embedding tool such as a sonotrode having a

%?d Still

length of residual wire extending from the end of the capillary tube having been previously
cut following completion of wire placement in an RF device;

Fig. 2 is a schematic view of the embedding tool in a raised position wherein an
additional length of wire is dispensed from the tool compared to that of Fig. 2;

Fig. 3 is a fragmentary perspective view of a processing machine used to
manufacture RF and/or RFID inlays;

Fig. 4 is an enlarged plan view of a portion of an RF or RFID inlay specifically
illustrating a chip module positioned on a substrate, and placement of opposing ends of the
antenna coil adjacent the chip module;

Fig. 5 is a partial perspective view of a portion of an RF or RFID inlay wherein the
opposing ends of the antenna coil placed adjacent the chip module are formed as angular
extensions from the coil and offset or spaced from the terminal areas;

Fig. 6 illustrates the embodiment of Fig. 5 with the angular extensions positioned
over the terminal areas by brushing or combing them over the terminal areas so that the
extensions may then be thermally bonded to the terminal areas;

Fig. 7 is a top plan view of a portion of a second embodiment of an RF or RFID
inlay where portions of the opposing ends of the antenna wire are embedded in the
substrate;

Fig. 8 is a cross-sectional view taken along line 8-8 of Fig. 7.

Fig. 9 is a top plan view of a portion of an RF or RFID inlay specifically
illustrating chip module positioned on a substrate, and the opposing ends of the antenna
coil repositioned in contact with terminal areas of the chip module.

Fig. 10 is a fragmentary elevation view of a thermal compression bonding element
positioned over the end of a wire, which is positioned on a terminal area.

It should be appreciated that even though a chip module may be shown in the
figures or described in the specification or claims, it is intended that a chip may be
substituted for a chip module (or vice versa) without departing from the scope of the
present invention.

DETAILED DESCRIPTION
Fig. 1 illustrates an example of an embedding device 10 such as an ultrasonic



sonotrode. The sonotrode includes an ultrasonic transducer 12 that locally
heats a wire 14 through diraSOQilie vibration. The embedding tool farther
includes a manifold 16 which houses a capillary tube 18 and a

compressed air channel 20 that communicates with the capillary tube 18.

The wire 14 is routed through the capillary tube 18 so that it can be

dispensed hofonheodistadtipel 2:0f e sonotiace oA wiréngtantpingheats a wire 14

echanism 24 comprises one method to control the feed of wire .
) R H B e 3% S S gatir oSN ek B e hich
Hcheesamiprébseduair May controiptlesedtaathvimeh2henwiveisdispensedith the
from the capil tube n the jaws ar en. ... As also shown in Fig.
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Is embedded partially in the substrate 30 and a residual"amount of wire 32
legeardd frioy eheferstal e 2aroflihecempedtin gitabi 1 ofsliohiisg alsert which the
GHiRgIRperatipRoHisresidual amoun-324s ipcally,ggual to the
distance between the distal tip of the embedding tool and the knife or
cutting Yoals28hrtRdkhife L8 P Sticrad Pert v iPtHB et divrpteyp 10 and

AOipibeaiesctuakliengthh paadvadiver pRefeH A0 higwze theLmheddingch as at
tool 10 is shown in a raised position relative to the substrate 30. A greater
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embedding t ther way to achieve the agdditional length in ) :
e s Y e e B e S S ity
aphofdiie sinatroderwdter rativietyl, ipisipbdssiblectoliengiblemdhéaésituat cutting
le ire b ving the embedding tool away from a location wher
L DR AR O RIS renern
firgd atythe substrate and the clamping mechanism 24 is open, an

additiol@@t’el?fﬂ%ttb %g\l %?tﬂé'k&%é&%}flﬂ‘gkér&rﬂotﬁes%%% RRY.@§ H€ition relative to

embedding head is moved. In any case, We residual length 32 of the wire

tha witkbalinttedsaenter I@ighaiiigswai s/ bae &bl eArGRE DO Ceysipgvn in
BRparatus arinaships so-iermanriachiringi Rk andlokREIR Ry S, fike

machine 50 may be generally described as including a power drive group

Hpbed fidiine coPrmECaticHS HiGE s ARAL i ARk R Ip B Aifofraidual Wire is by

TRSHHICHR NS HQM @ SQMIPLIEs PHOERSSREHNet shewn) dNHRWEeFdactheiternatively,
working components of the machine. For example, the bus 54 : faci

e PR R e R A
faarkingeatemenis: st ofithe inaahidddhat createsyie finlkays,; As discusset the
further.below, the wiorking elements 56 may include a. group or . ...
R AR ST AT G e 2 TP B A o emet
d:_ﬁmtrfawdlthemwrb_ﬁyndi m@ehe'adsmpllﬁmaﬁwelyb@ﬂéihgiiemlijalrtmlsim:ayrbecase,
dndessndaniypesiipaanis refat 9. fhe sybgirate. The working

elements 56 traverse laterally across a support table 58 that secures a

su bgtrﬁte- leaﬁmﬁ@ the m@tbwtgf@smat@sam, dnpsorive embdinreblgor
MRVRGHREMIE 19 APASHONQYR! hincRAiackY It iarinal AIRASRAfed as
perhaps bonding the Wire to thé terminal areas. In the example'machine
ISRBWH IR PR S, ierarslitte P62 SIROWEHE R e Rfhikts Be(tss
SrRy&rseInthe latsralidire atliomacrass thessistiaigo3th Adangitudinahe working
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BITRABSCH thé forgbidindiWirsREBI albh Bd RGN Sfak Fand e s

claghados ghanteri dnes E8rdesignatel ohowtine thepiespeetiveZORRShifk that
where indivjdual inlays are fﬁ]{ ed on the comman s

bstrate 30. .
ORETTEE HAET T5 16°5 LB 5 SRR B 50 Bl et e o
substrate, or designates a recess wherg a chip or chip module may be
placed in the future. As mentioned, each inlay 60 has at least one
transponder COMnrising an integrated circuit chip or chip module 72 and
a wire antenna 48 that is connected to the chip or chip module 71 A CNC
or similar controller controls the positioning and movement of the working

elements 56 relative to the substrate 30. Referring to Fig, 4, a portion
Nnf an RP- or RIRID inlav device (hereainafter "devicea™) ic illiictrated |In



opposing ends of the wire that form the antenna. For illustrative purposes,
the portion of the wire 14 represented by a hollow line segment 92 depicts
an embedded portion of the wire, while the solid line segment 94

represents a non-embedded portion. As shown, there also is a distinct
lateral offset or gap, represented by distance D, between the end portion
809f theowirenidoand tefitlitiai @atear®dillustratingsthatths faiteds Nofre cutting

ujded or positioned over ar in contact with the terminal area 82 as.it js
e P P e R A 0 T AP dsree BB ghgndently
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the chip module 72. Rather, the ends or extensions 90 are positioned on
erdubsiate 80 1drallycotfedt ivphethenthip Hoduler sphdtisdpiainlsbragion

ROFtomOL NGOkt apds Qi pNYsicAlB F1QUCh dheoSHP A Sde rail 62 allows
unimportant. It should be appreciated that the technique used to position
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second Ienpth of wire 90b. In forming the initial length 90a, no portion of )
HHENRIPA! 1 AT S B RS 2 SR SRR P L e YhB A EHe B rribARg thhé 1s @ chip
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repeatedly used to form successive inlays, it is also possible to draw a
igédirtiehdthief Wits fromitthe ceprtssadifie Rider Sieffielaet tocferss thRigbstrate 30,

tenath PRaRrigrihesting thee-foloyingdermation of end PArtion, 20R @bedding
the previously formed inlay. Once the initial Ienq"gltlP of wire 90a has been
r

(@FraRYSABR e dapEt B R FRETIE 98 18 15rARediBg errbadamitiseive layer,
wire-inithesubsirate: folipwingdosmatienofsthe@mtenonpanother fength of
the wire 90b is posjtioned generall shown to form the secand angular. .
RO e B b TBRACY By TBr A BSLEbR e |+ The chip
emihedding heéadvwsing compressaddir or iibegausktcihaiastennbah&sdean pair of
formed and the wire is embedded in the substrate, the ond end 90b
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extensions 90 may be 'mechanically moved into position, such as by

BrusHsrEbiel ohother RsthanizaPmsttieitd ol openPasiety ohpristyidnown
iHusteatedsinil, Blita a1 BeRachanical positionenikdR may e arethslace of a chip
element incorporated in the group of working elements 56 on a single tool
ReACdrit i) bR iifehe akRts positonatiecAkSmsiden heontacts or bonding
extersions 90 may be manually gripped and moved into position. Again,

the empedding tool does not traverse. oyer any portion of the chip or chj

moduILHRSH BRI irk SHTHE s ara Tt 4TS B EHD LR i the
the wire is cut at a position so that the extensions 90 are approximately

the same length, and have approximately the same orientation with

respect to the opposite sides of the terminal areas. However, it should be
appreciated that the extensions 90 may have different lengths and/or
orientations provided the relocation equipment can position the lengths of

wire in contact with the terminal areas. Once the extensions are placed
nver the terminal areace nortione of the wire ende mav be honded to the



second length of wire 90b is similarly formed and positioned at a second
location on the substrate laterally offset from a second terminal of the chip
or chip module. A portion 112 of the second length of wire 90b is not
embedded into or affixed to the substrate. A final length of wire 110 is then
embedded into the substrate. As shown, a tail portion 114, likely
epvprigingithe nesidualiengtihohwing sl istratednifiguspsseQtthe portion of
tﬁmbediﬁd M. the Fsﬁlfl str}te bur].extends ouggf the substrate. As with.the

e

st EmboMREHT e i BBrtioH A onE BN SOBRR FarhiBl i fsaditipiy: o the
wffsetvbilspacedifrone tegrtermirakareastanchahipnbatitderefore. @ shown, there

ortion of the end portions 90 are positioned over or in-contact wjth an .
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location. This facilitates subsequent movement of the ends 90a and 90b t

Bpbsitionrelrared imeoAtacnivith i tariirnalrarldas ganpeBly whatadp e
movementisaigciuated mapdali 9o meshanigall: Alse. b elininates Hding a

reduces the need to use compressed air to force the wire out of the
Rl (¥ BPWRe R Mt lerierp A A0a is formed. By embedding or

anchorpg:aisnaheerion 310ntdaevwisedkdhe sybseduent RARIOLT the wire
wire 112 may be pulled from the wire supply bga%w‘ovement of the
i

EhBRtdig et S RIHEP AIRFAIRR P SCBIE b othShiisatirhate) ™ of
@p adhesivelsTzy hemppliecttolthe substrate @t pesiticns lateralicoffsetrate 30

from the terminal areas. of the ship or ship module to temporaril Id an
NG AR b SO S UGB Mg PO R CBe gL %
procedsingsie hofthettypesdesenbednn kssocidtiorappittrtinedivisit the technique
& %F"%%%“én‘fﬁ% P}Pﬁaalr%%“ I '%%%5)06 W%&w%‘%%'ﬁ%%%&%lté 154588 #:mation
reposnﬁ)ont e engt]hso re 904 and 90b Over or in contact with the

eéthsinalcareasof dHeechipohehiyImonialescalsis hosinoin trigunésréanddlength of

SHERIRAL e RGN PF Rendediohe AESIERAIRAGIMINGA 88 o the

Mechanical means may be provided co position the ends of wire 90a and

YhpLiA eorteref Wt the dephilinal agdhs culheH daetie ibébprEBrusHIdloE spdEe Wire
@eicras igyg';(ﬁ?éﬁgiiﬁdﬁgt-h@ Jddig @%@mlﬁéﬁg ﬁg@gmﬁ‘elg&ﬂg}%@édﬂif%upply, or

110 that are embedded in the substrate are sufficiently short in length or

e HEGBR St AR R Hleth it ShmfiarltReretsdst ta e etsiisr leneth
she/ mesbanicakwiel moving e lement canpuikped enpveithie ampeddedir, or
lengths of wire 110 from the s bstrzi\te 30 in order to r%%o ition the wire as
AR PS8l SHE B A S A BPGR Grtigen
nenienbe ddettpardiong thld and dd4hmaphegraspaed bycampndhddbglmovement
SFE \éren%e!é%mé r}]lga%m/&)l?grggtgvg?} %e%ggsmgg%gn&%)d%%sl%gg is repeatedly used to
form successive inlays, it is also possible to draw a desired length of wire from the
embedding head sufficient to form initial length 90a prior to cutting the wire following
formation of end portion 90b of the previously formed inlay. Once the initial length of wire
90a has been arranged on the substrate, the antenna 48 is formed by embedding the wire in
the substrate. Following formation of the antenna, another length of the wire 90b is
positioned generally as shown to form the second angular extension. The end 90b may be
formed by forcing wire out of the embedding head using compressed air or, because the
antenna has been formed and the wire is embedded in the substrate, the second end 90b
may be formed by moving the embedding head to draw wire out of the embedding head.
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While the foregoing invention has been disclosed with respect to preferred

embodiments, it shall be understood that various other changes and

modifications can be made to the invention in accordance with the scope

of the claims appended hereto. What is claimed is: 1.A method of

manufacturing a radio frequency device, said method comprising:

]Bé@Mi@Ht@eﬁlv&b&)ﬁtfﬁl&ldeﬁﬂ&‘@l@@atbsﬁt&t@i@laﬂEng(MbﬁwifHQQI’BIBedh&imuﬂut of the
0 i %ﬁ% n said substrate or in a recess formed on said substrate, and

51[?5 ot (iinaﬁl L83 Yssociated with said integrated circuit; affixing a

wire tdisdid stisteqtef daidnaffiXing: steppinciksding:example §i) \pbsih|mhgval in Fig.
%‘;‘ﬁé{o gﬁg?frﬁ:awgﬁg%ge;‘d 3R substiate daterally ARt ARdRRRGR oM s 82
for interconnection with the terminal areas 82. The extensions 90 may be mechanically
moved into position, such as by a brush or comb or other mechanical instrument 102. One
variety of brush is illustrated in Fig. 6. The mechanical positioner 102 may be another
element incorporated in the group of working elements 56 on a single tool head, or it may
be independently positionable. Alternatively, the extensions 90 may be manually gripped
and moved into position. Again, the embedding tool does not traverse over any portion of
the chip or chip module when positioning wire on the substrate. In the embodiment shown,
the wire is cut at a position so that the extensions 90 are approximately the same length,
and have approximately the same orientation with respect to the opposite sides of the
terminal areas. However, it should be appreciated that the extensions 90 may have different
lengths and/or orientations provided the relocation equipment can position the lengths of
wire in contact with the terminal areas. Once the extensions are placed over the terminal
areas, portions of the wire ends may be bonded to the terminal areas 82 using a thermal
compression bonding element 106, as shown in Fig. 10. The bonding head 106 generates a
voltage sufficient to electrically bond the wire to the terminal areas. The bonding head 106
is indexed or shifted from one bonding site to the next in order to sequentially bond each
wire 90a and 90D to its corresponding terminal area.

With reference to Figs. 7 and 8, in an alternative method, an initial portion 110 of
the wire ends 90a is affixed to or embedded in the substrate for a relatively short distance,
approximately 0.5 to 1.0 centimeters, although this length may vary. The ultrasonic
transducer is then preferably turned off and the embedding head is moved relative to the
substrate a distance from the first embedding location, thereby forming a non-unembedded
portion 112. The ultrasonic transducer is turned on, and a further length of wire is
embedded in the substrate, to form an antenna 48, for example. As a result of the actions of
turning off the ultrasonic transducer and the continued movement of the embedding head, a
portion of the wire 112 is not fixed to or embedded in the substrate. This length of wire is
formed at a position laterally offset from the terminal areas of the chip or the chip module.
The term laterally offset as used herein is defined generally relative to the plane of the
substrate. Following completion of formation of the antenna 48 in the substrate, a
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(i) affixing a second portion of the wire to the substrate to form the
windings of an antenna; (iif) positioning a third portion of said wire
on said substrate laterally offset and spaced from the other of said
terminal areas; and, in a subsequent step, repositioning the first
portion of said wire to a position over or in contact with a first terminal area

QL i@ﬁ%ﬂ{%ﬁev%'i%r&b%tisa{fr‘%'ﬁ1%r\}\¥rﬁ£°%'(§'grﬁ‘é” i Hurd,portion, o SAIAWIS he
to a position over or in contact with the second terminal area of the

inbegratdad Tirduie ReThemetivodn dt oldired thectimor dvinereihile. Agaidion 112

&Qﬁ@imﬁﬁgﬁliﬂﬁwgg RIcing saichwires Mg@%&@&&r@tﬁé BUERRE. A final
embedded in said substrate. 3.The method, as claimed in claim 1,

\ihidbeithvainicl Hhs it RVeF A OHS et lon BBy B rieagiiad | 14. likely

dempeBing the residual length of wire 32 illustrated in Fig. 1, is not embedded in the
substrate, but extends out of the substrate. As with the first embodiment, the end portions
90a and 90b are formed at positions offset or spaced from the terminal areas and chip, and
therefore no portion of the end portions 90 are positioned over or in contact with any
portion of the chip 80 or terminal areas 82.

There are advantages of embedding a relatively small portion 110 of the ends 90.
As a first matter, it positively locates or stabilizes the ends 90a and 90b in a known
location. This facilitates subsequent movement of the ends 90a and 90b to a position over
or in contact with the terminal areas 82 or 84, whether the movement is effectuated
manually or mechanically. Also, it eliminates or reduces the need to use compressed air to
force the wire out of the embedding tool when the first end portion 90a is formed. By
embedding or anchoring a small portion 110 of the wire 14, the subsequent length of wire
112 may be pulled from the wire supply by movement of the embedding head. A s further
alternative, applicable to both embodiments, an adhesive may be applied to the substrate at
positions laterally offset from the terminal areas of the ship or ship module to temporarily
hold and align the ends 90a and 90b at a desired location.

In a subsequent processing step of the type described in association with the first
embodiment, the apparatus includes a wire-displacing tool that is used to reposition the
lengths of wire 90a and 90b over or in contact with the terminal areas of the chip or chip
module, as shown in Figures 6 and 9, such that they may then be bonded to the designated
terminal areas. Mechanical means may be provided to position the ends of wire 90a and
90b in contact with the terminal areas, such as by use of a brush or comb device as
illustrated in Fig. 6. It is contemplated that the lengths of wire 110 that are embedded in the
substrate are sufficiently short in length or the action of the mechanical element
sufficiently robust that the action of the mechanical wire moving element can pull or
remove the embedded lengths of wire 110 from the substrate 30 in order to reposition the
wire as appropriate. If the ends are to be manually moved, either or both of the non-
embedded portions 112 and 114 may be grasped by an individual, removed from the

embedded state and moved into position.
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4.The method, as claimed in claim 3, wherein: said first portion and said
third portion are moved by a brush or comb. 5.The method, as claimed in
claim 1, wherein: said positioning step includes embedding wire in said
substrate. 6. The method as claimed in claim 1, wherein said terminal
areas comprise electrically conductive contact areas disposed on said
integ ratﬂdleiﬂwbenglﬁgtfﬂﬁaH}é(ﬁOﬁﬁhlﬁébiﬂdM@@d afgas qasocigiedenih

ted c | thod of t
AT el oSt SR AAGING BhEcEE i S modieations can be

made to the invention in accordance with the scope of the claims appended hereto.
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providing a substrate, said substrate defining a substrate plane;
providing an integrated circuit and at least two terminal areas associated
with the integrated circuit; positioning said integrated circuit and at
least two associated terminal areas on said substrate or in a recess
wiasseociaieigh said substrate; embedding portions of a continuous
length of wire in said substrate to form an antenna and to form first and
second endypguinns &f i ARIEARE JXLROMRELINSRIL AL MR thod
terminal areas, said embedding step including: at a position
CORErANS: offset from said terminal areas embedding a first portion of said
first proidorgersubsaitt siebsirge awlt pasipomegpadseconeepoedonrofiisaid
poﬂ[ﬁir_ﬁeﬁ%ﬁ@ﬁﬁ_@ BuBVEhBald iﬁlhblfg%t&é‘éﬁ @Bﬂé@&&ﬁﬂhﬁ%ﬂ%@%ﬁﬁ%ﬁr of terminal
ortion lntsgldiayg)aslt :ilt?é . eglzifrollllowmg said second portion, embedding
areaslgﬁsé)t?%ao? WS IR Sl SRR A S Form an antenna; (iii) at a position
laterafifixottsetisriosaid tahfiini seed s foxmmneier sedodthend portion of
said wire, s@jdhssiciontheadipo e ¢oonang & bist garkiondatiowisgsaierfset
i id-fir, ' t embedded in said substrate, and a
an&‘&}éﬁé‘%afpo% ﬁoﬁf&lﬁ é&x‘?&(ﬁﬁ%%&%,

second portio owing said first portion and said second portion is
embedded (<4l spRierand PoriSBIAERG eSSy REESRPREM the
wipdirtgsng oft witersiach that at least some of said first and second end

portions of wire,8LRiBRRIEANGHPYEF A SRSLROMFRATIAN Al HRSRRRINGoffset
ermlngl areas anﬁl : .
and spaced from the other of said terminal areas; and,
in a subsequent step, repositioning the first portion of said wire to a position over
or in contact with a first terminal area of the integrated circuit; and,
repositioning the third portion of said wire to a position over or in contact with the

second terminal area of the integrated circuit.

2. The method, as claimed in claim 1, wherein:
said positioning steps include placing said wires on said substrates but not
embedded in said substrate.

3. The method, as claimed in claim 1, wherein:

said first and third portions are repositioned by a mechanical device.

4. The method, as claimed in claim 3, wherein:

said first portion and said third portion are moved by a brush or comb.

5. The method, as claimed in claim 1, wherein:

said positioning step includes embedding wire in said substrate.

6. The method as claimed in claim 1, wherein said terminal areas comprise
electrically conductive contact areas disposed on said integrated circuit or electrically
conductive contact areas associated with an integrated circuit module.

7. A method of manufacturing a radio frequency device, said method
comprising the steps of:

providing a substrate, said substrate defining a substrate plane;
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electrically connecting said at least some of said first and second end
portions of wire to the corresponding terminal areas. 8. The method,
as claimed in claim 7, wherein displacing said first and second end
portions is performed by a mechanical device. 9. The method, as

clairpgslinif2im Aty RREIBircuit BAICLHISRIBENOISIRRRIQMAY ASWIIRSIOM th the
rate that had been previously embedded in said substrate.

intsaleﬁf:sé‘] g%éu : . : . e : :
G0 Fhe met od, as claimed in claim 9, wherein said first portion of said

first BAHtsBHfE A dNsesmsskerel Bowibal dfashidy easeRfaasipiantivn aeas on said
suraraevediirone@vsersyoe daat eidieads subes of displacing said first and

Secoé?ﬁi)ggﬁjilpé)&?@éns of a continuous length of wire in said substrate to form an
antenna and to form first and second end portions of said antenna to connect to said at
least two terminal areas, said embedding step including:

) at a position laterally offset from said terminal areas embedding a first
portion of said first end portion in said substrate and positioning a second portion of said
first end portion over said substrate and not embedding the second portion in said substrate;

(1)  following said second portion, embedding a length of wire in said substrate
to form an antenna;

(iii))  at a position laterally offset from said terminal areas forming a second end
portion of said wire, said second end portion comprising a first portion following said
antenna portion, said first portion not embedded in said substrate, and a second portion
following said first portion and said second portion is embedded in said substrate;

displacing the first and second end portions of wire such that at least some of said
first and second end portions of wire are positioned over at least some portion of
corresponding terminal areas; and

electrically connecting said at least some of said first and second end portions of

wire to the corresponding terminal areas.

8. The method, as claimed in claim 7, wherein displacing said first and second

end portions is performed by a mechanical device.

9. The method, as claimed in claim 7, wherein:
said displacing steps removes wire from said substrate that had been previously

embedded in said substrate.

10. The method, as claimed in claim 9, wherein said first portion of said first
end portion and said second portion of said second end portion are removed from an

embedded state as a result of displacing said first and second end portions.
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