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ULTRA H GH FREQUENCY RADI O FREQUENCY | DENTI FI CATI ON

TAG TECHNI CAL FI ELD The present invention relates to
wanveaessdesi gn for radi o frequency identifi caPCOMS2004/041745

("RFID'") tags. More particularly, the present

invention relates to design b1 RFI D tags particularly

operating in the ultra high frequency ("UHF")

operati ng band. BACKGROUND OF THE | NVENTI ON Radi o

frequency identification ("RFID') has been proposed

for use in a nunber of applications in which an RFID

tag is attached to an item and subsequently

i ; S . .

PLERCHGRErREGERNCPRAID EREUPERE Al tEiCARTON Tac
Iﬁgﬁiﬁgﬁgﬂ@ﬁ PCT Publication WO 00/10122 descri be
. ons and applications for RFID systens,

and ?K@%Eéﬂ% y%xtggﬁoxufe%teg‘ toRleknd 8&kSor for kdddS AL RBCy #c'loe?tiﬁcation

Pat ent , 134 al so describes certain uses
(“REID sipes. dvitore parti¢udardy, ithespragedt inyentismirelateapp design foo REID tags

The ,desi gn of a i, cal | D tag,.. LCts j.ts orjigin
periey L adbtriie, Bubd Bles BraTerisb i LR T obSating nitd.

i ndustries. Although functional, the design has a

n ncrease the cost of the
B . %ﬁ 5 HAON ency especially at ultra

hi ghr4di6 Gitega&Hcs Sdeniitlchtion (“RPIF) a8 BER ProposePdra8e it RRumber of

el ectrical inductance of an antenna is connected in
applicatidnsfin whidh aa RIFDP-eg isattaghastiotahatent 4ndl subssgnentty interrogated or

f ne f the thus-f cigcuit i d a
rep) BTG SoBmiE: bR bt e bR U Rt ffeca2.870 and
6,986,780 alRE POTIRDLiERIon WO 00160122 debdrB@atiees fintGotstand applications
electrically and nmechanically bonded to the antenna ©On

fop REUD systems angdiexeraplifyttheuseifiRddD thgsdndibtaries/ &kS.tRagent No.
] . Sj | i .t
5 0L PO e Pu SRS LG RO K 80 BN BT b

appivatiopped to design RFID tags, such as disclosed in

the follow ng references: U S Pat. No. 6,501, 435;

U. S. Thedesignet agyniod RIGR: tagreflertsits puigin indhe samipemductor and

3. T. . e of the

AL SRR S BRILSE, T YT 0 O AR Lo s
thit'ihbdedse thachsoof the qneshey aitidRrindfeificiéndgrespedriflylit hltkaggh

The UHF RFID tag, conprises. a) a dielectric _
freqypagiesit BHI). e wesenanh BEHY fage e glackiqah indyrlaneecalian@ntenna is
contfdd iﬁtp%rall\@%tﬁ atcgﬁac?t%} §itA3nat the resonant frequency of the thus-formed

circuit is tuned to a prescribed value. In more advanced forms, the circuit of the RFID tag

may include an integrated circuit electrically and mechanically bonded to the antenna on a
substrate, wherein the voltage induced in/on the antenna by a reader signal provides power
to operate the integrated circuit.

Various methods have been developed to design RFID tags, such as disclosed in
the following references: U.S. Pat. No. 6,501,435; U.S. Pat. No. 6,100,804; and PCT
Publication WO 00/26993.
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conprises: i) a first antenna elenment, where the first

antenna el enent conprises a first conductor and a
weoeeoasrndessonduct or, where each conductor has a PCrAS2®md41745

and a second end opposite thécfi rst end, where the

first antenna elenent is sel€ted to provide a desired

operating frequency range of the antenna; and ii) a

STHAdORRY N where the second ant enna

| (43 99
bor (G isDaar bmreept PLEB b AR pif e U
radi6 FRG HerRp ddéditi fich@ort (“RﬂD’C)QIQ UCheOUHARIFID R g se@e@ithes: a) a

portion is attached to the second end of the second

dledmtdq emttstrateah)janméfir@ataﬁécf@éé@ﬂ@ diglecdrip substrateevheredhe antenna
ted
R M RSN AL Sy o

cohdliiciér HAG s@éoﬂdh@nﬁu&tsi wherekach OdSncﬁlnt&r hhl@a fiist shd smdla sfcond end
the second conductor._ In one preferred enbodi ment of

opphtedbo st epd: virrethe fst aniany Flempis seleptpd EupPrOVig S dgsired

opgfaglglé g&% ng@%%ﬂ‘éogklirlbz tdd3G: %ﬁq%g B0 lﬁgﬁ%}nﬁl Ee??é?ﬁ Wi the

se€siip@Rant ckinehheommises d ﬁls‘t‘@edmmwd\aalecmldl ortion, Where the first
substantlally simlar to_the magnitude of the r

pogténnis ataghed o thesesqndandiofthedisicondusiorandhe Sqqqgg portion is
aﬁga%ﬁ &8 lt’ﬁjeese% d48 df'%ﬁ@%e@@ﬁcy c neny V\@lferet tﬂ@ séc%ﬁ@ Bftenna element

Ance val ue i's substanti al y ’simlar
is %@}md tocteovitle hldesﬂeldagipadame valnp ofithetantehing; hmdfc) Eustntegrated

i npedance val d t.he. phase of the. i
citeBh RS 1D et P o frsdamedorantine BRE epftive sreond
cohfi&tdRgi nary conponent of the second inpedance val ue
are opposite. In another aspect of this enbodi nent,
t he Ihions prefﬂp@ﬁankmhmamuﬁ tlttﬁad‘.)os(e UHISRFH2 tdg, ti@rm‘r@gl@tﬂd circuit
val ue .and a first

|
hag & id P RER EEe VT SEoRL e e SRR pas f seiGhq dfisance value,
th%’ gﬁiuﬁf&%f FSREY I oBEH JF Qlﬁé’se@&f@i%ﬁﬂﬁnc‘é@lauﬁ is ultantially

real conponent value is substantially simlar to
sn’nﬂar teelmmdgm‘erdb of theperlenmpentni of thedirstHapeilanse value, and the

SSRGS TR Vel 5 SISO L A,
sifiB&b ttl‘i’éjﬁagtﬁufde Qf tH¥BHIaBMaY CoRIRABRIYS tiaf ﬁltshﬁnlﬁﬁﬁmdlalue and the

I npedance value is substantially simlar to the

phaseyefi thel ieagifary leempoapt nbthy fewimpedance value Aed phase OAteymaginary

f t d
oS PR el ARE IR Gl G lenls
eV diBerRNtle BRAS@pedantd GaluéAgy sy reaDepEeBhAt wlud 41 a first
second mpedance val ue are opposnte I n anot hg is pect

imeginaty eonaninenl vabys thersseond; impedanep valip bas ¢ sicqad Fral cgmponent
B BB £ b B BN s
subga@idly similar to the second real component value and the first imaginary
component value is substantially similar to the second imaginary component value, where
the magnitude of the imaginary component of the second impedance value is substantially
similar to the magnitude of the imaginary component of the imaginary component of the
first impedance value, and the phase of the imaginary component of the first impedance
value and phase of the imaginary component of the second impedance value are opposite.

In another aspect of this embodiment, the first impedance value has a first real component
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real conponent val ue and a second inmagi nary conponent

val ue, where the first real conponent value is equa
woaodshecssecond real conmponent val ue and the fi PET/US2004/041745

i magi nary conponent value is fqual to the second

i magi nary conponent val ue, the magnitude of the

i magi nary conponent of the second inpedance value is
vadupaid a fixst inegimagneanuprnest valvee therggge edaipgviabrgthagp second

t.he i magi.na component. of. the fir [ d
rel B nALE B TPRE S i roaiobbnoRRE PRER Pt rea
coh%ﬁza%%ﬁle\dahdml dle BERE redl chipohdigiloatyd thefReignpinary

of the second inpedance val ue are opposite. |n another
Comn@némtr\@bleémwﬂn%ethﬁ seond fraagiBay copmeneibVplug e magaitude of the
. ' £ I .
gl @b O &' BT hAERER AR SR 18R g of e
indgthathemgsenicbfhe inayinay comporment efitha fina smpedaacomalue, and the

real conponent val ue ang afsecond i magi har conpo? nt, .
phygt efethe HRAEIRHY COBRBRAT BbtheifBH BPedance S AR Phase of the imaginary
coﬁ?oﬁ&?ﬁﬁt thPseRERY ihg;%d%lc%%ﬁﬁdar‘f ﬁ@o&ﬁ@. nponent val ue and

second | nagl nary nponent va Ich assist in
bal dincinothet preferied embodmhent ofifherabote VHIFURFIhntg the fifst psttion of

i magi nary c onent valuye to provide the second
(b AR S RPN GPTIGS YA LI 00 8 S BAEAR] SPAGIoRpHigpalue and the
sebGhd fiftidi bBthe hARRHANGS XeddiEell colf}Rnbhtvalkah84 second imaginary

circurt. I'n another aspect of this enbodinent, the
cohposentpahie] amd the s¢doad anttonrd theaantennhiis seectasktb provide a second

onponent val ue . and a.fir.st i nmagi nar onponent. val.u .
reg] FeTIARBoR S Bl A ST PG A R SO TP BN I SICLaSpish i Balencing
thé EiRdt &0 EHAPSTht VA EnPihd fﬁst%ﬁﬁ%iﬂﬁry‘ d¥RPoRSMt WaRR¥D BRAAe the

val ue, the second portion of the antenna is sel ected

setandoinpeilaee aakie ©b Ht anésaina suvsiratiely sivalagto thadirgewmpedince value

j i, nary,.conmponent val ue whi.ch ist in.b '
ofifmisErate FRIRC d5 ApolfEraPel P s R bedirept pe At Moot e
anB QR PREA First dall orhPorRh VA8 atd e fife BRAndrpeapAERt Valtlend the

of the antenna equal to the first inpedance val ue of

segorsl partienphthe antenpachssta sepondanaiceipoperivalueagd a second imaginary
cogmn%?lglgcg\%glie, ﬁi{% ggé]oglg%%g%% %e ﬁﬁé@atig%ilec}t&?tof rbsifle a secgnd real

antenna el ene and t'he secon

coRfohb@valife dhb Second dimdgiantyaoroattaliic vafieh assist iebaddisiigy the
of closed |loops. In another preferred enbadi nent

f
firstrsalavovponeirakeeiand thgyfirst Feaginary oppenenbrali to mevi%e the second
irri)ggegr??g vgﬁ.{e SenR az#e%ﬂg Q{lua? @odthte %§tﬁ§%§£@ﬁg 9{1)1*1& gg}h%%‘rﬁgﬁted circuit.

enna enment are 1 n

I n yiatanaihet heferfed @htboditkne oD tdiabend UHE RIN® apatie fikdtiportion of
RFID tag, the first portion of_the'%gcond antenn% i
the peaeB entesnattlementiand the seeanhppation of the sewopd Fatepon ¢lermsnt are in

th€ tshe{pla of %E)gé)dy]ﬂogftlﬁréﬂath@f ﬁjgfé?lted embodiment of the above UHF RFID tag,

the first portion of the second antenna element and the second portion of the second
antenna element are in the shape of polygons. In yet another preferred embodiment of the
above UHF RFID tag, the first portion of the second antenna element is dissimilar in shape
to the second portion of the second antenna element.

In another preferred embodiment of the above UHF RFID tag, the first portion of
the second antenna element is similar in shape to the second portion of the second antenna

element. In yet another preferred embodiment of the above UHF RFID tag, the first
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In another preferred enbodi nent of the above UHF RFID

tag, the first portion of the second antenna el enent
woOo0wsioeedsar i n shape to the second portion of PO®US2004/041745

second antenna elenent. In yet another preferred

enbodi ment of the above UHF RFID tag, the firstportion

of the second antenna elenment is different in size,
pottivaroftthesevend anteppralé¢ment af different scvzrtham thersaeond| notiein of the

I n .anot her, pre r ed,enmbodi nt .of,. th ove U F
seqchg W€ Hiepiel. it EEM R e R e RemJbED e
thd BADESH Rictot BnRRRbAGEordieloe nchdleanid@aémE Y ardithd: pecfabeay e

UHF RFID tag, the first conductor and second conduct or

g
embodinend of thegbpve WHIRFIPqteg he Sgst cordngtariapd seeong ondjetor are

o T R AL PR BB 1 e
préBired aabedifRRNGS the amea HF RIFIR tal, ifefisnintamadiumiént & made from

mat eri al than the second antenna el ement. In yet
a difforeniegongpetiverpaeria idhessrond AnicH? depe. UHF RFI D

condp yRferie B SRS SAEOE P R B i lcleatric
subfRitPRERIdES 4 Wictegtrif cohsteg SPARtWEN=858.MHxX laftl 980 MHz, where [ is

C2/N.n2). 1 n another preferred ﬁgbqginent of the above
the peEmREV Iy v §ee sprse (PeT Sctwile  shbmp At & anpdhaygeafered embodiment

first . si S g I ' I L i :
o 100 P B RS SRR Ay foond i
opbbigitel thé Biekt sidedwhdit fhei amiteinh fchiadhédotthefisesida andihdéntegrated
anot her preferred enbodi nent of the_above UHF

chipsig atteched do Segpeandsidende Anether Rrpiesed gBbe iafwnbf)fR t%Fl}aa gbove UHF
nglﬁgtgg,qhg?fsﬁﬂg?nb%hlgg@ﬂé ﬁ?&gjé)}tgglt %ﬁﬁé §ec§f?&' Qtﬂgﬁrﬁgglélﬁent.and the

ren di stan en the second portion
firsifcohbectoEis diftbramttfemn theeliane thebwedn tiesesembputtion of the second

conductor. I n another pyeferred enbodi rreﬁ% of the
anigpBy elemant #ud the secgnd ponduriongitmanother peefenr e fhe above
UI'AI}S] R?'%f)ftgéd% le{igtﬁ%f 'ﬂﬁéeﬁtjsteé&ﬁﬁct&f it e SRGRALHE 5©he second
ot her of t a

Spec e present invention provi dés
condids@d of manufacturing an ultra high frequency

EANT e TR
ultd £ ﬁ.‘fltegg&locﬁl{gg%ﬂll?a} ﬁdioq}eq%gﬁc%ﬁiﬁ'blﬂﬁi@ﬁo@gt@]])a) tag. This method

conpris rst antenna _eI ement and a second
coaptiserthe elepsreft) profiling 4 fieletiricsubstrates i acledtimgemtantenna

selected Lo provide a desired operating frequenc
copRpge oo s AR HEnerAGY B 00 CEEOHame BN B s B entemna
elé\}ﬁlerﬁ & QEcad th PrRidVd 8Rired Bpshiifs redRAcARAEe YEthe ntenna, where

ere the first antenna element” conprises a first

the seednd tuntenrraerners écsetaptaddn goestids 2 desited énpedanca vl othste the
ﬂrgt?iazlte%g% Iafe‘;sé?gf ggr{lﬁgsgg 8 ggﬁ ggrwuc%}dang %%gcsc;ntdeco}lcﬁ]uectgrl, fibbre each
conductor has a first end and a second end opposite the first end, and where the second
antenna element comprises a first portion and a second portion; and c) attaching the
antenna to the dielectric substrate such that the first portion of the second antenna element
is attached to the second end of the first conductor and the second portion of the second
antenna element is attached to the second end of the second conductor; and d) attaching an

integrated circuit to the first end of the first conductor and the first end of the second

conductor.
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antenna el ement conprises a first portion and a second
portion; and c) attaching the antenna to the
wdi2el5@66889 ¢ substrate such that the first port POWUSE004/041745
the second antenna elenent is. attached to the second
end of the first conductor amd the second portion of
the second antenna element is attached to the second
end Infont Ipefereberubaiimduict! dire abene methask thedhiepiteglreircuit has a first
. integrated circuit to the first end of the first
impgaIE ae-And (iiepd aptolin Pgpen i & Seosnd Tonsdaics v fhe
mAHEls 6f 864 6RBERINTBMhe @Econiempb@inge MELE bublthially similar to
integrated circuit has a first inpedance val ue, and

the megsisusisrd thaneahonmpsnentert thefist inprdewtedvaluep iganrgaitude of the

. val h it ud . . of .
iR armaanC s FoR! iRt E ek TRR Ry sty tq e
mABHES UEM e habiRgry RalposettpeaRfirsOingeigndeivakie, AdtiBe phese of the

~value, the magnitude of the imgi nar){]laco onent of the
imaginertcanagaintidhe Brstinpesanceredugandihase ofithe imaginasy cpraponent

oTROBHE SB35 4T B ST, et Al fcimen

firslOpRagite vafuethas a fiirdt séal compeianc ealuabiba find iphgdsay @bmponent
t he i magi nary conponent of the second inpedance val ue

valyeethgspensidtiaipedance vakup ps asgsend resf companeghiydeg shda second

. the f] ' ca. .\, i r. .

el PRI Bty Ball el AR S o e

seS@anal dorpedartcaluéaind ehd st imagaeoy dompalenteaipoisenbstantially
_value and a second i magi nar?/ ciorrponent ,v%l u$ the ,

similprste thessacond impaginasy comEpensnt wlug pag Bagitde ¢ thedmaginagy,

colonSREPREL deEaid £ 2L YUbhsBRallNEmilhf Rlthe fnggni{c%de of the

I'magl nary conponent value 1s substantially sim
imahidasecmnsbnientdfi thainyagienyp corepdnenadiithe firdh émpadpncd vadee, ahd the
the | magi nary conponent _of the second inhpedance val.ue .
ol o 15S Papitnaly FYIBORY F D St HEPRUGHT B 864 g of the maginary
. . ¢ i :
R e R PR
enthadipneenthe disttinpedancs valierhasdafistreabéanepoaant whesamdef first
. the i magi nary conponent. of the, second i dance valu
img A RBHRDEH YA<h HOETARS SRSBRCImanen WAl s diorean roa
coﬁl%néﬂtrv%gle'aﬂﬁ QdatHA iMAbiery R nbhtalue! ﬁl@'ﬁr&qgﬂ(éﬁﬁiﬁ%)rﬁent value

ue and a first imagrnary conponent val ue, where e
is squmb tuoithie spedidiveal compogent sislue asdkthefustrimagingyngommenent value is

ol e R e DA SRSt o
coﬁgilaﬁé}ﬁ%&ﬂthevs%b&ﬁi R dhhe vhivess edudBE HamaghRIRAUTERS imaginary
\Y u

e is equal to the second inmaginary conponent
courponent of Ithe immginiatyempsinentaf theviirst irapsdasesnyidire ard B phage of the

inﬁgﬁ%}yﬁ@iﬁ 211%19 Pothe/ ﬁ%sy 1emli36%a1?c uvaaiuet &dtpﬁﬁse”&%é flﬁ'&?na?{r component

of the second impedance value are opposite.

In another preferred embodiment of the above method, the first portion of the
antenna has a first real component value and a first imaginary component value and the
second portion of the antenna has a second real component value and a second imaginary
component value, the second portion of the antenna is selected to provide a second real

component value and second imaginary component value which assist in balancing the
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conmponent of the inmaginary conponent of the first
i npedance val ue, and the phase of the inmaginary
woanpmaessp of the first inpedance val ue and phae®/usoo4/041745
the i magi nary conponent of thg second i npedance val ue
are opposite. In another preféerred enbodi nent of the
above nethod, the first portion of the antenna has a
firfst yegk comenpinentovabesndtthe firsh Enagigars compereny walge traprpvide the second

._conmponent val.ue and t second. portien of .t he,antenna
iR RGeSl R SO R ERY St 1 B AP0 SRR of the
intoFR@édEfNitC TNRAGEET aspdt ¥ethid Sebkmendthedl:tt giti@f oftthe antenna
antenna is selected to provide a second real conponent
hag 41 first rgplposmnenert vehiegind arfistdprgBawompanes Waiecnd the second
' ' i L l.
i the AR A ol Chydof ARRERAE RSkl Bt
congonant viahqegthereeondadouitorodf thé entauntacin seleed st movidaklsycond real
simlar to the first inpedance val ue of the |ntegrated
C%mm@smtvaiwn B9 g gPeH CoBPORRRSa ey assst Prbancing the
firlst efif cRY oAV aRle &nglech@?fs? E@%iﬁﬁ? c Fbﬁeﬂ vil&to provide the second
conponenit value and a first 1nagi nary conponent val ue
ingedarichabe o i goerinaequalfio thedirsiritmpadench aslua of dredn@grated circuit.

ARG SRt S o e L SSRRRRS

seEChdPdRMind @1t 38 RN he 's6@Ind TRFRANTLe ¥ROMEaRBthaSRGRAM are in the
I magl nary conponent val ue whi ch assist 1 n balancing

shapeof dlowtl logal Io ongbergmefenrad embedithethef the alyiveimethod slne/first

conponent val ue to provide .the second..i ance val ye
RO P he bt e FoRER (T SeC000 Py e Beparand Apfenna
eléhigntlafd BAnSkIRHe OF b6 Ebns. 1A ty@ﬂ'bﬁbﬂféf pRI&TRI duffbdiment of the above
enbodi nent of 't he above nmethod, the first portion of
methed, ghe Girstl pamioe rofi theedeeorsirantennd clehenssclissinibarin shapedé the second

oo, R AR R PP o S B DR BleaE bR o
mBMbMaHs fitsh Borftioh D tHROEetdAnednnk BRN®AE RN ML BRdbe to the second

el ement and the second portion of the second antenna
postiemelhe ageoni antepea elppet. o apwthgiguefsrred pmpedimenbelibe above

e red. enbodi pent__of th iy he first
T B BE o Blres®nd B oo Wi sl thsecond
por@PEf the sédofd apepndelp@eit on of the second antenna

el enent. In another preferred enbodi nent of the above

nmet hod, the first portion of the second antenna
element is simlar in shape to the second portion of

B fee N k M anot her preferred
, the first portion of
t he Begeednaitvertivh willevesefotthérsexglaifed vt refareimieze thicpended

the second portion of the seco ant enna_el epent
Fimgm@g@@ﬁf&pﬁr@@u@% mfﬁrqﬁmﬁqyﬁ& numerals throughout the several

views, and wherein:

Figure 1 is a top view of one embodiment of the RFID tag of the present invention;

Figure 2 is a graph illustrating the calculated impedance of a prior art folded dipole

antenna; and

Figure 3 is a graph illustrating the calculated impedance of the antenna of the

RFID tag of the present invention.
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The present invention will be further explained with

reference to the appended Figures, wherein |ike
wernwswesse is referred to by Iike numeral s thr eqgiuseiod/041745

t he several views, and mhereln Figure 1 is a top view

of one enbodi nent of the RFID tag of the present

invention; Figure 2 is a graph illustrating the
cal cul at ed i npedance of a prior art fol ded dipole
antenna and Flgure 3 |s a graph illustrating the

% eVEN{#AGNa of the RFID tag

ofth resent |nvent 0 TAI DESCRI ”
| Nveﬁh‘to B gws?té%lﬁtusrﬁt FEHGR TeaipeL ot pRop (GREID”) tags
operffisanehe wlfle Bighffré?q%%h@r( U’H%E Qaﬁd vhish RBEaEY rdiEel ﬁom 850
the ultra hig requenc ") band, whi ch’ gener al
Miirig @60 ME#h Bebrap 6o BB fonReropes SIS EBITY: Be8 Whiattl N MH:
Eéﬂﬁg 915 MHz for the USA, and 956 MHz for Japan.
tags may be either active or passive. Passive

b Biee g e HagASHEG SCPGRAPa P REBARIID heX AEpfeularly those

ot RfliR '@l?egUHF'bﬁncﬁ LRk h 6 RbqRiby BY¥nAS ﬁBE'J 4 feRERS eléc‘i’romagnettc
power the tag. The radio frequency reader may provid

ﬁeld serrttoet braeREBED weder ta p@a\teatheetn@g'@hmmﬁlosﬁ’mmmdddrhmy

h dith Fl D .. W
prpHie e (PR e RatReRtneB PeledaRayS RFLH 412 6 Bfyveen the
us‘ef"@nd he m@Dttage' Whih RIS dag rédepled thetljﬁ&ioqugﬁéﬁ@ 31%na1 from the

absorbs the radi o frequency energy received from
mmddmt@lefqﬂeqmemtgﬁ fadldyrib¢ anterhagibserbs thetradio éweug;c.‘/te@etgbrerecelved

ted circui.t e RFLD ta The .1 nt egr
sy e Lo e 2 it 5 Pl om e
RETEAEE ThY iBaH@YH cirbhiocélvest kbrhdporioh 0ftHedbs@BEd fiiARequency
stores this energy in a section of the internal

engrgyciniot erh;ctmal phientizlteagigataad storesdhistenerghidn e beationiof e internal

ot.entd ener a t the internal
ciRERErS O RBRRE R Mol Bo e it ABppl M £ e a
thd Me@bN®Iwedistisply ténriebtiddyan thY ia@eait@TcifduftC Thk other circuits in the
i ncluding the m croprocessor, optional nenory, and

integeaies] ¢itpuiinichidngdhagiePPIOgeser, p@tior@bmwac@nd daeodipgand

rBRABE AR LA IR Ty DREL G by
co nt"ﬂtertndlaélﬁ elgctron@ptidtiztdnerny feig ddﬁdFIﬂ)wReadbhmay adnt@in data or
f requency su?nal The instructjons may include

ingpipaRyEicoded wo therasie S§TRHICK Sighah .%tl@stwgow%mclude
coBHRRS & fhetlﬁﬁDctQE S mBhic#B @ serial number or the contents of data

registers in the integrated circuit. Using the energy stored on the integrated circuit, the

integrated circuit can then communicate back to the RFID reader the details of data stored
in the integrated circuit’s on-board memory. The distance at which an RFID tag can be
"read", i.e., participate in two-way communication with the RFID Reader, depends on the
output power of the RFID reader, the surrounding environment, and the efficiency with
which the RFID tag interacts with the incident electromagnetic field. The range at which
the RFID tag can “write” new data to its memory is generally less than the “read” range,
because of the generally higher voltages required for a “write” operation. For UHF RFID
tags in particular, the RFID tag communicates with the RFID reader by modulating the

load on the RFID antenna, causing a portion of the incident electromagnetic energy to be
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registers in the integrated circuit. Using the energy

stored on the integrated circuit, the integrated
woioaseessgan t hen communi cate back to the RFI DPCEAS2004/041745

the details of data stored |rkthe integrated circuit's

on- board menory. The distance at which an RFID tag can

be "read", i.e., participate in two-way conmunication

bagkstatteiesl 1RF€11€DRR831 d@der ddsepier metmetmlhapﬂescqﬂ@wérelmromagnetlc
RFI de e £ di ng environnent, and the
ra@?ﬁ? 4%5?0 tﬁeﬁﬁg'ﬁ&% éﬁéplD tag interacts with the
| nCi WRRRIDACkR FBFBLéMiSsibh ehﬁtedByegowaﬁgenﬂtegu\nan@ﬁs ifigroved
RFID tag can "wite" new data to Its menory

regrbraaga Wil mostlkikelyhanly the @osal@aawthrraﬁ@@fﬁ%@mé@g@t@mam@gns

N

enkRy #dFabict af 08 abdorbed dnerdyb the @agedtedsirsuixds Hasitedg A UHF
t he | oad on the RFID antenna, causing a _portion of the

RiTixfag @menm shauibbreffisientioabagjhe BoKepAonagreiagdagon and
tot’ogai( alter %18&90 a gth radﬁﬁGﬁ Vb?él%eché/ RF%IB l?@ader CFu herrgore the

ere romagneti c radi ation an eco

cohhébti(ﬁﬁdi&tv@deﬁdheSREI’Etag adeha Rid dDerigagiatedpirosit nesds 36 besfficient to
limted, by governnent | ati ons, inproved read_range
supply|sufdisiqnt eRKEY o @ﬁu@ﬁee@ e@&é@w eé(e\)\/?"t e e Lt pibe pperating

d1.1:ot$&:t AN, emgrﬁg ﬂﬁk%Eéss g&%ﬁﬁ%ﬁf ?‘H:el | nC ent SAEREHH] &% ) kample

he "ant effna absor pti on rad
thfee@api@ncy energy and transfer of the absorbed energy

ant cHirTaHea e BXerhcton Al oS Seearigneliehodoriie D tag
deg{alﬁﬁtJnC{H?ﬂ@ﬂ_t) Iy Qtdbﬁ amth*eefﬂ?a&iey%@%ﬁﬁfng {he

ectronagneti C radi a t|o back to the"RFIDre
eldetrontagnenor mergyrﬁommhﬁmxtdznnarmtb ehevmeagratédkciRRitD "Jﬂmsgefﬁciency is

re]g%tﬁfg % arhcé Lag 5)'6 qiﬁeag{ﬁfantpft ap Clg{ptggl%feg ?)gthtpﬁ%tggrated circuit.
Mbr&@ A fidiefd U ahtenﬁé/sed&n% rﬁeﬁl% fHIR Blpolds Bk tw®boddiBtors,

oper at’i ng di stance, i.e., | arge di'st ances
prefermbiyaon thg otr dheer oﬁﬁn@halé mateelemtu REPOD Vg, ﬂﬁa)freeespan@Wevelength is
t hree S. E ffICIenC f %@e |nt ractloE Pf t
aPBWé%P?% fhiciept S\?‘lﬂlf elepr Bneghy G SRRy SetyireR
anﬁFnhQaﬁ@al&ﬂ&gﬁ% GRait dBpRas of B@os@atnfubny ﬁﬁ&m@force&umy R8tching

the el ectronagnetic energy fromthe antenna 1 nto
th¢ meglantecef the amtemrta to Thi lglpeﬂancclaéth@ynmg cpaiiegtions qfdhft méegrated

citeR et Pasapanf o Bl b RARs e bV E ppIBREANTTER in hAfh fhg rea

cofifpdni (Fpeehte@as He Zz képBesehts ¥dpstive MeHAS ko a @Ihé-fv@f}&lbé Yurrent
on the order of one- wavel engﬂh At 900 MHz, the

in phese wiptathe vakogd @m0, hNhese émadque § &qphas;oangin between the voltage

{efgll’rgﬁtev(f]atwe%o%gp £ 1eags toa 1851pa 1ve ?%%gt?\t/el) ‘foss c%%n.b %he 1mag1nary
component (represented as Im Z) represents a time-varying voltage that leads (¢ = n/2,
inductive) or lags (¢= -m/2, capacitive) the time-varying current in the restricted load by
the characteristic phase angle ¢. The complex impedance of the antenna and the complex
impedance of the integrated circuit can be represented by a sum of a real component and
of an imaginary component. The complex representations of impedance, voltage, and
current may be manipulated using the customary mathematical rules for complex

variables.
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antenna and the integrated circuit depends on
substantially matching or exactly matching the
wonpsdassse of the antenna to the i npedance at POE/USHPWN41745
connections of the |ntegrateq90|rCU|t The i npedance Z
can be represented by a conplex nunber in which the
real conponent (represented as Re 7) resents )
r esi Bfificieat foupding wh electremegnetic %ﬁrgy AGrOB t?m anput pmh@@é between

ththe vota ef ned, as
fpbul g BB oo oo VBT et Gl agyme
ant@@d $mpedancel (BSZRAY ltd/Be &1bmb§and§ﬁéfetm38ec$uama tiRreal toponent
I magl nary conponent represent as ImZ) represents a

ofttherintegastpd pcuiblopaiganenance (Badi) Maichingthe Wﬁil gempgrents of the

/ [ rent
e B e R
elM@hﬁgﬁeﬁchﬁﬁrg}oamhebounﬂmdﬂmeBndhe hﬂtenrﬁirmldrinnagl&tﬁd difeeit

npl ex i npedance_ of the int egrgt ed circuit can

COP@‘EFﬁ’é@éWEﬁ rpaking the REIP tag maty effigiept nHHs plaﬁverr@rmlaw taught in The
At E@E{f@ﬂ?)%cﬁ: ﬂ?ﬁ%rov&%%nﬁ%ﬁ%ﬁi Hﬁp L '[Hl%rﬁiy Press,
| ance urrent nay pu ate

Carsbridtget Eneglami?)t 1(9!89,ryp ﬁéi-ﬁé&atfhlc}ais helﬂb@'snémpommrmiyexference
variables. Efficie l.in [ ect ronagpe ene
acr JAAIAE ?R?ﬁ%ﬂng%w Y.'@ﬂ@ D RRICHRE Bekgiitig bands,
thé Hﬁé’ggﬁeﬂ'k %}8%!&'116&‘ bt thk SnRAHY et 'Hiiaéiﬁa“r'y R&&f&@&%ﬂh@ %tegrated

conponent the antenna 1 npedance (Re Z
cichiv$kn Zayr aubllnp Zef espdstiyelyywal afffest thehafficiendy azfqmpmn emnsfer into

th%{t%gqgtﬁé E{rﬁ 1. dte%% L%%\%&gé‘rf@gg%)fls p?%etg% %ﬁﬁc Tizg the %}ﬁciency with
whiBh 8 At&8es Hd%JfrE(i{deBW LcbtFRRARREE eMirhy sdie b? 118 RETD &8der
reflection of electronagnetic energy at the” boundary

abbsarbed by thelrntemt emH &e aoaveriad g atoeetl anergylinttheimtageated cincuit.

T e e e
El?%nzéﬂofgg%ﬁle&B%tWaﬂﬁ Wl eldiHill (C@%ﬁa%edgﬁw@ﬁuy Pkt y

Press | and) 1980, pp 68, which is
Cambraigp Englond)dO8b.cap 89 Whe(fhels Bersby monrpeasted by rafprencet i Ae power
band di UHF
g4 R e gy e 0 PR R Bt B e n B eBh b denivea

by BERGICHR e RS &patitité)em Bd@ﬂé @inﬁ orkent 6ﬂﬂh€ iktbgated circuit
yIZANTaﬁ%rI m Zi cﬁa?gsgect [ %/)e 3 ?f ect the e

lnEﬁfwlth @n dpagihagy dimslict vl iigp ¢ch<t<rmpqménﬁ thtb@aré@re@

cir The £ ower fa d to

char tiecaeT ke SR EREI G5CuRE i b RS HbO b gpaied n the
arl diayf bedhiefived B M@kwemmhbﬁs esiafly dipeRtanyindd e further

RFI D reader absorbed by the antenna will be converted

discupsgd 4 Efesepnésady Pd&’SZF% by kicorgn Tprdaveanddpudien WilliamsePrentice-Hall,
Inc(,:l eﬁfé@%&/bcgd] Fﬁ%,hlg A . %gﬁWh%ﬂ 1951e1@8¥\§{cof’p%%t&{ bﬂf ?ef«f:r%éeh ®fhe overall

sse
physical length of a dipole antenna may be decreased using meanders 30, which are

curved portions or a circuitous circuit path along the dipole antenna to increase the
effective electrical length (signal path) of the dipole antenna, while maintaining a
preferred physical length. The meanders may be uniform or non uniform.

Another variation of the dipole antenna, which is also well known in the art, is the
folded dipole, where the two free distal ends extending of opposite the integrated circuit

are folded back on themselves and are electrically connected. The impedance of an
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El ectronics, by Paul Horowitz and Wnfield Hil

(Canbridge University Press, Canbridge, England) 1980,
WQR00528688Mi ch i s hereby incorporated by refereRCeUS200041745

power factor is at a nHX|nun1§hen the current and

vol tage are in phase, which d8h be achi eved by

bal anci ng the i magi nary (capacitive) inpedance

exanphofobded dipole hetenme, edhert thel lapigthoafithe $trapghtt seétidm dfftles folded

duct i i nped t of th
i SRRAY s OGHE e lsnloBRIA R, hol o Ui pol e antenna i s
vel |z Esgg)rg%efg bM@)Hﬁﬁ)‘?—S(m k§ exl ijgph@z)am—amm be

descri xwel | guat i ons.

Si npl e
where rin g Qandetofemdtlﬁ@th df tbe ssaiekl seefic lertbmfosldetdfdlmi? ghiggna. The

coP TR et B e s o aad B LG e,

whidE & @Riaéhinavaieivts fo@eNittdieSawefal locfbY i Ridkrtdig NIF.NIf the
of a di pol e antenna ng% be decreased usi ggﬂ@)maanders

length ofihis examnie &aldeddipplsis Tedneedsittegtivg indengto by 1%, calgnlations
shB%tﬂat%@ﬂ-g%e% dé.hﬁ)ﬁ% &.antenna to i ncrease the
e

ectiv rical “Tength (signal path) of the

di DOZI%L%tD%[@a =NH9ey) rafdrg3an ki mg;mpa@ﬁ%emsemmwy& cal
| ength. The nmeanders may. be uniform or, non unij
Thip %ﬁrwhlﬁ éﬂ paleyleiad entepeimpegeics formn @&%lé{elymaélrﬁhﬂ% lraﬂhg dolded

dli%ﬂa lpP? FH cg'éﬁ%h Hsus 108s bl ded i S}p(?tl tﬁ? Ecy}@&f (ﬁpf)lla%ntenna

|ng of "opposi
tolsﬁiaﬁgraﬁhiﬁﬁlsanutsuvéra}iﬂ@gﬂol ded back on thensel ves and

are el ectricall connected. . The i edance of, an
f ol ek RiEbiag of ?{heemﬁ%?nt wwem@r&mgwg%@twna dogiggs that %cwnuy

co%ngh{e?!r (2: gl%@&‘]tn'cg gggft&b &E&Vé%dO@D&gD{B?%A&éﬁ‘? f@'ﬂﬁ ?%:%gc‘r n_lﬂre)ﬂQ:lrcult

paft2el&B; Wose RFITBta@S opifratdrg ih the UHY dfideating\band. e Thoagendaalesign is
copPgie FMBdt S edAnR EIS el SHieF AOpliRHen puheg s desirable o
mf\}’ﬁrlhlc}% NESv ek MRFITH ﬁ% siZe. %raﬁgﬁﬂep ?ésﬁ%fxﬁgftgg %@s%'?n&fiﬁed to assist

is commercially avail
in Bedtenhg andcbdlacaigedtie |cmnBlexentenm 1ntﬁéda1hcfe andehd emgplbx ofput

t hi l.e folded di d f
imDBHIR Op{PeDiE R LA SHG=LeRisH PHARAE RECH B dance
S hi fftléutteq 111@%@6@51%@1&& of @1e919ve|nt10é RFII() 4ag81?0 Whd RFID tag

. his |ar ge shi f
lmbspﬂcailychsa?nt mﬁhaUuHﬁmdgmcald‘ leemcey magi lzetan/TéHF RIfH) tag 10. The

ift .i.n the fol.ded .di |cal racteristic )
lec‘li A0 ST TSRS IOy Y P oo | EisEgsccond side 16

bﬁﬁJ tfe &R 81RA 6t ARk |18\{§£t|ta%héd){dﬁthé Arst k¥le Q4 F e dielectric

ength. The RFID tag of the Eresent i nvention provides

substtad bl Beetirahly, arihmna dBfis affashed tp the dielectric substrate 12 by any means

know in the art, for example, by lamination with a pressure sensitive, curable adhesive

film or by direct deposition on the substrate. The RFID tag 10 also includes an integrated
circuit 36 attached to the first side 14 of the dielectric substrate 12. Preferably, the
integrated circuit 36 is attached to the dielectric substrate 12 by any means know in the art,
for example, by anisotropic conductive film adhesive, solder, or thermo-compression

bonding.

The antenna 18 includes a first antenna element 20 and a second antenna element

22. The first antenna 20 preferably is a dipole antenna including a first conductor 24 and a
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coupl es radi o frequency power received by the antenna
to the RFID integrated circuit, particularly those
WeRIB/0besgs operating in the UHF operati ng bandPCThis2004/041745
antenna design i s conpact, ing it suitable for RFID
| abel's or simlar applicatiofns where it is desirable
to mnimze the overall RFID tag size. The antenna
segernd epnduaipr Be  basriel prefierrdd fembddimnasﬂm eindiictorsedds A6 irg:lude

and, b i ng, t c lex a enna ed
RS el e e e e LGP e 1Erg B gf {Hefpole antenna
aﬂcfk%sﬁﬁh@ﬁér@é%n%ﬁé lechial leRStH %ﬁl gﬂal Eﬂhgum}ﬂcdnhh&&t 38b8Sncludes
one enbodi nent of the inventivé RFID tag 10. The RFID

a ﬁw@ end?27 andes prsend pid 28, gpriagite the firbteendid?. rTda ge@ndainttnna element

HF REI REI.D t
R SRR 3 s R 5T Pt i, e
pcilrﬁoﬁiﬂﬂ afid §ReeduhdPosttonl ! ap o tetsBape cldses loopk 6ﬁpdl§gons In one
Antenna_18 is attached to_the first side 14 of
exgple @s Hlustrata &1 Figuee b she fiystpartian By mayrhedn the sbaper gf a circle and

ORI PO ) RS AR Bl R . 0o
thps&ad l‘aﬁteﬁﬁlﬂéﬁl!em&na}cb& abl ﬁlapéi hElid Metibhd 3D, Q4 obﬂle@bé&ﬁt antenna

deposition on the substrate. The RFID tag 10 al so
element yprysbehapest dwilatieer dhe e By nertiensd34 ef thesecond antenna

s trl
G ) 5 e B LR O TR SA P e e
sizdef the poreiohs 32, 3dwifsiie @tendlahténaaiemeneang bselected by e skilled in

art, for exarirp y.ani sotropi c conductive film
the a¥ da pssist insbalansing the im hp peisanaok with therigwedanee of the
N & t antenna el enent 20 and a
mﬁe@%%%%%?é’r?n%%?&%s Be 62& The first antenna 20
pr ef"ﬁtaﬁﬂsyendﬁh)fdhqwmmuamtﬂm a6 |am:éleu1m:’eglyasohndsc$¢d to the
uct qr 26.

in%%ﬁ?g $I%Eut§§bafagﬁﬁﬁ§ by de#é‘?@ks%&ﬂm%%@aéa nopghowyy Brygne preferred
'ﬂﬁ@r{tsth@ gecowﬁ %ﬂ? 9? %g t:}% Ijﬁﬂgﬂ o%ngl?&&eﬁﬁ@ altiihe@VE fsaéh]—:ctncally

p ysi cal |engt i pol e antenna and assi st
connentahiei thg fitsh portior 32 rof ¢lad sebemipntenhs iebpnaent P2 ki) the Eacnﬁmd end 28

conduct 4 26 includes a first end 27 .and a seco
of s diaution s hprietorSlrstrishlly FheneCd dniheaarakaprion 34 of
th€ E&BE&‘ binteed dlelgent2f 'Tfh%tlerfg‘t’d “d”‘%ﬁeagﬁrea 'E@tvélee %l‘féf’sl%rggrtld end 28 of

portion 34. In one preferred I ment,
thefrst comlug@r 2 dnd He awcdmdrigar of the fissd ccmchlctom 24 lfas illhstpeted in

Fifyoe Jd B e e PbaErery T dng FpgRgSrErgeastiggn fi second
enHQSth%eSJé@&ﬁi &fndﬁct@f 2@5&1 me duiveg pSRANHMRY §dc8id SshdiBive 24.
be in the shape of an ellipse. However, the portions

Thgdengtlas @and mmsBmﬁuHm, may bﬁ miecétt@biseme skilledbe therayt totepist in

bafpcieB e i BRm R e Ritis SERNES SRt ERR o R B Gal fircuic 36,
as@isctiied sgle@nd ant enna

To tune the operating frequency band of the RFID antenna 18, the length of first
conductor 24 and second conductor 26, which make up the first antenna element 20, may
be modified. By selecting the length of the first conductor 24 and the second conductor
26, the first antenna element 20 may be selected to determine the operating frequency
range of the antenna 18 of the RFID tag 10. The lengths of the conductors 24, 26 may be

the same or different. Preferred lengths of the conductors 24, 26 are in the range of 85
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el ement may be sized to be simlar in size, or
different in size. However, the shape and size of the
woandsiooess9 32, 34 of the second antenna el ement POBJUSRE®Y/041745
selected by one skilled int art to assist in
balanC|ng t he i npedance of thé antenna 18 with the
i npedance of the integrated circuit 36, as discussed
mpge foh 0 mie, drdmereanefered longths of therrenducirs 2426 @ appeximately
ﬁﬁhrlcally connected to the integrated circuit 36,
érably by individual termnal pads (not shown). In

o ne Phedatdnast tharbndantents, elétient 20 atvodissist i Barhingtthe real part of
first conductor 24 js a tacred or is electrijcall

the impRlerietios Be episnng 1o thorel Bt g&thsmnuﬁ impedengsof the integrated
m?cmt?%n "’Th%ld%%@ﬂ bf ¢ R%nt Cf!ﬂﬁa efe Ct r@ggf)ﬁﬁe Qfmetaﬁﬂvf g/‘ﬁ?cgﬁqhe real

conductor I's” attached or y connec
parhef the onpadlapaer dfi theraiBénmaf 1 8t1haay bemorwdsal) bedstacagt®ifBatdesired, to

2. The length " ed bet th d end 28
ﬁﬁtwﬁlﬁﬂﬁffm% 0&6%%&@@"5358? gﬁagefﬁmﬁ%gﬁwgéiﬁﬁl? Tpsange.
the he §si Qﬁ‘ilhk%e%nd’zé‘ntérﬁﬁ e'lénll ast ﬁ?ﬁs%gts ifl njlzchﬂf}'f dr% the current

e eq to or different I engt
dlsmhmmreai tbemmeadl endse 8gd ¢lnmﬁlrseardi @8omt candectesdnd6 of the first

A e 754 B e ity S ER Al Be 3t ety g of the
colﬂﬁu@t@ﬂs%t 26l 1hY sRBRd StbhaCerhéhts RBAAY thel 1ﬁla§ﬁ1§f}5$o¢]5bnent of the

bal anci ng the | npedance of the antehna 18 w t
inipepadant theafntanne 18 e byjamteghie thagindry c@@pomst df the dgse dnpedance

| o To.tune e ati fr uen band of _th )
offfs Bleprtieh 3o WK R skl mpe e bF s Jatne) S Sif g dntegrated
cu%ﬁﬁ@@%é: ﬁfb@féﬁﬁ&[y I%thhé’&"'érﬁihth@ﬁhé‘gm'ﬁ ?ecfa'nE@&o 3 the
el ement 20, may "be nodif ing the Tength

angfnne A8 ahd nnit:grat@d @ugmlb% 21:4: ‘tahmcwdq @hesredx@rfdeq(uomymrgy #@b8orbed by
the first eleted

tfy it R SRS SRS B BRbuns L8 S B Mt isdcinoni 36
18 oAt thb @edaﬁa @na ag oﬁ@ach'EBﬁddc@d}th% of seb b a{i@éiﬁ'lu%léﬁ{e’il‘g] 22 is

24, 26 may be the sane or different. Preferred |en

elmrutaﬂef @@Mﬁﬂttortbe seaondpgndad8eotithe tscmﬁup@rﬁg% 3p. ébrhﬁp badance the

referr.ed t of the uct o
capiettiilene B SFMCREFLE] Sty e i oaliiiad SRR Sorton 34
offthd SdcodaRBma rRdRND2 2@ salested aSmitdHScd AprifBilfiiRdictiRe reactance
real part of the inpedance of the antenna 18 to the

infogh¢ apfgrna ¥ impedancs god an agsediatedehase shifein the safiafieguency signal.
ity B0 b DB AL BB RO

capAmEERREGafe, biteh@ndtemhrtilSimmsdaie dfMkd &R68danténa elements 22
decreased if so desired, to substantially match or

aseigfg an balprcingihgsaprcitivietimgedanee of theanipgrapd cirgpitit The portions 32, 34
of tﬁ@&g&% ftitenna elements 22 may be in the form of closed loops with circumference

ranging from as small as 1/8 the wavelength of the radio frequency signal to as large as 1/2
the wavelength of the radio frequency signal. The magnitude of the effect of the second
antenna element 22 impedance is determined by the distribution of electrical currents
along the length of the first portion 20 of the antenna 18 and at the second end 28 of each
conductor 24, 26. The presence of the second antenna element 22 assists in modifying the
boundary conditions for the electrical currents, compared to the current distribution in

dipole antennas known in the prior art. The modified boundary conditions introduce an
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The design of the second antenna el enents 22 assists
in nodifying the current distribution at the second
wenas/0a&8sef the first and second conductors 24pCRasefo4/041745
the first antenna el enent 20. By nodifying the current
distribution at the second ehds 28 of the conductors
24, 26, the second antenna el enents nodify the
aditi@galphaye dofipotierdurreft distabutinpeid aincataina bempaedtonhe pBase
to bal ance the i magi nary co nent of the input )
shifisd disle ansprias KPR J5 S PEQT Bty dohehsts SR i gesteigpl current
iSRRG Bt BF PR AR o P PRI P S0liEHhE the
reflevpied afi calic frepaney esergy at the seooné ands 2830fzthel first betgnizt dement 20,
Ircyit 36 .are bal an radi o f egetiency ner

ced, t
compRIEHIIB e D0R GBHLE IR 1 5 PR 9y 4l Pl Y et antenna
el{lﬁéﬂf@ 36220 bR MAted i alo? tHif %éoﬁﬁﬁéﬂgﬁéﬂin%jg‘iﬁﬂ/ Eorﬁﬁoraeﬁ% of the

e second end 28 of ‘each conductor , , a secon N
antenh2 h8 anpedamencande sekecteld de be indabtive, denehydiadricing theapacitive)

. second end 28 qf th? cqn(guct or 24, 26. To help
lmB&PQch@WH?@e%taogéla‘?]tni%a? A" nCe of the integrated
Ci 1 citjetdediBn of R dultdnhih 1R QEdidtOTh BcRRE tRSRaNShrdethe Mtedth

~of the second antenna el enments 22 are selected to
impedanoelReZ avipta tharéal yompenest phtbe indegraigd clciihinput mepedance,

REAE TGS HERBIRD R IR P B AR ERREE bhchf 15 o
th@InIPRaES ci2uil®d, PhcSighaaRMey SRS the BAENROTY inglRdedce, Im Zaxr,

associ ated capacitive reactance, but the net inductive
balampescthe ireaginary pert o6 shsritegratashtizeuit 36 ppit smpodanse iluy A, byt is

| apci ng the capacii i [ : f [ r
BB SRR kSRR B oot
coflpBABH, SheZrhdiBfteqiRnéypdWie absurbedby the @aRend 09 psupléstdlficiently to

circunference ranging fromas small as 1/8 the

thevajegrangeiicwt the radi o frequency signal to as large

as 2 the.wavelen f the radje.. '

The RgPRURE Rl R st ik P ubhE RGP RES (T ave
suinemesd a 2gldwgedance i s determ ned by the distribution
of electrical currents along the length of the first
portion 20 of the antenna 18 and at the second end 28
of ggecf condust or 24, 26. The presence of the second
ant ennidCel eneft"’22 assists in nodifying the boundary
angonditions for the electrical currents, conpared to
the current distribution in dipole antennas known in

t he |pmiZac |art | InThAevirtodi fwid boundary conditi ons
i nt raoduc anaéad&ti onal phase shift in the current
di st i@éi%n ANPle antenna, conpared to the phase

shift f..dipal e In the prior art. The
whé:ﬁ%ééftél%@?ﬁg%ﬁﬁﬁﬁﬁee%@??c %"llljér%r ent distribution
i nt ey eed iﬁ)bt?)@ﬁ‘sﬁlﬂél tadMaciNmathahemitertd I800enpléieimpedance to the

_effect of nodifyi n% the reflection of radio frequency
integrategycirgit injart sempley imperanomatdhe REED ppergingfieqienay. a

sugsltaenr{%ﬂgf of gpproximately close impedance match at the operating frequency will

result in more efficient coupling of the antenna 18 to the integrated circuit 36, compared to
a poor match.

Figure 2 is a graph illustrating the calculated impedance of a prior art folded dipole
antenna having a diopole length (distance a of 140 mm and a end length (distance b) of 10

mm. The line 50 plots the real component Re Zanr of the antenna impedance as a
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conpared to the dipole antenna known in the prior art.

By selecting the second antenna el enents 22 based on
woheostoeesshi ngs of this specification, the i nagPQamg2004/041745

conponent of the antenna 18 i edance can be sel ected

to be inductive, thereby bal Afici ng the (capacitive)

i magi nary conponent of the integrated circuit 36. The
fudletsorget fodqueiney. afﬁednmézjlﬁotaﬂmi istaginiary cvanh pemie nig Irh Y\ eodithe

t .of the ant d h |
kB SRBRAATSS 23 B cmgfﬁ?@%ﬁ& e b Vs Tore daweend Im Zaxr
?&ef%'r% rhdlo 3% ghérfc fr off'9qs RAIZ;Yat 9 9% RATIS) %,%IB,%M{T%%?E g (246

quency sl the antenna 18 tQ the inte
Q;:+Jrkﬁ,6ﬂ)36 The |nag| nary part of the antenna 18

| nt z'g‘anc %Sh@l‘”rs l%*ggtF‘ilﬁ%f‘ %@%’é{r@%\dl ?f}ﬁ)ézfa?}g Ecgﬁ]%o&egt% of the

cd%;ﬁ&@fn@;wdxn&msmo@ altFolAB@ERp diffiehntbies erHeQRRuldiBAS were
of mat ched and bal anced i npedance conponents, the

parfdined fising e autpnpromedel migpsogran (BYEC: N¥wantiea Fiect@magnetics Code,

e e Rave SRS o RSB iR ko bt bt the
co'fﬂ:ﬂl@( in?}%d%?cg%‘t@ﬁ%ﬂ@fs‘a@?ﬂ)xﬁnﬁt 2'(94\%7% Be j Z% ?%/Eig 28 the radio

frwuenfe/ of intorash @ 15H¥Ela), dhwgpréor aft folded dtm;lﬂ @tennapbel‘am g small real
not

impefidhce (oetil) (BnoRAR 30 s Sl B RA rPRe bifmonent with

ndgﬁ@w (ie9 ﬂ%a@ﬁlvegpﬁa%@mrﬁe ahall hRgiblde oFpies @bl (29 Q resistive)
stantially or approxi mately cl ose

orineeea ekl oSt vagh o el (Greiivg
comrﬁogg f ffn?e C i (% & gcg.\@tl ﬁaﬁg 1&&36%@?0{’1’%@ %}g@l ﬂ’l%gltllﬁl(felz%i 93 Q

caEacgti{/@ oZ theSm@thfaﬁ)@Ebm}bdﬂéﬁﬁ dfahé ﬂﬂdddhﬁf)(ﬂa irapédhesdoes not match the
I npedance of a prior art folded dipole antenna having . .
la@eam@s@n@e|(%%@ﬂ~pap@m§‘fea 9é Ehedmggingutromnonget of thyktegrate circuit

1n£)1?tqg1&)gde(n% Stl"ﬁ? ﬁ% Q% A,,\%Fp&cgtlwof Mé%rrla fﬁ%rf@on%o%teﬁt th{ﬁe folded

comnmponen anten a 1I'npeda

dipéle nepédancefs the sapmealie pidse of iheehdst (B, cdgicitive) of the imaginary
I magi nary conponent, | m ZANT, of the antenna jnpedance

comporent pfdhq wfeertted sieqpitanpyf impedance. hEhspalote she igragRary component
of%%l@é&ddlf)gfb 4f¥na is not balance the i imaginary component of the integrated

circuit input impedance so as to substantially offset (cancel) one against the other. Under
these conditions of mismatched real components and unbalanced imaginary components
of the antenna and integrated circuit impedances, the electromagnetic signal absorbed by

the antenna will couple to the integrated circuit with low efficiency i.e. low power transfer.

Figure 3 is a graph illustrating the calculated impedance of the antenna 18 of the
RFID tag of the present invention, where distance a equaled 140 mm and distance b
equaled 10 mm. Note that the scale of this graph is different from the scale of the graph in
Figure 2, so that the larger impedance values characteristic of the antenna design of the
present invention can be more clearly displayed. The line 54 plots the real component Re
Zanr of the antenna 18 impedance as a function of frequency. The line 56 plots the

imaginary component, Im Zanr , of the antenna 18 impedance as a function of frequency.
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given for a radio frequency range of 915 MHz; at 915
MHz, ZPRI ORARTDI POL EANT (24.6 W - j 13.6 W. Figure
wa 2603066880 he cal cul at ed val ues of the real andPCT/US2004/041745
i magi nary conponents of the canpl ex i npedance of a
prior art folded | oop dipole4§ntenna. The cal cul ati ons
wer e perfornmed using an antenna nodel i ng program ( NEC
Ndlgnks vatads &t Re Znoraghket Zgsr @OdEfOI' a\fmqha’ﬂtly @f 915 MHz:; ZpreSEnT
commercially as NEC WNPro from N ttany Scientjfic, .
INYENGION DIPNGANT TRAEOhE] & Shp¥x Tl%ﬁ’ﬁglﬁ lafiarts ers peripped using the
| ovd A098; WameriBasledt s Code.
PEE KT E ek R Ffo gy 0P, e Ao e 41 ot
Nelirplad sdanfreguencystionerest EHalNHek die antgpad dBsbows a real (resistive)
. (resistive) c nent and a snpll i maginary. inpedance
i SRR, RO anY Tobeps Ry g Vish BoRt or -
indidive) pREBI THORBhinidR R MiRAkal((3F M&@ﬁb@kbﬁ@bn&ﬁ 5P @RS Hpedance
of the folded dipole inpedance does not mafch the .
oflthe geentivesntends ofvhieeianyily appreximptohematches thheeal (65 Q resistive)

P B PSS, 36, bty 05 0 i
ofGRIRRIHry 8dmphient 6f e dmpeRatSati tHPRIBNER MEHHa BPthis example

match the |arger magnitude (720 Wcapacitive) of the
appraxginaghymaichgsche nagoitudeHd20 £ eagraitiee) of theuinaginapueomponent of

o TR B 50 B0 R 3G Bt bl 05 d TRy
comfponbf dTHgsienREakde f AR Gerftivie aneARA6H this&hmple ik BBposite to the

i magi nary conponent of the integrated circuit input
phappei aapssitiveh ef & smaginetyeompaneniaf thedoiepiatrsaircoft 3oHaput

. fal.ded di.pol e antenna is n bal e _t.he i.nmgi nar :

i e RO e PR Ee S e PRl TR hieler i

ex@mplelartlubs inddpratad bircdf IGRbuliedRaalc: aphexagatlfbhldnbeE so as to
ot her. Under these conditions of m smatched real

supgiamitlaraiiscider cansphl cagietbien Fadiip aroferecdripertretiimatelied ieal

S SERE S 3B St IEREBREE L g v

3eciaielignces) thdeledtrintphatiesigral bsirbedbyt fhe laptened {8 Giile met¥nna couple
i.e. Iowciaqwer_ transfer. Figure 3 is agra&gp. )

toithq igtagrated eitpuitio with Bighafiedencapenamsarasitothropriorifakied dipole

anéﬂ?xg?fdisul]s%em&etrglgtegﬁ%ﬁ%%ryﬁ.eSent i nvention, where

ance a equal and di stance b equal ed 10

M Net delbdisit stithera®Cld @apbe iy dielgttgip ndt&ialikhdwn émthe art.
fromthe scale of the graph in Figure 2, so that the
G

h
Exagniesofispiieidadietectig m@grielﬁ frsubsiraies i3 inclide palyetivyleagna

e o tpul R Ry dOKER BDERL pBSoARISe Ba ke
(cdAMbaly kdvevnantFENYacd®lym@e dARET aad PEN, polyirhide, @fd polypropylene.

frequency. The line 56 plots the
Prefera%ly, they thickness of the c?ielegtric substrate 12 is in the range of 0.010 mm to 0.200

mm, and more preferably, within the range of 0.025 mm to 0.100 mm. However, the

dielectric substrate may be any thickness and may even be a non-uniform thickness.

An example of a suitable integrated circuit 36 is commercially available from
Philips Semiconductors, based in Eindhoven, Netherlands, under the part number

SL3ICS30.

The antenna 18 may be made of any type of conductive material, such a wire, a

conductive metal pattern (such as those formed from metal foils such as etched aluminum,
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I magi nary conponent, I m ZANT, of the antenna 18
i npedance as a function of frequency. Note the val ues
woban0sRecSE8ANT and | m ZANT gi ven for a frequencyPof/u814/041745
MHz:; ZPRES ENT | NVENTI ONDi POLE ANT= (67.0 W+ | 75
1.5 W. The cal cul ations were-perforned using the
ant enna nodel i ng program nenti oned above (NEC.
etéhmdmopperl plEtedccbplnﬂlrang ttej lds:) Guutintyd mﬁncuw@at‘ca@r (such as those

mg&qé&ﬁ%@ﬁ% t]g/{:ﬁ e; oerlsqt]‘rlb %leco %ﬁ%\ onally 1nc\?5d1ng
prbEROLRAS % 1@&%@%&&%}3 AgAEss¥d & p@Pﬁé\if&éﬁf ?fo@ éxﬁr\ﬁle as disclosed
I nductive) phase. The nEgnitude of "the real

1nrpebhshec1\1é$ P,aimjafrwh?attﬁn ZQQé/ QOBi)"éi@a miiéchas hcmby ingorneratedby

re?e% ngg{eg.tqlg‘pgﬁsseg o#‘g%lﬁ ﬁ csrf% gcgh%(r ogﬁt %ggf?uctu]yg H{a?enals

kndvn t0RkGseiskPRAaNEe artThe nmagni tude (751 Wi nductive) of
t he i magi nary conponent of the inpedance at the

' nveﬁﬁé MBerAR8RAGwWR In F%’uﬁe EXambSle @%WW&HE@IM conductor 24 and
mat ches the nagni tude (720 Wcapacitive)

a $evaind crandycton a@oHewevarf otherewelhkagwa tefdnias rkrngwn nsﬂler ampmay be

edance. . The. phase nducti v f the inary.
g B oBRad VbR Ao AsienBh oimett 22, dok 9P hiEd Hipole,
sphlal &t&ﬁﬁ@*‘@sﬂa‘ﬁe&’pﬁﬁé}hfaea Idéptahenﬁb 85@eir thmpRARAG, blchek slot
of the imaginary conponent of the integrat ed circuit

ang@namput i npedance. The i magi nary conponent of the
I npedance/inventive antenna of this exanple and the
I nt ePlicadprehtivinrof thet préfent mpamtldﬂmﬁkimﬁhﬁhamsmﬁedamﬁi negard to the
hal ance, so as to subst ant i Iy of set or. c ncele
follgwnestetailed expmplgs-sT erérm tﬁ(aﬂn@rré ilysgafe the various

R g

thﬂi eaiy wiragoesd ind modifiedtioab saythedndle wiik rambmhrgewitBinthé cope of
ant enna couple to the integrated circuit 36 with high

the preseitdmsptions conpared to the prior fol ded dipol e
antenna di scussed above related to Figure 2. The
di el ectric substrate 12 may be any dielectric materi al
known in the art. Exanples of suitable dielectric

Exmtpdes al s for substrate 12 incl ude pol yethyl ene

ter htha NQM}.-as | yest er or. PET.

ol y OB R D 6 e U IRGAE 30 R GRS Bk grion wes made,
as‘iﬂrﬁ’s‘ﬂa}(ﬂqﬁ? 1g1fre PETh&BEndsNns BAthéiamiedBa 188 illustrated in Figure 1, and

pol ypropyl ene. Preferably, the thickness of the

thel it ofi thissyyspleanaduded ans‘al’ distanee phidfemof aIIZﬂ Q'Y distancs of 10

. 2000 BN TOL S, BE e 98l 1 aclib DD B AR, e
substiainferB) 8 Riis %b)de‘bly ﬁé’tﬁl%s(ﬁl B RIckBYE '&ogﬁr dn a.025 mm

non-uni form t hi ckness. exanpl e of a suitabl . _
thicktpetpimidecsubstrateii 2 c@amersialyraverailefioy veant Higceronicahased in

Wilmington, DE, under the trade name Kapton E film. Photoresist material commercially

available from MacDermid, Inc, based inWilmington, DE under trade name MacDermid
SF 320 was laminated to the surface of the plated copper film. The photoresist material
was applied to the substrate, in the form of the desired final antenna 18.

The exposed copper was etched away, leaving copper in the pattern of the desired
final antenna 18. The remaining photoresist material was stripped off the copper, using

the methods suggested by the photoresist manufacturer. After stripping the photoresist
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Phi li ps Sem conductors, based in Ei ndhoven,

Net her| ands, under the part nunber SL3I CS30. The
wanv@rmaessd8 nay be nmade of any type of conduct PCE/US2004/041745

material, such a wire, a con ctlve netal pattern

(such as those forned from foils such as etched

al um num et ched copper, plat ed copper and the like), a
materialf the pattmlaat td)pper patirarly iqstdmabformheomsdeftrad dla‘pcﬂ:yimide

o e 0 S o TE Ao & A T BB S s e

r €586 K
e

shaf mbmmaged tmh.hc mtégzathd piadyit ¢qmoo¢tmmﬁssdh¢sy two traces were

Lqeoferenc ). nt e% essed ﬁ% f\r bon
Ble TR dnteEaied Gy Ban cone 5 those
ski ItRinkdhnh PO 13l bn <af mﬁna{sﬁm@&nﬁh@ma i dithetsiéh df 10 mm.

is a dipole antenna with a first conductor 24 and a
Thedustubréomadfiht secopd anﬂ%lome«zlementowa”sefprmgi gs-&keitplnwith a radius of 5

t ' nb
meer et dn s Bl BR B pBRT 2223 e oA AR o) Y. The
se&ﬁiddﬁéméhw R s@of®hfitdhnadMBa vas afomzedsdam@le With & patus of 5
op antenna or their conplenents, such as sl ot

mmrattechealgo tirhendodSeafdhe spgond cph@omre?éemthuandedme@ﬁlowmf p8 mm.

g :t ;Kﬁrl tgg egzg Q‘%ﬁ% %{éllgpf% émn%QICig bi é‘glgf I;hé #%S%n[‘l Yonductors,

babdd AR d Ve SUEBERNEK @ndéd the F&ﬂ ﬁam@elf $I1c31a840 pras beiched to the
enbodi ments and techni ques. It should be understood,

pobamdﬁublswatu ﬂmrqylsofa@mg@@r&\@t%ﬁlmr@@eﬁ%aff hisrigteggjedrarcuit 36
f
TG o S CMEPL OB By A0S GRS ID 457

RFI Q"He&ﬁmi'}ﬁra(@fvefeﬁﬁnﬂé QfRAba Way fitine® Dsivg sheMaAR, précedures and of
illustrated in Figure 1. The djnmepsions of the antenna

the samag dimenpigas asibe dhvieptivg @wr@aliescmsd ahevegreantile esnparative

h| S LS 140mm and a
Hf@{lggeczm%ia ﬁ{f#}& e%rﬁ t?: %lrr%glre a%llag%éeje%%rcripl e of a
pr | Bin@ thedlof @ebaslirp@] the £l NitnapdBrphsentEdRedatize provides
antenna 18 was made by plating 0.118nm t hi ckness

quesiismebleapsudis becamserihe mpgasiiEoNGanyilerds élaﬁoaﬁt@ra@ethm affecting the

meas{ll%?lvg U%L l%pr@fé@gﬁ %l e{O C‘:Q’Eie %ér e C% g&m%hg g'lteonm@l?%lslﬁ%edance

of Eﬁw&rﬁérﬁﬁl a‘iaﬂ thml@islt@ineamad idésitdnge aagreatll read distnce is indicative
MacDerm d, I nc, based i nWI m ngton, DE under trade
of gaser hanoed mpedances.

The read distance of the inventive UHF RFID tag 10 was measured with a 915
MHz RFID reader, commercially available from SAMSys Technologies, Richmond Hill,
Ontario, Canada, under the trade name SAMSYS, part number MP9320, operated at 1 watt
output power. The RFID reader was connected to a circular polarized antenna,
commercially available from Cushcraft Corporation, Manchester, NH, under the trade
name CUSHCRAFT, part number S9028PC.

The read distance of the comparison example of the simple dipole antenna, with
same model Philips integrated circuit model SL3ICS30 was less than 0.3 m. The read
distance of the example inventive UHF RFID tag 10 was 1.5 m.
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SF 320 was lam nated to the surface of the plated

copper film The photoresist material was applied to
woOhersaaéssbrate, in the formof the desired finaCT/US2004/041745

antenna 18. The exposed coppﬁr was et ched away,

| eavi ng copper in the patter 85f the desired final

antenna 18. The remmi ning photoresist material was
[ ri pped of f the qoppexuengsi nig_t he retpbddee @Nggest e
y the photoresist] manufacturer. AeZr stripmbg th

hot or esi stmateri gl, tMézpatter néime@per ahte(@p 1
its final formiwas left onl the polyi de substrate

0!
<]
¢]
i
The resultant 0.018 hm copper tra(‘es were of the
5.
$!
[
e

alnéegraﬁqdc% h f t Hi7ak
he copper traces were 1.000 mm wi de, exrept for th
WOompepattvetiixarople qonnected to| the integrated circui
p(PniecAitdloldedds; tlhese91wo trijaces 2dére 0] 100 idPwi de.
hBipoke) egrated cirlcuit was connected to fthe ends 27
he antenna 20 had an 'a' dinmension of 140 mmwith A
DExAhptensi on of 10 nm The flirst portion of the
econd antenna el gnent so@s forned3a9 a circhkesw.oh p
adi us of 5 nmand attached tjo end788 of [thejsrst
onductor 24, with a 'c' dimgnsion of 4 )mm The secpnd
portion of the second antenna el enent was formed as a
circle wwth a radius of 5 mmattached to the end 28 of
t HEabdet.oRdalaod dmaginary%qmmrtehts@f Tmpedhinoenfthe integrated Circuit,

mnm An in r at ed rC|t ai l bIe
from Phi I¢(ﬂ'8p9§%tﬂﬁ'e 3%" ngtgof%a% %ﬁﬁ V@H
Net her | ands, under the part nunber SL3I CS30 was

attached to the polyimde substrate 12 by ani sotropic
C o ndlistteste afid test rasitissiesasibed nbevei ane mjmﬂteé dolelyrte betillwgative,

P 8B REEBNR T RURL B R Safr ker
(hﬁ&kﬁﬂﬁgﬂﬂgs formed using the sanme procedures and of
the sane di nensions as the inventive antenna descri bed
abo
L e SN
entfedfmernts thetdod. Thaloreguing detgiladateycripiioarand ekappldahae been given
provi des questionabl e results because.the neasurin
fopelary qfdlggerstaﬁémgﬁpb 0. URINGESS Y Clgetthas Pt?etoﬁ’é%ﬂ?fgt&(’d
S,
B U AP pRLAL ahd e PR iOn SR L A A5, TRE B by
refeeaser & witlda a@psﬂeamehosé sb]ﬂledtﬁreﬁle ragtdbatdnatyarhergassan be made in
i ndj cative of ¢l qser anced dances The read
they P b e Sre rEbef MU iR JPACHE T By 0% 6 B RSy s the
sc%é ¥ tﬁe eV iitveRt bxpsﬁ(ﬁl?&iﬁét beqmrtﬁ IR dxhcOaeRdilsaRl Structures
om SAMbys Technol ogies, R chnond H I |,
described hereln but rather by the structures described by the language of the claims, and

T O T H W I—\_"O ow

O - W’

the equivalents of those structures.
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Ontari o, Canada, under the trade name SAMSYS, part

nunmber MP9320, operated at 1 watt output power. The
weRlB/eesrgder was connected to a circul ar pol ar PEeaS2004/041745

antenna, commercially avail abI e from Cushcraft

Cor poration, Manchester, NH,~ ldnder the trade name

CUSHCRAFT, part nunber 89028PC The read di stance of
WHATASHOBAINGED #anpl e of the sinple di pole antenna,

with sanme nodel Philips integrated circuit nodel

SLSI CS30 was less than 0.3 m The read di stance of the

la%lél‘f‘t?@({ﬂeh&’}e&% ?Ir:éc@o Y‘r@d%ueligy Wﬁ éc H)’(n&;‘ﬁﬂﬁ?ﬁ g
ance Re ’
cdmprsmmt ed Grcuit 915 65.0 -] 720 Conpar ati ve Exanpl e
(Pri t Fol 15 24.6 -] 13.9 D pole) Exanple 1
900 %f‘gélifm%fgbs(d‘f %15 67.0 +J' 751.4 Tabl ¢ 1. Real and
I m%)%raylt&ﬁaa@mea% Bk dhéﬁmﬁ@mrafs &H&elh%@ %t@ﬁr?adcomprlses:

Crcuit, gparatlve Exanpl e, and Exanpl e of
Present |i)adnstiantenthelemest, svharedn thedirstrantapha sledestqcommlses a

above are | ded s rativ

Chan prediet 1Ruetr &R Sistabdeupter i h stifhagnauelot has o s
pr ocedur eeriadndReseeoiegideppbateithe it shd, fafefiih tHefﬁi‘éﬂ drferma

The present invention has now been described with

r ef er enceclemeridy eqlegtedsintroenifen desited epergting fiaguency range of the

f or egoi ngangenn%l d description and exanpl es have been

gi ven for Tar y of understanding only. No

unnecessaéifa deboid atératlaicnt,vwhddéin HrdREsiPAAenna element
therefrom Al|l patents and pat ent applications cited

her ei n are@mgisehy firsh @@rfq@@raad adeqopd pertinnewberein theirstiportion is

changes. caheld BIBESCR PG MOAM Eorlobigh 4R i aERond porton is

wi t hout defaalidd tbghd $eabnd éﬁﬂ STaRPScoihd Ediftutioy @Rl vferein the second
Thus, the scope of the present invention shoul d not be

limted tagtenna elersat isgelegied o pivdidstardesired imapedance value of the

antenna; and

c) an integrated circuit attached to the first end of the first conductor and the first

end of the second conductor.

2. The UHF RFID tag of claim 1, wherein the integrated circuit has a first impedance
value, and wherein the antenna has a second impedance value, and wherein the magnitude
of the real component of the second impedance value is substantially similar to the
magnitude of the real component of the first impedance value, and the magnitude of the
imaginary component of the second impedance value is substantially similar to the
magnitude of the imaginary component of the first impedance value, and wherein the
phase of the imaginary component of the first impedance value and the phase of the

imaginary component of the second impedance value are opposite.

3. The UHF RFID tag of claim 2, wherein the first impedance value has a first real
component value and a first imaginary component value, wherein the second impedance

value has a second real component value and a second imaginary component value,
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described herein, but rather by the structures
descri bed by the | anguage of the clains, and the

weqguiswaéssmnt s of those structures. WHAT | S CLAI VBOTUS2002/041745

An ultra high frequency ("UHF"Q radi o frequency
identification ("RFID"') tag, nprising: a) a
dielectric substrate; b) an antenna attached to the

whespia dhe figst @abeqmmr@nt vihes isiequaltie ﬂ@rﬂeeqmlare@lcnmprposem value and
nt enna

V{/l%eran tlltxer ﬁg%rg%ﬁg 4R ale i Q}y e wher e%t of éﬂ dsegogci & ance value is

I SES

egosldo clicohagnifude ef meﬁﬁﬁgln@WEntr@$h@ﬂdgir§E e&ﬁ?@r{&t of the

second end opposite the first end, wherein the
R ERRIRTGF SR AoV Rsspia dhaphase obihevinagnarydesinosent of the first

1191@9&&‘?1% D8ub hEAHE 'b‘ﬁXser mgﬁbrf?%geﬁgﬁ {:ﬁﬂf)&{e%? of t%gﬁ?coﬁh Jjmpedance

cond antenna elenen second
veluermenoppoeitpri ses a first portion and a second
portion, wherein the first portion is attached to the
second end of the first conductor and the second
4PThé UPIF RBITALA g%@ REsn 10 %Efeir?‘ﬁlg ?ﬂ% p%ﬂgonogf thd t&?r?atoﬁhg a first real
conduct or, wher ei n e second "ant enna e
cemperang dlaltio alpﬁ aiird émagideryi coegponem edmn aad vl seeomf pdrtien of the

FRD E R Bk P SRRl e s s RGoreipcps value, and
vsthb&nﬁ&@@@ébn@%ﬁi@i &¥the datediSis MiECEE io[i%rt)@lge Afseld lgﬁljc’omponent

wherein the integrated circuit has a first |npe

v3lye grd segapd iRagiedty comporant alna wWhach aasmtsnduamncmgemaﬁ:sereal
nponent

the magni t ude e real
Ceﬁ?b & gegg%}ﬂgie| fgr%lg Heg ) eERege B@Fa’iﬂ?f‘)&?qiey the iserong
1mpedhme g oftthiel altéfﬁnat JuBsth@dlyGRINANSe Me Bt dhhdeSValue of the
nce val ue, and the magnitude of the i maginary

m&%ﬁ%@ﬁ‘fu“of t he second inpedance value is

substantially simlar to the magnitude of the

i magi nary conponent of the first inpedance val ue, and
Swiibe B RAD plas elath 4 hdeteitie TastyhofHSINE intSina 138 a first real

first i eda e.val ue and the phase of the imaginary
CTRSEHE rf]t HUSCERGHHTY feyaRRisabvaleg ansl the seaspg psitica. of the

alﬁennyhﬁs H‘s‘&:oﬁ\h—' kda1 E@Iﬁp&{e]pf L b X\é&%ﬁ& iﬁagtntl]aery clomponent value, and
I npedance val ue has a first rea
wherein the second portion of the antenna is selected to provide a second real component

value and second imaginary component value which assist in balancing the first real
component value and the first imaginary component value to provide the second

impedance value of the antenna equal to the first impedance value of the integrated circuit.

6. The UHF RFID tag of claim 1, wherein the first portion of the second antenna element

and the second portion of the second antenna element are in the shape of closed loops.

7. The UHF RFID tag of claim 1, wherein the first portion of the second antenna element

and the second portion of the second antenna element are in the shape of polygons.

8. The UHF RFID tag of claim 1, wherein the first portion of the second antenna element

is dissimilar in shape to the second portion of the second antenna element.
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conmponent value and a first imagi nary conponent val ue,

wherei n the second i npedance val ue has a second rea
woanpmaersh val ue and a second i magi nary conmponear/us2004/041745

val ue, wherein the first real conponent value is equa

to the second real conponent'%%lue and wherein the

magni t ude of the inmagi nary conponent of the second

i npedance val ue is equal to the magnitude of the

o TR KEhSFRt Sl Wit FR P i S HEE %n paerinn clement
isl s dadiasHageab R RBéndhortibe of the StcdndRBRARE Slei@htie and

t he phase of the imagi nary conmponent of the second
i npedance val ue are opposite. 4. The UHF RFID tag of

| @ [ fii oFti f.th nt enn as
16 PheUpee MO B UCLATR L bBbisBOh 6P oBiecntt AL R ot cloment
isatiffpeniintsizéahanetha Bebohd oS RaWTthdXREbidahtéina lehensapt enna

has a second real conponent value and a second

I magi nary conponent val ue, and wherein the second

Ot | ' ' econd
L poThe DRt e SRR, e R TR LB U e R R o
inchidaeneahdarh assi st in balancing the first rea

conmponent value and the first imagi nary conponent

val ue to provide the second i npedance val ue of the

12T HHFRIGE tag of alainy 1swherehrthe st wenduictos end seseddnerductor are
f ' .Cl EGUi t. The ,UHF RFID t
i 28 e BB RS R drpied B0 TR nna

has a first real conponent value and a first imginary
conponent_val ue and. t he second ﬁorti on of the antenna

1hakheUBERIHY tag af clatmpowbereinghe fest apignnpe demenids made from a
R SRR t [ e second

d%or t |t %ﬁ{dgf t he&gﬁ?édﬁ%rgﬁllggecsogﬁgﬁggg& ?ISHlS%l%vi de a second
real conponent val ue and second i nagi nary conponent

14 o R BRSO E et hewkitFiohe dialp i ybeteapnbes a diclectic
' ; f the. .

B £ 2080 A58 SO TRRSURE LS el o i

spbcg@g&a;t,mlgil%@hmmZ)ﬁ. The UHF RFID tag of claim1,

wherein the first portion of the second antenna
el emrent and the second portion of the second antenna

I i,n t shape, of. ¢l osed |oops., 7.. T UH .
1 Mol P e o F i o EoRe BBl oG ¢ st sice
angleGReishdMdesppdsitd BETRdt salRdwheRinsBe ameniok kitfdhe@to 1R irst side
second antenna el enent are in the shape of pol ygons.

ang theriptegrped @Ep > attpghesk todheisaepnd sidher ei n the first
portion of the second antenna elenent is dissimlar in
shape to the second portion of the second antenna

166 B F RFIDheg diHfaiRE] Dviicagin die diktahdd betwadhahe fifst pBRion of the

first porti on of the second antenna el ement
second antenna element and the first conductor is different from the distance between the

second portion of the second antenna element and the second conductor.

17. The UHF RFID tag of claim 1, wherein the length of the first conductor is different

than the length of the second conductor.
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Is simlar in shape to the second portion of the
second antenna elenent. 10. The UHF RFID tag of claim

wa 2008066880 n the first portion of the second anPemma2004/041745
element is different in size bhan t he second portion
of the second antenna el enent““"11. The UHF RFID tag of
claim1l1, wherein the first conductor and second

1% oA duthet of manufasuriegardelire higiofreqrigecy (AEHREY) mdiafreqdency

claim.l, . gin the first..caopductor and second
idgiRibn D% g Mipiididd G BBPYBECL ernea” conduct i ve

f oi | 8 providipg adi€ldctcio RAbEfateye traces. 13. The UHF RFID
tag of claim1l, wherein the first antenna elenent is

madebXseltting an prternaronssisadef ¢ st Awterna demeniand efsecond antenna
i?c \?\ﬂgm@ﬁkt @@E%inet!hg ?i?&tanteglﬁa elgS %ntqygelgﬁéﬁgg@gvfgg a%egkeqll

erern di'el'ectric substrate
di el egtrating feapstiantnge of the gitenize tvverein B6Geddrd aatetin®d 6l@ment is
VHz, erein egis the permttivity of free space (e0 =
8. 85I IeRFNIfp3 5@5_1@. =R wve}i%r, By heEn @Ffaaqw,a clement
wher &ifinidaea Gir& e6fduchdr apll Q%E&ﬁ‘lﬁ%ph&\fcltd%gﬁgeﬁi éa’éﬁ?coﬁc% g)r has a

and a second side opposite the first si erein
ant efirstiendsanglta sectmeblertdoopplosite the §irst shdlend wehetdie the second antenna

i ntegrated chi. s.attached to the,second sjde. 16.
The GFCTreo e SESLPATAR 11 AAeo8n ROTHE: Akt ance

bet V‘@‘-’d@ta&lﬁﬁg fHerattenRR¥J the it H&ibsese B HARLERE first portion of the
elemént and the first conductor is different fromthe

di st senomd faerwestendnd issastaohad! tp dine seoonbéndt dféhe Brsd nenductor and the
antenna el epent .and the second conductor. 17, The UHF

o1 e IR bt P Fecatf R ERRE SeBeRER alifiid i ths SProndidnd of e
condygeb R cdnduéltbf;faggent than the |length of the second

conductor. 18. A nmethod of manufacturing an ultra high
f r eqdentieghing wrimtggratad chcdit wdghe fitsy endieithe firs spndyretor and the first

("RFLO)-.tag, c rising the steps of: a) providing a
di eleg@t(%fiﬂ&e %ﬁ%%c??r@tdg?to%) sel ecting an antenna

conprised of a first antenna el enent and a second
antenna el enent, wherein the first antenna el enent is

1% eThegmethiod ef grigy 1 Bavherein dhe lateeries eirquiidias p fggtdmpgdance value,
anﬁ%%‘?eigfthé e 'ath?E‘gé?coﬂﬁ %@éd&n&‘@%&& aR4 %%{é‘il?gl%%aegnuude of the
el enment 1s selecte 0 provide a desSired I npedanc

reXalouhonwdteif eheset el nipedincevaRienasublsanidity dofipr ioS8S nAgnitude of
first conductor and,a second conductor, wherein each
the gralicempenenbef the first dmpedracayalue 28 thsiaagniyde phibigiimaginary

co&ﬁb%ngliltro‘cfttheegégon@ﬂﬂoe\ﬁgﬁfeq)aﬂletiy Slb%%ﬁﬁﬂgl RGP 3 he magnitude of the
imaginary component of the first impedance value, and wherein the phase of the
imaginary component of the first impedance value and phase of the imaginary component

of the second impedance value are opposite.

20. The method of claim 19, wherein the first impedance value has a first real component
value and a first imaginary component value, wherein the second impedance value has a
second real component value and a second imaginary component value, wherein the first
real component value is equal to the second real component value and wherein the
magnitude of the imaginary component of the second impedance value is equal to the

magnitude of the imaginary component the first impedance value, and wherein the phase
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el ement conprises a first portion and a second
portion; and c) attaching the antenna to the
wdi2el5@66889 ¢ substrate such that the first port POWUSE004/041745
t he second antenna el enent iz attached to the second
end of the first conductor a %’the second portion of
the second antenna el enent is attached to the second
of dlmlimefginane cerapenedt efbthe fictt dmpedaner luetnddbnpheped the imaginary

i ntegrated circuit to the,fir of the first
cogpit tog&easﬁao'%#l Redange ngnug agfc‘&%@gl%econd conduct or .
19. The nethod of claim 18, wherein the integrated
circuit has a first inpedance val ue, and wherei nanfg

h
21z rRhermehohef deigh Korhertp Serdeeooripy el ha Aaenpbsia {ptise!
TR S BRI SR ER porion of
antamgh hhdglsecond tdak coreponenbvahonanita stondiedginasy compataneaue, and

W g SEn] FRFR L eiaieaRe (<5< B L Ve oSy e cobgponent
vﬂ&%ﬁ%gwnﬁqﬂﬂﬁéﬁ&}l Jbgnﬁ I\ ARLeKyIGONRRNE H bdMincidbehE it treal
ance val te, "an er t he

I npe ein the phase of t
compagentanineandplontst ingfginang cémpatent valedimmrevida theseeorsl

iRt A S A AR S301eF 0 et RBA-Gpog et th

inékgratéﬂk‘?fcﬁ'itn the first inpedance value has a first real
conmponent value and a first inmagi nary conponent val ue,
wherei n the second i npedance val ue has a second rea

2 it ipep Eoti AL ReSE EL St ER SO SRR Pt aepla
colrpohbBift aRRAAE afBH infe@MRAN@MposshtuR LR MEhdWheERbAd phi€ion of the

magni tude of the inmagi nary conponent of the second
antempe Hane sccond weal pempensat valee aiden seaee impginasy cempponent value, and

i maginary ¢ nent..t he first -
RGP RARER oA LhAB TR BRI Ao componen
valud a5 sbomRdmagRamadoneonsst vahe wilials esstst it hdaricivagihe difyt real

conponent of the second inpedance val ue are opposite.

copipondtieatustand theofirst ingeinary compeneat Yalvne mrpyide thegeeonsh

. of .the ante h [ r . N . -

infreg it ARG PR A RTnE snull 1w 1ERERRRE Phgk B R 1ABEaRd ciruit
of the antenna has a second real conponent val ue and a
econd i nmagi nary conponent val ue, and wherein the

23 ddriactho of bl S.oieran e fial partierp e geropg apiegls glemgnt and
3 SE0R % oF UPSRAN S A RETANE HERELLA L toos

real conponent value and the first inmagi nary conponent

val ue to provide_ the second :
24. The method of claim 18, hereem the first portion of the second antenna element and

the second portion of the second antenna element are in the shape of polygons.

25. The method of claim 18, wherein the first portion of the second antenna element is

dissimilar in shape to the second portion of the second antenna element.

26. The method of claim 18, wherein the first portion of the second antenna element is

similar in shape to the second portion of the second antenna element.



I npedance val ue of the antenna substantially simlar

to the first inpedance val ue of the integrated
WOi20@51066889 22. The net hod of claim 21, wherein PCTAIS2004/041745

portion of the antenna has aé{irst real conponent

value and a first inmaginary c¢onponent val ue and the

second portion of the antenna has a second rea

2T ohpometiod wi clagm d Bowhersindbe 15t peidion & Yhecepprohentinna element is
. ; ejl.n the rtion _of the antenna
¥k i B A S ol o SE A0 DY AP OB R 21 L
and second imagi hary conponent val ue which assist in
bal ancing the first real conponent value and the first
i magi nary conponent value to provide the second
I npedance val ue of the antenna equal to the first
i npedance value of the integrated circuit. 23. The
net hod of claim 18, wherein the first portion of the
second antenna el enment and the second portion of the
second antenna elenment are in the shape of closed
| oops. 24. The nethod of claim 18, wherein the first
portion of the second antenna el enent and the second
portion of the second antenna elenent are in the shape
of polygons. 25. The nethod of claim 18, wherein the
first portion of the second antenna elenent is
dissimlar in shape to the second portion of the
second antenna el ement. 26. The net hod of claim 18,
wherein the first portion of the second antenna
element is simlar in shape to the second portion of
t he second antenna el enent.27. The nmethod of claim 18,
wherein the first portion of the second antenna
element is different in size than the second portion
of the second antenna el enent.



