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RADI O FREQUENCY | DENTI FI CATI ON TAG TECHNI CAL FI ELD The presegntya ntion

rel ates toyanb@wagssesi gn for radio frequency identifi cqt(f]onsz()é%%ﬂ ') tags.
More particularly, the present invention relates to design for RFID tags 10
particularly operating in the ultra highl-frequency ("UHF') operating 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 interrogated or 15 read to obtain
information regarding that item For exanple, U S. Pat. Nos. 6,232,870 and
6, 486, 780, and PCT Publication WD 00/ 10122 descri be various functions and
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~systens in |libraries and for other applications. 20 The design of a typical
RFID tag r i gin in the sem conductor and printed circuit board
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i ndustries. Although f ipna t i as-. a nunber of features that
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hi gh frequeEgDeptags. Wbre parfidulély, @qRéRAt iRFddaoh3datel RedRi@abf RERD tdgeduct ance
of an antenna is connected in parallel with a capacitor such that the

resondnt f petjodady opsratinganithe uitrh Sighedeeqpenayi (FEHIET) operatingdundo a prescri bed
value. I n nore advanced fornms, the circuit of the RFID tag may include an

i d o Lo oot circuit. Vari t hods, haye b
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for RFID systems, and exemplify the use of RFID tags in libraries. U.S. Patent No.
5,963,134 also describes certain uses for RFID systems in libraries and for other
applications.

20 The design of a typical RFID tag reflects its origin in the semiconductor and
printed circuit board industries. Although functional, the design has a number of features
that increase the cost of the finished article and efficiency especially at ultra high
frequencies (“UHF™). In a resonant RFID tag, the electrical inductance of an antenna is
comnected in parailel with a capacitor such that the resonant frequency of the thus-formed

25 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

30 the following references: U.S. Pat. No. 6,501,435; U.8. Pat. No. 6,100,804; and PCT
Publication WO 00/26993.



dielectric substrate; b) an antenna attached to the dielectric substrate,
where the antenna 5 conprises: i) a first antenna el enent, re. t first
ant enna eWwermeesiosessapri ses a first conductor and a secomslr/ggzgg,@gdg wher e
each conductor has a first end and a second end opposite the first end,
where the first antenna element is sel@cted to provide a desired operating
frequency range of the antenna; and ii) a second antenna el enent, where the
second arﬁWﬁY@EfﬁH}?ﬂNﬁENE@\Ia first portion and a second portion, where

the first 10 portion | attached to. the second, e f. the fll‘@é §onductor
and t he second BHPTOH! 116 PREPEHEKRHOP SRS B Gk dregrenen Qe

conduct or a3k ﬁé]ﬁﬁr‘?dénﬂﬁcﬁﬁﬁqnﬂFﬁm)%mal‘I@@HP'NFID't&g,%%h?EE&%da)té) provide a
desired |npedan{ce val ue of the anténna; and an integfated” circuit

at t ached dieletthie sglisirate; Bt anfennhettdched to tbedttiﬂt;trm substriate, h:ehdre thetantenok of t he
second conduct or ﬂcf%} | n one ref erred eggﬁdl ment .of the above UHF RFID tag,
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of the second inpedance value i§ substantially sim he magni t ude of
the real appoyitetbafirsoénd, mdefe the first aptestrndensrdlissslecanido tpnevidevadesitedde of t he

i magi nary conponent of the ond i npe ce val.ue i s substan |aII 20
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val ue an ase of the Imagi'nary onent of e second i npe ance val ue
are m)ppospdmon ik nttached tvethe asqoadenabbfﬂlhrﬁsst cemhmﬂ:grrm«hthe mhmdfpomcﬁn 1srrpedance

val ue has a first real ent value. and a fi magi par onent

val ue, twétagleécseﬁw.smd&ﬁ o e el Sl has e npe em&phe and a
second i FRAE Bsin¥@liBedab vl SHithd Sitbnfa0 HRPOSH Y

subst ant ﬁgﬁlélﬁic?&ﬁ‘l%?ar to tsnre se@%r?g reaa conponent w{}e é?\dgl{a%g first

i magi nar yircaib apaehedhto thakire cid ofthb $irstconductoy asd thel fast énd dfite ssemaind | magi nary
conmponent v Iue where the magnitude of the inmaginary conponent of the
second i rfy8 U¥e val ue is substantially similar to the magnitude of the
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val ue, and the phase of the | maginary conponent of the f| ance
val ue anchaphdisst impedahes vakey theaseyonsloamanne nlemehit hdse ssmmpedmdaaiue, val ue are

opposite., In an t her aspect of this enbodinent, the first inpedance val ue
has a f i ria¢ npgamd ﬁ%ﬁ%‘ﬁ@%ﬂ?ﬂ%&&h}eé@oﬂ%@%@ %Qalslﬁ?ﬁsﬁa@é‘?ﬁm/ 041745
-3- val U%nﬂg& t@tﬂe‘ﬁ%ﬂﬁl&@@f'tﬁé‘[éﬁl ESTPRRARNSE tHAHHE impdiEn&SLARIaipgdance val ue

has a secon
magnitude of the imaginary component of the second impedance value is substantially

20 similar to the magnitude 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 value and a first
imaginary component value, the second impedance value has a second real component

25 value and a second imaginary component value, the first real component value is
substantially 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

30 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



real conponent value and a second imagi nary conponent val ue, where the first
real conponent value is equal to the second real conponent qumﬁ 7877d the
first imagWedosocegeponent value is equal to the second i,@gjsg(ﬁ,gmﬁggmonent
val ue, the magnitude of the 5 imagi nary conponent of the second inpedance
value is equal to the magnitude of the -}maginary conponent of the imaginary
conponent of the first inpedance value, and the phase of the imaginary
conmponent oflué hed 4 fifss imigdipedamaponsmt uglua ke foaskingfediulte vialdianakycongonponent
of the second inpedance value are opposite. In another_preferred enbodi nent
of the abotfa! epgpouentyalugandiasecend igiaghgrt samppament vagiey aergiberhrashs a first

real . comopgbok iAot i Rl JROLIAENAEAIONGDLY B YRl ilE  seoond

portion of enna has a second real onent val ue and ond

i magi nary caappenevilueiakegel tathd setwndimaginarypotiipoaent oblub ke andoaivade dfshe
.selected to provide a secofgtg real .co onena§ val ue an&ésecond i i nary
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and the fi Iﬁggiﬁws&ﬂﬁaaegpmepg;ggnyla&g!ceﬁp&@en%%hgﬁ?tﬁxgg%éaﬁcé@ odpl Redance

val ue of the =antenna substant imfTar tot i i npedarice val ue of
t he i nt egr pliaad of the ¢miginary rompohére of #repst impbdirkt salarhedpla bf tHehimaginast
portion of the ant etgga has. a first conponent value and a first

. r eal
i magi nary EURPUKETE e sesendivapadarce WREGHROPRASEE-on of the antenna has a

second real conpo . i i ~et he
second portion ngjfd?lt%ﬁlte?r g%tkéélﬁer? ge%gjs(ﬁgg%g%? glg at’gg%ppgf\%%l:e a g’g@%ﬁ} t){)g{fﬂéﬁf 6
conpanent thelanenanhhssefiendal soagionaity abhermnd adhit ivamerywiontlonedsialie and the

bal ancing the first é al conponent va)Jue and the fjrst inaginary conponent
val ue to p¥sondieorting o5le dR§ING hesererend 5al commspentyalug apd A fecond ympipat vt he

first inpe hged | ey - . d
erbodi mont DTS s, 84 i SpgeRERERI ) ittt g ELEERET
ant enna el eabedmpnentt vabieand aacbndamhgiaaryaiontpoaers ealmn avidch assistinddabameinp are i n
25 the shape of closed |oops. In_anofher preferred enbodi ment o he above

UHF RFI D t % firstieal cpmpensgb valpe andthe i yagisay compensi valugfepiovidedhe he second
ti f i : - I 1
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of the secofitle anégand cetidimdntanbthedaspsstif tas embodimapie thetfostgoetigesfthel portion

of the second antenna el enent. 30 In another preferred enbodinment_ of the
above UHF ®ienyatasa e geal pomaponsst valae angd a fiysh inagapas ompensAhyales apbihe i s

L DR SRR i o) AR L SR R 11
207 VO 200&06dn8 8Oy aRET thdSedind/ fodtlohdd the antenna is selected to provide a second real
20 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.
In another preferred 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
25 the shape of closed loops. In another preferred 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.
30 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



-4- portion of the second antenna elenent is different in size than the
second portion of the second antenna elenent. In another prz—:-;c 8T W7

enbodi mnenkvoebosdsgssabove UHF RFID tag, the first conduci®enybésgagnd
conductor include nmeanders. In another preferred enbodinent of the above

UHF RFID tag, the first conductor and -4econd conductor are 5 made from a
W re, patterned conductive foils, or printed conductive traces. hl another
pr ef er r eghoetidaosti thesdcond aitbrmazbmwnt Ik fEehOntsig, thanhthe fécosd paniibenfitheel ement i s
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provi des the peiiniditpbf frensfaactOy+ 8852102 28/Nihfy. anhingthef prefiued esnbodiddnt) radi o
frequency identification ("RFID' iﬁct ag. This nethod . conmprises the steps of:
a) provi &f e abonp PFECRFIR tag e dietpciic yypstzale metudatya Hrst side avrhasecopdpidesed of a
first ant . v Lhe f. L st antenna
el erent | (OPagdaf BEPHGE btk AESRRLARLARIRAT BT IR BElRaEE" 7 R

ant enna, chieisattadhse tethe aadnd sidenhrailerpriferral Gsboiehad of ehepbove UEIFA desi red
i npedance val ue, where the 25 first antenna el ement conprises a first

conduct oRERdag: thedishacelshversths firshpertion oh s seesddntorss clpmsntandithet end and
a second fﬁ%%}pﬁ@t@c?&’ i 8'{ffepe‘?1t fﬁ’ogxsdne ﬁﬂﬂmc@ﬂ&w@%lf{hg _séébﬁg igx)qﬂwﬂ%tf ﬂ?eﬂs.leg el ement
portion and a second portion: andrc) attaching the

conpri ses

ant enna tagtehhigeldinehetidthesesotisdondti®os Uahnbihat prefierel emdbdigent 6fthe aboviche
second antenna elenent is attached to the second end of the first conductor

and the JHEORET ¢ thedength phibe dest sprpugter sndisisreat tee thedengtk obtheseensd to t he

second er(]:gn@cc trhe second conductor; and d) attaching an integrated circuit
to the fiP8"EHd of the first conductor and the first end of the second

conduct or . Another aspect of the present invention provides a method of manufacturing an

20 ultra high frequency (“UHF”) radio frequency identification (“RFID”) tag. This method
comprises the steps of: a) providing a dielectric substrate; b) selecting an antenna
comprised of a first antenna element and a second antenna element, where the first antenna
element is selected to provide a desired operating frequency range of the antenna, where
the second antenna element is selected to provide a desired impedance value, where the

25 first antenna element comprises a first conductor and a second conducior, where 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 ¢) 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

30 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.



2 7 MAR 2007 WD 2005/ 066889 PCT/ US20041041745 -5- In one preferred

enbodi nent of the above nethod, the integrated circuit has agj ERtZdU edance
val ue, andwdmeocsacdapsl antenna el ement has a second i npedgiga @ﬁuﬁ,n he
magni tude of the real conponent of the second inpedance value is
substantially sinilar to the nmagnitude "8f the real conponent of the first

i npedance val ue, the magni tude of the 5 i maginary conponent of the second
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i magi nary conponent val ue, where the second i npedance val ue has a second
real 20 coNPREIBHY coBIPARCT NS theBBhEFal ARIBPIERYValens sHstantiolly similar iethei r st
real conpoRent yah E&nﬁb&gﬁ%ﬁé afPink Bt ?ﬁﬁ@ﬂ%y%ﬁ%oﬁé%ﬁ?%ﬂ? {‘stsuﬁﬁéﬂ:{f‘ang”d t he
first imaginary conpohent value 1S “equal“to the*second I nmaginary conponent

val ue, t he simgité thdgeamdtimeginamgionpoyent valpothe idagoftudelvd tiscianphaiynpedance
value is equal to the magnitude, of the jmm ina_r}/ cqonmponent of, the jmagi nary
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provi de a Sécon
imaginary component value, where the second impedance value has a second real

20 component value and a second imaginary component value, the first real component value
is equal to the second real component value and the first imaginary component value is
equal to the second imaginary component value, the magnitude of the imaginary
component of the second impedance value is equal to the magnitude of the imaginary
component of the imaginary component of the first impedance value, and the phase of the

25 imaginary component of the first impedance value and phase of the imaginary 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
30 second portion of the antenna has a second real component value and a second imaginary
component valtue, the second portion of the antenna is selected to provide a second real

component vaiue and second imaginary component value which assist in balancing the



conponent val ue and second i magi nary conponent val ue which assist in

bal ancing the 2 7 MAR 2007 WD 2005/ 066889 PCT/ US2004/0417-1917 wM ®illr st real
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the present invention. . L
method, the first portion of the second antenna element is similar in shape to the second

ad

portion of the second antenna element. In another preferred embodiment of the above
method, the first portion of the second antenna element is different in size than the second

20 portion of the second antenna element.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further explained with reference to the appended

Figures, wherein like structure is referred to by like numerals throughout the several

25 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
30 RFID tag of the present invention.



2 7 MAR 2007 WD 2005/066889 PCT/ US2004/ 041745 -7 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention is useful for radio freque

identifi ca@vb%os(,oﬁgggb[) ) tags operating in the ul t ra hi gpcf, ;j @?ﬁ i5( " UHF" )
band, which generally ranges from850 5 MHz to 960 MHz; pre erab y 868

for Europe, 915 MHz for the USA, and 9567"MHz for Japan. RFID tags may be
either active or passive. Passive RFID tags, particularly those operating
in the UHF band, use radio frequency signals froman incident

el ectromagnetic field sent out by an RFID reader to power the tag. The
radi o freqpETMLEPDAOESCRIPIION OF qUEIBNYBNINORr f ace between a dat a nanagenent
system and the RFID tag, or between the user and the RFID ta When t he
"RFID tag recei v&he pigsent igentidn is geefbipr sadimEequenamidenteficatinn i(¢ ") tags

el ectromagnetic f.i t enna Wbs, the. radio f uenc ay

Fecel vea  prtinaa Sy MEpdeaRty CPERLYBak Sl R ﬂ)ﬁ%ﬂgﬁﬁeﬁw'ﬁﬁé he

i nt egrat edMZ RUGH I\QHz,dﬂ}@feraBF)J @SS‘ R HPBulopk SABANEY 61 the WISt 6RNYSE HESOMe
portion of the absorbed radio frequency 15 energy into el ectrical potenti al
ener gy andfestlepass this energy in a section of the internal circuitry of the
integrated circuit. The electrical potential energy appears as a voltage at
the internal poREID sugpplay beeithacictionsr passivaePassive RIADeaapsC partitiltrly fHoee ot her
circuits in the .int elgﬁgtbed circuit, includin jL:lhe m cr.oprocessor, optional
menory, anBPH#EEdn aphaiseiradie EpAuenry §1g4a § TemAR rident; elfﬁ&m’é]iaén%’&v\er ed
by this st ¢, mthe RFID
Reader nnyﬁté:@%?lgt?) ﬁg%a%ﬁglrﬂpﬁﬁ’g% g’[%{é %)F\Hs:e te %@ﬁgﬁ%égﬁ?ﬁg’e{%aﬁ 0 frequency
si-gnab. Thprdvhﬁtahﬂﬂbﬁ@d&eﬂmeniarﬁak&@anagemmﬁ&m andttheRRHD Bgf agbdtaeen the

conmuni cate its_serial nunber or the contents of data registers in the

i nt egr at eduser pedithe REIB tagy When diedtigyy @gé‘?céafeéﬂlctfﬁ@oﬁ?ﬂé@%tswahﬁ?@dﬁ the

i nt egrat ed; details
of data st gl(rae({ ﬁgﬁéd&ﬂ?lﬁé&lﬁr?eq&)w%&ggﬁa%g Bl tsﬁeg%&l ?re eﬁ&g%ﬁ%ﬁl st ance
at which aﬂoﬁﬁh@ratdﬁgﬁe@an@asmaﬂ aadldiredts the en@dgy to e mbgateﬂ cirait vAYhe

comuni cation wth the RFID Reader, depends on the outgut power of the RFID

reader, t hRFEQifago Jhgiinigeratsd icrembeanvertapeme Rertien of tie ahearbed iAo faauerest he RFI D
tag i Et er aSﬁé%%\fﬁ&d“dE&ﬁcdl BS&H&@% gg%ﬁ‘%{lﬁ?&’}ﬁﬁ'eﬁer}ggﬁl %‘ s%ggﬁp§ﬁ%Q&e whi ch

the RRID ta o Its nenor ess an the
“read" r anéiﬁauﬂ@@oﬂﬁé&ﬂﬁg&at@d ckrdigt. JEtRedledttigal bb@hm eﬂ@rgya J |8GNdlRge ftor a
"wite" operation. For UHF RFID tags in {)artlcul ar, RFI D t ag

comuni cat & infemal povecr REpHLY peImgetionsyin fhsdotegtat IHCHE. The other circuits i the
mtegratcd circuit, including the microprocessor, optional memory, and decoding and

encoafng circuits for communications are powered by this stored energy.

20 The incident electromagnetic energy from the RFID Reader may contain data or

( instructions encoded into the radio frequency signal. The instructions may include

commands to the RFID tag to communicate its 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

25 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,

30 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



| oad on the RFID antenna, causing a portion of the incident el ectromagnetic
energy to be 2 7 MAR 2007 WO 2005/ 066889 PCT/ US2004/ 041745 - 87 MAR 2007
back- scatwer»eks/dsgssbhe RFI D reader. The reader receives pdtubackonsaattered
el ectromagnetic radiation and decodes the nodul ated signal. Wth RFID
reader power em ssion limted by gover‘rﬁ*rent regul ations, inproved read
range wll nost likely only be possible with nore efficient tag antenna
desi gns. mckhesetat ©,the RETR ander. dht ireddenyeivs thhéadnianmad alestwompidgnetic of t he

incident radi.o frequenc ener and transfer of the absorbed energy to the
i nt egr at e‘@g@#?’&ﬁ?‘f&?‘:@gﬁ%@iaw P‘l%kd@}gﬁaﬁ RFI D tag antenna shoul d be efficient

to absorb the m@q@rﬁ&&@gc 886 Gired ngi)@é}mﬁ@@ur?@ﬁat%‘é,kiﬁﬁfﬁﬁeher

el ectromagnetic radi ation to the RFID reader. ernore, the
connect i oradbednge eill et BEdlPoniade potsddawithmobre kffidiait egraateada designsi t needs to

be efficient to 10 supply sufficjent ener tot integrated circuit, even
at the upﬁ}&reftprwcrwgf ﬁﬁcwa@f %tftl%aﬂefaﬂfaabg?ywe?n PP {Be incadent ReipelieusReinces

separ at i %ﬂﬁar@':* LD fs s t . The
ef fici engfgj}1 e%) t élalgﬁ{egrgg@% ia?)%g%%‘a etkl %@S@(?tehgtlg% gnﬂcgnﬁ&eylsggdwn%ﬁ%e RFI D t ag

depends oRFilhegREtebna stpuidhbeeffiaientds rbsorbide intidemfelccromagnetioradiationl andg t he 15

el ectromagnetjc energy fromthe antepna into e integrated circuit. This
ef fici ency agk—sqagqeé@lggrqnéaglﬁtéc Tafistiem tBth]?\EH%WP@?{n%“ﬁ fIMoke hepedance of

the integtahed;fivefiteh the %&g%gﬂeg%ﬁrfaggé ftterkcl ROk ENRAS R AAARGe from

di pol es or two conductors, pr r er o ne- wavel engt h.
At 900 MHupphysafficies eapay oo thawnabgagd hircwdt, @pgar sbchomipet YmB3Qd thewpekdtinigci ent
coupling of electromagnetic energy,beth the 20 antenna and the integrated
circuit dEpendss entdenee distanees separpingd gﬁ*‘gf@ﬁe%ﬁ%@ﬁvl%%ﬁoﬁ@mm{‘l% i mpedance
of the a NGettQ the inpedance at the input connections of the integrated
circuit. e |1 npedance Z can be represented by a conpl ex nunber, in which
the real conpBmesfficiengpofahentasttian oRheAjedtepragaeaittficld edth slid RBID mgds where a

time-varying curren in phase with the voliage (4 = 0, ere 4) is defined
as the p @%@@%@I@é@éﬁ%ﬂ in: %elﬁwneﬂpfw?% ¥forns) leads to a
di sskpati LSt I i i : .represented
as i 2) SEsREREhSL] ol 98 (o RO Rto HolnlFRRIECN: TRNRAIM M B0 ot ve)
or | ags (rélatdditbZhe magrdaiceiof die anteand amiethe &nyedegecofithenitedrated biecuiest ri ct ed

| oad by the charagteristic phase angle 4). The conpl ex inpedance of the
ant enna aMaderRisly g UHE ﬁﬁéﬂ%ﬂﬁ&éﬁ B¢ mane Tiom digelss eidtwa opdvatorsan be

repres entﬁgfep%lfoﬁ 0 Qderde Bﬁ@half%%‘?&%ﬂ{. APSbo MHz, the free space wavelength is

approximately 300 mm. Efficient coupling of electromagnetic energy between the

20 antenna and the integrated circuit depends on substantially matching or exactly matching
the impedance of the antenna to the impedance at the input connections of the integrated
circuit. The impedance Z can be represented by a complex number, in which the real
component (represented as Re Z) represents resistive loads where a time-varying current
in phase with the voltage (¢ = 0, where ¢ is defined as the phase angle between the voltage

25 and current waveforms) leads to a dissipative (resistive) loss function. The imaginary
component (represented as Im Z) represents a time-varying voltage that leads (¢ = n/2,
inductive) or lags (= -n/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

30 of an imaginary component. The complex representations of impedance, voltage, and
current may be manipulated using the customary mathematical rules for complex

variables,



30 of an inmagi nary conponent. The conplex representations of inpedance,

vol tage, and current may be nmani pul ated using the custonmary E 'z)cal
“rules for ¢@ploS¥sesyari ables. 2 7 MAR 2007 WD 2005/ 066889«;9@5&% w 41745

-9- Efficient coupling of electromagneti¢c energy across the input
connections between the antenna and int e‘é‘r ated circuit is achieved by

desi gning the real conponent of the antenna inpedance (Re ZANT) to be cl ose
to, and pref er afifficienumlupling of diectivemignawmaorngricrosothetibyut icotregtiatsedtedanc ui t

i nput inpedance (Re

L P). tching the real  conponents of the nt enna and
i nt egr at ed 1§ #igme and et SaAHES TR IFSHRIHIEHNS B2 eATRACETIS 6
el ectromagngleh, {%@?efd%{c s‘?@‘%ﬁt@% dfsy 1 %%ﬁ%?er&ﬁ]ng regaf'}el ?&?@I?e 1%5!%&%?%1{@‘ ed

circuit connection poln ng the RFID t ag iclent.
phenonenon oif thetiategirted circliténpudimpalané @ethioniMatchiby tHeasil compondrtzofahe

Wnfield H Il (Canpridge University Press, . ri.dge, Engl and). 1980, .
565- 568, W ?%‘%Fe@gﬂ}“yﬁ&%‘ﬂtﬁ%ﬁ"ﬁg@ e%cqg;lﬁe@ﬁggl %?rleﬂg‘i}]z?}lio)gus pperglto i ng
frequency LResmhAhiddhogylaf iR Hohh &ty Bkt 1RRRE AL RO PRIAR ciflif | Mginary

i npedance o nd the 1 magl nary I npedance o e Integrated
circuit (| rodfechiin poidtsl making the REReREimet gifiondnk.| Thik phetonidnen &f thught @nie of
power transfer jnto the integrated cjircuit. The term "power factor" is used
to charact éf{ %fezl':IF‘HEO”é‘fSi gl‘, #’é‘l‘ig@@rﬁﬂtﬁ m&r\m%ﬂiﬂ@ Ih'léﬁ] E(B@‘BIP qré‘éﬁrﬁitﬁalr?réﬁ% ency

el ectromag (1 e t he &l oD \ ant enna
N be oo s e i e The
definidti on and éxphramataperztiog fipqueacy baek ancluding inr pandeulati (SdE speratingbabide, Art
of Electronics,,by Paul Horowtz and Wnfield Hil|l (%‘nbr%:&lge Uni versity
Press, Cant#dEy8maphgppedascerddes aniyna agd fhgiimreinaryHBwatance AEBE JoFgeed by

ref erence. ki THPIROMSE anli3UAL ibpedtuchy TN IR DMl 6148 aa0g el t age

are in phase, can be a alancing t magi nary

(capaci ti vede intagentahciecuito rMihe nent “pofvet Fretornisagedtoadharictecing the effiperdcywiitth t he

i magi nary (inductiyve) inpedance conponent of, the antenna, The operation of a
si npl e di potec ¢ aeabsdsaciar TeaupRs Hemagietickperey sty dee RAM wederar ¢ “and

may be. desgrl %Ht}éﬁﬁ i : J I -are further
di scugss ed %ﬁécﬁﬁ% ntths 0 ‘;’E} g@%&%ﬂ@gtr%@%ﬂgl}eﬂ;g@ %ﬁ%ﬁ%@?@iﬂ%ﬁ i ans,
Prent i ce- HgThe deZimiticicand dxphinetwost pokief fastor MIfugth&/digcusseliig Fhé drihgr eby

i ncorporated by reference. The overal | ﬁﬁ sical |length of a dipole antenna

may be decrédsticssPAukblrRIzagoV nfield @mhgiglgg ssEiteess. or a
circuitous cGificibl MAdRdRO8L bR FhilR ishe Ay SRARp ISl B r&BRAcd ) The power

factor is at a maximum when the current and voltage are in phase, which can be achieved
20 by balancing the imaginary (capacitive) impedance component of the integrated circuit
input with the imaginary (inductive) impedance component of the antenna.

The operation of a simple dipole antenna is well understood by those skilled in the
art and may be described by Maxwell's equations. Simple dipole antennas are further
discussed in Elements of Physics, by George Shortley and Dudley Williams, Prentice-FHall,

25 Inc., Englewood Cliffs, NJ (1971), which is hereby incorporated by reference. The overall
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.

30 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



effective electrical length (signal path) of the dipole antenna, while

mai ntaihing a preferred physical |ength. The neanders may bejyppfgm or non
uni form W HeAicb@n variation of the dipole antenna, whpehuksodogosnel |
known in the art, is the folded dipole, where the two free distal ends
extendi ng of opposite the integrated cillPcuit are fol ded back on thensel ves
and are electrically connected. The inpedance of an 2 7 MAR 2007 WO

200- 5/ 06688 RETN ASLAPAE QAikAAD whertQhedeashlof tHdtdarht dédiohof apipnra, Where the
| ength of the straight section of the folded dipole antenna is 140 nun, is

cal cul at edirels apiernz sd48ppmpjspelcplateddo ke:140 M) = (24.58 Q -j 13.93 0) at f

= 915 MHz, whepe 10 is tRhe_ 1o e gt 1 &l section in the
fol ded di pol e gFﬂLBWPéP.OL ﬂ% qggggﬂ%cu{a%'lg%%’ ngs?%)gewgaffmg?%g&% NEC (Nuneri cal
El ect r omagheieiles thioeir)toWnid-1kigth of thé btedighit Sectivmnia ki Rlded dipoié bbb fThem

Nittany Scientific located in Riverton, UIl. If the |ength of this exanple
fol déd di pirdation wesesogmed peng NEE (Nymeesd) thledtpmapnetics) CadeaWinhso, show t hat
t he i nmped . EEISI' : E%%Eﬁ &Ja]g L = c0.199% = 8 . 8.635 0)
at f =091 1§Q# Cﬁaglylagrlge S ?Iﬂﬂ? I'n c%c}l%nﬁlf%tlg%t%ég%’ efﬁﬁééqnﬁglggglg}:ﬁee for a

rel ati vel engtmifihis Bidrhple foltiébdipele dedduddt peeativeHy Sdrge be %, adtwdaticdsi ¢ | engt h
illustrates the sensitivity of the folded dipole antenna to small
vari at i onshawthat the smpedanee $hifhgion. The RFID tag of the present invention

provi des ant enga desi gns,tl NI l: S L@ f requency power
recei ved by thgmér z ngﬁ%ﬁ I(%'Sgg%’ééf%?ekgp%ﬁf—c%% particularly

t hosg RFI Dhisagge siftiatalogated aheendinipe@pee &irianglabiaelg smheh#Eninghofoldeisi gn i s
conpact, meking it suitable for RFID |labels or sim]|ar applications where it
i s desi r appeleriysigglshasasteriptirdlength plistratpthp senpifngiyf therfpddeditipelp anigesd gn nay
be easily if 4 10 .asSl [ tching and bal anci ng the conpl ex antenna
i rrpedancetoggr%lgd“t\%]agiq%%%plﬁzlé oﬁﬁrgﬁtléhgﬁﬁpedance of the integrate circuit at the

sel ect ed oper aThe\RFID exgunies/prestt mivertio plovilldsusitenah desigiaharaibelembnt of the
inventive RFID tag 10. The RFID tag . 10 is especjally useful in the UHF

ranges, afRPPiRsHedio fiegyenss Paweare g by the gntena tpke miegiated 0IPHE| udes a

oppol te PELTRIL RS BET BN e dindhTle DLP Sebafllndt “iCMePRealli 10 o
t he di el egdrhipaet, ngdklxsd it aligblXor RFHS Rbélb by simdlat efplatiéhs Wheé ttachadtable 16 he

dielectric substrate 12 bﬁ)any_rreans 25 know in the art, for_ exanple, by
| ani nat i omininize the pyesal BFED dagrsiger e antenpeadsisigngndcks gasily modified to assist

in matching and balancing the complex antenna impedance and the complex input

impedance of the integrate circuit at the selected operating frequency.

20 Figure 1 illustrates one embodiment of the inventive RFID tag 10. The RFID tag
10 is especially useful in the UHF ranges, and hence, may be an UHF RFID tag 10. The
RFID tag 10 includes a dielectric substrate 12 having a first side 14 and a second side 16
opposite the first side 16. Antenna 18 is attached to the first side 14 of the dielectric
substrate 12. Preferably, antenna 18 is attached to the dielectric substrate 12 by any means

25 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

30 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



fi'lmor by direct deposition on the substrate. The RFID tag 10 al so incl udes
an integrated circuit 36 attached to the first side 14 of t#8 WiRell®ctric

substrate 0B &kgpably, the integrated circuit 36 is ariagh@doeinsd he
dielectric substrate 12 by any nmeans know in the art, for exanple, by

ani sotropi ¢ conductive film adhesive, sollder, or therno-conpression 30
bondi ng. The antenna 18 includes a first antenna el enent 20 and a second

antenna el gs@nt cordictol26. T 66d prafdiret Rb3dinttne ks evldMctoss B, d6 pahgleant enna
including a first conductor_24 and a 7 7 MAR 2007, W O 2005/ 066889

PCT/ US2004negnders 30.- Meandear Hhbelp dperease die owrall physisal lengh of thedlieols aurnimt |
h d 26 | d : h
overall phydd Bsfitin BEeplif HEIcRATRALS (ol MR RAGH ERREL2L BRI Re "F e

el ectri cal alfeghtl 2¢2hdBaatconpdichd 28 bppdsite grditet aid 2274 TheGetond| antpsa eRmlehr St end
27 and a second end 28 opposite the first end 27. The second ant enna_el enent
'5 i ncliudes iBelides ddirgportiosd 23md grigeendspasiinid 4 ointong wrefarred embpimghiptherdiraly
enbodi nment i i . . o) i i shape
of "ol osed POISE 2 ite 05 Afus 804 1 B FESCUUAINIRI o7 BoBShe Ty bAE 3

the first peahpleas3Busmdsedie Figurd hahs fiappordibn 32 ehdydetin dlidshapief $eiedagndor ti on
34 may be in the shape of an_ellipse. However, the portions 32, 34 of the

second ant &fngoe ten Hhipek bapyths shis. of 1 sllipse- t Hewevezothe partiops 8had4stcond
antenna 10 ¢l L [ 1. i e_portions 32, 34
of the sec ggeds% Earﬁ eaﬁI@agﬁg&ﬁgﬁggﬂg‘?/ %ﬁh?%.g’gh?%orggﬁssﬁglﬁg ﬁ|Enses(i)nzde‘Ji,n?e a

di fferent kknthzmay boweied sintixélyshapesand Tl petieds 32he4 potheisertmd3diendd of
t he second antenna el enent may be selected by one skilled in the art to

assi st in skmentmay be paed iodedunba ippizere differerina sigs. Wowsverhtheishprscidce of

conduct o 8 24 0t 45 Aefithi o2 Aour tGEHTRRE e by W3l ty BRE aifedln 56

pref erabl y tHeyart focisstbidn dhlabehgibeamppdhse (NOE aBlRANNIS with tiNignedeieor et
enbodi nent, the second end 28 of the first conductor 24 is attached or is

el ectri cal Mfegraied Aseuibdp. ey dispussed bedewportion 32 of the second antenna
element 22 and tyg ﬁ?sggf?(?g? ﬁﬂ e%gndu%%)ré be tzlﬁga;f]é)g\gctglﬁﬁ%épﬁécté?to' tﬁ%at tached or

el ectrically connéc e secona por seco ant enna

el ement 22intdhetel enaiinie, preferably WyaddivRiuweeininfliepad an eh@nt). 28 ofd prefdiredf i r st
conductor 24 and the curved portion of the first conductor 24 (as

i || ust r at egmppdineng theeseggndrang 28t dlep st ¢apdaeton24 sattachedion aneledidcdliongt h " d”
o o EolRe L e TS S ian e Mol SRR GR99 4Rk B 280 TaR°
of the second conductor 26 is attached or electrically connected to the second portion 34 of
20 the second antenna element 22. The length “c” measured between the second end 28 of
the first conductor 24 and the curved portion of the first conductor 24 (as ilfustrated in
Figure 1) may be equal to or different than the length “d” measured between the second
end 28 of the second conductor 26 and the curved portion 3 of the second conductive 24.
The lengths ¢ and d respectfully, may be selected by one skilled in the art to assist in
25 balancing the impedance of the antenna 18 with the impedance of the integrated circuit 36,

as discussed below.

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

30 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



The lengths ¢ and d respectfully, may be selected by one skilled in the art
to assist in 25 balancing the inpedance of the antenna 18 wi thMdh&d npedance
of the i nyegnelwesssi rcuit 36, as discussed bel ow. To tprputheyepesating
frequency band of the RFID antenna 18, 1Tt)_he | ength of first conductor 24 and
second conductor 26, which nmake up the first antenna el enent 20, may be
nodi fied. By selecting the |length of the first conductor 24 and the second
conduct or m30 t@470 mhe, dndworegntienedleagtbrehthe 20ndneiorb24,96l aec appdoximatidy er mi ne

t he oper aﬁ&qﬁgjl‘requency range of the antenna 18 of the RFID tag 10. The

| engths o ‘conductors 24, 26 may be the sane or different. Preferred

| engt hs of theTE@ﬂ&ﬂ%lt&ftﬁe Bt ardbnrl eferhéht DD QlsbABARs B mSehidg thoVel paeQf WO
2005/ 066889 PCT/ US2004/ 041745 -12 mm to 170 mm, and nore preferred

| engt hs othetipedroneiotthe astenur 19t the eeahpast efcheripat impedagrerafithe tegraieksi gn of

the first .ant el enent .20 al.so . assists in.nmatching the re art of the
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i nt egr at eflart &f 6k ifipddansbof HOENtEARI 18MAf bd MBrehiddSbr RRIRNUWS 8 885RRE S0 20
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may be i neybstapially metch et eaab the riuigesd infegried ¢ircuip 36 swbsimapedandel y mat ch or

equal the range, of int ated circuit. 36 i t 1npeda . e design of the
second ant ennaﬁéef g%%seﬁg%f%r{t%nqaﬁ 1 e%e&t%nﬁﬁélsgﬁ%npﬁﬁﬁg}ge cc‘Hrge[nh bution at
the secongis@ibdior? & tAé sdddfd EndsSAS oFfisk BREAIkeMIMRERISTs 24, 2626f Qb fitdte first

10 antenna elenent 20. By nodifying the current distribution at the second

endsl028 ofntertne etasmrnt 20 o By mofifyne, the Rerrend disiribudion ehtha sedosdsnds2holdthé y t he

i magi nary_c onent ~of , the inmpedance of the..antenna 18 to bal an t he

| magi nar y UHHGREr: 2618 FEoPh pHIETA e eodey teidapneT sompea it & ¢ s6.
Wien the peRldahdeREdR k@b 18RE AR RNBRinidditRg cdfiforlelt SORAIRHt inghdightist 36 are
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ant enna 168f thathi¢grated cacwtB i Whan the36alampedratantibd antetimn 1&atidahé néegratnd y
energy absorb b t he.antenna |s ficiently transferred from,t he antenna
T8 1 o CHE ety Sttt R Besbendie ihas s b BRte SEReEahtEonduct or

24, 126, ageaANG ANiRERAR|REBNL6 A Yafinc&, Bflhiibatdgtek9eneGy afsdBed e second
end 28 of the conductors 24, 26. To hel p bal ance the CapacCitive redctance

of the i nthegngneafiscificiently t8@sierhe fifony e apiennd bhingptha irfegreted witcwid36.i on 34 20
of the second enna el epepts 22 ar elected to introduce a primarily

i nductive reacgg%éec@ﬁfﬂg?ﬁgfﬁ?ggﬁﬂ‘gHCi% %anggcfasﬁﬁc@]dmnﬁﬂegwﬁgﬁﬁed phase
shift in $8QriEAY @nhéRAUGNEY scebS@d 28 of the conductors 24, 26. To help balance the

capacitive reactance of the integrated circuit 36, the first portion 32 and second portion 34

20 of the second antenna elements 22 are selected to introduce a primarily inductive reactance
into the antenna 18 impedance and an associated phase shift in the radio frequency signal.
The second antenna elements 22 may also have some minor portion of associated
capacitive reactance, but the net inductive impedance of the second antenna elements 22
assists in balancing the capacitive impedance of the integrated circuit. The portions 32, 34

25 of the second antenna 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

30 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



The second antenna el enments 22 may al so have some m nor portion of
associ ated capacitive reactance, but the net inductive inpedaMiR?i¥ the

~second ant eqnsmoesh&IBNts 22 assists in bal ancing the capggidMeusiorpegdance of
the integrated circuit. The portions 32, 34 25 of the second antenna

el enents 22 may be in the formof closed3oops with circunference ranging
fromas small as 1/8 the wavel ength of the radio frequency signal to as

large as 1h34itiédae phaseahangithe Ofrrdn8iskAdtion {d BdUSRAY,, %bﬁﬁﬁ{ed tol{he pAR@Ni t ude of
the effect of the second antenna elenent 22 inpedance 1s deternm ned by the

di st ri but i gnftepf dipelstantanaks knawreinttke prarerg Theephasashifis of the plsctricalsqurgnt t i on

20 of th 1 d th d end f h tor. 24, 26.
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distribution in dipole antennas known in the prior art. The nodified
bounddry cosmdparedtesthi dipodeiamsennadnown ViR PP00 Zt\\BY 26le6iipaB8 8gond antenna

PCT/ US2004/ 04174 -13- addi tiponal ase shift in the.current distgjbution
T . aut BenEs 23 passti oG iasBRE: ofRSGedtbdulon. B hSet GG kB RhaBk bE e |
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i ntroduced by second antenna el enent 22 have the effect of nodifying'the

ref | ect i onindginagylicomppesypyehthy ietageigy cieuit B second ends 28 of the first
antenna el enent .20,, 5 compared t he. di.pol e, ant enna, kn in the prior art.
By sel ecting thgﬁggﬁ%f’ ?Qﬁtﬁ%naole%taéﬁﬁﬁﬂ@@%@ﬁ”&@?ﬁ&%@ﬁ@ﬁ%s of this
speci fyi cat hﬁ%bdaﬁ&?R'emlrﬁé"c}Ye feglGeapeiént OF tHeBtegAfd MRt Ibut IRRMAAGS can be
sel ected to be inductive, thereby bal anci ng thé (capacitive) " inaginary
conmponent BE Zidite assistdgesiicientlyi qoupling B6 radithBeguestysigod] franethermnennald ® assi sts

i t chi ng_t.h | . th t 0 i nped Re Z to th |
component | B MR WRRG PG The DR e ABPT M FBlENG &b Topedaies I ot st i
ef ficient! yageuptieichashifry pett 6f the BRMEREY ci8hiBNa mbhaMpeiimcdTheARamkds to  the

integrated circuit 36. The inm |nar% part of the anténna 18 |%edance, | M
ZANT, bal prefarsbly ppositegn pbasg. er to¢setchuditinneefrmatekibdand balancgbinipagartce

[ d , ImZic, t i f bl jte | hasg. Under..th
condi 11 onsBFPREGiend i RSN BV FIASRRLLY U8 SO GeIes HEE R b
frequency ppuRkcaRIQREA by the antenna 18 couples efficiently to the

integrated circtuit. On enbodi nent of preferable operating conditions of the
RFID tag 10 ar eOnswhudirhas of arefahblovperatdfy Radifions of Re REIMWFag 10 are

summarized a follows:
20 Re Zjc = Re Zanr
and
|IIm Zic | = |Im Zanr!, with
¢ (Zic) = - ¢ (Zan),
where ¢ is the phase angle of the complex impedance.

25 Even if it is not possible to exactly match the antenna 18 complex impedance to the
integrated circuit input complex impedance at the RFID operating frequency, a
substantially or approximately 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.

30 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 Zsnr of the antenna impedance as a



and ImZlc I | ImZANT | , with (Zic) - 4 (ZANT), where 4 is the phase
angl e of the conpl ex i npedance. 25 Even if it is not possibﬂempzmactly

mat ch t hewgdoenssassh8 conpl ex i npedance to the integratpdresioeybdizisnput
conpl ex i nmpedance at the RFID operating frequency, a substantially or

approxi mately cl ose i npedance match at-lthe operating frequency will result
in nore efficient coupling of the antenna 18 to the integrated circuit 36,
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the real {mredonedsesstivogpompooep@ned armell imegindrylimpelagcpednapongpedihce does not

match the | ar.ger. real (65,0, resksti onpnent of I ntegrated circuit
Mput | o RUEaE i backiey Pt 8 maBGREDT e 2 GAR BFRGT P
i magi nary ceapRLRaest the folédtedipsik dppeddhttlors hbmasomaR 1610e5reaDlcs MRt titde
| arger magnitude (720 O capacitive) of the inaginary conponent of the

i nt egr at ecempengnt of thepiegritad eidaricaput tinpedanes el e smaltmpasiude (B).9%§2 t he
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larger magnitude (720 €2 capacitive) of the imaginary component of the integrate circuit
input impedance. The phase (-}, capacitive) of the imaginary component of the folded
dipole impedance is the same as the phase of the phase (-}, capacitive) of the imaginary
component of the integrated circuit input impedance. Therefore, the imaginary component

20 of the folded dipole antenna is not balance the 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.

25
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
30 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 fimction of frequency.
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i magi nary conponent 20 of the folded dipole antenna is not baﬂaH& -[{Uhe
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node of matC
to the-integrated circuit 36 with high efficiency, as compared to the prior folded dipole

20 antenna discussed above related to Figure 2.
The dielectric substrate 12 may be any dielectric material known in the art.
Examples of suitable dielectric materials for substrate 12 include polyethylene
terephthalate (commonly known as polyester or PET), polyethylene naphthanate
{commonly known as PEN), copolymers of PET and PEN, polyimide, and polypropylene.
25 Preferably, the thickness of the dielectric 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

30 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,



conponent s and bal anced i magi nary conponents of the antenna 18 and
integrated circuit 36 inpedances, the el ectronmagnetic signal Mabgtlibed by

t he ant enwa 2b&/066dsh ant enna couple to the-integrated cpagusdoodfivst h high
efficiency, as conpared to the prior folded dipole 20 antenna di scussed
above related to Figure 2. The diel ectift substrate 12 may be any dielectric
material known in the art. Exanples of suitable dielectric materials for

subst r at eetdRed copperdplapdlcyppdryhétie likek aqpintddaloatiective paman (yuck aptiosas

pol yester or PET), polyethyl ene naphthanate (commpnly, known as. PEN),
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non-uni form thi ckness. An exanple of a suifable integrated circuit 36 is
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Net her | anﬂ%m#%dtﬁ(gs tRBIREL theRiber 30 SL31CS30. The antenna 18 may be nade
of any type o conduct i ve materi al, such a wire, a conductive netal pattern

(such as thoseforned fi0 . foils such as etched al um n 7 R 7007
W 5008, 066859 PCHEadE AN igntt 112 a igole, et %?‘5#8%“#%5@?5‘3 d the
like), a Prdcbh@EortRB@YCE. MowRa! Gthér weLEkbvabaritBRBe kndhd i the afmegmduct i ve

i nks, or other netal-containing materials, optionally incl udldgg process
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bl ack, oraféd@s, conductive materials known to those skilled in the art. The
antenna 18 shown in Figure 1 is a dipole antenna with a first conductor 24

and  a second eRNMELRY o?@qeﬂf’@é@ﬁf’ﬁ(rﬁnﬁ?h%ﬁb éfﬁ@%bé@%ﬁ’t@ﬁ%&%&(@fi n the
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under st ootlie phesestigvention.

Examples
One preferred embodiment of the RFID tag 10 of the present invention was made,

20 as illustrated in Figure 1. The dimensions of the antenna 18 are illustrated in Figure 1, and
the antenna of this example included an “a” distance of 140 mm and a “b” distance of 10
mm. A comparative example of a prior art folded dipole antenna was also made.
The antenna 18 was made by plating 0.118 mm thickness copper on a .025 mm
thick polyimide substrate 12 commercially available from Dupont Electronics, based in
25 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 matertal
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
30 final antenna 18. The remaining photoresist material was stripped off the copper, using

the methods suggested by the photoresist manufacturer. After stripping the photoresist



15 that many variations and nodifications may be nmade while remaining within
the scope of the present invention. Exanples One preferred brhﬂbﬂjimgnt of
“the RFID t s M0s5/0d6889he present invention was nade, 20 agciriuso@inatred in
Figure 1. The dinensions of the antenna 18 are illustrated in Figure 1, and
the antenna of this exanple included ami’a" di stance of 140 nmand a "b"

di stance of 10 mm A conparative exanple of a prior art folded dipole

ant enna wamagkial theashtternbd e opyet emaenal P nds fimad ériywis 1aft ion ghedpdldighiden t hi ckness

copper on a.025 hi ck pol yi.jg de substrate 12 co rcial avai l abl e from
Dupont El eﬁlqugﬂ‘ieg?; ﬁ?sréﬂﬂ aﬁté/éggwcfﬂpﬁﬁrt%,esﬂﬁ{e Q}Cﬁgg?em%%tg“h%%é‘s% Kapt on
E film Phgtores| b ar i ORRLGh ! Ll r j c,
based i nW %rl&lr?gt%gﬁl?er%q g{llé e%sfradebﬁaﬁaﬁaﬁﬁ%ﬂgb@@%% ch"r%ﬂer:]g;{d;d to

t he surf acshooftrades cquinatted teihp peegrifed mrediheonmhctioor peds;shesauwe tiasds wavas appl i ed

to the subatr@te, i.n the formof .the desired fi n%{e aatﬁma 18. The exposed

coppef was S PR R Widgay L el‘BT&&T_ < B‘Eé"rﬂstﬁ@dﬁ%f. éPASof the desired 30

final antenna 1§ em&:{?@gﬁﬂaﬁ'aﬁga’mﬁﬂh%ri&?éiﬂorﬁﬁl%ﬁ}% _‘W"’%l?méﬁs‘i#xp@lel‘btﬁfﬂ t he
tho b ep

copper, using the ne S suggested by t hot or esi st manufacturer. After
stri ppi ng Thefighptivast dte sBeohd ARNADEZMeMBv00nR¢DaBAR PEIh 2046051 1745

-17 material, the pattern capp antenna 19 in its final formwas |left on
the polyi mnaém£%ﬁ§é@én§§8 ogﬁ@%fgwp QAT 29, B anfn Agi5pRPD OF 4CBE vidite of
the same t Qi 6KNGRSiRSorthe seth@hbiehith SARAR s RbimddUs GARRSwit] HfadiRPRS traces
were 1.000 nm w'de, except tor the two short traces connect ed'to the

i nt egwat edmen #ttathed wohaend 29 0f thasspnd leadudtov® & withes diwvdinenSiof oI 68 mmm wi de.
The integrated circuit s copnected to the ends 27 The antenna 20 had an
“a' dimension of\ning IR 69‘?)‘““‘8?@?&13@"6‘:1@%8? ﬁﬂi@‘ Fhiips Sﬂﬁ%‘"@?d;-‘ﬁorﬁaorti on of
t he second SHER j | | mm and
attached t%ﬁgﬁg{jg@dﬁ# theEe |rstdg’ggl%}:lt@ g?ﬁlgﬁfn%\%’l }ﬁﬁﬂgw%%aé?gn%dr@?gnthgf 4 mm

The secongblpmite subsabtetBdbysmisonopiantehwdvelibredlicsivas Thisrinegratsl drcait 361 e
with a radius of 5 10 .nun atteﬁghed to the end 28 of_ the sgignd conduct or 26,

with a °d' hafi knowa iBRutgmpsdancarharagierishesefy e 608 £} Jui20 Bt ially
nae g 03 . Cr1T! ds.
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by ani sot r thpisame dirtkérsiony @s fhieimeatitemiterma deburibed abe@groaxtad tlos domnpaiatde  had

known i nput inpedance characteristics of Zlc = §_65 52 j 720 92) at 915 Mz.
antenna had no second antenna elements and the ends 2§ joined

Since means of measuring the real and imaginary antenna impedance provides
questionable results because the measuring means loads the antenna, thus affecting the
20 measured values, a preferred means to evaluate balance between the complex impedance
of the antenna and the IC is to measure read distance. A greater read distance is indicative
of closer balanced impedances.
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,
25 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 Cusheraft Corporation, Manchester, NH, under the trade
name CUSHCRAFT, part number S9028PC.
The read distance of the comparison example of the stmple dipole antenna, with
30 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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| nvention 5 The tests and test

Comparative Example, and Example of the Present Invention

Conparative
results

grabdefrcdifian

e expected to yield

The tests and test results described above are intended solely to be illustrative,

. rather than predictive, and variations in the testing procedure can be expected to yield

different results.

The present invention has now been described with reference to several

embodiments thereof. The foregoing detailed description and examples have been given

10

for clarity of understanding only. No unnecessary limitations are to be understood

therefrom. All patents and patent applications cited herein are hereby incorporated by

reference. It will be apparent to those skilled in the art that many changes can be made in

the embodiments described without departing from the scope of the invention. Thus, the

scope of the present invention should not be limited to the exact details and structures

15

the equivalents of those structures.

described herein, but rather by the structures described by the language of the claims, and



different results. The present invention has now been described with
reference to several enbodi nents thereof. The foregoing detaiZZE@ 00
description and exanpl es have been given 10 for clarity of un Bgn&ing
only. No. unnecessary limtations are to be understood therefrom Al
patents and patent applications cited herein are hereby incorporated by
reference. It wll be apparent to thos& skilled in the art that many changes
can be made in the enbodi ments described w thout departing fromthe scope
of the invention. Thus, the scope of the present invention should not be
i mted tWhat beléimadis:details and structures 15 described herein, but rather
by the structures described by the | anguage of the clains, and the
equi val ents of those structures. 2 7 MAR 2007 19 What is clainmed is: 1. A
radi o fregquenay,iidRhhiddcs ddnBhicdioBTREID S g, co‘ﬁgﬁ‘@{d sing: a) a dielectric
substrate; b) an antenna attached to the drele trlg substrate, wherein the
ant enna conpr Bses: adielecticfsubsitatant enna el enent, wherein the first antenna

el ement conpgjses _a first cqnductor,.and.a second.condyctor. wherein each
conduct or “haaPht Ll R Y e B ERE e e leop Bt T
a second antenna el eneny), Whefigt ntédi@ et@eaf) Whardiehedirelafeand cle@edtpr i ses a
first portion and a second portion in the shape of closed |oops, wherein
the first portion is at$ommMises 2 §rst prndigieny aisgonst canducter, pdereinegghuct or and

the second portion is aldaG6rhdsQ firiend GAPHSkBNd e toﬁ%@ite()t?@‘ﬁ?é@@nd}%ﬂ&’“ﬁ or,

and c) an integrated circuit attached to the firs d the first

conduct or and the firstii) enda ssconhantenme slethept mdacsinothe second antaoiaciémeguency

identification ("RFID") tag, comprisi.ng; ,a) a diel.ectric substrate; b) an
antenna attached to t hecod?}%fsgsé? ?llpsé pgﬁlﬁgﬂ’da? éﬁfcoﬁ)ﬁ@%fnﬁ . '?i‘% S@‘WP é’hﬁl S€onpri ses:
i) a first antenna el enkops, whiesieiha firfi@oftioh ¢ attioh@ndaheieet®¥nd o tHeirbises a
first conductor and a second conductor, wherein each conductor has a first
end and a second end opfRidpeter a1dhe peoend pafton iggdached to the second end of the

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

end of the second conductor.

2. A radio frequency identification ("RFID") tag, comprising:
a) a dielectric substrate;
b) an antenna attached to the dielectric substrate, wherein the antenna comprises:
i) a first antenna element, wherein the first antenna element

comprises a first conductor and a second conductor, wherein each
conductor has a first end and a second end opposite the first end; and
i) a second antenna element, wherein the second antenna element
comprises a first portion and a second portion, wherein the first portion
is attached to the second end of the first conductor and the second
portion is attached to the second end of the second conductor; and
c) an integrated circuit attached to the first end of the first conductor and the first
end of the second conductor, 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



ii) a second antenna el ement, wherein the second antenna el enent conprises
a first portion and a second portion, wherein the first portiog i@ @ﬁtached
to the second end of the first conductor and the second porti %MP ! t ached
to the second end of the second conductor; and c) an integrated circuit
attached to the first end of the first(Fonductor and the first end of the
second conductor, wherein the int egra'tzed' circuit has a first inpedance

val ue, and wherein the antenna has a second i npedance val ue, and wherein

t he magni tude of the real conponent of the second inpedance value is

subst ant real doynpenentlodithet first impedanga vilud @end thetrhagniude dARe Ridpinary 26mpaaht

conponent.of the first i dance val ye, .and the magni tude. of the inmaginary
conponentt B pecppibitiedents Bl nsmeE AlD Y & U5 aRas TS ingaary 1 o t he
nmagni t udgon@fontMerfitheBisimipédarce VRRBAMY viierdinthe fphhsetof NG RGES db%iéjéﬁentand
wherein the phase of the |nag§nary conponent of the first inpedance val ue

and t he pfitheErsbimpasaneeadiienne yhecrhapoelidhe inginanecayapenent ofithgyedendce val ue are

opposi te; I of claim2, wherein the first inpedance val ue has
a first Irmé%fjan}gsr/gggea%é@gg%e and a first inmaginary conponent val ue, wherein

t he second i npedance value has a second real conponent value and a second

I magi nary conpo val ue, . wherein the.fjrst .real . c opent val ue i s equal
o e sbcona R 8 ol Flaim 2o wfertin bt e netuf ans Pinieal Poropet ©
i magi nar yalgoamianeist intigidabecifsonest vaNReHRGER tNadddend inpRaatRte vhlde hilea Magni t ude

of the imaginary conponent of the inmaginary conponent of the first
i mpedancéecoaq gal compengpeabiednd a secopd Huaginmy compeneapYalus Whewinbadrt rest t he

first inp &t \)éﬁlel‘lge@mjtotthgs&gﬁéf‘eapc%)_ns#ﬁgmgéﬁ%ia?@%e %gi‘ilﬁﬁgitﬁe ofhe.

second i npedance val ue'are opposite. ag o , wherein the
first potheiimagindrytchmpaming nfithe herond irhpadstcerahie is epaprthamagastude ofithd a fir st

econd  ERAETEBREOTRAE N A E AR raEy SEUBAL e ok PPEORBEHaHE. APAMIE e Tand
wher ei n {haphsRePE iﬁﬁl’giria?ﬂ:oﬁ‘fpoh&ﬁ_oﬂiﬂ{eﬁﬁﬂamb&a%@é et &shd he PhAA¥ bfihea second
real conponent value and second imagi nary conponent val ue which assist in

bal anci nnaginary sqmponestof theswapnshismedanse yelug A oPReSIE| r st | nagi nary conponent
value to provide the second i npedance value of the antenna substantially
simlar to the first inpedance value of the integrated circuit. 5. The RFID
tag of c#ai m The REEY egoftlom 2] whdreipohd fisnpafion itheattemmachabadirardal r st r eal

conponent val ue and adf :JI St. magl! nar corrgolnent tg\al ue gnd 1 he_.gecond portion
of the SHERARAG YRS 30d SdEThiErapiadiy COBMBETENTIUG &I i8e SFEnd PERIBAE P rragi nar y
conponenintMitath@s a 8t8nd real component value and a second imaginary component value, and

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 substantially similar to the first impedance value of the integrated circuit.

5. The RFID tag of claim 4, wherein 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, and
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.



wherein the second portion of the antenna is selected to provide qcond
real conponent value and second i magi nary conponent val ue mhﬁ&mAggiYst in
bal ancing the first real conponent value and the first imagi nary comnmponent
value to provide the second i npedance value of the antenna equal to the
first inpedance val ue of the integrateg circuit. 2 7 MAR 7007 -21 6. The
RFID tag of claim1, wherein the first bbrtion of the second antenna el enent
is simlar in shape to the second portion of the second antenna el enent. 7.
The RFID tag of claim1, wherein the first portion of the second antenna

el ement i diThe &FéDtag of ctdimel, wWhareirt the fisse pomidn jpb theli socondfantehea slementds ant enna

elenent. 8.. The RFID tag of .claim wherein the first conductor and second
conduct orSPHAL R, hapPe fd ﬂg%quP@ﬂmﬁﬁgmﬁﬁﬁﬁnsgﬁm8¥i@?@Pmﬁ1, wherein the first

conductor and second conductor are made froma wire, patterned conductive

foils, or printed conductive traces. 10. The RFID tag of claim 1, wherein
the first’-ant dhARFEP &apficlaim lraderein Bmfizst @prtios of e scemddutennyelemantds i al t han

Lhe Secondgolsh 4e flaf Wi Vecontnordierid Robffarfnn kR, wherel n t he

dielectric substrate | rirc constant a 10* eo between 850
MHz and 960 MHz, wherein eo is the permttivity of free space (co =8.85 x

10-'2CZ/INm. 12 e REID.tag of claim1, erein the dielectric substrate
el udes &' b REM B fsain S aliswin G Gut bt and peord sendptiatudiior of 1
t he ant enpanigsattached to the first side and the integrated chip is

attached to the second side. 13. The RFID tag of claim1l, wherein the
di stance between the first portion of the second antenna elenent and a

curved pgyti O'Thngg‘IlB?aé &ff im0 Q\&E&W{he iﬁgstg;_{{(;u%{o? Qﬁq §eerc8 E&ﬂaggxséré‘ﬂl%ﬁe

bet ween t'he second portion of 'the secon enna el ement an curved
porti on dfont hevireegamteched comblietiveofoils,lof prifited cBidutivamacet. cl ai m 1, wherein the
| ength of the first conductor is different than the length of the second
conductor. 2 7 MAR 2007 -22 15. A radio frequency identification ("RFID")

tag, conpui si NGe RFAD tA: 6H iRCE, Whereht s it hftentd) eldRed N SRIREGth hAGRGEhtt 0 the
dielectric substrate, wherein the antenna conpri ses:
conductive material than the second antenna element.

11.  The RFID tag of claim 1, wherein the dielectric substrate includes a dielectric
constant €210* g, between 850 MHz and 960 MHz, wherein € is the permittivity of free

space (€ =8.85 x 107 2CYN.m?).

12.  The RFID tag of claim 1, wherein the dielectric substrate includes a first side and a
second side opposite the first side, wherein the antenna is attached to the first side and the

integrated chip is attached to the second side.

13.  The RFID tag of claim 1, wherein the distance between the first portion of the second
antenna element and a curved portion of the first conductor is different from the distance
between the second portion of the second antenna element and a curved portion of the second

conductor.

14.  The RFID tag of claim 1, wherein the length of the first conductor is different than

the length of the second conductor.



i) a first antenna el enent, wherein the first antenna el enent conprises a
first conductor and a second conductor, wherein each conductor has a first
end and a second end opposite the first end; and ii) a second EhHihi@!

el enment, wherein the second antenna el enment conprises a first portion and a
second portion, wherein the first port'??n is attached to the second end of
the first conductor and the second poftion is attached to the second end of
t he second conductor; and c) an integrated circuit attached to the first end
of the first conductor and the first end of the second conductor, wherein
the fi rstlSportAirtadiodfequem:ysiémhiﬁdatmm(éhﬁw"&tagnmmpri'sing the second portion of

t he second antgenna are i.n the shape of polygons. 16. A radio
frequency idePtifi Eglefe(? CUPBR'D) tag, conprising: a) a dielectric

substrate; b)bpn an Qﬂ%a@ﬁtﬁﬁféh@@tﬁe@ﬁl&&uﬂét@k@&é ierditl BfetanthBa coMssed:n t he
antenna conprises: i) a first antenna el enent, Wherein the first antenna

el enent conprises a fiPst cdfitrartemasimentydesin thedhohasteona cigmeitei n each
conductor has a first e%@'ﬁs‘ésé‘ﬁ%ﬁ cE;PQn&)P&%h&@onde‘fmF Wh%?en?@a‘éh and i)
a second antenna el enent, erein t second ant enna el erent nprises a
first portion and a seccrmdlugorhfiscarﬁrswmdraadasedwadkndeppqsmemed‘mstend;; aatt ached
to the second end of the, first co(g?ﬂtictor and tr]fe ond ortion.,is attached
to the second end of th¥ sechiff° P slement gv )'e“é €{SREONE ARTERRR FFPEl ¢

attached to the first epsingises B€irst pbbion aadNE vebnd ﬁaﬁdntm&rélhﬂ&tﬁrs@m@f t he
second conductor, wherein the first portion of the second antenna elenent is

dissimlar in shape to tsr‘i’ga@"@ééﬁﬁ’eﬁ@ﬁ@ﬂéﬁd of the fiest sapdyister apd e secoBfienent . 17.
A method of manufacturi ?&néﬂisLHnraEl%dnb%sEE GANEAG e s g&dﬁ&&mﬁ& dngeauency
identification (" RFID') tag, conprising the steps o a) providing a

di el ectrick subsintegratpd eirmiﬂ\amclmaaa the-f3 doyl oﬁdieé'u“sucngdlmmrand &rcrfastcand'pf i sed of
a first ntenn i nna el,ement in.,the first

At enna SRCHENE SPoSieuPaan e BROUTHRR A HESF RN SEBBILAITRG™ o0 BEREY T ange
of the a@bﬁﬁﬂ%fthm@é&idrhntéﬂﬁa§l@ﬁ1@ﬂ¢r@ﬁitﬁ@ﬂﬁp@b?ﬁmﬁéodss selected to provide a
desired i npedance val ue, wherein the first antenna el enent conprises a first
conductor and a second conductor, wherein each conductor has a first end

and a seggnd %nﬁdﬁgpéﬁﬁiaﬁc?' i&éﬁ‘ﬁﬁfcgt'io%t("RFID“) tag, comprising:

a) a dielectric substrate;
b) an antenna attached to the dielectric substrate, wherein the antenna comprises:
i) a first antenna element, wherein the first antenna element

comprises a first conductor and a second conductor, wherein each
conductor has a first end and a second end opposite the first end; and
ii) a second antenna element, wherein the second antenna element
comprises a first portion and a second portion, wherein the first portion
is attached to the second end of the first conductor and the second
portion is attached to the second end of the second conductor; and

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

end of the second conductor, wherein the first portion of the second antenna element is

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

17. A method of manufacturing an ultra high frequency ("UHF") radio frequency
identification ("RFID") tag, comprising the steps of:

a) providing a dielectric substrate;



end, and wherein the second antenna el enment conprises a first portion and a
second portion in the shape of closed |oops; and c) attaching the n@ﬁpna
to the dielectric substrate such that the first portion of the Zse%@n
antenna elenent is attached to the second end of the first conductor and the
second portion of the second antenna e% ment is attached to the second end
of the second conductor; and d) attacfiing an integrated circuit to the
first end of the first conductor and the first end of the second conductor.
18. The method of claim 17, wherein the integrated circuit has a first

i npedance val be, sohttingen ententahenpnsahofa firssantenae elemdni andedkacad val ue, and

wherei n the nmagni tLtlde}r of. the. real copponent IOfﬁLhe se onﬂﬁi&rrgedance val ue
i's subst ANER FYneibaierindhy HseAniagn PIemat i5Feleqfbionsayides ARHE APSTEME: he
first impegamegrangt bLthe AR@nHA) VheRNIhE Yelon@bntbhiR dléTRGH Rdelected W pRIRIBE Of the
second i npedance value is substantially simlar to the nmagnitude of the

i magi nar yessApapRAFnccYalug, wheseinsthe firgh anfamnzcsleragnt eompiws aifesteppductns apthaise of
the | MagLOBhY cofBBBARAR<iRLadiiBndlcich hal FRAFERES I AlUSi AR BIAIE R A0S
I npeda a posite. 19. The

i magi nary conponent ‘o e secon nce val ue are op
met hod ofnd;land wha@in thih eccond anthenaf dlensént corppdsen @ €irst pbriwnhad aaedond portioeal

conponent .val ue an first [nmaginary conponent val ue, wherein the second
imedanc@@ﬁ%eﬁgggégd l§’8’i’:sof’|'(’1‘J real conponent val ue and a second i nagi nary

conponent val gg, WaeicRing thdtdink 34 the ApdlectfOMBARROSucH Mhdd ehel fHrst§ftiddn §f0 t he
second real conponent value and wherein the magnitude of the inmaginary

conponenthegrcandantcapdplgmentie atasbed tpdhegecped Ithe forst gpadpetarandubre of t he
g A Sedold &%%HBf{thse%g%HehH%%&ﬁ s%ﬁa'chk%’tf)%dse labeiiGphgse of the

i magi nary onent o rst 1 npedance value and the phase of the
i magi nar yordmnfporeadt of the second i npedance val ue are opposite. 2 7 MAR

2007 -24 20. ,The thod of claim 18, wherein the fifLst rtion of the
antenna has a%i rs%‘%ﬂE’é’lg a"é’btﬁ%r&li‘fg]ﬁ’tmvhﬁodge ﬁ'ﬁgenél (ﬁittf‘qsr't:‘rsf ?fﬁ‘af‘ﬁg"r?’dé&?’rponent
val ue andgirdtbed 66O BstoR@ESAdABIoRf the antenna has a second real conponent

val ue and a second i magi nary conponent value, and wherein the second
portion of the antenna is selected to provide a second real conponent val ue

and secong i mg) Hl%fl%d%‘?E%ﬂﬂ?‘?tvyﬂééi}i%evm{egﬁteﬁ%ﬂicéﬂ hadh fHRYA @gfehme%%ef I rst

real conponent value and the first imagFnary conponent ue to provide the
second i apddherem the aterenadfas & kecoad impelaneuabteantd whdrgin shambgritutoofthe fir st
i r’rpedanc?an gc';ﬁljgon%}clt (thtge iserc]:gr(1a {n%;[cggnc% ivgl%g iist 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 phase of the imaginary component of the second

impedance value are opposite.

19.  The method of claim 18, 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 of the imaginary
component of the first impedance value and the phase of the imaginary component of the

second impedance value are opposite.



21. The nethod of claim 20, wherein first portion of the antenna has a first
real conponent value and a first imaginary conponent val ue and 1t Hétond
portion of the antenna has a second real conponent value and a second

i magi nary conponent val ue, and mhereln t he second portion of the antenna is
selected to provide a second real np#ﬂent val ue and second i nmagi nary
conponent val ue which assist in balancing the first real conponent val ue
and the first imaginary conponent value to provide the second inpedance

val ue of the antenna equal to the first inpedance value of the integrated
circuit.222. Themagthbdoficlain 8 ai/lwreiﬂthevﬂmrpe'rt'rontdfehefamma pasra ﬁmnreaf t he second

antenna el enent. a h second portion f t he con nna enent are in
t he shap&Brons 3’6“ a§§5t "f’l"i‘gmﬁ& cI‘l’B’(H’OBEfn ey ﬁqcfﬁes 88 ‘rg'llopﬁ’é irst portion
of the semem HaBh eevead eda€b@iponiefit valliemit Aisbédnd iiMaghap RomPokdhe valeEaR@ portion

of the second antenna elenent. 24. The nethod of claim1l7, wherein the first

portion BheieHghe sgcapdipeition ahtic apienrmis sslectedsiorrpvide 7 pecond pral esnramentsecond
portion ofy, éms%e&m%aﬁm@rmﬁghamﬁm »\%ﬁih attl§ ﬁ%&lﬁﬂﬂ g&e%@ @17, wherein
eco IS |

the first portion of t antenna el enent rent 1n size than
t he seconanpoehi \Glueahd thefistnmgthaantamoaee|velene provide the second impedance

value of the antenna substantially similar to the first impedance value of the integrated circuit.

21.  The method of claim 20, wherein 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, and
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.

22.  The method of claim 17, wherein the first portion of the second antenna element and

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

23.  The method of claim 17, wherein the first portion of the second antenna element is

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

24.  The method of claim 17, wherein the first portion of the second antenna element is

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

25.  The method of claim 17, wherein the first portion of the second antenna element is

different in size than the second portion of the second antenna element.





