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on the first (coi side netallization, 25 The die is bonded between the
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with the current ne hg,d of manufacturing RFID tags. For 30 exanple,
becausBeHREd CIrP UL BRdifs formed on both the front and back sides of the
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sides presents challenges that are difficult to overcone and are costly.
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connection of the multi-turn antenna coil back to the open unpatterned 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 perimctcr 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.
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circuits forned on the RFID tag devices of the present invention may be

43 tuned by severing sel ect eshngiRestithONsehfloPne or nore tuning capacitor
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20 RFID tag with through-substrate via connections by providing a one-sided 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.
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has the flexibility to allow the user to place the die where it will be
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When the die is located on the antenna substrate, higher density Design Rules, i.e., the
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,



constraints. 30 The circuit patterns may be forned on a conti nztjg ﬁv‘f@?
that can be separated to provide a nunber of individual RFID® B '
devi cesvO 0lien9ai7r cuit patterns could be conplete prior tecBempansisson of
the web, or the circuit patterns could be partially fornmed, separated
fromthe web, 3 22NOv 2005 WO 03/ 009007 PCT/13S02/ 15355 and t hen

completed. Alternatively, a die could be attached at the die connection
site eprdiben coygfgied Pdf"«f%ﬁ“tvé'% a Heceuddhbg ajtagkadat Hiealir qonnestipmaite qidievi dual

RFI D t@é}og%\[hﬁg‘ﬁhe VEé’brlEQ Iadﬁtdhﬁtoqpéj“hl@rduglﬁﬁg)\gyéé v?crcls of an antenna

substrate and separate e circult -optim zation of each
subsystem i Ihﬂlﬂnp;e rtc&emtdlu}ar ccﬁmtruc&boamﬁhxeamd:dme selstretaaad sapmtertﬁtdge Grawkty be
fabric ed ug coars ield, usin

si gn Rul
o el B AR o st e erttealh s LTS Tl berna st E, | dge
can bemhabe faﬁﬁéa‘i‘éji fhigRBarbd DS Hefkd for e 'pQJBess I3#:'!0‘3%5,1ng?‘lnk:ﬁ’;‘!h‘nﬁge Br%@es%észe of

the attached RFID die to shrink significantly. bri dge can
fabri cmdenatgrgalhgThmm@rqti:lg Rensjrugted bridga cergbe E&hrdcatehie:rs@gdargé denyie DeSlgn

expens i raction of
the t OFMII% ‘area g?l%t% O?g}?p H{he& hﬁ'—l? Bfe tg%mﬁ% ch%ﬁktdmll b ﬁ'Ie% é c)gst of the
bri dgefamubdtedaeurrgehc&é ngrl&[yyollemvwedT Iaed masfor@hol‘mdxpngm--mﬁmthctMngdgﬁ théd t h

hi gh density  Desi t han t he cost of t he
entire®" ‘?&eéﬁﬁ%{t 'aé.swg” ﬂe&wn&gﬂé t?‘f)’ 3[5635‘? @W complged Rﬁ&ta%ﬁaw&%ékscﬁ
sigbst r gdse st BOeidRAl bé ZMiivel 169 TRACH: & edBpa snbili IRGe ANA hleed, can

be independently optimzed fo reduce cost while providin accept abl e
t hr ougRpsign Buldy oay by lewewmtbin the yost obmTkieg Heicadfe apicpransing sity Rgséan

of fersp Rfls eﬁo%éax\@}if Re JTBY & ahd e DR GARAR) %e cléfnent; BHze ya'n?QntQﬁ‘n% 9l the

two plates nee Form e capacitor. rate prowdes
t he skciadepeadyndg bptonized @treducd bmst phile abwﬁdwg@tcdpwblen@roogrppacaddm pl at es
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defineg by the plurality of coils and the second 25 end of the antenna

patterfi®i'$ | ocated outside of the plurality of coils, a first connection
Pad and a | one aspect, the present invention provides a method for fabricating a radio frequency

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
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| ayer edmihbrecdpadideplae] whateih ttrsoaddetive fhpdr w6 thielbeidge circuit assembly forms the
common capacitor plate; measuring a resonant frequency of the device; and selectively severing
at least onc 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
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plurality o rst connection pad an cond connection pad,
wher ei eomrheniédtios Mlthdhﬁﬁmmmi paitepaidirdugh i mnglgerpacitonplate oomentianas bodgeni t h t he

first end.of t nna pattern and the. on tio ad is in

ol ect r e SsITHR O AT RO ne Rt TR g ctmmiiariBeiong fiE PRE bk REBRE  er 15
and a Qipudflﬁdrbta}éscﬁcdléllﬂd”th@gyé}am(hldoﬁi’mdh'c@% R8or Ba6 wiheih bR cobdiicie: lagaci t or
plates in electrical comunication with the antenna pattern through a

t uni ngocthphddaesircyl apeEntly fiee thegammensaragyer plate.rrpdfurthss whsrein yhei fifel udi ng a
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layer of the bridge circuit assembly.

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 inciuding 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



capacitor plates, a dielectric layer, and a common capacitor plate
wherein the conductive layer of the bridge circuit assembly2fd¥i¥slldhe
common wapasader plate, and further wherein the first 2G@opaRGEisen pad
is electrically connected to the second connection pad through the
conductive |ayer of the bridge circuit assenbly. In another aspect, the
present invention provides a nethod for fabricating a radio frequency

i dent i bluedity ofitubiagcapesiiot elatey, qactovfitik mging capdit® plaednereayicaldent i fi cati on
tag base includin base substrate including.first and second. najor

sur f ac S¥MMHUHGAUPNY '(FJ‘C,IE‘? nienge putesn BrPugh a twng GapEtopglpts comsroge Brogidingfe  base
subst r afigge dildgit sgsélﬁuylha\ngg 4 %’h?itddri}ﬁ_l WAd NG RIAg@aERRN&RBhL REINdihHE bHgieng
first and second ends and a plurality of corls, wherein the first end of
t he ansentizic prtudingrirstand pesers majonsurfabas, and & capdictisplapes oddid fretdnaigr t he
plaral i Pl e t . tern is |ocated
od#sid%&6¥9%%@9Bb%?%P&?%Qb?%ggﬁ%gﬁﬁgaég%vﬁggﬁﬁégggnggﬁ%wgﬁﬁ a second
connecideotificapenl{ag\hhseraed thetbhidgd ¢ircait assemblyctvhaein ractonductine Bly@ahd pmedlity
connunifatjon with the first eng gf t he 30 ankﬁyna ﬁattern_andflhe second
connecPl GANg apacorpptesaceparatst O¥ BnMrlRcEis s alfctrisaineongetisaiie fidd of t he
ant enng, RRUIAMAd @M sdebid BRaheBE F@d RrduBR tHeichbffucGRNBRE b @8 bR@EL &g t he
second connection pad define a first axis that intersects both the first
and seewsprblyofonaingiacapapiersthe gandcitor snoyded B DoAY o uRingicApagiep Blates, the
PEUUSO . T I [ 0 ' o 1 tor e f..1h ni ng
oot Histeie Tk o gt bt Bt BRACh o coRU R 1 B ek isblter

t hr oughssamblyiomg tiagachdnarapgehtat ate,cind éotheowherpin @wdhatinigg aapakiror gipe «fi r cui t

assenbl having a |l ongitudinal axjs, the bridge circyit assenbly

i ncl udf'%‘/?d’hﬁa Y Pgb'é”‘g? E‘E‘M’kaéesi“ﬁg‘f aF’hﬁpﬁoﬁﬁdéio“éPﬁ‘dﬁaéé% FratyeRPescddiyr f aces,
and a gRREMAloh\EpacRYesndRfihiRE athfaSkant@ iR EheRasadltb A8 B0&king IR bRuAGR bit
substrate; providing a dielectric |ayer between the radio frequency

i dent i fysermbly dhselestvdndeling iy ar¢peofidic apgescd ippigians ofzpaeefishg tuning ezparitort he
cgnducbf' e layer and plurality of tuning capacitor plates are separated
by the dielectric | ayer; electrically connecting the first connection
pad to the beaoother spnhdetpraantpadtntibn pagilded dradio dreduaity Wentifiopeon @f t he

bridge circuit . assenbly; formng a capacitor, .the capacitor ncludes the
o1 ur o AEGeeGRbing R GO emaurieS I opf Bt BB RETtr it St peboiraty eliise
COMDN fie@ ARt ridj SHsBrfacthl@h @htRnda & Mebksdingv@ st Y 8EcoRd edR@ndPhi dge
circuit assenbly forns the comon capacitor plate, and further wherein

each t ahraly efepdsivthercinghafiest g1d of theeanisnng eatiemnyis ircatediwiithiy apApEcra6? pl at es
91Uy PRSPl 0 4 5H RRBRER, Ry PR CEOIPY |
bri dgetheiphgality 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
sccond connection pad is in clectrical 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 antcnnar 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 lﬁyer 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



assenbly to selectively define the area of the opposed portions of each
of the tuning capacitor 15 plates. In another aspect, the presdmdV 2005

i nvent i wip @foedosles a radi o frequency identification tag pgeniseLidzee! udi ng
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
t he antopposad ppthe eommios chaciadredd wh brivipposad pbmioe thas paedizdtideppasatibyoyie t he
plurality of coils and the second end of the antenna pattern is |ocated
Qut si d«?o%l?fm"tciiﬁfc urality of coils, a first connection pad and a second
connection pagke aM‘J]@th@ﬂ fBathle@arfd drdsﬁntagé@anﬁ@am&s@adimb@.ousrbf&i\ tgehcal

conmmuni cation with the first end of the antenna pattern and the second
connectiV§Atignmay ke dissugsed in mpreadetad beatn e%nrie@trpww'ﬁhvatrhés dlagtetide end of the
an% enn%m@@énh\%ht@bﬁh@%eﬁﬁ Hlurality of tuning capacitor plates, each of
tile tuning capacitor ates in electrical 25 comrunication vmth t he
antenna pattern through a tuning capacitor plate connection; a bridge

circuit assenbly including .a conductive |ayer, and a capacitor having a
capaci tance, the capaci to%”e?RE‘icﬁ'é' A qfﬁé‘eﬁrﬂ?"éﬁsty of tuning capacitor

plates and iEATIRPIaGIRACHIIRAE dBi@tRBeortRBESINR prddsht iRk EatkRNBEnOT t he
bridge circuit assenbl él forms the common capacitor plate, wherein the
y

first obahadgswnguipademblyel ectrically connected to the second connection

?61 thr OUQh é]% 1??pﬁ9@%‘dp&{t% elvﬁngFﬁ t\bﬁh me bggg cﬁ cﬁﬁ%%seﬁ@@&?g@d fn and

further mhereln east one unlng capHC|t uralirty of
t uni ngtlczaemaﬂtta@df pl ates includes an opposed portl on that is directly 7 WO

03/ 009007 2 NOV 20015, PCT/ US0211 5355 osed. by the ca itor
and an unopﬁ&e?ra 500 125 6‘ﬁW%EHF Spagiof ¢ ilﬂbf' %?‘V“Bﬁ%ﬁﬁ@@ﬁ' fﬁ?mﬂéﬁigﬁﬂ%
capaci tor. Flgss ianetoftiaionhPatwWbEseaRbodrheantasesridk b Asammesr and
met hods of the present invention may be discussed in nore detall bel ow

i n conféetlaotaken alongdinei2obig RIG| st rat i ve 5 enbodi nents of the invention.
Bj4 ef Descr FR% '29”5 ac%fros-ls-hsgctgng‘i"v J[kggf dnl ranve en?onL t%{f tﬁWPﬁﬁoe%ﬂ&ggev' ce
o] of & bri

accordl ng t inventl on bet o atta ge circuit
assenblaysembly d?IF[G.} 22tak8n aalopg ke 38 @WFIGE 2t he device of FIG |, with the
bridge cir CH ! 3ai§§grrcr)ts)sl g/ecpcl)n% slgw?h]e degngoﬂ::llG[thaaEeen'along line 3-3 in FI1G. 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.



FIG 2a is a plan view of the surface of the bridge circuit assegi Y05
facing the RFID base. FIG 2b is a cross-sectional view of one

enbodi neotosebvobhe bridge circuit assenbly of FIG 2a, t@kegs@heng |ine
2-2in FIG 2a. 15 FIG 2c is a cross-sectional view of an alternative
enbodi ment of the bridge circuit assenbly of FIG 2, taken along line
3-3in FIG 2. FIG 3 is a cross-sectional view the device of FIG 2,

t aken al ongFlGSn8a-8e &eiplan Mle@s oPalteritEmidalimentaofiiridge siraivasfembtiesal t er nat e
enbodi nent ,.of a device .according to the present invention. 20 FIG 4b is
a pl ana(f/ﬁoéd\f\P%tP ﬂ}f reaﬁe{'té?vneaﬁ%n‘enbodi ment of a device according to the
present i NFENBIiOAcrostseetiohali \Gevao fdnadkeaRWndbdigiehCafial dePRE h&bFISngtb $Her | but ed
on a substrate web. FIG 6 is a plan view of the substrate web of FIG 5,
with t RESOY G rcuit assenblies placed on the circuit patterns. 25

FI 6a is I vi.ew ok b I Yol i lies can
beSG manuf ac?ilgjrg égﬁfaodrr&\glggtl\?mn%ﬁté&%&g? g%gﬁ?u%bggﬁl%#}&%ﬁ%cﬁﬁ?g a

cr oss- seukitongladyvinaweote acherdmgitdthe podsed nvenéessenbl y web of FIG 6a, taken
along line -6b.in FIG 6a., FIG. 7a,. s a plan vie f circuit papterns
i ot i but ecioh 13 el e Rl Y Befod sRbEmbiaha Ayigh feiralngdd e

subst r giegentiefonFl G 7a with the bridge circuit assenblies placed on
the circuit_patterns. 8 22NOV 2005 WO 03/ 009007 PCT/ CS02/ 15355 FI GS.

8a- 8e are pll&h I9isagosspecaiond vieat of a8 pbeantaemnbedinentef pdgeceiceerding to the
aﬁ}senbé}eggm iREGRding to the present invention. FIG 9 is a
cross-sectional view of an alternate enbodi nent of a device according to
the present invention. 5 FIG 10 is a cross-sectional view of one

SRR R AR M T NE T
an al t er nat @neRPIOiagBeVicehicladisley bridge k0 Abentbl§ Sccbidtng tpERGRAEN Nvent i on.
invention and a method of making the device in accordance with the present invention shall be

15 described. Although the illustrated device may preferably be a resonant radio frequency
identification tag, it will be understood that the present invention may be used to manufacture
any radio frequency identification tag including an antenna and capacitor as discussed herein.

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.



FIG 12 is a cross-sectional view of an alternate enbodi nent o?szqu%ce
according to the 10 present invention. Detailed Description o

I I'1 ust ved bvenokvbodi nents of the I nvention One RFID tag davi/os2iBsisudi ng a
bridge circuit assenbly according to the present invention and a method
of making the device in accordance with the present invention shall be

15 described. Although the illustrated device may preferably be a
resonant r ddiaddifipm dhresitopitipeféann e wakuiesrs sehef, tuning vdpatitdsplatasd@rist ood t hat

the pfg%&ﬁéal E&M%Dﬁlcﬂfbn%gm tR?aMén%Q 2@ the 'i‘.%@ﬁ%&‘ar it Bﬁtr%%he%g‘élrje&m”cy

identifrcation ta clu enn acrtor as ssed
herein.  WAlhof taé esreparents of fﬁle Gﬁcunlpaﬁc:rntahelocmed @ethd Canhendbjoclesfaadiofthe D t ag

base 1 a bridge circuit assenb aced on the RFID tag base 12.
The RFPE¥F f@é”‘ﬁ%é‘é g?af‘ﬁ&'l‘ udpsdouned; ”FB%Iﬁhttgﬁgasﬁé‘fttsg?‘ﬁ I3 qreznof feﬂglt'e‘ﬁ‘ﬁj or

sur f acgaf th@nfRS8ry iR et dafldBndefionsitiBvdeh rtl?elﬂl?fer@ﬁ’ttc%ﬁlr BndnRCdritleS AR ant enna
20 having a first end 22 and a second end 24 a plurality of coils

26. Thpatttine Rathendh@@npéctiang eagded tOZQ)nweg tﬂ\waﬁl@dnt@wtoypdleal@ﬁnaﬁhby plurality
of coils 26 h n an
i nner %If)%écauﬁéorwgftmr%g EVP% é‘“g ile: acf ﬂfto%ﬁ' Sec%"%lcgnﬁeéﬁop\'ﬁ%da%@i BE:OHWP r|5’atter n
of thebrdfgt Birt\Agaskasty 3@ al so includes a first connection pad 30 in 25

el ectrical comunication with the first end 22 of the antenna 20, an

optional diE'ed8pnwestiad! &gande mapulaciuted diofy any shitabiimptaiidl & MeTaist h a
Sl%c0ndSlﬁBglegﬁaté}falstt@?b%@%@d@ﬂﬁ’te2@ma?9%f§al§?@ﬂﬂqt&Qt@mec%%ﬂa%rlst@ﬁ?léﬁz in

el ectrical communication wth di e connection site woul d
pl ace ¢damplesthedast subsiratectd ory prefdraBly hermomcemiurﬂil‘@d?et\emmlnm‘{aclam on with the

second_end 2 0 nt nt eqr at g was
o out axsinéils 8t B ANLEARR Sl QORI ERH A Srafpl S U hihE NS0

bel ow) subtfatd Metefials tididde Ak hremot ldh&dﬂ@tpapﬂ@lp@%drh@ndﬁ@talﬂ@@] die
connection site 50, the second conpection pad 32 may be in direct
el ect r PA¥ethYlssrRAlPERRYICHE, RAVXEREISKee s RENtE To § )QEP'Hf"‘d@cSH@'ﬁﬁftY@r‘ﬁ?a 20. 9 2,2

NQV 20%5){ %&3&99%9&1@@ IR mbr3amolith l?a@@“sdb'sf?&le 14 %E‘deg?cfe‘a Wik pat tern

al'so i es a Set of tuning capacitor plates l'ectrical
communhazigengounsitueturt eahlCGeAhat should be gn@rstcnqdrthat ghedaipfambstm’te p? maebe

R R e e T R e S R e

formed thr Oluamrt:mpmﬁeorsmms ta@bBe 14 may 6e Mahufh@aiel LBHzih©®a barlERker t he
necessary el ectrical connections between the different conponents of the

ci r cui technisies fr formiag Hestrically gondyeive peitens Hissdewt pateaomde fer expapisale er n
7t afo%écpt'rylr{g s@e[n@a%qﬁteménrcunt methods, wherein an original stencil pattern is screen

printed with an etch resistant ink onto a metal layer, and the non-ink coated portions are
subsequently etched away. Other techniques suitable for providing electrically conductive
patterns may similarly be 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



el ectrically connecting the first connection pad 30 to the sez%gﬁyzmm
connecti'on pad 32 through the bridge circuit assenbly 70. Th
subst r ave 0ddove@n be nmanufactured from any suitabl e mat erpcalhy@s/18REeri al s.
10 Suitable materials for base substrate 14 may preferably exhibit
certain characteristics. For exanple, the base substrate 14 may
preferably be non-conductive between the various conponents of the
circuiEMbémtéhnsmmﬁbMeﬂgnﬁlmhmnﬁmeObetma@mthGMamE%anmbﬁsmmfF@Uitable
substrate m not pa er meric
ot or | e U moRoR G o B L Fhubg PR s 2§ T BN
PET, eth@khessmbt}ﬂom}fée&,ls mbmwldai@s pardetB® |n)é§¢v}4fy%@@equﬂ&@lo)obta@ﬂﬂeOt hers.
Furthernmore, although base substrate 14 is depicted as a honogeneous
structﬁ?éeigéﬁ”ﬁﬂéﬁ“%§“wv?5should be understood that the base substrate
12 may be t d as

it forent 1y ocoy oA e dEvR RGN 2 e B Ral AL bR B 18012
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st enci bftﬁa&ltr@ﬁtrpau@nspluma ap Wi INb&@isoisdel i Bre@bCditdi el A dik Sdansdfor @ net al
| ayer, and the non-ink coated portions are subsequently et ched away.

Qther  siscRrnayikedogipdioahedridge cistuhasemily &-ectrical |y conductive patterns
Ry sim | arh?/et C H)A Fn?Qals S64-dhd®Db %ﬂhgldlef&hnllecggﬁ 5 ﬁr&%ﬁje ﬁré?eragl il?rggl e

phot o-r esi st tec ni ques, aser ablation, etc

t echni queginand, mfthrrprepeapthtmns twmakteensttenidi the tegmomlspmlannntegat%cioduit die
conductive i k onto e..base substrate 14. I.n.still other techpiques, th
ci'rcu b eeel somestpev b F e ik Ry Reetin o6 S8 g P e e . a
met al  fneiubles tH@eEhmlimYe It wilt BEGhHREstoLA thadkhe By nnedtios sne mhamﬁludé s

di fferent conponents of the circuit pattern naf/ql be manufactured by

one t edgsipdyepntsy of tgrmpiaplpag requireg by thgoniseraeg cic i gie @rwaﬁﬁﬁm e st 3 hg
tigchni ques Ry be é?;trétéa c&E?HHIe%fo‘%s Qtta%héaﬁib%ecdlé Edﬁhéculaﬁfs&%d‘ ;}Hﬁcm the

t echni ques bei ng se based e.g., the resul ectcha
char acthediestlite ghe dl@@;mhcntlpmsls SOeCtao be Ith:emhsl@d naliZ0g i ars' sond)lctocmmlent of the
CirCUI pat t t he, base substrate

1
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of the antenna 20 is not critical to the present invention. For exanple,
t he nupisthe widedping diczgniegtigresiteisH. {manoRyst alisAtativg the Rsgwisdcirpyt Hebheen
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paranet e vary as require
electrical contact with the underlying die connection site 50. The adhesive supplies a

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



desired electrical characteristics. 5 In electrical connunicgiz B g&ﬁh
the antenna 20 is an optional die connection site 50, includ 8 bi .
connecty@os3b@oed nal s 50a and 50b. It should be noted thagcppkoshase
devices 10 that will be used with an integrated circuit die need to
i nclude the die connection site 50 as a part of the circuit pattern.
Further, as will be discussed in greater detail below the die connection
si t e Sommyniteioh edttacsdcand ehth@4 bf thel g@ersiar2uhrbuglsdie odrngctic. sitd 60. Thiee first _
connection termpalg 50a and 50b of the.die connection site 50 ar o
or of or SEVEEoR PR30 s hscHit BHfeIse e UG Op SU dheo e E S ORRAEHOTL B ot wi th
the t el Rk WRIgABirdtL8GmAIerh.circuit die to be used in connection with
t he devi ce 10. AFthough t he 'depi cted die connection site 50 includes two

term nal s, Atillwtratedoa Fiade thetboidee ¢irrait assemblyi ¥ ig tnented i the RfilD¢ag@seray

i ncl ud ired nu [ 0f 1 hals... i I t he. 4 ntegrated
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Ci r cui words@h&Bridge cartdiagdsanbly G0 hikthe REIT epmaet i2aan bt t@ahlkly Ahtidedind t he
die 60 to the die copnection sict canpgﬁ?acconplished utilizing any

. 50 .
sui t abfi JPIBERIPBEHIE Usingot-8 e RapIIUthgs deschbetpela ar Hyatlsr suitipls reBhofy be

connect ed USiGNGa RN pIALViBR bEthE ANEHIE bT thE briddtNeRhiY 8serhBRt70 TP F M. vaAIrERL
connecti ons between the connections on the integrated circuit die 60 and

t he unthercirglirgpttdingansiifiedl isareresstsectisal view efribn bredge alrcuwst asagnible 70, tidden
iptegrated.cifcui [ 20 | ] wi th conductjve .b to
H@netr%?g gﬁﬁéggbﬁ%ﬁggiggde3ﬁ%§¥J§§%§%Bﬁhb§%“§%ﬁ%FPﬁégpn%h&@é%#agﬁfh t he
under | piidpg sdbseraronRacing affirs infagor 50rfacd N¢ andih esbmemajopflriaes 76 THereldgai cal
connection between the die 60 and th& subsﬁrate 14. In yet another

al t er n$HbEWAte 74 ingludes aconguatiyg layer udhtiFlseirigiavar Lois drspted Qg 653 MAY pads.

An el eglibeM oARELRERANLGR!I72GAA PREL B hat itSs PEHFNBY of & tHePMiRGty e sol der
to join the die 60 to the die connection site 50. 25 Tuning capacitor

pl at estusipganpchidrsmattotfayka thnbridge assamblyriaplocedsurthaBElDofag bse. hhse

substrate 14, and.ate .in.electrical, co nicati Wi th e.antenna 20

e oughe et tyPE A Ry el &b WeSBunCRPTHL 725 St AFT 80" of "uni ng
capaci tandu@lvatser 8arakkgvied @ra confidurgionfivHeRBy kiRs @badpond oasuRscy of the
device 10 by selective severing of the tuningﬁcapa0|tor pl at e connecti ons

42 as °cUNediosPadi39 andesprsonrpelipnsrad 4 off thedihilbriagass 43 wRen thedyidees, 245,
filed §§QHM9WU¥ﬁou%Qﬂﬁnh$E&%?Q.30 "RFI D Tag Device and Met hod of
) e c

Manuf act ur e Ircurt pattern also includes a first connection pad 30
i n el ectri ca$shoemuthicatbalnmennpof the arebént stvertitoh, B2 baflgd dieuanssembly 720s and a

sgeond onnect] RPPAd,32 b8! BSY 68 mijbr SANRRIRS MO 999907, e
surface on which the circuit pattern is located) faces the first major surface 74 of the bridge
substrate 72 of bridge circuit assembly 70. The dielectric layer 90 of the bridge circuit assembly
70 electricaily 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



comuni cation with a second end 24 of the antenna 20 through ﬂlﬁ
connection site 50. The first connection pad 30 is brought i £ §0V 2005

el ect r yg@lyz/Gpguni cation with the second connection pad P%Z}/Usto?{q%gh t he
bridge circuit assenbly 70. As illustrated in FIG 2, the bridge circuit

assenbly 70 is located on the RFID tag base 5 12. The bridge circuit
assenbly 70 is separate and distinct fromthe RFID tag base 12. In other
wor ds, tetidquer ¢.ggeoldarudictiasaihrdives, stakisgxdc.t ieidebbdankapnhaheaiqhdd #an be
separ at el ganuf ac(} ured and joined together using, e.g., methods further
descri eé&)'/tff’ IBWOB I\ eMher suitable methods. FIG 2a is a plan view of

the surfaceriof 24 Ra cRiskd@Bofdl VW If tRSHRIBPLYuQs®RibF G0 of ah Rigkndiidees the
circuit pattern, and FIG 2b is a cross-sectional view of the bridge

ci r cui embesinaers oy the presend frwantiono Here Rgdas qirsuipassemply FY Ginclrdes #epndepi cted in
PLCS. @ftiaddive bRalubfife (7o! Alcha@Foe ity s hlhddilernd RijbAgFnauPal T ate

72 having a first nmajor surface a second nmj or surtace /6. The
br i dgeof thaitrsdgeatlestrd@ 1172 ahdddislectric tyehul®iiviecdtady@rth8CondActilicddyeci80. c | ayer

90 is | ocated on the first iQr, surface 74 of the hridge substrate 72
and pl aced ﬁl:?btrﬁﬁ? C'fct‘”tiagse’ﬁ‘Bgﬁlt758HBH‘CW§? “‘forﬁé’"b‘l“ﬁPEW“BWtY adhesiyp rllg‘éj1
capaci [oRftedPbrth® 8xfHediiRibns 184 B thelgshdasnR MRl 1905 Tk a&RA AR ddh&iRAlP tag

base. The 15 dielectric layer is 90 is also placed on the bridge

subst r eanee Pgedst attdrhtang eleetriemly cganegfthe prnduetiyg dayet | 80do theyferst c8neatien padposed

g ac 1L gur ation wher. t-he ond to the first connection pad
ég and%%nggﬁ%?e%%nn&ncgg?t%%éﬁrp%agdﬁgﬂ%g)ragfszFl D tag base 12 when the bridge
assenbl y 70f asddptadtie #lG@nctd@nthasiee ber 188 os hawvnconductihe sutemhedinent of the
present |

dnyention, the bridge circuit assepbly, 70.i 20_pl aced on the
RFI D t 4y 2padbentbe cahetivA gy ey ‘marlgm"m&ﬁ3@@&#&%6@?'@-@%&5@@ Gubstrate
14 (i . Qritablt Bfbstra faRERIs G SHhdtGR: 117DGncRideCblit breRE iR1iEY doSpdpRs gichiericaces the
first major surface 74 of the bridge substrate 72 of bridge circuit

assenbingtefi@s (cThepoliiediy&ne. ipotyptogylenc, @olyesters (veg. JIENIFETcéte g potyimesnmbl y - 70
l.ectrigal |y isolates t plurality,of ni.n citor ,pl.ates 40 of the
b b st B g PR ek Ao I RE RS LS PGB cur
assenbhgmof@neodd stiltaurd (sbdS. 2b); it Whduldssendbisyood thaothe Futgtintes 72magb2b i s one
enbodi nent in which the bridge substrate 72 and the conductive |ayer 80
are t heonslriedgl {1 prgmore diflerent %@tesﬁksagalcgﬁﬁgﬁf@fe@t yers 94 ARAYISF-unct i ons as

the copgduethde drRyEsubSPate | 72 hi & RIRCLLIRNsinglthesalielof AR fepdAPShiARIS 72 By
be manufactured of any suitable material that offers sufficient

st r uct used ko manudeptire hasaiebstsiteddri cal  conductivity. For exanple, the

nufact ur ovbr 8 S e DEhDy Ip 7 Y5 g BRI ORdBs PEA oo

por t i ogshdBdivefliaykhg/ [80i gt e beidpetitduitasssbil W/ 190 k&L iR4IB/ andudirktve | ayer 80
may be attached to the first connection pad 30 and the second connection
pad 32CqHCARY paq;3Q wigh gecond 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 isa cross-sectionél 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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12 21 NOV 2005 WO 03/009007 PCT/ US02/ 15355 techni que, e.g., a;e@[ﬁ;
conductive adhesives, staking etc. Various connection technié aZU&
descri mawoimvoomor e detail below. FIG 2c is a cross-sectipgrabsoziiewsof the
bridge circuit assenbly 170 of an alternative enbodi nent of the present
invention. Here, bridge circuit assenbly 170 i ncludes a non 5 conductive
bridge substrate 172. A conductive layer 180 is |l ocated on a first nmjor
sur f ackyaBg of ¢fe bridge birdudgesemblystor(tut prevERRsharithgahdigl the tonducthvayiayer 890 i s

| ocat e n the nduycti ve, | .ayer 0. . T bri,dge circuit assenbl 170
oot TRuftrhae, fBhe SRt EY Fherdils aerl 8y B AR RS F B 1
exposebk yHaeistcdd shal e 19fer Y mageneusthiced df ayesr rh&@ diffdaent arangidktprpnadedhesi ve

186 can _be used to attach and electrically connect the conductive |ayer
180 t oy iderentlafers B RHEEY SN pad 10 30 and the second connection pad 32

ofs t he bas?rlﬂc%ieltcftri@'l%{%@?i.?% fubd b inotdfmited 16ABOHUGHLYEa haY.ESndi8Re0N 2

nonconducti ve substra 2 1s utilized, then the conductive [layer may
be a | alhesied floh, fdouble-sidedadhbepwstiapech 4 dilevtriEkankpiges cafing éug 1 miditceppupst r at e

materials for, substrate. 1 incl ude, .but_are not. |{m.ted.to, papers,

ol yresaider sk BED A HreghS, bRARERy SRS B ml LsIEt GinsBERE ¢

(e. 9., ofthltheeduire@lcapakitarR® (ot ittd Gesit. TR RALNAE LYrF0esay dRRlXEibY sEfMRienfl C. ) |
and others. Although bridge substrate 172 is depict eg as a honopgeneous

st r uct ahesips wemni@n thphridge cirgingsenbhe’indbs cnpedded posttiophe substrate 172
nRy be CO”&M&&%E@? bg{dﬁécy}f&uf?%ssgﬂéﬁﬁ'l; J}ﬁc‘?&tas%%@ﬁgg{e%mc%%? y be

different layer erw se. rthernore, bri rate
manuf abd¢foredding sitated toahs base subsstraie 14,ershneld vaieddraibat thatskabridge vebistrb@ct ur e

base sybstrate 14 20 Wien the. pridge circuit assepbly 70/170 is placed
e TaA etk ayd D0 s be pitS R Gy B ek RrIe Gh dbls ek TR Cr R
Ci rcui be At Yhe Haéels(BstRleciat Al dreafol YwEPRNRGE M bBthe bAARNABdHaR72Pad 30
wi th second connection pad 32, thus cl osi ng the circuit pattern. The

conducThig sarjasipe mage)sa 8o ugd dbcaaedionsvith neainib notedlipalcthe bridgsiciewt and forms a

paci i t lurality of tuning capacitor plates 40 and the
gli%el ec%sg‘:;n&mege%srcngﬁr%é%'q'Fl G 3 is a cross-sectional view of the device 10

of FIG 2 takemnplaingnke bridge ciBeudt asteirtblyt Tleon eBOUD mMgvhseol2, tHadirdicotigetian r cui t
assenbly 70 depicted in FIG 2b. In this view, the dielectric, |ayer 90
i s | ocBidY) pdsteentcenmectiogpadiét predr ¢legiesal sammpnisitioagathdng eamdbctiyedavibl y 70

figd eag@oﬂf]e Blli]@ge CF’LLH{ {i’sgénﬁ]lﬁy 9. it NPickARABOE M enP ki Q1 cohR&tidh el ectric
yer 90 also isolates the antenna 20 of the RFID tag base 12 fromthe
conducbétween| thy Brst 8@ sengrceveptiongads 30 ang 33fand itfe candwstinala2@ 80ynayHe
20 accomplished by, e.g., direct contact with each other and both electrically and mechanically
joined by an energy-assisted mechanical bond, such as with an ultrasonic or 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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30 bridge circuit assenbly 70. The dielectric layer 90 is deEiR@gqmﬁs
being continuous, although it wll be understood that the d @ t

| ayer SQoswoedee; provided only in those areas in which thgr@edngdssty of
tuning capacitor plates 40 and the antenna 20 are | ocated opposite the

conductive 13 WD 03/009007 2 2 NOV 2005 PCT/ 11S02/ 15355 | ayer 80 of the
bridge circuit assenbly 70 (to prevent shorting through the conductive

| ayer &0Durn, changtrigehemmemualcaproiigive hfag pdivéleendre contlohyfthe 8Qonaat flepiendyed as
a honngfge%&®a§tructure, it should be understood that the layer 90 may
be con G two or nore different materials provided as different

layers or OFIuY. vk &&t 45 11dMated@ngG e dnthollid)ets o?%e%&ehtnﬁ\tdﬁqgn wl%JrEby the NOL
limted to, for exanple, a non-conductive adhesive film doublé-sided

‘adhesi VEXtmie caRCIERNel &Cetiolpd atairstiog of HeeHastivegreaef the capsitert Asepoxy,
sqf der ; 1,@&% fnCPIb 4£h Briddd SEQ ?s@!:;)fbl 50 m %ﬁel%‘éééd Sich gl lo%gm{‘ a1 Bxi

desirab ectri ¢ constant to tain reqU|re capa ance for t he
Ci r cui 202 dfee thiideetatuii asdneye? 7000 aﬁ@yd a«litﬁ(a fexthak 131204 sithe miuem,, basdhi@si on to

mai nt ai he hridge circuit, assenbl in the cannec sition. 10
At houde FRbgr PGS oEie ¢ BB EREr e fon Escdpnen Burab 0By soid ' ne

di el ectginecdoipan 290 Alefier @i bRbd Bgesabl arhed atdddphedRdaRgd s FIRUg sdh, Tt
shoul d be understood that the bridge substrate 72 and dielectric |ayer

90 nay theethey argipdabielsie pnls bs|upderptgpd dtthpveo axehacedingt keecpardliel andyeay 180 may
bgy attaghed 49 &h%&é‘c‘?%{%&%é Ra&oeco%ﬁec%ﬁ’[}qu 256! J](Pﬂ%d by attachment of the

bridge substra variation ma e uséd in connection with
many, if noAs alldwn ioF1G.He, the brddpe cmwlcassdmbl&'asmeﬁbdpo@& padat oflaetkafier ei n.

After pla th br|d e circui ssenbly 70 on the RFID tag ase 12, the
first BHHHEE WBW'Wﬁﬁﬁj ‘ﬁﬁﬁ'gﬂﬂﬂﬁﬁiﬁ é@??%ﬁmﬂaﬁogﬁ ePreRf@Cectri ca

commn}omaatmp& thihDcdpRior prALY S4d L\{rﬁ)pb@serhe&Q)peiedthﬁlohng QR cEhd bt t
assenb e depicted enbodi ment, the electrical connection

bet weenothOf atﬂcsa@l aa@f the etyradity offneiog isacpﬁmmakites@%wdl B2irgeily ophesed bnduct i ve
| pyer e co R b%dpza%\t(?)})(fﬂgg th Qr?(%ﬁ c}/rCti Fas%mbofbfdscl&lth%(a% Eﬁ 4a delCtSe%Cl% sPt her

and bo (s mech by "ah energy-'assi
mechani @a:hnob@ﬂda.ch sfihb paisalivy dfhureing uiptamm plaies 240 ad H&:Gfgrﬂpﬁﬁﬂ%ﬂ Git $hoQldlehe
Alternatively, the first and second connec ads 30, and 32 be
el ectr P&%qr%tcgpddbﬁ AH Of &Y S8ePT RN B8 RRRIEHS P tfrsa?ﬂﬁ magdey yeféwpgwngém e

t echni g fARWRapRitdi @l t. €.9., a conductive adhesive (e.g., EPOTEK
E31 16 avail abl e from Epoxy Technology, Inc., Billerica, M 3M 5303R

Z- Axi s 25 ABhesiyine e ameushaditheaipipeset iporiog f membaﬁyy ofuninpaaagitavmatest c. ), a
CﬁﬁduCﬁhd{?heargg\?%h%%apacf?ance of the completed RFID tag device 200 can be varied. Control

over the area of the opposed portions 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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(e.g., 3M 9703 Electrically Conductive Tape avail able from S%w%éﬁ)
sol der, staking, etc. The bridge circuit assenbly of the pre :

i nvent i\ 08890BE pl aced on the RFID tag base in a vari et pcofuSarisast ati ons
to control the maxi mum capacitance of the conpleted RFID tag. By varying
the placenent of the bridge circuit assenbly on the RF1D tag base, the
effective area of 30 the capacitor fornmed by the conductive |ayer of the

bri dge ci rcéistk’"ésaé%’Vg%ﬂﬁuttﬁése'ﬁpl!r%pl‘% BIIa‘Ef*fj St'ﬂh‘ihﬁgt %‘t&p‘aléﬁittéﬂaﬂrﬂ ates can
b | 14 2 2
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204 of 4 JHQIA%FL ﬁﬁg\.@%ﬁ tRat %5 smalBEthhh gékv.@m'o?g‘%%h dagsé.to? fil84@ 11 ne

i ntersecting I'rst ‘connecti on pa seco con ectlon pad
232. AITfnhoargiwdr Ihedge\mrcaxx e$er26)12 3a®1d1a2®wuefr the depmutmdapa&taabe ofitkeldéviceFl G 4a

such it sh d be.u er st.00 the two axes

vuot nall heddihsR BeR e Sy beed oL e Spmd R e MBS e Bt ween the
t y® comeﬁblyoyvo@a&me%ﬁﬁalaﬁ@lﬂamg cApRcisdIPWiesi3n0 FF&r exdmplel MR rdsihgdaR circuit
assenbly 270 may oppose a portion of at least one o t he plurality of

t uni ng “e%tbaétll@@f'dgﬂ cawéé apgmbly3d0 relplew H\e;s’mrlsms of thg tuningcapaciaeplaes t he
pl ural I on

Pt 5 e L DR SARASIARL iRl R ARpuRoRaRSEdr T APRRRSE: PR ©

capaci 8340, tlp,lsaieeeasﬂu@ohé tfdctivessudiaceeared of tbqa@oﬁaﬂcalpycnﬂaﬁ Corevecselyninoreesigaci t or

pl ate f t. ridge circuit assenpbly 270. Al though FI G k6 4a. depicts at

| east H&wt% Clgﬁdg%&&%'t&fsseﬁ‘%@ %ﬁ%?ﬁs?%}h%?‘z‘t‘ %ﬁﬁﬁﬁp%’é‘i&’a‘lﬂﬁ%‘r [Rres 240
ags bei ﬂﬁréﬁﬁ]ﬁ@ﬁ\%@ffeéthe%ﬂ%k dreRe ThetBRRS Sé iRt oddnate zﬁ‘éa of@ﬁe dﬁlb%d PeHRnOby t he
t uni ng capacrtor pl ates 240 may be di rectly oppose t he common

capaci sgectipp siteeyidByofiherbyidag ciravet aasembht 378fto ﬂﬁé\edm)@fs«'e@ly thoepriosad petiqnse
plurali C tance of
t he cor%g%(e egfh% °%§&3‘8"' thres %g)g&%g?\m ew@g%leéﬁ Ué&gg)éh”%‘meoo\?g&q% he area
of the mﬁnga&ﬁmtpopslhuemmmwms racdut;duagdtahevebamcd@el follrange bf eiss@rbpacitiree

sel ectively, define e area he o ortions of eac of
t uni ng %%fp%me&rm?ﬂ Ing &M 296 10 B e SRRPTR . Meiimu PRI e rﬁf Bre or
PG € W} d30icE B0PEGn bR acb vl S HeR IR&GHIhQITthe2BRnfbdy TH0SIS UARER RBAMRY than
the maximum width of each of the plurality of tuning capacitor plates 340 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



allows a full range of circuit capacitance to be sel ected, ran% % from
zero (e.g., no opposed 25 portion and all tuning capacitor pl at 1003

connectwgng:/o@q(y;ered etc.), to full design capability (Q’(ﬁ"/USOQRwS
unopposed portion and no connections severed). An alternative errbodl ment

depicting a technique for controlling maxi num capacitance of the RFID
tag device is depicted in FIG 4b. As illustrated, bridge circuit

ass enb{ryfeaid)to@yerbldy asiELUi OpwRternts ha@p spacsti diohg afe laigtt efasé wen&ootiH RitRg-up

" capacit
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assenbly 370 has a"w dth (nmeasured transverse o the | ongitudinal axis
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of t he4 npjdert b&paration ﬁeﬁi tﬁlsyw&l:l’l«ﬁ)Obrl dge circuit 10 assenbly 370 and the
plurality of tuni ng capaci tor plates 340. For exanple, decreasing the
wi dth of t hEesrieag Oftfmdémoﬂﬂgatsegwﬁm“mt?fﬁteﬂeﬁd%% RsHEBIsE FBRaCof t he

tuni ngeﬁ%ﬁffp%@g P&raet@lﬁ;t)le aﬁpcﬁdﬁlttpgﬁer%am c@hl’ﬂ%trbt%d %&rtﬁ@mtatt gﬁ area of

t he oppose ion of the tuning capacitor plates thus decreasi ng
the ef depatt¢d/ie Fi@rﬁf h\dle:hanayda@htatehelltmtmmdhl@alpambtfmn) @clhazyeqoslelbp

cr ea5| n t he. bri d e .circui i ncreases the
SI ze of™ ﬁgd Hbapsé'égé%mﬁ?’ocipf‘f' BHAPHAR e‘l’pc;rog ﬂie'ssu ‘é‘!SEDAiQé f&Yfective
sur f aceondiggationiaeehipy ac. control over the ar ea of t he opposed portions by
selecting the wdth of the brid circuit assenbly 370 to define the area

of the oppoElEidt phtritentge swtreawﬁb 640 ?frféGt%ﬁqﬁghecba@a@:Fw apieEbles Bl

conbi n r | at e
connectsSHaranf Bt e RRECIE Samidts FRD Sainoh BeGRRR (0P

capaci paros 410.0Eimd of dleelepiedd bridgegiimyit issemblizsrid0 e sflfﬂclentlyels)ng anccapabi lity.

R L S0 Bl 30PN B R BRI A o cyed vhen (e
of each of therrRlzeitidduittaysemblitupomehyGRdTaabIll dicl e dkieamd40mpaidnishetessenbl y
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).
F1G. 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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conpl etely overlaps each of the plurality of tuning capacitor pl at es 340,
therefore elimnating any unopposed portion of the plurality af 2 NQ) ﬂﬂ%

capaci two opp@oes 340. Al though the bridge circuit assenbpyr/gdddissssshown
as oriented such that its longitudinal 25 axis 302 is substantially

parallel to the first axis 304 of the RFID tag base 312, the assenbly 370
may be placed such that the longitudinal axis 302 is rotated relative to
t he fi bedgeauicsit 8¥embly webr? inmhidanigloebrided vvemit asdeen btivsod 7Ax 8 areByparatbdit i ng

. oM GR LA SRR o B e T M SPRSRE RTGLEY © e

decr eaghigumbeR 8f Bridee GlrtMLassemitiRs 87@Feadef ackdre teOligBh faAPBGdde@irc@nd, 1N
turn, the maxi mum capamtance of the 30 device 300. FIGS. 5 and 6

i |1 ust rREBbIY WsBALE BYaY bt sdderécdrie Mgl thaonunthshof dict i PpignRIraped asgosa g ces  of

the presentshlVeRLLL0, a substrate web 400 includes a nunber of
circuit patterns ﬁﬁga-‘*ﬂ@‘? 16 WD 1131009007 2 2 NDV 2005 PMJS0211.5355

(referred t#&sgememad hyovasthe oriantation ped $pecin§ béheyn tipacadt mktemg4tthen | engt h

or of or S0 N ikt rieratli oE BB RERPEE® A Bt Aot Bt T ™

pat t er patet@90chad ba RAMEd frdiiehe/RnAl6h @@maﬁnmas ak eflubekueerudd) acent
circuit patterns 4 10 to provide individual radio frequency

i dent i Patteansidfa-d BYf haes/bece sotaterhastprafmetely 98 degreesfiram phsirtosientstiontio FieyS-be
cyp! efehy e,§185d??%9%£’%9&a‘%eds’§ﬁ%§t7a% fhk Qgﬂ %A}}R? YERe ﬁ‘%ge?lsAHh%’\é‘é | vely, the

circuit pattern e only parti orne ore sepa “ation from
t he weibcudtQBseqbbl \lvd:v\(adt shmyswﬁpmbll teet pacatielab theheebcdentetink. Ba:tigemmnmlo after
For exanple, it referredto

separation fr 0
e s ORs ST SR Herred i AR Bl fi Bt Bisr Bt e

term n&'n%th?ﬁfﬂfl&;e@bn@&tnﬁére%ﬁ@%@'ﬁd Ritish oh AR Lty Soopatterns 4 10 from
t he web may al so be preferred to | ocat'e and attach an

i nt egr at ed BliGScBa-ge dlhugract)mal@a@hvmmbwgﬂmwr@fuhrtdowmugraﬁsymbheﬂ@%ef ore
SI rgLf‘%&g”.{g&Wﬂé gsiwemven < eqn éabcu%gs%” ?”&)osrﬁacq Qeltf"“’r‘ Qf:f)t‘e

rns on SU exe ary on

exanpl BIG.18ag ofa EandudtiveddyersIsontldibamtd 620lieeRIG agtescrbssasattional \oeW)e Mthat i on
depicted in FIG 5 (which ma¥ facjljtate rall cutting while in web form,
or t he§OrEHeivg ayer ﬁ%? POORA BEyTacHired Wiliggea Vﬁawemhfgwatfqrcfﬁﬂm%e up) on

the Supl%éth@z;l? c@ﬁ&cf’f@@ attbfnk pkﬁr e%%\gplectﬂpédngu&%'l%r 6§d\£§ﬁ5éﬁ§%maﬁ:¥j Goil il G 6

illustrates the su stratevve aft'er the™ ge circult
assenbHepesitetiXm- Similarly, the substrate 620 may be manufactured from any suitable material or

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 asscmbly 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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420c (hereinafter referred to as bridge circuit assenblies 420) have been
pl aced on the circuit patterns 4 10. Each of the depicted bri d?@ \ﬂppiuit
assenblies 420 are sufficiently long and 20 incl ude the properz Qa

for attygehsBmoio two of the circuit patterns 4 10. The Rt ggp giscuit
assenblies 420 may preferably include the same conponents as the bridge

circuit assenblies described above. Plere, the bridge circuit assenblies
420 have been separated froma bridge circuit assenbly web 422 as

depi ct ed i nIfFFIG. 8§anotidrembodichget dithrechridige ciaasteustrhibds6002(F ter eespiitef er abl y of
sufficient .size to cover,the plurality af capacitor ates (e.g-, the 25
B ur o i i QD e Eu Pl S odng AR Pt o2 e sepidithect t o
the fi1skr 900 CoAGRAYe 12QTHIO GclABs PAABVik Corthectioh(ad 880,32 Qnd FlaGondectiof ! G
6b is a cross-section view of the bridge circuit assenbly web 422 of FIG

6a al oRgd 642 psoBHOBEaPagiERs Pl3ts G eandiarditsanneeion ppd §60The 423 apd spgprsewa t wo
differ i i i . PRI RK Ldge
Subst 1 e R A ot o e K R P e SRR b T
pr ovi dend the caesion eapaciom ghiatet 6 50e Fhaheerthadicdbmeusarshdionl GalepeetiioRlGM8t h t he
bri dge ircuit assenbly 70 of . FIG .2h. Uinlike that enbodi nent, each of
the br YR’ 'flfrétlﬁ“? 5%%’5%%6|C?'g‘§°t'°j}7‘8"gﬁ‘“§5064ﬂﬁép‘a§%%b SSPPEHYER of conducti ve
adhesi ve 48Bis0f %iaGdirakh @R al@inatih € babddimentloB R pPesdRCnvedtish. Herd\EhOB¢1HO9007
Z2NOV2005 PéT/ US02115355 bridge circuit asserrblg/ web 422 includes two

a

bri dge tag Yighhridga ssanipsseadlydegice {89 ingludessangirIRitegibase F Hhand|ai bideser®d when

t RF 1 : e 6). The
n!}?ﬂber Ll%:)gl‘e %geﬁagegi&?@ﬁ E%?Z%\“F@Q@ﬁ%pépgﬁ{?\% agee)é\ﬁgcﬁrgggrg &f%ethgml)% h of any
bri dgesabstratai7i2 arass entring 7A@ Hirgd 28d sayndea sedrecticachatl ©730ednd 132 kespaatinddgr  of

circuit patterns arrayed acrQss e..5 wdth of the substrate b 400. As
ment | oA BBEUE oftHLNgAPIIELy fltsﬁ‘@ndf hgaaéfé%gmts@em@h@ﬂﬁ mefydes bridest ¢ er ns

410 ongyutsRss2AR AR@RIAE0: RY& 78xenpl ary only. For exanple, as illustrated
in FIGS 7a-7b, the circuit patterns 410 could be rotated fromthe

ori ent at i onTlrefisceogaection P30 5f thal Fill tagshaseat Wds eleptriealiytcontsated érths
Ry L e T L L G
t he cefibdurtttienthisdlectrival dcongtiaxiadirafvid toandution §€0 arcl a ewirtd visandtiyn Reb ( not
O Rt G SRR ok g TSRSl osepol |
snal | ebf thk BAGENSredin dssBhBG 60, ONR f8tt ABER0Ad vid chhd®Btidrd 780 8hd 762 bet he
assenble?éct?iggl-y connected to the conductive layer 754 by any suitable means known in the art, e.g.,
20 conductive adhesive, conductive adhesive tape, solder, direct contact, etc.
To prevent the conductive layer 754 of the bridge circuit assembly 750 from contacting
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 iltustrates 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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FIGS. 8a-8e illustrate alternative enbodi nents of bridge ci r?g ﬁUV
assenblies 600 15 according to the present invention. The bridge c CUIt
assenbMWo eD@ey be a netal foil (see FIG 8a), or a cauwduesoeusissayer
630 on a substrate 620 (see FIG 8b a cross-sectional view). The
conductive | ayer 630 may be manufactured utilizing a variety of

t echni ﬁues for formng electrically conductive patterns. For exanple,

the co %d?@%ctﬁayewomowlwlq laver 841 desteadiof t*ksrcoma@%wpvléersm m

Si-m | agieietrit Q&éi"&@%’f %&dné@&né@ékmg 7hRppfechured fromany suitable
material or 20 materials. Exanples of suitable substrate materials

i ncl ude, butoraeaionof tHeicondustive loyerapefktye brlmo)mmrt assembly 869 ahtb tI(eeﬁrgt. ,

| yet hyl
Dol 31 iRy sPSheb Bl Bt BV anaRa XS B Rt i e s gl wEbi,
alst er nadforvieatienoOde bBAuctdfe 1Dl Sipandithiecdi¢lbctAS Fa@éfbim 603 cdmwcﬁ&ﬂelay be FI G

8c, the assenbly 600 i ncl udes an edge zone 622 around a &erlphery of the
first fREPOPlishEd Parengy stiiieg tooB38Y ip stakedhe brdgs, C'Wéa%ag@yﬁé OB is

subst apinahiN pl0808ha Ehe ARNEHGLINEDBERL (e SHOD bAlsoMiER AR

i ndi vi dua dge circuit assenbly rom its
no exptrismdhe crmdla:ltwedjgexs&54s>lﬁ&mbmggq cntchrtea;dmblycﬁ‘so imbmsrmgemwe 882. shert  out

and pi (7R Py LP S RRE R anaar B bt Brvutiast ety ByfigPD o™ *°

bioi dge ci r cuiGs. assrnhliMub@R atevale epdbliaienth et fle@nd invehtioy] @ GGNNECt i on
pad 30 640 and_a second via connection pad 642 as depicted in FIG 8d.

FI G gth BFiEutag with hadee drcuid assamhlydayacit0os dpnigedassisoudimpan REBY@ebrsge | ayer
630 of es for
For m o L a P EE AR oL RO TRERPHS bk bas Mg ook B BB RE °
PCT/ USeiabbdioB&ts dencrile@GabBe, Fanoctahipre mmuammasmlamey inciudgebase r cui t

nmbly 600 of _th t i s, I.Llustrat Brid i it
o Rheo ] SR BOSRS A bt e S el &

Ganducfuning chpa¥®dr a3 dqocl udes a first via connection pad 640, a second
via connection pad 642, a common capacitor plate 650, and a die
connection Ba@eogwllyweﬁlth%ﬁrsmn@é@@n@ B0avigh b seserd Famediad 926, and

642 arg in,el ect ti 60 and
e cosSAGELTELE bPhF STTMILERE EDPU IR 1115 ) GsC eI QREES) |
depi ct g&dernisly Eﬁ(ﬁncl&ees aamdlgayumgatf: 95512 camfiic8 eclay 9d41 ea OMdGhpaeitot ;ﬂatm nal s

660a and 60b re ectlvel u il lustrates alternativ
enbodi m@h thoyp) @ﬁig B'Fé‘%sé?ﬁ‘tb ?mftsﬁ'?y %@P%Ctedttﬂéhwnﬁyctws&m%ﬁ ﬁP? tige

Clor CUi §ss@R96 980 dhcRBM Lffe 5@add%@oH@iﬁ%§v@rﬂe<ﬁEﬁ@8h%t pl@&ﬁcaﬁl@Qoﬁf%ts%é)r i dge
circuit 10 assenbly 750. RFID tag base 710 includes a base substrate
712. Paimioplsnefthediet3$a t(bghggonductlve 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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substrate 712 are an antenna 720, first and second via connectb [ﬂq@&
730 and ‘732 respectively, and a plurality of tuning capacitor gﬂ%

740. TReobsi@ge circuit assenbly 750 includes a bridge pmgyhasdorates 752 and
a conductive layer 754. The first connection pad 730 of the RFID tag base
710 is electrically connected to the 15 second connection pad 732 through
the conductive | ayer 754 of the bridge circuit assenbly 750. To further
this eﬁemﬂmﬂu&hgmvhﬂﬁnﬂbﬁﬁstm”bmwSmcmgﬁﬂdbnweaﬁ®0ﬂmﬁﬁﬂt&ﬁdﬂwdyéwdhd vi a
connect j on 2 t cal h and Seco tion pads
730 andmyﬁfzggn?ﬂgﬁgo%f ”éé% émg§§9%2%5£ lxﬁgeﬂﬁﬁ F?@§B¥%§Ssenbly
750. The fiBshugnke c&ﬂdmﬂllde \alyer 950 m)lﬁ&ietbhﬁgé;cﬂdﬁﬁ agse@bIfB30 fBdh the€ opposite
electrically conn?cted to the conductive |ayer 754 by any suitabl e means

fth B b

known MaIoF pfage pf the byjdge subyateSiade e RE 1 54,210, & Bishvie CPvECUIN®Si ve
tape, §rQJ éjéaef:ondqilg %tne&i%ﬂbgfgne dﬁE&ed t-ﬁFbuBﬁ ﬂ%é%fdgé Ql%stpawcc;f'tﬂleeorldﬁé(er 754 of

the bridge circuit assenbly 750 fromcontacting the plurality of tuning
capaci tiguitghstbty 740 Iraﬂtdjeramréhmc fVS@ndfseCtOh@V@Iébr[netztagls Bé@; end79KQ extnd

di el | . d 754 of th
or 1 dge tir bR Eleel bR B BT LR IER R S RAT S5 O e bR 2 base

710. Thgerdblelosg twhete dnaey@rncm?@mmworbe r&aﬁienﬁnuﬁacwrse@bnﬂ v@oamattisn d6abl e
material known in the art. As depicted in FIG 9, the dielectric |ayer
770 i nand fednay beineanyfaetured using l@i‘hﬁ“t?bilﬂ matfaialknoMadR it GadREd $8den72 on” bot h
sides g&mhageagﬁgqug:774 In an alternative enbodi ment of the device
depicted in FIG 9, FIG 10 illustrates an RFID tag with bridge circuit
assenbl y de@n@EnSOGLﬂwnhmhwnmh@wd@MHMecshowncbmnﬁmehm@nomﬁﬂe3ﬁ)®ﬁVGce 800
in Fl yer 854 o i it assenbly
550 on SRR L TG Puf BEPHFA I i Ear ety a0 BT Tt RebkE D t g
base 88y, Ak&onant fﬂﬁ]udmyldf&e%ﬁcﬂmm&n Be urDVy 2060 vINDsdvEdn OEMAE oD/ | 1
S02/ 15355 FI G 10 depicts a ho eneous dielectric layer 870, instead of
the coHi® §F%éyB@ﬂBW%CgﬁﬂéﬂPkﬁ?&ﬁ&é%¢¥@“§ﬂﬁ@§ﬁve 772 and dielectric

backi ng 7741-‘1@]( lﬂlﬁstra?es a%tﬂ%}ngﬁveoémﬁolaﬁn&ﬁ)ﬂﬂmgﬁewﬁt ’n@é’rﬁfonBEFﬂe RI?llj he

bridge circuit assenmbly 850 with the first and second connection pads
830 anthg88th hoidgt hecumélsﬂ@mtbb/gdeblas ¢0@1sBows imelde lbys sireitdn amdesagn (G thdalfocerat i on

my. bl Bl EniiF ey G 1P Ko TELD Gao Bt Sad s T age

ci rcui josssTambldye a&enmem@ 108@NDAMeiRNddvad s Bae@mI 18321, thehRviceanomy,
shearing action of the staking tool 880 forns nmetal fr om t he conductive

| ayer 8 Goﬁtorﬁ@eqoﬁhﬁe@@ue}iwedw1Oéésoémby'ds«s@rqumaase@bb/tl&é%ﬂcmsmée%%@ The

20 tag base 1010. Because of this arrangement, there is no need for making via holes through the
bridge substrate 1052 to electrically connect the conductive 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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formed netal nmakes electrical contact with the first and second
connection pads 830 and 832. 10 FIGS. 11 and 12 illustrate alteéd&0V\805
enbodi RpOhS oMot he present invention. In FIG 11, an RE&L8®/M4sh
bridge circuit assenbly device 900 is depicted as including an RFID tag
base 910 and a bridge circuit assenbly 950. The RFID tag base 910 may
include structures simlar to enbodinents described above. For exanpl e,

t he RFc@dueaiyelase | @B mheybridge tivaét assebibbel 059 abd thegteal@d af tuhing sbpaamat second
connectjon ds 930 and 932, an antenna 920, and a plurality of 15 4
t uni ngP 5ﬁé§ ‘or plates 940. To electrically connect the first connection
pad 930 with the second connection pad 932, the bridge circuit assenbly
950 is placed on top of the RFID tag base 910. The bridge circuit
assenbl y 958!lipaentipesmentsy refergreesapd prlications zitehheseipdigcexpiges!y ayer 954, a

coymon; tLtar : L .98 i cal
con nec'En(t;?g"z)t8 %'te:dﬁlgre@lo%;dﬁ (f:etrei(n\gge%l tzﬁi%g%ml)éeé%ﬁﬂngs ﬂ%czosg(r;é Zfs@l[ar n%?eyeqbbgg ﬁféﬁg udes ya
di e 982f tisdneendonatadistwssedand irefemeB@hat bedn reddecd possild warigtiom edthén ththe

termnals of the di.e 982 to the conductive | ayer. 954 of, the bridge

ci v oul S5oR8 SEiSIg egHEn- ee TERe SN A T SHORwY iR Bl e

mat er i gppakenPithderiskifbd AGHE HOwWRhER dEfartthgSDS tHeakpe of thidinvertBRHAALH Ve
adhesive, netal, refl owed sol der bunps, etc. The conductive |ayer 954 of

the bshaidfebeindengiopd thasdisgnyendemismat/limedtotly: ibustppsive embrsdmems sphferdui t abl e
Cid cui t ter I e . Mo ' Lit: r, the bridge
c!dr cui E“‘—‘ﬁ@-s é*%%ﬁ‘}@@‘éﬂﬁé@eh gurnggoxlge%r?1&@%?1@){}5%&%@%&{)\?@% B':e%"vpat tern
illustrated in FIG 8e. To prevent the conductive |ayer 954 of the bridge
circuit assenbly 950 fromelectrically connecting with the plurality of
tuning capacitor plates 940 and the antenna 920, a dielectric |layer 970
may al so be placed between the bridge circuit assenbly 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 20 2 2 NOV
2005 WO 03/ 009007 PCT/ DS02/ 15355 from occurring and al so provi des uniform
spacing for the capacitor and may be fornmed with the tuning capacitor

pl ates 940 and the conductive |layer 954 on the bridge circuit assenbly =
950. Because the conductive |ayer 954 of the bridge circuit assenbly 950 -
is on the opposite major 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 the bridge substrate 952 of the bridge circuit
assenbly 950. In other words, the first and second via connections 960
and 962 extend
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t hrough via holes in the bridge substrate 952 to the conductive | ayer 954
of the bridge circuit assenbly 950, where an electrical connedtl B6V 2080
made. The first and second via connections 960 and 962 may be
manuf act ured using any suitable material known in art, e.g., netal,

sol der, 10 conductive adhesive, etc. cp@agsin place, the comon
capacitor plate (see, e.g., common capacrtor plate 350 of FIG 8e) forns
a capacitor with the plurality of tuning capacitor plates 040 and the

dielectric layer,. ,L970. A.(g esanant frequency of .the device 900 can be
tuned by'"sel eefiURIFILEEIFTGICBHRLES FORE SEPHIRE pl ural ity of tuning

capaci tor pl af 83iHQnRRcydesE g BRDAE cotmpriditg: 12 11l ustrates another

alternative enbodi nent of the present invention. The RFID tag with
bridge circuit assebskpubthratecmnidBhgdhrsvandisacdrd@najolsuréacss;mi | ar i n desi gn

to the device of FIG | | . For exanpl a. die assenbly 108Q.is
el ectri ca?/: y conne?d]taé’(’jencn& p&“?&r‘fﬂﬁ’@)ﬁﬁlg‘g ﬁl?gf@fl S%T@gfng? %\n%? P@‘éagltiéio_ﬁcui t
assenbly 105G Unkhdeinthe e YAESS tht hiShrAtRdr 13 16dRd &ﬂ%intdaqnﬁ&\éb&% 1000

of FIG 12 locates the conductive layer 1054 of the bridge circuit
assenbl y 1050efiacd hy thehmu@Fty»{20ils anyd thasecohd t0d oBdweaansane fpattérngs

arrangenment, there is no.need for king via holes through the bridge
substrate 10_§9°att%f%lllté1€ﬂ°fg§|9q a@@r?ﬁ%@tls_’t he conductive layer 1054 of the
bridge circuit assgrpPlihntORth p1 dnld& sfe&drﬁitcoﬁﬂé’ctﬁﬁ%ﬂfiwﬁ%ﬂﬁtﬁ& e pads

1030 and 1032 of the RFID tag base 1010. Instead, first and second via

connecti ons I1®&0edivd pbl6inadlenttical cahimynicetorewithtthefifst esd ofathd anseednd

connection pads 1030, and 1032 toget her. through the conductive. | ayer 1054
of ‘the bridge®Emeanidhf secqad Emestiamaes i RSt cpEoTREmEHionsiR Mo bridge

substrate 1052cof¥erddithd Aadna RAYANERDE of this arrangenent is the
physi cal protection afforded to the RFID die assenbly 1080, as it is

captured in the i pluiadity plsgivorabledtnieg nanahdotplatdgeach ptibetturisgenbl y 1050

and the RFID tag., ba 1010. A dielectric layer. 1070 is | ocated between
the bridge o FRGiter 2Bl persabi iRy R thsgmiey. abdh ToB6er Fhe
diel ectric | aygingtQfRiBPplaRUMn&tiOhect s the die assenbly 1080 from
contact wth the | D tag substrate 1012 and antenna 1020, but it al so

forms a capacd bradgealitoniy assietbly ¢panprisingd 0B1doOHEORYS; and\OV. 2005
PCT/ US02/ 15355 conduct i ve { a)cﬁir 11021?14 gtf eg/hre 1brti dge cgi rcc[gi t ssgnbl y 1050
and the plur at ?a[pf} ‘}r. Pﬁ)rli)f rslélg ‘?p%(?f ot Spl %?25 1ORS SRR rp%lflgﬁta %I%cument S,
r ef er enc@mma@nehpatitdr plat Wheiaithesbraaeleapd ®f ehetradpg cyrcuit assembly

forms the common capacitor plate, and further wherein the first connection pad is

electrically connected to the second connection pad through the conductive layer of the

bridge circuit assembly.

2. A device according to claim 1, further comprising adhesive located between the

common capacitor plate and each of the tuning capacitor plates.
3. A device according to claim 1, wherein the capacitor further comprises a

dielectric layer comprising a backing and adhesive located on each of two major surfaces

of the backing.

4, A device according to claim 1, further comprising electrically conductive

adhesive between the conductive layer of the bridge circuit assembly and first and second
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5 incorporated herein by reference in their entirety into this
disclosure. Illustrative enmbodi ments of this invention are diséd8%diiand
ref erence has been nmade to possible variations within the scope of this
i nvention. These and other variations and nodifications in the invention

Wil be . 9&{0%:}%& 8f&1'89§cﬁo§}%hﬁén‘%g 1die'PmPB of?lrtB%}%stehOUt departing from the

scope of t 1S | ntion e understood that this invention
is not i mted to the illustrative errbodl ments set forth 10 herein.
Accordin jnvention is to be limted only by the claj prqvi ded
bel ow. zg chgée@r@r}mtma&n urthey mm&a&%év cpa%qfﬁliofllsegchawgtoag

devi ce Ctﬂgﬁrét%eggr surflced BEHHE bhIAABERAY IR bR AbH Ofle hAedASA_CcomPr i Si ng:
a base substrate conprising first and second major surfaces; an antenna
pat t er n commnnisativgn With gte ammhngecond ends and a plurality of coils,
wherein the first end of the antenna pattern is |ocated within an inner
space defined by the plurality of coils and the second end of the
ant enna @at t eAniel fe obQANE Ot 5Ukbr ddiEprRinl PliclafaMleadiBildied i1 st
connection pad and a secofid connéttion pa erein the first connection
pad i s iconeka@cirsiteal comruni cation with the first end of the antenna
pattern and the second connection pad is in electrical comunication with
the second end of the antenna pattern; and a plurality of severable
t uni ng capaci t t
electrlégl co%%%ﬁ?%%%ﬁ%ﬁn§?§ﬁlﬁﬁé gﬁ?&ﬁﬁg@ggg rﬁ%PﬁE%ﬂBL§%ﬁﬂFﬁnlng
capaC|tamngh&teadannmnmnmmsnahbﬂndgedcnnnmnnmﬁmsewﬂi&m@ommnmsehgma@f
conductug Laé and a capacitor conprising the plurality of severable
tuni ng cApRE %F“%PEP§§n@ﬁd a conmon capacitor plate, wherein the
conductlve | ayer of the bridge circuit assenbly fornms the common
capacitor plate, and further wherein the first connection pad is
el ectricll |y Ackneetecrdingtidelage dofidthencomgoisingna giachttatireduitgithe die
conducti ve Ia er.of the bridge circuit assenbly. 2. A device according
to clai niPIPe§¥%SEr conpri si ng adhesive | ocated between the common
capacitor plate and each of the tuning capacitor plates. 3. A device
according to claim1l, wherein the capacitor further conprises a

9. A device according to claim 1, further comprising at least one disconnected

tuning capacitor plate located opposite the common capacitor plate and separated from
the common capacitor plate by a dielectric layer, wherein the disconnected tuning

capacitor plate is not in electrical communication with the antenna.

10. A device according to claim 1, wherein the first connection pad and second
connection pad are electrically connected to the conductive layer of the bridge circuit

assembly through at least two openings in the bridge substrate.

11. A method for fabricating a radio frequency identification tag device, the method
comprising:
providing a radio frequency identification tag base comprising a base substrate
comprising first and second major surfaces, and a circuit pattern on the first major surface
of the base substrate, the circuit pattern comprising:
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
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dielectric layer conprising a backing and adhesive | ocated on each of two
maj or surfaces of the backing. 4. A device according to claird 2NOY %05 her
conprising electrically conductive adhesive between the conductive |ayer
of the bridge circuit assenbly and first and second 23 2 2 NOV 2905

connection p f I r I LI i . 5. A
devi ce accorglgﬁ% %;@F&Hlﬁgli& o&a?ﬁ(ﬂﬁg{rﬁ%{%lﬁ%ﬁﬁéEEIE]%Sf;‘Ehg%gteég%Rgtg{f:ﬁ%sn site
| ocat ed on ldvatddiousdideref the phuslitpoécaifs; t he base substrate, the die
connection site in electrical comunication with the antenpa. 6.

A
devi ce accor di ng edirey ‘é’inﬁ?‘%ﬁonfﬂﬁﬁtaﬁ@ﬁ SE‘ESWﬂrCP%‘i‘e_ﬁ&O% Paql,é”l?:ﬁrflﬁéh‘éﬁrsf o the die
connection s 'rcr%ﬁ%i/ec?ia? dgfr%"ih CRAREGPED AL AidH HMnk: firldh &Rl fnd Qﬁ‘tr,}%' dge

circuit asse conprises a die connection site 1n electrical
comuni cat i opawérhlant e omaliainneaidngadris of eledtfieal bomdgeicitioawith thesenbl y.
8. A device according.to claim?7, further conprising a die attached to
the die conﬁ%‘i’:’tnFl(?Hdg’ffk@.an@mﬁpﬁlté‘ifpi:@éldaccordi ng to claim1, further

conprising at |east i i i d
opposi te the commT Bana X AREEEE o b S FERE ke ChRkRol el
capaci t or pl ateetrizpl eomiinehieetion with dyemtensh@agérn thioeghla Saung egiaedortplate ng

capacitor plate is not in electrical comunication with the antenna. 10.
A devi ce accGPH#FH®0 claim 1, wherein the first connection pad and

second | conngiiafle ARt Eirel PRLEIGR! Int EARPERLALLAnbRGAARNRLT ve | aver

of the bridge circtit sse east two o S I'n the
bri dge substrat e. alitidgd soestiatedohgrisirghfinscatd segoral ma@r surfacesyuadcy

identification tag deyice, .the nethod conpri.sing:. proyidi a radio
frequency identi fiacf;alp?iWVteé@vebag?l%%ﬁbm@rﬁlgfa&e 3 il %gtéate;ponpri sing
first and Se??&%iﬂglaczﬁeléé{ﬁé 8585bet@th Methdi He ué?ﬁ?ti@én@ifﬁgt_iér{"f% fbhgeSt maj or
surface of the base substrate, the circuit pattefn conpri si né: an

ant enna apatltedrritige cirpuiit 8isagblyi, mbiereanthesenduntive taysr ambiplarabityioffuning of

coils, wherein the first erac!) OL éh antenna pattern is located within an
i nner Sﬁa}e’aéltgrzlplates are separated by the dielectric layer;

electrically connecting the first connection pad to the second connection pad
through the conductive layer of the bridge circuit assembly;

forming a capacitor, the capacitor comprising the plurality of tuning capacitor
plates, the dielectric layer, and a common capacitor plate, wherein the conductive layer of
the bridge circuit assembly forms the common capacitor plate;

measuring a resonant frequency of the device; and

selectively severing at least one of the tuning capacitor plate connections.

12. A radio frequency identification tag device comprising:

a radio frequency identification tag base comprising:

a base substrate comprising first and second major surfaces;

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 pad is in electrical communication with the first end of the antenna
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22NOV2005 defined by the plurality of coils and the second end of the
antenna pattern is located outside of the plurality of coils; d &N&1003
connection pad and a second connection pad, wherein the first connection
pad is in electrical comrunication with the first end of the antenna
pattern and t egt ion with
Phe second ddeBrifide SapRFEbhDifFid S i DBHER obfifn CATR Fhiak

capaci tor pl aseemd amlaiftloa‘artthmatpanemgamhpam tor plates in electrical

comuni cation with the antenna gattern t hrough a tug\l1 gﬁ capacitor plate

connecti on; provi dt MYraithel ssyerabietuping capagion ?/tesateﬁ b JeNIBE 1 cui t
assenbl y COWDJb§d1!?)9platé}s 1Hgle@9ﬁaﬁé&%ﬁﬁkﬁl&qm h%'dﬂgenﬂlh]&)ﬁlttel‘ﬁ'?ﬂroﬁ Q”d

maj or surfaces; a conductive layer on the tirst ma surface of the
bri dge substrtam«ag ca}pnwmpilateg:oanchtleh,ectrl c layer between the radio

frequency idenw&{&?catl n ta base and the bri dlge circuit assenbly,
wherein the co IR Ia%ﬁ? Iy eRmpisthet Fgueh I capaci tor plates
are separ at ed, hyatile cdin h%grmecplm%w@fS%L@rﬁtsleltmhéxa&@n&eﬁaﬂegloathe first

connection pad to the s con connect’i on pad through the ‘conductive |ayer
of the blieldgecddyesund agssenil gapaditor piamcg véneoamp dei ctonductt\fmday:eap:ﬁdlettmrdge
conprising the lity, of tunin itor I the dielectr

| ayer, d&Ad“4 aﬁ%’ﬁ’ﬁ%ﬁ? 5P & Clt ?tg\’laﬁldtfﬁg eipitheplnafity o f:)f t he
bri dge Cée@é‘rﬁbl% t&ﬁﬁ?%a}én&%ﬂés &rﬁ‘tﬁth@@%ﬁﬁncc% ¢ fat@ir@%@parﬂ@@% fleng a
resonant frequency of the device; and selec |ver severing at 1east one
of the td]ﬂﬁﬁng‘ia’pa@lnﬂOI’ pl ate connections. 12. A radio frequency
identification,ta eyice ¢ risin fr ency .identification
t2g base. conmies e dbgRua ah b estoac Br bRl Bred PSR M SBisions o
surfacesg é’d}toﬁﬁta@é‘ﬂﬁi mﬁ&ﬁaﬁ%ﬁrfrd?@m%rdoﬁhﬂ&a Edpasitorpide e REER 14RE a

plurality of coi | erein the first end of the antenna pattern is
| ocat ed \v&liletrﬁnrih%ldusq:mmeqtte@pam@ cageditongthtdis noh e @b@rlaahcpmrmimcﬂcmohwdnd t he

cor . any pPeie andBiEDBa i Lonb SRRt B ARG Beah R I Y
f } r f}] Cs‘ét%*ﬁ“dnﬁé’ct%%aﬁ shroligiettR Gbhielilve TIETbINhE BEUSNC i dithstdigblf] 1 st end
(0] e ant enna

13. A method for fabricating a radio frequency identification tag device, the method
comprising:
providing a base substrate comprising first and second major surfaces;
providing a circuit pattern on the first major surface of the base substrate, the
circuit pattern comprising:
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 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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25 2 2 NOV 2005 pattern and the second connection pad is in electrical
comuni cation with the second end of the antenna pattern; andZa NOV 2005
plurality of severable tuning capacitor plates, each of the tuning
capacitor plates in electrical comunication with the antenna pattern

through a tunin i i X rd .LCULL assenbl
g guagg?lﬂﬁa@ﬂt% Of seREAbR tﬁr‘ﬁﬂ% B53a Ry pléte?, dafET He tf)x;dgé y

conprising a cond Ive 'l ayer; a capacCitor conprising the ality of
sever abl e t unmiapgriwaphtistio elepirabeymmunidatednegith ithe dndgraa patiers throoghmaon
capaci tor plﬁ%e, wherein the conductive |layer of the bridge circuit

assenbly for TEUPRERASHROAAEAORBFEEM pl ate, and further wherein the

plurality of ,s@ugf aabdredgﬁwcﬁ@a%%m dprRhf £8orReivdRy&OMTON capaci tor
plate are separateg by the dielectric l'ayer; and at |east one

di sconnect ed destii¢adly capaesiting thepfirst eonnecs wngrd dp phesietend ¢rmneatmmopad
capacitq | at.e an eparat ed .from the conmon. capacitor plate by the
QieIectﬁh@gggy?ﬁ?ngWﬁggjfﬁﬂp gm&?@§8ﬁﬁgﬁfﬁﬁm?B&F%ﬂfcapacitor plate is not
in el ectri calfoapmaatiapadiioeth¥Weifhcitd@®nfiMsRAe pﬁﬁ‘ﬂitg W thRFabiRInfigh t he

e

first connection pad Is electrically connected to the second connection
pad t hr capéritohplagesrdd etciowandmgepacitdr plaie Wherelyeha¢anduttivedgpambithe bridge A

met hod for fabricatjin radi o frequency identification tag device, the
net hod C&SH&SFF%@:@? %0[518831?60‘?%@1311 B%Dggﬁ%rd%%t?‘r ate conprising first and
second mgj or surfaces; providing a circuit pattern on the first mjor

surface of the base substrate, the circuit pattern conprising: an

ant enna lfat t eh meglndnciceiding foidam Bnavhsredbihg beidge caewit asspiblyatravessepthe
coils, ereinth i.rst end.of the.antenna,pattern is located within an
Chner " s prigaibiidfis e AR e R RORR PR AR b Ena Bl ot " e
ant enna tpatite ijdrsurth@catt the badétsabelet@f the plurality of coils; a first
connection pad and a second connection pad, wherein the first connection

pad is in electrical comrunication with the first end of the antenna

pattern and p&e cond coennecti.qn a% is hn.electrical co ication with
t he sec1 nhd e Eeglfocfgf?go%d?\ %tﬁncgal%aﬁ?év relfe?%{rlllg bﬁléi%e Clrcm?assemmnger
comprises a bridge substrate having a first major surface and a second major surface,

wherein the conductive layer is located on the first major surface of the bridge substrate.

16. A method according to claim 15, further comprising:

locating the bridge circuit assembly such that the second major surface of the
bridge substrate faces the first major surface of the base substrate; and

providing a first and second via connection through the bridge substrate, wherein
the first and second via connection electrically connect the first connection pad and the

second connection pad to the conductive layer of the bridge circuit assembly.

17. A method according to claim 15, wherein the bridge circuit assembly further
comprises an edge zone on the first major surface of the bridge substrate, wherein the
edge zone comprises an area around a periphery of the first major surface of the substrate,

and further wherein the edge zone is substantially free of the conductive layer.

18. A method according to claim 15, wherein the bridge circuit assembly further

comprises a die connection site on the first major surface of the bridge substrate, the die
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2 2 NOV 2905 a plurality of severable tuning capacitor plates, each of
the tuning capacitor plates in electrical comrunication with L e ant enna
pattern through a tuning capacitor plate connection-, providi gNﬁvﬂmﬁdge
circuit assenbly conprising a conductive layer; electrically connecting
the first connection pad to the second connection pad through the
conduct i soané@iarsitefin tloetrival @@en @lictidhtwidsthe sbhdtictiad thyeps NhBBridg€dpag t or,
the capacitor conprising the plurality of severable tuning capacitor

pl at es af&EMOl¥onmon capacitor plate, wherein the conductive |ayer of the
bridge circuit assenbly forns the common capacitor plate. 14, A nethod
according to claim 13, wherein the bridge circuit assenbly traverses the
pl uralithyg.of smdtbodatcosing tohdaifii I'& tfurdred camgrising agadimga éirdo olie dibe
antenna pattern above the first major surface of the base substrate. 15.
A net hodCRBE3HiSHE to claim 13, wherein the bridge circuit assenbly
further conprises a bridge substrate having a first major surface and a
second mmj or surface, wherein the conductive layer is |ocated on the
first mejlor stimicabel afcotdieg tordlagel & whstaimthe.did GonnActiet $iedcoagaoesdamg t o
claim 15, further conpr.ising: locating the bridge circuit assenbly such
Chat  t haniSSEHHAIA-SPRROCHAR PaG NG PEHY T melbl GTSE FOmEnTes Sararting 1S r st

maj Or SUSE 3GkheBfiod Bife MRPEp RN bAGIE cofteid R¥indaNg a first and second via
connectién thfod%h th% berge %ubgtfgte,lagere?ﬁ the first and second

via connection electrically connect the first connection pad and the

second connection pad to.the canductive |ayer. .of the bridge circuit
assenbl y?1-17. ?%&ﬁ%oﬁk%ﬁﬁﬁﬂ fE‘T[I%?Fﬁ?%BI,IS%'erei n the bridge circuit

assenbly furtlelsurif® AREJoRES FRQUELSRI AR RVRR; ke first major surface of
the bridge substrate, wherein the  edge zone conprises an area around a

peri phery of sehestif¢ly sevammjget legsirdngoé theftuning capassbr plate, conaeaiohsr t her
wherein the edge zone is substantially free of the conductive |ayer. 18.
A nmet hod according to claim15, wherein the bridge circuit assenbly

further 2xonpAing@BoPaddoflif@NES DI) whekdn @12 difeRit phitérh fiMh&@cofipiikace of
t he brlgge substrate, the die 27 2 Z NOV 2005 connection site in

el ectri cdif cewieation sita orotheirstina plesusBaelokthie basd spetratefthe His dennergien site cui t

assenbl Yin electrical communication with the antenna pattern.

23. A method according to claim 22, further comprising attaching a die to the die

connection site.
24. A method according to claim 22, wherein the die connection site comprises an
integrated die connection pad, and wherein the method further comprises separating the

die connection site into a plurality of die connection terminals.

25. A method according to claim 13, further comprising providing a dielectric layer

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

26. A method according to claim 25, wherein the dielectric layer comprises an

adhesive.

27. A method according to claim 25, wherein the dielectric layer comprises a backing
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19. A method according to claim 18, further conprising attachi% ﬁ?leﬁ to
the die connection site. 20. A nethod according to cl aim 18, ENRY A0 he
di e connection site conprises an integrated die connection pad, and
wherein the method further conprises separating the die connection site
into a pAddrahkdive Rlatdll @neREMETiiodRajbeFted §f the backihgret hod according to
claim 13, further conprising: neasuring a resonant frequency of the
device; and selectively severing at | east one of the tuning capacitor

pl at e conpection 2. A.neth a rcing to .claim 13, wherein the

Bl rou ¢ Dt e ertraapdfse R T al PG b bR B i e dREIERAT  o1

maj or  sugdnda&ivefmitbRalltRseechuhs fiFated sdcbd dbrte6QENSidsiatd tifd brédgel dircuit

el ectrical comunication with the antenna pattern. 23. A nmethod according
to clai mssemblyurther conprising attaching a die to the die connection
site. 24. A nethod according to claim 22, wherein the die connection site
conprises an integrated die connection pad, and wherein the nethod
further Z0ONprAseshseprobedih@® dlhien 28 ivehegdin fiecdl¢@ficglyt@ntmitiveangibiiglal i ty of
di e connection termnals. 25, A pethod according to claim 13, further
conpri si PRIy elartrgaly epndretiteadieyisger  bet ween the common capacit or

pl ate and each of the tuning capacitor plates. 26. A nethod according to
claim 25, wherein the dielectric |ayer conprises an adhesive. 27. A

met hod adEor dAmgethad adcaidin@ t, clwinet Biwhetdir pehivediag tibase ubyedte Comieri ses a
backing 28 7,2 NOV, 2905 and adhesive | ocated on each of two major

sur f acesCHRPKR PN P&@?‘%?teAw ?%'ISMPI&F%@Y? CLEQUAi RRLEHIS. f ur t her
conprising providing an electrically conductive naterial between the
first and second connection pads and the bridge circuit assenbly. 29. A
met hod atlkor dAngethod adcardm@ 8 claines @ifnrthdreomipeisingisepdrhtyngctha dulodtiateeweb
material, conprjses electrically conductive adhesive. 30. A nethod

accor di n%et‘fVSé}E? AEPGCUNRAES: provi di ng a base substrate further
conprises providing a substrate web conprising a plurality of circuit
patterns. 31. A nethod according to claim 30, further conprising

separ at i 7y t h& nsethed faatfebrigabing a radio frequency identification tag device, the method

comprising:

providing a radio frequency identification tag base comprising a base substrate
comprising first and second major surfaces, and a circuit pattern on the first major surface
of the base substrate, the circuit pattern comprising:

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 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 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
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bet ween adj acent circuit patterns. 32. A nethod for fabricating a radio
frequency identification tag device, the nethod conprising: pro'&/N[Bﬁ H a
radio frequency identification tag base conprising a base substrate

conprising first and second major surfaces, and a circuit pattern on the

first major surfacg lu%litgpf Q)%Fa%lestldglﬁlgcﬁéz?c?tiol}i E?iteg,in%i%l’f | tk%glh}éﬁrgn

conprising: an antenna p &rn conpr secon nés and a
plurality of capatita,plabeneaildcttide chmnsinicatich ofthtthearaedrrpagtepatht@igh ai S

| ocated within an inner sPace defined by the plurality of coils and the
second end of YHIE FREGIARRETEEHIGS | ocat ed outside of the plurality of

coils; a fi rs?ronRﬂx’it?dBfi&’é’b, &&%}t%@é%n?ol?ﬁ&\gg a FRMYEEhL P DL LIRS &iclict he

first connection pad is I1n electrica niccation wth the first end
of the amtsemnbly copgtisaign and t he second connection pad is in electrical

communi cation with th second end .of the antenn attern, and,further
mhorein the first EOHEPeRAsSOMmPLiae (RS 200 Soas SIeCrRee B3l def i ne a

first axis that infessRetise f&?&rhor{tlﬂéﬁfritrn%{'o@éﬁ?‘facé&ﬁtﬂ@@rﬁg@ﬂﬁﬁ&h{én pads;
and 29 2 2 Nov 2005 a plurality of severable tuning capacitor piates,

each of the tpmwivitgng & dpkciricorygltetwessnithe edecirequenty domificstioataglased t h t he

br dge. cHRCA PrARSBABIY PRt g TP BuIGY EUMIFATE S PG A gees cui t
assembl ye 40803 p3atBDare Be i at8WBy BiREEIEALE 1450APr i sing first and second maj or
surfaces; "and "a conductive layer on the'first major surface of the

bri dge subst r eleetricalfy epningéting the dirst cewteciion paiterthbstcned ponrfeetiompid

frequency id ificatjon ta se.and.the bridge circuit assenbly,
wher ei n 'ty“ﬁ%ugg‘gh%iﬁ%‘iqa”\? v lﬁﬁ%r?ofgﬁ%&b‘f rcérlc}lﬁﬁs%’fn_% ning capacitor plates
are separ at edf@idd e caPabh@C el BpdMLES MBS EEd the GRIrhNtyIRBRE BIOGLAiIRE fi T st
connection pad to the second connection pad through the conductive |ayer
of the bedpdegieorqilatesiithe dislsetsis|lgyer.fand i cognaorcenpacitar plate twhereiaghei t or
conprising the plurality of severable, tunin capacitor plat t he
ai o cct rf b afPe e a3 R AReReb R s AR Fpeid e i

further wherein each tuning capacitor plate of the plurality of tuning capacitor plates

comprises an opposed portion that is directly opposed by the common capacitor; and

defining a capacitance for the capacitor by locating the bridge circuit assembly to

selectively define the area of the opposed portions of each of the tuning capacitor plates.

33. A method according to claim 32, wherein the bridge circuit assembly comprises a
width transverse to the longitudinal axis, and further wherein defining a capacitance for

the capacitor comprises selecting the width of the bridge circuit assembly.

34. A method according to claim 32, wherein the bridge circuit assembly traverses the
plurality of coils between the first end and the second end of the antenna pattern above

the first major surface of the base substrate.
35. A method according to claim 32, wherein the bridge circuit assembly further

comprises a bridge substrate having a first major surface and a second major surface,

wherein the conductive layer is located on the first major surface of the bridge substrate.
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conductive layer of the bridge circuit assenbly forns the conmon
capacitor plate, and further wherein each tuning capacitor plage€ NV 20k
plurality of tuning capacitor plates conprises an opposed portion that
is directly opposed by the conmon capacitor; and defining a capacitance
for the ﬁ@paCAtrﬂétth’aéc%ﬁﬁh%ﬂgcléﬁ?_’;?rfhﬂﬂé? Birpfidh; asserbl y to sel ectively
define the area of the opp portions of e€ach-of the tuning capaci t or

pl ates. 33. Almemﬂg)tdiebudgﬂ cirawggt aseerchlzpisnel3at thbscc@nd madjer sblrfadgef thier cui t

assenbl th transve he | t udi | d
P hor R GERRS s Pl D e VERESol Be bt aREEIIIT conty ! san

sel ecting t he wvmltgsgﬁlstt h&d percbﬂmla%hﬁwtfbnmagﬂpmé brittpe s@bdiRikd) Qherein
according to cl ai 2, wherein the bridge circtit assenbly traverses the

pluralit ecﬁfrstcaodIsscwét%@nn@ﬁ@rtqlecsttlcaélryctoan@t thedlirseemmdcternopastf andlee
antenna pattern above fi or_s ce, of . th substrate. 35.
A ot hodtaeeEr e Ered i conbe oot R el st BT rRaP s conbl y
further conprises a bridge substrate having a first major surface and a

second nmj or surface, wherein the conductive |ayer is |ocated on the
first mapbr shrmetbed @cfcotdmg bW@g&%u@wwaﬁ@ brigezirguiN@wseatdp igther A net hod

according to.claim35 risi C he brid rcuit
sl younigist: AR en S Gt R sBihsias B Bl b g e B b o
faces theddeiZogé cobp@ses aHRfAGEOHd 4 h@iphasefshidstst Aafsr safflcddsaKé Sibdgate,
first and second via connection through the bridge substrate, wher ei n

the firsendswethgiewherainthe edasrmoae is Bhstaneabyrireexfithe eansuetye laier. f i r st

connection pad and the second connection pad to the conductive |ayer of
the bridge circuit assenbly. 37. A nethod according to claim35, wherein

the bridge ci Acdithodsserdihytd thinh8s, witeemthshsdgrirdyasseatty anthehe first
maj or surface of the bri dge. substrate wherein the edge zone conprises
an area SRTBRANES & difetanBREIp F oprke fifst WJ%}‘Efﬁces‘tfrth%tb’éd%ﬁ swbﬁféatg dbstieat e,

and f“” 2\&’%‘?{ ﬁ n%fé@txﬁg%nﬁﬂﬂﬁc t?onsddgtghi%\'b{t?haﬁét%eflﬁ%?g h§ge E‘Bi@ﬂHft' ve

| ayer. according to c arm ereint Ircu
assenblya%umbher conprises a die connection site on the first major
surface of the bridge substrate, the die connection site in electrical
comuni cation with the conductive layer of the bridge circuit assenbly.

39. A neghod acqondi Q&:o}cﬂngtcﬁélM% MR ReMpeRIR HEEREe 3l apthodia die to

the die connection sit
connection site.

40. A method according to claim 38, wherein the die connection site comprises an
integrated die connection pad, and wherein the method further comprises separating the

die connection site into a plurality of die connection terminals.

41. A method according to claim 32, further comprising:
measuring a resonant frequency of the device; and

selectively severing at least one of the tuning capacitor plate connections.
42. A method according to claim 32, wherein the circuit pattern further comprises a

die connection site on the first major surface of the base substrate, the die connection site

in electrical communication with the antenna pattern.
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40. A nethod according to claim 38, wherein the die connection site
conprises an integrated die connection pad, and wherein the nef GodV 7005
further conprises separating the die connection site into a plurality of
di e connection termnals. 41. A nethod according to claim 32, further
conpri sifg:  ABASHEA AYoAIAESRONAR 47, FRAS REMpALink Qﬁa&ﬁ‘f{% & Bie BNk die

sel ectively severing at | east one of the tuﬁl ng capacitor plate

connect i @msectivP.sith net hod according to claim 32, wherein the circuit
pattern further conprises a die connection site on the first ngjor
surface of the base substrate, the die connection site in electrical
communi caf i onAWhdthod i&oﬁiﬂﬁ%ﬂw@aiﬂﬂi,%ﬁ‘é_reiﬁ%e?di@c&i@\écg&p§1$@0mﬁis@?hﬁ19d
according to claim42, further conprising attaching a die to the die
connect i ntegsitededie 4annestime phd dind vdwrain g methed Girthed compisss separating the e

he mot ho6 PUEEHEF SRR oBR B PR PRG b e Crnect fan site into &

plurality of die connection termnals. 45. A nethod according to claim
32, further conprising providing a dielectric |ayer between the common
capaci t of>-pl atranctherl ecgering ta daim 3hifwghes spaprisiog ppdadiag a digectic dyehod
accordi to claim45, wherein, the dieleghric.layer conprises an

Sanes: vereoSer 8 CBbRn ARG R PR G S SF SR e T RS o) St i o

| ayer conprises a backing and adhesive |ocated on each of two nmmjor
surfaces of the backing. 48. A nethod according to claim32, further
conpri si#y provighedaceardngta ¢flpigntd. yheson diecdielpetrigdayst reinpbsssween t he
first angjhggl%)nd connection pads and the bridge circuit assenbly. 49. A
met hod accordi'ng to claim48, wherein the electrically conductive
material conprises electrically conductive adhesive. 50. A nethod
accordi 2/87t0 claim 32, wherein providing a base substrate further

conpri se¥/-pr odrimathe accerhng toatlaimngh vhsrgin the dglegtriglapenromprises adiagking t
patterns i ' , g conpri sing
Cepar at B Fhe N REROd oA EC ¥ B b ol bl . “Patterns. 52, A
radi o frequency identification tag device conprising:
48. A method according to claim 32, further comprising providing an electrically
conductive material between the first and second connection pads and the bridge circuit

assembly.

49. A method according to claim 48, wherein the electrically conductive material

comprises electrically conductive adhesive.

50. A method according to claim 32, wherein providing a base substrate further

comprises providing a substrate web comprising a plurality of circuit patterns.

51, A method according to claim 50, further comprising separating the substrate web

between adjacent circuit patterns.
52. A radio frequency identification tag device comprising:

a radio frequency identification tag base comprising:

a base substrate comprising first and second major surfaces;
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a radio frequency identification tag base conprising: a base substrate
conprising first and second major surfaces; 32 2 2 NOV 2005 an ani Bohajls
pattern conprising first and second ends and a plurality of coils,
wherein the first end of the antenna pattern is |ocated within an inner

space defined by ihg @l Rttbincod, rﬁﬁf]glfﬁstadﬁq st&hds8R9asd § ptlirRitytone
antenna pattern is located outside of the plurality of coils; a first

connecti on pawilandheremabe ficst codnbibeianienpapattenh exlecaied wethin arsinnercspaceect i on
pad is in elegtyical co ication with the first. end of the antenna
battern and CHOSE BN UHUCCE TS BRATIESeT SR AR S B HAIRCAL | on wi th
the second edated obitbRlc dAtIRIVIaraRBtdfRoNs; and a plurality of severable

tuni ng capacitor plates, each of the tuning capacitor plates in

el ectrical comuni&tst epnngetion pareanslit ssaend graneetron pads vbgieinthefusti ng
capaci tor platg conuechi;on; elé‘ct%?éél gﬁl%m(ﬂnfc%’dbﬁ WREIREBLY 58 gﬁ{ﬂesalnpe%ng
conductive | ayer; and a capacitor having a capacitance, the capacitor

conpri si ng t hgat@etuarad the Yecdhd cetvetiabbad sufkehkgtricapashmoficpliai @ihad a
comon capacitor CPI ate, wherein the conductive I|ayer of the bridge
circuit asseniscynd ednef theantepansterapadi t or plate, wherein the first
connection pad is i t eg i on pad

t hrough t he condu%J ]i%\g&elﬁil gg“l'eérv ¥r51§ R{l Hrgi%%??pc?ﬁfeb%g?%eu’i %aggggg%gp@fﬁéand further
wherein at | eaphcitd @ldtesinilectit@pashinahicpici ®itbithd Aikerplaabintthroigh huni ng
capacitor plates conprises an opposed portion that is directly opposed
by the comoniuBig£apacitor Al ¢neHBposed portion that is not directly

opposed by thfbﬁc‘%%%ﬁﬁ%?&ﬁﬁlgé%r{@gﬁ%‘% g&}/dugff\ﬁ(gfé%r' dhypg to claim 52,

further conprisi esive ween conmmon capacitor plate
and each of theapacitorigvitgRpaciphdtangd, diccspadtbr cdmpeying ehaglaealdy ofy to cl ai m
52, wherein Lge capacitor further conprises a djelectric |ayer .

conpr i si FYCROIs NG gaRasHOLRIAS AYba PYREICR GaRAslien Rt YhelRn g OPdetivFaces

ol ectri oAy an e s T R R L IR o e e R e T e
bri dge cionoedtiongmd entlestriazity dannstteditvdhs eond cowartien padthrpeghsthef t he
radio f rceo ductive liay%er'\g itl'}cei b%é‘dtgie %prc&i? gssgx%gﬁf; and further 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.

53. A device according to claim 52, further comprising adhesive located between the

common capacitor plate and each of the tuning capacitor plates.

54. A device according to claim 52, wherein the capacitor further comprises a
dielectric layer comprising a backing and adhesive located on each of two major surfaces

of the backing.
55. A device according to claim 52, further comprising electrically conductive

adhesive between the conductive layer of the bridge circuit assembly and first and second

connection pads of the radio frequency identification tag base.
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33 2 2 NOV 2005 56. A device according to claim52, further conprisin
di e connection site located on the first major surface of the bas80V ?005
substrate, the die connection site in electrical comunication with the
antenna. 57, A device according to claim56, further conprising a die

attachedsd o tRQledfc@ ac&ﬁ’&‘iﬂg% &l %Qtﬁrthégbonﬁarf!ﬁlg' &&%e%fﬁ?&cﬁbﬂglté Rckikb@l m 52,

wherein the bridge circul assenbly furthe nprises a di e connection
site in @T@cﬁkﬂaamonsnﬁuﬂpﬁd@ﬁ@ﬁ:Mﬁ$MMtHbedmnuun@nmmSHay@cboﬁmahhe bri dge
circuit assenbl ice according to claim58, further conprising

a die at?é%ﬂ%@c%BXE%%hHFEmY@8ﬁnect|on site. 60. A device according to

claimb52, further conprising at |east one disconnected tuning capacitor
pl at e | ocat ed opposite the common capacitor plate and separated from the
common cdpaci pelevisk aceordipe do alan 66+ furtber eoymrisingtredieiatiactied teltheabininect ed

t uni ng Ga g:{%or plate is not in electrical comunication with the

ant enna. RGEGi ce according to claim52, wherein the first connection
pad and second connection pad are electrically connected to the
conductive |ayer of the bridge circuit assenbly through at |east two
openi nggS& n tAdlepice gg@1§1@g 49 elaima 52 3wherein the bridge circuit assembly further

comprises a die connection site in electrical communication with the conductive layer of

the bridge circuit assembly.

59. A device according to claim 58, further comprising a die attached to the die

connection site.

60. A device according to claim 52, further comprising at least one disconnected
tuning capacitor plate located opposite the common capacitor plate and separated from
the common capacitor plate by a dielectric layer, wherein the disconnected tuning

capacitor plate is not in electrical communication with the antenna.
61. A device according to claim 52, wherein the first connection pad and second

connection pad are electrically connected to the conductive layer of the bridge circuit

assembly through at least two openings in the bridge substrate.
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