WO 02/ 063551 PCT/ US01/ 47673 RFI D TAG DEVI CE AND METHOD OF MANUFACTURI NG
Field of the Invention The present invention relates generally to Radio

Fr equencywbdemntisti cati on (RFID) Tags 5 and the net hods ofecpriusdueionsy such
tags. Background of the Invention The design of a typical RFID tag reflects
its origin in the sem conductor and printed circuit board industries.

Al t hough functional, the design has a nunber of features that increase 10
the cost of the finished article. In a resonant RFID tag, the electrical

i nduct ance of an aRFEDIAGC DEMICECANDMETHOD OF MANNMFRACEUREYGCI t or such
that the resonant frequency of the thus-fornmed circuit 1is tuned to a
prescri bed value. In nore advancsﬁ %Q@@g the circuit of the RFID tag may
include an integrated circuit df&eldp F?%?PP? and nechani cal |y bonded to

the antenna onTi@ pesfitindhon relfed loBhefallyte RYGIb FAgBerich daenBcdtioh QRFID) Fagint enna
by a reader, signal provides power to operate the 15 integrated circuit on

the di®. aMdhemebadsofiysdueiag sYehitgs) udes a netal coil pattern on one side of
a substrate, and netallization on the second side of the substrate to
cross over the antenna, i.e., bring the outer connection of the multi-turn
antenna coil back to the open Bankgrauadeéthedngention t he center, where the

die is typical 'lt‘)})é deﬁ%ﬁ%pfg%/ﬁl'aﬂ WBQ%gé@fﬁqiggﬁ 1 ntheefi& cfoﬁ&hfc%r aﬁ@WQJ I ons

t hrough the substra connect e netallirzation to the
second si decuitdatliinduatics rAlth‘ﬁylph fattionalp the desigmienstai rmmbersof fertites that indieasout er

peri er thg %tla?thg @i%ﬁg&?%réae t na I‘%SO%QHQ%TF%IB {TE t fﬁtrlc %h Egn e d

connecti on i At eri or enna co
net al | i zatdnoectédinparallelotithu dapadithesuchiitet the msibmt ﬁ;amemjy df Itt& tﬁmsr:fsrmc(ctxmichi) si de

tallizat The di bonded be the ant, d
ot al |1 2ab TGRSR FYoa" FROT RS {478 CO oL e BELT HEENORURIr 1 he

ant enna. afhﬁtegfateﬂftﬁlﬁulcﬁﬁteﬁétrlfzﬂwefﬂﬁzyhdnfcami b&ided totnE€ghténna bas Glibstrite, M ng t he
area of a capacjtor plate formed between the first surface and second
surface n¥paPiithetoliae indicod indin the AEPEADY @xgader signehprpydeshpmerivtoPrigierbRl of
manuf act untdgehtdddilu 808he d0r  exanpl e, because netallization is fornmed on
both the front_and back sides of the substrate, 30 alignment between the
two sides is crhg@ntenna xpicgllyiingudease mejgd ceil prstsrymeiesids ogwhs@aﬁg@gdt hat are

di fficul tmEthlﬁXtﬁ{n%r{ﬁe anchaai® o?ﬁi%tsbystra q%@r%gg $vePie aHYQIﬁ%eC% nfb%gé E}%erbélté' de to

back side alignnent not accurat e, rication yie uced.
connection of the multl-turn antenna coil back to the open unpatterned area in the center, where

the die is typically located and bonded. Vias, i.e., electrical connections through the substrate,
20 connect the first side metallization to the second side metallization. Typically one connection is
made at the outer perimeter of the antenna to the second side metallization, and a second
connection interior to the antenna coil brings the second side metallization in contact with the
die bonding pad on the first (coil) side metallization.
The die is bonded between the antenna and second side metallization such that it
25 completes the circuit between the ends of the antenna. The antenna center frequency is often
tuned by laser-trimming the area of a capacitor plate formed between the first surface and
second surface metallization.
Several problems exist with the current method of manufacturing RFID tags. For
example, because metallization is formed on both the front and back sides of the substrate,
30  alignment between the two sides is crucial. Aligning the two sides presents challenges that are
difficult to overcome and are costly. In addition, where the front side to back side alignment is

not accurate, fabrication yield can be reduced.



1 WD 02/ 063551 PCT/ US01/ 47673 Sunmary of the Invention The present

i nvention provides folded radio frequency identification (RFID) tag devices
and met hoae okos35Ri gh- vol une, | ow cost production. The fol eed/usonsterzict i on
of the devices and nethods of the present invention presents a nunber of
advant ages over the prior art. For 5 exanple, the present invention reduces
the conplexity of the typical two-sided RFID tag wwth through-substrate
via connections by providing a one-sided circuit design. This obviates the
need for through-substrate via swnaestsfansInvehiidie al so addressing front
side to back side alignnment issues. ot.her advantage of the devices and
Tethods of t he 15F BEaHE TNV OME Lo ebiedio feasaes Bsurienton (REGILiHE Jerdges

circuits frmedodsfot High-Rildk,l16@-c88 prdaastioal The &IRIIQRSEMuclidhVEMild RRicBBhdbe
tuned by se\ﬁerlqr#(% sel ected connections to one or nore tuning capacitor
pl at es t hBEHPds pathe pysient igyention areseniraciumper fiadyantagesovestheariondtclitinect i ons

to thest upiafpis ARFRILRINRhAERIKBRRY ESmpIBaLy &@f&at?f;ikﬂ N:6.sRkd RED t%h TGl €
which, in turn, changes the resonant frequency of the circuit. (S

i nvent i onthighanesyateaihroanecienshyripevidiog a eemsidet ditsnis design: ThisRbyBtes hy. The 15
reduced nHég@%r tﬁtfouglgg\ﬂ)gﬁéti: Q'Q%or?m&id gRLIBTé%ls'oghatjegkn rf?oln't 8 é!o'btagk g@éj .
manuf act uri ng process yie d. noad ition, fewer connections nay also limt
t he sit esalighmsotieswes.al failure due to long-termaging conditions. Another

advant age of t r nt..invention is that th rocess of.foldi t he

substrate canmglf)ﬁrrlﬁ ?@ﬁ’té%%esqfihefdg?l&ﬁ #d néeﬁ?noﬂf 8&3E8reﬁ%’?\ HETHo8S %B&H‘? he

ant enb@ | eemaanikequireyod piaaiits Gormadors the REID t. deTioes Jfohedire@niin Rness mepye be
vi ces and net hods of .the inven

automated_if,so desired. The d i on can_be
used to mEAt cﬁeﬁ?f@gﬁﬁgﬁe{{ CmERIPREE ong ALROEAUHRE CAPREITBlteafal %?F@@rpé’fté?ﬁ
circuit dihecipmciteisgua@sreESe@tingBirhedioht &ltRe RHnY @hpak At Gpeatdstehdlges BV ces. Such
devi ces may he deactivated @F/‘ met hods known in the art, such as exposing

{

the devit4@23Enee HithgriicHt hichy ip tEpbangsriighesenant firgiegonef thhdrcpsonance
frequency. The Thangenal &%gﬁs@éddda%%bbpoftc%ﬁne%ﬁ%%?% ¥he9&1b*%£‘gh dgyi ce may

drive a current through any conductive nedium use join the circuit at
t he cbhne€ticse npaber of Berneptipns mey énppvuighiat relishility noy manacteing prextsstieddt r i cal
i nt er conngclyl Lyel P A ' e cireuit
may causer 4 aaum S SER YRt 9Tl O BB bAGR| ARMERS | obPRpR L
capaci t orcongitigas.dest r oyi ng or changing the capacitance of the circuit.

After deacti V%Ao% a[i\ggtagg Xi; tﬁg pr\é\'geln{ in{/]e%tilol(lj E]sgtEeI{t thsei Qciefssi gf%gltd}n% t}ilenétu%gt% et
can simultaneously form the end-to-end connection for the antenna loop and the capacitor
20  structure. The folding process may be automated if so desired.

The devices and methods of the invention can be used to manufacture RFID tag device
that do not include an integrated circuit die for use as Electronic Article Surveillance (EAS)
devices. Such devices may be deactivated by methods known in the art, such as exposing the
device to a high intensity electromagnetic field at the retsonance frequency. The large voltage

25  induced in the circuit on the device may drive a current through any conductive medium used to
join the circuit at the connection pads that is large enough to destroy the required electrical
interconnection. Alternatively, the large voltage induced in the circuit may cause a conductive
channel to form in the dielectric layer of the capacitor, thus destroying or changing the
capacitance of the circuit. After deactivation, the device will no longer significantly interact

30  with the electromagnetic field at the operating frequéncy of the inquiring system. Conversely, if
the device is not deactivated, it will interact with a sensing field to indicate that an article is

being removed from a controlled area.



30 with the el ectromagnetic field at the operating frequency of the

i nquiring system Conversely, if the device is not deactivated, it wll

i nt eract wotok/oesssensing field to indicate that an articl e PCI/USOBITSE r enoved
froma controlled area. 2 WD 02/063551 PCT/ USO1/ 47673 1n some enbodi nents
of the present invention, an integrated circuit die my be attached to a
di e connection site that forns a part of the circuit, thus formng an RFID
tag device including additional functions or features, e.g., nmenory, etc.
The di e con ReCIhisOfﬁe Slinté@diﬂalyts of the pesuieineeiRd)] dﬁﬂﬂt’é@ratgﬁ gﬁ%qmﬁe b PbE AREGL | an
termnal s _that are nade epar at | an i ntegrate i e connection pa
before at P°4c ?ﬁ?jmf"‘fii‘é’ndit%&’%‘i grrg%asﬁ’ﬁ’%‘{}?het%“’&é%t@%flg YhRPEY e deVictescr i bed
above nayindhugigReditieRd filnbti SR AF foatiftds o Rth&n b9 0t eV LRS c dnhlddtioh BRORRRNAL € an
integrated circuit die, The circuit patterns may be fornmed on a ‘continuous
web that 08 ebodipatsatnglide die sprngpiing tenminplsiibatarginadefyi sppareting armnieeratad

devi ces. (i 1 i : D I A 4 0n of the
nob, ot e o TR e R o AR BEEHAAY, T e
web, 10 @hode mapalse berpsed tedeactiatedR B thy ddwices thatlineorparatedn rsegiutediciioad digt t he
di e connectio [ L] raf i S separat i nt.o the

i ndi vi dual RFI t°§g“‘§€%§%§a9ﬁ’%?%‘ﬁlg88‘é %8%’:‘?{““{"%3”%2%8%‘% b RoaRed gonprBYlg?/i des
a net hod 4 aymbeabf indeviduagRIAIDx tagl ilevides.ethrerieyit patttenstcoliidbatompletepgiotevi ce. The

met hod i ngl udes vi ding.a substrate with first and second | O

surf aces, S%\Rﬂa’lrgtrl & (ﬁ:ﬂge ‘f’??” S ?thﬁ 8V?L|1to°r‘il&8rfls fcf\g\fln(l.\& l%iﬂfﬁaﬁlitf%meg’r feRarated gﬁhéﬁ? B tab. A
ci rcuia patdtﬂearnmoh@lelieﬁdparlmvﬂadeay,@miacd‘uld&taﬁaaieaﬁt el afe@f@ﬁae@ﬁorasitg ghmdrr a:j e, Ej he
circuit pattern including an antenna pattern aving first and second ends;
afirst c ‘i’f&?’f-?%H%Ea‘ﬁebdgéepéra?gd‘ﬁﬂg‘ed WQE%IiRgﬁDﬁa&cﬂeV’\%“er ein the first
connection padnbfe 4sp6@| B pREent MOertioh provitRh @ mefdl FaGEorRbtid\Era g IR LSS
within the connector tab. The circuit pattern also includes a common
capaci t or UpTtHaiqnagericer iThametotinshidesrpofingiashbsiratsevitfirermd sesand waior and
a pluralifymgls, Wading mapetioh of thQE@Jsﬁ%e f(ﬁﬁﬁlacQﬁneEﬁaﬁtaE.uR'crﬁgui?gaQﬁﬁf ikor plates
20 in electrical communication with the antenna pattern through a tuning
capacl orprpyidedeon etshmeior smfaceTofe swbstiatsdthe gireuitarattpmdhaliciisg nointinngpattesn
connect or Ct ! | ine such that the first. major
surface ol}atvtﬂlﬁefﬁ %%ngﬁgﬁde)&%g’t%%t C:Oﬁlgecégﬁ g !(j)P g?cggg?%]gg%oflﬁg‘fﬂhfﬁn themj or
sur f ace offirstdoenestitis padsit éocetat sn the fodt niaje sadava ef the sulisabie withr thé Corinbeor

plurality, of tunin C citor plates are | gcated. on the connectar tap or
the conmo ﬁgcTalbeacériC}fuoPatbeI“g?qéo ]ingluﬂ%@actong’OBr‘fa?ar‘?gorégat% BrfiRebicat cqmuppndGagipn Y’Hgt t he
pl ural i t ythehntérinaipaigers;apd aiplu@alitp btisisg aapdcitd? 9lagRE0R o £aP AR REpRliét Bated Or m a

capacj t or. a{te.r the folding;.and wherein the first connection pad faces the
seco in electrical communication with the antenna pattern through a tuning capacitor plate

connection. The method further includes folding the connector tab along a connector tab fold
line such that the first major surface of the substrate within the connector tab faces the first
major surface of the substrate outside of the connector tab; wherein the plurality of tuning
capacitor plates are located on the connector tab or the common capacitor plate is located on the
25  connector tab such that the plurality of tuning capacitor plates and the common capacitor plate
form a capacitor after the folding; and wherein the first connection pad faces the second
connection pad after the folding.
In another aspect, the present invention provides a method for fabricating a radio
frequency identification tag device on a substrate with first and second major surfaces, wherein a
30  first portion of the substrate forms a connector tab. The method further includes providing a
circuit pattern on a first major surface of a substrate. The circuit pattern includes an antenna

pattern with first and second ends; a first connection pad and a second connection pad, wherein



connection pad after the folding. In another aspect, the present invention
provides a nethod for fabricating a radio frequency identification tag
devi ce orwe wobsssrate with first and second maj or surfaceecTiser/giom3 a 30
first portion of the substrate forns a connector tab. The method further
includes providing a circuit pattern on a first major surface of a
substrate. The circuit pattern includes an antenna pattern with first and
second ends; a first connection pad and a second connection pad, wherein 3
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with the second connection pad; the resonant frequency of the device 15 is

neasur ed; Pla§éars senagded bydh‘*edlél%tflﬁ aveinfienge delpiaei T il Goneectionmeds ploped ins
sel ect Veélkfctﬁ(%‘i’ @cglﬁﬂuﬁk’ﬁf&n Withdhe &c&lﬁ%oﬁr?egh&ﬂe%gnﬁg besbt Crﬁﬂﬁ' E¥cyl oF tRRdeRi0ed. In

anot her aspect he pr esent i nvent1 on prov esSs ara equency
i dent 15 i cratrme@wr@dagnd aldeastenetofi the timing eagesitonplgiglsstneatians i selectivetysteverndisusbcond

maj or sur gtcae 1r9d1je%orn§15tfféﬁﬁ%nag§o%FaﬁeIae substrate form ng a connector tab,

wherein t strate Is ong a connector tab fold |ine 20 such
t hat the f| r stIn aather aspact, #egratnttinenserystviddsen rhdic &t qubnuy tdhitifichtien tegnnect or
tabfacestheflrs e of. the substr

f
connect or 9455 thaﬁlﬁné uger f %i’rstffﬁéj%’ﬁ@ﬁrsf A4 sgeRbd mgyor Sgﬁ?cgﬁ ﬁ«t’f f?‘@é?ﬁtoaafﬁ“ﬁ the first
maj or su r sftm@t&t@forrhimg aobssctontad, witerdih HgtsubshaRectolden apag a b@ﬁﬁbt@ﬁta@ fold hﬁe

first urface of .the substrate WIEhInth connector tab second
conne ch aat IihS gl.éﬁt By surface of the substrate located within the connector tab faces the rst
major surface of the substrate outside of the connector tab. The device further includes an
antenna located on the first major surface of the substrate; a first connection pad located on the
first major surface of the substrate within the connector tab; a second connection pad located on
the first major surface of the substrate outside of the connector tab, wherein the first and second
25  connection pads face each other and are in electrical communication with each other. The
device further includes a capacitor with a common capacitor plate in electrical communication
with the antenna and a plurality of tuning capacitor plates separated from the common capacitor
plate by a dielectric layer, each of the plurality of the tuning capacitor plates in electrical
communication with the antenna through a tuning capacitor plate connection, wherein only one
30  of'the common capacitor plate or the plurality of tuning capacitor plates is located within the

connector tab.



the first major surface of the substrate outside of the connector tab,
wherein the first and second 25 connecti on pads face each other and are in
el ectri cawoaemasni cati on with each other. The device furPgrusongicodies a
capacitor with a common capacitor plate in electrical conmunication wth
the antenna and a plurality of tuning capacitor plates separated fromthe
common capacitor plate by a dielectric |ayer, each of the plurality of the
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descri bedab@haw with respect to ill ust ratl ve errbodl ments of the invention.
20 These and other features and advantages of the invention are described below with

respect to illustrative embodiments of the invention.

Brief Description of the Drawings
FIG. 1 is a plan view of one device according to the present invention.
25 FIG. 2 is a plan view the device of FIG. 1, with the connector tab folded over.
FIG. 3 is a cross-section view of the device of FIG. 2, taken along line 3-3 in FIG. 2.
FIG. 3a is a cross-sectional view of one capacitor structure that may be used in
connection with the present invention.
FIG. 3b is a cross-sectional view of one technique for electrically connecting the
30  connector pads in a device according to the present invention.
FIG. 4 is a plan view of an alternate embodiment of a device according to the present

invention.



Brief Description of the Drawings FIG 1 is a plan view of one device
according to the present invention. 25 FIG 2 is a plan view the device of
FIG 1, wohmwnbsssconnector tab folded over. FIG 3 is a creIgssessetsrdn vi ew
of the device of FIG 2, taken along line 3-3 in FIG 2. FIG 3ais a
cross-sectional view of one capacitor structure that may be used in
connection with the present invention. FIG 3b is a cross-sectional view of
one technique for electrically connecting the 30 connector pads in a

devi ce accor diFiG. § @ 4 flen piews€ai aliemasdnitodiment 6 a dbvics accopdiggntotheepeht an
aIternate %# odi ment of a device according to the present invention. 5 WO
02/ 063551™ Uso1/ 47673 FIG 5is a pl an view of an alternate enbodi nent
of a device acduot disuplauwvither i gkaiite enibddBithnt O devlcGacBrdiss @ tiY @esedi ew of
an alternate enbodi nrent of a device according to the present invention. 5
FIG 7 i s™¥P%n view of an alternate enbodi ment of a device according to

the pregsent ipTGentd Blan Fibkof & z!tlﬁ:rrﬁtta@n%dﬂﬂe%‘t"bﬁde@i&eﬁééo?dlﬁ?t%@h@ﬁ@ééﬂ! nent of

a device according to the present invention. FIG is a plan view of an
al t er nat el™8F398i ment of a device according to the present 10 i nventi on.
FIG 10 is a phans ‘i’s'aeﬁ’l‘cupwe\@@f ﬁt élf%Fﬂaﬁete?nb%mt SedevRE a@co n%ﬁtd' ng to
the present invention. 11 is a plan view of an alter ate enbodi nent

of a deV|E@ﬂﬁ@éord|ng to the present invention. 15 Detailed EEscrlptlon of

|l lustrative Bfpoglig &?w% omﬁalteﬂa‘é?er&ﬂb%ﬁnﬁ% E 8 d &LRE @%%Fdéﬁ%%cg %ese one

RFI D tag device acc Ing t resent 1 nvention an naklng
t he dé%lcmvmmwaccordance with the present invention shall be described.

Al t hough the Ifl buf(} {s% e{:rll quevél/ Iofc an anta%at% fbecﬁlmentyof%%e\gicer a?c%co)rrghah%tto ’Ehaectl)ireosent
frequency |dent|f|cat|

invention.

FIG. 11 is a plan view of an alternate embodiment of a device according to the present

invention.
15
Detailed Description of Illustrative Embodiments of the Invention

With reference to FIGS. 1-3, one RFID tag device according to the present invention and
a method of making the device in accordance with the present invention shall be described.
Although the illustrated device may preferably be a resonant radio frequency identification tag,

20 it will be understood that the present invention may be used to manufacture any radio frequency
identification tag including an antenna and capacitor as discussed herein.

The device 10 includes a circuit pattern on one major surface of the substrate 12. The
circuit pattern includes an antenna 20, an optional die connection site 30 in electrical
communication with one end of the antenna 20, a first connection pad 60 in electrical

25  conumunication with the opposite end of the antenna 20, and a second connection pad 62 in
electrical communication with the die connection site 30 (which would place the second
connection pad 62 in electrical communication with the opposite end of the antenna when an
integrated circuit die was provided at the die connection site 30 as discussed more completely
below). If the circuit pattern did not include the optional die connection site 30, the second

30 connection pad 62 would be in direct electrical communication with the opposite end of the

antenna 20.



20 it wll be understood that the present invention may be used to

manuf acture any radio frequency identification tag including an antenna
and capacwbpor/oesssti scussed herein. The device 10 incl udes paTaiSovuielr3 patt ern
on one major surface of the substrate 12. The circuit pattern includes an
antenna 20, an optional die connection site 30 in electrical comunication
with one end of the antenna 20, a first connection pad 60 in electrical 25
comuni cation with the opposite end of the antenna 20, and a second
connecti on padTigXiicnit pateacalsd inalhdemrmmnionah;baohomﬂdtmm hel tdoer morentedibgon site

30 (which wou connect 62 in Iectrl cal

comuni cat6# %p[%k g ﬁé‘“‘gg% lcglrﬁ’méli‘unfctq O%W&gﬂﬁénm toHeh RIS GRRACKYY
circuit dplate%ﬁnepﬁmmsd&dda& réslpectﬁzbl@ connection site 30 as discussed nore
conpletely be ﬁW I f the mrglwt pattern did not |ncI ude the optional die

connection si tel gbthe CABPUEHIS Qhths §rewiRrEEpdsnlope Bthawmemaer sufagiof dis

el ectrs Cabut@@ml S84 ke, Wids HorlrR@ 12 HRMAThS RibeRekE pz‘ar& & refMteMNRaldlne 6 VO
02/ 063551 PCT/ USQ1/ 47673 The circuit pattern also includes a commopn

capaci t or "{FPSPR eRstrigakbconpgstigns bebreen therivigert spapenesis op fharciguitiptiamd Rgther.n
el ect ri calhe@oRERtins AbédeA td¥dnbert A€ F%@M@a GG AU il gz fafhg Cs'u Qlate 1B AL E

connections 54 and 56, respective of the conponents o e circuit
pattern apedeseibat 8uners detsd belofe nmj or surface of the 5 substrate 12. As a

result, vias fg[ng gﬁtltaty OUIR bt Bn &Er%ﬁ ﬂ‘%r?ltaég @f ﬁer}l?atter a?gr%gtgrgalg % r‘@‘%ﬁg the

necessary el ectric connectlons et ween er en nponents t he
ci rcul® paetdels for Ralstrete, 12 maygrdenbly cxhibin sertweﬂ]edtcknstrc&nk‘/c&rekamﬂﬂe, that t ern

into a ci {o t he strate 12 as de edl nor e
dotai 1 per e FE Ral BBy DN AaldlS SRR BE Fooks s el WURE il

mat eri al pertterralb@revalhtsshoﬁug bab/bm thdrD. Trad ﬁéfeﬁrb@thﬁoﬁle albbﬁiettdf o endl? loasy

pr ef er abl xhibjt certa terls For_ exa t he strate 12
may pref eﬁ%ﬁ?@oﬁ ﬂf)cili“t(%h?fﬁﬁ? ﬁ% lﬁé‘f%&aﬁ PPIigns ofit ?‘?ﬁ&‘gp ahe zolf QVFe

ci rcui t mab tewhrmﬁe@wﬁm@n@menﬁ@axfytm@grebetewmea cbﬁwlodstana/& PicairREiRd that the

subst 2 ang?ni | east Eortlon of the circuit pattern be flexible
such SUSsFats Bm fﬁé’f%ﬁ le sulsate mageiglspelyds) b aregigklimitesliocpapaish ot her

Wi t hout  SEhbMOm@BNalE R JoRRHO1eBE b EHQDR ANENQPETT &y uri ng the
15 substrg?dghu Exaarrp prc)%sﬁle 3 ﬁ%%strggg mat gbr%aa I's ’i nci udse but are

not linmit %ﬁwvbdes,n@@@wlat%pmlwﬁn% etﬁﬂta@d otess. é?erﬂgennozfmlgheugiwubﬂ@te 121s
pol ypr opyi&iged a@glhﬁﬁx%gﬁ{e%us(s?ru&uve (E’é"#lg Pjé’[ it 2\ fou undﬁgtloé’d ﬂhp[ﬁegsubﬁtrate 12

pol yacryl ates, rene, etc. urthernore
substr at em@gb@ gonstructe of two or more dlffel ent materials prov1ded as different layers or otherw1se
20 The circuit pattern on device 10 may be manufactured utilizing a variety of techniques
for forming electrically conductive patterns. The circuit pattern may, for example, be formed
using standard printed circuit methods, wherein an original stencil pattern is screen printed with
an etch resistant ink onto a metal layer, and the non-ink coated portions are subsequently etched
away. Other techniques suitable for providing electrically conductive patterns may similarly be
25  utilized, such as metal foil patterned by photo-resist/etch techniques, laser ablation, etc. Another
suitable technique may, for example, involve stenciling or printing of conductive ink onto the
substrate 12. In still other techniques, the circuit pattern may be built up by pattern-wise plating
onto, e.g., a metal foil, seed layer, conductive ink layer, etc.
Further, the different components of the circuit pattern may all be manufactured by one
30  technique or, alternatively, two or more different manufacturing techniques may be used to
complete a single circuit pattern, with the techniques being selected based on, e.g., the resulting

electrical characteristics, resolutions, etc.



depi cted as a honpbgeneous structure (see FIG 3), it should be understood
that the substrate 12 nay be constructed of two or nore different

mat er i al swproewszded as di fferent |ayers or otherw se. 20 ThreTaiSovwier3 pattern
on device 10 may be manufactured utilizing a variety of techniques for
formng electrically conductive patterns. The circuit pattern may, for
exanpl e, be fornmed wusing standard printed circuit nethods, wherein an
original stencil pattern is screen printed with an etch resistant ink onto
a netal |ayer, Therdtenhe2hsoné cdmpaedted the eirtiiDpisear ecased s egpfstnajocfuethed

away. O h echni.ques..suitapl e for .grovjdi el ectr.ical conductive
patterns %&é Séuﬁ)r%‘tlr t%lrll?yT eeSpﬁgg%%Sf%nfé © aEﬁﬁB‘P'f‘n%s‘S H‘ETCHFI‘:#E)WI‘%B@?%FWE‘H‘OBy
phoL o- r esFatekample, ﬂlemlim‘belq uéscilslf@‘liieﬂ iredak aﬁtim;ﬁﬂao,eth@ spabiA8 blreleen t?bl E&i&g{h@

t echni que,r aor. exanmpl e, involve stenciling or printing of conductive

i nk onto Eh@{ésé&ﬁétbéﬁs CT%.’ ot ‘Eridle‘flg‘bli’%@?et?régﬁﬁi"%féié%fe%“ﬁ‘éi e the pat t er n
may bes buddsiredigledipicad didrdisiésse plating onto, e.g., a netal foil, seed

| ayer, conductﬂquﬁﬁi nk layer, etc. Further, the different cor’rPone_nts of the
circuit patterfi® fjica) UERTRAHRT WiEh the apfemi 2rivan gtiopd difrrogupstion site 30,

al ternat i ¥@hMing dofhiechBE Rriflinkk 86£4Hd 3@9.”Hfsﬁ&ﬂth5é ﬁlﬁedttﬁgtgggglfﬁé dBRYeshg used

to conplete a single circuit pattern, with the techni eing selected
based on, that ill betused widls e injogtgtedeirewt dip aegd te Inghide thediestontestion sitsdiOuts iapars

etc. 7 WO,0R{ 0R3IRDI&ECT/ US01/ 47673 The antenna 20 is one conponent of the
circuit pattern [ocated on the first major surface of the substrate 12. The

speci 19 ¢ desi ghhespnadgdorststnainals 3 ®0and $ 0 of the dietcowaktidncite B aprpesfemblyilargent i on.

For exanp . =0l N . antenna 20, th aci ng
et ween P g AEESeeP boiins S eTBitabitvin e RBHARS B finitetis B2 gn
par anet er die trale used in c@snecdouvitie thetdoviobt @i Alttohgh the desiteddic ebmettionaab 30

characteristics. ln electrical c i.cation wth . the tenna 20 is an
opt i onal l(rlll‘:held%sts)[wﬂée&nil% glwfllgg%b“ errgF&rJ?gIﬂl?gﬁ“ﬁéilecﬂognefg?fh%@gl%&??yt“%ﬁl °f4¥s 30a
and 30b. desirahuter betefoihslslad qiiredmdl Yhel ihegi@ted et iieie bbe althidbd i thé sikasoused
with integr/ﬂted Ci%ﬁﬁfﬁi t. die need to include the die connection site 30
as a Esrz;rjt of ‘TR B3 it ClFAHtPAIGHN. aXomTe cRRATHERiDH) Ialsailorated ot firld 30b
of the diRajePaRRES bfBNbHatee1 23Ad &/i8 eREGEA BRI A BSVithENOMANARY. i t he
proper positions tQ nake contact with the term nals on an integrated

circuit SHENrapRIgERIgteid itlopatedcan anpprijgn of therrabsiats 12dhat dormajatchmnegter tahe
depi ct ed df qn @RMABRE RMbSihRNSHe chitekdf ) bn 1k !

under st ood tltllat tEe die colnnlé(’:t ie(():n siﬂge g(l)wng(a%hﬁgﬁlgy&z%ﬁaéﬁi/&h egPrmté)&(;a nunber
of term nRl&lingsgOr equired by the integrated circuit die to be attached to
the sjyje 30.

The common capacitor plate 40 connects to the antenna 20 across the fold line 70 and, as
a result, at least that portion of the circuit pattern is flexible enough to withstand the bending
associated with folding (such that the electrical connection between the common capacitor plate
40 and the antenna 20 is maintained after folding).

A number of tuning capacitor plates 50 and 52 are also located on the same major surface

25 of'the substrate 12, and are in electrical communication with the antenna 20 through tuning
capacitor plate connections 54 and 56. The tuning capacitor plates 50 and 52 allow for tuning of
the resonant frequency of the device 10 by selective severing of the tuning capacitor plate
connections 54 and 56 as discussed in more detail below.

The tuning capacitor plates 50 and 52 are located outside of the connector tab 14 such

30 that folding (as discussed below) places the common capacitor plate 40 in opposition to the

tuning capacitor plates 50 and 52 to form a capacitor. Alternatively, it will be understood that



15 Also a part of the circuit pattern, a common capacitor plate 40 is al so
| ocated on the first major surface of substrate 12 and is in electrical
comuni cawoor/0edssh t he ant enna 20. The commobn capacitor pCatEsoN@76rs

| ocated on a portion of the substrate 12 that fornms a connector tab 14. In
t he depicted enbodi nent, the connector tab 14 is defined by a separation
line 80 and a fold line 70. 20 The commobn capacitor plate 40 connects to
the antenna 20 across the fold line 70 and, as a result, at |east that
porti on ofhetphsti@isrcoulidipoeatidliyrbe réverstd ewthhhcetuﬁmgughcim plitdsheingnetatedenbiendi ng
associ ated with fol di such that the el onnection between the
common caPacht t%rtabpilrg‘ttg‘gw&ﬁ“%%?pﬁt@r BlRCdeH %ﬁfﬁ sjdg Oﬁﬁ‘ﬁﬁ?%eﬁt% Bt er f ol di ng).
A nunber ?f tUThemgrrmﬁmaﬁpetcﬂbr métaﬂ@ﬁqaﬁﬁreﬁdﬂﬂalﬁﬁe Rrger ﬁi:aﬁﬁthﬁmlt:}e@f tBetubhg sane
maj or surface 2 strate 12, and are in electricgal communication
Wt the ERAGHRERSS 5P ﬁ?fgééﬂ&f’mﬁa EepaeqmBen (At el A8t PisRSISENdnd 56,

The tufi ngffé‘r%ﬁddcﬁf/e ﬂﬂrﬂ&@@p‘éate&md)f% t@dih ONphGior plafdl BPaf 52 dilRefl@soa@ant
frequency of the devi sel ective severing of the tuning capacitor

plate coRR&dRsFeRd2 sadléﬁJdS@éé’ew dHeugsndy e theipg capasitar plagss S and iﬁ@ret uni ng
capaci t or pl AR tﬁ@d?ﬁtge&%n%ﬁﬁnénpwlﬁ%e%&éét&% R4t it P ék@ﬁéc% f@gel4 such

30 that foI di ng ussed bel'ow) places the common cap aC|to pl ate 40
in opposi thrwrprmrq feing ceficlieyy piadgsde proyide piditiensl moing dlgxibiity. oFLfrtbmmﬂ@ tuning

capaci tor ., 1{0? f)ﬂ%ts 'm\ég ¥ thel shm¥il,d ?l%ﬁff&@g%{2§§ % mtcja%r S0 ﬁé)ggi?’ ﬁ,’S he

PCT/ USOL/ 476 e positions cou ot ent e reversed, w
t uni n§0 capaci tIOIadCﬁitialt,@thh ﬁtgndydlcalréctr@rto ptwldecookymesmtglﬁcdnahnmﬂadltheplatammn

capaci t or 4(%58&6 10#68%?%(%86(% %Vlﬁjﬁlél? 111urs1traeilvggrrr]1 ltﬁgxrétai Hla&be P‘Pféﬁ’f Enl?oﬂod? epaC| tor

pl ate 40 may
capaci tor mpteathasonE@ommd»nEé’pacftdnrrpmtqmem&aatﬁomm@mp&ammﬁte tapad(ihar plate 40
is large eno a condu% i ve surface opposite all of the tuning

ff.
capaci t or Coﬁﬁlpg?c{g%aegffeg?ﬁ%ogl WP B MOFeAL G EniBs CaRUL ARy at e 12 as di scussed

bel ow. Al t hougthe@itbyit patrd Asd inQuded Rddt Loineptioat éﬂ& 65Q)cétﬁ&jwﬁﬁmalﬁé?conﬂéo@%h ded in
the d ICtES n‘g}%dlrrent it will be understoad that @y be preferred to
pr ovi 4 an fiie spesirate; lanand g seeamd CPRIGFHqN Pad &4 ktcéteﬂ)P‘fbt\sﬂflﬁ Aeeeegioaita uni ng

fl exi bi |'i 14 Diritigto@bfactuifg bERE H&lce‘é@p@@ bfeQdnt RivaLtRR, MBYorEctbEh $2MRmed ze or
different sizes as desired for still m)reerX|bI|t 10 I n addition,

al t hough %2 Reaionsd therswberateeld qap bp faddadddong ielg lige 29 sugh élat:thmﬁmﬁ conpsetein o
plate 40sR&ndeplact LM eﬁé&gﬁ%%ﬁﬁﬁdn%uéﬁ{ With 1Ris&ohd Lokt Rh #)xc%fm@" ment, it

may be possible to provi nore than one common capacitor plate with each
conmon Ca@a@f@c@;rm@pachssl rgwl@xre@lw tlie formation of a separation line 80 in the substrate 12.

20  The separation line 80 may be formed by any suitable technique or combination of techniques,
e.g., cutting, perforating, tearing, scoring, etc.

The length and/or orientation of the fold line 70 and the separation line 80 are selected
such that the components present on the connector tab 14 align with selected components of the
circuit pattern on the substrate 12 outside of the connector tab 14 after folding. In the depicted

25  embodiment, the fold line 70 forms an included angle with the separation line 80 of about 135°,
although the angle selected may vary so long as the circuit components align properly. In some
embodiments, folding along fold line 70 may be facilitated by, e.g., scoring the substrate 12.

FIG. 2 depicts the device 10 of FIG. 1 after folding of the connector tab 14 along fold

line 70 in which the capacitor plates 40, 50, and 52, as well as connection pads 60 and 62 are
30  hidden by the connector tab 14. Folding of the connector tab 14 brings the portion of the major
surface of substrate 12 containing the circuit pattern components within the connector tab 14

into a position facing the same major surface of the substrate 12 outside of the connector tab 14.



conpl eted device) opposite one or nore of the tuning capacitor plates. The
circuit pattern also includes a first connection pad 60 |ocated within the
connecti oOWO 028635ab 14 on the substrate 12, and a second ce®cmashi/enw7pad 62

| ocat ed outside of the connection tab 14. During manufacturing of the
devices of the present invention, the connector tab 14 formed as a portion
of the substrate 12 can be folded along fold line 70 such that the first
connection pad 60 can be placed in electrical conmunication with the
second coFeiding itwrropaadtos 2ab Thtudso preferablacdsultd inghqfoneios offmyapatbitn by eduging t he
formation,of a separal n. t he s epar ati on
e 80" nils P Padhr s 40 Guibe ok PlaF AP S s io e Brne ot

t eg/h ni questher. €hy conrﬁ?ﬁdnlhp’ag? 6C|Dgfd}°6<2rrﬁ?dyl ag@ pr%fér@l%lb/ B brovgletintd ghiglﬁﬁ@t t80'0|-h e length
and/or orientation of the fo [ 70 and _the separation |ine are

sel ected ‘gﬂ%ﬁe#ﬁgfopﬁﬁngﬁﬁﬁﬂﬁﬁﬁfgﬁﬁf@@@ﬁPfSH“?ﬂ%Pa%ﬁ%ector tab 14 align
wi th sgl ect ed HOMPNERbS- s@étlohmenev@bftﬁéluéwdéqbto%m QnaltchQlchig st B@tlﬁ Fi@. 2.
out si de of Lhe connector tab 14 after folding. In the depicted 2

enbodi mentt this yievs g diglactricdayeg 99 idegictsd FW&%@@ GOTBREP eAPRAF I p{arfe‘wsa@saacéltqfon
line 80 Ofye ﬁ@ﬁ’dgtcaﬂ&\?tor plﬁﬂeg WMQIhSZt e @ﬁgzlcﬁ"lcs’i@e?% ﬁ‘%ﬁ@%d X@Ee)fngs&njum as the

circuit conponents align properly. In sone nmbodi nents, folding along fold

| i ne 70 nelfhopgh it wéli be vraie@méyhat teqlielecticdpyen @0 miee be pigyided prly ipthosel aggas n
depicts t (ot S | al ong
ford 11 narigh R aind QpdicEbliies 20 hd et B R eyl NP RRRSER Bk B,
connetd i on padshegiielentric lﬁﬁeréﬂmaywOMﬁdebiy b?gfcemdmwalrdsltilecfoldﬂint Absukch tha@dtl di ng
of the co ortlon of sur f

substr at eﬂ?\ge%&sgh %&%Iﬁé ? ng&gllsgr&éw (iagamtorc%l%p%ﬂ &h {he ante't“ﬁ‘lzﬂ ‘Eqr% connect or
tab 14 i clearicllp elsortmg)adoﬁ@e:alcm gf thé eoﬂsa:msealﬂqyahe Bldel acmeabr tabé4.sphastrate 12

outside of th onn ctor t 063 PCT/ USQ1/ 4767 ol di ng
t he conn eWB’Ip?et g eé? fdgt %t%% provids Ia)ﬁvéi’])eég ifi lper ?ﬁ %?twsenr %‘Eﬁﬁ‘%t}aﬁ}‘l ali f’ftg
capaci t or cdytedddrit#itgi4\ghd thd\eppoSingpdtticapas §ubktrddd &l ﬂ’ce{’r@ﬂéﬁﬂ% (dohéngtad AN g
capacitor plates 50 and 52 to 05|t|ons faC|ng each The connection
pads 6D afftinessionRydsAlegd bf atedebieyentsd tippbtlgipical ?ﬂ”ém‘é}l?agﬁlﬁﬁéﬁglsctuése conpl et e
their conpgsh). MteAttidely, Qisdifﬁreﬂflnﬁlfh%né RlatdkiftmAf be%m&%ttg Erervé’tﬁ sﬂ(ﬂ’tm?oﬁh@ 3
is a cross-sectional view of the device 10 of FIG 2 taken along Tine 3-3
in FIG 2antennp2¢ pftey folding of thegomnesior fabd4 ayer 90 is depicted between the
common capaci taf diiah& lﬁQer@O Qarfalggllﬂd@ﬁ)u H@c HntHak B9 f&‘aeQQIﬁhEOJ ndal c%fn@l%u@g and
52. The dielectric |ayer epl ct e el ng cont ous, ough it
wi |l be utfbesistidoy dwté«t sxﬂwbacﬂiﬁseveet@perqrm dldy@mc Bekimgya dveting @\ai. eit, @ptb)y/, i n
those 20T eﬂ)ﬁdeﬁ Hlaslé'\’gfcg %retfé‘l'%lg,%% é’iglgcgth& 94 he%l aa&eg?ab?eodlag'&lcs gon@t St to %Bﬁ}
opp03|te t mon ca aci tor

the requlred capa01tance for the circuit. The dielectric layer 90 may also exhibit sufficient

adhesion to maintain the connector tab 14 in the folded position.
Figure 3a depicts one embodiment of a dielectric layer 190 that includes a backing 192
with adhesive 194 located on both major surfaces of the backing 192. The backing 192 may
25 provide desired electrical and/or structural properties while the adhesive may provide desired
electrical and/or adhesive properties. The dielectric layer 190 may be provided in the form of a
double-sided adhesive tape with pressure sensitive adhesive 194 on both sides of backing 192,
e.g., pressure sensitive acrylic adhesive on a PET backing. In other variations, the backing 192
may be a polyimide film including, e.g., thermoset adhesive films 194 laminated to both major
30  surfaces of the backing 192.
Referring back to FIG. 3, the folding of connector tab 14 also preferably places the first

connection pad 60 in position opposite the second connection pad 62 such that an electrical

10



10 The dielectric layer 90 may al so preferably extend towards the fold |ine
70 such that it prevents the trace |ine connecting the conmon capacitor

pl ate 40 wo oz2leessant enna 20 from electrically shorting al eag/usavhrees t he
coils crossed by the fol ded connector tab 14. For exanple, it may be
preferred to provide a dielectric |layer 90 between substantially all of the
connector tab 14 and the opposing portion of the substrate 12 after folding
(so long as the 15 connection pads 60 and 62 are not prevented from

el ect ri cakomectmntar &¢ inade Fswetinsiousee60 artied20\ the Abpieted ambadihynt, the eliedtfied ent

insulatin mater V|d revent .sh ing, of th ant enna 20
after fol diRg OF hveenﬁ}?ﬁﬁ%t Setc% T&neﬁﬂ%l’%{]g%ﬁf% E‘agg‘i/%crcoggllsgﬁ‘ﬂ%X’ncl ude,
but is not.gl, arbidadtitecanedint 6exiim)doaduoalvélﬁlladlﬁmrﬁiu1¢dyl t¥le: ang AB@SENOE afviridly of

cpoxy. 207 8oF HURisaeW POEERg S tonasprirdiealiy (o £ pROB R P nb ol fef n

desi r abl eEﬂd»f;A ’Bjahlﬁdl@g}&;Di&SBaHHrlc& MQMMISBOImE-Ax@sq&dHegde BARACAilaBRGRN AV the
circuit. The di e%‘bgtrl C a r 90 .may a(lh%o exhi bit sufficient adhesion to

mai ntai n CARPEBRRRERYr ‘ioﬁd‘f%‘é"? Retaposi-i 3R 27 Bikjertdcaly depicts one

enbodi mntoﬁﬂucﬁv@T@e%@&fabE ﬂ(ﬁi’ﬁ‘{'/lcjo%ﬂ)aﬁ}k)%ldepcété‘des a backing 192 with
adhesi ve 194 | ocated on both major surfaces of the backing 192. The backi ng

192 may 25 prioaneikerpdisimatye ofias &EIP tag devige patialin denistedimFI(p Bbbe ednasctishi | e

t he adhesjyg 1'3@)&1(91’@\/&1%6(15%iréc‘%golgéc?%tﬁ 'egc@xlot}fepgﬂé)tg ftl‘?‘glgﬁgéa\ﬂ aRfoperties. The
dielectric |ayer rovi ormo I"'e- si ded
adhesil¥e maei@nwlﬂsmomeébx an eneg@hwlsﬁec}meemlh@sh hosd,50dh srvibointulgisdes oof  backi ng
192, e.g sensitive acrylic adhesive on a PET backing. In other
vari ati Onghem? sg&lggfﬂ% ng 192 nmay be a polyimde filmincluding, e.g.,

t her noset adheds lestfatédis F104, hanthen ambadimentlod the pmpmrmveaﬁorsmclﬁmmslemﬁe t he

backi ng 1 rrtn bac of o nnector tab 14 al so
preferably ??0 %5%3 Rt }?q?tglin @5%838{608Hne5§@1 %{9 I ng&rg}? i29tEEEEd fee t he
second ¢ Om‘lmecttioﬂ mag a3h B2t Bucivt idehide @é’pafé]teﬁﬁé tor@adtioh GerAaB2 /16 %@a’ced die

PCT/ U ?gl/ 47673, chtl on q e bet ween the pads 60_a In the
depi ct?ad 8(??6‘8‘3}0%%‘? Q‘ﬁ@roardéam ?:cé’llca %WH@EWI{%WHEF%@@FP“{‘%@% |W’é‘tn thgdje
second comsétioﬁ@lt@ﬁ%sov%d%@dn ﬁ?egfmme%m@@ﬁ&%ﬁahll%@%ﬁht ¥d 1308mht be Sparated
conducti ve Or‘%dl um 64. The conductive nmedi um take any number of a

vari ety oftto thgdesired gpmbgriof separisiand distingt diecepnection reisHauct i ve adhesi ve

(e.g., EPOTEK Egldfivanaby }ﬁf@{'ﬁm%ra‘a'f@ c%nEeFEﬁ&y stE%fﬁfé%lﬂgéfﬁ an ke rate@tliel erl ca, My
3M 5303R Z- AXi s Adhesive Film avail from3M %

etc.), a %Q?ﬁ@m@flip%l%h@tﬁwselwrﬁéed(lé‘fogepar%%@ﬁbsmﬂ temunalt‘e(hd:wthe clrcult

20  pattern is formed, the user has the option of later separating the integrated pad 130 into terminals

as discussed below only if an integrated circuit die is to be attached to the device 110.

Alternatively, if the device 110 is to be manufactured into a radio frequency
identification tag that does not include an integrated circuit die, then the integrated die
connection pad can be left as shown in FIG. 4. Because the integrated die connection pad is not

25  separated into terminals, the continuity of the circuit is not broken and the device 110 can be
formed in the absence of any integrated circuit die.

FIG. 5 depicts the device 110 of FIG. 4 after the integrated connection pad 130 has been
separated into a number of die connection terminals 130a and 130b. Although only two die
connection terminals 130a and 130b are depicted, it will be understood that any desired number

30  ofterminals may be formed as needed.
The process of separating the integrated die connection pad 130 into die connection

terminals 130a and 130b may provide the advantage of a small gap between the die connection

11



Conductive Tape avail able from 3M Conpany), solder, etc. In another
alternative of an RFID tag device partially depicted in FIG 3b, the
connect i owo ;paass160 and 162 may be in direct contact w trceashi/gteher and
both electrically and 10 nechanically joined by an energy-assisted
mechani cal bond, such as with an ultrasonic or thernosonic probe. As
illustrated in FIG 4, another enbodi nent of the present invention includes
a device 110 where the circuit pattern includes a die connection site in

t he for m eimmalsil Bdegidds el tldis@ermmngﬁetdsenf Pathl(Bvet bast) dkowih sradll | ncl ude

separate die connectio erm na n rate di e C |on ad 130
i s provi d&§* ?%n%ﬁtgeé?lmagsal OB r@‘gf %%at%{ ‘?% CYHEe é?ﬁtpéﬂigo @'ﬁ%ﬁ e die
connect i omasifh@ured bph Qomv dae@lu@cﬁl pﬁidét:elsd”lé L0 privhting] maﬁ?ame@t provide ad chl&%@d sinblat gad
130 nust be separ into, the desir er of sepayate an istinct die
connect i ofRREF eﬂi‘f s‘ge HPURETIQR FSR) 13@‘3/ “31 B-dBnEprmingt éeé:‘Bﬁ?f@E‘ftIOBn site in
t he fos m RimmRlsilPéLHIABEE! 6hehe lﬁ@@a&afdiecaanmaoﬂlﬁ’»ﬂ 1t3b@§m%§ htesSRBBS at ed
into separate and distinct termnals when the circuit 2 attern is forned,

the user KE¥ITHC-Eplasgmbltion giegkonsteprirdsyiceigWelseiet s @t@édwpyamltia@dient 0
term nal scomasctfbh S HPRed 308 ha 3@9 ki be acé’tﬁatlal@tf&‘ﬂ{eﬁtvﬁﬂil thd fdsitbd hi Esélﬁtléng be

attached to the device 110. Alternati vel If the device 11
manuf act uFEWTISI-®, anare gapf eteqWatheyt highaprolition tarnbwl-todgrminalspatingstha die

i ncl ude ag, ok rfe%'xﬁgl Cl'BIQ% @cf 113% ouf:th% Bt %E?arﬁ&%@ggs%gu?g gi fhe re%PmECt i on pad

can be left as shown in ecause I nt i 6°CBnnecti on pad
is nolld 2&revipandshecidtegrated cirenihdin itbedf watidnasd e bmhar@ytocspaxt thetecmimeliot i s not
br oken angnﬁga vice 110 can be forned in the absence of any integrated
circuit die 155" 5 depicts the device 110 of FIG 4 after the integrated
connecti on padFIG304 hatbss hie@dbplcs emnah@cﬂoﬂtﬁmﬁg aradloneRuenel idbhéfiedonegt i on

termnal s,130a a h. on di.e onnec erm.nal s 130a
b 130b A EeaeaTEng e R presght P SioGn bR o8 A st RINBER 30 of
t er m nal sFI@Y, ferdsoiaie deq@ndiegdecticclit@upfopaessandk neaRRé@B gl hbanidit egr at ed
di e connectign gad 130 into_die connection termnals 130a and 130b may

provi & t FEecigy Blatea gnnssted, Witk the rgsopars Sequsary mprsureiet dgrimae of Ba tuning WO
02/ 06355 1caBbekto 'EE/ cﬂ;ﬁ@e%aonstl@ﬂ BhdPd6cart Be 9%1%&‘ b dedicddd in FRY'SS @%fs@%ﬁn%&t@lge the

use of a small (lower cost) die with snal i nterconnect termnals. For
exanpl e, %Sﬁ@lwfégmapwcmr@bé@ Ardichat de rgn@mnggaqas@@cwr@coxi)mdmatyn@es

manuf act ufeed Bvat the (T‘Bé‘é ngﬁ%@ iR, B RGEfSee o nfdre tullfnk Q&ﬂa&%r ptle@e%tarecﬁ)rglllgedmt

provi de the desire
it may be possible to sever the tuning plate connections of more than one tuning capacitor plate

20  to achieve the desired resonant frequency.

It should be noted that the area or size of the tuning capacitor plates (not shown)
preferably remains unchanged during the tuning process. Rather, only the tuning capacitor plate
connections 154 and 156 are severed to reduce the capacitance and, thereby, tune the resonant
frequency of the tag 110. In some methods, it may, however, be possible to tune the resonant

25  frequency of the devicel10 by adjusting the size of one or more of the tuning capacitor plates or
the common capacitor plate.

For a device incorporating an integrated circuit die, proper physical layout of the circuit
may allow for severing of the selected tuning plate connections 154 and 156 and separation of
the integrated die connection pad 130 into die connection terminals 130a and 130b in a single

30 pass using the same technique. Separation of the die connection pad into die connection

terminals and severing at least one tuning plate connection can be done using, e.g., laser energy,
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gap between the die connection termnals 130a and 130b. By formng the die
connection 5 termnals 130a and 130b fromthe integrated die connection pad
130 usi ngwe ohiogdsstr esol uti on technique (e.g., |aser abl atipam/Uusel/ewts on beam
devices, water jet cutting, etc.), however, the die connection term nals
130a and 130b can be accurately fornmed with the desired high resol ution
features, e.g., a narrow gap, etc. Wthout high resolution

termnal -to-term nal spacing, the die connection termnals 130a and 130b
woul d be albcttdméoeslardevibwtclésg)Iouph}einal;hgsrembeingmeriar usinzen 1061 ot bthettiethnigqued t he
integrateE CII‘ é,lrl Iétglc? elf would need to be larger to span the

term nal Pt hal e "FIGS. 4 and 5 al so depict one nethod of tuning a
radi o f requencE/IG dﬁhﬁvgsfth@dﬁvhdarl (1)0 agFI(He\t\?tth ae 3y ﬁia&gdft@th%fdg Rhes e Gpad )

i nvention r. t I s manuf ac s depicted in. FI 4, the
resonant 11 q‘&@ﬁwg& ‘ﬁ%l@%&?g}}ﬁﬁlchﬂﬂﬁgo? 8% Cé%tge preomalished BHIZRZHMYal | t he
t uni ng5 15sigapReichhiqud hdtverer,ean RRERiQ utiibddmhidl 8c E&FOIHBRIwiH 8O REBBAS UT ed,
at least one of the tuning capaci torol%ﬁate connections 154 and 156 can be

severed al™HEps detibshin giecpressnipipvegtiat: dis examRlngn iniesseled pirea dieunhizp
capaci t or cdhnadt& uskiChisbhddic EHRudtREBINsRES tﬁQth@i% {ARGE cARE:tRRL berlBAUGE ance 1S

resonant at the appropri ate f req uenc¥ VWher e hree or nore tuni ng CapaCI tor
pl at es ar €peesippgerithe imtegrated cirsait dissld @n‘éthp@né@kmg dicheonpeption tprpinaksewhile

connectio

ot gl UL AL ANS LALAGERRESILEL ALy AARITLARSLIE,
t uni nd0 cajéesk &t@kcllmllég@sl 3% may bs hupptiyd with edndnetbi pumesti pesetmtecd“twngmdluchmm ng
the tunin acito necti ons
100 and 1 ELREPEARGSHDECA R oilTnd WelRn g IR R0 halh s Re ¢ ho
resonant suppkepaenehaméal bdsrmed:tmg bifiden the d&ole ane tutaelse 111, Il’@y‘u anbéever, be

possi bl e t th nt 2 frequ of the de 10b djustlng
the size %1? rgﬁge (5?“5(&?‘8“ GrPp &ﬁ‘?ﬁﬁ@l Elﬁgl?: ni‘lﬁrondisﬁf‘%gs Adyelecirica %}%

capaci t or mpdhahieal comectiortie wiadeby REOWRRMER ol &jointhEdE pARbo e E@l‘r'ésboriﬂn%

pr opei%ph si cal layout%ags:‘1 the circuit my allow for severing of the

sel ected YEAPHECINEEE ™ hnect i ons 154 and 156 and separation of the

integrated di @IGoV'Hﬁl@tfrét@srhnBﬁi@r ch¥ddinnPothep e QANBGL RN, HEfeM %Et?até%@lﬂ and
130b in a_sin ass using the same techni que. Separation of e die

connect i off0 d&%“‘i‘eﬁtaélu & of gthacsat sisHitpatiainsyd0e 24 Al 2o Bici (referesd to gepstallyae
tuni ng pl gk©rnco engy
e PR G P T O 3g§1T°Jltq’§ﬁém I%pq{efé‘?ag% y
removi ng ieiids the sanssomponentows thoindividuelcirceit patiequaloscribed above The web 200

20 can be separated between adjacent circuit patterns 210 to provide individual radio frequency
identification tag devices. Each of the circuit patterns 210 may be completely formed before
separation from the web 200. Alternatively, the circuit patterns 210 may be only partially
formed before separation from the web 200 (followed by completion of the circuit patterns 210
after separation from the web 200). For example, it may be preferred to separate any integrated

25  die connection pads into die connection terminals before or after separation of the circuit
patterns 210 from web 200. It may also be preferred to locate and attach an integrated circuit die
on each of the circuit patterns 210 before separation from the web 200.

The orientation and spacing between the circuit patterns 210 on substrate web 200 are
exemplary only. For example, the circuit patterns 210 could be rotated 90 degrees from the

30 orientation depicted in FIG. 7 (which may facilitate roll cutting and folding while in web form),

they could be provided in a two-up configuration on the substrate web 200, etc.
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(e.g., water jet, blade, etc.). FIG 6 shows the device 110 of FIG 5 wth
a die 132 attached to the die connection pad 130. Attaching the die 132 to
the di e cworemsisen pad 130 can be acconplished utilizing &oy/Boswicrabl e
techni que; however, any technique utilized nust be conpatible with the die
connection termnals described in the present invention. For exanple, an
integrated circuit die may be connected using ani sotropic conductive
adhesives that formvertical connections between the connections on the
integrated cir d:“m“x$ 8daind 9]i3125t1atedlteﬂnammdﬁodlyﬁemg ofitadlicciEaynecy identifietion tagl s,

ical .1solati en the di

whi | e t.ainin r .0

termnal s. ol lﬁesaaﬁg %lig O{th}: ey ‘\78““%39%“% Vécteeglepécief‘?dglﬂlr%?&(&m 1e%11§15 ey be

suEpI i Ied Vgehehald}anﬂiwﬁh Bh@ehﬂm&lgbmatﬁ)@wmaﬁt&ng emﬁnméxmﬁplé{ FIG. dali{b@ﬁzhs\/ael and

make el ect t wi,th the under n i e .connectiQn pads. The

adhesi ve it aﬁ“feesg ﬂ‘e%‘f‘?glr?l AHeney "%‘ Pl‘gﬁlgldﬁ)é!%%? Hecl B‘?%g g%"é‘n%ﬂ tab

substr at e 314 Zonde&e&’ eithar@tantier ofahd M&@Bﬂ@’ glong Aevldiife 382 FIEYw Reicktppihted
ectri.cal and nechanical connection is

wi th sol de S.on ads
made by r éﬁtFrewn‘%gshméjm‘s%ﬁa o reﬂaeqcmolﬁn&*ﬁifeﬁam egSa\age 419 npghighy gosaginidathg 15

di e conneaf i tohfécEdRatR redﬂ&er &t ink hbkﬁéehﬁbeaﬁmga%M%e erp i mEDhiRfeh he
present invention. Here, a substrate web i ncl udes a nunbér of adj acent

circuit paepigierhas redeanshapss, iwil ermdersioad @a?@ﬁ!lcﬁboﬁbm@ﬁﬁnt ipvension pwy't er ns
210) spacegj{eadhpggtagfgehggﬁngth of the web 200. The circuit patterns 210 may
preferably include the same conponents as the individual circuit patterns
descrilfed abové& yer h@th@@k@n@@@mbadmbet, s sdén faequendyddenGentiau fagclevice &10risui t

patterns ég@ﬁlre ]grplf[%\e”lﬁlﬁlalc ALYl ?I{)stxra%cgi? 85%8@3‘@9%01111(3? g{] ttél‘)fﬂé? a rdI on tag

devi ces. Clrcul pat fed before
separ at i onlidlectrin talh &1 60Ekhe20Mnectal tabShdhaswedoystructien sinilantd thap@ﬁthevamus? 10 may be

comp bt orfomieCeREBEFREIRE B EFne2atoes (R MRS Zna Rld e Va0,

For ex arrpllfefunhér detiyedtsy apsrepéreuidnadletseo gRapalonts EoraoMingf e@cahdtod b dil £ along
conneg pfa into d| connection term nals before or after separation of
t he c CUI f”Fé‘P ﬁlgs DCH LGN MEBMAFELHO ray al so be preferred to | ocate

and attach an idhegépdteddeiidesud,thdiiBlectAd 1838 isQAontddRd % e YidserRabi£ABSe 210
bef ore separatl on_fromthe web 200. The orientati on and spaci ng between t he

circuit pateldiing 534 emdinaydhedurthesdefingdyy 2oepastion ligg é%lf‘aﬁr%/re%}m {he disdgetrisxanpl e,
the circuigy ﬂ%tcﬁﬁf)@ﬁﬂd%agloﬁ%% @ol@ﬁné 537:2% Elq)v%g acél?éiécﬁ?cslayerr F}rﬁqg Bm3P the

orientation depicted in nmay facilitate 1o cutting and
f ol di ng whilsEate majgsigl baswegp the @qmeyorn@m@mbelaqsﬂéwmbtm tuning cepasitenplates 550,

confi gyr atskon, 9854 "G sy Pﬁfs{rﬁét%nmp di#RBric Bb%16 Would be folded first, followed by

folding of the connector tab 514. Any suitable technique and/or materials could be used to hold
the tabs 514 and 516 in place, e.g., adhesives, thermal welding, etc.
It may be necessary to remove a portion of the dielectric tab 516 to allow connection
between the connection pads 560 and 562 to close the antenna 520 or, alternatively, a connection
25  technique may be used that could pierce the dielectric tab 516 to make the necessary connection
between the pads 560 and 562, e.g., the formation of an Insulation Displacement Via (IDV) as is
known in the art.
In another alternative device 610 depicted in FIG. 11, a dielectric tab 616 may be
provided attached to the connector tab 614 along a fold line 672. In such an embodiment, the
30  dielectric tab 616 would be folded over onto the connector tab 614 before the connector tab 614
was folded along its own fold line 670 (after separation from the substrate 612 along separation
line 680).
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WO 02/ 063551 PCT/ USO1/47673 FIGS. 8 and 9 illustrate alternative

enbodi nents of radio frequency identification tag devices according to the
present iwoenwnsxsal Al t hough the devices depicted in FlI GS. PCAUShBVETR
general ly uni form shape, many alternative enbodi nents exist. For exanple,
FIG 8 depicts an alternative shape for a radio frequency identification
tag device 310 including a connector tab 5 314 connected to the remai nder
of the device 310 along a fold line 370. FIG 9 depicts another

al ternati ve shdpaodsanodifidasdisantl aierattome pf thikemtenfiorcaili eoorhagppdewi toehasd 0, i n

whi ch a cqonnectqr tah, 414 is connected ta. t.he reminder ,.of the device 410
along a f%ﬁ@gﬂ?ﬁSa&?ﬁﬂ”&ﬂ#?ﬂﬁnggPﬁ‘Hﬁ&%”%@gﬁF%Pﬁ@“agﬁﬁg@P@Wﬂﬁgé?%%hapes,
it will benddrsetRd Siad ik hikation B\iot®Dedimifel € fhe ERetndtive BMBAdiments saYyorthh ake any

suitabl e shape. 10 |n yet apother alternative enbodi nent . a radio frequency
dent 11 cBR B Bdo HoeEBIGH e imfatsi Fadovin Ao 10nE AP T Fes o

subst rat ecqiviidaavhdigbot h a connector tab 514 and a dielectric tab 516.
The connector tab 514 has a construction simlar to that of the various
connector tabs described above, i.e., it is connected to the substrate 512
along a fold line 570 and is further defined by a separation |ine 580 that
allows for folding of the connector tab 514 along 15 the fold line to close
the circuit and forma capacitor. In the depicted device 510, the
dielectric tab 516 is connected to the substrate 512 along a fold line 572
and may be further defined by a separation line 582. As a result, the
dielectric tab 516 can be folded along its fold line 572 to provide a
dielectric layer in the formof the substrate naterial between the common
capacitor plate 540 and the tuning capacitor plates 550, 20 552, and 554.
In this construction, the dielectric tab 516 would be folded first,

foll owed by folding of the connector tab 514. Any suitable technique
and/or materials could be used to hold the tabs 514 and 516 in place,

e.g., adhesives, thermal welding, etc. It nmay be necessary to renove a
portion of the dielectric tab 516 to allow connection between the
connection pads 560 and 562 to close the antenna 520 or, alternatively, a
connection 25 technique nay be used that could pierce the dielectric tab
516 to make the necessary connection between the pads 560 and 562, e.g.,
the formation of an Insulation D splacenment Via (IDV) as is known in the
art. In another alternative device 610 depicted in FIG 11, a dielectric
tab 616 nay be provided attached to the connector tab 614 along a fold
line 672. In such an enbodinent, the 30 dielectric tab 616 woul d be fol ded
over onto the connector tab 614 before the connector tab 614
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was folded along its own fold Iine 670 (after separation fromthe substrate
612 al ong separation |ine 680). 14 WO 02/ 063551 PCT/ USOLl/ 47673 Vari ous
nodi fi catworg/oeasdl al terations of this invention will becomeTaspas®nt to
those skilled in the art without departing fromthe scope of this

i nvention. Accordingly, it is to be wunderstood that this invention is not
to belimted to the illustrative enbodi nents set forth herein, but is to
be controlled by the limtations set forth in the follow ng clains and any
5 equi val ¥hadistdkgmedfis: 15 WO 02/ 063551 PCT/ US01/ 47673 What is clained is:
1. Anethod for fabricating a radio frequency identification tag device,

my or - sur Facos MHBATH R FITL HOARBe B @i ORI e fe st ae o

connect or camyldisingt oviding a circuit pattern on the first mjor surface of
the supstrate, the circuit pattern _conprising:,L an antenna pattern |
Conpr i gi ng fi pVIdAg o sSBHg CEMBESIngfys nflsseopd Baionae aic%“nwb%fﬂgérftﬂﬁé’oét&?ond
connect i obf ashbsihies@hptisthecdnnéddr tagonnect i on pad is | ocated on the first
maj or surface of the substrate within the connector tab; a comon

capaci tor pl atREOYifing pSEEYE RAAFIOH R Hisad Plowarer 9 therpubsingice e slrcynatieinn:  and
15 a plurgdphgriin@f tuning capacitor plates, each of the tuning capacitor
plates in electrical communication with the antenna pattern through a

tuni ng capacitor pl at# angeganpateromptisng firsyandrecandendct or tab al ong a
conneggor tab fold I|i : fol ' f . e substrate
W t hi ﬁéthe connect or e{‘%g%b%@gi@?%&%?rass%ﬁo%%fégﬁﬂe@{%n g(?fé)éh %Fen%ﬁlfgﬁg%bstrate
out si de of 20 thencdioneed orlodated;onlkechireti majorserfpdewd deistystrofe within thg capaci t or
pl ates are | ocat g&n%o}tgﬁ connector tab or the

a common capacitor plate in electrical communication with the antenna
pattern; and
15 a plurality of tuning capacitor plates, each of the tuning capacitor plates in
electrical communication with the antenna pattern through a tuning capacitor plate
connection;
folding the connector tab along a connector tab fold line such that the first major surface
of the substrate within the connector tab faces the first major surface of the substrate outside of
20  the connector tab;
wherein the plurality of tuning capacitor plates are located on the connector tab or the
common capacitor plate is located on the connector tab such that the plurality of tuning capacitor
plates and the common capacitor plate form a capacitor after the folding; and

wherein the first connection pad faces the second connection pad after the folding.

25
2. A method according to claim 1, further comprising:
measuring a resonant frequency of the device; and
selectively severing at least one of the tuning capacitor plate connections.
30 3. A method according to any of claims 1-2, further comprising forming a separation line in

the substrate before folding the connector tab, wherein the connector tab is defined by the

connector tab fold line and the separation line.
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common capacitor plate is |located on the connector tab such that the
plurality of tuning capacitor plates and the common capacitor plate forma
capaci t orwafoe®s3sshe fol di ng; and wherein the first connectcaruspadrsiaces t he
second connection pad after the folding. 25 2. A nethod according to claim
1, further conprising: neasuring a resonant frequency of the device; and
sel ectively severing at | east one of the tuning capacitor plate
connections. 30 3. A nethod according to any of clainms 1-2, further

conpri si ng. f orAnrethod asepdingto adaiml 3, wherein fotnting tha bearasibe lihedaneiséoduttingg t he
connect or ,t abh \/gnseégig the connector tab is defined by the connector tab
fold Iine SNE" (e 8E8 s ation |ine. 16 WD.02/ 063551 PCT/ USO1/ 47673 4. A

met hod according to claim3, wherein form ng the separation |line conprises

cutting hro h subtrate A 0 accordln tg an f clains 1-4,
Further cmri S Metion sRct i Rt b NPy Erormg Sgaoe0ne £ HisREwmih
capaci § or b@avadneh@ssinB&c bupaditot PRtetaddedt@l of BRaG ik OsapRlidt fltes.6. A met hod

according to claim5, wherein the dielectric |ayer conprises an adhesi ve.
7. A nethod according to claim5, wherein the dielectric |ayer conprises a

backing agd 10 npghastemdihoeiad SOWha@ﬁhh@élelwﬁc wb&%@ﬂgés%ﬁ@e?heelfvet he
backing. 8. A nethod according to any of claims 1-7, further conprising

placing the first connection pad in electrical comunication with the

second cosnect %IIBQQCco}cﬁn%to d?alﬁ%t PR AGRLHAEAL: Iagex‘ac'a gﬂges%l bgélaﬁgsé]nd8

wherein the circurt pattern furthér conprises a nnectron site on the
first10mj athesva oeated @feaphefwbsmramfaces bethelbeckingnnection site in el ectrical
comuni cation with the antenna pattern. 10. A nmethod according to claim?9,
further conprising attaching a die to the die connection 20 site. 11. A
met hod acgor di Ang1etlmdcab®irdin§to anA;aef dhimst1HE fditer coomprstmigipbaeingithefilcOsvpndcsios an

i ntegrated nectl on thod further conprises

separ at i n%adtlﬂg Eﬁﬂg @8’?‘?%‘8{0?%% \ggh[atge Seicﬂ?c[)coéim‘fﬂtnﬁ? B‘Tr‘TCFt y of die connection

termnals. 25 12. A nethod according to any of clainms 1-11, wherein a
secongil pogt i on of t ge su(?st rate
5 A method according to any of claims 1-8, wherein the circuit pattern further comprises a
die connection site on the first major surface of the substrate, the die connection site in electrical

communication with the antenna pattern.

10. A method according to claim 9, further comprising attaching a die to the die connection

20 site.

11. A method according to claim 9, wherein the die connection site comprises an integrated
die connection pad, and wherein the method further comprises separating the die connection site
into a plurality of die connection terminals.

25
12. A method according to any of claims 1-11, wherein a second portion of the substrate
forms a dielectric tab, and wherein the method comprises folding the dielectric tab along a
dielectric tab fold line, and still further wherein the dielectric tab is located between the common
capacitor plate and the plurality of tuning capacitor plates after folding of the dielectric tab and

30  the connector tab.
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forns a dielectric tab, and wherein the nethod conprises folding the
dielectric tab along a dielectric tab fold line, and still further wherein
t he di el ewDrozme3sab i s | ocated between the commopn capacit @cTpisat/e7éand t he
plurality of tuning capacitor plates after folding of the dielectric tab
and 30 the connector tab. 17 WO 02/063551 PCT/ US01/ 47673 13. A nethod
according to any of clains 1-12, wherein providing a substrate further
conprises providing a substrate web conprising a plurality of first

porti ons, IdachAafetliddecédrding to mywf tleins lelyphesingoddiagasestotr firdley and

further rein the .substrat b conpris I lity of ci.trc

patter nsm@(gan . IKOVId{:ﬁgc’ﬁl S]“é g&%é%m@f Oinaﬁﬁ?% $P EQ’?PP?#{TQQ Oﬁé%}f E&ehes ij‘?qtlfrgl ng: a
subst r at epmrtlmpsrcloﬁlpﬂgmg b kstinearitab,and igthoBvidreis thcf sababte webl dofrptisds @rplhirifty Of

t he substr rmng a connector tab, wherein the substrate is fol ded

al ong a 08§ﬂ§BF8?‘¥%b fold line such that the first mjor surface of the
substrate |l ocated within the connector tab faces the first major 10 surface
of the sugftrﬁée ou si de of t he connector tab; ,an antenna | ocated on the
first mj faéié% refueRfdeiibisttionag dexiop peraprisinghnect i on pad | ocated on t he

first major SLHsfuBé%@at@(f:mﬁﬂP@l %@Pﬁfaﬁ@ﬁe‘é‘oﬁ@ hd)bisubB&s, LA of iR ubraieCONd

connection pad |l ocated on t first major surface of the substrate outside
of the 1BBmgReenRsCtoriah, whgreindhesubsiwterip foéded@&n;ngg@@mwwhrf@dﬂm@sucpam face

each ot hef g nBI R shitactloP Bl shiksRhte I&QM{}PLM %n&t*r%beﬁgg tﬁet A m glnd a

capacitor conprising a common capaci t ectrica mdni cat i on
with the susfeeeiibe r@@pmﬂﬁamﬁmwumm&ﬂmﬂﬂng capacitor plates separated from

t he conmon Cap?ﬁh%ﬁﬁa F %fﬁP%Eﬁ%fgéﬁrSﬁ ré8f4 éﬁ tgaéeach of the plurality of

the tuning capaci ricar Tion 20 with the antenna
t hrough a tuni en@rstora)pamtlbm padibedtel anahafct maoy susfaes &fithe subbtyatOWghifthet he comon
capaC|tor(pIate r the plurality of tuning capacitor plates is |ocated

wi thin t REIREHN®¥or tab. 15. A device according to claim 14, wherein the

connector tab 4 géc&ﬂfdoﬁﬁdu@ypddh@cat‘e@bﬂ%‘etﬁ}ﬁt méjaisuffdetbftheBb AR AtsTRRARRL | ON
i ne {grned int ubstr at.e .. A device accordlnglto any of clains
14- 151 whPBYGHor4a s s 8o it emi SS‘Fontiﬁém?ﬁtEﬁltHaé% {oce cach offir and are in electrical

communication with each other; and
a capacitor comprising a common capacitor plate in electrical communication with the
antenna and a plurality of tuning capacitor plates separated from the common capacitor plate by
a dielectric layer, each of the plurality of the tuning capacitor plates in electrical communication
20  with the antenna through a tuning capacitor plate connection, wherein only one of the common

capacitor plate or the plurality of tuning capacitor plates is located within the connector tab.

15. A device according to claim 14, wherein the connector tab is defined by the connector

tab fold line and a separation line formed in the substrate.

25
16. A device according to any of claims 14-15, wherein a second portion of the substrate
forms a dielectric tab, and further wherein the dielectric tab is folded along a dielectric tab fold
line, and still further wherein the dielectric tab forms at least a portion of the dielectric layer of
the capacitor.

30

17. A device according to any of claims 14-16, further comprising adhesive located between

the common capacitor plate and each of the tuning capacitor plates.

18



forns a dielectric tab, and further wherein the dielectric tab is fol ded
along a dielectric tab fold line, and still further wherein the dielectric
tab formswetozloemst a portion of the dielectric |ayer of tha/usapawis or. 30
17. A device according to any of clainms 14-16, further conprising adhesive
| ocat ed between the common capacitor plate and each of the tuning
capacitor plates. 18 WO 02/ 063551 PCT/US01/47673 18. A device according to
claim17, wherein the capacitor conprises a dielectric layer conprising a
backi ng and adhesi ve | ocated on each of two mgjor surfaces of the backing.

5 19. A deyice ccordln | ai furt her .c ing a die
connect i oﬁélm t‘a YK %rgmgg‘hglfnﬁ’e fxgrtemgg? %%Pa%YBSF PYREISE} 2 glﬁlgg%ﬁké' rate, the
di e connecdm@Bingiattacking aideaahésﬁxead)catea@mwm ofako majorkirthct T tiwtacking. 20. A

device according to claim19, further conprising a die attached to the die
connection 10 site. 21. A device according to any of clains 14-20, further

conprisingy.at Adadte RBGdRzIC/TIHFCIa0Rk 14-18) Iﬁnﬂlepmg&isﬁlga dR @hfectioe gteed
opp05|te t he conmon capacitqr plate and separa fromthe common

capaci t or opHtad & e firss élalfir &préce Pf the pubsiggte, t‘iﬁn@? eore¢tion sty welsshisak ed t uni ng
capaci t or cphdtifcakion wSthi antddng! €ctri cal communi cation with the antenna. 19

20. A device according to claim 19, further comprising a die attached to the die connection
10 site.

21. A device according to any of claims 14-20, further comprising at least one disconnected
tuning capacitor plate located opposite the common capacitor plate and separated from the
common capacitor plate by the dielectric layer, wherein the disconnected tuning capacitor plate

15  is not in electrical communication with the antenna.

19



