WD 03/ 009007 PCT/ US02/ 15355 RFID TAG WTH BRI DGE Cl RCUI T ASSEMBLY AND
METHODS OF USE Field of the Invention 5 The present invention rel ates
gener al | ywomsBagop Frequency ldentification (RFID) Tags wctrhushyissge
circuit assenblies and the nethods of producing such tags. Background The
design of a typical RFIDtag reflects its origin in the sem conductor and

printed 10 circuit board industries. Although functional, the design has a
nunber of features RED TAGVEHIEBRIDGECORCWIT ASTEYIBRYSANR article. In a
resonant RFID tag, the el ectri caMETHQRS OFESHf an antenna is connected in
parallel with a capacitor such that the resonant frequency of the
thus-fornmed circuit 1is tuned tck. dﬁé SGI | b(i:-d val ue. I n nore advanced
forms, the circuit of the RFID té‘g f}’ei ACi™E8  an integrated circuit die
3}1 ecsri calhl y a‘{’idprﬁ&(ﬁhiagérﬁiaﬂa PeYatefthlaﬁiﬁﬂlyttﬁ Riabie Faquanpmwﬁg@tismbmlbaregs 15
erein the voltage.induced in/on the aptenna by a reader signal provides
pover t o “Eihdridesciiylt assempligsend thg methads Pt PredicingsUdi ta8s: The ant enna typical |y
includes a netal coil pattern on one side of a substrate, and
metal | i zati on on the second side of the substrate to cross over the
antenna, i.e., bring the outer corlaskgiodpdof the nulti-turn antenna coil

back to the Ogﬁg%%ﬁ%%%%%g%ﬁ@ﬁ%{eﬂfagﬁscﬁ i ﬁl[the s\é’pl?(!oﬁdl%{)ortapoe%mtﬁj I's

typically | oc , ectrical connections through
t he 18 ubsfciratiehoardciodusecs. Ahkoufzh fisctiariat] eherdesigh haszatuimber dfdedtires thagcomekssi de

netallization. .Typically .one, connect.i is ,made at, .t he outer ri meter of
The ant otekor g e YO8 e AR ar o e il S o R
interior chheble@ irAnkfRMRIIEDEdpadlfor AGE thdd the SE&O MM fred udBeyoF il thiszfatnhdirtirc it
contact with the die bonding pad on the first (coil éﬁesi de netallization.
25 The diigtuped B @mimseritsd e nniprse adyerssd dormsdhe ey @f SrefE Ihiagdrayiindedeon such

that it aﬁﬂ{zpér&warchn%ieceiléc&tésﬁy @@Wﬁ&i&hﬁb&m@&me ifi&nd Bh § MRl ne ant enna

center frequency iIs often uried by laser-trimmng the area of a capacitor

pl atl® f orwhettitbibe weltage indacediin/gn the antEarseyanehdsesdignbiprovides pawver wwperateithaat i on.

Several pr Ob'r?%irc%ﬁio%tthevﬂiéh the current nethod of manufacturing RFID tags.
d :

For 30 e'§<te T ecause netallization is forned on both the front and back

si des of the Fhbait¢rmheypicaly ingindentmddtcait pattekrhen dnesidsiofle substsatgrandi al .
Aligning th difficult to overcone

and are é‘%?é‘fflli%?\.{}grf SI'I‘ eg?cgﬁcg%&enéﬁgsgg%tﬁen'gg%ﬁ% Q“gitr H‘grafe‘%mﬁab‘?(’ gl nment is
not accurcgdctidrdd¥iheCAbitiQitn ¥ihiehith c6RBadkeo iRMPEEGhpatterned area in the center, where

20 the die is typically located and bonded. Vias, i.e., electrical connections through the substrate,
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.

25 The die is bonded between the antenna and second side metallization such that it
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

30 example, because metallization is formed on both the front and back sides of the substrate,
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.



WO 03/ 009007 PCT/ USO02/ 15355 Further, while the antenna and cross-over
netallization Design Rules nay be relaxed with |arge features and w de

t ol er ancewp osh@odi e- att ach regi on requires tight tolerancestarso2/pysi cal

di mrensions to match the relatively small pads on the die. Therefore, the
antenna Design Rules, e.g., line width, line form pad size and pl acenent,
space between features etc., nust 5 neet the stricter requirenents for the
di e bondi ng aFashenivhileithesaneamnd andisenseoney nissadlizadion Desgn Rulesapetpyelredr easi ng

the cost g Fltgpﬁaﬁl saﬁc‘?w?a%'?&%lr&rﬂcfeé tf?é“ 19%& ?S" 1<ﬁ1 reglnfés ﬁgﬁqg@an&%#ﬂ' rements in

the one sna I'ng area rnalve e C e nmade to be very
| ar ge- - arptlystlctadadtefeosnms te xpehshevelati tedy smeltpatishet be dieg Thévafoes trendtetod [Rgsignces  of

t he much rger ante addi t.i on teri req ts of the die
bondi g 1ees. BESaRane Brb Papend PSPPI CHORLES. f PhYse
mat esi al sndehit sidie@r RQUTRAlchRIfEr tAé 8iB bbitEngllir€ VRN fMehlIVoRGIRS Bad fERtings,has  t he
effect of increasing the cost, because the antenna coul d be nade on

i nexpensithrscoydgreasng fie cogrferghaeitiseoonsiistpn hicause ofthe spacial Fepirgmeatsdn ebondi ng
process nRY ohQfknk gn/g%re%u R%Errngttl\%l)l BRUIECAR be Waaé"t%tb% r\‘/gry%rgpgﬁﬂ #efer@aount  of

heat, pressure, process chem stry. Summary of the Invention The
present ienp@ntvtﬁn npebthe H’esgrr&dpbanﬂrt@qr@meyf thdem:ln fargsatritoma( RFI D) t ag

devices wi th Inbrddqge t%%rrn(a:%érlal requ?r%rqglkt's 8‘\fsth€5' bgﬁ% eg/&%ces?éon%ﬁa%b%h%%&tg

| ow cost production. e con ctron of t he
present isobserateichsicgsrte thepd matarinisiixerre @mpatibantihgiesdiob@idingipeocept Taishast . For

exanpl e, the present invention reduyces the conple of the j cal

t wo- si dedh%feﬁlquﬁlcf%m%hteﬁoith%ﬂ@ﬁg@GB@T'}%FPB' \%Eép%ﬁ)ﬂ WEXREBT¥E: é‘pb Pbvi di ng a
one- si deGebinfaHéd’ skR&hE@Y excbPi Bat ROk B&r@ﬁhgtﬂﬂ&eﬂsaﬁ% EQireRalbRMnRasht can

t hrough-substrate via connections, while also addressing front side to

back si devithsiepthirmaderpts guewnt ofbrst: IpEsssusei paterayecest chemistidevi ces and met hods of
the present invention is that the resonant frequency of circuits formed on
the RFID tag devices of the present invention may be 25 tuned by severing
sel étted connections to one orSummrxoﬁthqyl\caﬁmi tor plates that forma

part of the capacitor .structure, on he, t.uni n
capaci tor pl at pé‘?‘?ﬁ'?‘ltd'evs?mt'cﬁ‘epmwgﬁ (il?g “‘g“cd(f Q?rﬁg'c%ttopz}ﬁf@ )\t}ﬂ%dewcesm urn,
changes thhige &0 aREMblics GHe Mo fof High-eolumb, Ibw-costiprciuttivne he edhstragtioal so
reduce the nunber of connections in the RFID tag. The reduced nun:ger of
connect i Ghihedgyicssapd Bypthodnphitheresent invastion pryseaifd "rﬁ'ﬁtl?ﬁ’f Aafvantages Protess

yield 300} s atedetdngile, tﬁe%entqmne@rt fe@Res B ¥orAhleAy df@ﬂetty;t he ned-tigs of
potential failure due to | ong- termagin condi tions.

20 RFID tag with through-substrate via connections by providing a one- S|ded circuit design. This
obviates the need for patterned through-substrate via connections, while also addressing front
side to back side alignment issues.

Another advantage of the devices and methods of the present invention is that the
resonant frequency of circuits formed on the RFID tag devices of the present invention may be

25 tuned by severing selected connections to one or more tuning capacitor plates that form a part of
the capacitor structure. Severing connections to the tuning capacitor plates changes the
capacitance of the circuit which, in turn, changes the resonant frequency of the circuit.

This invention may also reduce the number of connections in the RFID tag. The
reduced number of connections may improve initial reliability and manufacturing process yield.

30 In addition, fewer connections may also limit the sites of potential failure due to long-term aging

conditions.



WO 03/ 009007 PCT/ USO02/ 15355 The devices and net hods of the invention can
be used to manufacture RFID tag devices that do not include an integrated
circuit dweoBoouse as Electronic Article Surveill ance (EAS)/UsdBYE3s®Ss. Such
devi ces may be deactivated by nethods known in the art, such as exposing
the device to a high intensity electromagnetic field at the resonance
frequency. The large voltage 5 induced in the circuit on the device may

drive a currefbe davistighl regiods ohtha ctvenieonrat Pawied demanugrctyroRAID e deviveeui t at
the connggh boRoRAficdidedriied AFAR JRTBLAE of PicCiRSHd A¥ickGrVcAfLd @AsF! ect 1 cal

i nt erconnect1 on. ternative y, the large vo ge induced 1n the Circuit
may causdedcasofdeicdevices mahizndeedtivated by methiods krioendi the edt sucl ad expesingzhe t he

capaci tor, .thus destroying or changi the capacitance .of the rcuit.
Aber oy B iRt o P 0 e FRRE G ARG P b BlhEL 10
Wi t hs t he iglue&d in Gt bictht deViek mdy drive aepeém tliraghfane cprdoaive afedfufeusediepui ri ng
system Co_nversel,g, if the device is not deactjvated, it wil]l interact
with a sddBthegirenibitdhe onpsstoreads thehisdarggengpgh toidgstioy thayequigd cleptpisdd from a

control | gdle@bBRetidnN AIRARLHRND @i @{l@ltagé inlDRd K 88 81duid M%eRAhdeQtondRtive
integrated circuit die may be attached to a die connection site that forns

a part ofchariel toiforauin the didletric layarpfige srpariar Dhesedgsteriniecs ch@gingéheudi ng

200 Ol HEE bARS B! SARIESaFofne AIEIDLN o Pl Ry SABARC L on

ci rfl:midt aﬁm&h&élyctroiﬁ_agneﬁ;::ﬁeldfanmeope;t[r?]lh}gsﬁet]eencyrgﬁ/&e imquisiogny@nb@bmm«;lgiif o
include die, connection.term nals at .are nm y separating an .integrate
' conndtedeGe P R Rt POL Ryt 1B o SrrBmere e SRl DAL HESA [ var! on
met hods  pd@g ednhdved froRaM@nti@dalea0 be used to deactivate RFID tag devices
that incorporate an integrated 20 circuit die. Wen the die is | ocated on

the antenna slb¥mesmbodipicats of thearsssnt nveriongsn ipggerated circudt die mawbe gtehedand

si ze of %Lemgﬂ.&c&dm@ thaf HALYE Bt o Héaﬁaﬁ,qﬁ&s%ﬁpngﬁ RE@IYhg iGALUr €S, may be
required on the antenna to accommodate the sm eatures on the die, but
t hehs t he ilidigeadd tilond duregonsiomdatiresse. g ampineryeetof Theatia¢onhertion eite mat el | i zed
film subﬁt rtat e. Wt ht no Iurt hgrt atrt grthnibnll%. ;Ifheitadvaglt age. 81fe c2115 eEtE‘énSsite
approach 78 egie%elrf)%l}{efngfmatsl"i’ Sﬁeiodé)e el é%,‘“’&n&ssf‘ﬂ Yenof €6 “BErwedn

di e- on- bmaggia s¥me edb&diMents, aIRIBAR DhiiStisrafetniGalE thacarelfiadd by Jepalating ahhe

overall product cost. This invention has the flexibility to allow the user
to pl ace ipgatgd diegpraegtiqnpagdpeforegiaghingdpe digpHdssited: thofeacthtionmgihody st em

cost and jeRtibed ABvd MGy A&SbelRe PRURE IR RFED t3ldR] ictNd: RltbpBRke MihiBgaed NI MuUM
of design constraints. 30 The circuit patterns may be fornmed on a

con® nuowycwiediet hat can be separated to provide a nunber of individual

RFID tag devi Gas, e &1dchidh bn RRGHERMS 6L BFer SR BeBePRLRL i Othe

form and size of allowable lines, features, spaces between adjacent features, may be required on
the antenna to accommodate the small features on the die, but then the bridge can be as simple as
a piece of metal foil or metallized film substrate with no further patterning. The advantage of

25 this approach is simplicity of the bridge design, and the choice between die-on-bridge vs. die on
antenna substrate can be determined by the overall product cost. This invention has the
flexibility to allow the user to place the die where it will be least expensive for the total system
cost and optimize the design based on the total system cost with a minimum of design
constraints.

30 The circuit patterns may be formed on a continuous web that can be separated to provide
a number of individual RFID tag devices. The circuit patterns could be complete prior to

separation of the web, or the circuit patterns could be partially formed, separated from the web,



separation of the web, or the circuit patterns could be partially forned,
separated fromthe web, 3 WO 03/009007 PCT/ US02/ 15355 and then conpl et ed.
Al t er nat iwelog/oomodi e coul d be attached at the di e connect ipam/Usn/es3ss t her
before or after the web is separated into the individual RFID tag devices.
Further, the nodul ar construction of an antenna substrate and separate
bridge circuit allows sub-optim zation of each subsystem i ndependently.
For exanmp@néthep ﬁ@“ﬁﬁ@énﬁﬁe@%}b@brﬁa@‘éC@‘%‘Sfat@éhqde@b%é‘&t@ﬂ“%@@ﬂﬁte@%ﬁfse Desi gn
Rul es for, i ses and materials.
The separ a@r?é}a%ﬁ@fg?ﬁ%%éegé% %Qgeafgﬂ e ?gﬁl;}lpg%%%gﬁgil ng high density
Desi gn Rul es Fuslhdr,ain mgdttleheomtmenqnfofammtamaacumateR‘Fd {patate bridgesdurciritk

S|gn|f|catl br fabricate in re tightl :

© ol or ancalond i PRaT il SPE T s e Ry s B o't st | g
circsit lrﬁayaoeifﬁﬁiichted G5 doaide @Es@mgulte@foahlgalpme@fyueldwesmg)mm;ﬁh@ab prbdeByek ag,
and the absolute 10 cost of the bridge wl] be rel atlveli)/ | ow. _The cost of

maki ng a 28fEteripls a@%semreq%'wg%ﬁruaé%ml({%? carphg faficatgdiugias figh dpsity BREEN t han t he

cost of rmhésnglom?gtﬁ@mmtﬁéﬁtﬁa&amme&t@lslqh]k%gmmcwlpq%wnd eRehgs. For
exanpl e, the substrates and netallization for each el'enent, %)I’I dge and

ant enna, fekaivatedasingitiersdighidnioleyanogst-iand @e@fqr@mp@cnxp@swesmanwfaquélns;lzmlm ng
accept ab'bndgml%ghgoaustmaﬁqgfcﬁgn iﬁke té{al Lkd ¥ the dotn CJ{E ;Q@bd[gg af% frE dbdorgeserbl y

al so of fers®an ea uni ng capaci yirng one of the
twolpl at %stmé&debﬁdg@wiﬂldremlhﬂmlydawa&“hé orst ofﬁmlmﬁmﬁamﬁgﬂmttm alghed@fsmyl des the

second c aC| pl a lural i of tunin acitor,plates allows

sel ectiv ‘-‘Pl&ﬂt‘ﬁﬁ‘& E’%J&Y‘feé th(?f’oﬁﬁtx’ﬂlﬂr‘wg"t&%ﬁ&t&?”ca&““éI é\gl?‘éie‘&sé?fpé’élgpons to
optim ze . @bﬁ&&afn'pﬁadhe RsrQESERD GRtlizatibefor BRH lefethen2Bridgd afdentemB&@h, the
present invention provides a nethod for fabricati grligk:a radi o frequency

i dent i fi datindspendarlycpimized kyrefice $oYhie Broniing asempiebledbrevghnel andiong first and
second mgLa4 eraoes providing a circuit pattern on the first major
surface o the base substrate including an antenna pattern including first
andlsecond endsée bidgeairplitassdnbyalgf oftard dnseasyhiarteinake hemfrlgrcspacecprobyof t he

ant enna patternls C deflnedb lity
of coils 5%”{'%8"6 Oef(t,lbeﬁgofgateéﬁlamlg? tcftﬁ gﬁtcg%aﬁaorpgrth tﬁnnaéu? or?:a ed CI&SJESI de of
the pl ur abddnyl c@facitddiplate. Theplurslity SAORAE tdpacitop plteaditovas se&ammdm@g)wwectl on
pad, wherein the first connection pad is in electrical ni cati n W th
the firSECigiREObeneion BOKfRB3HAr rﬁ%{ff@}nﬁcts?ﬁatqw&mé@é%ﬂe%%h% rencpabthes in
el ectri cgfeyig@muni cation wth the second end of the antenna pattern, and a
plurality of tuning capacitor plates, each of the tuning capacitor plates
in &ectrical Ilt@mmmct;ﬁmeupmewrtvlqntnqnear@\ndeém@ptlwdtfpleﬁabrlqahmmgﬁmafreﬂwng

identification tag device by providing a base substrate including first and second major surfaces;
providing a circuit pattern on the first major surface of the base substrate including an antenna
pattern including first and second ends and a plurality of coils, wherein the first end of the
antenna pattern is located within an inner space defined by the plurality of coils and the second

25 end of the antenna pattern is located outside of the plurality of coils, a first connection pad and a
second connection pad, wherein the first connection pad is in electrical communication with the
first end of the antenna pattern and the second connection pad is in electrical communication
with the second end of the antenna pattern, and a plurality of tuning capacitor plates, each of the
tuning capacitor plates in electrical communication with the antenna pattern through a tuning

30 capacitor plate connection; providing a bridge circuit assembly including a conductive layer;
electrically connecting the first connection pad to the second connection pad through the

conductive layer of the bridge circuit assembly; and forming a capacitor, the capacitor including



30 capacitor plate connection; providing a bridge circuit assenbly

i ncludi ng a conductive layer; electrically connecting the first connection
pad to t woggowmod? connecti on pad through the conductive IPayarsopissthe
bridge circuit assenbly; and form ng a capacitor, the capacitor including 4
WO 03/ 009007 PCT/ US02/ 15355 the plurality of tuning capacitor plates and a
common capacitor plate, wherein the conductive |ayer of the bridge circuit
assenbl y theoplwelityleé tuningrespretierpiasestand a gpramen capacits olare Whersipdls condusVer esent
inventio frequency

i dentifi (r:irﬁfgﬁh{jgﬁdgﬁemg&%&gf%ﬁ%@%gﬁgkgrgda%g&ggggﬁency identification tag
base 5 i ncl udimaothebaspect, sthrbmbseamevannoﬂ providgs 4 method ﬁmﬂlbseatmgd ramq or

surfaces,. and a.ci 8; ern on t he base
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| ocated within an inner space defined by the plurality of coils and the

second erftstaraiarseriacs b e Ragssuhserts ”icé“dl”t&?étaéﬁnm’(ﬂﬁ%md@“@ﬂ“& fiirt 39f §6<AN9 ty of
coils, achidalia ﬁ) Qﬁ?%f Qs R e e ErsP BTG CARARE bdrRM iPRUate MIBRIRIR the 10

first connectio isin electrical conmunication with the first end of
t he ant enmngr prate eafme@ihadthe pheligedenids andibresseondreng atithe sntcnmaelaieecm isilecated

h d I I
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ning capaci ate
el ed®ri cdlrst comiention padtd iarleetricdl cblhmumnatemnrathphct fist e‘ndtolﬁ t}mmgdanﬁa fatternagd

capaC|tor ate connecti OVI a . brid i rcui t he
br | dge. olMHSSTER PR LA £oTFeaisE SRR P peond s GR R GMEaS: 15 and
second Mg, SiA b pERRity @ndmag SRRGHIE blads, ch@YSitheinih P Baphiitod platBBjrPdlectitial ace of
t he bridge substr at e; provi ding a dielectric | ayer between the radio

f r equencFomaeAicRtianewith Be antg@a paiteen Birigh p&uning qaprgeochlate connedig eRfBYigingwher ei n
th d | t:
€ con 3’9'E%V‘ﬁﬁhﬁ‘é§é g hP l)H(fg@ clrbuft é%%en{b‘t?‘fn@lgii@g%% Qb aflifGu eoqﬁ%efr irst

separate tric lrayer; ectrica connecting t st
conmECtlandaadmimtheu&esamdacomhnEuﬂmanomadfhhnmwghmﬁheoﬁmndmmylve | ayer

of the bridge circ ssenbly: f acitor e C ac

"hel udi nguEREnhr e RIFRE en bt Eadfh P AL eyl CpRRE Fid Py e
and a comdRdcikapaskhbly, \plll@élﬂthe\ébxﬁfueﬂl\rb [hyee afdOpIGHality io¥ Rinln@ ¥ @paciadr plie das | dge
circuit assenbly forns the common capacitor plate; neasuring a resonant
f r equencyerfatedy thedieeetric ke deqracally Q‘e}“f/‘Ct%\ﬂ%f‘rﬁrﬁ@O“%ﬁCt“be%tto 8¢@pd ¢ he

tuni ng capaehi@y H'tl?rB@gthHé‘&%GGdn%‘% erlof (1R &rcﬂﬁQ%%bly,tﬂ%ggﬂéﬁ%é‘d%itor,

i nvention provides a radio frequency identification tag evi ce
i ncRadi ngheapapa?@momfshuélqglénm}uraldlen&tummg:eam@wrphgs,bheelelpmt llernanda base

fSUb strat ecoI pn%ln léa%a@ r I [ 3 ere{n hesceo%guc lvgﬂiygr of?h%rbrl%gearcuﬂnssglgv\ﬁ/r}&%s { t er n
i ncl udi ng Trse SELBR uralit i erelrn
first endomfmoh hﬂaaﬁiﬂdr@ﬂﬂﬂ:ﬁ nﬁa:tuhﬁg ElrdsSnahOﬁﬁIuad:y\Mf tH&IdBw@d‘; ahmmctlmlbafeeermg
at least one of the tuning capacitor plate connections.
In another aspect, the present invention provides a radio frequency identification tag
25 device including a radio frequency identification tag base including a base substrate including
first and second major surfaces, an antenna pattern including first and second ends and a
plurality of coils, wherein the first end of the antenna pattern is located within an inner space
defined by the plurality of coils and the second end of the antenna pattern is located outside of
the plurality of coils, a first connection pad and a second connection pad, wherein the first
30 connection pad is in electrical communication with the first end of the antenna pattern and the

second connection pad is in electrical communication with the second end of the antenna pattern,

and a plurality of tuning capacitor plates, each of the tuning capacitor plates in electrical



defined by the plurality of coils and the second end of the antenna pattern
is located outside of the plurality of coils, a first connection pad and a
second cowopaesmiwn’ pad, wherein the first 30 connection paecrasozsbectri cal
comuni cation with the first end of the antenna pattern and the second
connection pad is in electrical conmmunication with the second end of the
antenna pattern, and a plurality of tuning capacitor plates, each of the
tuni ng c&pasiunisatiqn witheibe priensin pattern harugh a WDIERPBFOTatPCTMERSED; 2 by iiss

conmuni cat | | t : ' [ -nl at e
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aspect, teHeuipsedly: i nvention provides a radio frequency identification tag
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assenbly 1ncluding a conductive [ayer; a capacitor including the plurality
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pl ate, wherein.the cgnductive |aye 0 he bridge gircuit assenb forns

P e CommimguBisttr Tng fsennd st edh « e it FaeoBR e RS | on mad
is el ect rcir6@dt dsyerN IRLHRE atcOndub®veI8keNEapRRNEAI AR MAglutditpsrdthiihe
conductive |ayer of the bridge circuit assenbly. In another aspect, the

present iCARASHE RitiespP dip|eateis layempidoepnirean RBasHPCRILP et Barendusthedyighcy
base. i ndl L n o s e Yo B 2 bR SRR AR I 78 Paces.
and2@ ci rcounertigepaday eleatmcatiheonpectdd toghe saegnd comngeticaqed gfroughdhdcenductiubst r at e,
the cir Cszii):[er Qtatﬁé grﬁdéeicﬂgditua%iser&%lygn antenna pattern incl uding
In another aspect, the present invention provides a method for fabricating a radio
frequency identification tag device by providing a radio frequency identification tag base
including a base substrate including first and second major surfaces, and a circuit pattern on the
25 first major surface of the base substrate, the circuit pattern including an antenna pattern including
first and second ends and a plurality of coils, wherein the first end of the antenna pattern is
located within an inner space defined by the plurality of coils and the second end of the antenna
pattern is located outside of the plurality of coils, a first connection pad and a second connection
pad, wherein the first connection pad is in electrical communication with the first end of the
30 antenna pattern and the second connection pad is in electrical communication with the second
end of the antenna pattern, and further wherein the first connection pad and the second

connection pad define a first axis that intersects both the first and second connection pads, and a



first and second ends and a plurality of coils, wherein the first end of
the antenna pattern is Jlocated within an inner space defined by the

pl ural i t ywofo3omiobs and the second end of the antenna pat rermsoyiizetat ed
outside of the plurality of coils, a first connection pad and a second
connection pad, wherein the first connection pad is in electrical

communi cation with the first end of the 30 antenna pattern and the second
connect i Gy of wning canlagitar plagsal caetoefiimivniag cepaciigir platasfrecleddeshd  end of the
ant enna . f rej i [ :

second CammEh RVl M s AR FLRRE iz RRAGL LORCARN, ABPUREE,
and secordidgoeireit hssemnblyhdeing atdgitudinalMRi€) Ble0id OArcPCRIskIBOR/idGBhig a pidgeal ity

of tuni ng capacitor. ates, each of the tunin apaci t or pl S i.n
SRR s T T e g L A R L S e
capagi t Ofsuffdca o€ the ®RBGCubRRte; Plodidirdialleléttridlayed g@wedn it adioseaedly having a

| ongi tudinal. _axis, the bri dﬁg_ circuit assenbly .includi ng a bri%ge i
subst r at ddsnHEsatian fg brseragd therpaidgecient aran Bl whfrginthesondysivelayes ALty | ayer

on the fijkghidgRhfcitor ;ﬁéfésfat?ﬁgep%tea BE hR 1t A Ric MRS LlelrRallyUoRNdHh N Be First

di el ectric layer between e radio frequency " identifi'cation tag base and
t he bri dgenrectiauiad taths esrbohd compbntior pad thiea gl thn dersiueting laygy effthebriigolcirewt i ty  of

tuni ng capacito l at es_ar.e separat ed e (die i. ayer.: e ically
connect | Ry ePRb ForPrl <t B P BLA et € sk i bl il pBSSHY ougn
t hel@onduediécui lhyy,and atorhien bipaclge plaiel ®hiréin tlessadriotiye lajw ofithe gridgecdipaici t or ,

the capacitor includes the plurality of tuning capacitar plates, the 10
di ol et r AEY, PrMSARICO S HBERIA P AUriey Berei ke Ting a“_d%ﬂ‘ﬂ’c?t‘%?ve
| ayer of thdyRulalidy@® infrglcapHctior AISaRdNdLs biPspPosddpRrtanTaR s GRPRCIIpBIdplat e, and
further wherein each tuning capacitor plate of the plurali t¥ of tuning
It

capaci t othqrogmean dapasitong ard ¢efinivg g saraditanee for 81§ cappsiton by lenaHeg the Pridgssiseil by
the co i ; i ni iLa DACI b

| ocat g TREORA suRielP At L0 GPRREPHARGTS Rlh drdfe AARERIROL Y ¢ 11
oppbSed patdsi ons of each of the tuning capacitor 15 plates. In another

t, th t i i .0Vi r.adi o f Y, | tificati t
et oo i nel udl Mo <G (4 BESBEy GoR O P B e D HEl AU ng o base

subst r at eviBCinbidiling a rddid Séquams i GG AE o RE BhseShlfdRELEbas@fubsRdtembRadpat t er n
including first and second ends and a plurali tfy tof coils, wherein the
Hf

first endrgpnd sreonhmaipmaripesiaaentensa nageradnsrdine Hetanafecpithends agbite 20
defined by, fikepl gg,g%ﬂel:e%{nhﬂta ﬁﬁs@bdéof@f&dan]genﬁa ga%temglogé}@d Rfnihhe AR §ana pattern

is |located outsi e plurality of coils, a first connection pad and a

secdhd canfieedthydire perdlity whegilsiand theeechind etd of thermnsotd pittemdsilocaed putsdled ri cal
co nic te:i Ty mlyt ttlctiﬂe tfirI {csotnneec lcqn Ogd atn gsg‘:r(])% Qor}l%e(?@;‘t & rv]vh%‘rrclegnt Qﬁrst second
connecti on ppaa SR et SRt A TR AIN T AT O W T R Phe "S&EENd" XY of t he
ant enna pairie€tion, pad is in electrical communication with the first end of the antenna pattern and the
second connection pad is in electrical communication with the second end of the antenna pattern,
and a plurality of tuning capacitor plates, each of the tuning capacitor plates in electrical
25 communication with the antenna pattern through a tuning capacitor plate connection; a bridge
circuit assembly including a conductive layer; and a capacitor having a capacitance, the capacitor
including the plurality of tuning capacitor plates and a common capacitor plate, wherein the
conductive layer of the bridge circuit assembly forms the common capacitor plate, wherein the
first connection pad is electrically connected to the second connection pad through the

30 conductive layer of the bridge circuit assembly, and further wherein at least one tuning capacitor

plate of the plurality of tuning capacitor plates includes an opposed portion that is directly



and a plurality of tuning capacitor plates, each of the tuning capacitor
plates in electrical 25 comrunication with the antenna pattern through a
t uni ng capedshaopl ate connection; a bridge circuit assemromyusoneissgli ng a
conductive |layer; and a capacitor having a capacitance, the capacitor
including the plurality of tuning capacitor plates and a common capacitor
plate, wherein the conductive |ayer of the bridge circuit assenbly forns
t he comrenpesepbihe eemppmeapaciioh ercdnrinpprosed portiqn thyigies dirently pappsed by the

el ectric ed to the second connection pad through the 30

conduct i \%Lé%?ﬁgﬁg%&g{f&t he bridge circuit assenbly, and further wherein at

| east one t unThegye eabatbértfeatureqdnetadvanfageshed thel deriaés anyg nethotdsinf thgpresgnaici t or

pl ates includes an opposed. portion.that.is directly 7.W0.03/ 009007
P o s m s oRRARE] iRt Bk i aFT Wil i S IBR 888 por ti on
thatsi s rRebodliners bl e @pasad by the conmmon capacitor. These and ot her

features and advantages of the devices and nethods of the present
invention may be discussed in nore detail below in connection with various

illustrative 5 enbodinents ﬁPiefﬁ&chBﬂ&FbWﬂeDﬁMiﬁés Description O The
Drawings FIG 1 is a plan view of one device according to the present

i nventi on bef Bl 14s 2 plelmisntof ood dexich péagerbngtothapreseatgpeantivybefare afgofime® i s a
pl an vi ew OB. he.delf\gifs em@f FIG 1, with the bridge circuit assenbly placed
on the REFBiggedirc gf 4 is a plan view of the surface of the bridge
cireait assenBiq 2fiaeplag viehef BieldovibasiFIG. Fiwah tRbbridye airarissentbdcplacedah vi ew
of one enbodi nent of the bridge circuit assenbly of FIG 2a, taken al ong
line 2-2WsRIEP®2®,. 15 FIG 2c is a cross-sectional view of an alternative

embodi nent  of pfche, yd glgteviel bEtE burfRS SERPbidRkirkiliGssetblf ﬁkﬁgmlmg baidle 3-3
in FIG 2. FIG 3 is a cross-sectional view the device of FIG 2, taken
al ong |ine 3- BIG.3b agrop-sectiopg, vieygofjoge gmpodimentiobhe bfidgacirghit asserably of

enbodi ne evi Cq. agC i to the present invention. 20 FIG 4b is a
pl an vi ev@\ﬁ%gaa%k%l%{%n%ﬁgtggczgm(g%ﬁént of a device according to the present

invéhtion. FlHEG.3cisn @ogsisanionilevwewosf agialt@uitive pabdd@masg ofitetbridgudiediton a
fﬁgsu ?Ejgés\é@&ry(gg%%'&g?k%bﬁ?&ﬁ% Y i%\@‘lafz.t he substrate web of FIG 5, with
FIG. 3 is a cross-sectional view the device of FIG. 2, taken along line 3-3 in FIG. 2.
FIG. 4a is a plan view of an alternate embodiment of a device according to the present
invention.
20 FIG. 4b is a plan view of an alternate embodiment of a device according to the present
invention.
FIG. 5 is a plan view of circuit patterns distributed on a substrate web.
FIG. 6 is a plan view of the substrate web of FIG. 5, with the bridge circuit assemblies
placed on the circuit patterns.
25 FIG. 6a is a plan view of a web from which bridge circuit assemblies can be
manufactured for use with the present invention.
FIG. 6b is a cross-sectional view of the bridge circuit assembly web of FIG. 6a, taken
along line 6b-6b in FIG. 6a.
FIG. 7a is a plan view of circuit patterns distributed on a substrate web.
30 FIG. 7b is a plan view of the substrate web of FIG. 7a with the bridge circuit assemblies

placed on the circuit patterns.



pl aced on the circuit patterns. 25 FIG 6a is a plan view of a web from
whi ch bridge circuit assenblies can be mnufactured for use with the
present iwoasmionr FIG 6b is a cross-sectional view of treThrSodgssTircuit
assenbly web of FIG 6a, taken along line 6b-6b in FIG 6a. FIG 7ais a
plan view of circuit patterns distributed on a substrate web. 30 FIG 7b is
a plan view of the substrate web of FIG 7a with the bridge circuit

assenbl i es pFlteda-gnareilan yiews of altgyte anbedimeptsghbodgeoigoip FsEaitiesso2/ 15355
FI GS. 8a; A al ternate enbodi nents of bridge circuit
assenbl i 320%rcgﬁc§tgﬁﬁaseb§w?%gé%r esent invention. FIG 9 is a cross-sectional
vi ew of an al FKF. 94t 2cesssediomeintievodf an attemate embodimedtiofig dedcd dveordipg eésthat
invention. 5 FIG .10 is a cross-sectional view of one technique for

el ectri cBIFS EHANES i ng the connection pads in a device according to the
present i nvenkFimno ifd Srosskdctiofial d it Gfohie RifRITa4 elatu@ialiptornbetik gy nat e

enbodi nent of a device according to the present invention. FIG 12 is a
cr oss- seCPMSHAN Rafeil agfevighacgprdingiaths PESHBAVARIHAN of a devi ce according to

the 10 presepig iinYENbQRectidhiRidwEst ab ﬁ&hit@%%hi;ﬂ%mbkéH&Iiéeaafc&df@ingfmﬁé“ ment s

of the Invention One RFID tag device including a bridge circuit assenbly
accor di ngresenttrtyentpmesent i nvention and a net hod of meking the device in

accordance w e present. inventi . - be ough t he
T ust rat ed obbld8RyShrarabRY 43R R0 el SRR A ordhh N
idengifi pakémdinveagpn. it Wi Il be understood that the present invention nmay be
used to manufacture any radio frequency identification tag including an

antenna and capacitor as discussed herein. Wth reference to FIGS. 1-3,

the device 10 i nchydsl PRcfpidh sANuRARR e Enasnén théf e Bnvehtieni t assenbly 70
pl aced on the RFID tag base 12. The RFID tag base 12 includes a circuit 20

pattern on a PheBFIDvagdevieningludieg pbridgeishant assardly spcerding to the@resecui t
pattern i Jde . | ! nd 24
B & pl (NENSR AR AR RAQ I UBHLER Bodhdybl iR fhe pesdll i By RACARELETC
out 55 de desctibal. pAlthoagh thy ilbftraai desic? 6ay arterathebesaeomdnteadlio dkquehey ant enna 24

I's locat ?cgentiﬁ\éattigx% ?ag?”lrt] wiilp lg]eeJnde: st%g(? th%tsthe(::I Slfeiserrll?%vg io% rx}l%y %le ldgeﬁlt(i) Fn%m%ctt?rg I's 26.
any radio frequency identification tag including an antenna and capacitor as discussed herein.
With reference to FIGS. 1-3, the device 10 includes an RFID tag base 12 and a bridge
circuit assembly 70 placed on the RFID tag base 12. The RFID tag base 12 includes a circuit
20 pattern on a first major surface of a base substrate 14. The circuit pattern includes an antenna 20
having a first end 22 and a second end 24 and a plurality of coils 26. The first end 22 of antenna
20 is located outside of the plurality of coils 26, and the second end of the antenna 24 is located
within an inner space 28 defined by the plurality of coils 26.
The circuit pattern of the RFID tag base 12 also includes a first connection pad 30 in
25 electrical communication with the first end 22 of the antenna 20, an optional die connection site
50 in electrical communication with a second end 24 of the antenna 20, and a second connection
pad 32 in electrical communication with the die connection site 50 (which would place the
second connection pad 32 in electrical communication with the second end 24 of the antenna 20
when an integrated circuit die was provided at the die connection site 50 as discussed more
30 completely below). If the circuit pattern did not include the optional die connection site 50, the
second connection pad 32 may be in direct electrical communication with the second end 24 of

the antenna 20.



The circuit pattern of the RFID tag base 12 al so includes a first
connection pad 30 in 25 electrical comunication with the first end 22 of

t he ant erwi@ 0200%0an optional die connection site 50 in el ectrnisealss3ss

conmmuni cation with a second end 24 of the antenna 20, and a second
connection pad 32 in electrical comunication wth the die connection site
50 (which would place the second connection pad 32 in electrical

communi cat i onlngddiiontbe eiecpimattesh alsipclyflestarat of fundgeppagtor plaeh4Gim i nt egr at ed

circuit %le@tg\é‘?%\?\ﬁﬁr\%ﬁc \gltth tthpgnt%“ng 26%8@3&@%&?5&&9 %o%@t%ﬁ%%gd more 30

conpl et el e clrcuit patter I nc e optional die
connecti on si Ad dBthe componensodtia cooningtttinare lpeated3 thasantzenajor sdrfacecif the

electric conmu ation with the ean enna , 0 9 WO
031 00000 FsEHT e8I s gaestle v iR ROHEL B duikbug M Fre SR0GRA 1 aes a
set of t uikOheGRERSG Qbctidaft@Bedtngd Benedeh e difartntcompotithgaf terirvdit h t he
antenna 20 through tuning capacitor plate connections 42. Al of the
conponentPatest- B‘Hg ercihe epfinectipns nesded tgcnver dha Raterg inte A& Teuihase ARy sur f ace of

the baS%leéM@atmhﬁecaég thé%rs@c&ﬁéwoh pad 3o thOLBRA bhRHSpdd2 dRdse Gebstrate

14 are not required make the necessary el ectrical connections between
the di fférlégﬁtml@mtrpssnehfb@Oof the circuit pattern. Rather, the connections

needed to CO”XEr tarstS?u toé”%t tlf be%a%udi%gglle{j%%h n?réﬁtam at?r}/al Olel%'lgtgltlilé cally

connecting th 2ohnecti on e’ Second connection pad 32
t hr ough tShizgabldmbtdgss ﬁdrlbﬁ)sldlstlbsaﬁtsenhiay pFe(ﬂeraBl'Yléb(hlﬂﬁSc&rtsmlnﬁﬁraaélﬁnM Roan be

manuf actured from any suitapble magerjal or erials. 0 Suitable

ot o | al SN BRSSP e STy e oen Bk gy

char act erch@pdresits oF Bk cnr@lﬁ%ﬁﬁkx‘ﬁ,to bR Gerl ARRrirpRat ARl ExamplePbeuginbl y be
non-conductive between the various conmponents of the circuit pattern to

prevent SwRstrate mptasietsviredyret bie pie nok bimibidde, Repers.pobyaisrie makiBsteat e material s
| ud
i ncl ude, pgﬁgthﬁ 991&%1% rﬂ:r;eegol%eg ers%1 éréN lﬂ?ﬂ' HE%F;EQ\Y H%E%rdo a&y& gol yi ni des,

pol yet hyle ené s {e. g
pol yacr ylpalyetzjzrenéﬁtcpoéryisiﬂ}drﬁ rfelrthmrme) alttengh s surbstraté-ld tshiepin®ed as a aI t hough

choul o bEOTREERaEabiERLe FRe Dasou BERRR a3ty i “Bab modt of o

or nore dbistrasedbs thilop hopd &iffRteM\hakeRIsaBovideddfag aFREent RY&E 6r @er@isBer Wi se. The
circuit pattern on RFID tag base 12 nay be manufactured utilizi n% a variety

of techni que$hg grcut pattarmgn BFELfag P%SQII? yay §p aapyfacpered yihizdngavareyolc r cui t
pattern \A%mquégrfore%m% aecthgaulg%gncfuetr&?qttaﬁé nﬂle%ﬁr@ﬂgﬁz{ngm%éww?gx&hﬂlg Bt

met hods, erein an orrginal stencil pattern s screen pri'nted with an etch
r esk&t antforimef using stardardegradted cirgeit methodh, wheeinan oiigikalcteatiépatisor is baes ar e
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 utilized, such as metal foil patterned by photo-resist/etch techniques,
laser ablation, etc. Another suitable technique may, for example, involve stenciling or printing
25 of conductive ink onto the base substrate 14. 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
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
30 electrical characteristics, resolutions, etc.

The antenna 20 is one component of the circuit pattern located on the first major surface

of the base substrate 14 and includes the first and second ends 22 and 24 and the plurality of

10



subsequently etched away. O her techniques suitable for providing
electrically conductive patterns may simlarly be utilized, such as netal

foi |l pattwonedodoy? phot o-resi st/ etch techniques, |aser ablratriusny/1B5%.
Anot her suitable technique may, for exanple, involve stenciling or printing
25 of conductive ink onto the base substrate 14. In still other techniques,

the circuit pattern may be built up by pattern-wise plating onto, e.g., a
met al f oicpils e élchelspgréfic, desigmdilthe anpenna AR 19 gy eniticabtp ghe presgnttipeantion. Hkdr di f f er ent

cormponent.g, Ol & eenucngl{,e\:gg%%oilg% }'o?rjé?df ggp(e a%lte!nng)g(l)jFrlgec@kigcarﬁé]%q\ggng&lsgﬂetl‘rﬁeecgn' que

or, alternatively, t nor e rent man uri techni qués may be
used to tidcknessetidthrofshaglle2qiandothér desitt parameteds nfay tvhry at eghineduebtainghag

sel ect ed basgd on. erd. . the resulting 30 electrical characteristics,
resol ut i GrEred glegtricalharagieristita 20 i s one component of the circuit pattern

| oca ed on t he, diidisdal EoMMNINIGUEE AR theQhtchiE200aa€ o RS AdRnddio Btk Soncl udes
the first and second ends 22 and 24 and the plurality of 10 WO 03/ 009007

PCT/ Us02/inchsise dig eprinsctipg termivalssfand 300- Hesbpylth byppotechidatnalsethipg dovicess! Onot
Critical dd wiGe el 3R by hilUEREd ARuit R ncc 8 ATAIR thd dICMBRBH B SR 26

formed in the antenna e spaci ng between coi
t hi cknesof thiedtrbuitpattetme Foohdrsas 261] badidcussedan grdatei detnildwtoantteatiscomagetivar y as

required to.obtajn the desjired electrical. characteristics. 5 In electrical
comuni cal'f %@"’\?ﬁ'b%lo{;%%d %{h(ﬁ%hr eﬁﬁcqltgasﬁerq‘%g’bz(lfonal di e connection site 50,

i nclodi ng di e TEROESIAEdtion ferin@aRIS0AAR] HBDF thediccdhnectibn Sted0latk freferablydskgt hat
only those devices 10 that will be used with an | n#egrat ed circuit die
need to icAUENARd infhe properPsHHYEES Bakssanpctityde fermyats ongp integrateq gipcyjtdie

pattern. (FHd 1k cRectibh LvitpﬁleQ]ieﬁGé’ﬁﬁeﬁltﬂoﬂglgfh_@géﬁéte&i@te abdnebgdnQne ¢ he die

connection site 50 may be | ocated on the bridge circuit assenbly 70. 10

The connédutudsntwaternminas.st Billde anderaow! thit thevde gingeasionaigtil may iwblude 80 ar e

prefer ab!dgsilegkgr%bereor%&)elflﬂpna%q re Ellretdh% tl?s{ fﬂ%%gateta%ﬁl:lg{ Q% & Oanmg tOCtﬂQ%l?E(%Q Wt h
the ternmi nals on an integra ed ¢ e &0 be ised I connection with
t helslevi ce 10In AG bainghegraed ciepitaic idhteachahn eetdioconaediion Side 50. ratadkies t wo

termnals, .t Wl e understood that the die capnection.site 50 may

el ude. S b the e AUSEIRRE Skt aro s e G PRGBS FrivdFar ed
circuit GofedampRetRtitieghiedcititdRes0shdybeBnnedfed LUsinghdRotrdpic@bndubiRgr at ed
circuit die 60 is attached to the die connection site _5%. Attaching the
di e 60 t@dhasivesithet formmertieal eannsdtions brweaarihdeonaretionsotn thhistpgratsd dirgpingic 4Ry

sul t abl @ hefh A fine SOonfEATPLR sof ParlofcP HaR0e Ghd fitdbdanclcfoflilBY De
connect ed"Usi ng a I'$o ropic conductive “adhesives that formverti cal
conict i omy bbetppdied with eorcnctive buinpn penettalren nont@goaive ddicisive and maliee 60 and

;[ E? e;pg? %G%%Q%&Sbtgctﬁﬁ&q %Erid(e)lqyirsné ig cgr%ectlorr]x sl Q %.hﬁ{e a%LéSIGvrer}ﬁ;ggli\ég a the
mechanical connection between the die 60 and the substrate 14. In yet another alternative, the
die 60 may be supplied with solder bumps on its pads. An electrical and mechanical connection
is made by reflowing the solder to join the die 60 to the die connection site 50.

25 Tuning capacitor plates 40 are also located on the same major surface of the base
substrate 14, and are in electrical communication with the antenna 20 through tuning capacitor
plate connections 42. The plurality of tuning capacitor plates 40 allow for tuning of the resonant
frequency of the device 10 by selective severing of the tuning capacitor plate connections 42 as
discussed in copending U.S. Application Serial No. 09/776,245, filed February 2, 2001, titled

30 “RFID Tag Device and Method of Manufacture.”

The circuit pattern also includes a first connection pad 30 in electrical communication

with a first end 22 of the antenna 20, and a second connection pad 32 in electrical

11



20 may be supplied with conductive bunps to penetrate a nonconductive
adhesi ve and naeke electrical contact with the underlying die connection
site 50. wbesaddhesi ve supplies a nechanical connection betwasn2/idsss di e 60
and the substrate 14. In yet another alternative, the die 60 may be
supplied with sol der bunps on its pads. An electrical and mechani cal
connection is nade reflowing the solder to join the die 60 to the die
connect i 6AMBURigatED. Wlﬂsa speeiidregd 829@1@? esennp P8 thaquehgliegaanestisn sitco¥atléa fish t he

same | Qbnrrettl na[ﬁ hpﬁl"?oeelezcgﬁjét?iﬁéornﬁﬁ 1c]aﬁon @ﬂﬁith% gco!nﬁ' c&*n@&folhitpg@b

conmmuni cati1 on w't the "ant enna rough tuning capacit
connect i ¢irsughZhe Hiidze plrariedssamblyy0.t uni ng capaci t or plates 40 allom/for

tuning of the,resonpant. equency, of. t e de evering of
the tani ng capagreBrosdaa S STEer st i REh s Pedbed i ARE Y BaBRYG 'S

Appl § cat ilanTRebriddle cMuit &%%Tﬁ7(2|45epafatd £d disehdt fiahythe RFADOE badel 10| @dotB& " RFI D
Tag Device and Method of Manufacture.” The circuit ga%;ern al so_includes a

first corWPé‘i:“’tihéﬁ”B%eoC‘@E‘)”P%ﬁeréll’léc?f)?'i“t'é? REB?ﬁ?ﬁH?SGd?%'h rately manpRetugsdy 22 of

the ant enpaiZR %&eﬁué@%’@dn&@x%’@ﬁhb& raegaage@o%ldwo;edn%the; Sithbld thethBls.
03/ 009007 P]CT/ uUSO2/ 153 comruni cation with a second end 24 of the antenna

20 t hrough di ElG@aiecnleroview jof the 5@ facTpieth¢ bridae CIrelahmmblbﬁO piidGadbthatfapasought

into el eghddEal patfert, af i ﬁ@ bQ%"M«E&E séﬁ'&ﬁnaff@%%q g%gkc%g a?st%ﬁlbl%/br i %E‘é ough

the bridge circ ustrate
cirecuit akmgiihe y-270 FICS 2k Oﬁaﬂqﬂctmﬂmtﬂﬁés RE2D, magrldtmsﬁcﬂﬁt ds2emBlihn @0 hnf:iudw

circuit S separate. and .di t fromthe e 12. In
other  wirdes bt R BEE GO QUGS 1& dsecgnd e fﬁ%aﬁ‘ﬂﬁﬁg °12 can
be separ ahtrite MM RGE MESAuctAB thykogon e:dd.tﬂ@&ﬂ& R9Er 905§ RBateCorthe fifEMARES
further described bel ow or any other suitable nmethods. FIG 2a is a plan

vi ew of tsHdacg(f phihe byggesybstigic 7@g@d elagedyp thas § denasitipnedoovss theplgraly ethat  f aces

the circyihy, é?%k{i/c?{ygplaép% &Léﬁt ald&’% S?sf:& @%éplé&ﬁ%hﬁ%ﬂ?‘t@g’%a@@ fife bridge

circuit ass taken As depicted in
FI GBS 2a-dectricHeyebisiddgealed plwdton dedeidpd gub?tfata Tcdoubke pomioby $4dgfehesubst rat e 72

having a fi st jor surface 74 an a se e The bridge
Cast Dar sondsRhyeT R o B ek AR e DBy By RF B o ATy Er ok i Sy T80 s

| ocat ed @Bnreborf jatiSh afi®fe@bnd @MkidcB6EpadS2 F tHeRFID HdedBice BXDENIRd Bidg2 and

pl aced so that it is positioned over the plurality of tuning capacitor

pl ates 40@sswmely Wrielosrtedigethabassddl y is placed on the RFID tag base. The 15
dielectric | a%&@%?]devﬁq il émedmerﬁb%@gre%t iy EntfRh] tﬁgsn&geteﬁw.a&s@enﬁ $@ist hat

portions 84 o conductive | ayer are exposed In conflguratlon

whe2@by tplhaen;d motrhc Bﬂi@m@ base I2tsach thatshe firstonmercuifars of et B whsiragelddnel, the

connect | Arefe on W%IC?'I the 01rcu1t patgm 2%c %g)efac]é% t%g nga?c()ar sgrrflélc%g/ﬁ of the bridge
substrate 72 of bridge circuit assembly 70. The dielectric layer 90 of the bridge circuit assembly
70 electrically isolates the plurality of tuning capacitor plates 40 of the RFID tag base 12 from
the conductive layer 80 of the bridge circuit assembly 70.

25 The bridge circuit assembly 70 of Figures 2a & 2b is one embodiment in which the
bridge substrate 72 and the conductive layer 80 are the same article, i.e., the bridge substrate 72
itself functions as the conductive layer 80. In this embodiment, the bridge substrate 72 may be
manufactured of any suitable material that offers sufficient structural integrity and electrical
conductivity. For example, the bridge circuit assembly substrate/conductive layer 80 may be

30 manufactured of a conductive material, e.g., metallic foil, etc.

Exposed portions 84 of the bridge circuit assembly substrate/conductive layer 80 may be

attached to the first connection pad 30 and the second connection pad 32 by any suitable
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assenbly 70 is |located on the base 12. As shown in this enbodi nent of the
present invention, the bridge circuit assenbly 70 is 20 placed on the RFID
tag base Wb oswedot hat the first najor surface of the baseprswhsor/aizes 14
(i.e., the surface on which the circuit pattern is |ocated) faces the
first major surface 74 of the bridge substrate 72 of bridge circuit
assenbly 70. The dielectric |ayer 90 of the bridge circuit assenbly 70

el ect ri cagchyiape §igaselder spadpgtiye adhesiyespstakingsiergV arigya eonngstiop|techBigUsEof t he

RFI D t ag 4asifedi nldr@Mtail BiovcONducti ve layer 80 of the bridge circuit
assenbly g% e25 %Jer Eért?ldgbgo circuit assenbly 70 of Figures 2a & 2b is one

enbodi nent i nFithi2c s  dress-sketioda) & iesudfshe bridge Zircugtradsetmibly 176 vd a tlieyrmtivayer 80
are the sapge,.arti substrate 72 [,f functions as

: le, i.e... the i dge its
the conddtPruBengaf aseminvepiify Horb R RL BedmfF i LB & 72  hmy e
manuj act ubedlichfe idge Substrabl 2. mataduaive tdyad 1801i§ ltRedsasf o firgi r@ajbr suitfacect7dr al
integrity and electrical__ conductivity. Far exanmple, the bridge circuit
assenbl y % ﬁﬁsbf'ﬁ&ﬁt ShewiREr B i 1@%’7 hridys @aat@‘ggfhﬁﬁmnge@wweb’ﬁoa
conductive mairRE biddge cRelit assdiBiyad 10 dbsofiRilddes BiFporrRsEMIRANE h@RSivE48f the
bridge circuit assenbly substrate/conductive layer 80 may be attached to

the fi rstlocetsdrethe exnossddorgonsalifd of the cerstueting laxsn bk tThe worstueti Bzdhgsivarlpo

sui t abl e c&r?be\cﬁgeg) ?’c( 298810 ?j eEe.chygpc%ér]%?‘élg cor]f-dﬁgtmll f 18050 the' fi r§t.%|oﬁt%rction pad
conductive adhiesives, staking etc. Various connectl on technlques are
destl i bedOiand tiersecodé t@inkctive padd2 Hlths baB¢12.s a cross-sectional view of the

bridge circuit. assenbl 0, of a | ternatjve enbodi nent of t present
“hvention. - Helias SRy Hbrisat edudivhing 805" ameraaseie ngnrae LiBlct ve
bridge swifiddaihen thé2onddcGRNEREMRY Be 4 Ri@iatcliGEil bisa dePEe@ BIRNERarkpI&sSIf M) Or
surface 174 of the bridge substrate 172 and a dielectric layer 190 is

| ocat ed Ghitablgesubsiraipupatenads forspbptraigly2 indhyds, Pitiagegwt Bmpted ot PaRSSARANMErE70 al so
i ncl udes . i o, i i t : xposed

por 1 ons "FEFsBRE by B le koA e EILL R L T, B0 RS ae: can
be Used tpolyatrylach palystyeheeter)j adldthers oxitheugh tirkige subnlaie § 72/ie db@sted aslB80 t o t he

5] ¢ IR Garebu e g 28, A B PRI B 8GR o ekt e

subst r at @odsfrdcted of twoiok iRt fférb@ MndidiRIsGR6\dddias WEfetedy RYerslyoth@wie| am nat ed
foil or a deposited film Exanples of suitable substrate materials for

|
subst r at &unthempree pridgs subsrate 47 emappe mpnifaciyeq wingghgwpms or ddfeyspmpterialimt er i al s

(e. 9., pokyabvhengureRAlyRbLR%! 1@ne, pol yesters (e.g., PEN, PET, etc.),
pol yi m des, 15 polyacryl ates, polystyrene, etc.), and others. Although

bri 2@e subst r Bften tiedbridge clepit essemblaF04 70 is placed onto the RFID tag base 12, the
conductive layer 80/180 of the bridge circuit assembly 70/170 electrically connects first
connection pad 30 with second connection pad 32, thus closing the circuit pattern. The
conductive layer 80/180 also acts as a common capacitor plate and forms a capacitor with the
plurality of tuning capacitor plates 40 and the dielectric layer 90.

25 FIG. 3 is a cross-sectional view of the device 10 of FIG. 2 taken along line 3-3 with the
embodiment of the bridge circuit assembly 70 depicted in FIG. 2b. In this view, the dielectric
layer 90 is located between the conductive layer 80 of bridge circuit assembly 70 and each of the
plurality of tuning capacitor plates 40. The dielectric layer 90 also isolates the antenna 20 of the
RFID tag base 12 from the conductive layer 80 to prevent shorting of the antenna 20 by the

30 bridge circuit assembly 70. The dielectric layer 90 is depicted as being continuous., although it
will be understood that the dielectric layer 90 may be provided only in those areas in which the

plurality of tuning capacitor plates 40 and the antenna 20 are located opposite the conductive
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honbgeneous structure (see FIG 2b), it should be understood that the
substrate 172 may be constructed of two or nore different materials

provi ded e odivédoer ent | ayers or otherw se. Furthernore, PrCirdge2/ssbstrate
172 may be manufactured using the same or different materials wused to
manuf acture base substrate 14. 20 When the bridge circuit assenbly 70/170
is placed onto the RFID tag base 12, the conductive |ayer 80/180 of the
bri dge cilaxeuBQ oftbebridge irnoy apsembdy dbta prevant shogingikiorgh the eanductive fayect®on pad
30 with 0 ' : 0S| [ cui t 1q The
conduct i \S/fgl ﬁﬁ%& e ?e’ 8@% %%%g Idg: gegggt% ?'eé@%g d%&%g%%%c}%gﬁgﬁeggﬁﬁ%ugtgge’ gg{'ﬂ&g do rns a
capaci t orbewndgdstoduethatpheulagdr 90 ynagbe tansirumgedod pae ot roore pli firas méerisls dravivied
dielectric layer 90. 25 FIG 3 is a cross-sectional view of the device 10
of FIG z"sfjg%\é‘%ﬁ"k?ﬁ{ﬁ&r?tt‘%‘séus with the embodinent of the bridge circuit
assepbly 70 degpé @feR6trit Maykd 98 car bhclulds, Hubis ioMlieiedd th¥er sla@bReA fdnCconll@yiee 90 i s
| ocat ed between the conductive |ayer 80 of bridge circuit assenbly 70 and

each of tesivgifiknedqublp-sifed pdfiping tapaphi dictsririp Pagking. aecatimpe-irdinecPPIE | ayer
90 al so igplahsk e%c@,eet@:nf’r%fk%rl%tz,gleqfielécnﬁ 1a>l%Fb(ﬂF]atsaaqje9?a%% dtdedifi OBl 1o

conductive | ayer to preve shorting 'of the antenna 20 by the 30 bridge

circuit abséntbt yeqiided chheritdicelferche ¢isuit.aVke didectiis lage P anaydlsasxiibit pufficient

cont i nuoy al t hough .i wi. |l | .be. unders at the dielectric layer 90
oy e pragtseRidd B e phipiee R HRRIT PO Rnd Aot drebleBh o0t £ S LY o
capaci t or pl aghoudh thelistidgh eiraitassenbly2Z0 iadeidtalcatisdudipns diekctiib&ayeodtduct i ve
13 WO 03/.009007 PCT/ US02/ 15355 circuit assenbly 70

| .8 f the brid
(to preveliorsbrirg 3taghed i @agweﬁh@trg%ﬁ%ub%og@ be aﬁ%%rsrté@?t.ﬁat te fridge subsirate

al t hough hgq Qieﬁkﬁi@ﬁ%&e@d B¥%Ele POVilld sESRAAY SRR afp BARDGEREAN ByStdoURdUr €, it
shoul d be understood that the | ayer 90 nay be constructed of "two or nore
di f f er entbentizched @l the prsowibdiaale 14alort, fofllewedhby attaglment of the bridgesilestrate2The

di el ectri-g.. er 90 ¢ ' [ | icm t ed - xaple, a
non- conduc IJ| ‘\%}égﬁ%‘dﬁa saﬁg\}ege?l ?%Glr:l]g%%rﬁmog-@}hg‘g%’ya{gﬂlééa?lv%hﬁ %%Jé&%ﬁﬁa dielectric
backbng, assembhéd deger(bed ferginpai nt, epoxy, solder mask etc.), etc.
Preferably, t dielectric, |ayer. 90 S desirabl e dielectric constant to
bt ai n e reuier BCIGR R LTHE TR Sremie Gt 56 RETD RRba ) DECF CTaYER 90
may al so BB Bid sesddlcbfie@iidn paddh @ iR BlebtAcdlRbminghiBatioR Svithth&l@RAd&dtiv e Wybr
assenbly 70 in the connect edp position. 10 Al though the bridge circuit
assenbl y 8P@fths biidpt drcad assemblyd0u b theydapiréedgindiodisnant, ghel edggricalognnastieibr e bei ng
attached X j e bridge
Subat 1 at Ao the R ind W3 @hfechth pdgh 36 M B ORI L e 8D By b0
exapl e, acdvenplisieddenyt ¢.¢.cditeay@nta@Ovittesach biberaint! bothetbctoallyrad baskngabpt rate 14

alone, f (}gikgcﬁ)eydanbe%er%'g/-gg‘s?stc]eqieng]etchgrficaﬁ poend,b sruicﬁj gse wﬁ#gnsal{rgstogic%g thermosonic probe.
Alternatively, the first and second connection pads 30 and 32 may be electrically connected with
the conductive layer 80 by any suitable technique known in the art, e.g., a conductive adhesive
(e.g., EPOTEK E3116 available from Epoxy Technology, Inc., Billerica, MA; 3M 5303R Z-Axis
25 Adhesive Film available from 3M Company, St. Paul, MN; etc.), a conductive adhesive tape
(e.g., 3M 9703 Electrically Conductive Tape available from 3M Company), solder, staking, etc.
The bridge circuit assembly of the present invention may be placed on the RFID tag base
in a variety of orientations to control the maximum capacitance of the completed RFID tag. By
varying the placement of the bridge circuit assembly on the RFID tag base, the effective area of
30 the capacitor formed by the conductive layer of the bridge circuit assembly and the plurality of

tuning capacitor plates can be altered, thus changing the maximum capacitance of the RFID tag.
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This variation may al so be used in connection with many, if not all, of the
bridge circuit 15 assenblies described herein. After placing the bridge
circuit aseasbdyo70 on the RFID tag base 12, the first comoeatsonmsspad 30
and second connection pad 32 are in electrical conmunication with the
conductive layer 80 of the bridge circuit assenbly 70. In the depicted
enbodi ment, the electrical connection between the first and second

connect i dh ttrs@gdéawgéh@ms}zmamap%ar@s HHY Ptavids Moy eentrghofiipg repanagtgrequency
acconpl i sh @4 , direct contact with each other and both electrically
and rrechanl ca %m ned by an energy-assi sted nechani cal bond, such as
with an ult raﬂiﬁﬂ claend $thidlusrosorienatpyeceodimntserf ﬂatpiraseitymvemﬁml Whardiy teend
second connecti on pads icall nnect t he
conduct | JENTEYB B S RigMBlied R BHOBEAh G A B oh O AT a
condsict i MBusadRResi MG . 4:( Q. b@idge FaRGH ESemd 260 AMAbd RbAtE 5ubl@ﬂilaﬁplbxgﬁtu'ﬁﬂﬁhi)@§ ogy,

I nc. Blllerlca IVIA; O3R Z-Axi s 25 Adhesive Film available from 3M
Corrpany 2820 ﬂi&@rldngcwé@%erybly 47¢ s abened Witk afusexis 284 phihe RE[lytag basep 9703

El ectri capl i &andyps isw@f;reara@aﬁM@inke@éebtﬂlngo%@Mo%w@mwd 238@hdi&kendSt aki ng,
etc. The bridge circuit assenbly of the present invention nmay be placed on
t he RFI D comrgctiersgadi2i2 aAlthoughthe tap axesi28h et 209rase d&plqtﬁdms pligned fnel I ga snen
capacita of t he I REI vary pl acenment of the

bri dge Clq fll:aglalety RECES ararclrlB{TH Sgonu‘ﬁ?lﬁ gﬁ@g?thaﬁ%%%oa &8 tgbcet |a\r/aglglaarn§a 3fb © 30 the
capaci t orsokkdweadds ttymteknea&;eMbtcmbv\eobca:yiamo@badsheo biid Zhge circuit assenbly and

the plurality of tunjn cap cit pl ates can _be altered, thus ch ing the
maxi mum capaciS&Re | '(5‘f %FPD&%?@W“ PEEY 8 4) DAVTRPPSFII IS AL %3% I'n

turn, Ch%ﬂ%f‘&e&yh@alﬁ@éf't%ﬁfg 5@1%%%1@1@9?4% l&&@yb&ﬁomﬁl&gﬂhéehh@f the
resonant frequency of. ag | GS. 4a and 4b illustrate

al t er nat iphusalépriobaning ﬁm@C@ﬁr PiaF?é 249 srappesell nVehenpesedpeioa b%/dqﬁﬁéd asifBati mum
capaci tange, Kgsogﬁtolp%s[ Q{e &t %?ur?htwg%ihggap%% Itagte%fzn@ﬁlta{ M%n@rft@%ﬁ%}s)e/ﬁ g)? 0 may

capaci tor. rate circurt as
be libcat abe mmﬁortdma:hmtar ;blamgftuweldnmlcnramt ssenﬂﬂ)’ezm‘ Alteugr Fidgda dépncmalttleast

assenbly 270.is ali a.first axis the RFID ta 212.

The 11 r St it osgaenil st Sun B8 FarRBtes nfiss 2800 WiresBpRrefs Tt SO R inect i on
pad 230 apdersB6QMe: allCRBARGbhOBS tﬁéﬁn%%%apaﬁtérf}}%ﬂ&@@hﬁylbké\@lré’éﬂ?%pﬁ?& gnd 204
are depicted as aligned in FIG 4a such that they are paralle it should

be under dharsnmeraapadier ploie. axes need not be parallel and may be 10 so
hown i nFI G Pla i piahe ARUHER TG Aot BoRRARFRL SR RO e ARt e s on o
at PReast 240stke ohxitruen qabwitalhdetot]thafcomplmed@Fﬂapgcdcmoaf 200lcab bs v&2i£0. Gnotrdleave a
portion of erathe ar%z?' (S)} thg g]?posed popnons by locating the bridge circuit assembly to selectively define

the area of the opposed portions of each of the tuning capacitor plates 240, combined with

selectively severing one or more tuning capacitor plate connections 260 as discussed above,

allows a full range of circuit capacitance to be selected, ranging from zero (e.g., no opposed

25 portion and all tuning capacitor plate connections severed, etc.), to full design capability (e.g., no
unopposed portion and no connections severed).
An alternative embodiment depicting a technique for controlling maximum capacitance
of the RFID tag device is depicted in FIG. 4b. As illustrated, bridge circuit assembly 370 may be
narrower than a width of at least one tuning capacitor plate of the plurality of tuning capacitor

30 plates 340 (where that width is measured transverse to the first axis 304 extending between the

first connection pad 330 and the second connection pad 332).
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plurality of tuning capacitor plates 240 unopposed. The opposed portion is
defined as that portion of at |east one of the plurality of tuning
capaci t orwploan@®o240 that is directly opposed by 15 the ceOmMSOTERSTIt Or
plate of the bridge circuit assenbly 270. Although FIG 4a depicts at |east
a portion of each of the plurality of tuning capacitor plates 240 as being
opposed, it should be understood that all or only sone of the tuning

capaci t or pIaﬁ§§m24®ﬁwﬁvd§éﬁ@PFé%ﬂFVYéﬂb5§@H“bthﬁﬁénéﬁﬁﬁﬁﬁmé%ﬁ%%!tor
plate.  Bo@hb Adeds\he RN apQliof fifte QPR RAIAPLA e OloalilP pRatBE [ LY OF

tuni ng capacitor plates e nmaxi mumcapacl tance o e conpl et ed
RFI D t ag (creating @n 2P sedhportien ofalnd atalitCoftunml cappeiter pldtes) andesdectricatiheonnppiosed
portions by. |l ocati t ridge circuit .assemly.to sel ective ine the
Poen of R3S ieshoh el ke A8 Feohd fher PRRRTiaY nb Rok iR wi€ it D50
conbf ned bwdgdrircai® hsethbly 8Ty asiae fitsngkiO30@ dfkherRHID tig ka1l 20@pdigittbe ikligled! e
connections 260 as di scussed above,

3 { ) . allows a %@LI raH%e of circuit
capaci tance t 6SH®'¢ed BltEdiv: F*‘&rﬁ’@'ﬁ%?g"‘ﬁck"éﬁﬁs?@'i’lép na5.2 Wi (Bspyeddrad®s es6r ¢ i on
and al |ty Nhofi AR akiQB0D! Rl & SRNAGRIT ROFicEYRAEHNing Lhpabitorpfurdstisb, desi gn
capability (e.g., no wunopposed portion and no connections severed). An

al t er nat iThe nandyed bridgetcirdeipasseibly 320 maxiedig ks mayimeneepasitanicn gl thadeviesm
capacita t F i i i i I i1l ustrated,
br 1 dge. croany flosedeBes s iR stk 5% bEnPERhaF kP By s ARt U2 70
tunitg capambly®70phdthe phfalithel tphing edpaditor plates 841). ipr exgpedd, teareaSidg pheat es 340
(where that wi.dth-is neasured transverse tq.the first axis 304 extendin

bet ween AN OF MeSpgmraE FPaRb IS S35 o5 e fimenSerssiiare BRRECPRIIeT B 3505
15 VO 03309 /08¢ sdnfelditdsital dordies théareh 8Nhe 3fpdstEpdafidrddehCtunifititdpadiess prasy 370

is placed such that it overlaps at |east a portion of at |east one tuning
capaci t oB34p|thusdepreasingshpefipcyq suyfacsrarqaphithsgormpd sapactsor. Sloaresshz myreagipg eat i ng
an oppos t] I it 00 ; i :

ol ottt oaf ARt det PR atcRbly 0 BlordsS R ARG o b T InGEr
conhgct i dmrcrqpsidg 832 ffetthve sirdarg atea.dTiad¢ fomxcamtr80R enthe tilse obthb ppdgel mirtiayiby

nbly 370. and the first axis 304 1D tag base 312 need.not b
1 aned, SRamaat P bR g o8 b ey R R B b PSR R o°

wi dt h ( MRasdeh @dthe LasV@p&tor plated 340, toaftghddudinnalecivelysse3@m) ohbatmore smal | er
than the width of the tuning capacitor Elates 340. The narrower bridge
Circuit AYHREWRIPICiGTRalgENCEng 8s iprussa RPeYEnlonp A dilt Mgt Sirci@Pedonce 300
by decreggsi iRk i fityt MeaxGARAEAdaBfantOSTRIARPY t he
bridge c??%ﬁ??%%gﬂg%%@%%?g%g§gggﬁﬁﬁ?ﬁgﬁgfu#glit; of tdﬁiﬁg capacitor plates
34020 For taxdzmisk 800 chedeect¢ved whhethe wiidih f b asshmbly 376l equil te o greaterleambl y 370

to bel Owtﬁehn(?axqringr%%ht%%? ee%{'\ orf B)% p‘ulflamt}D S 5 g‘ ge{p%gl{or Bia{%ts §20 and the assembly
completely overlaps each of the plurality of tuning capacitor plates 340, therefore eliminating
any unopposed portion of the plurality of tuning capacitor plates 340.
Although the bridge circuit assembly 370 is shown as oriented such that its longitudinal
25 axis 302 is substantially parallel to the first axis 304 of the RFID tag base 312, the assembly 370
may be placed such that the longitudinal axis 302 is rotated relative to the first axis 304 to form
an angle between the two axes. By rotating the bridge circuit assembly 370, the size of the
opposed portion of the plurality of tuning capacitor plates 340 can be decreased, thus decreasing
the effective surface area of the formed capacitor and, in turn, the maximum capacitance of the
30 device 300.
FIGS. 5 and 6 illustrate a portion of one method for manufacturing RFID tag devices of

the present invention. Here, a substrate web 400 includes a number of circuit patterns 410a-410f
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340 in the sanme direction decreases the area of the opposed portion of the
tuning capacitor plates 340, thus decreasing the effective surface area of
t he for mewlomapewit or. Conversely, increasing the w dth ofcrhsobrizeye
circuit assenbly 370 increases the size of the opposed portion, therefore
15 increasing the effective surface area. Therefore, control over the area
of the opposed portions by selecting the wwdth of the bri d4%e.ci rcuit
assenbl y (Bieyred & graralpas dsuippasigrms 1 Qhaacsp ploae the desath o ilee welr 4084 i tWF-up he
tuning c Wter P : [ | ' ' e or nore
t uni ng cgg'gg“%ag‘r" n'pjirg% gﬁggﬁ%&r&?‘gﬁgﬁ ggreg\dir%sggj@gggggggﬁgcgﬁ%ga%@% t?ﬂll range
of ci r cuiindivdyscir¢uitrpatierns destyibed ebayet Eble wetad i aay bé sepanated betwieen ddiddentdesi gn

capability, . i mu apaci.tance. of the . RFID 20 t.ag.deyice 300 n
ceh eved TRINPHKEY F) ERRRGHRET 0 i Bt el PR I B e s
t he Jraxi @ienivpatteins 910 Mache pldidy Predbdféry sqiaration frog teapetcddoor pl at es 340

and the assenbly conpletely overl aE?s each of the plurality of tuning
capaci t orrlisrmatigdy. sheeeirepih pattetns A0 By R erdy PRl YRS ipoeerain Fem eof ¢ he

plural it Y806 HBIIORERRBMbIASN B tBE &Rouid plkterd 410 RN pPRiRHHDBe Gieb G60)t

assenbly 370 is shown’as oriented such that its longitudinal 25 axi's 302

i s subst &nt éxamiple, paraalbe efefarsd thsepdrpte gny msegmtedghe eshngdien RIste dig base 312,

t he asse 37 ngy I e | i tudi ' is

rot at ed gg'}"paéft?({/ngtert 0 #e)&?r?P %ﬁﬁgi&g&%ﬁgﬁ% #l%rg%pg%%hsaﬁgIfgﬂtg?\%gﬁ&?ﬁé t wo
axe$0 By miagtalibibagrefdied s lockyearc attach 4n iasgerd kiycusidle ort ¢veh sf the cieduittpagernopposed

portion of e plurality of tuni capacitor plates 340 can be decreased,

t hus decr“é%é?r}ﬂﬁ Se?%“’@ﬁ%’@‘b‘l"?»’% é@gf ace area of the fornmed capacitor and, in
turn, the maxirRRIGHHAHRBE biEPEEnObetv it theXGrebieYitletnsA0 on KltsPate Re@AGH fe
illustrate a portion of one nethod for manufacturing RFID tag devices of

t he pres&xemplaryenlyi Sar exampls, the ciseuietternet Weouldde rotpfed framgheorputeber  of
circuit . 10a- : / . erred to
Genor al 1 JEBEEARTIE PRt A0 A A R RSt st ¥Phe web 400

i n & t wo-pupyideddmd siggie atw amfigiragoncione up)ton plat ubstrage Wbt 0fatyipferref er abl y i ncl ude
the sanme co onengﬁ as the individual circuit patterns described above.
The web 46/ @%‘OB heeg Bk §Ced bet ween adj acent circuit patterns 410 to

provi de i ndi VERualillisaeieOtht k@3B G¥b UOROAIG © aftdr @it bridge elexitagsmbiacinoaf the
5 circuit patterns 410 may be conpletely forned before separation fromthe

web 400. 4294 thereipgfigryefiesyed tojgebridgecirpuit gseambliend20) haverbagn placed on fhedtetit al | y

formed b p i : | : jon of the
cirout t B PEPRAE AL (bR HRee Ay b R Ty LT Ve T
may2be priefeletiecbroer Seper @t gtaamyernt it ygredtledirduiepaermddd.i on pads into die

]? (r)gnmef Lgoc\eheig%)gr?‘c{g? cgcel}citoarsseem EiesaAIZtOemraysp?&ggglgl iin%llqudgfthetsgl%e %(i)nlagol'rllie;[lts R& tthg erns 410

bridge circuit assemblies described above. Here, the bridge circuit assemblies 420 have been
separated from a bridge circuit assembly web 422 as depicted in FIG. 6a. The bridge circuit
assemblies 420 are preferably of sufficient size to cover the plurality of capacitor plates (e.g., the

25 plurality of capacitor plates 40 of FIG. 1) and electrically connect to the first and second
connection pads (e.g., 30 and 32 of FIG. 1).

FIG. 6b is a cross-section view of the bridge circuit assembly web 422 of FIG. 6a along

line 6b-6b. The bridge circuit assembly web 422 provides two different bridge circuit
assemblies 470 provided on a common bridge substrate 424 that, in the depicted embodiment,

30 may itself also provide the desired conductive layer as discussed in connection with the bridge

circuit assembly 70 of FIG. 2b. Unlike that embodiment, each of the bridge circuit assemblies

470 also includes a layer of conductive adhesive 486 on each side of dielectric layers 490. The
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10 may al so be preferred to |l ocate and attach an integrated circuit die on
each of the circuit patterns 410 before separation fromthe web 400. The
ori ent at iwo oanebospaci ng between the circuit patterns 410 ®0TAsby13s3 e web
400 are exenplary only. For exanple, the circuit patterns 410 could be
rotated fromthe orientation depicted in FIG 5 (which may facilitate rol
cutting while in web form, or they could be 15 provided in a single row
conf i gur RFidghciryihassgphly oysb R inglydes tvatbaidgietircuiassem pligs 420 phgipre éf@ﬁwgf uration
(three-u _ i f 5 after
the bri d%)eong;ﬁ&%?ﬁ %:A &%ng%ﬁfeﬁs{ag%g%ri%gg%ﬁg&@?&\%ftr\té\g?ve‘rg(eaf@ %?ére eegk?g)'as bridge
circuit ddsembbiresbdd)cirhdvassdnaeins pllameddaimetdsethe iwidthiof anydaidgesinsit410. Each
of the depicted bridge circuit, ass | ies 420. are sufficiently | and 20
"nol ude. cReBanBi20 i b St EFPEEMLRR R R TPt SR eI, o ns
410. 5 The Width@@ee Qubistbtetweags@nbl i es 420 nmay preferably include the sane
conponents as .the _bridgg circuit assgﬂylLes descrj bed above. re, the
bridge circui 'S S€REMNSH pRRYethponenatiopa pa?@%@?ﬁ?@ﬁh??ﬁﬁﬂﬁmﬁ?Wﬁgg°8ircuit
assenmbl y suBrart 22b a0 SeRk&h Gk oRlyFIFG: ex@Mple TRa1 kMg ¢ BIGSCH-Tb, tRsHemb! i es 420
are preferably of sufficient size to cover the plurality of capacitor

pl at es ( @agerns 41@eopld bpraipted from thsforienigtien depictadlimF Ks S4@\ saflusppigl, cirpuibnd

el ectrical t J chion. 4 30 and
52 0t i ety ABPRTbA% bR oo RNy B A0 den ESIMFERL P D RARANEER: 5.
assedrbl y Inve edBadiokntkilGstrded ml FIGS. 7al 1bneae 6dntGhine ofhie long ddeofahd ridgt assenbl y
web 422 provides two djfferent Q{gqﬁelcirﬁgit assinbl'e 470 .provi ded on a
common bt ey ERSSTHEY el woudpnphyt! beRiralIRde fisgy LrE T RB T80 may i tsel f
al so provkmblifS20£52 08 HayRHMGEdd\R al BXBTuoaSWEl SeMSIRAul pak ANBEMEIGN W th
the bridge circuit assenbly 70 of FIG 2b. Unlike that enbodi ment, each of
the bri dg@g&w@w@wﬁ%@ﬁww@@taumeman%@ov Aethgdessmily 80er of conducti ve
adhesi ve 486 i i [ € : : 03/ 009007
PCT/ Us02! 1535505 g e bl Eahbddin BB BSemiles OB Do i oui
asséfbl i aescofdifig tohlxt praseet inequaipat Elek bragocigpultiassembly-608 matydn a triegal Rt (et ags 410

i rourt daamir RN BT G buet RO e BIG S Ay B P KO £

assenbl y cmhlcﬁ«?eaayéamd)m?sw Refuedulrel WRkzh atvhﬂethﬁB@fniqﬁEs ok FoeMing patterns
arrayed across the 5 width of the substrate web 400. As nentioned above,
the ori estestricdly oRducEpaRdtisEspEenssanplierhe eanduciive layan 38 mvy be Jamigsted Qilwst r at e

\(I:VIEP Cﬁ?'([) %@ﬁosﬁé}eﬁﬁm. 6S':i1¥1i18'rl'5j, the sE@s‘ira@%%Ma? be Aindhdnited Fr@ﬁqede kbl FRteribPor /0, the
20 materials. Examples of suitable substrate materials include, but are not limited to, papers,
polymeric materials (e.g., polyethylene, polypropylene, polyesters (e.g., PEN, PET. etc.),
polyimides, polyacrylates, polystyrene, etc.), and others.
In an alternative embodiment of bridge circuit assembly 600 depicted in FIG. 8c, the
assembly 600 includes an edge zone 622 around a periphery of the first major surface of the
25 substrate 620. The edge zone 622 is substantially free of the conductive layer 630, such that
when the individual bridge circuit assembly 600 is divided from its web, there are no exposed
metal edges, shavings, threads, or “stringers” to short out to the underlying antenna or capacitor
structures (see, e.g., antenna 20 and plurality of tuning capacitor plates 40 of FIG. 1).
Further, the bridge circuit assembly 600 may be patterned with a first via connection pad
30 640 and a second via connection pad 642 as depicted in FIG. 8d. FIG. 8d also includes a
common capacitor plate 650. The conductive layer 630 of FIG. 8d may be manufactured

utilizing a variety of techniques for forming electrically conductive patterns.
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patterns 410 could be rotated fromthe orientation depicted in FIG 5. As
illustrated, circuit patterns 51 Ga-51 O have been rotated approxi mately
90 degr eewofosoemodbheir orientation in FIG 5. 10 In the enpadiusenisss
illustrated in FIGS. 7a-7b, the centerline of the long axis of the bridge
circuit assenbly web (not shown) will be parallel to the web centerline.

Bridge circuit _assenblies 520a-520b may be provi ded on conti nuous web or
may be cut apHt¥IG ge taBOtB?Fﬁmbé‘ij'mePtéﬁ&ie%‘dé‘ﬁEfmﬁItééséﬂ'bb’r@oGFthﬁtﬁFeée“ét atimein

posi ti on Qnrnfikieis ARREAEL YBRAR cirétit@Ssendy 9 lhéludé§ biRt-fte 820 SanabhdRtive

enbodi nents of bridge circuit assenbli'es 600 15 according to the present
i nvent i ofayemd. Krandegsive fayenfi3p l@é@mﬁvt 6O conmastiop @ad 64tk & a¢condiin corpgetionF| G

8a), or &8@?%8&1}6%5. ?&éﬁ?m%@e 636 FhdS4p éornﬁéc?lggg? n%%e%hg bt a e@ond

cross-sectional view uctive ayer be. manut act ur ed.
util ¥ zi ngosnevidon meily 64(f antl & b e gruelsctficyt cdnomunicegion edntcbalnerdncadnhyctmmp@@&(] ve

fapost t o Mesor S Rieriari) P 0s Gt b E¥E oM R Mo R BRRRCRY B'Pr B any

sui t abl e agBiwiid fdst D sédndrafe@bhrtifon tEAMN G&9a @hd 660biréspbivelybst r at e materials
i ncl ude, but are not limted to, papers, polyneric materials R%
pol yet hyl ene, Figrehilspiptes ae altosetiye enpadimens Oéthe PSERQt inpsentiong Here) | the 10>

pol yi m deasgwaa%ry cxélﬁita%mb@p&ao&wwm@md@sta@. @FID%g%agé TRV 3 albRd ircuit
al ternative enbodi nent of bridge circuit assenbly 600 depicte FI G 8c,

t hel0 ass@mmlmo iThe REdeg hase difyimcludesa @spsubstonmd 2a Pp@@mqﬂmrtbe bﬁ%e the first
maj or s ulg l%?rgtegfl 25 &n agt]%m?au}%ﬁ tég'%taﬁd Q&gm{ ﬂ Q Corfh &?on Ei;se7l3§§.|% %&g I all'y

free of t € conductive Tayer suc
circuit aﬁsephk@htﬁmumg chpmmdepiaffes 0. i”lths briggr, cntcheaﬁerably 751(a)mebapa&eai1dgeret al

edges, shavin ads, i ngers" to short out to the underlying

ant enna SI°% Eé‘g?é?f‘%c[ @V%WFW@ tsee, e.g., antenna 20 and plurality of

t uni ng capaci trg¢ fikt @)tnﬁ&néﬁ)pw736Io@thele)FIDEagr5aEhe71o15 Bi6cthREAIJ 88nretib G thithe assenbl y
600 may be patterned with a first via connection pad 30 640 and a second

vi altonnéesondporaefiogpad 352 heoyplethe gondyciviedayeg @4 it braige airaid asseabhded- a
commbn C%afgrltl]ieq)'Ehl?oé:lgcttﬁca@g&mec-mﬁ a%&%édnﬁgctlhﬁy&f ng?é% &fnd Ela%om?’e‘éné‘i?’fézbe
manuf act ure utilizing a variety of nlques Formng el ectrically
conduct i e&cpaityeronsect 18 ivViDalBYeCHEROTnePEH MS@ZJOJ@EE?& td the Edn@uctBe layantidher

1T st r abbie CEPR R R bb SE s B0 RCY aawwedinE R 650 A &

conduct i \éRctricalyyedonfiezted i hedbreutine 1hyay 854 K530y kiitdbléde@ndkifownsh thelagt, €@nnect i on
pad 640, a second via connectigon  pad 642, a conmbn capacitor plate 650,

and?® di sordisthecadhesiveperndpgioe adﬂ*ﬁw 1apg SOIdFTeIdiESERATEACY S 5 connecti on pads
640 and 642 afg pteRhRCbhikale GRTTYNLERL bSdhe Mrlilit 8t B50CRMESHdARg Pad 660

the plurality of tuning capacitor plates 740 and antenna 720 of the RFID tag base 710, a
dielectric layer 770 is provided between the conductive layer 754 of the bridge circuit assembly
750 and the circuit pattern of the RFID tag base 710. The dielectric layer 770 may be

25 manufactured from any suitable material known in the art. As depicted in FIG. 9, the dielectric
layer 770 includes a dielectric backing 774 and dielectric adhesive 772 on both sides of the
backing 774.

In an alternative embodiment of the device depicted in FIG. 9, FIG. 10 illustrates an

RFID tag with bridge circuit assembly device 800. Unlike the device shown in FIG. 9, the

30 device 800 in FIG. 10 includes a conductive layer 854 of the bridge circuit assembly 850 on the
opposing side of the bridge substrate 852 from the RFID tag base 810. Also, the device 800 of
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and the common capacitor plate 650. Further, the die connection pad 660 is
depicted in FIG 8e as having first and second die connection term nals
660a and weOboewepectively. Figure 9 illustrates an alterrarivse2/estodi ment
of the present invention. Here, the RFID tag with bridge circuit assenbly
device 700 includes an RFID tag base 710 and a bridge circuit 10 assenbly
750. The RFID tag base 710 includes a base substrate 712. Patterned on the
base substlPalldepitss atamoganegpg ‘é‘ﬁ'ﬁ%{“q?@e’ 879.rinstead qfjthe semprsity faubiotasc t i on pads

730 and 73deduSRRES VB Ynd dRREriR bRlKiHA7l bYFRS. of UNi ng capaci tor plates 740.
The bridge circuit assenbly 750 includes a bridge substrate 752 and a

conducti ve Iaﬁ@nm15w1MTheamdwgwe&Uﬁﬁﬁépf@ﬁbp@@Cmswt@ﬁﬂvHESRFWEhﬂGéhﬁase 710

s el cot Lgaliy C9RNREH BBy LA (AR50 SORNEEL ODaB8f) L3RaHDNOUTN { he

conduct i V& ayer ridge circui her this
el ecfri calefarmaimaifitieconductive layer8saaciahadielettan layaawan @Thia ceaectiuth rvdyebe

connection 76 el ectrical conpect t f nd. seco ctlon pads
790" and. PR ab Gl ve TRLPEF shS e bl Top Fanar ALt as el y
750. The dohfiestiortpids $SCHAB3YI ahé:t@m@ciueanfg aétéh @ik stikangtBy 886 forflk @fetali cal |y
connected to the conductive Iag 754 by any suitable neans known in the

art, e.g.frompthe condupiiye laner dhefd wldg%@mﬁ@ﬁemé%ﬁéﬁégp9étal<%@d@le &3l dbe, direct
contact, f@:tn%d eQalP:{a@&eé?éctﬁéaﬁco%@RWﬂ ﬂh¥ﬁrs Qﬁ’cﬁsfe%o%ﬁ%omec&&epa% 8%01%:3&0“”

assenbly 75 romcontacting the plurality of tuning capacitor ates 740
and 1@nt enna 7Elﬁ$>f11tahfélmusbrata@jtebagee enitodinzentsdif dlequesentaneatiar. II?FDSHSI

provi ded b nductive | of t.he br| C|r senbly
750 and fﬁ BF% T b§XE¥$B§ Bd 'ng?T $ Rl e ﬁm% | ayer

770 may tmoZE:d mgfeaqbturafsdenimpmoarlshe REID 61@|b@serﬂit)ﬁi{alyaﬁcldﬂla@mtmres diMarabt . As
depicted i g Fl G the dielectric 770 includes a dielectric backing

o . dbogimnts dessrRGATRORe. F75 cPAl ik T4 e { HGmSRERIaAPosr 4. 1
al t er nat isugsyardadi fenhd eécoﬁdﬁsan@cvlbﬁ Badd©Bb &iLsh2I &h dﬁ'teg'na 0, Hda pidQlity of

illustrates an RFIDtag with bridge circuit assenbly device 800. "Unli ke
t he l8evi denisheappcifonpEee?4®, the 30 device 800 in FIG 10 includes a

conductive |aygy le§§‘éal§fcok 2t Eg@%@?r@%&@ﬁg%@ﬁ%ﬂﬂo h¥ &3 %Béc%iv gé’d%‘és' ng

side of the brid ge substra m tag Base the
devi ce 8Qbe lxidge &i@cuWés&B#b@O%G?le(é’tﬂ/ohJS@Zﬁilﬁ:ﬁiﬁHD thd Kase 210. dithpibeitige @rcuit

honbgeneous ctri 870, t ead, of. t he osi te doub] e-si ded
o e e SdsD Gadhidss b B e s ate 00T e Bl s § S R LB pison GPARIE RS § on of
t he condygétish@vr)2amara Bds@ibly DEo MeduetgBy Ednheddddt to ARSBAMIcHvSRGerWEA hTHeNge f i 1 St

and _second connection pads 830 and 832 of the RFID tag base 810 i s nade by
mecRéni capsembly 980 includes a die 982 and a conductive medium 984 that electrically connects the

terminals of the die 982 to the conductive layer 954 of the bridge circuit assembly 950. The
conductive medium 984 may be any suitable material known for attaching dies to a substrate,
e.g., conductive adhesive, metal, reflowed solder bumps, etc. The conductive layer 954 of the
bridge circuit assembly 950 may need to be patterned in any suitable circuit pattern known in the

25 art, the circuit pattern for the bridge circuit assembly 950 may, for example, include the circuit
pattern illustrated in FIG. 8e.

To prevent the conductive layer 954 of the bridge circuit assembly 950 from electrically
connecting with the plurality of tuning capacitor plates 940 and the antenna 920, a dielectric
layer 970 may also be placed between the bridge circuit assembly 950 and the RFID tag base

30 910. The dielectric layer 970, which can be manufactured from any suitable material known in

the art, covers the plurality of tuning capacitor plates 940 and the antenna 920 to prevent a short
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5 deformation of the conductive |ayer 854 and the dielectric |ayer 870.
This connection may be acconplished by using a staking tool 880 to stake
t he bri dgwoamsmnawdt assenbly 850 to the connection pads 8®0Tarsd2/8&325 The
tearing, shearing action of the staking tool 880 forns netal fromthe
conductive |l ayer 854 of the bridge circuit assenbly 850 into a staked hole
882. The fornmed netal nakes electrical contact with the first and second
connect i dFPTHAFHTBEanGHep pravides\yifpepacing fordle cppaditpr apdipayhs formed pithithe, e

enbodi ne %rﬁn%alpﬁagw Bfaf%? 948% ebnid !?Needghaﬁzﬂve ia?er@s«;@on l@i%brid@ékin%ﬁk%s%ﬁfglg%b.h bridge

circuit asse y devi ce i's depicted as including an g base 910
and a bridge Seeausd the agsloethyeyaye5P4 of e bRBgEritcay agsambly 930 isrmanthd oppbosite
structures_.simdar .0, .enbodi j oVe: X |.e e RFID
t ag basefgﬁﬁfﬁ%%wfﬁﬁr&ﬁ@g%&@%%%“%%gg?ﬁg?%ﬁg%aﬁg%?ﬁg%Eﬁﬁgggéﬁﬁﬁ* é%gnection
pads5 930 aand s&:3dd viaromationta2 90ireattditheough thedlridpe/subbtratel B 2taf tHertgidgapaci t or
pl ates 940. To electrically connect_the first connectio ad 930 with the
Becond cGHTFHERTETLA- JaSHer ¥ RS ghs fgandsHE0 e 288erimy d6bess? ritidd on
top of tRerolEH ¥ hales MAKEorREOsubiiige 32 B8R BhdeHId lay@95£61thy bAER cirb@Gt udes a
bri dge substrate 952, a conductive | ayer 954, a common capacitor plate

(not shovassembhrdfOawbireameleciingl sonoswionisdbadei dhs fifpt duriaend &i copnactens 960
conducti v { e I Gl i and a
conduct i vagd %g%ﬁé%ggéﬁnug B e le%% P?glgﬁpl;@/ rfrctiblelolf lﬁgﬁ’%'g?’rnrqnétﬁ231 S (r)’f the die

at connects the te
98216 0 t endohivkimkhesre, ttayer 954 of the bridge circuit assenbly 950. The

conductive nedjum 984 be any suitgble material known for a ing dies
Coa substr at onet s e Y ccRudeRlah 88k St X tncamof BB S B it s
etc. The gpfodch tapacitoayah t1@pdurality bheninp chpdgifor it Wb ambhe tieleytrid ey need
to be patterned in any suitable cir&yit pattern known in the 25 art, the

circuit paPt éresongit fiegheney efdlfedevice 800 ¢ande dwies by sAesh ViR §E Vet g CoBREaHANEO

i ncl ude tth@pleéaﬁ@laf&unir@%%&&& pldtusbali&dibed bbve. 8e. To prevent the
conductive layer 954 of the bridge circuit assenbly 950 fromelectrically

conh&cti ng wi FHtlRellystratendriothgr Pfernaiing ergbadémpent f be pisbent mxerging. AhIRFKL

ant enna 0, i el J 1 I . pl ridge
cirout ABouiEpTIGEBO St Elen 1000 FBkad EF> 355 ARE RSl TERe WORLOC
970, whi aif FE@n |b&onaxanbprci die ederhblert08iy ckutricallyl cenmeted ta @aéonkdnaiana ldyar t he
art, covers the ural ity of tunjing capacitor plates, nd the a nna
320" t o prigsate lensri s (3P0 RoBR R peer B aeBine 101 Foiectiss 1y and
al so pr oWrgRs. 18Nbdakk MeTBRGICHE 1{?@? 1breRNARIzE SiFcuRskeBY 1060 fompwet R¥IDh t he
tuni ng capacitor plates 940 and the conductive | ayer 954 on the bridge

cirédit dasbanl§l0oBgcauspelbis arrangemensthere is npencpdipe mabigg vigtholen girppehdige
circuit ao?i%ﬁ@@b?ﬁra??ﬂ)f}b%o Qgctrtigﬂy Q(B]rf?lgaitllieeconductive layer 1054 of the bridge circuit
assembly 1050 to the first and second connection pads 1030 and 1032 of the RFID tag base
1010. Instead, first and second via connections 1060 and 1062 electrically connect the first and
second connection pads 1030 and 1032 together through the conductive layer 1054 of the bridge
25 circuit assembly 1050 without passing through the bridge substrate 1052. An additional
advantage of this arrangement is the physical protection afforded to the RFID die assembly 1080,
as it is captured in the interior region between the bridge circuit assembly 1050 and the RFID tag
base 1010.
A dielectric layer 1070 is located between the bridge circuit assembly 1050 and the RFID
30 tag base 1010. The dielectric layer 1070 not only protects the die assembly 1080 from contact
with the RFID tag substrate 1012 and antenna 1020, but it also forms a capacitor along with the
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maj or surface of the bridge substrate 952 as the RFID tag base 910, a first
via connection 960 5 and a second via connection 962 are directed through
t he bri dgwosuahbetonat e 952 of the bridge circuit assenbly 9%0T/USN2/0i3REr
words, the first and second via connections 960 and 962 extend through via
holes in the bridge substrate 952 to the conductive |ayer 954 of the bridge
circuit assenbly 950, where an electrical connection is made. The first
and secorf@ndichveciaryane s efrike aige cisgyl ao6mblyah?> b and e plusdit A deningsapitahy
suitablelﬁﬁéﬁbhﬁl known in art, e.g., netal, solder, 10 conductive
adhesive, etc. Once in place, the conmon capacitor plate (see, e.g., conmon
capacitor plate 350 of FIG 8e) forns a capacitor with the plurality of

t uni ng capaci t,gr pl ates 040 d the dielectric. r 970 r esonant
frequency of tA‘ﬁeD a%&@isoé %m@gb reéatgrﬁncﬁ%’ ¥ % h‘goé{%%ti/ong gltéed?ié%\l/ne?r?/ "8 é%sé@i ng

conngct i dngrpogated Keeeip byfedrércy inatheit ettirarg inc@th&ciidcsurpl Hiveisatl46mbsdidessr i bed
above. 15 FI.G 12 illustrates another, alternative epbodinent of. the present
i nvent i orPf thihaveadieparedisqusipd Mdpeiersnes hes L?ﬁ']i’?a & LRASEPLS VIAIOREV B E s hown i n
FIG 12 igomiofttidihvinfios €Ph@artdbthdd Qarthedhsahd n@fdiffdafons 1d the identorarmlbe, a die
assenbly 1080 is electrically connected to a conductive |ayer 1054 of a
bri dge ciappasent tabgserdlsilipd roeart witheut denaringdeon be s¢app gsthisdpegtiomam 6 11, the
device 1 C . L : : i dge

ci v cur t - aoad By ldefiopd et ARAh ERubER BRI VE 1l AR Blen 38 DR TS

ar r adgendwetejn. tAvepelingly, the imeedorf ioto eeiniited onlysbyhied daims proyidgth belbe.  bri dge
substrate 1052 to electrically connect the conductive |ayer 1054 of the
bridge circuit assenbly 1050 to the first and second connection pads 1030
and 1032 of the RFID tag base 1010. Instead, first and second via
connections 1060 and 1062 electrically connect the first and second
connection pads 1030 and 1032 together through the conductive |ayer 1054 of
the bridge 25 circuit assenbly 1050 w t hout passing through the bridge
substrate 1052. An additional advantage of this arrangenment is the

physi cal protection afforded to the RFID die assenbly 1080, as it is
captured in the interior region between the bridge circuit assenbly 1050
and the RFID tag base 1010. A dielectric layer 1070 is | ocated between the
bridge circuit assenbly 1050 and the RFID 30 tag base 1010. The dielectric
| ayer 1070 not only protects the die assenbly 1080 fromcontact wth the
RFID tag substrate 1012 and antenna 1020, but it also forns a capacitor
along with the 21 WO 03/009007 PCT/ US02/ 15355 conductive |ayer 1054 of the
bridge circuit assenbly 1050 and the plurality of tuning capacitor plates
1040.
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Al'l patent docunents, references, and publications cited herein are
expressly 5 incorporated herein by reference in their entirety into this
di scl osurwo olobaest r ati ve enbodi ments of this invention arerdisszussed and
ref erence has been made to possible variations within the scope of this
i nvention. These and other variations and nodifications in the invention
w il be alf{garent to those skilled in the art wthout departing fromthe
scope of M¥nvention, and it should be understood that this invention
is not limted to the illustrative enbodi ments set forth 10 herein.
Accordingly, the invention is to be limted only by the clains provided
bel ow. 2Rk WDOABethod &0 fabricring8oatid BeBsncydiontikBition tagAlemet, odmétbed f abr i cat i ng
a radio fcrﬁ\,1 E %y identification tag device, the nethod conprising: 5
provi ding a ' substrate conprising first and second maj or surfaces;
provhding a cipraviditg pbdst eubstraacdnyeistigifisdt andjeosndsnsjbanefack; t he base

substrate, the circuit. pattern risin tenna pattern conpprising
first and sec8hd’ Cﬁ?ﬁfs“%fﬁ paftest ?ﬂ%f’?Psgtlm&mg‘gﬁc%(’&ﬂ%\ﬁaéiié‘i‘%”?tﬁéh?‘?‘f‘%‘tt end of
the ant enagerp@bihpriging:s | ocated within an inner space defined by 10 the
plurality of coils and the second end of the antenna pattern is |ocated
outside of the pl @&t 3nt§nng pytercesmpgising fifst prd seeendisads and g phualitaaticadlssecond

connection pa%he?@ﬂﬁﬁ@ ﬁﬁt Lier EHeraﬁfenmﬂ%tlé fBateP@nih in 1n'ﬂelegﬁg c{}hﬁ@cﬂ bé/C ond

comruni cation with the first end the antenna pattern a

conn@ction padlqpéuralrltyef edls pidtthe Smmdmwdqudtelaonnw pattemhielosgebndsidna thd  t he

antenna 15 p Hq{ r]d a plurality of tuning capacitor plates, each of
ura ty(’)fcot .

t he tuni ng capaci Stes in electrical conmunication with the antenna

pattern through a &#fnt ftgmece:pﬁpadma apk@he cofhetiAGhal, Ovhierdd OV ifigt Bghndctloni dge
circuit assenbl 'ts"bgg” sing a conductive |ayer; 20 electricall connectl ng
[

the first conR Hep! pnyecatian B ﬂl?ofﬁ?fééfl Phhe prienne waitRip And

conductive | ak’&bn@éonﬁ@&ol@?bcﬂl@% ALduGddh SonaSReRbY with B EQmETAP ﬁh@@rﬂ%ht or,
the capacitor conprising the plurality of tuning capacitor at es an

comddn capaci p#ferislaad e, wherein the conductive |ayer of the bri dge ci rcwt

assenbly forns t hea plﬁ&WJ}tLﬁlﬂ%ac%bicﬂgr ;Hgtgst ®ach of the tuning capacitor plates in

electrical communication with the antenna pattern through a tuning capacitor plate
connection;
providing a bridge circuit assembly comprising a conductive layer;
20 electrically connecting the first connection pad to the second connection pad through the
conductive layer of the bridge circuit assembly; and
forming a capacitor, the capacitor comprising the plurality of tuning capacitor plates and
a common capacitor plate, wherein the conductive layer of the bridge circuit assembly forms the

common capacitor plate.

25
2. A method according to claim 1, the method 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 claim 1, wherein each tuning capacitor plate of the plurality of

tuning capacitor plates comprises an opposed portion that is directly opposed by the common

capacitor, wherein the method further comprises defining a capacitance for the capacitor by

23



25 2. A nmethod according to claim11, the nethod further conprising:
measuring a resonant frequency of the device; and selectively severing at

| east onewofo3népeot uni ng capacitor plate connections. 30 3pcAvusel/mss
according to claim1l, wherein each tuning capacitor plate of the plurality
of tuning capacitor plates conprises an opposed portion that is directly
opposed by the comon_  capacitor, wherein the nethod further conprises

def i ni ng lecating,the P'fl%a&ccércwbﬁsw@y Eoss et veby defipe the arepyof the pereHoriems/ofiged/ 15355
Iocatlng(kh@tgﬁh ?m%bFﬁHkE assenbly to selectively define the area of the
opposed portions of eac of the tuning capacitor plates. 4. A nethod
according to any of clainms 1-3, mherein the bridge circuit assenbl y
traverse [ cond
end of tﬁ‘e an%gﬁ(ﬁgé&&{ac (%rdl éto ‘Ibn o { i rsﬂ’%?é’rb g‘gg“%@qﬁ{ 9%%&
subssr at ehe @urality o tdi B@emmﬂﬂlfmg encbarmlnlye etomcl ead nﬁth&amenmﬁmm&n abdviaehebr i dge
circuit gssenbl rlses a bridge substrate having a first major
surface Hﬂnﬁﬁgé@3ﬁ8°E§F8?w§ $¥4%€e, wherein the 10 conductive layer is

| ocated on the first major surface of the bridge substrate, and wherein the
met hod further conprises: |ocating the bridge circuit assenbly such that
the secord nafdRethestFagrdingfo sef 5\211@9%4 vhgEsdn the pedgesiiedit pssemBly futhepg) or

surface %mPnéésQgﬁ@%e%gpﬁaf%gméamm Ylsmaaga@digeaﬁm r?’ﬂg‘ SBERNI 4L the

connection throu ubstra wherein t rst 15 and second
vi a l@¢ onneenduotivedhyec isrlpedd| op theofimienjort suefadei of gite tridpmewstram aphehaeid thehe second
connection gqhﬁmatge conductlve | ayer of the bridge circuit assenbly. 6. A
met hod ad®or i'ng {8'5Wf of clainms 1-5, further conprising providing a
dielectric | amatmgqmmﬁdgs chgiteditabiysct tavie fecbitbmgjoniefcaapieciridge  pl at e
and each of the tun| capagw%g ﬁ%aglates 7. A radio frequency

i dent i fi SR8 f‘l‘cﬁﬁthﬁ 'v*itB@JO(E ase substgaterpn equency identification tag

base conpri si pgvidthgRAHS: sl BSLRAIE c&gﬁardn&hmgmhé BilidRRGbsHEe O rETRHRI first
surfaces; 25 an antenna pattern conprising first and second ends and a

pl udal it ym@secemi Yig conngiionelentrichly donnest the figpt ednnediion apd andrihe ysaender n i s
| ocat ed %ﬁﬂkp%nﬂ%dg&n{ﬁgr otRERE | %g bﬂﬁg?lp%/’ggtcfergﬁt a?%e'ﬂ{b ity of coils and the

second en enna patternis e of the

6. A method according to any of claims 1-5, further comprising providing a dielectric layer
comprising adhesive between the common capacitor plate and each of the tuning capacitor

20 plates.

7. A radio frequency identification tag device comprising:
a radio frequency identification tag base comprising:
a base substrate comprising first and second major surfaces;

25 an antenna pattern comprising first and second ends and a plurality of coils,
wherein the first end of the antenna pattern is located within an inner space defined by
the plurality of coils and the second end of the antenna pattern is located outside of the
plurality of coils;

a first connection pad and a second connection pad, wherein the first connection

30 pad is in electrical communication with the first end of the antenna pattern and the
second connection pad is in electrical communication with the second end of the antenna

pattern; and
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plurality of coils; a first connection pad and a second connection pad,
wherein the first connection 30 pad is in electrical comunication with
t he firstwendoobot he antenna pattern and the second connectritsm/massis in
el ectrical conmmunication with the second end of the antenna pattern; and
24 WO 03/ 009007 PCT/ US02/15355 a plurality of tuning capacitor plates,
each of the tuning capacitor plates in electrical conmmunication with the
ant enna pattern t ht PlUGHYItupHigfgracpraipiess eachiohths tuningiregaitobplateqingr i dge
circuit assemleé«raggemmhiggioﬁ“ﬁ_ﬂmﬁ@&&en\esp&éw rou 8 iy GARAGH JIQE

L ] h .
conprising the plurality tuni ng capacitor plates and a co n capacitor

pl ate, wher ei ponhgioppnducti ve | ayer of the bridge circuit assenbly forns

t he conmon ca Btor . t in the first connection pad
is electricalP?ﬁg‘ﬁwgggéﬁ&@%y?ﬂgmkg{5H§Rm%@ﬁ%§€$i%@ pad through the
condiicti ve | ayespacifortichi@ptivingdyeploratiguifturaissepdaditgr pldes $id afcotewincapataor di ng
to claim7, the device further comprising at | east. one, di sconnected tuning
capach t o MErlrBEE R BSrE YR EE AR *FRB PO b TEnAnEPeaBhr at ed

f rom t he pja0 BRPRrte@RARkdiPhe Bils2bshnbition pdd BleRetrichify doRdled tWhRIsEdoRdt he

di sconnected tuning capacitor plate is not in electrical conmmunication

with t he camneetitiipad figough the epaductine lyerf deridgocicuiiassemblywher ei n at | east one
tuni ng capacitor plate of the plurality of tuning capacitor plates

conpri ses an opposed portion that is directly opposed by the common

capdti t oB. andAalevignappubredo pleim 7.ghe ddvide furthenoimputisingat legst oppdismdndsiedt he
common capacitor. 10. A device according to a cl.ainms 7- he devi ce
further 3@%%%?@?%8r@8ﬁé%?$§°P%%§ @8cm589%gFﬁ%§%P@E@mgsﬁﬁ%ﬁﬂégﬁaﬁFtor pl at e
and each cohmbh eagaitdriphtcapadieltaric k@l ®Bereid the disconnected tuning capacitor plate is

not in electrical communication with the antenna.
15 9. A device according to claim 7, wherein at least one tuning capacitor plate of the plurality
of tuning capacitor plates comprises an opposed portion that is directly opposed by the common

capacitor and an unopposed portion that is not directly opposed by the common capacitor.

10. A device according to any of claims 7-9, the device further comprising adhesive located

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