SYSTEM, APPARATUS, AND METHOD FOR ORIENTATION INDEPENDENT RFID TAG
DETECTIWO ZedmsrabField 5The present disclosure relates to a radio fregigagyiglenisiication (RFID)
system that communicates with an RFID tag by way of multiple antennas in order to increase a
likelihood of successfaVEGRMuARBARATILS AN METRD g essiphRER ¢ag orientation. More

particularly, aspects 'of the pre%ﬁ%gw&% PA@IE%EIIOBﬂP&’%n apparatus, and method in

which inductively coupled antennas generate an 10augmented radiation pattern that facilitates or
enables successful RFID tag communication substantially independent or regardless of RFID tag
orientation. BadkghaivatlFRadio-frequency identification (RFID) is the use of an object (commonly

referred to 45 ag ElD,fag) a lied to or incorporated.into a product, animal, or person for the
purpose of ideﬁﬁ%ﬁ%f% n %ﬁﬁ%%%%?ﬁeg%%ﬁ 5 F\%\?g%}leeé‘.c K/I‘gﬁ{‘tégﬁai%rhQ?ﬁ?dfséﬁgﬁ‘ﬁﬁa%ystem include

an RFID readef 8¢aHyiéeoians RIS tbisven qflewtipbmeartenninardnteniaressdmbly and an
RF1D tag. 70ThecRfodd daguinehdele s anHIRGHAR i ot ki) foystaring and Pre¢sssing information,

modulating and dempdulg\%qea radio fr?quencﬁl signal and an antenna for recelvmp_éiq and transmitting
r

& E 1 DV S R TS A R Rk e s Thbsrlyate s sh2RMIBRag and it can be

the radio signaf’ The ader is
coupled to an aiisharhartmisndadivhwdvesyBdniediagsdardekeathfromssgaeralemeters away and

beyond theline,gfwzépsioeafatiih readen GammKnicaton petyaen the REIR tagapd e RFID reader
is made through radio.wavesg);tiva,ted by the UID reader to read the RFID tags that are within a

detection range OF THE!RERD FARH Aty Aldsnardsany” rasardloein REHR PEMIR RIS tag can function at
any desired 30 Frequency, but they commonly operate at an assigned frequency of 13.56 MHz. Due to
its operational @gp@é}@g@, the electromagnetic energy available for communication limits the typical
communication range to only a few ,feet. The most basic and common antenna adopted in RFID
systems is a siRgtéctimylenyy aueiftation RFIOYeshrascefandijppadanspmMatebetdtea fifty ohm
cable. In the negr fielg gf.the, : Is primarily transferred by.the magnetic field and the
efficiency 2?th?ﬁét%ﬁn%%%idﬁ?r%%ﬁ%g%%%@ﬂ% Azﬁﬁ%%%z ?rr]léndarl][é |Epﬁéﬁ%n?ri?’fr§éenear field. Ideally,
the magnetic fi@i&ﬁpﬁi‘irﬁftﬁ’é“ﬁg?ﬁ'i’ééﬂértréﬁa%ésmg tagravest Meipigmpeaersngfiaand the range of it

must be suffici®tilp extemdecl iacensRIFEhaddthesmagnaiictielddmmithaREIPdeadsr and the R.FID tag

can coqple to eﬁ%&tgﬁgﬁ&% g%%%%@"ﬁ, gnwt%g[catlon path between the reader and the tag.

20 The RFID tag includes an Integrated Circuit (ié) for storing and processing
information, modulating and demodulating a radio frequency signal and an antenna
for receiving and transmitting the radio signal. The RFID reader is a device that is-
used to inteh*ogate/read an RFID tag and it can be coupled to an antenna that emits
radio waves. Some tags can be read from several meters away and beyond the line of

25 sight of the reader. Communication between the RFID tag and the RFID reader is
made through radio waves activated by the RFID reader to read the RFID tags that

are within a detection range of the RFID reader.

Conventionally,. the RFID reader and RFID tag can function at any desired
30 frequency, but they commonly operate at an assigned frequency of 13.56 MHz. Due
to its operational capabilities, the electromagnetic energy available for

communication limits the typical communication range to only a few feet. The most



10 Both the reader and tag have separate antennas for magnetic field coupling. Each antenna has its

respectivesroagptieyigld and antenna radiation pattern which is sensitive. g Relagizaigsss T he
orientation of the antenna radiation patterns between the reader and the tag affects the amount of

coupling, and thigdrpactsithenastinnotddtiae FORFIDINEatAN pathingRr exarBRicadidha antenna

radiation pattof0i 3¢ Jasisach@rispiag i o anienna radiation paliern of s eader in @ manner

that achieves optimal coupling, the reader may: not be sensitive enough to e éelt%oret‘rieve the

required inforriStBHI0% ST et e ransdsedly dftorrcheieflsébaditeceffidsrincrease the

sensitivity of the rieasleerandinprovingihaqualitmafycorprmb Rigation helweenthe reager and the tag.
U.S. Pat. No. 6,166,706 (Gallagher) teaches two distal loop antennas with a third 25 overlapping
coupled loop used to produce a rotating magnetic field. U.S. Pat. No. 5,103,235 (Clemens) teaches a

figure eight tyﬂée@ﬂanﬂeenﬁﬁgwimc.ﬁaﬂdeﬂf’olﬁaﬁ@RMD&E@d&U&H@MB{éQ@P@Q‘Hff Therakiectives described are

to reduce the chs.of interf C nduf Ise alarms and to produce a flatter amplitude response and
more linear phe?;lfgge(’:%s?afpogrllttsgeg ‘\?ge%%ucs%f%enaugr%ysfl 0" 5@%&&??\‘%&%‘? FELETH(H51T38% K es adjacent

double loop artéldnfisih it eiefivecendighe RiGHtag isopermedaingohaskeosoutsobphase. Two

frequencies aresuseichte @reduce&ibielhiheiRecies: aan!inaandnagnetic tag. A compensating tuned
WO 2011/037540PCUSG20101000356 loop is used to reduce detuning effects which occur when
switching between the two phases. Lian teaches the use of two generators driving respective loops.

U.S. Pat. No. B602:556{Baviatsiaienohos thak seiehya inHsanieid &iRPR.saRfiguraligns to produce a
desired field, am] gnl rger [\, nturngd 00 rroynding that antenna to effectively cancel far field
response as a far fie d%%n’%%?[?r%%%%%%%? hce%ejrgc% Elnagn SRTBNIRS ‘RS REB ARt iShtdhnas for

transmit and reEBHE iithBYeiiABEdante coisiivsatd thofttenouplad dogpegetd Oeevenawback of these

prior art readetseanadtagndsibe.garesatian £ dnsuBicsmifig!dind this impactsthe quality of

5 the communication path.

For example, if the antenna radiation pattern of the tag is;'not oriented with the
antenna radiation pattern of the reader in a manner that achieves optimal coupling,
the reader may not be sensitive eﬁough to be able to retrieve the reqﬁircd information
20 from the tag. Several research efforts have been directed to increase the sensitivity of

the reader and improving the quality of communication between the reader and the

tag.

U.S. Pat. No. 6,166,706 (Gallagher) teaches two distal loop antennas with a third
25 -overlapping coupled ioo{: used to produce a rotating magnetic field. U.S. Pat. No.
3,103,235 (Clemens) teaches a figure eight type of antenna with paired leads that are
mutually coupled. The objectives described are to reduce the effects of interferen‘ce

and faise alarms and to produce a flatter amplitude response and more linear phase

response versus frequency.

U.S. Pat."No. 5,963,173 (Lian) teaches adjacent double loop antennas in a figure
eight configuration that is operated in phase or out of phase. Two frequencies are

used to produce a field that excites a nonlinear magnetic tag. A compensating tuned



strength over a spatial area and a desired range from the reader to read a tag from a distal position.
‘Another pgeblsm Astagypolarization sensitivity. The prior art readers and teesd880 diotakread reliably
due to insufficient field strength and poor coupling as.a result of undesirable antenna radiation pattern
orientation. In $uméscases; thintagisnaynbeftationzion ddowenen, swimiore tetwarantapptications, the tag
moves through,the-magpnetic field af e rader. Akehas 0 AN REIR syRigH configured to detect items
moving along a conveyor belt. In these situations, different antenna radiation pattern 20orientations
may prohibit the tag from being.read as the tag moves through different parts of the magnetic field

gengrated by tnegre'@g@rq\[%qrtg]g@mgg, Eﬁg&g&gh{%@v&glq&m gpq,gri@[sa%@)}%e pgoﬁystems that
require unnecessarily complex circuitry, leading to increased system cost. 25 It is therefore desirable
to provide 2 sofdIBRYRY 9Bt A G st dHeETiHE regBing Bl atiis g sHRiaRsd AP conventional
REID communicatondiSgimiaany3fin acegreanes withcan aspeat of-thendisclosure; thete is disclosed a
system having an.aperating freduepay for sommunicating information, The systeminglydes an RFID
reader assembly having a signal rocessmg%mt?‘uaving an output configured to prowae a drive signal,
a first loop antéffita’ hahe a!f gRPOPoRTe igie dbfipy kdfirepplanar region and a second loop.
antenna having a second length of wire that defines a second planar region. The first loop antenna has
a feed point to receive the drive signal to provide an electrical signal to the first loop antenna thereby
generating’a firePFARABAKRLtHRTS ATk iFERTART RaRFsRA AYHECTRENOTRE iBadisirpIRAEr region 7is
disposed substantiatly perpenditulationtde fist plhrapsamionthE heaseconddoapanterna exposed to
the first magnegi&gipg)gsti%p_ereby generate a second radiation pattern by way of inductive coupling.
The second radiation pattern includes a second magnetic field. Furthermore, the first radiation pattern
and the second radiation pattern combine to form a first augmented radiation pattern coupleable to the

RFID 10tag anignagin & HaRnetabis ahiersaupriantaly ineRandeal ot RMRagantenna

orientation._ _
5 not read reliably due to insufficient field strength and poor coupling as a result of

undesirable antenna radiation pattern orientation. In some cases, the tag may be
stationary. However, in more common applications, the tzig moves through the
magnetic field of the reader, such as in an RFID system configured to detect items
moving along a conveyor belt. iﬁ these situations, different antenna radiation pattern
20 orientations may prohibit the tag from being read as the tag moves through different

parts of the magnetic field generated by the reader.

Furthermore, the teachings revealed in the prior art relate to systems that require

unnecessarily complex circuitry, ieading to increased system cost.

25
It is therefore desirable to provide a solution to address at least one of the foregoing
problems associated with conventional RFID communication. |
Summary

30 In accordance with an aspect of the disclosure, there is disclosed a system having an

operating frequency for communicating information. The system includes an RFID
reader assembly having a signal processing unit having an output configured to

provide a drive signal, a first lodp antenna having a first léngth of wire that defines a



The system can further.include a third loop antenna having a third length of wire that defines a third
planar regromaol sty planar region is disposed substantially 15perperritvdantootii@fiat planar
region. The second planar region and the third planar region are disposed on opposite sides of the first
planar region diel thenshirditooméatennadsoerposehtomtive firstooraigaegit fitldtotihereby generate a

third radiation paffes, Qé’c&\‘ﬂ%%fni{PQé%c’.@\é‘?ﬁ%‘ﬂléf‘Q)-o_}fQﬁéﬂiﬁ%@@?&éﬁ%&ﬁﬁ%@é@&%@s a third

magnetic field. The first radiation.pattern and the third radiation pattern can combine 10to form a
second augmeHit S EHHER Pt LpipRh BT tHERE P RRARISTERSEETRDY BiATAWhat is at least
substantially ind@pendanbopiRietbtbagiaciieizea Hriemtafietc fizldalibusembetimenrtsothe second and

third loob gnternAS6a81JackA/Re ARl RAPISANSS s A0aLproressigq il 25 The st

augmented radiation pattern defines afirst augmente tection'volume that includes magnetic field
components tHAFEIE BEAPEARCIRET theenrscSrldap egion snarayferedisdiabfponents that are
perpendicular it secand pianatiregion: 33 I'ne: seasid chaidgonentedy adiatienapadte defines a
second augmented detection volume that includes magnetic field components that are perpendicular
to the first planna{ﬁI ?gegf%tﬁérggpr%%%ﬁgﬁgeﬂgﬁ %E)Sr%:{%%ﬁtéonr}g%ﬁ%f‘ gPéJ OEl)héa'rf)eecn C|icrﬁﬁa{r'?ut‘8nthe,third planar
region. In anoffEFasPEdiEsT thisraisciustragmesiestarditizonngtarm cpertanly frdfedhty for
communicatingdptokeatignimgissiasads ThRsYsiemgamNMses s R bHR Feader system comprising a
signal processiglrgelutgti(togaving an output configured to provide a drive signal and a plurality of loop
antenna systems driven by the drive signal. Each 5(bop antenna system-comprises a first loop
antenna having a first length of wire that defines a first planar region and a second loop antenna

having a seconthlengihohwiedtbaldalines:aiLesepaRianalrasionnkacnhirsbioar anienna has a feed
pointto receive the driverﬁigpal to. provide %21 electrical signal to the first Io%g ntenna thereby
n S

generating a firs .'r%%i%lﬁlbl SRR in AR EES RIFHEL SR hE FRRIEY RS TH & tond planar region is
disposed substeanisiticplrpe tiiCusap o thecfiist. Tanaecrmgiplanar region and the third planar
region are disposed on opposite sides of the first planar region and the third loop
antenna is exposed to the first magnetic field to tﬁereby generate-a third radiation
pattern by way of inductive coupling. The third radiation pattern includes a third
magnetic field. The first radiation- pattern and the third radiation pattern can combine
20 o form a second augmented radiation pattern coupleable to the RFID tag antenna in 2

manner that is at least substantially independent of RFID tag antenna orientation.

In various embodimenfs, the second and third loop antennas each lack a feed point'
- coupleable to the signal processing unit.
25
The first augmented radiation pattern defines a first augmented detection volume that
includes magnetic field components that are ;ﬁerpendicular to thé first planar region

and magnetic field components that are perpendicular to the second planar region.

30 The second augmented radiation pattern defines a second augmented detection
volume that includes magnetic field components that are perpendicular to the first
planar region and magnetic field components that are perpendicular to the third

planar region.



The second loop antenna is exposed to the first magnetic field to thereby generate a second radiation
pattern bywsaphsrductive coupling;The second radiation pattern includesmasszoanconsagnetic field.
Furthermore, the first radiation pattern and the second radiation pattern combine to form a first
augmented radi&fiosiatRss 25H8pledeieec s REBYiag amprawninfanensiidethat is at least

substantially independanh @i REatag anienpaoriertalian, Thasxstemirthphineludes an article
storage structyre thatoggrrggs tgesglur!ali%/ of ,Ioggip_agtenna systems irgfone of an adjacent or vertically
‘stacked mannér: 20 TR & furtirer aspect of TSt SBYIRS, A KR RS IR BFdH System includes a
first antenna h@iihgignféeadoritebnpiéivie aeardrivetsigriry theyitst drvenizaatobdigured to generate
a first radigtion paieEnin {paBeNSRBEdiva g ARl MRSHishEadialionpatenn; alyding a first

magnetic field (Q?vin%?, maximum magnitude .along a first 25axis. The system also includes a second
t

85 {6 JERIPAR KRB GHA 7SRRI PR ANBy VAL ARG RSBy to the first

antenna configure .
radiation pattetra! théseeoedoratiFtion patierfacicliding a secanctmadgnetisfield having a maximum

magnitude alopg:f,seromlaXignAddiianal, he-SYSIPMm{Ursrdnplides asstof support members

configured to s%a}tially dispose the first antenna and the second 30antenna relative to each other such
that the first al§ RS GRS Dahsuizien pirntHe dayfasades THegaEdifrahténna is offset away
from the flist asds tdwhrdhargeoip edispfstdefisimiatenpapimaiditectian: fasafiphto hgssecond axis,.and

the first radiatiop, RAtiedAAG e seRaNddediatR0 ARSI ALS-ERINBINaRIS lageperate an augmented

radiation pattern within a detection volume in which the aigmented radiation pattern includes rhatnetic
field componeriteoBf SHRERMPAHEThN BAY M dsiiciearlagatisnstecen sslisienapleeoupling to an
RFID tag antemnadasa seannimdiais ifdlerrindent ae aasantialdindependentotRFID tag antenna

orientation withip e delaglion volime:.n.aceqrdance with another aspeioftis disclosure, there.is
disclosed a process or method of detecting an RFI tag garrylng an antenna within a detection volume

in a manner theitRiebl<ia sy iRdepetiensatvr REMetdheo Heatiatv AubSHatRbeess includes generating
a first radiationijaaptaez Ry MRy Df adistipeprantemsa having a 10feed point and a length of wire that
defines a first planar region. The first radiation. pattern includes a first magnetic field. Additionally, the

process includes exposing.a :
' The system further includes an article storage structure that carries the plurality of

loop antenna systems in one of an adjacent or vertically stacked manner:

In a further aspect of this disclosure, an RFID communication system includes a first
antenna having a feed point coupleable to a drive éignal, the first antenna configured
to generate a first radiation pattern in response to the drive signal, the first radiation
pattern including a first magnetic field having a maximum magnitude along a first

25 axis. The system also includes a second antenna configured to generate a second
radiation pattern by way of inductive coupling to the first radiation pattern, the
second radiation pattern including a second magnetic field having a maximum
magnitude along a second axis. Additionally, the system further includes a set of
support members configured to spatially dispose thev first antenna and the second

30 antenna relative to each other such that the first axis’is substantially pcrpcndiculér to

. the second axis. The second antenna is offset away from the first axis toward a

periphery. of the first antenna in a direction parallel to the second axis, .and the first
radiation pattern and the second radiation patterns are combinable to generate an

augmented radiation pattern within a detection volume in which the augmented

th



second loop antenna to the first magnetic field, the second loop antenna having a second length of
wire thaPiRANEITEEond planar region disposed substantially perpen8leti2F BTt planar
region. The process also includes generating a second 15radiation pattern with the second loop
antenna by waif Bfifidricigre icelwslingaentiis fiett avapeetiefielduifneewammdydmitation pattern includes
a second magneticdigld.fibgdires sadirtion.pritetpandihe reaond rdiation patigm.combine to form a
first augmentetp tradjacgion [Pattern coupleable to trhe RE#%EEL antenna in a matmner.t at is at least
substantially indeeRERT BT 12 B 518y BheRihEH h | %?6%%%‘%‘?8% SURRBYIRAIUAE exposing a third
loop antenna tietéricfitsnmalgmetic field and generating a third radiation pattern with the third loop
antenna by way of inductive coupling. The third loop antenna includes a third length of wire that
defines a third plapsit seeianidlispased sidostrntialysnepengicelardectbe disstlasasregion. 25The third
radiation pattern {'n%Iug S third nﬁqﬁetic field. The first radiat ion %a%tetr.n anclf the third radiation
pattern can co‘?ﬁb}%e (0] oFrCﬁf%gs%]con éi?g?ﬁ%ﬂﬁja Pa%\tﬁﬂ%%'a e Egﬁbﬁ’ge{/g &6 thé RFID tag
antenna in a manertbantsisudsiess igubspamdaiydNBERe rdemtcofaRF D hagrorsatation. 30In
accordance withajturtags agpectplthisdiscinskis 13 RERceSSRLIRsthad el manutasturing an RF1D
reader asiaem%lg IS dis%%seg. Thle roceSs includes providing a firstTI%o? antenna having a first length
of wire that defiie8UYiA ARSI FAAHLSRD BT RIBRA FRi¥ 2 e d R AR is carried by a first
housing memipette Thechrdees §fuintagniticid ésApidivictinldy atsepoackionpudnserpes iaving a second
length of WO J0J /@3RG (2R 0M000R6Ad e thaldsfings fsrmandLiaar region. The second

loop antenna is carried bly a second housing meniber such.that the second planar regionis .
substantially pERSBHRERAP IR S HiasTr FEgTshPATar d7e S ABRASRSH KIS is inductively
coupieable to ﬂe'eiéiqétchﬂmptamemplmaﬁegm m@bmi_hisodimtm&a@nmtﬁga)mndr_nu_nication
process qsmeffigdiclures RIRNHINGA I AIERARSNIAVELthindeRekaling (Tslgadiation pattern

including a first magnetic field having a inaximum magnitude along a first.axis, Additionally, the
process includ®s!Faendlifg s deBnireatbiARishRgiTaddudeheratand B aeietolit tadiation pattern
including a secvedimagdieticn fietcdamvtngaseoendrradiaticnagniindteatongia feeaanttaxis and positioning
the first and secon nnas relati* to each other fi Is i3 substantially
pe.MendicuIara’?(‘)"lt?lé{f[ls,&e}ggﬁgﬁ éf%g%gﬁé’ t??géee%%eng %%gr‘fégﬁééﬁéiﬁﬁg%%/xfrgm the fi!rst axis toward a
eriphery of thEa¥F St BfitarHaYiin deernderion BEHRIf@EterissseRond axis. The process also includes
periphery p .
5driving tbe first antenna to generate the first radiation pattern. Further, the process ' includes
inductively coupiingrdbasesofidizntaninactexpoeifigst el adisnapatiesnott.gérneraterthie second radiation
pattern; and gqqratng. A0 AemERiadadialionaatan wihin A deicrlianalumevihe augthented

radiation pattern corre§ponding to a combinat e first radiation pattern and’the second radiation

pattern, the 208deHEn tedrRRaTiBh i toRRP FEDBMEGMEeRRtdrfdtacsth Al pUFHr #R{0fy sufficient

a third planar region disposed substantially perpendicular to the first planar region.

[ ]
Uy

The third radiation pattern includes a third magnetic field. The first radiation pattern
and the third radiation pattern can combine to form a second augmented radiation
pattern coupleable to the RFID tag antenna in a manner that is at least substantially

independent of RFID tag orientation.

30 Inaccordance with a further aspect of this disclosure, a process or method of
manufacturing an RFID reader assembly is disclosed. The proées’s includes providing
a first loop antenna having a first length of wire that defines a first planar region. The
first loop antenna has é feed point and is carried by a first housing member. The

process further includes providing a second loop antenna having a second length of :



magnitude and directional variation to enable.reliable coupling to an RFID tag antenna essentially
indeperndent@mfi B¥15adag antennarientation within the detection volumep@oBtiaiidesesiption of the
Drawings FIG. IA is a block diagram showing a set of main elements of a representative orientation
independent R Bheodinerication agsemizlyiacdbediagio Ropembadineat-aktheadisclosure. 30FIG. | B
is a schematicdbstratian.qhanorienialian dodensrdant REIR communiggion system in accordance
with an embodiment of the disclosure: FIG. IC i$ a schematic side view o the RFID communication
system of FIGS PRI M oRe {HEf Piangra<sipeard tibenersnd ipnrsaneanrt REMBuSEsunication system
accordina to anotleesie mitedimentphihendisclosure. * FIG. 3 is a circuit diagram of an impedance
matching circuit in accOrdance with an 5e:mbodiment of the disclosure. FIG. 4A is a schematic
illustration of a mariner in which an object such as a first book and 'a second book that each Carry an
RFID tag cant h8"QEteiciedch abiciitplodire s Stk yraseniceisolpssessiaransibether that is independent
of RFID tag |i@erigesation i@ idBdsehaehonmiicilusiation affag adeniationdsependent RF1D
based article; e system according to an embodiment of the disclosure. ISFIG. 5 is a flow diagram
of a process %%qé%%é%%ﬁsgarﬁa&ﬁ B’%gbgifﬁagurﬁéf‘nﬂae}r“ at i’ ntlatg%’nl?%l a}nagpaexr‘f(jent of RFID tag
orientation in‘A¢EERIHEE\RRIPERsSenshsismpspitideha Wpsotbenirana cor@eddd @ fieveraliagram of a

processi for mwmtwdmgdﬁm_msie&aa1%&%2&@%@%%@9@&@%&8%0&/@a'n RFID
Comm“”'ca“%ﬁl@(ﬁ& rcna ogg(z)xrgclyo%ct %,5‘}9 aenrgi] ggg{mr%qtg?get%?stp gr?ds gerg:%gl grll(t)csnlrjx;es relative A
to each other such that the first axis is substantially perpendicular to the second axis .
anc:i the second antenna is offset away from the first axis toward a periphery of the
first antenna in a direction paraliel to the second axis. The procéss also includes
15 drivin g the first antenna to generate the first radiation pattern. Further, the process
includes inductively coupling the second antenna to the first radiation pattern to
generate the second radiation pattern; and gencraﬁng an augmented radiation pat‘tcrﬁ
within a detection volume, the augmented radiation pattern cdrrespoﬁding to a
combination of thg first radiation pattern and the second radiation pattern, the
20 augmented radiation pattern including magnetiﬁ; field components having sufficient .

magnitude and directional variation to enable reliable coupling to an RFID tag

antenna essentialty independent of RFID tag antenna orientation within the dstection

volume.

N
(8]}

riel Description of the Drawings
FIG. 1A is a block diagram showing a set of main elements of a representative

orientation independent RFID communication assembly according to an embodiment

' of the disclosure,

30 FIG. IB is a schematic illustration of an orientation independent RFID

communication system in accordance with an embodiment of the disclosure.

FIG. 1C is a schematic side view of the RFID communication system of FIG. 1B.



FIG.? is a. graph illustrating a manner in which a gap between a primary antenna and a secondary
antennawsifbentis msnsaximum distance away from the primary antenna atrwhistizamRésEstag can be
successfully or reliably detected for a representative implementation of an REID communication
system accorélifig td‘arréniBodimerit¢hetdisitiosurenDefaite @ PiEs cripiiami3ffombadiMents of the
present d|sclo‘§g(gpd{@J%gg&m%dlmggﬂ,{gdggg&&s and processes that facilitate or enable
communication between an RFID reader, scanner, or transceiver and an P,FID tag in a manner that is
independent or substantially independent of REID tar orientation within a spatial detection volume.
More particul#tly, Eiskathenentaahthe praseptaiseasspirglaiesta anRf@semwikaication system in
which a pglmar‘;{b%g;%nm%%g ﬂ&%@&st one secondary antenna are spatially disposed, positioned,
arranged, oriented, or aligned relative “to each other such that electromagnetic coupling between
antennas occurs by way of mutual inductance when the RFID reader drives the primary antenna. 5
Thedprimazjy anEnna g 'l%gﬁﬂ&ﬁﬁsﬁ pnﬂa&aﬁéﬁ@iaai%meﬁmaﬁcﬁd@sabym beingdriven b>|/ thfe FijlD
reader, and e secgnda ten erates a seco sadiation pattern gs ,a result of in uctive

- coupling to thg%&lm%{\r% rad%%%ane%a Tern % magnea{?( fled’ n%arlﬁus er:tr’ﬁ)Jdm me?]ts Y the primary antenna
is directly dnv@ﬁbesfﬂméwﬁrmM%%éz%@ammw@w Peauit mdét@eﬁ@eapéwﬂ)ﬁﬁg to the RFID
reader byowayénafead point, and each secondary antenna is indirectly driven by way of inductive
coupling tothe primary antenna. That is, each secondary antenna lacks a direct electrical coupling or
connection to the RFID reader.. 15The primary antenna radiation pattern and one or more 'secondary
antenna radiafibh ptetrishesitiisnétermsion aheaugienssion indersisosRe Hadisrenrpalttern that defines

an augmente@r&faﬁ@mﬁﬁﬁliecd&iﬁ@l@fh%m%@:Jéﬂ@dﬁl%ﬁﬁ@c&&%ﬂ@' arrangement of the primary and
secondary antenna(s) results in the generation of an augmented radiation pattern that includes

magnetic field components having sufficient intensity and 70directional variation to enable reliable
coupling!td anfRADs méantbrgrarypfim nheas fimaetrstdete DD vetLime imanaalraiés thai is
independent %@s&.ﬁ@mngﬂydmﬁ@@rnwmbt@@ gﬂ@&@{@mﬁm@&@%&mtﬁ EAQrmsdﬁn&ﬁnna

of the disclosure.

FIG. 6 is a flow diagram of a process for manufacturing portions of an ‘RFID
20 communication assembly and/or an RFID communication system according to an

embodiment of the present disclosurs.

FIG. 7 is a graph illustrating a manner in which a gap between a primary antenna and

asecondary antenna affects a maximum distance away from the primary antenna at

e
th

which an RFID tag can be successfully or reliably detected for a representative
implementation of an RFID communication system accord,mg 10 an embodiment the

disclosure.

Detailed Descr'iption :

30 Embodiments of the present disclosure relate to systems, apparatus, devices, an:d,
processes that faciiitate or enable communication betwesn an RFIb reader, scar'm:r,‘
or transcc‘ivcr and an RFID tag in a manner that is independent or substantially
ndepend"m of RFID tag or:entatxon within a spatial detecmon volume. More

pamcularly embodiments of the presant disclosure relate to an RFID communication



Each secondary antenna is physically or spatially separated, isolated, or segregated from the primary
antennaydylgge gpeaifically, each secondary antenna is disposed relatiye-igstis fronags antenna such
“that the major or highest intensity magnetic. field component(s) of each secondary radiation pattern
are orthogonakeasentialy erhagenali-arsuksiantialbhosthosanakie:-the snajpranighest intensity
magnetic fielgi%%gggono%ﬂtl ?ﬁgf the primary ra iatioln',g tte(ggl. Intaddiéiogé each %EconclarY 30antenna
is disposed of Offset away Hroman mxe hEPEabE JaHhEFUISHY AHPEHSHB the primary radiation
pattern's higtféstriressitjcraeigistdfiicecentpoaent(s)s be.wan dxigthatdontesponds to or is.aliened
with the primangaiverpesbiabest iateRsiymaaneticfield. As a result, the augmented radiation
pattern can efficientlY and/or reliably couple to an RFID tag antenna that is oriented a) orthogonal to
the p,rimé’ry antenna's highest intensity magnetic field cdmponent(s); as well as b) parallel to the
primary anterhafinighestiimtensitemegngtiodie i detiop paent( s}, 2 herdby fecilitating or enabling
 orientation indenendsntRIHD tag caMuUNEATIR.nH BHlinis eabodiments.the primary antenna and

_each secondary antenna |s'a‘]lco,op or loop typé antenna that includes a length of wire that defines a
portion of a 188 t?rBI%%%feéPlb%rfap%ffévé SRl IR, HheT BRARARN BHER R Hha/BREEER secaondary antenna
can be a singlelturin leojpentermodinidne, phinpamagnienmasdndieath dtcormgahe &tnna are disposed

relative {g eachRIhRY Shcihhat heRlana' a0l Is.RHmANARgsRa s, 10syhstaqtially orthogonal or

perpendicular to the planar area of each secondary antenna. Each secondary antenna is disposed
away from a MEIRARis2Bf S hPRRRISFA A S AHEF A 8HVETeDY Aa St orthogonal or
perpendiculactopthig pritirapyi mateanaispldhariares); fordnstanceshowarids; pireximate to, or beyond a
periphery, bogder; Qf boiyndary- QbHe-REIMALY. ¥ERINA-planar arba. 13 In-contraSt to prior

approaches directed to orientation independent RFID tag communication, various embodiments of the
present disclosure drive only a single antenna (i.e., the primary antenna), and avoid 'a need for
multiple RFIDTreadersyAdditienaldystthepprimadydasite tna @a déosseondaty-andemina(s) can be loop

antennas. 10B20AG & IRYIEIORRPLIYIA SIS ASALISHY L AIBOUIRIENa.PL R digplosure exhibita

substantially simplified system design and significantly reduced system cost compared to prior
approaches SRR FRRERYA SRR IR R AT ’i%i@"é&ﬁﬂﬁ@h?é%?ﬁéﬁ?%?@fg?esentative
embodimentsptifritre alisclesieaforadteegsingione e prenbihe iomwgaingprablems associated with

conventional approaches for. orientation. independent REID tag.communication are described
hereafter. Witlgire“f[‘ere ﬁtclem':gg)uﬁsdg.aﬂeig%?ﬁ]c?%g g e%n(%?% Fd‘ﬁ%ﬁ%‘?ﬁfa otvx\?sterfﬁ?g S?C]:n alogous reference
numerald¥indi€&terinral JRaREB §o tra birersiishis covpdiriefatly REAE. feg raigaRR OFiEDBiIVEN reference

30numeral shawieiited padisidak il AR indicradhy siepbanaossaensideration of
: independent of the spatial orientation of the RFID tag antenna. :

. Each secondary antenna is physically or spatially separated, isolated, or segregated

25 from the primary antenna. More specifically, each secondary antenna is disposed
relative to the primary antenna such that the major or highest intensity magnetic field
component(s) of each secondary radiation péttcrn are orthogonal, essentially
orthogonal; or substantially orthegonal to the major orfhighcst' intensity magnetic
field component(s) of 'the,primary radiation pattern. In addition, each Secondagy'

30 antennais diéposed or offset away from an axis that can be defined along a dirécﬁtio'n
of the primary radiation pattern’s highest intensity magnetic field c.‘omponent(s},' i.e.,
ah axis that corresponds to or is aligned with the px;imary antenna's highest intensiry
magnetic field. As a result, the augmented radiation pattern can efficiently and/or

reliably coupte to an RFID tag antenna that is oriented a) orthogonal 1o the primary



another FIG. in which such reference numeral is also shown. For purpose of clarity, the description
herein is WIRAEAESREID communication systems having an operating #fet{BEAY8¢Eproximately 10
- 15 MHz, e.g., approximately 13.56 MHz. However, this does not preclude various embodiments of
the present digelesure fighesysitawiy oraapplicitidnstivatertiimesomeiquibe simlileroperating capabilities

at or within ongrRrMOIRGINES NRRIALRGHRAHEDRAS. FRYUEELAS RS, @ﬂ@!@ogl@mnaar,%andard RE
communication fre L@%cy, bands (e.g., approximately 125 kHz, 840 -845, MHz, 869.MHz, 912- 928

MHz, 955 MHZ! 2‘:‘8?@59“@“4‘23? b SRS U EHE (57ESRNt disclosure encompass RFID
communication systems having a different operating frequency or frequency range, or which onerate

within a bisraliy gl MERRKRANS ARG A A lock JAAAMANONING.A sel glnain elements of a

representative orientation independent Ia) communication apparatus or assem Olc))f)lo according to
an embodimerf SIANE BF ISR AN e des B denasapf wie that dsTesRpanienssA B8Bembly 10 includes

an RFID readetascanmpimdranaceivelionl Signaimiscassing andiblQhadissidleopaaianna 110, and a
second loop aglgnag Ladk. 1NN SMBRdiments 13the REID, communicaion assembly 10 can
include one or more additional loop antennas, uch tnh/aﬁ e system includes three or more loop
antennas, as faitiferaRARe Be BRI datbe Nlomisraiithean st Brents the first loop
antenna '14.0, fobsnstange2Rpomay: ekasraleckica i or feadpeairt sshad®kID reader 100 can
provide or sup i ignal to the first loop antenna 110, thereby generating an electrical current in
the first loop aﬁ%r’?ﬁ% J%l%%lr%%or%%r n%r}%nr? ésrsfcs)%%f%é;/agﬁg (r)?rgr%??laa{rr{/agsiﬁ |ﬁﬂ eggﬁ.ml' he second loop
antenna 120 |G8KE"8rhRENaF B life dnayi it éocthivgsneboringens iswaRE ey 100, and is
physically sepaiigi@sh Qrpispiateehf| ainita fistiapianienrifad PR Radisulatrgescribed below. That
is, the second %L%?a% ant gggd%goopt%gd not be electr,icau% and/or physically.coupled or connected to the
RF1D reader. The Tirst loop antenna 110" GAARUE FORE 16h"5€a primary antenna, and the second loop
antenna 120 can thus function as a secondary antenna that can be electromagnetically coupled to the
first loop antenhadhl@dyoway:abmRagRalis SQidYianaTibe filbandregapddgop antennas 110, 120
can respectivel%‘include a first Ier:?%rgqgégivire 11%) nd a second length of wire 122. Each oldie first and
clu

second lengths of wire 112+ 152° IR ALEE RIETEH A KIRIEY AP PO material such as
at antenna (i.e., the primary antenna), and avoid-a need for multiple RFID readers. -

Additionally, the primary antenna and/or secondary antenna(s) can be !dop antennas
20 having a single loop or turn of wire. As a result, embodiments of the disclosure
exhibit a substantially simplified system design and significantly reduced system cost

compared to prior approaches directed to orientation independent RFID tag

communication.

[
(o]

Representative embodiments of the disclosure for addressing one or more of the
foregoing problems associated with conventional approaches for orientation
independent RFID tag communication are described hereafter with reference to FiGs.

A to 7. In the description that follows, like or analogous reference numerals
indicate like of analogous elements. Additionally, the.recitation of a given reférence .
30 numeral shown in a particular FIG. can indicate the simultaneous considerzlttio‘n'of

another FIG. in which such reference numeral is also shown.

For purpose of clarity, the description herein is directed to RFID communication

systems having an operating frequency of approximately 10 — 15 MHz, e.g.,

10



least one of copper, gold and silver. Depending upon embodiment details, the first and/or second
lengths oPRRYMIBT342 can be configured in accordance with various tyiS&<dS628HEH356r patterns, for
instance, a circle, an oval, a triangle, a square, or a figure of eight. The first length of wire 112 defines
at least a portierpokafirgly |6bptoY planbioregionttii4 daschtherselodndasngthndfodinet22fdefines at least
a portion of a $RCORGEIAORsRIRN AL AIARCAR 4, N PHLIRIG ehodiments. g iy shang second pianar
regions 114, 124 define or have equal or approximately equal areas: In other embodiments, the 10first
planar region P1% 18 SRBRRBILSt PN SNHIA 2% OlR W ise SRETBIaR FeruGsies P4 h& indicated above,
the first and sevendrlooprantenwas dr16iahdbréra Bpadiathydisposedepositipneddeoriented, or arranged
relative to.eacaiherin A manaes ey 19faciiaicalRrromacnetc iGeUplng Gy gy, of magneti

0 lation patter

induction, and which results in the generation of an augménted ra n having magnetic field
components of5fiClendintéfaity Ertpefigainal viriatiersts fhigiretes ginerrapresr@idble orientation
independent Risiihtag£iomegsiaicatiaviap artigdanaspestm ofagieanaorieniation #nagcordance with
embodiments of &W@E‘R“é losure,are qscri ed.20in detail hereafter. FIG. 1B is a schematic illustration
of an orientatiorl1 in\dcepépcr?g}eent RFIII§1 gr%rlﬁarﬁ%%%ﬂ)uﬁ r?yztfé?ﬁszo in accordance with an embodiment of
the disclosure. The RF1D communication system 20 includes an RFID tag 200 and an RFID

25communication. assembibed Qisgrah ardwaidesedbrdinbrye witbreapastiae. IA. The RFID
communicatlon RIFE A0 fanigueed o have.a predeieimined opeialing fequency (2.0, a center
frequency within a requencpy lbano! , Which in.some en ocﬁments IS approxima eyt’l - 15 MHz, in
particular emb&tfHEPHEN b6 IdrgStEg e e pRPapmentiitaR i B 3BEMHEARO In general, an RFID

tag 200 includessanbiyFDHagdentana B0 Llessanie st for wimlgssceqmpnmication ("wireless
circuitry™) 204, i%ﬂdaeh Fs?PtrOI system %06. The tgﬁ% and Iocatio%f Iihe (5FID El(%lantenna 202 is

dependent upon.the ope?%%ﬁré rgallj(‘aric%?%ﬁtﬁg ]Iﬁ‘félﬁt% and p'éﬁlgfjﬁaefn ﬁ?%té’design details. In

some |3  the RFID communication dssembly 10 can include one or more additional loop

antennas, such that the system includes three or more loop antennas, as further

detailed below.

The RFID reader 100 is electrically coupled to the first loop antenna 110, for instance

20 by way of an electrical input or feed point. The RFID readér 4100 can provide or
supply a drive signal to the first ioop antenna 1 10, thereby generating an electrical
current in the first loop-antenna 110 in a manner understood by one of ordinary skill
in the art. The second loop antenna 120 lacks, omits, or excludes a direct eiectriczil

coupling to the RFID reader 100, and is physically separated or isolated from the first

b
n

loop antenna, as more particularly described below. That is, the second loop antenna
120 need not be electrically and/or physically coupled or connected to the RFID
reader. The first loop antenna 110 can thus ‘function asa prim.a‘ry antenna, and the
second loop antenna 120 can thus function as a secondary antenna that can be
electromagn;tiéaﬂy coupled to the first loop antenna 110 by way of magnetic

30 induction.
The first and second loop antennas 110, 120 can respectively include a first length of

wire 112 and a second length of wire 122. Each of the first and second lengths‘of

wire 112, 122 includes a low loss material and/or-a low resistance material such as at

11



embodiments, the RFID tag 200 can further include a local memory 208 for information storage.
AlternatiVER24HE'ISHID tag 200 can store information, such as an idenhficaton WUMBEP, by using of
diOdes, dip switches and/or other circuitry. The control system 206 can be an integrated circuit or
other type of MfEr6pPOEEsBRI ¥ AiiarotbistroRepssrinE sPioSTRATCBA SRIaHe SaBstantive operations of
the RFID tag dorlaenr@fethsystame206, i$:0RIed i thavinelesselistitil ¢drigucommunicate and
receive sig‘nalts, or trgr;lsmission%gAddjtionatll , the coptrol sysiteng can be couu%legl to the local Memory
208 for sto'ring).g'n(ﬂo? it ter?eo\fiﬁ% Rromeation. T0As Shéwh M HE. riaﬁﬁ,etﬁes?irgt anrdasecond loop
antennas 110f19:20 efreghositioned or disposed relative to each other such that the first planar region
114 defined by the first loop antenna 110 iS.perpendicular or substantially perpendicular to the second
planar region 124 defined by the second loop antenna 120. A first axis IlI! can be defined with respect
to the first Iooi‘grﬁgﬁ}?ﬁﬁ’lﬁf BlEn tRatns Tibieasia BYT98 YshBFh S RPAREEEATEST disposed within
the first planar régiontid secSihitaudsh af secotit dxisd24 kast beatafimethwitlvrespactto the second loop
antenna 120, seh toabine secoRd@is JT%@o@rna{m%é%épgs%géa%yﬁgﬁg%@gnwutmﬂ the secend

planar region 124. The first and second axes 111, 121 are substantially perpendicular to each other. In
addition to the' SBSHIRGAM HEBRh BT ARRIPHMIRL RN LIRRS S HLBRAT SBBRHEFREGIBh 124 relative to the
first planap rediom dldrty tagi setbhikpladidferegipinydi2d isqpenperidicedantypdisposehaway from the first
axis 111 such that the second planar region.124 is positioned towards, adjacent to, proximate to, at,
essentially at, or at least slightly beyond a peripheral boundary or periphery of the first planar region
114 in a direction parallel to the second axis 121. 25 The First and second loop antennas 110, 120 are
laterally separatadditatedeasteotiefife £hd sepaddtes bytaalistance2alergghdafiyst axis Ill) by afirst gap
300. in various ipbadimeise N6 {15199 A0S ARRRSMAURN Qb Bl Beficular embodiments,

the first gap 300 is Ies%an approximately 1 , for instance, 30approximately 7.5 cm or less, or
about 5 cr or fsddtatepglegyangrandisicougbpe dyovarat masntlictivduchem ARy Baiwaat the first and
second loop antetnandrkdnl?@an Asghdeited Aencihedheltayisdehamatictiéaicoupling results . in the
generation of ap,augmen(ed, or.composite clertomagnetc.ield, distrien, haplefines an
augmented detection volume i which an R fag can be : :
' reliable orientation independent RFID tag communication. Particular aspects of
antenna orientation in accordancé with embodiments of the disclosure are described

20 in detail hereafter.

FIG. 1B is a schematic illustration of an orientation independent RFID
communication system 20 in accordance with an embodiment of the disclosure. The

RFID communication system 20 includes an RFID tag 200 and an RFID

25 communication assembly 10 such as that described above with respect to FiG. 1A.
The RFID communication system 20 is configured to have a predetermined operating
frequency (e.g., a center frequency within a frequency band), which in some
embodiments is approximately 10 — 15 MHz. In particular embodiments, the
operating frequ‘ency is approximately 13.56 MHz.

30

In general, an RFID tag 200 includes an RFID tag antenna 202, electronics circuitry
for wireless communication (“wireless circuitry™) 204, and a control system 206,
The type and location of the RFID tag antenna 202 is dependent upon the operating

frequency of the RFID tag 200 and particular RFID tag design details. In some

12



detected in a manner that is substantially independent of REID tag orientation. The size of the first gap
300 can W& d&t&1HiA¥d by way of simulation, calculation, and/or measu?gr?{éﬁlz%’é??'?ﬁ% inductive
coupling between the first and second loop antennas 110, 120 gives rise to an augmented; composite,

or overall eleéfiSRTFRAEEC RRF PatesrAMrcastribiriont thds dlefinascapard)oiocovers an augmented,
composite, onigsaratispatalocolimenthiatis, apptoprate o6 s REID @BRligatioRnder consideration. in

general; as the size .c;fvthe first gap 300 increases, an overall RFID rag detection range or a
cor_respondinansllézeél% B |oﬁ€/8Yu¥ﬁ‘8%ﬁ%%é3§eessfj IE)Wé\%ée\?eaﬂ /ﬁéoulﬁ?fc)ctlfﬁﬁ')}%faﬁr} augmented field
pattern can safferqlesyictiefitdende deiorigratts sirchithaottive tapgypiariteebfisichysattern exhibits

irregula}ritﬁes Qmage&mmrénEis@&m&%%}{é&@%%96&@@%@3&%9@8%@ RAEN E&éﬂ di‘St{ﬂlnCG (e.g.,
approximately 5 - g cm). Additionally, the flrsit%gnap 300 may need to exceed a minjimum distance such
as approximaégﬂi B 5P1E! PRBBAGLE RBRIBHY BSUMNRGSFS UL b VRER IR & Soop antenna .110
and the seconrddoopiantéymé b2 Ganam ikeadLoidistaid ByREd b detestiomperrfdemaurdedin certain

situations. A gsqnbnyﬁﬁmmtbsgr%ﬂéienﬁgL{%&?SPW&ﬁMtgeﬁaﬁnqtaQﬂe first gap 300 and the maximum

distance away from the first loop antenna 110 at which an REID tag can be successfully or reliably
detected for a representative implementation of an RFID communication system 20. 20in accordance
with the pPesetut shsetosuFeds ide siribadanddetaildielpumdthaefetonee de PoGStioheBlB. I1C is a schematic

side view of (he REIDcAMUNSAIONSYIRTLAQR' FIGLR: sl beappiadaisd by a person of

ordinary skill in the art, electrical signals 25provided to the firstioop.antenna 110 can produce an
electrical curréfi tAPBEGIF AR Fiiiaem daietasot sepskataldirrRe Wi aiecatfent through the first
loop antenna fGacesgigenevatefadirsy tdiation pedfednand esponding dgithe ficas laop antenna 110.

The first fadiammﬁmg udssie HF&H”&Q%%Q%M‘?M’ bigharas a/malar or highest
intenSity.component parallel to or along the direction of '?he aforementioned first axis 111. Due to
the position aferBALIMEHFEBFEHE SErAsae b Ahtditpir rpT retigive!tb iEirgbIcop antenna 110,

portions of thegeeo adiareraa k2R faiel oxposeskio dhadisstomapoptiatbietd,  pdslidAghn the generation
of a second ra%g(itagtég&g %:g'gr&?risﬁ%gna} to and centrally diéposcd within the second planar '

region 124. The first and second axes 111, 121 are substantfaliy pcr'pendicular to

each other. In addition to the substantially perpendicular orientation of the second

20 ‘planar region 124 relative to the first planar region 114, the second planar region 124

is perpendicularly disposed away from the first axis 111 such that the second planar

region 124 is positioned towards, adjacent to, proximate to, at, essentially at, or at

least slightly beyond a pcripheral bbundary or periphery of the first planar region 114

in a direction parallel to the second axis 121.

The first and second loop antennas 110, 120 are latcrally separated from each other
(e.g.. separated by a distance along the first éxis 11l)bya ﬁrs; gap 300. In various
embodiments, the first gap 300 is approximately 0.1 — 10 cm. In particular
embodiments, the first gap 300 is less than approximately 10 cm, for instance,

30  approximately 7.5 cm or less, or about 5 cm or less.
The size of the first gap 300 affects inductive couﬁling between the first and sec?nd

loop antennas 110, 120. As further described below, such inductive coupling results_

in the generation of an augmented or composite electromagnetic field distribution
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corresponding to the second antenna 120 by way of magnetic induction, tadiation pattern
include¥Ps¥811d7R4gnetic field, which.has a major or highest intensi@cé%éfﬁm%?gng the
secondplanar region's second axis 121. 5The first and second radiation patterns combine to form a
first augment& 6¢ GethposreTtairisiepiaterl et iR g BidpatiBr EX @t iteadines a first augmented or
composite deiagtien voluragner dtﬁﬁeirsragﬁtgaﬂaa@nadép&&emﬁmtbeagE&Bntagoaomean be
reliably:consistently, or.generally reliably detected. The first augmented radiati ttern includes a
first augm'entse‘ﬁeé)} ggrﬁ'p%éﬁ?g?ngéﬁﬁ% |<e:¥%?&n }&g%gb e%’ﬁﬂtoéfs { éﬁ %ga?fr%grl]%%%grﬁ’t%ld%ﬁentation of the first
and second lospsararapnzschibatlpdeeistirranbnederstahetistirat wGeidderedratiation pattern

includes magnetig fipldcoRpenents thahRe Reipandicriarta thedirshpiasas rrgion 114 as well as
magnetic field components that ak‘re %%Jgﬁ)endicular to the seconxggp![gglar re igp 102r4, that is, magnetic
field compon&ATEThat e BRYANETL Lt SPATSR A RIS A P A T SEated BGtivalently, | Sthe first
augmented radiagibsppasteriumeltides apagpetic: fieldrcBRiPomehiesttbratedes parallel to the first loop

antenna's first axigelddo2nd grgneticfield, componarisihab areralang. e seaaadplanar region's
second axis 121. The first augmented radiation pattern’'s ma n%ic field coméoonents have sufficient

magnitude asWeF S QNS AretiSRAIUasiSHEAH (HEATe O EhESIE e lable or generally reliable
inductive 7 Ocoloplngrtonthen RiFbDtyag andegmen20Ximdgpatamman thidfeid dridelsaradent or substantially

independent of REID {20, arienalion within.the iiskaHomeniethgiasien yolume 400. In general, i

RFID tag antenna coupling to the first and second magnetic fields were 5cons&dered separately, the
RFID tag antd R SOPLUF LtesIDTd theeth SO RABR FARBYAM AR CATRY tHEetHe REID tag antenna 202
is appropriateiymeeniadiyelativenid thadiishatiagheticstieid; 380 dnthen®EID ¢agahtenna 202 can couple

to the second,djatianAalern IQdSANRtine BEIR 1agAnienna 20745 pmgpgately oriented

relative to the second Magnetic field. Coupling between the R.FID tag antenna 202. 30and the first

magnetic fiel:E&F Br(ferdhafirsioayEcarsp i aMRIBRG bITRETIINE, ‘21§ 0 SHify between the
RFID tag antemsa RO R aimddhe:secontomagaeticciithomnatioas!r fograpsetiostchriapge of spatial RF1D

tag orientations;, |1 afioUS SIOPR BENIP DR 3 296k SREUNHANARR U SBALAL RF 1D tag orientations
from the first loop antenna 110 at which an RFID tag can be successfully or reliably
detected for representative implementation of an RFID communication system 20
20 inaccordance with the present disclosure is described in detaill below with reference

to FIG. 7.

FIG. 1C is a schematic side view of the RFID communication system 20 of FIG. IB.
As will be appreciated by a person of ordinary skill in the art, electrical signals

25  provided to the first ioop.antenﬁa 110 can produce an electricai current through the
first loop antenna 110. Accordingly, the eieﬁ;trical current through the first loop
antenna | 10 can generate a first radiation pattern corresponding to the first loop
antenna [ 10. The first radiation pattern includes a first magnetic field, which has a
major or highe:;;t intensity-component paralle! to or along the direction of the

30  aforementioned first axis 111.
Due to the position and orientation of the second loep antenna 120 relative 1o the first

~loop antenna |10, portions of the second antenna 120 are exposed to the first

magnetic field, resulting in the generation of a second radiation pattern or field
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Combination encompass essentially any RFID tag orientation within the first augmented detection
volume 480. Zus1areesentative conceptual example to further aid und@GTaGINY/MESMe 5
embodiments the RFID tag antenna 202 can be carried by or oriented on thie REID tau 200 such that
a) maximum caupiipehtonthe tiiskeaagnaticndieldoscurs whaRdtheRidiR 488 anteraaR02 is
approximatelyr%r%ggl%ttpﬁmﬂganar region 114 (fe;%.,f (o] %the first planar region 114 and -
perpendicular to the fifst f60p antenria's Arst B8 1T 19 a ‘Bg 8%58181%%?%“" Yo the first magnetic
field occurs wHERM e REDEDtadoantsnne @8pisnoffegiondsrroradhan dbproximately 45 degrees with
respect to the first planar region 114. Similarly, a) maximum coupling between the REID tag antenna
202 and the s%or}d gnagnetic ielg,occurs when the RF1D tag antenna 202 is approximately parallel to
the second planar region; 21d oY FeHiBe BRI RITHE S¥EbAdTHALGHBENHEE can occur when the
RFID tag antermar202 raéfsat pastenorevifghanagppnoximite lyeAbed e drees: writnreispect to the second
planar region 12y iiview.efithe dareacingdelableinsiclive: cRingvin the fistaugmented.

detection volume _ﬂ.O&involv_lng the first augmented radiation pattern and the RFID tag antenna 202
can occur whelt {R& RE B EG A He ARgeoer8! W8 B Hasretertd S dHsorr smeriediafiaiBtive to the first
loop antenna Ipa@srasmpletieas fulsemuinecREID tagmntema202 Vddldiackeautediadate detection

orientatiop relafiug e dirshilnpmaniannarldQ-huLhas a.Lgliahle detagtion qrientalion relative to the

second loop antenna 120. The overall or combined range Of reliable detection orientations provided by
the combinaticA<Gr e 1% FiRiHre Pt arAizing BIEcER StheiramagsHo b ataPeRsaSectively
generated by ttetfirspemenséntardd oopiantpianasckid, Li2Gisest)|tsindgizd fagidetection capability that
is independent, Qg steptialy.indepe t of RF|I rientation. FIGs. 2A and 2B are schematic
illustrations of an 1Igélﬂ‘.’%ll) com%%n?caé}c?hﬁ gg/tsgtglr%s%oé%gp%%%y%gnté%h%i t'ésr’ g%g%?ment‘of the
disclosure. Sinfl‘ﬁ}fr%@Wﬂ%ﬁ'\ﬁé%é@d?%@éfﬁﬁé%ﬁfﬁé’%e@&ﬁM&ni@%@%&%ﬂgo includes an
REID tagi200, tandranfimHited rmdmiidic alisansrinkindhéhatinelusigsoacthirgdoke antenna 130 in
addition to i fir t 10 and a second L antenna 120. |n a manner jdentical or

%LJ-QJ(PJP t@rt]}'lg%{tlg l]()og“ n%edznt%% %%Flsp Cﬁxsoﬂq an maégxieéﬁ ﬁel compongnis CH

analogous to that previously des e oop antenn includes a thir %tngth of wire 132,

which can be &TARNRI$S FENIrrAmreaiistaseenharé il lsubhe dssoreeoetirdradittispper, gold and

silver. The thir(ﬂd@ﬂmﬁg&‘\éf@ 18R ean hesenfiguradrinaserdance with paesermane types of shapes
or 5patterns, f%g‘l_iengagpe a circle, an.oval, a tri%ggl%,a % 8srgéjare or a fﬁgd re.of eight. The third length of
.Dée i m

wire 132 defines. g‘ﬂq.rde‘gggogr Blgﬁgft?tee lof"1 ﬁ]ed‘fﬁf)cl)’hr lga}fir!i‘éﬁi’edetails; the first,

second, &fd thirgpdiehtarthe diEHS e 4ntepda AQ4ircamhvenas thquilinteapploxienatbieripl areas; or one

or more of the figheraeanst RA. O JALHRANARKGHN Gri o iR thed dCaR IR Glifferent areas. The
second planar Xﬁfion 124 and the third planar region 134 are disposed on opposite sides of the first

planar region

In general, if RFID tag antenna coupling to the first and second magnetic fields were
25 considered separately, the RFID tag antenna 202 can couple to the first radiation
pattern provided that the RFID tag antenna 202 is appropriately oriented relative to
the first magnetic field; and the RFID tag antenna 202 can couple to the second
radiation pattern provided that the RFID tag antenna 202 is appropriately oriented
relative to the second magnetic field. Coupling between the RFID tag antenna 202
30 and the first magnetic field can occur for a first range of spatié! RFID tag
oi'ientatiqns._ and coupling between the RFID tag antenna 202 and the second
magnetic field can occur for a second range of spatiél RFID tag arientations. 1n

various embodiments, the first and second ranges of spatial RFID tag orientations in |
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- The first loop antenna 110 is driven by the RFID reader 100, for instance, by way of 15an electrical
input or TB&H2PHIEE7F4He second and third loop antennas 120, 130 lack., AT @H0&3(ENIeRs a direct
electrical coupling to the RPM reader 100, and are physically separated or isolated from the first loop
antenna 110 &SWRANPHS EHCATRAET SRR At aBOP AREsmaiatgiean hirstharittion as a primary antenna,
and the secord anehibirg-ienpantannassh20, 130 tan each function as secondary antennas that are
20inductively coupled to the first-loop antenna 110 by way of magnetic induction. The first, second,
and third loop antennas 110, 120, 130 are disposed relative to each other such thatthe first planar
region 114 is diisiniekeNapes sentipuidetepichoditierset ondkpstandingdgisnmt24 and the third planar

region 134. The fealieAR ABIRANG i QRGNS aafits! axind b} dhatindermaltp ths first planar region
114. The thirdtgja)rqgr regitPn 134 is offset or disposed substantially away from the first axis 111

towards, adjacent 16 ProXIMALEHS TER SRR i SrL sy 5N A e ABRE boundary or
periphery of th& fiPstplamamestildns kpdraxirsgrneremlbbd dinterfisst thiengecgioh plan@reregion 124 and the
third planar regian.Li4 mee flisROREshIIWAIAP Hh5 Same S AUdRGReIRRSrALAHNFAYY of the first planar

region 114, while in other. embodiments the second and third planar regions 124, 134 are disposed

towards oppodite peHpRE/R BERNASAW BE (R AhIEEREYRdIRIA A°P4"s Wien the RFID-
1011/037%40, RCTISGLOROOOESS 6cTherfirsir appravitencia 49 G:grasheitatesglly saparated from the

second loop antami30:0 3 fSkeaR.AY0 L MEFELIARR BRiARAGE K fmpe aterally separated
from the third loop antenna 130 by a second)gap 302. The first and second gaps 300. 302 can be

equal or approXitafet) - <Hiidf fo e dimarartd il astsother ths REJRE8AMERR iFpIEmentations, each
of the first andesposimhgips808| 80R«areappriaxamatety ;Guld b1 & Giste boyditiculateembodiments, one
or both. of the fighapd seeendigags 490 302 HE k555 AnARRIOHIAIahA i, [or instance, less
than approximately 7.5 ¢cm, or about 5 cm or less. The size of the first and second gaps 300, 302
affects indUctiVEEBRRSARE Bk & Asgechr¥ithaamrstbiothe serad sBHaAMEIRa34 10, 120. 130, and can
be 10determined by simulation; calculation, and/or measurement to provide an augmented radiation
pattern that defings, Span:.or, soverean ugmented soatial volume dhat is suitable for an RF1D
application under consideration. A% glscusse earlier, ele%tricaln&gnarss.p vided to the first loop
antenna 110 pieigeied Y9ameiipgivinetntiirtcugmenediratiniop pattenaaditho REB2ordingly, the

electrical currest tarewghdbedirstdoonrntennd il hoenertess fist radislionratiern corresponding to

the first anfenna 1%3(3 Thq first raglg?on pattern mcly es a fui?t m%%g%tle(_:gﬁ . 70In a manner

analogous to that describac V§t§8ve, it llﬁ‘%% ‘r‘%fé’{?on'gaaﬁ&% & re8uit etﬁéneration of a third
radiation pattefnleiwrd8paiediddary thesliniblel dooptiantengnat S0rpiptingrofmahie induction, where the
third radiation patigenincbides a thinbmaansis feldkls fistrediationpatterpgan combine with the

third radiation E)a%ttern&% foé{? a second augmented radiation pattern having a spatial extent that
Cond ; NSy RO OBRERN S 6 'REBRIS SStrp R RECAREAYement or

25defines a second augm ,
provided by the combination of the first radiation pattern and the second radiation

N
wr

pattern respectively generated by the first and second ioop antennas 110, 120 results
in RFID tag detection capability that is independent or substantially independent of

RFID tag orientation.

FIGs. 2A and 2B are schematic illustrations of an RFID communication system 20
30 according to another embodiment of the disclosure. Similar to what was described

above, the RFID communication system 20 includes an RFID tag 200, and an RFID

c‘ommunication assembly 10 that includes a third loop antenna 130 in{laddition,'ﬁ; a

first loop antenna 110 and a second loop antenna 120.
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orientation of the first and third loop antennas 110, 130 relative to each other, the second augmented
radiation Wa®H\1#cides magnetic field components that are perpendiRf&rYIG2BEAP8ESlanar region
114 as well as magnetic field components that are perpendicular to the third planar region 134, that is,,
magnetic field EGrippoRETEsaiRHAL anralqeasiel thothesYiestsiylderaribegitha thie. ISvated equivalently, the'

second augmaatamaadkatmm@@.tﬁamnehg@%fmﬁgrl@ﬂpv&iﬁéﬂ &Qmpgwtésmw%n@\r\a"el to the first
loop antenna's first axis. 111: and magnetic field gomponents that are\%\grpe_ndicular to the first loop

antenna's first ST SHEH Br NOgON Al RE LR HERP Eo RIFLHEL Have S THIdi&EMagnitude as well

as sufficient divéwtisnaAeaiatoenieifeuilitate: orenabletialieienndugtisectsulingto the RFID tag
antenna 292 i maneriahds indenendent or suhsantially. independent ol REID tag orientation

within the second.augmented detection Volume 410. 5When using the loop antenna system 100, the
impedance of the first loop antenna 110 should match the impedance of the RF1D reader 100 at a
pre-determinedifeajoe hogbofreduédzyatinge thirdoomiz eleneigyisrarisfe Deptweien the first loop

antenna 110 agg e, B draded 0. MaUmUm e/ FRsIeLIakes plags e the impedance of

the RHO reader100 equals the complex conjugate of the first loop antenna 110 10impedance. In
various embodfREAYS, QHIALHRATEMARb eI esrevRIsBRiPHRP TR dbfafitt 8o RISID reader 100 is
not equall fo théicomplexreginjugate Ritheficsk laop affesnantdd). FiGedisl plaitaugbagram of an

impedance maishing iEciit 00D Asardange Wil Loan smbodiment.oiihe dissiagure. The first loop
antenna 110 has a low impedance' rélative to the REID reader 100 h-erefore, itis necessary to
transform the fi§tdp*antenna impedance to the RFID reader impedance (e.g., 50 Ohms) for

maximum energy transfer. The matching circuit 500 can ensure that the primary or first loop antenna

110 radiates effici the pre-determined operajing frequ ith 20minimal or po reflection. For
example, the métfﬁ%éoc%gﬁé%oﬂg)a%cgmng? 8%?@1%63@ e{;ﬁ@ﬁrﬁ% i%ﬁga%n e%%'t%% impedance of
the RF1D Tead@reltstyispdratingy fed ppioxitistetgond 58! Mk ophanwerehing. ditURcs00 can include a

capacitor 502 epuipledioiseyiesiwitl ian22induston 20 h-Repending wmarnkedment details, the
capacitor 502 %l'{')qsitcrgx'ﬁy separated or isolated from the first loép antenna 110 as well as each other.
The first loop antenna 110 can thus function as a primary antenna, ahd the second
aﬁd third loop antennas 120, 130 can each function as secondary antennas that are

20 inductively coupled to the first loop antenna | 10'by way of m'agnetic induction.

The first, second, and third loop antennas 110, 120, 130 are disposed relative to each
other such that the first planar region 114 is substantially perpendicular 1o each of the
second planar region 124 and the third planar region 134. The first loop antenna |10

25 Air’xciudes a first axis 111 that is normal to the first planar region 114. The third planar
region 134 is offset or disposed substantially away from the first axis 111 towards,
adjacent to, proximate to, at, essentially at, of slightly beyond a peripheral boundary
or periphery of the first planar region 114. In some embodiments, the second planar
region 124 and the third planar region 134 are disposed. towards the same said

30 peripheral boundary of the first planar region 114, while in other. embodiments the
second and third planar regions 124, 134 are disposed towards opposite peripheral

boundaries of the first planar region 114.
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inductor 504 can be variable. The capacitor 502 is further coupleable to the first loop antenna 110 in
parallel. MRABETRP 502 and the inductor 504 are selected such that R S&GHa Hétiance zm of
the matching ¢jrcuit 500 is equal to the complex conjugate of Zi; and the input impedance ZN of the
matching circjh% BHAP 515873 G5 B {RtsTabysReR s agps steond SRR BRinary skill in the art
will understant?€hat efmbadiniénisfttdiprdsentaistiosUreandidimibadtoepanaiting circuit having
specific form N E - [ , ic Hlustrati i jch an object 50
such as a 'firs'? l%?)eglkm%%gdgn é@g{é?’@)@%iﬁzﬁg&? %Te?&c igj?:ﬁ%% %vﬁh%r?oc@r?é%%ggél?b\%@y book or
magazine) th&f23EFUEIRT APPIRISIERIEY %Glé%ﬁ%%f%&@cfféﬂ‘ BYFARTBFHbBLIFREREBr MR present
disclosure in amenrerthatisdtidenandenued RERapOsRNEIR lpRIepasemtative embodiment,
portions of an REIP %QEQB}H%‘% jhoo%a%setr%@ a8 %o%ﬁ(#‘ﬁ% BY.(€:0 s ounted 9@6’,@ d/or housed
within, such as by way o a bon Ing process) a support element. support%‘npem ér, housing, or
structure suck?rﬁgleé%@]fa(ﬂi?(ﬁd@F‘E@yofogﬁ‘élffgzi'tﬁaﬁ%rﬁﬁsdfﬂérﬂm%fraﬁeémbﬁecgtdr’”age element,

member, struchisie ocapPaaUSHEQizEherbeltivides o shelb 6@ 3andiceiiriupartions of an 10article

storage structyre 70 can be made of one or mpre materials such as wood, a pglymer, or metal. In
general, muIti5?&‘%&%%%%‘?&3@1§?ﬁ%5ﬁ%0 ‘85{ doggrrr@ﬁcéo I?irﬁB]?éds]%Zd ?Ceﬁgiobzéﬁj@gﬁ?e%é or disposed
relative tthe EHEPARAdRrB0UAME D ELRERBR.iAnddicasorremrationse Ydemavgnectdéntation's depicted

in FIG. 4.A andiniithesenefatiensed Ipkhe KlIsommunicatansyatemgiofdric. 4A has a
structure that ?.idg@t@g?&g&g{@l(@@& to &gt descri e(%l above with respect to FIGs. 2A and 2B. The
RFID reader 100 Coinmanicates with the RETD %1%5 66 W'emitting a modulated signal or comimand
600, which has a predetermined center or carrier frequency (e.g., 20 iapproximately 13.56 MHz). As

long as the firstshpeisd ERitAGRAAIS Within the idst adaweateshgatesiian velsaa400, the first

book's RFJD ta a}g]ten a 202 can receive the modulated ‘s'b?nal by %%Lof co plin%to the first

augmented radiation PattaFeT SRRt HisTETNRR AR A et CSEh Y N Hst ! ]

g's wireless
circuitry 204 isenargiredghyrsuch soppintege the frstrawgmiented @diaperepattern, and can 23remain

energized whilg {he,Rf|R; RarRGASMaiRs 1vvi>t.hmhﬁsﬁ§&iml{%@aéﬁ¢iﬁiamigrmg@)lume 410. The RFID
na

tag's wireless circuitry 204 demodulates the modulated sig 00, and appropriately response thereto,
for instance, by araRSHIEfg particular information stored in the RFID tag by way of the RFID tag
antenna 202. Such information can include a book identification number and/or. other "3.0information

such as %Ok-'iiﬁ'ﬁm%HEPEnQI%Q&I?tQHBPQé&%%E' agg@,%lgrgﬁggﬁﬁ&p&ttem can result in "

the generation of a third réd.iation pattern corresponding to the third loop antenna 130 '
by way of magnetic induction, where the third radiation pattern includes a third
magnetic field. The first radiation pattern can combine with the third radiation
pattern to form a second augmented radiation pattern having a spatial extent that

25 defines a second augmented detection volume 410. As a result of the arrangement or
orientation of the first and third loop antennas 110, 130 relative to each other, the
second augmented radiation pattern 'mcludes' magnetic field components that are
perpendicular to the first planar region 114 as well as magnetic field components that
are perpcndicuiar to the third planar region 134, that is, magnetic field components

30 thatare 'paraliel to the first planar region 114. Stated equivalently, the second
augmented radiation pattern includes magnetic field components that are parallel to
the first loop antenna’s first axis 111, and magnetic field componentsthat are .
perp;ndicular to the first loop antenna’s first axis | I'l. Such orthogonal mégnétic:

field components have sufficient magnitude as well as sufficient directional variation
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correspondingly detects the transmitted information. Communication between the second beak's RFID
tag 200 aM8 B9EURE I reader 100 occurs in an analogous manner as a FESURGOMAGEIRe coupling
involving the second augmented radiation pattern in the second augmented detection volume 410,
even though tHd*SEEHRAT5EBR GBS cdnsysd e pardingdash BRI RSREEP IR ARG that its RFID tag

200 is perpendliculanior substpatidly pespengiculaiie:fasdRt bPRRD 2 £RHIRGHY the first book 50a.
That is, reliab[%tmfilhlg Sigc%qtéfg%%tiﬁ)% t%g%gckgt%fn t\ho ufirgt zf\@d second books 50a-b can occur even though
the REID tags 202 carried by the first and secon E)noo‘i(s 50a-b exhibit 5erthogonally distinct
orientations with respect to the first loop antenna 110. While the representative example of FIG. 4A
illustratessobjegterbRistah asopaaknpdRaaItedbYpehaltSer ddpsapehaedinaryoskill in the art will
understand thS ;[o‘iszEnl IC%C otpwemun{iagation 2}@%@&20 |<§1 alccordance dwith the pﬂesent disclosure can be
10applied to or adopted in ARy Gihar DBIECS ARG LfH RS SSRATEPESHUSHEAE fr  instance,
tools, suppliesiegramarafactoredprode ctethatasdecactiedtbiha fiseoptypecofia $Upport structure. FIG.

4B is a schematin Miysationoe! anatiantRiAmNdeRendan BREIR Hased Arisleho-gjerage system 80
according to an, H)odimen f the disclosure. Dependin%upon' embodiment details, the article

storage syster ggg CaFFTRETfE SR DI SR R RS G B (iEth e 78RS ihidance, organized or
disposed! felativectsreach otreninea hodizemta lhyremciog vértidathn o sedvivanighein an embodiment, the

article storage sysfem: 88drakdes cullint REID.compuncation 2ssemaliesriQanal.. where portions

200f each RFID communlilcation assembly 10a-d are carried by one or more support members or
housing elemefffs28{fEA%aS & shelf 62a-d and/or a shelf divider 66a-d. Each REID communication
assembly 10a-d includes a first loop antenna 110 and at least a second loop antenna 120. RFID

communicatiop@ssenbhtaniennas b0 1209 130.canbenerpsaslicylatgispased and laterally

offset relative to each other such that they are inductively coupleable in accordance with an

embodiment dPtHBPBALREN CitadLGIas rhe TArTd KepagEuisldhgoarrthisriFfldes an RF1D reader
100 that is cougteiteto éadtFRb-IEn¢amoturiaataireagde rrbsadral ieapiantemntrt0bplhe RFID reader

100 caribe confi r sk nien , JOL } in.a.3.0multiplexed manner.
Thus, in acco%g#gg%qv%l&%ﬁé%ﬁ%%%gﬁgg %@fﬁéﬂt’g’igc%gs%%?'é%%%‘%%&%?‘é)"}%éﬁ%%loo can drive
multiple REID E6nTaRriatidhatesthingedragaie0 mneovenRENTP BRI assembly 10a-d is

configured to ganeratemadugnRenediadiaionpatiern suebihatianfagmentehdetection volume 400,
410 20 ‘minimal or no reflection. For example, the matching circuit 500 can convert the first
loop antenna impedance to the impedance of the RFID reader 100 Opcratiﬁg at

'approximateiy 13.56 MHz.

The matching circuit 500 can include a capacitor 502 coupled in series with an

25 inductor 504. Depending szon embedment details, the capacitor 502 and the

' inductor 504 can be variable. The capacitor 502 is further coupleable to the first loop

antenna |10 in parallel. The capacitor 502 and the inductor 504 are selected such
that the output impedance Zy of the matching circuit 500 is edual to the complex
conjugate of Z4; and the input impedance Zy of the matching circuit 500 has to be

30 equal to the complex conjugate of Zr. One of ordinary skill in the art will understand
that embodiments of the present disclosure not limited to a matchiﬁg circuit having

specific form shown in FIG. 3,
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extends or substantially extends along a) the entire length and width of a shelf 62a-d corresponding to
the RF1Dwonmwaisation assembly 10a-d; and b) an entire vertical distaaoessepavativaja shelf 62a-d
carrying portions of the RFID communication assembly Oa-d from another shelf 62a-d. That is, any
given RF1D cotfimthicatioheasseniblyiiOandicamaeneiratdah sugiteniéduddiatidnspattern that

provides an augeneieshdatesing vl 400, AHR ShakRicompasHeQhsyDsantially encompasses a
spatial volume defineg %a shelf Ienggh a shelf width, and vertical separation between shelves 62a-d.

0% P60 RSN b o%]j:életg%%)o(qi%ﬁbtéee%"%?éirﬁ}/a‘?[‘f’ﬁrq?%ﬁ‘éf’é UWHKin each

As a' result, Rl‘fﬁa%ag
augmented degesstivrizolesvie 400mat0:d DadsiesgendingaioRRDanticleestariage isystem 80 can be

successfuly ordslabi etesiasiaardlsssinearRaill dERRISL ALRFID, lag orientation with

respect to an RFID communication assembly.10a-d and/or portions of'the ‘article storage system 80 in
or at which obf8Et 50 A 1SR BRIENEISa R Ut bEePYEeeEaAI 4B detecting an RFID
tag 200 in a manliesihatipsulestartialydinsependentoifriz| Briagatieniadhan fsageordance with an

embodiment of g disclostus aRioRs ot s RiosAssaA.calhe sHonadiaing an embodiment of
|

an RF1D communieation system 20 according to the present disclosure. The process 700 includes a
first process pStHOH" Y G234 FoNed H‘?s%é@ig‘g‘éebﬁ%aﬂwfcﬁzaﬁ'ﬁémﬁaglcéﬂeﬁ‘%s&fri’t‘l‘mary antenna and
at least ohe secoriedaryantennaykeliatise o aathodthirrdnnioraamneaibaidagtkaies or enables inductive
coupling betwegn ihe anfennas apd the generation of an ay ented radiation n having.
25magnetic fi&d bgom’porllents of s"lﬂ}%&g’rﬁ\ Lrlqutg)gl%nﬁ(%l' gsasﬁlaﬁls%%ﬁgz)?gﬁt% ?rgcctzllgﬁg\"{%ﬁgon that an REID

tag 200 can be*§etaltent Rcrserfiendisrassdorietivatorihw il dividerdihartn detélioh volume 400, 410

that is defined yian auginasiedsiarialinn patefbnsQEREtsiaree, Jhefius:-pregess portion 702 can
involve disposing, a first loop antenna 110 at a first location and orientation, and disposing a second
loop antenna 120 relative to the first antenna 110 such that a first planar region 114 of the first loop
antenna I'10 and a second planar region 124 of the second loop antenna 120 are sibstantially

- perpendicular ttheRetDahiam @neathi speandadanras regian hadiswsubatantialyqifset or disposed
away from &first axis 1 11 of the first planar region 114 t rds, proxi t jacent to, at, or
beyond a perip “g%"ﬁ%ﬂ’:{ éry?%’r%egr?%)rvgﬁ’gﬂ Bﬁsﬁ%gtﬁ?s%@aﬁér Er'é%lzgg ?ﬁﬁ%ﬁﬁ%@ﬁce, in a direction
parallel to a set$rparisniciepiite tbeB8GHA iR e goitin@ 4. Mudditsdalyatee second planar region

124 Is laterallygffsahawey Famnths rstplanatiediond 1t Qy.RakeRdistance, for instance,
approxim%ely‘o.l -10 geT%g%.%.q@?ﬁroximatelyOB - 7 cm, or less than or equal to about 5 cm). The
eel

lateral offset diStance pe Lt AnIPSEdhg Biseriey s a2’ s 2V Eai 8% adjusted,

simulated, or detspydmeoiéd dettetito achiey¢0dptimfirst RFEIDsRIFEpoation petfamance in view of a
desired augmegtedd QdgisRliaR Y gagﬁmﬁ% %ﬂ@o&iﬂiﬁ’x@ RN e dirshRreaess ;portion 702 can

additionally involve disposintf;l a third loop antenna 130 relative to the first antenna 110 such that a first
planar region PPR45} te MRS (160 BUsmenFhmeenesndis thirdsIBRLP fagow eSS EFEKird loop

204 is energized by such coupling to the first augmcnted radiation pattern, and can

25 remain energized while the RFID tag 200 remains within the first augmented
detection volume 410. The RFID tag’s wireless circuitry 204 demodulates the
modulated signal 600, and appropriately response thereto, for instance, by
transmitting particular information stored in the RFID tag by Way of the RFID tag
antenna 202. Such information can include a book identification number and/or other

30  information such as book title, author, or date of publication. The RFID reader 100
correspondingly detects the transmitted information. Communication between the
second book’s RFID tag 200 and the RFID reader 100 oceurs in an analogous manner
as a result of inductive coupling involving the second augmented radiation'pati:eirh in

the second augmented detection volume 410, even though the second book 50b is
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15 antenna 130 are substantially perpendicular to each other, and the third planar regi'on 134 is
substantmally offsetesdisposed away from the first axis Il of the first plapariveginokbdstewards,
proximate to, adjacent to, at, or beyond aperipheral boundary, border', or edge of the first planar region
114.. Addition&lIRpogise thirdvpliaribe vedfon [84 isdmtersily offRBIRWARTPOoNPEhesfidstydamar region 114 by

a given distaneess{aiR0NSaasacABPIONEERY Qb od O.Gdd, (6 9 aRHk SGMrEhe second and
third planar ‘regig)rgq 13}? D134 are disposed on oppasite sides of the first planar region 114. The
shiagle g bc

process 700 iNcliass s SRl I5Rb0B&d sshioh Artha i RAIVERRHPHFG &3 REEHD reader, scanner, or
transceiver 10€vto theufingthiodpl Brien?l tafictbbinstaicesShyonhlyookasiest paibt; as well as

coupling the fesioamANVaMACLRIRAMAIAING AL RO Whakis ARRIaRiate for the RFID reader

100 under consideration. The process 700 further includes a third process portion 704 that-involves
driving the first loop antenna 110 with an electrical signal provided by the REID reader 100 to thereby
generating a fighiladratioprgatteine dhenfirsbiaop amtalinarddOdb)essSErvashas Bk primary antenna for

purpose of magnefie AddeiArL s RrosessFANMINeLinAlydes A BN RIAsGSs,porion 706 that
involves generatina-at least .a second radiation patterrﬁ y way of inductive coupling between the first
radiation patteRFEhFaGHIECAEN St T QdrarrPTds anteiharizontdieiaaury can be

2011/037940REHISG201 840003 aonfanr tiHeiatesa P arian b carsasiditipralyisvoliee generating a
third radiation pafiern by way, of i dgctive oupling between the first radiation pagtern's magnetic field
and the third loop antenna 130, Thus, t %usaéctgﬁ%qgﬁ%%%%%%rﬁ ?ﬁ’i@ﬁgzé £, girve as
secondary antefiiPag \?\Fi’l‘ﬁtﬂi:?%pect to inductive coupling with the primary -artenna. A filth process
portion 708 involves combining the first radiation pattern with the second radiation pattern,as well as

the third radiat;q' tern in embodiments that include the thjrd lopp. a 130..to create one or
more augmenta it r LA A0, TG A T A B ot e
perpendic¢tilar H#thes fvstepidiaceerion trs eswdimmsindithidited thuscfirBeptadme engion 114 or

perpendicular tnthaisesensamndies ihickRiBRAE eionsd 24 h3ddd be avgmented tadiation pattern
400, 410 includes masgnetic fie7l onents of icient maégniwde and sufficient directional variation
u

1 om suf
it a REID 5 ARIGHAG 95 10O O A AEITAE e ohe B coch ot 1

horizontally and/or vertically offset manner. In an embodiment, the article storage
system 80 inciudes multiple RFID communication assemblies 10a-d, where portions
20 -of each RFID communication assembly 10a-d are carried by one or more support '

members or housing elements such as a shelf 62a-d and/or a shelf divider 60a-d.

Each RFID communication assembly 10a-d includes é first loop antenna 110 and at
least a second loop antenna 120. RFIb communication assembly antennas 110, 120,
25 130 can be perpendicularly disposed and laterally offset relative to each other su“ch
that they are inductively coupleable in accordance with an embodiment of the present
disclosure. The article storage system 80 further includes an RFID reader 100 that is
coupled to each RFID communication assembly’s first loop antenna 100. The RFID
reader 100 can be configured to drive each first loop antenna 110, for instance, in a
30 multiplexed manner. Thus, in accordance with an embodiment of the disclosure. a

single RFID reader 100 can drive multiple RFID communication assemblies 10a-d.

Any given RFID communication assembly 10a-d is configured to generate an -

augmented radiation pattern such that an augmented detection volume 400, 410
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15detection volume can reliably inductively couple to the augmented radiation pattern in a manner that
is substartialhpimteprndent of RFID tag orientation. A sixth process poraIT/3620san0isgelve disposing
a plurality of RP D tags 200 within one or more augmented detection volumes 400, 410, where
‘multiple RF1D 20tedssop 8bswithinlip rerordswine sajghented eetdctionwdiunfes#00§24%0 exhibit different
orientations. AtleastsRme B FHDREgSAWitkincanaugmeried datesfianayalymeq4Q0, 410 can be

disposed to ‘haxe orientations for which inductive coupling’to the first radiation pattern by itself, in the
absence of the"SEUSRATBFAIRG Fa8mtRAr PLateringReHarce afs b SRR YR Bugmented radiation
pattern, would ssetrokisurterdXowouldtinotshel SedlicieMhio i pable vali8bl® ensuificleniodetection of such
RFID tags200; venth prog orti involve . full ing or communicating with
each RPM%ag aﬁ%@cﬁ@p@gegd%vﬁ%%%% é%%?ﬁ%?\%é%c%@é%%%%&g u ﬁgt ggﬁl}r\l%%g(% RAD 30reader 100,
regardless of REHIAG UIfETRToYP BT, $9¢ 46088l ABHRBRAGHArY SF25BRY&ESS 800 for manufacturing
portions of an Rfethsamenuipinatiool assaraiyd®andior anddi IR eommigisatiossystem 20 according

to an embodimepl Al AIERETh iR Bskie- KL ANSIOREHTERL IS RIGER) B ngudes a frst
process portion 802 that involves providing a first loop anten 10 havinga téed point, a first planar
region 114; and'sPitet eSO hormahesemdthinseasapugmentoriaestionelnrt A8ptdhtenna 110 can be
carried by or cavplegoiaiagortienati fishseppetPehes sheisitgielemeantObetising such as shelf
spacer, divider, Qr separator 60 (e.d.,.a bookshel er or divider, or a bookend) econd process
portion 804 invroe%gé?egsrsoviéfﬁ%n%t{Té%ns?e %ngggkcglft{)(?)%?ga é’Hﬁ’é“"‘iﬁ’B wgéiﬁeépaecgé%gﬁ%%gnar region 124
defining a secoRMERICEIIN AT B sectmidoprafienegfidys 12ileaivBeccastisn By coupled to a
portion of a secordiskipRetts BimembakeRousing element, or housing such as a shelf 62. The second
support member, housing, or housing element carries the second loop antenna 120 such that the
second planar region 124 is substantially perpendicular to the first planar region 114., and the second
planar redion 1843 digdtaediszibstan aligcawd) Fonvetest i ep RIFE a6 s firseends |l near a
peripheral boungary haateganohisfrshplata begienlla (fHootamdirgeHan parallel to the
second axis 121). A dition?:tlélé %he second planar'r(;zs%on 124 is laterally offset from the first planar

region 114 by & PPEEIENS PEIBTHEE, SHEPRSCAFEBIaRSeRY 620 P BPENTE G S8bANL 5 cm). In a

embodiment, tresediord! pfeedsE! Portiom 80k fortvestimhesquding dirthcepthirgt

disclosure.

20 _ ' .
The process 700 includes a first process portion 702 that involves disposing a
plurality of antennas, such as a primary antenna and at least one secondary antenna,
relative to each other in 2 manner that facilitates or enables inductive coupling Y
between the antennas and the generation of an augmented radiation pattern having

‘magnetic field-components-of sufficient magnitude and sufficient directional

)
n

variation that an RFID tag 200 can be detected independent of its orientation within
an augmented detection volume 400, 410 that is defined by an augmented radiation

pattern.

30 For instance, the first process portion 702 can involve disposing a first loop antenna
[10 at a first location and orientation, and disposing a second loop antenna 120
relatiye to fhg first antenna 110 such that a first piénar region 114 of the first lodp
antenna | 10 and a second planar region 124 of the second loop antenna 120 ar_é ‘

substantially perpendicular to each other, and the second planar region 124 is
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20'loop antenna 130 having a third planar region 134, which can be carried by a portion of the second

or a portigp e 1R support member, housing element, or housing sugitagasheth€2. The third
planar region 134 is carried such that the second and third planar regions are-on opposite sides of the

first planar regimua&ﬂmzyaﬁﬁteth@“t&ﬁsdqsdﬁmyégiomiﬁmmanﬁalﬁiw;semdmkagitmthe first planar
region 114, dispasee &Ssybrtantially guay om Nedysi plananregion s litst s d L1 near a periphery

of the first planar region 110. Additionally, the third planar region 134 is laterally offset from the first
planar region®f $926) A rédeRAFATINES AstARdar BiERAEs A LREERiR BRI/ dBBVESSBYA third process
portion 806 inuaves catiplag tdepfinsird egpoantenraidifiontoiantH ke e adasrkOgian an-appropriate
matching circyit or netwark 500, fourth process portion 808 invalves driving the first loop
antenna 110 &v&?%gﬂeeﬁ%éga %@r@a 3?85%’ (EBIIP nﬁrtﬁegléﬁ:l%g 5 é‘r’efo8 Sttatl)méeérkl\éerrr]at'e a first-radiation
pattern with tHEYiRsE-IBpCaHTERY 9-10; ifarétheanrsprimreiv A -patleth iffcleidésa first magnetic field.
A fifth processqartinn@l8 ivRIVER expRSiTEdNAssecond: RRsH etk popasiepnas: 120, 130 to the
first radiation pattern, thereby inductively, coupling, the second and/or third loop antennas 1.20, 130 to
the first loop a&gtlé)ﬂsr}l} %1%%3% yvrzgl)f/: %?[Jtﬁéééril’rgﬂ\%gtg%’e |rcd?:|teelrl ,‘3%%‘58&%;2 iﬁ%lhg%econd and/or a third
radiation patteniFespREIR eRmEBHESpEURAGIM ahecdB G ArdivT s dEspiethtennas. 120, 130. A sixth
process portieR:&lidinyRivesicombming the first radiation pattern with the second and/or third radiation
patterns to produce at least one augmented radiation pattern that defines an augmented detection
volume 400, 410. The augmented radiation pattern | Oincludes magnetic field components of sufficient
magnitude ankh direbtiofialonariagibinsttoréaeihiratier Eableardsinpiel brigeherdifpesinasle communication

with gn RFLD taajf%ﬂsm%@msa@aeg tWW(éiﬂrEhgn%iﬁmg@t%ﬁ%&qiﬁﬁt\&%%ﬁ%éi@& 410 ICI;es:idaurdIessd
or independent e RFID tag antenna's orjentation. Differently. oriented RF1D tags can be detecte
within the augqrrl]%ﬁ%[g]cf éstttg)gﬁg%r\‘/%ﬂ?% @)aﬂ bfhdréouqﬁngr.%%gl}glgf §ﬁ%i’r§%all%oro analogous to that
describediSaboneenFi (3 07ais sugstpiidliysteatindia laannatinotvenicknd e drad stparatiipnor gap 300

between a primary Qf dEein A8 (EGosaulish JorRARLENA. 1 O) 20e R 3p6ORNERRY Or inductively
coupled antenna (e.g., a seCond or a third loop antenna 120, 130) 20Qaffects a maximum distance

awiay from the BHAbATS BNEARPEVA Grf RS g 200 AT RETRRE L RARP B Yeliably detected for
a representative-denplesdentdtion fokapianar region 114.. Additionally, the third planar region

134 is laterally offset away from the first planar region 114 by a given distance; for
20 instance, approximately 0.1 — 10 om (e.g., about 5 cm). The second and third planar

regions 124, 134 are disposed on opposite sides of the first planar region | 14.

The process 700 includes a second process portion 704 that involves coupling an
RFID read:cr, scanner, or transceiver 100 to the first loop antenna 110, for instance,
23 by way of a feed point, as well as coupling the first loop antenna 110 to a matching
‘ circuit 500 that is appropriate for the RFID raéder 100 under consideration. The
process 700 further includes a third process @ortion 704 that involves driving the first
loop antenna | 10 with an electrical signal provided by the RFiD reader 100 to
thereby generating a first radiation pattern. The first loop antenna |10 thus serves as

30 aprimary antenna for purpose of magnetic induction.

The process 700 further includes a fourth process portion 706 that involves
- generating-at least a second radiation pattern by way of inductive coupling between

the first radiation pattern’s magnetic field and the second loop antenna 120. The



RFID communication system 20 according to an embodiment the disclosure. In particular, the graph of
FIG. 7 she@stiiegstHed maximum R.FID tag detection distance versusRfa§isr2e1for3system 20
having a first loop antenna 110 and a second 25loop antenna 120. The first lodpantenna 110 and the
second loop afttEHACEees eariipe WSsemandiien!ininsalvreesizstnanifardrediption For example, the first
loop antenzpoa ihalr&;:aa@ %ay%dimesi%rasmiagaéw@ﬂtgmgégmw%&ﬁrﬁn’?mgh&ageconddlfop'
antenna 1 n.ha imensions of approximately 42 cm cm. The first and second loop
antennas 110(?%]56 Q/}\@Fg ‘6‘8’%3%0 et tg?rgr[i%e?’z))t(e%l‘Pesraég}?/éefgrga%%ggtﬁ@roﬁ’f§r§81rﬂ%\sn?1ggrAindicated in FIG.
18, such that thHé SEroadsprandtsrselRg witlsrprmgee dicdieti o ahe s vl miwart 14. The second
planar area 124nmas offset away from the first loop antenna's first axis Ill, such that the second planar
area 124 was positioned slightly beyond a peripheral border of the first planar area 114. Additionally,
the RFID tag 200 was a card size HF ISO 1 Code SL1 tag (manufactured by EC( SMARTAG Pte Ltd,
Singapore). TheRIFfresderd@0its e MetréowengHighfFsequricy paademihotkel number ID

ISCIR2000 A, ESRYIBSIISH AL FAECTEM ClRiPHE. CHTRA S ggperal the furher
e

apart the first. .I(gé)lo antenna 110 is from the second loop antenna 120, the shorter the detection range
is. As indicatelBY B I E AP 306 Pt 100 Ha I B RALF R EPPISLTRLASNSS cm (for instance, less
than or effual witapprdRiMabeiy\v2nadneeeagficlessitipanc@s eguaktoeappioxiaratedye Zies?.5 cm, or

between approximateliod 12iMQIYesHRRIRHRAARSLALIPNGSS! distanss away,Hffom the first loop
antenna 100 at which an RFI&)}}%&%OO can be successfully or reliably detected. If the spacing between

the first loop aRfefiRad 164, HsIiee IOt dhtéithal oGS AHRERIAALEEl 5 cm, the
augmented radiftior pattedesisamiéocme @ssapbabytnifarficientsuastaniialhd ynifeisat However, if the

spacing s beyg e AARFOXIMIR U STkiho ABMSRIORSIARNN RAKEACANAEstorted or 1

Snonuniform. Consequently, the augmented detection volurn e can become distorted, nonuniforni, or
irregular iPthe EHEEMY BRITR 63 tHEaP dediriveBoERNRY Brifervamenie r29tieHRafis approximately 5
cm, and an RFiD tagenteana detectionzeaeaidaliabirriptegliariegion correspondingly becomes
distorted, nonuniform, or irregular, or shrinks.-An RFID tag detection range, reliable detection.range,

detection 20distance, or reliable detection distance thus drops. To achieve good or robust
A sixth process portion 710 can involve disposing a plurality of RFID tags 200

within one or more augmented detection volumes 400, 410, where multiple RFID

20 - tags 200 within one or more augmented detection volumes 400, 410 exhibit different
orientations. At least some RFID tags 200 within an augmented detection volume
400, 410 can be disposed to have orientations for which inductive coupling to the
first radiafion pattern by itself, in the absence of the second or third radiation pattern
and hence in the absence of an augmented radiation pattern, would not occur or

25 “would not be sufficient to enable reliable or sufficient detection of such RFID tags
200.

A seventh process portion can involve successfully detecting 6r communicating with
each RFID tag 200 disposed within the augmented detection volume using the RFID
30 reader 100, regardless of RFID tag orientation 200.

FIG. 6 is'a flow diagram of a process 800 for manﬁfacturing portions of an RFID

communication assembly 10 and/or an RFID communication system 20 according to

an embodiment of the present disclosure. Inan embodiment, the process 800 -
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transformer type coupling effebt(s), the second loop antenna 120 should be approximately | - 5 cm
apart or 13t€raNii4Basated away from the first loop antenna -1!0. Il the ENSITB6R0aHHEPIIAS, 110,120
are too close to each other (e.g., less than about | cm), a strong coupling effect could make antenna
assembly perféfhidfice Tsunstati@cTien fer thatritapits e peifect fsptiranetonetitttive geometric

balance, the distanee Redataral offsebReiwesning nadagraniannasckha) lehearbe approximately 1
-2cm, Fora f‘ﬁg&é??&%@@{l@%ﬁ? d a second Ipf&?gtenna;go havmgeg-le above dimensions, the

a
RF1D tag ZOOPWQS successfully efrésé 8%0&6%8“8? éls a'nceetgfa réffpr iha. (L¥I’y 3°dm from th- first loop
antenna’s firsthoraiearci et st supre0Thmkheanausingeitadnt etdutisimyohghes dodfertertded approxirriately

80 cm away fr@m@&eg}rgpp%rmt@@pg%Q@A@;hggaugg(@mggtg,cg@gg@gggp volume 400, successful
F-'1D tag detection was independent or essentially independent of RF1D tag orientation. In the

foregoing manner, various embodiments of the disclosure .are described for addressing at least one of
the foregoing disacvantages. Baseddhitiveiferegoindjrdisclosusecitoshduid becund&rstood that various

changes in the,forn 204 JRsion LtaREP LemmHnicalion.assembly.eRpAtalsy and/or system can

be made without 5 dep‘artinﬁ from the scope and spirit, of this disclosure. The form, method and
design descrifed el at & iutER AR S PYAT S Ehifbb BvRER Cf e BR 4PRIE the intention of the
following Idlaimsetotencamspassandtintlbdeisychcbhangeds ANCSlelsLcdRCIHESR010000356 Claims An

REM reader system haying, a0 oReeaing ieqHanay, e RER ieadersysiem somprising: . a signal

processing unit having an output configured to provide a drive signal; and ~ ‘a loop antenna system
coupled to the'SigiiaPHBEE85IAG Unie tHe WaeBratEEPSYLRA" B PITEH B 28%irseitop antemm having
a first length of wi.ratlmdafﬂn&wanar region 124 is disposed substantially away from the first I

planar region’s first axis 111 near a peripheral boundary or border of the first p\énar
I3 x'egﬁon {14 {e.g., in a direction parailc;[ to the second axis 121). Additional}y, the ~
second planar region 124 is laterally offset from the first planar region 114 by a’

predetermined distance, such as apprdximately 0.1 -— 10 cm (e.g., about 5 cm). °

in an embodiment, the second process portion 804- further involves providing a third
20 loop antenna 130 having a third planar region 134, which can be carried by a portion.
of the second or a portion of a third support member, housing element, or housing
such as a shelf 62. The third planar region 134 is carried such that the second and
third planar regions are on opposite sides of the first planar region 114, and the third

planar region is substantially perpendicular to the first planar region |14, disposed

3%
Ut

substantially away from the first planar region’s first axis 111 near a periphery of the
first planar region 110. Additionally, the third planar region 134 is laterally offset
from the first planar region 114 by 2 predetermined distance, such as a distance given

above,

30 A third process portion 806 involves coupling the first loop aritenna 110 to an RFID
reader 100 and an appropriate matching circuit or network 500, ana a fourth process
portion 808 involves driving the first loop antenna 110 with an electrical signal
provided by the RFID reader 100 to generate a first radiation pattern with the first

loop antenna 110, where the first radiation pattern includes a first magnetic field.
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10first planar region and a first axis that is normal to the first planar region, the first leop antenna
having a fwespoinitaseceive the drive signal, the drive signal providing soetesuioab@&ignal to the first
loop antenna thereby generating a first radiation pattern that includes a first magnetic field; and 15a
second loop anténna having a second length of wire that defines a second planar region, the second

planar region dspeperlaubsiaMiAYRRIBRAYIGHI IR s ISt PIARAL fRgian, e segend loop antenna
exposed to the first magnetic field to thereby generate a secon radiation pffttern y way of inductive
coupling, the s&tbhd20thafitioRdiHta RateIudhssr by dedistivehiggrpirefibtdeasadfad/and second loop
antennas sepataitethiateratydoy 20 first aamalpng dbe ditstaxis obshenfitgt deop-antenna  wherein the
first radiation pﬁ'%llﬁ%g}aj?ﬂgl he lij@(c:rcl)&r}‘glltiradiation pattern ¢ m ingl to form a first au‘t%r%\ented radiation

' ‘ ia

ng a secon na/or a thi ¢ ation pattern respec .
pattern couplea‘lé to an tag antenna i & manner that 1< at Teast substan {/ independent of

RTID tag antersPAcoPREIG i FTRecs g stedpohdthiner avigersiRthdIbop ahtémmeeeystem further

comprises: 30adhitd loRmBtRRRBNENR;Hpikd: aep AmeRAdARVINGIA thirdiength@bwire that defines a
third planar reqm_ra,_‘_ta- %ttlgirda%@_ﬂgrtoregign dis losetzd substamiafll Bemendit%ularhto the first plimar
region, the second p anar. egion an the thit ?)alsar?ar{? ?88?6%“8 s%io S fle) aof)rﬁcgs‘?fe sides of the first
planar region, B§&mkrh Ryep enits dpgwiposeeto4fe 20 AME NREDSHEETIEBAALD :
PCT/ 500_1100/ OQQQQQM%A&E field components of sufficient magnitude and directional variation -

to facilitate or enable reliable or generally reliable communication with an RFID tag
antenna 202 disposed within the augmented detection volume 400, 410 regardiess or
independent of the RFID tag antenna’s oricn‘taiion. Differently oriented RFID tags
cmj{be detected within the augn{cntcd detection volume(s) 400, 410 in a manner

[3 identical or analogous to that described above.

FIG. 7 is a graph illustrating a manner'in \;vhich a lateral separation or gap 300
between a primary or driven antenna (e.g., a first loop antenna 110) and a ‘seccmdary‘
or inductively coupled antenna (e.g., a second or a third loop antenna 120, 130)

20 affectsa maximmﬁ distance away from the primary antenna at which an RFID tég '
200 can be successfully or reliably detected for a representative imblementation of an
RFID communication system 20 according to an embodiment the disclosure. In
particular, the graph of FIG. 7 shows measured maximum REID tag detection
distance vefsus gap size for a system 20 having a first loop antenna 110 and a second

25 loop antenna 120. The first loop-antenna 110 and the second loop antenna 120 cafn be
approximately the same size or different sizes. For example, the first loop antenna
110 can have dimensions of approximately 25 cm by 20 cm. and the second loopﬂ
antenna 120 can have dimensions of approximately 42 cm by 35 cm. The first and
second loop antennas 110, 120 were positioned or oriented relative to each other in a

30 manner indicated in FIG. 1B, such that the second plan;n‘ area. 124 was perpendicular
to the first planar area 114. The second planar area 124 was offs?:t away from the
first l_pep‘ante‘nna’s first axis 111, such that the second planar area 124 was
positioned slightly beyond a peripheral border of the first planar arca'l 14.-

Additionally, the RFID tag 200 was a card size HF ISO | Code SLI tag
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first magnetic field to thereby generate a third radiation pattern by way of inductive coupling, the third
radiationvpatterntazsdng a third magnetic field, the first and the third loop&xis&magoseii@rated latetally
by a second gap along the first axis of the loop antenna; wherein the first radiation pattern and the
third radiatior(qnatté«mcewﬂgirfé:t@mmw&eewcaag@@mn TadiRtion pattennecaupleable to the RFID

tag antennal@@mugﬁg fhatis At least Séjctg%taréte Xhlnde | tlhwbgﬁFADt quﬁ Alenna orientation.
eng

103.The system of claim T, whe ein At feast bne of b?r wire and the second length of wire
is conflgurablé“t55r‘|§\fé§%ﬁ’éﬁé%6fﬁé(§56ﬁ@|@fma@b’ib of a circle, an oval, a triangle, a square and a
figure of eight. 1.5The system of claim 2, wherein the third length of wire is configurable to have a

shape corresponding, tg a e, ano aI at ian Ie as ure elght 5.The system of
claim 1, wherzlﬁthegéé%(]:orff f'o%ﬁpﬁﬁt[enn%ﬁagf%% i %@ogmf’@otuﬁls%a%?gﬁo the signal processing
unit. The systan§we dRfinthe, sieTereife thrsestooradzariel thirdhfbenedimeRifas lacem¥¥ed point coupleable

to the signal RIECESSING AN 2REI TOEBYSIRMAY @lem#@wn@{&leéh@ﬂmm%%ﬁ&al9C011Pt0a
matching CII’CUIt The sy stgm %fclalm 7, wherein the matching, C|rFx>|t is tuned by a least one of a

B an d Tiricticts?, BHoOTRERYSBPRBE TAIRY 7, Whefdin the matching circant la

variable capac tor and avara
tuned by eactﬁ?@f\'@?&yanla‘memapbciterm gixaanable muson3onAMENDBRED SIEHEET IPEA/AU
' A0 from the ﬁrst’ loop antenna 100 at which an RFID tag 200 can be successfully or
reliably detected. If the spacing between the first loop antenna 110 and the second
loop antenna 120 is within approximately 5 cm, the augmented radiation pattern is
uniform, essentially uniform, or substantia!lly uniform. However, if the spacing is
beyond approximately 5 cm, the augmented radiation pattern can be distorted or
15 nonuniform. Consequently, the augmented detection volume can become distorted,
nonuniform, or irregular if the spacing between the inductively coupled antennas 1 10,
120 is beyond approximately 5 cm, and an RFID tag antenna detection zone or
reliable detection region correspondingly becomes distorted, nonuniform, or
inegular, or shrinks. An RFID tap detection range, reliable detection range, detection
20  distance, or reliable detection distance thus drops. To achieve good or robust R
transformer type coupling effect(s), the second loop antenna 120 should be
approximately | — 5 cm apart or laterally separated away from the first loop antenna
110. If the two loop antennas, 110,120 are too close to each other (e.g., less than ‘
-about | cm), a strong coupling effect could make antenna aésembly performance
unstable. In order to maintain a perfect, optimized or effective geometric balance,
the distance or lateral offset between the two loop antennas, 110,120 can be
approximately 1 — 2 cm. For a first loop antenna 1 10 and a second loop antenna 120
having the above dimensions, the RFID tag 200 was successfulty detected up to a
distance of appvroximately 80 cm from the first loop antenna’s first planar area |14.
30 Thus, an augmented detection volume 400 extended approximately 80 cm away from
the first loop antenna 110. Within the augmented deteetion voiume 400, successful
RFID tagl detection was independent or essentially independent of RFID tag

(=]

orientation.
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MCSLLP PCT/SG20101000356 10. The system of claim 2, wherein the first gap and the second gap
is one YQBPEEREHtely equal to and different from each other. 11. Th&SHSYeR 181851 |, wherein the
. first gap is approximately 0.1 - 10 ern- 12. The system of claim 2, .Wher'ein at least one of the first gap
‘and the secbnthgéprisapprorimetelyrds <Biminkdid 2 The dystemeofreldayedbagterein the first
augmented yagliation patern defings @efirsk.aygmentad.detection yaluge dhatdnclides magnetic field

‘components that aré perpendicular to the first. planar region and magnetic field components that are
perpendicul APt IHE <L EBAH DRIMEFIBRASiSRT 1ot BRgsninSPTam P URERIR AR second
e}Ugmented R&ﬂht@mp&ﬁﬁmidef@%@eam&mg%ﬂteﬂ detectiom vielume¢hattinciudes magnetic
field corgpoges aah e ReRERdiuIan o dhe. ek pianae 2Reqian and-magheliefield components

that arc pcapendicular to t ird planar region. 1e system of:claim I, wherein the second planar
region is disPoSeRFCSIIEAATRAMPEIVAY frofAgterYirse keduneivEIvesc e bR il BeUiRTary of 25the first
planar regiost thé fl evEysteamBficlaitasdsnateincibe:thicd glamas region is disposed substantially
away frum the axis towards a peripheral boundary of the first planar region. 30 17. An R.F1D
communication system comprising: .
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a first antenna having a feed point coupleable to a drive signal, the first mune configured to genpgrate a
first radiation pattern in 33 AMENDED SHEET - IPEA/AU MCSLLP PCT/ G2010/0003586 nse to
the drive signal, the-fiyglgad@bemaattern including a first magnetic field having a maximum magnitude
along a first axis; a second antenna configured to generate a second radiation pattern by way of
illdUCtiVe couplingi@eie first radiation pattern, the second radiation pattern including a second
 magnetic field having a maximum magnitude along a second axis, the second antenna lacking a fefed
-point; and - a act of support members configured to spatially dispose the first antenna and the

second antenna relativelto eaét BEErTetien st e casatisedtmseantiahy FEHendicular to the |
~ second axis, the second antenaddssgéfemtameansitem the fret axis toward a periphery of the fix%

antenna in a direction parallel to theasgwg@&%im%?aﬁg{?gﬁ%wtgggm second
i rn wi

- radiation patterns are combinable to generate an augmented radia thin a detection
'volume in 15which the augmeﬁ@&?ﬁ%f&?‘battyii includes magnetic field components of sufficient
magnitude and directional variation dwnaiplenral slercaupladdothasiRE Wogegsinsteriha in a manner
that is-essentially independenixeiiRp Wiagaiean doatesigtion within the detection volume. 20 18.The

arm, com m;uni.cation SyStem of clai‘rrgi %zz.;t YXQ{? 2%{%@%%%’3%%3:; length of wire that déﬁnes a
10 ) first planar repion and » first axis that is normal to the First plavar
region, the first loop antenna baving a feed point to receive the drive
signal, the drive signal providing an electrical signal to the first loop
antenna thereby generating a first radiation pattern that includes a first
magnetic field; and ’ : .

15 _ | a second l'oop' antenna having a second length of wire that
defines a second plapar region, the second planar region disposed
substantially perpendicular to the first planar region, the second loop

' antenna exposed to the first magnetic field to thersby gonerate a
second radiation patter by way of inductive coupling, the second

20  radiation pattern including a second magnotic field, the first and

. second loop autennas ségarated laterally by & first gap along the first
~ axis of the first loop antenns;
| whercin the first radiation pattern and the second radiation ‘
_ pattern combine to form a first augmented radiation pattern coup_lmblc
. 25 to an RFID tapg antenna in 2 manner that is at least su‘bstanﬁally ‘
| independent of RFID tag antenna otientation. '

2. The system of claim 1, wherein the loop antenna system further
comprises: _ ’ ‘
30 " a third loop antenna, the third Joop entenua having & third
' length of ;Nircthat defines a third planar region, the third planar region
. disposed substantially perpendicular to the first planar region, the
second planar region and the third planar region disposed on opposite
sides of the first planér region, the third loop antenna eﬁpos'ed to the
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the second antenna are separated laterally by a first gap along the first axis of the first antenna.
2519.The R.F1D reader vat= of claim 1, wherein the RF113 reader system comprises: a Iurall of
loop antenna systm},mlidm@sg@tenna system within the plurality of loop antenna sy st
. configured to generate a first radiation pattern and a second radiation pattern that combine to -
30form a first augmented radlqﬂmgﬁemﬁem wh@fsd@ gaehlisinadgadaatecbaachatiprpattern is .

coupieable to an RFD tag antenn I‘_&l}naman er that is tI ggg m@gglgq:ggendentofRElDtag

antenna orientation. 32 MCSL D reader system claim 1, wherein

the signal processing unit inclFAEEA 8%&%%@6%’5?8%@@%”&% gl loop antenna

- system within the. plurality of lagp asisrinasystenie ifrs mis hifssdedorasemer. 5 21. The system of claim

19, further congprlsmg an article storq&g&g%m%&&;r Al wadiiyohapantenna systems in

one of an adjacent and a vertlcaFg%ac ed manner. 1022, e1¥t55e of-claim 19, wherein the second
aint.

loop antenna within at least orft '?Fnt?l BATTAE %“ﬁnf ogga A method of detecting an
RPD3 tag carrying an RITA tagoanlt@hivao the RFIE) tag antenna in & maxmcr that is at least ,

substantially independent of RFU) tng antenna orfentation.

10 3, - The system of claim 1, wherein at least one of the first 1:ength of wire

‘ | | ‘and the second length of wire is configurable to have a shape
comresponding to one of a circle, an oval, & triangle, a square and &
fipure of eight.

15 4 The system of cleim 2, whercin the third length of wire is configurable
to have & shape corresponding to a circle, an oval, 8 triangle, a sqtiare
and a figure of eight. . '

3. The system of claim 1, wherein the second loop antenna iacks & feed
20 . point couplesble to the signal processing unit.

6. The system of claim 2, wherein the second and third loop antennas

lack a feed point coupleabls to the signal processing unit.

o 25 7. The system. of claim 1, wherein the first loop antenns is conpled to a
o matching circuit. ' '

é. ' The system of claim 7, wherein the matching circuit is tuned by at
lcast one of & variable capacitor and a variable inductor. '

9, The system of claim 7, whertein the matching circuit is tancd by each

.of a variable capacitor and a varisble inductor.
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within a detection volume in a manner that is substantially 15|ndependent of AHD tag orientation, the
method comprising: generatlng a first radiation pattern by way Of a first loop antenna comdrisihg fa
feed point and a lgRefkehwiifobaaselefines a first planar region and a fist axis that is normal to the first
planar region, the first radiation pattern including a first magnetic field; 20 exposing a second loop
antenna to the first magnetic field, the second loop antenna comprising a second length of wire that
- defines a second planariggiomsiessithast suhsnRirtspaaRacie ad hehedid planeneregion and

laterally separated from the fII’%% L%%ﬂ%ﬁﬁg% first 43R -APRgAhe firshaxis of the first loop antenna;
ion pattern with t

and 25generating a second radia e Second Intip antenna by way of inductive -
- coupling to the first magnetic field, the second radiation pattern including a second magnetic field,
wherein the first radiatiohl patt&iire syatithof sbdwrid whelisitidre finttemn domprirrdnstebthla HYst augmented
radiation pattern caupleable 3@fg the RFID tag antenna in a manner that is at least substantially
independent of REID tag orientation. 33 AMENDED SHEET 1PEA/AU MCSLLP PCVSG2010/000356

24.The method of claim 23, wherein the second planar region is disposed
12. The system of claim 2, wherein at least one of the first gap and the

second gap is approximately 0.5 - 5 cm.
13.  The system of claim 1, wherein the first augmented radiation pattern .
| defines a first augmented detection volumse that includes magnetic
ficld components that are perpendwular to the first planar reginn and
magnetic ficld components that are perpendicular to the second planar
13 o région. '

14.  The system of claim 2, wherein the second augmented radiation
pattern defines second augmented detection volume that includes
- magnetic field components that are perpendlcu]ar to the first planar
o _Zb ' region and magnetic field components that are perpendicular to the
" third planar region, ‘

15, The system of claim 1, wherein the second planat ;egion is dispesed
substantially away from, the first axis towards a peripheral boundary of
25 the first planar region.

16,  The system of claim 2, wherein the third plansr region is disposed
- substantially away from the axis towards & peripheral boundary of the
ﬁrst planar region. ‘ ‘ ' '
30
2 An RFID communication system COMIPTiSing:
| 8 first ante:nna havmg a feed point coupleable to a drive signal,
the first antenna conﬂgured to genetate a first radiation pattern in ,
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substantially away from the first axis of the loop antenna towards a peripheral boun'dary of the first
planar region, 525.The method of claim 23 fortis= oomprising: ~ exposing a third loop antenfg-tg, the

- first magnetic fieI%&g@%@g&ﬂenna comprising a third length of wire that defines a third planar
region disposed substantially perpendicular to the fu-st planar region and laterally separated from the

- luta loop antenna by a 10second %apé al i Cr,c];?g{,% fir ta%ig Q%EQ%}CAE%&S&Pa&QB%ﬂ%Mst generating a )

third radiation pattern with the third Too nna by way of inductive coupling, the third radiation
' pattern including a third magn@ReHEie ek Bremem Bar SR RdaBT e ters %\ﬁ ff&%hird radiation 15 - -
pattern combine to form a second augsneniattatiakafgeaddenocmstcaiskend wbefRFID tag anteauut in

a-manner that is at least substgatiallyneleneadentaf B NATA[Takee Vil (Rl on rmethod of claim

- 23, wherein the third planar retﬁ%r%l’! x'd's osed 205,&%§%%?£a. a frortn tgﬁgta% i; of the first loop

~ antenna towards a peripheral %@5@%&@%%@%@%3&03’%? écmét 0 o?glaim 26, further

~ comprising ~ disposhryimRrseesnigds sleae pagrondaxis e wirabIIRERTEEIBRE250n opposite
‘ sid_es of the first planar region.2@=dHningtinod of claim 23 further comprising: coupling a signal

processing unit to the feed point of tq%grgft ort MPME&QQ&J SR acessing unit
providing a drive signal to the 30first loop an%e[nnaﬁmA..by prov,idir:%()gla{f?{i elxﬁctﬁi%l\ ignal to the first

 loop antenna. The method of skt pst e Y9rERE SNSRI AR N Ta A RKS S e d point, 34

10 the first axis is substantially perpendicular to the second axis, the
‘ -second antenne is bﬁ‘set away from the first axis toward & periphery of
fhé first autenna in @ direction parallel to the sqcond axig, and the first.
radistion pattern and the second rediation patterns are combinable to
' generate an augtvented radiation patiern ‘within a detection volume in
15 |  ‘which the augmented radiation pattern includes magnetic field
| ; components of sufficiont magnitade and directional variation to ena‘pie :
reliable coupling to an RFID tag antenna in 2 manner thatis '
 essentially independent of RFID 1ag antenna orientation within the
detection volume. ' ' '
- 20 o ' o _
18.  The RFID communieation system of claim 17, wherein the first and
the second antenna are sepatated laterally by & first gap along the first |
~ axis of the first antenma. ' '

| 25 19.  The RFID reader system of claim 1, wherein the RFTD teader system A
| comprises:’ | _ |
a plurality of Toop anterma systems, cach loop antenna system
within the plurality of loop antenna systems: configured to generate &
 first radiation pattern and 2 second radiation pattern that combine to
30 ' foum a first augnie.nfed radiation pattern; o '
| | ‘wherein éach first sugmented radiation pattem is coupleable 1o
&n RPID tag antenna in a manner that is at least substantially
independent of RFID tag antenna orientation.
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/WENDED SHEET [PEA/AU MC Pa/SG-2010/000356 30. The method of claim 25, whelvi§ igaeh of
the second and third loop antennas lacks a feed point. 31. A method of manufacturing an' RFiD reader

assembly, thc met%&w%{%&gﬁ}p steps of:  providing a first loop antenna, the first loop antenna
having a first length of wire that defines a first planar region and a first axis that is normal to the first

. planar region, the first Io%)' antg,ggﬁﬂ}ﬁ\éj&g 22 %g%g&l]b%m 1t%ﬂ£§ﬁx'&%&m%&§félﬁdtby a first

housing member; and  providing a secon p_antenna, the second 160 anten%a. having a second
QSy a second

“length of wire that defines a setSHISIERSPRLERi M SRREAYd6 A AR SRR
- housing member such that the atavadyplen avitten ibanbrslic eiinigl Anfsenp eyrtfoulirao the ftrst 15plaru3r

. region and the second loop anigpigidsdneiagtively coupleable to the first loop antenna and providing a '
first gap betwegen the first loop antenna and the second loop antenna along the first axis of the first
loop antenna to reduce strong coupling effects between the first loop antenna and the second 20loop
‘antenna. 32. The methodbf cldih? STt BHMAE frshgagenars s rade fFaREoT i Ence range that
simultaneously reduces strongtanuplitg hifphiciandQubs mnkal syneaint tinscofaaxiimtRPM tag

detection distance. 33. The me@g@%@aﬁg}&kwbﬂﬁigﬂthesecond planar region is disponi(’
substantially away from the first axis of the first loop antenna towards a peripheral boundary of the first

planar region. 3034; The method of claim 33 further comprising:  providing an impedance matching
circuit coupledto the firsBloop Thesmremwiccitip éBavemainbemege lec e it at least one of a -
variable capacitor and a variabjg:ehase anterma system lacks a feed point.

23. A method of detecting an RFID tag carrying an RFID tag antenna
: | within a detection volume in a manner that is substantially
15 | " independent of RFID tag orientation, the method comprising:
‘ ' . generating 2 first radiation pattern by way of  first loop
_antenna comprising a feed point and alength of wire that defines 2
- first planér region and = first axis that is normal to the first planar
‘ : region, the first radiation. pattern including o first magnetic field;
20 * exposing a second loop entenna to the first megnetic field, the
' second 106;5 antenne céniprising a second length of wire that defines a
second plansr region disposed substantially perpendicular to the first
planar region and lmerally seperated from the first loop antenna by o
first gap 'along the first axis of the first loop antenna; and ‘ '
23 , ' generating a second radistion pattesn with the second loop
anterna by way of inductive coupling to the first magnetic field, the
seoond radiation pattcin including a second magnetic field,
 wherein the first rediation péttem and the second radiation '
pattern combine to form a first augmented radiation patern coupleable N
30 to the RFID tag antenng m & manmer that is at Jeast substantially
| : independent of RFID tag orientation.
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35 AMENDED SHEET TEA/AU M ()SUP PCT/SG1010/000356 35. 7be method of claim 33, further
comprising:  providing an impedance matching circuit coupled to the first loop antenna, th&SL.Lp

impedance matching_circuit ' rising each of a variable capacitor and a variable inductor. 36. The
method of claim ST&G e%%%‘ﬁ%?ﬂ@éé%ond loop antenna lacks a feed point. 37. An R_PID o

communication method comprising: 10providing, a first antenna configured t %& p first radiation
. pattern including a first fidgnet; ef?é?é’%aﬁfﬁg‘ggr%%aﬁr%%‘f‘rﬁ‘gﬁﬁ?ﬁ?é]g a 8%‘5%%4%‘3%&5; |
providing a second antenna configurédliyeyanErmdis Setaxe THERIEH PEIBHOME Ming a second
magnetic field having a maximpsphbaagintacecaihegma: seoargiais;. positioning the first and second
.. antennas relative to each other such that the first axis is substantially perpendicular to the second axis
- and the second antenna is offset away from the first axis toward a  periphery of the first antenna in a

“direction paralfel to the decond BxEeBeheErmAg tHEH PRI R ond antennas relative to each other
o _ : e . exposing a third loop antenna to the first magnetic field, the Co

fhird loop antenna comprising a third length of wire that defines a
¢hird planar region disposed substantially perpendicular to the first
‘ | planar repion and laterally sepér‘afeci from the first loop antenna by a
io . second gap along the first axis of the first loop antenna; and
B ' generating a third radiation pattern with the third Joop antenna
by way of inductive coupling, the third radiation pattern including a
third magnetic field, : ' '
wherein the firet radiation pattern and the third radiation |
15  pattem comﬁiﬁe to form a second augmented radiation pattern '
~ coupieable to the RFID tag antenna in a menner that is &t loast
substantially independent of RFID tég orientstion.

26.  The method of claim 23, wherein the third planar region is disposed
"= " substautially away from the first axis of the first loop antenna towards
a peripheral boundary of the first planar region.

27, Themethod of claim 26, further comprising:
disposing the second plapar region and the third planar region
25 | oni opposite sides of the first planar region.

28, The method of claim 23 further comprising:
| coupling a sigoal processing unit to the feed point of the ﬁ;st
loop antenna, the signal processing unit providing 8 drive signal to the
30 - first loop antenna thereby providing au electrical signal 1o the first-

- loop antenna.

29, The mothod of claim 23, whersin the sccond loop entenna lacks & feed

point.
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such that the second antenna is laterally offset from the first antenna by a distance sufficient to reduce

RP coupling instability between the first and second antennas associated with strong coupling:effeets:

_driving the first an{p(pﬂ@ ﬁ%m&%the first radiation pattern; 25inductively coupling the second

antenna to the first radiation pattern to generate the second radiation pattern; and  generating an

~ wile:and radiation pattern within a detection volume, the aug:mented radiationliattem.corresponding to =

~. a combination of the first radiation pattern and the second radiation BO%?ttei{% augmented
|

radiation pattern including: maghemehatod siaiptte mberiR mgbR e SHPIAY %’frl] AR directional
" variation to enable reliable cowdittgris BrkRPIbdagiahtenna essentially independent of P.F1D tag
“antenna orientation within the detection volume. 36 AMENDED SHEET PEA/AU
5 31. A method of manufacturing an RFID.mader assernbly, the method
comprising the steps of: |
: providing a first loop antenna, the first loop antennz having a
first length of wire that definses a first planar region and a first axis that |
' is normal to the first planar region, the first loap anterma having a feed
-10 B point, the first loop antenna carried by a first housing member; and ‘
proﬁding a second loop antenna, the second loop antenna
having a second length of wire that defines a second planar region, the
seéond loop entenna carried by a second housing member such that
' the second planar region is substantislly perpendicular to the first
15 | planar region and the second loop antenna is inductively couplesble to
| ' the first loop antenna and . ' ‘
providing = first gap between the first loop antepna gmd the second
Joop antenna along the first axis of the first loop antenna 1o reduce |
strong coupling effects between the first loop antenns and the second

20 . loop amtenna,

- 32, The method of claim 31, wherein the {irst gap falls within a sep&aﬁon
distance range that simul tanecusty reduces strong coupling effects and
substantially maintains & maximum RFID tag detection distance.

25 ‘
33, The method of claim 31, wherein the second planar region is disposed
. substantially away from the first axis of the first loop antenna towards .
a peripheral bovndary of the first planar region,
30 34,  The method of claim 33 further comprising:

providing an impedance matching circuit coupled to the first
loop antenna, the impedance matching cireuit comprising at loast ane

of a variable capacitor and a varigble inductor.
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The method of claim 3, further comprising:
providing an unpcdanm matchxng cireuit coupled to the first
loop antenna, the impedance matching circuit comprising each of 2

variable capacitor and a variable inductar.

The method of claim, 3 1, wherein the second loop antenna lacks a feed
point. '

An RFID communication method comprising:

providing a first antenna configured to generate a first
radiation pattern i’ﬁcluding a first magnetic field having a maxinum
magnitude along 2 first axis;

providing a second antenna configured to generate a second
radiation patiern including a second magnetm field havmg & maxioun
magnitude along a second axis; ‘ N

positioning the first and second antennas relative to each ather
such that the first axis is substautially perpendicular to the second axis
and the second antenna is offset away from the first axis toward &
penphery of the first antenna in a direction paralic] to the second axis;

positioning the first and second antennas relative to each other
such thet the sccond antenna is laterally offset from the first antenna
by a distance sufficient to reduce RF coupling instability between the
first and second antennas sssociated with strong coupling effects;

driving the first antenna fo generate the first radiation patterm;

_ inductivély coupling the second antenna to the first radiation

pattern to generate the second radiation pattcm; and

generating an augmented radiation pattcm within & detechon
volume, the avgmented radxatmn pattern. corresponding to a
combination of the first radiation pattermn and the second radjation
pattern, the augmented radiation pattern including magnetic field

componexnts having sufficient magnitude and directional variation to

' cnable reliable coupling t0 an RFID tag antenna essephially

independent of RFID tag antenna orientation within the detection

volume.
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