SYSTEM APPARATUS, AND METHOD FOR ORI ENTATI ON | NDEPENDENT RFI D TAG

DETECTI ON Techni cal Field 5The present disclosure relates to a radio

f r equencywpaentisfi4eat i on (RFI D) system that comruni cat e®CRISGROAMIREBE D t ag
by way of nmultiple antennas:. in order to increase a |ikelihood of successful

communi cati on wi t 8Y$TEMRBIPPARROIUS; 9N B IVESBHOD IROR DR BN IN TN at i on. More
particularly, aspects 'of_ the Rresent disclosure relate to an RFID system

appar atus, and method i nINREEED RIRTAGBEFESCTIQAt ennas generate” an
10augnent ed radi ation pattern that facilitates or enabl es successful RFID
tag conmuni cation substantially independent or regardless of RFID tag
orientation. TE&‘G!&@?E‘&% Radi o-frequency identification (RFID) is the use of

an obj ects ( CORRBdYt disdiQFeSdlate? o2 rAD ﬁ&u%&y@dénﬁgéat?ﬁgkg sy Qe that

i ncorporated into a -product, animal, or person -t urpose o :
i denti ficati gHBRHHCHS AR HGREIS) tag by ady of waltéinde antgrings orrparrietoseass a an RFI D

system i ncl uge b5 DelLate o) LA : [ ' pled to
an antenna or .alnt;enna-ésesenb Oilmgnd gﬁﬁ ggﬁﬁh% ggfﬁg&gfﬁggrﬂﬁgg&ft%%[)ﬁ%l udes an
| nt egr at ed CPrradtation.(IMByre faiticalady. iasgectnd the prems disgosund clavatd anRFHddul ati ng
and denodul at,j i O  Shgn ! n na for receiving and
transmtti nggﬂtsﬁ'gl’ ?56| ohsgiaéélgﬁ%%gﬁg %&D@‘é@gg %Plslrﬁg(} gngs/?ngsé%?ﬁéat?e ?ns used to
i nterrogdf e/ ausanigd REialdon gupttamnd that facititales cowphtdel tsoccassfanREhaag hat enits

radi o -waves. 1 ac r. frqom several [« rs away. .and beyond the
line of 25si Eﬂ?ﬁ H@}'$a?i gisﬁg%glgaﬁly "%% endﬁ'ﬁé’éfﬁg%rn[eﬁse?ﬁm@ﬁﬁ t?%woé'eﬁ%f'ﬂ"t ag and 't he
RFI D reader is nade through radio waves activated by the RFID reader to

read the RFIP tags that - are within a detection range of the RFID reader.

Convent i onal PY-REFA®IREI D reader and RFID tag can function at any desired 30

frequency, bRlgidfe uegmagggg%@ﬁm@ iSlhe 80 FARIARTIRRINT RGYrlio 13- 56 M-

Due to its operatione , the el ectronagneti c’ energy avail abl e

for conmihi cagandt1Ditad) eplich ¢o éryipdorpiratedimmumproditcl, eninrah g eersan fonthy a f ew

feet. The rmﬁ&rpose of identification and tracking using radio waves. Main components of an
RFID system include arj:1 RFID reader, scanner, or transceiver that is coupled to an

antenna or antenna assembly and an RFID tag.

20  The RFID tag includes ;an Integrated Circuit (1C) for storing and processing
information, modulathfg 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 intefrogate/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 fuhctio.n at any desired
30 frequency, but they coinmonly 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



basi ¢ and common antenna adopted in RFID systens is a single turn | oop
antenna tuned to resonance and inpedance matched to a fifty ohmcable. In
the near WDebu/@f540he antenna, energy is primarily tran®Ca&sGaeongoishe
magnetic field and the efficiency of the antenna coupling is-neasured by
anal yzi ng t hbassagmletomndn aitehna pdeorte me&i?lDfsyetbmls iSa kidelalthy, lotthéntevagnet i ¢

the range of E LSRR ant ArE e LFEaBY B ahet 8ok PRE Fagnet ¢
field fromt He arfehiD. ceagers ;annhrﬂhearlat%ln@d ﬂ)@.ghe(:lﬁﬁgn@ﬁdﬂﬁblé aho tleatficiaicher so as
{0 oot abll she e RITHOLSALET, BRLDARBLHRGRLIR RERGEL 0% 404 Ay, 10,80h
antenna has i'ts respective nagneti c field and antenna radiation pattern

which is sensitive to pol arization. The orientation of the antenna
radi ati on paidealinshermegnstn ﬁ?lldefrm@&dé?ﬂarrdadbhwdttag READ eagt must rbe heghount  of

coupl i ng, ang[hemhsdnh %a,%ﬁ%ldéfhtemgslﬂ%e LEf 1c191£tl etnﬁeacgng%ur}e Gat{ tthe hals rtl{;edFOr

exanple, if “antenna r ation 'S no wi'th
the antenna fieldifatm ome B&tD ecadenfind tlne Rlﬁadtag chimn caupmwmeztchtdllﬁftr sachlteves

optimal coupl §tﬂ)glsh 5 €O nm%?gaﬁlon e, ble]tg%el}btﬁ&;ﬁa %é%{i Q’\% tgggg\ljg?alt 0 be able to

retrieve the require ormatt on research efforts
have beenodlrected to increase the sensitivity of the reader and inproving
the quality of communication between the reader and the tag. U S. Pat. No.

6, 166, 706 (Gﬁpthaf{:]he?a)ie't%ﬁc‘h@@a‘twpwtstaalemha@cfpr mnagretindisldwioupling. tEachd 25

over | appi ng QP[HQJaeIg} OQSH';%?Q’, an 19%?(?21& Bﬂglﬂlta' %?la{mgggl{e{l? \Jh%cﬂl d- UsS

Pat. No. 5,103, 235 emnens tea es a frgure el antenna with
pai red | eads stnhisive aT polpnipation. | Yhe ougstagidn off the antqnezctadw@sn gaeonsi lseekear e t o

reduce the eff.eclg: Ay holS" n%}?[h%%m%P[q off %l)l?p?lﬁg A4 %s gac{s(?hep u%g

uc
flatter anplitude respons d nore I nea onse ver O?r equency.
30 U S. Pat: thideomBugsdtioh padh. (Li an) teaches adj acent doubl e Ioop 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 nmagneti.c

tag. A conpemsatipid upeg ahtenna radiation pattern of the tag is not oriented with the
antenna radiation pattem of the reader in a manner that achieves optlmal coupling,

the reader may not be sensntlve enough to be able to retrleve the required 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 Ioob used to produce a rotating magnetic field. U.S. Pat. No.
5,103,235 (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 false alarms and to produce a flatter amplitude response and more linear phase

response versus frequency

U.S. Pat.’ No. 5,963,li73 (Lian) teaches adjacent double loop antennas in a figure
eight eonﬂguration 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



| oop is used to reduce detuning effects which occur when sw tching between
the two phases. Lian teaches the use of two generators driving respective

| oops. U8B0 2Pate37N0. 5, 602, 556 (Bowers) teaches the userpof/seasiomusssant enna
| oop 5 configurations to produce a desired field, and a |arger passive

unt ur ned | oopoapus ndnaredged deatnirendffeot avhich eéfredieh yeltohimppieedenfias twbi el d
response as ahgég f%g&dlga celléﬂ% anteqnaa.The cancel | i ng antenna uses
separate ant ENHas 18 FHSHENIPE YiB© SENERS AN iphEsSRECTYfd8Rince conpensat i on
of the coupl ed | oops. 100ne drawback of these prior art readers and tags is
the generation of insufficient field strength over a spatial area and a
desired rangé)-fr &at tRe PHEYEF6 t(Bowerad teachagther om af dNasibed apesid ilap. Anot her
problemis ta ' i Sitivity.,,Th rior art.readers and tags may
5 not read ranTapRehaR PonBE St taa (05 Ba@r Rivh SR8 M oupt ng
as a result ofrramdegithabhecrent ©neffectiedy atnmeh fppafitlérmspondeend atfaomieldl N sone

cases, the t y be stationary..However, in nore commop appli.cations; the
fag moves. t hrauGhmeRD R AL endel e phiehng e pepdipls vyl o8 SR YPILHRE| D

syst em conf i gereed withoatdinpedantd @itpeiatiomes thd @agle@loopsiveyor belt. In these
situations, different antenna radi ation pattern 20orientations may prohibit
the tag frombeing.read as the tag noves through different parts of the
magnet | C'ITOI el(qwgﬁap a8 Sltthsx Flg'rear{l%gt%ﬁsr nd'%%s]tiﬂ% gpnré%’tio% Q\Eingu 189&%% reveal ed
inthe prior art relate to gystems i At EG Ul et Ui hechesar y conpl ex
circuitry, | etdigigoteoaispgrbasedndydesord cnge frod3hd teades t¢ hed eftag Bodesi r abl e
to provide a&qglgggi%% to address at |east one of the foregoing problens
associ ated with tonventional RFID communication. Summary 30l n accor dance
with an aspect. of the disclosure, there is disclosed a system having an
operating frequency for communicating information. The systemincludes an
RFI D reader aY9EWRDPSPblsaVisHee eelatizghen seppibeies sThegpripmiart readeisregd dresonyput
configuregd t %PFeQM'rQ%g?i el ¥ GnEERAL fief sfnjeﬁgﬁlti ak@B@or%'aEﬁn@aasma%kdﬂfgofa first

| ength of wire that nes a
undesirable antenna radiation pattern orientation. In some cases, the tag may be
stationary. However, in more common applications, the tag moves through the
magnetic field of the reader, such as in an RFID system configured to detect items
moving along a conveyor belt. lﬁ these situations, differént 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, leading 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. v
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



first planar region and a second | oop antenna having a second | ength of
wre that defines a second planar region. The first |oop antenna has a feed
poi nt to weeeims7idne drive signal to provide an el ectri eali/ss2gnaboise t he
first loop antenna thereby generating a first radiation pattern that

i ncl udes a flr“rratplarmgegbm énd d ®bshd [dbLantRaP Ri r@laas@@crndn@@um‘f“ﬁte&héil sposed
substantially pendi gP ar- tq the first planar ?%I on. The second | oop:

ant enna expos§ “eF& SE3P8¢ PP gy e et t‘]ioélaﬂfe't"@ h@“h% ehprigensicaveths second

radi ation patdieé Bghl to\sHsvias ar E1EUsGdal Yignt IRE FiRBlood BfertE SRAG y Tedtlrafnkon
pattern includes a second magnetic freld. Furthermore, the first radiation

pattern and tHESYEHYIRE PRUGD éhaf tﬁ‘ﬁ'“ﬁﬁtatfdﬁtn“%?ﬂﬂ fipdd. fThe pasprd plaar restonaugnent ed
radi ati on spati{ &&gbs€PdBiSAR| 1L prPerddfiiaRi tPe ﬁrs 2% A PR A 1GpmRNNer T hat
is at |east substantially independent of %) tag antenna orientation. The
system can f GPeARYSXPPSSErUde figst papretic figldso étnteéhaenewém segordl redipticd | engt h of
wre that defjpgq b?\\ra?bf ﬂdl@tl@@ Ttﬁ QP sec-gn:flraE?{ ittt ANAG LA F5Q0nd S

di sposed substantia (ﬁ perpen ar tot s pl anar - region. The
second pl anarm%gégicd'wl rﬁdﬂ‘tdﬁleotehﬁhpcﬂrqbradmapn pa;tgrroamdalneesedbnslpmhmbnon opposi te
sides of the f r op. a i posed to
the first naé)ng{rﬁ%m?lle?% ft)lgﬁtgh%?ae é‘{eeag‘%"{é 'Ong ‘JF%I ‘?Od]ppeg | rati OEF% tern by
way of i nlductiagatanoupld mgnneihat it i leadt substaraiallp mdpshdeant of RAE tagesermat hi rd.
magnetic fiel glem ‘?O% first radiation pattern and the third radiation pattern
can combine 20to forma second augnented radi ation pattern coupleable to
the RFID tag antenna in a manner that i's at Ieast substantially i ndependent
of RFID tag tenna ori.e { t| L0 vari second and
third 1 oop aﬁ‘?‘thsé%“ &UCh 1%&'18 “detaé‘é'&" 9% ?ﬂe"&]?) ?f:)‘i“éga%lﬁgd edg%ht?zwére

processi ng urtietmes%&thd‘lﬂalfar r@iona"lﬂkjmthhﬂ ptzlnarraegnat isdRpad bbsan@elyi nes a first

augnent ed det ect i ncl u et| c field ents that are
per pendi cUl arpetpgnfﬂgar 1P H‘gfﬁr?flpglﬂar reg'@bd@ﬁ SR Wﬁ'@aﬁé‘tgi“lf‘ al“fjel?egﬁ‘é‘gﬂ‘ﬁ?ﬁ’ient s that
are perpendi aediad ark dispdved @608 tddi@I AF the Eigt PRAnarIETHLarIRROMEd Bagnent ed

radi ati on pattern define second aug ted detection vo]lune that includes
magnetic fiel®d CBBWSW?@%%W&?S%P@"B%}&E&WtE‘?ﬁ?bJrget‘HatFI"‘ié iq fadiption

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 to torm a second augmented radiation pattern coupleable to the RFID tag antenna in a

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

In various embodiment.s, 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 auglnented detection volume that
includes magnetic field components that are perpendicular to the 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.



pl anar region and magnetic field conponents that are perpendicular to the
third planar region. |In another aspect of this disclosure, a system having
an oper atwogofwmaguency for communi cating i nformation ispdirschemedessdhe
system conprises an RFID reader system conprising a signal processing unit
havi ng an outipatoticoadpegf dus digclpneya getem h’.iuvingan spainalg feqdenay pdrur al i ty of

conpr oo a T DL RERES AR G £Re FBfsomesfR bR IPRehar der nee a
first planar sysegi com@isihga sigpabpracesaapuriiriaeinpan ba}Mtl’tgnﬁgLﬁ@QQIﬂﬁbvldelagt h of
ion. Each first nt enng has a
i

wire that defines a seco a
f eed poi nt t8"V%%%'?E\/%'1(f%@l'@ﬁ{yfg?°§P %P“atséfstﬁpﬁ%“’cfé b?él‘f‘eeqo %{Ef‘lgi‘%aﬁrac gnal to
the first sl ompamteemsttednebmlpysdgarmtaddpragteanafuamg alfé iichiihT wadtiiaer n t hat
i ncl udes-a first ”Zﬂap The 10second pl anar region is disposed
|

subst anti al | JeI%F Bl ?rang'?'ba'ldrf’ese?‘?"fjé?OPpﬂ“EH&arhal”é’@laéﬁconﬂf'é‘g@é’&ivﬁd | oop

antenna i s expo8athet ®sdcb& ﬁlh:fasEeoimgnﬁwmstfléc@laﬂteh&a ﬂa@%rf&'asbo&%erate a second
radi ati on pattern by way i nducti ve coup e second radiation

pattern incl (iiféye é{’esdé’d’ﬁ ﬁ‘é"%@ﬁ@t’ idg ag F'é‘}t’ﬂca' F]a'i‘ ?Hé‘ﬁ‘?rﬁfsé'%? AdeFiar st radi ation

pattern and ttlh:@eb?%@ﬁlﬁﬂlrfg%mrﬁtrhd?ﬂloﬂ%ﬁttté?ﬁ mapmehaég% fir@ nf2hdcField. rRd augment ed
radi ati on pattern 15coupleable to the RFID tag-antenna in a manner that is

at | east 'Substand planaryedionis disperes substantiatly Derangicutar éniva fistt plaparagdion. The
system furt heie kRGhMRES adbnridfid é)%lg&d% ik %gﬁpﬁgﬁeltligtfwdqo EhQPetw %a{thee:? t he

plurality of |oop antenna syst in one o n adj acent or “verticatly’
st acked nanné?‘—‘O"QCPdlaﬁO@P#ttfrft rewayaefpedtictivsf coupling. mat%@u&@atloamawm D

communi cat i of, iy ogg E@cbn%uhn%\%ﬁc ﬁﬂﬁ'ﬁﬁﬁ]erﬁ{&eeﬂ{éaﬁrﬁ%’d&% gatfte?&‘g ARl Nt

coupl eable to a drive sig e first antenna c uredt 0 generate a
first radiat |S€ﬂ@nﬁ)ad!9élpmp¢tt¢rlrfémﬁmw§e faro & firet aﬂgmvnﬁettlaglaadm pattam first

radi ati 0n15pa g{l&b elrl(ro\’sﬁéqyg ?gszfn'tcl:l:ﬁa in%%{l‘g‘l%r t tlé etllgasﬁhs% étzgglaﬁ BXi rum

magni t ude “al on e Ssys f'do™'Re €5 4 Second antenna
confi gured t andgesrereitod REIR égandgnnadicatation pattern by way of inductive
coupling to the first radiation pattern, the second radiation pattern

i ncluding a second magnetic field having a maxi num nagni tude al ong a second
axis. Additi dhalkysygm fundesystdanah anicleatorigaclrues that setiesafie guppgrof nenber s

f d t d the first ant th d 30ant
et Pve Lo CABRSTREPYEDN Tt ot Aueer o, SRl PR elmetn oty

perpendi ca0l ar to the second axis. The second antenna is offset away from

the first axiisatowar dspectpeminsm@rqsu:efantRHchbmatunaﬁrtﬁ@rwaemnnoanddsdiﬁﬁ;tl on
parallel to the second and hﬁlgfi rgrtl radi ati on 'pattern_and the

second r adi atf'SA"PRY 1A gecioint 5 291t oAk htlisstgptenna 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 the_ first antenna and the second
30 antenna relative to each other such that the first axis is substantially perpendiculér 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



augnented radi ation pattern within a detection volunme in which the
augnented radiation pattern includes magnetic field conponents of

suf fi ci erworragisfde and directional variation to enabl @CESIG2e9/080356upl i ng
to an RFID tag antenna in a manner that is independent or essentially

i ndependent  ofdidRbh Putteaginainti@&ianeid fRId @nphentd §MilfTiclehemaaiged dn@n vol ume. 5
I n accordance. with anot her -aspect of this 'disclosure, there is disclosed a

process or nmEUHEANDIARLCR LS $1Gle 7 iaRie £ornliag oay REIDAS aenaAinthma i t hin a
det ection vOkHANR ihdepehdBRIVAEfsehtRBY iddSpchii&is bAREIDAhY YnikdHd SRERSEAtwitln RFI D tag
orientation. The process includes generating a first radiation pattern by
way of a fir &t JeeiPnamiwifna having a 10feed point and a | ength of wire that
defines asfirst planar region. The first radiation pattern includes a first

magnetic fi eldacchdahiceivamahbiier %ss&lt@lf'tf?ﬁggélogd?& Itlﬁﬁ R dR¥RO S oc%%sso(?.cond | oop

antenna to the first magnetic field, the secon oop anterna having a

second | engt IPRdWf desectingan BED e sarsyinganoamebnpd within adegiiom olwpdsed -
subst anti al | }ﬁwaﬂﬁe_rr9%9@'sﬁbglté%liiéltiﬁig?%%née‘nféf%ﬁb%rieﬂﬁ%xf.lﬁ"{hﬁgﬁ')%espr ocess al so

includes generating a secon oradi ation pattern w second | oop
ant enna by wangluges ganehating & Brstdipliomgpttem byhveryfoif p §itst mgretken Havieg d. The
second ragi atl, re.J e C netic field, The first
radi ati on pat teg ﬂmggnr@eatlE?séﬂggt‘gﬁ%&?tgdgﬁgﬁsgﬁ“ggat% er %'O%'ofr%iﬂ?lset r1d6a?'P Orma first
augnent ed r adiatri oalupgesta festmagpensd ficdd | AsiditionsllyethRipidoedsany latet exposing @ a nanner

that is at | nti all y i ndependent of RFID taq orientation. 20 The
process can ? %?M@?E?Iﬁg '1ﬁé§'lh5¥'5%é]}aﬁg§§q§ﬁi’ p‘asﬁtc(%é)ggﬂfl%ﬁ% heyng e i rst
magneti c fi elsetoaditngteoéwat kagddintha sedodgdanat iegion dabbdsed Bubsiahtillyhe third [ oop

antenna by way. of .i nductive coupling..Jhe third | oop antenna incl ydes a
Third Tengt hropeieBeIE e YRRt Any Gropusise mP Bl i Spgsttend
subst ant i1l | yadieiop gacine withthetseconl @obiahtshnalyangrof irRigetor.codfihB e thbi r d

radi ati on pattern incl netic.field. The fi rst%frleil{gi ation

] udes, a third ma
pattern and the RIS ﬁleg]di%ge[ %ea?rdﬂa%t&%r?afé%m INCUIET hEFCPns PR cond
augnent ed r adihatirsordpabi paircadpheeRbdnd ridiatioh atdrh EbrhBige ®Tb@N0Asi N a manner
that is at |east substantially i npgegendent of REID tag orientation. 30In
accordance witbnepigd fadisfign pausB cpunlza 'L"H? Ehe&:Fél?:F%%Wé"%‘“ﬁr‘%‘é%réh%r‘s_ det hod of
manuf act ur i ngeagiiubednBall eAdefen @5 SN D thSorfthigbpsed. The process includes
providing a first |oop antenna having a first length of wire that defines a
first planar region. The first | oop antenna has a feed point and is carried
by a first hdisPrgesTErbFtherirrdudsepesing arthird i antersp Gids fist B1#BRiAg a second
| oop ant enna fRgVInAGerraRE aMdrd AM&idh fltern with the third loop antenna by way of
' tnductive coupling. The third loop antenna includes a third length of wire that defines
a third planar region disposed substantially perpendicular to the first planar region.
25 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 -



wire that defines a second planar region. The second | oop antenna is
carried by a second housi ng nenber such that the second planar region is
subst ant ivDI291I8FPendi cul ar to the first planar regi on OWA/SGae109ee356d | oop
antenna is inductively coupleable to the first | oop antenna. 5 In another
aspect of t hiwgredias défosuis gcombpliial RgtmThidecaidildp dntfeanei8 sardied Bed hod i ncl udes
roviding a first, antenna,confiqured to generate a first radiation pattern
Pncl udi ng a fs?cf)éi I]%Qh&el“@erfﬁughg] {fg?/f’?‘f@“‘g PIRARL FSSIRm T GHPRBY% al ong a first
axis. Additi pegéiddjculal keth fie piatarirghGdnioh@ $heie3hd dbdpthnBn L6 AidcdRlyenna
configured to %ﬁng{ at% 'f'lofé second radi ation pattern including a second
magneti ¢ fi efYMEVEAYNS AACRIRIA¥gni t ude al ong a second axis and
positioning the first and second antennas relative to each other such that
the first axis is substantl al.ly per pendl cular to the second axis and the
second ant enhhogepsPetof MJQSB% HEF 1P qogymugiertion SOREFTOTANSYRAi phery of the
first antennammaeﬁprahamghlfmaﬂ@ﬁ@lcloﬁh dr& toREnSFRE R ARt AllaBon JdiRrPr OCESS al so
i ncludes 15drivin irst antenna %o generate the first radiation
pattern. Furﬂ'ﬁé}d“‘&taﬁés%?"’(g&%‘scsr sldhavingesmaxig we mageitude along rifing axihe second
antenna to_t haafibfah, HRkalsaIRRL belRikQ SEARELAL M LDET SRGAD Yol ation
pattern; and generating an augnented iation attern a detection
vol une, tlHe adepeBhtadHtipmprtigem loﬂuwag@eqcnnémagr@scpﬁﬁdhmng a)male@mbl nation of
the first rag|,a il ,
20augnent ed ?Qﬁf%@ |@ Sﬁﬁpgg{cg?(ﬁgﬁsn%{a%g?ﬁ%ﬂ%hggpsllt%]i g?r@%{e%agﬁ%l%tp g havi’ ng
suf ficient migerick adier wpltthds thebtst ngis Swl&tanmllymﬁrneodletﬂabb Ehersedonabdue coupl i ng
to an RFID t t I D t.ag nn
ori ont ati on at fr sepREeGIRE R drak s MIERRDHREbaPlolla el B OLRLT
Dr awi ngs FI Gfirst Aptemnaan bﬂwhmﬂpaglﬂeam t'bhmmmgams sTé\'e pufcesrmlsn ue:lltelmants of a
representati g i.ndepend assenb -
accordi ng%t o\éaﬁﬂ[élr['}%q{ ht%?na P EF eéat%&lgt(f:‘ %?ﬁifaélong%}‘—é e pr3°e§§:henat| c
i |l ustrati on igfudanindudtisely abupding thelsemlmpemdmtto %Ifi&tmifmbmpmaatm ©n system in
accordance w th a chematic

si de vi ew of StHhé" T:QEFB“@B‘H%E}#'%‘&P*}“SH‘ T8y %egﬁ’ia e ﬁflaé?’mi'ﬁeJ 'aﬁ'la % Mand 2B are
schematic il I»\umirread!dt@ncs‘n afluad) tiRFEuRmenaartidiaciod pabrenﬁy)&t:@maﬁ@@radl ng to

anot her- errboc(izlmggnmtlon oftheq’lrst ﬁallt%%%gt?ém and the second radiation pattern, the

20 augmented radiation pattern including magnetié_ field components having sufficient |
magnitude and directional variation to enable reliable coupling to an RFID tag
antenna essentially independent of RFID tag antenna orientation within the detection

volume.

25 Brief 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 3 is a circuit diagramof an inpedance matching circuit in accordance
wi th an 5enbodi nent of the disclosure. FIG 4A is a schematic illustration
of a manrVO 201I/08A346h an obj ect such as a first book andPaTSECONWBISOK t hat
each 'carry an RFID tag can be detected by an enbodi nent’ of the present .

di scl osur e i miGs. rAnael 2Bhat stigeniafidepeagent IfanRRFID tagmifediogniathon. FI G
4B is a schemati iIIusbration.of ﬁnﬁﬁyientation i ndependent | D based-
article storéﬂ@”gngéﬂ?:ﬂéﬁFﬁﬁﬁﬁnE hEAigiAsEi nent of the disclosure. 15FIG
5is a flow diagram of a process for detecting an RFID tag in a manner that
is substantially, |nde engent of RFID tag orientation in accordance with an
enbodi nent of '$He!Sd %@F‘B (fgeam of gy impedance matching \wirglihigrageerédnca With@Bcess f or
manuf act usi ngmp&titkans tifdikmsitel D 20comruni cati on assenbly and/or an RFID
comuni cati on system according to an enbodi nent of the present disclosure.
FIG 7 is a graph illustrating a manner in which a gap between a prinmary

antenna and @Se£0ndakMheRRtiE NNR Aok & SmahntB WHieh di %ngfﬁcﬁwx f{om the

primary antenna at 25 which an RFID tag can be success y or reliably
det ect ed f or baock epides espeandi Raski thyy| esgle ey i2onRBID tag RAI B deeteshbeati on

3yst em accor digif ! GUBRSHTRI LA HC AGhATYF - FRLAMAET oFRRAS Lt [ on

30Enbodi nents of the present disclosure re , apparatus,
devi ces, lAndopediesses that facilitate or enabl e comuni cation between an
RFI D reader, scanner, or transceiver and an RFID tag in a manner that is
i ndependent or substantially independent of RFID tag orientation within a
spati al det e¢iG.0fB iscl whemativbHestpaert éfcul aiehtgtioreimbedhdapnREIDbasthertipeesent

di sclosure r %Joﬁatgg s}s?e|1?£'cégzr%lln% t§ Q%Hﬁ'ci)d%%énit 8Pthe disclosure.

15  FIG. 5 is a flow diagram of a process for detecting an RFID tag in a manner that is
substantially independent of RFID tag orientation in accordance with an embodiment

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 disclosure.

FIG. 7 is a graph illustrating a manner in which a gap between a primary antenna and
a secondary antenna affects a maximum d,istance-away from the primary antenna at
25 which an RFID tag can be successfully or reliably detected for a representative
implementation of an RFID communication system accbrding to an embodiment the

disclosure.

Detailed Descr'iption : ‘

30 Embodiments of the present disclosure relate to systems, apparatus, devices, and
processes that facilitate or enable communication between an RFID reader, scanner,
or transce‘iver and an RFID tag i.n a manner that is independent or substantially
independent of RFID tag orientation within a spatial detection volume. More

particularly, embodiments of the present disclosure relate to an RFID communication



systemin which a primary antenna and at | east one secondary antenna are
spatially disposed, positioned, arranged, oriented, or aligned relative to
each ot hevooth3ri#at el ect romagneti c coupli ng bet ween aRCESGAGL0HOEE6 S by
way of nutual inductance when the RFID reader drives the primary antenna. 5

The primary apiennewhenepahes adtchid 478 ayleiRdhddet a ahfeRtahr@Spatallyesul t  of
bei ng dri vendfsy tge REI D reader, and eachgsecondar%/) antenna generates a
secondary radiROTBPOSLPRy frranged opieded: or fenedyglativg éa@lfﬁ?ﬂris?\fg‘ ha t he

primary radi aldc@ompatlieson; ﬁngr&mhiaﬁteﬁﬂaeb&urslﬁ%Wagrdf%%aﬁm@&ur{wnt s, the
primary antenna i s direct Fy driven by the RFID 10reader, for instance, as a
result of el e¥ERihediFIPdeades diyes heprmapmansnpzader by way of a feed point,
and each secondary antenna is indirectly driven by way of inductive
coupling to the primary antenna. That is, each secondary antenna |acks a

di rect el ect rifg&rmegpienpyecHerates aremeiygadietiontpageriRps Dresdhefdeing 15V¢e pri nary

antenna radi gl ABLERIR aANEhA % oRla R SERNAATNARLBDDAL AL ati on
patterns conbine to forman augment edyor coffposite radiation pattern that
defines an auwghienesdiresylt efondstive wudldtede theenimag) radietionTiagems raagnete spat i al
ar r angenent £ | 0ar ~ 0 : sukts i he
generati on 0191( egr']hgﬁgr'%l%égo@g ll“%’? ?ed[;r%g‘?)% ?@%gwﬁ%gt?yn%ﬁfgl&%r?al{g]:rl]%t ic field
conponentd hawidag fe wistancd, ens rdswit efrddctricaboodpl2@do theRAIDNeddentar watdfan t o

enable relia | i t RELD tag. ant enna wi.t hin the augnented
det ecti on volk}%eﬁié)%?]lrﬂfpdgh ?r%crlllr?gcr()%?ﬁéta ntf%"ai'%ﬁg'ﬁeéﬁ grrwenobry ‘e s(,)(gr'\'}cﬁugtl“lgy i ndependent

of the spati abugmgenthaprimaryaintenine Tiat 5, daslgscantdenynatenalbkssatieadar y ant enna

is physically,or. spatially separated, Jj.sQl ated, or segregated 25fromthe
primary anter?#f%{"cﬂ}bcrogpl'snﬁé%f:?'}"g(gtﬂnﬁ? 918gﬁﬁ§'3é"86(')rh'dary antenna i s di sposed
relative to the primary antenna such that the nmajor or highest intensity

or thogonal®,  SISEHITAI T 51 FHBUST BT Eh I Stb LRt FaPr oM RBBRA Lo t he
maj or or hi ghasérnd cuneisi thorﬁﬁ@:meghéntéd &l cdmpexip equeitivh patiedf thhiRfipgsiaqar y
radi ati on pattern. ?fj n additi.on, . eacp s’ecrﬁnd?r.y 30antenna i s di sposed or
of fset away FHERFUR YrPLresigdeedionyalumer iThe trlative sitial aapgsaientef the

primary and secondary antenna(s) results in the generation of an augmented radiation
péttern that includes magnetic field components having sufficient intensity and -

20 directional variation to enable reliable coupling to an RFID tag antenna within the '
augmented detection volume in a manner that is independent or essentially

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 paftern are orthogonal, essentially
orthogonal, or substantially orthogonal to the major or highest. intensityimagne_tic
field component(s) of the primary radiation pattern. In addition, each s‘econdafy'
30 antennais diéposed or offset away from an axis that can be defined along a direc:tio'n
of the primary radiation pattern’s highest intensity magnetic field c.omponent(s),‘ ie.,
an axis that corresponds to or is aligned with the pfimary antenna’s highest intensity
magnetic field. 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 primary



of the primary radiation pattern's highest intensity magnetic field
conmponent(s), i.e., an axis that corresponds to or is aligned with the
prinmary aWOeAN38s4hi ghest intensity magnetic field. As &CT&&aI10/00035€
augnent ed radi ation pattern can efficiently and/or reli ably couple to an
RFID tag ant g b h ntenna's
hi ghest i nt engfgfr?/gﬂg Inééﬁlrfgﬁél@%%qe@ﬁ%ngﬁﬂ%g ° taQWEnF @So'a%?EM%thl lel to-
the primary awmnaﬂ@nmsgmé@@ lﬁtw@n@ﬁgfwlnﬁydeommnﬁm@ dhaehyeribatifs) ,

ther eby faci |dx%@$bﬁlﬁlgox@n1aﬁﬂﬁmdh%kgg LREE B g.qmun%%“de“t RFID tag

communi cation. 5In tiple e I ments, rimary antenna and each
secondary antenna is a |l oop or |oop type antenna that includes a | engt h of
wire that sdef 0 I nar area or region. The
primary ant enhgﬁén}g{?%&%g‘g tSsIehg il 985 "éeﬁ ae?l"ﬁaea%aﬁp%@ar agtaeﬂ'bﬁ 83{9Pn "1 oop
antenna. The qorlqompﬁ agtetertha 1mhweeatﬁngt$exﬁwmdafayda”mbempmtlaf@fadbqposed
relative to e ,gw ot Eanar asreuc 1 F1 anar ar er?i thhe%gﬁ{j' mary antenna is
10subst ant i al1y “or HOgohal° ef°'?51er6’§r?8 @l Agfenpa, ﬁ)ée?ﬂ ahar gy % 'Eﬂa each
secondary anteembaa sikge hins Bopactating. dht ﬁmﬂﬁtylaﬁteﬁhasaﬁmsm saduAYarl bBRrA Mai N axi s

of the primary antenna' s anar _are ) an axis. that is orthogonal or
per pendi cul araYet %bl{oﬁ%j el Yf&?)?a‘g'rﬂ“éeﬁﬁ%h(sd‘aﬁ%ﬁr%ﬁ“araar"éaaﬁfth‘T RSIMAHattE g ds t owar ds,
pr oxi mat eiot o,sulstankieyodtchogorfaes geRRhiculab ‘ﬂﬁrplan@f arBosmdar %c@fdaltyhe primry
antenna's pl anar a:%la] PQFJ n contrast to prior approaches directed to

ori entation iMf8HerndEhteCRIRE %"a‘ﬁ‘"%5rﬂﬁ§ﬂ?e€ét"%ﬁ°m\?a‘i‘4"b%s ehiBoRi MKt s of the

present di sclaaguni®s planay Bre@(iley, ad afis Bt B oRRSRANDT {)érp&dicu'!alﬂﬁ) tRE Rﬂiﬂﬁr)ﬁ ant enna) ,
and avoid .a need for multiple RF1D readers. Additional rimry

ly,
ant enna and/ G1CERE HPIARAT 978 fO8 HIFEANGS, tARdSHRIOKIGWIS tarftr SRYPRE aZ’GHW%g a single

| 0op or turn wafdewiok Boundéry df e hirlary MEAASH PRAGSraal the disclosure exhibit a
substanti aI ly sinplified system design and significantly reduced system

cost conpa?r ed to prior approaches directed to orientation independent RFID

tag conmuni cah 'cé\ﬂraslagﬁﬁ&xa‘éﬁl%géfﬁg HY&te%quﬁén%@n $hd@fentidlR &S Eposur e for
addr essi ng one or nore of f or egoi ng probl ens associ at ed W|th

convent i onal CApPrGEeHEs varens epbetinets ofthe prasspedistdasireRFNOORIAG steleuni cation
are described\hereqtt gk lenTaR/ Jn%fnﬁg)emavaea rbdePfor bl R FID!Bhdbfi€ description

that follows, |ike or anal ogous reference nunerals indicate |ike or
anal ogous el esttional i ptrummaalrltgnnatamé&raccméary entewfa(sacai hpdnon@rmanance

30nuner al s hq\é{o¥1b ] sfﬁu &pﬁqgrﬁ f&v\ﬁ é%g&sulﬂghggal%entpgft%% Tl apgous

consideration o anof’ erence nunera I s als
shown. exhibit a substantlally simplified system design and significantly reduced system cost

compared to prior approaches directed to orientation independent RFID tag

communication.

25 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 reference

30 numeral shown in a particular FIG. can indicate the simultaneous consideratiovn'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



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

communi cati on systens having an operating frequency of approximately 10 -
15 MHz, ewg.2011/8pfanoxi mately 13.56 MHz. However, this dees/ssadiopnessé ude
vari ous enbodi ments of the present disclosure fron1systens or applications
that utilize, r ik a r capabil i ti nols Wi f hi.-n one or
more ot her Op l%\tul‘%%gfyflr%e%uengl gg&p\%rths Iages o preclude va?gﬁ dlmenssto(j;‘ndar d RE
connunlcatloﬂwfmeqmem@ymbanﬂsm(asgmsc5aaﬂpmmmmnhﬁehyaaZBrk#mesBﬂ&r- 845
MHz, 869 MHz, 912 45 , _or .5 8 Giz). Enpodi nents of
the present 8?%%rb§ﬁa%ﬁgkg%t°%§3“ﬁﬁPﬁ° @ﬁﬁﬂﬁﬁ%é??%ﬂméggFEW%“hﬁgFﬁé a

di fferent openaﬂmn@okraqmemoy standard (RIE N@yhmiuaigeon dfequdticg hbadper@ige Wi thin a

AR s e e S Tt A (Y A L

conmuni cat i oGHapparat GHHr @aﬂnemﬁ{ewsl&r geChesthndistiosiae acdadssTRMD of t he
di scl osure. I n an enbodi nent D connunlcatlon assenbly 10 i ncl udes

an RFID readé?“"“g'es&%ﬁarsyst?'P%h%V&% ﬂls&f}efeal@ oRgrying| fregr ey Q& fRgHenrY 1Nevo, a

first |oop aaten@ﬁoéﬁﬁe“anmaqﬂ@@mpﬁﬂﬁ&ﬁgmwaﬁhgﬁna 120. In some enbodi nments,
15 the RFI D comruni cation assenbly 10 can include one or nore additional
| oop antennas, such that the systemincludes three or nore | oop ant ennas,

as furthay det@i llacid a BRIcRWia %hﬁgh@ﬁln@ars@@di%m éQQedtsSof%lr@&EJeh@mé y coupled to
the first | oop antenna 118 i nst ance y way, an el ectrical input

or feed p0|nP“ﬂWﬂ@“NFFEWF@%JQ?DPOG”@aﬁmﬁWGWP%@U%@”@ﬁﬁ&by“ﬁwﬂﬂﬁWé“Blgnal to

the first |0apeARIAABA of ik REIE DI HSRHBLACAINBRITH Ehhlfihiofur rent in the
first loop antenna 110 in a nanner understood by one of ordinary skill in

the art. TheasepbhdOligsdicant BRkhreaden scanorss transagives, orgignehprdogehtns ugitdi r ect
el ectrical cqpplifig dhp a‘hﬁ:ﬁanﬁIO l{deaasg&{ndl&%anéﬂga 15, 99@@1’1 Qf}doﬁg’?&ﬁgar ated or
a ar scri bed

isolated fromthe first 25/ oop antenna nore parti cul
bel ow. THat ihs Rf|Reomanwitatidngmsgenibht Ehesa inchole vpedr moe ab@tn@aéb@m cal ly and/or

phystcal 1y cayohed 00 GAMEGLER KR EFL R ERIFteTlE o ity | 00p ant enna

110 can thus function as a prinary antenna, an e secon oop antenna.120
can thus fundtided mbvwa secondary antenna that can be el ectromagnetically
coupled to the first |oop antenna 110 by way of magnetic 30i nduction. The
first and second | oop antennas 110, 120 can respectively include a first
l'ength of wi e REID emaderd 08 escdavtrichbngtupledto the fiest bdR antEah 10ffot ingarfcer st and

second | gths of 122 i.ncl ud 0, terial, and/or a |ow
fesi st an?@ na ' vy Y\éngfﬁ% Jfrlca’l inptor FEEG pom?sThe ﬂﬁiﬁ(r d%:r ld&acan provide or

supply a drive 51gnal to the first loop 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 electricél
coupling to the RFID reader 100, and is physically separated or isolated from the first
25 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 as a primva.ry antenna, and the
second loop antenna 120 can thus function as a secondary antenna that can be
electromagnetiéally 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



| east one of copper, gold and silver. Dependi ng upon enbodi nent details,
the first and/or second lengths of wire 112, 122 can be configured in

accor danowowtinsvawi ous types of shapes or patterns, foPRCIBSRaNEEN3SH
circle, an oval, a triangle, a square, or a figure of eight. 5 The first

| ength of wi g f.0e t tion of a.first lo r. pl anar
region 114, zliér?lifjtjos] ﬁgﬂg)gkgh%plﬁg?\dgsﬁﬁad \Rnpn%éngl@ﬁn e ?dﬁrg%ntg?ta'llségisgtﬁ% portion .of
a second | oopnder spécad dengrhe @f wite 122.122 canrhelconfiduesdembadidamaetveith tahieus i r st and
second pl anar,, req 124 define or. have equal. or approximtely equal
areas. |n or Bk BHRs et Rine, Sl iRa i i dndle S50RRAE G 71 eron
physi cal aredigthaheiglte second pl anar region 1-74. As indicated above, the
first andssecond | oop antennas 110, 120 are spatially di sposed, positioned,
oriented, "or arranged relative to each other in a manner that 15facilitates
el ect r omagnefrhe fiSolepgth pgwiry | Viyefibs At gostionuitd Girdt (dp orpEnaMiéGdh resul ts in
the generati of ,an au nted_radiatio attern having magnetic field
conmponent s oﬁ%ﬁmf € isepd eﬂ‘é@r‘?&‘”ﬁ? 12#1@3 tEY A IR ROtIQRAY A 8850BH 0B F aci i t at e
or enabl e rebiaaklregion | BNtAKUADId dERRBRARNHe Rih Bhd REcRGERNEREI 0D,

Parti cul ar ajzfgt_s of antenna orientation in accordance thFl enmbodi nent s of
the discl osur&* S78C GBRAVE Rl onaRPFPxiBately payabireast e pthermmodimeptsi e 3 schenat i ¢
i || ust ratioon fig pRRarQEdieNt BtHa9 B difRASPHINERM ard3ThdR (ROLEINY fiHat RBioRYSt €M 20 in
accordance with an embodi nent of the disclosure. The RFID communi cation
system 20 i néftides an RFID tag 200 and an RFI D 25conmuni cati on assenbly 10
such as that described above with respect to FIG |A The RF1D

comuni cation system 20 is configured to have a predeternined operating
frequency (eA§.indicatedahove t'ﬁféﬁ@@‘g@yowlﬁmaﬂmnwﬁau@@jﬁ watally, which in some
embodi ment s iy &RRIHRXLBRIE 5 [ ar pents, the
operating._f reqﬁencypg%(gmgégbérg??eﬁﬁ?gﬁgné}{g%%lmearcgB&Ptlﬂﬁéﬁdﬁgﬁbﬂgn RFI D tag
200 i ncl 8éles fagiitae gectragagietie aenplin®by wey efonsgosliccisdustips nd mpich orsut®vi r el ess
conmuni cat i o, e WM ' [ w204 - tem 206. The
type and Ioc&tt?]g\%é%ﬁ tltgﬁléf%Felru H]te }g%yéaﬁ{aég'}l%atgg%a?g‘gg%%éegiﬁgﬁrdsupo_n the = .
oper ati ng fr egmemeytsof sufhiderRiFitEdsttagndxiiGctamd! yaartidnaa failitREberablg desi gn
details. ’

I'n $86le orientation independent RFID tag communication. Particular aspects of

antenna orientation in accordance 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 ahtenna 202, electronics circuit& |
for wi_rele‘ss communication (“wireless circuitry”) 204, and a control system 206l.
The type and location of the RFID tag antenna 202 is dependeht upon the 6perating ,
frequency of the RFID tag 200 and particular RFID tag design details. In some

12



enbodi nents, the RFID tag 200 can further include a |ocal nenory 208 for
information storage. Alternatively, the RFID tag 200 can store information,
such as awoi2dev37§40cati on nunber, by using of diodes, dPETSHGROWNEESGNd/ or
other circuitry. The control system 206 can be-an integrated circuit or
other type OfmBbdneHs, %qaagrta@zom%r%ma&méiséalﬂle%wmfsﬁ that controls
the substantive operations of the RFID tag 200. The control system 206 is
coupl ed to t HEORiR @1%@@c%P%%hWﬁW?YZDﬂRFB)@5ﬁWh%méH¥%mﬁnmaWEcéwbéSS|gnals or
transm ssi ongy ld‘eﬁimcﬁﬂl&%llﬂb\ér b} R6ing& BIdibA, (ﬁ;y%g ﬁ:ms%g/op&hgp&x% g R the | ocal
menory 208 for storing and/or retfieving ormati on wn 1n FIG
1B, the f|rSFWWﬁH$§@66%ﬁCP@bbmamE@ﬁﬁé§ﬂm£0ﬁ0ﬂ@0@a¢efm@%ﬂlmnﬁedror di sposed
relative 50 aaGRARIRE RURMIGAH: LSRRI hE SbsBlROBherh R Bt kfndgL! ned by t he
first |l oop antenna IS per penél cu ar or su y per pen di cular to
the second plzﬁ(ha?herce@ﬂQiﬁYSEZlﬂ@ﬁslfSmi&:dledbytheh’erekesowdlttyolﬁ)ﬁ tacdnenmacak20. A
first axis 1 et r echint g, antenna 110,
such that thé&%%ggfgﬁiﬁg 5%%%nMgk§ ’Q%HP“@a’ §°§5%P¥ ?Wcmﬁgcoué%h within
the first pl &née locgdgenrorl 208 foSstotihgandior rariesgdin@drmaatios. 121 can be defined
with respect to the second | oop antenna 120, such that the second axis 121
is normal to and centrally disposed within the second pl anar region 124,
The f|rsﬂOanAssEnmnthXdisﬁkﬁhﬁk@&sﬁbﬁj&ub&ﬁamﬁsmMLyxpﬁép@ﬂdmau&ar to each
other. In ad t he sub tantl endi cul ation of the
second 20pl aﬂéPosf%be gHeTf cly %tﬁ%\rtsi”% ?tcf ‘iﬁrét ?r}aéfeglﬂngﬁéﬁef:“@g%bﬂ‘ell4 the .
second pl analﬁlsitegp@melinaéllﬂss Weﬁ&uﬁdhﬁdﬂs&tﬁska}’ltlﬂIy%ﬁﬂﬁﬁdic@my tHersedontihe first
axis 111 sucB t hat t F9§ﬂ> | anar reglon 124 is positioned towards,

adj acent to, PRPYXFidt ‘% y 1B 855 Igpi gntegpa 1) 'Aaf”sf edst ! s@nght |y beyond

a peri pheral dbitadatyespéct Rethe lﬁFb@lo)ép@ﬁteﬁrﬁellf)lslh&{thﬁit'tﬁi@ﬁfst HeQians 114 in a
directi on par al I?gw&ng the second axis 121. e first and second | oop

antennas 3100 C?“é”tagl’leP‘gﬁe%é’Hﬁﬁ“élﬂeeféfStfH’%‘ﬁﬁ '@&'@H‘b‘l heifiledy:g. | separ at ed

by a di st anceecah®ngs theafh bé §éﬁnamv$thlés§éct tzyth@setbrrd%o;g@f@er%@zo kith\Rdt i ous
enbodi nents, the first % S approxi mat el O cm In particular
ol

embodi ment s, thergcon ag | “SW' F%aqdéé'ﬁtfaﬂlﬁéﬁp%ﬁ%wﬁki"ﬁhﬁt ¥rnddangin  f or

i nstance, 30@@%@1&'4”&5@“& Jnd%eéaﬁﬂgiesllq$sl’219fe s@%ﬂal@ Sdbicligs®: The size
of the first gap 300 affects inductive coupling between the first and

second | oop &ffheMisas!npddition tathe aubstptial i perperskieufar beentgisnehtheserond | nduct i ve
coupl i ng Z'f)eSWat]% |l3<r10|¥ he rglgﬁ%t@ttﬁmstq;lar\%pﬁgl{dg rf?ﬁttt?ecge%nd%e%gﬂgé gr(?l24

el ect romagnetl C di stribution f1 nes an aug etection
vol une in V\hl'%l??‘l%fﬁd‘RpF‘D’ disgpsaDovaydionbibe dest s d suph hanthnsreond fHartar i s

substant ! al | e heRSIASRnal o BEL dingrRd BB g TR BhRR ol gt he 17!

gap 300 can be eter SI rru t| on, and/ o
measur enent éf@sth|lglhbftbeb/mrdlwcnerlvberdchoprlldangorhpeltlwleamfttllmeﬁr[sl plstar a:gabnsleftond | oop

ant ennas 511% a &%e tlgﬁ ga?ﬁlei {ostﬁe ge%on%qaxasul%msnt ed; conposite, or overall
el ectromagnetic freld
235
The first and second loop antennas 110, 120 are laterally separated from each other
(e.g., separated by a distance along the first axis 111) by a first 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 coupling between the first and second

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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pattern or distribution that defines, spans, or covers an augnented,
conposite, or overall spatial volunme that is appropriate for an RFID
appl i cat iwe 20ndsfs4eonsi deration. I n general, as the siz@CoSGeh®/0p3s6t gap
300 increases, an overall RFID tag detection range or a correspondi ng si.ze

of a detectigp Uéﬂn@% dt@ﬁl'éﬁ@@%cct%gmg@gg{rwh it RAID QL 9b¢ éﬁﬁ%ﬁ: an augrent ed

field pattern can suf (e.qg., deteriorate such that the
augnented fi éF@Cl?fh'PtaeF%*i‘"éf%thbi %U!?Stimﬁaégmdaremﬂqnegf RFIDrtagomignfatiom The es) once

the first gaQ,z§Qﬂhé ﬁls& Sﬁgbepc?e 1“91(3@ b%Wa% g{”ﬂmgfaﬁ(g gaggulgtlongan’d/or

approximately 5 t1ona I'rst eed to exceed
a m ni mum di Qteawm@]@umh é@t mﬁm’fwxwmmeg pet@edn the ﬁfst zﬁ\dcsmobédmpaetemast rong

coupl i ng %SefI &4 Op s%qo5{1%%;1%&[%%36?antreor‘}gr%” I%gtroﬂr?éﬂétnefeﬁaecond | oop

antenna 120 can o uns i °Oh certain
situati ons. Aatgprnapfdwthlbtu@n et defgres, hpans, drabvmhugnh&éda@@ﬁpdshe og8i ze of the

first 300 di st mthe first | tenna 110
wni o an AT ea AR B RRR £ AR AR i od Tor o

at which an can Be S ed for a

representati vensndarpllnemenntmmmname sipe dRItheFirCQAPB 00 BafehRB a8 SERINRRMD 20i n
accordance with, the present disclosure gescrl bed in detail below wth
@&’ﬁéﬁ?&ﬁf’

ref erence t o G IEIECHOM IRES Or g €Ofrespan cIE P8 VOIUB e He RFID -

conmmuni cavi oerS\ysdu e 2R fdfhitFbn aln@meﬁéd vmh bathen aPRLAEI (@@L ededitear Per son of
ordinary skill in the ag el ect rlcgg gnal s 25provided to the first
| oop- ant enna 9P RE U B e ugmersp b gd paetem %’ﬁl?ft}“ér‘ffeg’t'ﬁf‘ﬁﬁfg’r‘i the first Ioop

antenna 110. ndaeabehing) ncelthefi! @130 Gahcrédded Bybnd écoumhiiddige fd g st | oop
antenna 110 can generate_a first radiation pattern corresponding.to the

first |oop adbRRHFAEDY —THRE)f pdditionallyithe firsheap 3PP eyanneeddp eread & fir st

magnetic fi eldnimi Gha@such a%h&()xnﬁ’lﬁtew @h&st.o !:lﬂtb@&%&etaYStr%QMBﬁﬁ% paral | el
to or alongthe direction of the 30aforenentioned first axis Due to

t he posi t'/Pon cHFd beveehthafirshipoppniems 48 eehidic sesopd lear atienwad2Qcandpadttpve to the

first .1 oop anhgiartideiRabh bé?ﬂ)?m%%ﬁrh@eﬁﬁ%ﬂ@gloﬁ@tﬁgﬁﬁh Ji%gtrzﬁfng xposed to
the first magnetic field, resulting in the generati a second radiation

pattern or f|'@Ptd)”S'HI@JP?té/ﬁjtfh@iF'%Oﬁtbﬁ finsegap 360 AL thameximaimidigarsy away of .
nmagnetic | ndlﬁ%H @O first [8p %n?chﬂﬁi g@ﬂbﬂ&ﬂ Qrkfﬂﬁtt%f&ﬂ b'e@&écggﬁﬁl dr ?e%ﬂgd magnetic

field, which has a nmjor or ghest 1 ntensit onent at ong t second
pl anar regi onetscted oo adepassegativg implementation of an RFID communication system 20 _

20 in accordance with the present disclosure is described in detail below with reference

to FIG. 7.

FIG. IC 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 loop-antenna 110 can produce an electrical current through the
first loop antenna 110. Accordingly, the electrical current through the first loop
antenna 110 can generate a first radiation pattern corresponding to the first loop
antenna 110. The first radiation pattern includes a first magnetic field, which has a
major or higheét intensity-component parallel to or along the direction of the

30 aforeme'ntionedﬁrst axis 111,
Due to the position and orientation of the second Ioop antenna 120 relative to 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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5The first and second radiation patterns conbine to forma first augnented
or conposite radiation pattern having a spatial extent that defines a first
augnent edworociapsi t e detecti on vol une or interrogati oRCTGGR0WM003sH Whi ch
the RFID tag 200 can be reliably, consistently, or generally-reliably . ;
detected. The first.. nted .radi ati,an pattern includes first augnente

Or CONpoSi te%ﬁﬁéésﬁg'h”@y‘? iq% Sgsong\sa n{ag"?ae]lsz a4 Of H‘ég%&#\%a%’& gseend o

ori entation ofdittive phitars incdes secardndgaei: fiund, evhivhshad 4 fajol 2higieb@at i ve to each

other, the first.augnented radi ation pattern includes gnetic field
cormponent s t KAt A 8‘%6%%"5%36‘?"@ q’eaﬁﬁc?"g‘ e eeire s Siﬂoﬁ‘ﬂ%f?s [Sggi’ on 114 as well as
magnetic field conponents that are perpendicular to the second planar

regi on 124, r;[ha‘ isﬁ na&net'.c.fi el d conponents that are parallel to the
first planar r“ééwf%ﬁ SpgOnddpdiftian PaHEIS SOmERT t) form aimicaugmened ofugent ed

radi ati On patcbeposite ilidlide pattergRe/irga sphtdl Sxt6R RO BEMHeSa iRt lugHeRePar al l el to
the first loop antenna's first axis 111, and nmagnetic field conponents that
are al ong thé?"%]B?:SétﬁHetﬁTt%&’ﬁé'P'“PEgﬁrHﬁ“?gété(ﬁ‘cﬁ‘?ﬂe%1%'§ whieh theriRld D tag 200 caygment ed

radi ation patskesinbg, congisehi of iakdilg AMRODantSedame reihiidtdn@At-adiBRRi t ude as
well as sufficient directional variation to facilitate enabl e reliable

or general | y PREIT Hisfudes %ﬁﬁab%qgmént?@ewmppﬁa magnetitefiol-145 2 wepleafitemna 202 in a
manner that iafrahRARRENGRRIan oFuRSraRhd &cbyy lbwﬂ%%ﬁ%’ 2500 OrEiEJInQ thag

orientation within the first augnented detection volul n general, if
RF1D tag ant AHECTRGUPS firshauemented radiation patisen ivelodasdnagagfisdicidcopipenaiss wer e

25 i der ed feuld Dol 202 4 .oupLA to the first
consi dere tl%ﬁ@l%rngp%Ju_y |5h§tr%ﬁ{9ﬁtﬂ9”|@%5ﬁ\fhaa%% 9%5@39%8 o the Tirs

radi ati on pattern provided that e RFI'D tag antenna i's appropriately
oriented rel &empenenis thayarefperpsadiprgyie the sedoné bldnaraggiont 124, tRiiH nagget@nt enna 202

can coupl e t g G | ati t ' t = REILD tag

ant enna 202 i'se- “2%8 gpﬁﬁg{] get%gé %ng[r:tto g% fﬁreﬁrdzg%'}g{/%gi[ogq?%eggté%%ﬂlgvaggg%’et| c
field Coplithfieargmented tadiafbi Piteagne ndes nagneio ZieBiGamgotdns thdt net magneti c
field can oc Lnst e_pf.spati.al REID t rientations. and
coupl i ng bet %@Hgﬁ %g%ﬁﬁtbé%pga?eg% Seﬁrﬁ"%a Qlaann "f%@et'scgfgecl)a(r)\%)"“rpgae ist% field can
occur for a secdn thasggendaflammpergioals sRienDagiad? orTentrataignaited radistioni ous

i i . i. | D, tag. orientations
iernTbOdl ments, pglng'n 'fsIn{a%;%et%rﬁjeIdsc%%%rcl)gen'isal‘n%gee%fﬁglenst Fljnaétghl?dde I%:we ] as S%ff(l)(:lenl
directional variation to facilitate or enable reliable or generally reliable inductive _
20 coupling to the RFID tag antenna 202 in a manner that is independent or substantially

independent of RFID tag orientation within the first augmented detection volume
400.

[n 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 s.econd magnetic field. Coupling between the RFID tag antenna 202
30 and the first magnetic field can occur for a first range of spatial RFID tag
orientations, and coupling between the RFID tag antenna 202 and the second _-
magnetic‘ﬂeld can occur for a second range of spatiél RFID tag orientations. lh'

various embodiments, the first and second ranges of spatial RFID tag orientations in
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Combi nati on enconpass essentially any RFID tag orientation within the first
augnent ed detection volune 400. As a representative conceptual exanple to
further awdndsrsmandi ng, in sone enbodi nents the RFI Dpragcamo®nesis 202 can
be carried by or oriented on the RFID tat!- 200 such that a)- maxi mum
coupling to tB@binhtichtenBRERES EGertin) £hydAADIS: MRARALSNK R R 20 antenna 202
is approximately parallel to the first planar region 114 (e.g., facing the
first planar #&psoe deestionw!yes Hdi cul ar to the first loop antenna's first
axis 11 1 ); and b) reliable coupling to the first magnetic field occurs
when the RFID 10tag antenna 202 is offset no.nobre than approxi mately 45
degrees wit h AS@sprigtentapva ¢paceptyad exapipiarta furthendid nndetstandignin|seme y, a) maxi mum
coupl i ng bet : I hc field.
cccars when tRg e iR Ibig: SRGPOR Se Ml LHIFEARIATIERIOT (he
second pl anartag ¥isoeir thaimd mpXimuel ¢aabling to thedirstmepghasictfledd srsundiemtognet i ¢ fi el d
can occur wh : i f o more 1:5than
appr oxi mat el y&g,%e%%@%qf %ﬁbﬁgg%gtgﬁopt%g“?lﬁgthgﬁ%ﬁp n‘El)'l 'anar J”r% jiton 124. In
vi ew of the flforimyoé hig plasdr regidnel ldaddi perpandicolaugpl thafirswodamertnas fidtr st

augnent ed detection valu 00 invol yi the first augnente jation
pattern and taﬁg lﬁﬁlﬁd&\kﬁ'? 'azg%tcgu Hggg‘b%'e(%gsﬁmg%efﬁ ﬁﬁﬂgﬁcﬁhgﬂﬁfﬁbﬁﬁ%_ ant enna
202 has al0r eltagdntemna2d2eis bffgan n@ hoer thandpaptdxomatel g B Rtldgrees wdthtrbspedtita e | oop

t 110, as yell the RF| D t. t 202 woul d | ack i abl
et oot on o iEheRraREPR I bRy bl en bR SeteeniE B Bt Pac a ¢

reliabl e deteathe20arahé eatdoad naghedit ifiekl dceurs WRensiBERAID tagapemntenna 120. The
overal | or conbi ned rfané?ei gf Lel [ ablpg detect i on Oril'etﬂt ati ons pl;ovi ded by
the conbi nat i*BROSMA4REPF 510 PHFcaRd Rignapietraraad hislizhie caplps thadi at i on” 25
pattern respaedond @laynegie fierdake deday whéietht RFHED tag Bfke $ROOD G dfRGhARSENNas 110,
120 results i i s I-ndependent. or

| P RFI D’Igigerlff%gcti on,tgapabi lity that
subst anti al | y"I"fHRIER CEFGEP WD SGPE 1At seeptstplangr sgiondAtand 2B are
schematic illustrations of an RFID comuni cati on system 20 30 according to
anot her enbodi nent of the disclosure. Simlar te what was described above,
the RFID conminic¥afitsiosgaing ieliable inductivecoupliperpiin thg firpaegmenttd an REI D

communi cat i onjeRsEA N wm 4Dt vihGE B Sughehfal FAidiBR Battnt SR RBD i N
addition to:a-first |oop antenna 110 and a second | oop antenna 120. - In a

manner i dent i'&RINtERa g8 et vihen the &F 11D tagantsord 202dese rolislld detediiont hird | oop

antenna 130 ifghdGsSreRiildVolisk | 9$&nﬁécnnwl (€ aslwdl asVWHeﬁt?l?eCl@ﬂDqg% a low | oss

and/or a |low resistance material such as one or nore of copper, gold and

silver. The tailengp 3Brtubd lagk avetiablg datectiam otientation Felajive éalthe dirsdaor dance with
one or more types, (Yo NARSSe Ml RALES BRnialiG sel L5cl e, an oval,
atriangle, a ]squqare, or a fi glfre o@ eclngH&a{l%ﬁgﬂﬁiﬁgggi%ﬂgﬁh&%f Wwre.132
defines a thiangnhoyy. dine pyeawlber oagined rahgeof Ekghémdtiasjorugriantatintrodi ment -
details; the Jré)\riéetd’by%ﬁecxfbﬂﬁiinaﬁ&go#tné ﬁgt Bldgﬁgr{palitgglaggﬁels%édnfi]r‘zdﬁdtio?\'.?’d" can
have equal or approxi nately equal areas; of 'Oné or nore o et rst,
second anth  pattern respectively generated by the first and second loop 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 RF:ID

c’omn_mlﬁcation assembly 10 that includes a third loop antenna 130 in“addition.'tjo a

first loop antenna 110 and a second loop antenna IZO.
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10 third planar regions 114, 124, 134 can have different areas. The second
pl anar region 124 and the third planar region 134 are di sposed on opposite
si des of wbeofiiozsgsopl anar regi on 114: The first | oop antemss201b@0e3s6 dri ven
by the RFID reader 100, for instance, by way of 15an electrical input or

feed point. Thamﬁmﬁeprb@n@adortat\hlagods@&ma@ﬂ?t\ﬁmgédé@%ed }R0nigpkp OmMt, or

exclude a direct el ectrical coupli to the RFID reader 100, and are .
physi cal | y sépaiat!éd instudpspihid dengthy Nﬂ@Hé2fWMQt%mbépkahb@hﬂémliﬁﬁas wel | as
each other. T&%mﬁ&é.ﬁ&tet1&9&11%@%@555\?31%% 1& IQEIJ aﬁrd(’}m%'t mary
antenna, and the second and third oop can e function

as secondaryOawvéhﬁawnwhawﬁ&W@dzma%ﬁubnwmaﬂyNCQUmbedYWEOfﬁ@pﬁwwst | oop
ant enna 1%80?Xtig%?/tog§16%@?§étrae aﬂ%‘d&lta{?ﬁ%lgqe‘s Ilzlré %P ﬁ%?ggpgl htand third | oop

ant ennas _ are di sposed-te uch that the
first planar region 114 is substantlally perpendlcular to each of the

second pl anar. [ " e-third planar on 4. The,.first | oop
antenna 110 |ﬁ% qp]éé‘éf‘”?t%?‘é dgﬁ?e aiTTﬂP?Pa?r plasf‘aﬁrgf""ﬁﬁljr?t‘ D‘tpﬁ%d"i’% rst planar
region 114. Then ttnhbdddnqu amaits, the Girsnrsedodd, and ttofdf[S@tar @giodd SigosEd IBUbSt antially
away fromthe ff r %/ardsl adj acent to, dﬁ 41 mate t.o

essentially é@‘“WFC%P 8ﬁPPVXW@§ 189! &3S N8P 8T MBS st ?“Hgﬁpﬁhery of

t he fIrSUOplaﬁﬂfmmﬁgmgmnilﬂtlI@lSO&EIﬁWﬂ@ﬂbﬁﬁﬂﬁﬁm Thﬁ&ﬁ@mqmﬁapkgﬁar regi on
124 and the t egi an 4 are disposed to e sane said 30
peri pher al bdb }%5 @t'gtpﬁiga gian jf% it R disPese gfb?pri' V@mf the F ISt RS |
enmbodi ment s thgorseaond and third planar regions 124 134 are disposed

t owar ds opposite peripheral boundaries of the first planar region 114. The
first loop antenna 110 can be laterally separated fromthe second | oop

antenna 120 ke &irst IoroFTantgﬂ@ 130G draRfl by e RIFID $éadé00p, fafltn@tam tyli0a be
IateraIIy separated romthe third | oop antenna 130 a second gap 302.

The first! an&“§@86ﬁﬁ”ﬁab%r@@bﬂmﬁoih%aﬁoﬁﬁméaﬂaﬁb%ﬂma%ﬁ?%%mnﬁWéW? equal to

or different ofifiom &akhe QBH&Eelettncan ewpﬁﬁgttttﬁé RV® RaddPOEARN4AL i ons. each of
the first and second gaps are approximately 0.1 - 10 cm 1In

particul ar e®Bod aHéﬁft@'ateér?é'S@latqécffqmtbﬁﬁf% opapisnagill as welbpiragapser300, 302

are | ess thanuappyg %b %@r{ayl Iégarpms Fu‘%tldn ?E%ﬂﬁtgy a.ln%ﬁl'%a tdl}:l.@'lrﬂe @&Qﬁd)x' mat el y
7.5 cm or about 5 cmor |less. The size o glrst and second gaps 300,

302 affects iandihedilew antapisilae, B@FW@@ﬁhﬁh@“@“ﬁ§ﬁmn§EE@ﬁ@"maﬁﬂuﬁﬁlrd | oop
ant ennas 73610’lnd]u%{?vel)lgbgglegﬂglggﬁ&t R)% %Qgrﬁttaq ggy Qym%n@w: ﬁxhhé?.'a cal cul ati on,

and/ or neasur enment rovi de an a nente ation pattern that defi nes,
spans, or covers an augnented spatlal volune that is SU|tabIe for an RFID

ot ovi dod to RS T er od Al len ARg i8S B L bl SRR Tt
t hrough the ﬂNWSmmhdumﬂaﬁhﬂmhaamiQonP@t@sﬂmmgmybqthwn@&annoumabfme
second planar region 124 and the third planar region 134. The first loop antenna 110
25 includes 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, ot 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 opp05|te penpheral

boundari ies of the first planar region 114.
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current through the first |oop antenna 110 generates a first radiation
pattern corresponding to the first antenna 110. The first radiation pattern
i ncl udes WoRMHgB7FHAgnetic field. 20l n a nmanner anal ogou®CTHEG2HMAt0EEEECr i bed
above, the first radiation pattern can result in the generation of a third
radi ati on paffhefint bop aeapandd o Hedateraly idphratdd ieprhastennaopla@nhyway of
magnetic ind ere the thi radi ati on pattern 'ncludesathird-
magnetic fi ell[lgd é)'r%grs}mqps%%o’ra&g'ﬂé?mrgﬂoop?ﬁ’feé%l](%fﬁ" %%Hfﬁr‘”’r\ Sewarated i ¢ hi r d

radi ation patieekind loop fi¢inaa3cBLoRdoRUGHBOL. ethd ek Al k@BnPApE 8001 30AVi Ng a
spatial extent that 25defines a second augnent ed detection volune 410. As a

result of th&W eﬂHﬂ@hﬁ‘Fﬁr oxymaiglyicapal ?rcﬂﬁff‘?ff:“ttﬁl‘?é‘ Frlh Sthera hyreprsséRtiveop

antennas 110imdidQert@lodt.ie¥@ dronaashin@tii8hd cdph80G S0P apitEXTRALRM. [ adi ati on
pattern incl udes magnetic field components that are perpendi cular to the

first planar '?&gi shParialagempediments org ghlath ef the ﬁqsﬂa@éﬁ%ﬁé?ﬁs§09 &2 are

per pendi cul apreti@s tifag abﬁ}bﬁl%aféi}ﬁfbacrm rf(?:ghé?efhcé-?régs tﬁah%ﬁprbﬁmal@%@qﬁéﬁ% field
conponents 3.0that are paral lel the first planar region 114, Stated

equi val ent | yabauha CHee dsgl B‘l?gﬁ*?@t?fé@ ﬂf%dﬂ@ielc@ﬁ gont 109 P02 arfsria dlyctimegnet i ¢
field conponefsing B@ltve@hrtﬁe RAY, AR, ahﬁthtnja%cjé) aﬁ&hnésqq)@cpﬂtlgﬂ%d%arf %]er st axis

111, and magnetlcfle conponent s that ar icular to the first
| oop ant éﬂna'd%teﬁ“i'P@théxﬁ@atlomcalﬂﬁﬂhn cﬁﬂtilhoglewatemagnetqvcdefan elgmanerdponent s

have sufficiept AT TFol I i ation
facilitate or _eartlla Pe T eﬁi' %fg&lle%%ﬁ%tgf ;é/ogglfégﬁ 'l?émengd Sgﬁ‘ 90&%{ T)t\ﬁ?{aé ant enna
202 in a nanﬁlehbtehaltanl%Fledelth@emtdemonsdctrsmcmnt| al ly i ndependent of RFID
tag orientation within the second augmented detection vol une 410. 5\When

usi ng the | oop antenna system 100, the inpedance of the first | oop antenna
110 shoul d nétsclscdsed dadmmc'@alcsﬁgnah@rmeﬂ)twﬁacﬁat lobP @ntatnad 1ppeoddet er m ned

frequencysor i,mze. ene tra en the first
| oop antennaaﬁ%gq&gg%{rﬁ n?%%hﬁga@)érlo?(f@ten%{fbynu%c%rﬁ]gllgdyth{:?ﬁﬁéfaer t akes

pl ace when t heréinrpedehcle fokt lbdpeanRiRhDI rlegdant O fisqradiatort frete@onpl ex COI’lj ugat e
Of t he f Irst C(l)l?OBOI%Int}:ﬁ:nr\'B fléo égnlnai dﬂl’éﬁ fel‘St racPat}é)lairpatct)eli!g m%maes a Hl:Bt a

mat chi ng ci I’CUI can
magnetic field.

20 "In a manner analogous to that described above, the first radiation pattern can result in
the generation of a third radiation 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 includes. magnetic field components that are
perpendicular to the first planar region 114 as well as magnetic field components that
are perpendicuiar 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 components that are
perpendicular to the first loop antenna’s first axis | [1. Such orthogonal lnégnétiQ '

field components have sufficient magnitude as well as sufficient directional variation
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i npedance of the RFID reader 100 is not equal to the conpl ex conjugate of
the first loop antenna 110. FIG 3 is a circuit diagram of an inpedance

mat chi ng WorRew®w7800 i n accordance Wth 15an enbodi nent PO/SIGRE10@0ESH osur e.
The first loop antenna 110 has a | ow i npedance' relative to the RFID reader
100. Ther ef orcefacilitateios emdaskailey/inttive edupfigy nthd rFID thgintdr@@pPo2 Ant enna

i npedance to the RFID.reader |i dance (e, g.,, 50_OChnps) far nmaxi mum energy.
transfer. Th&2RKf W 'ﬁQ‘dEP‘?“EEﬁttOgE‘g’éta&%ﬁ}’g‘@%gﬁi‘fj@t@ﬁgf I %‘?& OBFMBHPY or first
| oop ant ennawiii@ ticadtaldasgéftecdatsttibyvaimd w. pre- det erm ned operati ng

frequency with 70m nimal or no reflection. For exanple, the matching
circuit 500 can convert the first | oop antenna inpedance to the inpedance

of the RFED Kardetind B0 |@panhid\gsdih 19DRAONipBnet ¥f th3fiRBlobFRatenhe 1 4raL Chi ng
circuit 500 can include a capacitor.502 coupled in series with an

25i nduct or 58Wuldmaehils Hapedpiss of s &die rraderd08 it apredpieneingrhissauency®02 and t he

i nduct or 504ﬂ@cﬂ@n@ﬂ‘a|¥g'@rtbﬁgkﬁnize-r r %ﬁs%rtlﬁ{weépa]e'fﬁ‘stflwptanﬁﬁnacgggh@abl eto
the first |oop antenna 110 in parallel. The capacitor 502 and the inductor
504 are sel efledd!3radert 198t Maenwy ensgy tranplediakeselaZermben thaémpedanshiohg circui t
500 i s equal ' - A ' iy ppedance ZN of
the mat chi ngﬂ%?{rﬁ(l:gﬁag%ggé ﬁiﬁ"gg? lgg %@?‘58@3% %fgn%ﬂléhg%ém&ﬁ%&aégﬁ;j ugat e of
Z-r. One lBf ontidanseyInsvaripyis énrbodmeentss & maiching ginelétrest Amprovided iféhebodi ment s of
t he present dj [ i.mted. i ALY i ng specific
fOrm shown i ﬂh%ﬁé@gfﬁe qug) lréfg} i l?gég@égueﬂngoﬁ%({zs pﬁes)‘tcgaft‘_J %act)%g_f\cl)t egrs?namner i.n
whi ch an obj &op a@énwudh as a first book 50a and a second book 50b (e.g.,
each of which can be a library book or rmagazi ne) that each carry an RFID
tag 200 can be detected by an enbodi ment of the present  disclosure in a
manner that FE.i3ridependeivgraf oAl iDptdagccanateibatironin 500 im &cordance with

I5  anembodiment of the disclosure. The first loop antenna 110 has a low impedance"
relative to the RFID reader 100. Therefore, it is necessary to transform the first loop
"antenna impedance to the RFID reader impedanée (e.g., 50 Ohms) for maximum
energy transfer. The matching circuit 500 can ensure that the prilnafy or first loop
antenna 110 radiates efficiently at the pre-determined operating frequency with -
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 operatihg at

approximately 13.56 MHz.

The matchi.ng circuit 500 can include a capacitor 502 coupled in series with an

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

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

antenna 110 in parallel. The capacitor 502 and the inductor 504 are selected such
that the output impedance Zy of the matching circuit 500 is eciual to thev complex
conjugate of Z,; 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 embodimeﬁts of the present disclosure not limited to a matchihg circuit having

specific form shown in FIG. 3.
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5representative enbodi nent, portions of an RFID comruni cati on system 20 are
carried by (e.g., nounted upon and/or housed Wthin, such as by way of a
bondi ng pvocessB7HOsupport el enent, support nenber, houPCHEG2010/080356Ct ur e
such as a shelf divider 60 or shelf 62 that forma portion of- an article
st or age el enghd,4mBabdremast ilustiatioe 0bd mapramatiich aflbbjeth®) slehd a Gisvi der 60,

shel f 62, and/ or f an 10arti.cle storage structure 70 can be
made of one aw?)ogé’"ﬁﬁts%f’f'é\ I\;(}El(}e %lse%BfrdWh'%{‘ bojs] §7ﬁé'g'%%l?°°|l?€f al. In
general , mul nna@hzeneohjaeeacs catiCn lalSthﬁ)g)k(B) dal@c Bet€otddrbyi an@miBGdiRehiagshe200 can be
carried or dis gd relative to gef d| der 60 and/.or shelf 62 in

various orieftf é‘f']t yglosusg, oy manner atd? in ?«&ea?q“b RigRspecrsdtafign Hn@,  4A and/ or

other on 35 TgesRithideeaiboviRict@pbbraBnsIfah RIIZ Borthuritdon dydtdidSo e St ruct ure
that is identi cal or anal ogous to that described above with respect to

FI Gs. 2A and *¥B°0 this-mynFd et aniy hewfiihBatiel avit wax ofe berfitg t ag 200 by
emtting a mMyeiebal £eippbi@B@me s@ﬁéﬂ@@ﬂb@%us%@'o‘? BrRaie ﬁlCP%?Q@kﬁr m ned .

center or carrier. frequency (e 20 . approximately 13 MHz) . As |ong as
the first bodkidsr @P'D"F%@z ﬁ@bqu@ agogtion of fhastielp rstgtagwg'ﬁe'm l@em@rét ection

vol une 400, tsh@cttﬁnk()ﬁz;ppgﬂﬁlg 78. Rﬁé QeFf@gu&PB@@ﬁ@f @f)gnoq@l'rbtﬁe?g&jn&% Jef rmdu' at ed

signal by way of coupling to the first augmented radiation pattern (i.
the first!OaugrisHtséuagesnduicc OcprbainadeTiendpmpre agtesialnisuadl asswodiar cui try 204
is energized By, 2HGPnEQHALIY i ttern, and
can 25remain )eﬁgr gi z‘gd \/\/m51 ngmﬂ mEllf'iﬁlBobfe&tsi%ggggérlr}la(?ﬁgJ gmg%rﬁk#o@ﬂ?f rst
augnent ed dettthDQ)wn\)@ICam‘r\?dmldJSpO?ﬁbreRﬁVdJOttwhslfﬁV'rdet esanddir siealfi G2rig 204

demdul ates Lag RG] SL0The GBIl ARR APFILRLR ategRanse (hereto

for instance, transmtting par |cu | ormatlonsore in the RFID tag
by way of the)HRFthntsag antenna 202. Such informati on can include a book

i dentification nunber and/or other 30information such as book title,

aut hor, or date of publication. The -RFID reader 100 correspondi ngly detects
t he transm t tléd RFHD oommtinication Gpstemi 20 R IGOMA het awentutdrbatseidendalook’ s RF1D

tag 200 and th a occu s in 0 as .a result
of inductive "8@8 L'S%t\’]?%rﬁj\g?o"\t/’fzn%ovﬁg éeéB?%&Q&défré %‘ggﬁaﬁgﬁﬁ% g?tern in
t he second augﬁrem\mdmckeésemth the RVID tgR0d bPemiitgr mddaligh sighal @recond book 50b
is disposed rel ati hel f 62 in a manner t hat |ts RFID tag 200 is
per pendi cul arr®df? g‘h%@f gﬁﬁ‘&f‘ﬁ %/prﬁ‘é‘?’?f@t’flffj(‘fﬁﬂt%{rorf’%r‘? ER#Y F&g 200 carried by
the first20boakpdimateThed.5q BIHzY.eAd Bhg &s thREfifst badRRIRHIDGat 200Ns @fthigagh of the
first and second books n occur %ven thou‘%h the RFID tags 202

carried by tHBS‘faf""ET'm%i’r{jgte%?fb PO s ths disst BookyhiR Py tag antenna 202 can

receive the modulated signal by way of coupling to the first augmented radiation
pattern (i.e., the first augmented magnetic field). The RFID tag’s wireless CIrcmtry
204 is ener.gized by such coupling to the first augmented 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 Wa)/ 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
secon.d book’s RFID tag 200 and the RFID reader .100 occurs in an analogous manner
as a result of inductive coupling involving the second augmented radiation'patt:egrn in

the second augmented detection volume 410, even though the second book 50b is -
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5'orthogonal ly distinct orientations with respect to the first |oop antenna
110. While the representative exanple of FIG 4A illustrates objects 50
such as bwoks11%las4 carried by a shelf 62. a person of ecadiscasw/osdsisé! in
the art will understand that REID conmunication systens 20 in accordance

wi th the presspdsedicaivosithe sieit2hea kanap ak RORFIO 1§ 26000 pérpéhdidalafreny ot her
obj ects, arti

| es, structures, and/or situations, for instance, tools,
suppl i es, or % Hufﬁ%{@tpﬁFpgaéj'ﬁﬁ%fdaﬁF%ﬁ‘ﬂéﬁtg W &arsigd by i 5y baokle fhatyhe of
support- st r ugdiidbie RFHD GendfcakiSn af GEMNSIAE ikt Arddlsbéntl BbdKQB0&AH caoceld ent ati on
i ndependent RFID baﬁed article 15 storage system 80 according to an

enbodi nent of VeHBoug he Bid oy taes 20é seREt Pyha Pt endsserrsditrelid Oarbieabiby, t he
article stor 3aRodWSlyRiRtBO: GRAtaliHs MG PR& (OThe TRt ®ooplahiefilal 181 OF age
structures 70, for instance, organized or disposed relative to each other
in a horizontally and/or vertically offset manner. In an enmbodiment, the
article stor Q’@ﬁleﬁNén%&@&%tib@&aH%%;ogiﬁ@.t4ﬁpill§st5't:ésQbfé@tg%' E'dcﬁ%f b&ps assenl i es

10a-d, - where portions 20of eac D comuni cation assenbly 10a-d are
carried by onBa-bearfied by aelisHORt 2 prssebe@f erdgranhekilbinibr st witlemderstentthatas a shel f

62a-d and/ or _Rel'*ll§le hiuficatiods | 85 a Wil tﬁgmlt gig!;l{)s(aps: &ﬁ%gﬂbl y 10a-d

t B
i ncludes a first ﬁoop ant en%sa 10 anﬁ%atn east a secon oop antenna 120.
RFI D conthini epitlicdito ersdeptd in reamy etheasbjdalo artit 6, stre@w8e avdior diteatjpes.demdi cul ar | y

di sposed and. [ .Se | at | t [ h th hey are
i nductively (':'lgﬁz%ﬁ}g%’l‘%sﬁqf%éérdﬁ%gn((::{euye\?\in p{ﬁd“g%q%ﬁg%g?%%g § %1g'tvf rﬁ{é/p%)?isent :

di scl osure. Tiwoarstrigire. st orage system 80 further includes an RFID reader
100 that is coupled to each RFID conmuni cation assenbly's first |oop
antenna 100. The RFID reader 100 can be configured to drive each first | oop
antenna 110, FiGr48 nstsarortic illsteatid0 oiidrt érpgheKedindgrendnt R Mbussed aitide cor dance
w th an enbodj nent of e disclosure, a single RFEID reader,100 can drive
nul ti pl eeIIiFI Ob‘ﬁqurﬁ{fﬁel"&g@?%ﬂrdé{?sf%%?m%oéj“Pe'ktjﬁgtg? dﬁﬁlﬁs”&?ﬁgwe'ﬁk’?@p&}mni cation
assenbl y l1l0a-<dhbbdimeartfetafsitechrticle gengs aisems8d can adgide bhed nidéelhditieon pattern
such that an augnent ed dft gcti on vol ume 400, 418 extends, or substantially
extends al ong AT CRETERY G LOmmsigeh OAnZed Yrdirraied sl ng g 8B 31T 28 r espondi ng
to the RFID corzoaillgahd/onveasaryrbifyet h@ared; Inaf @mbddidlneit hitlcwRiidecal

di stance separating.a shel f 62a-d carryi,nq_ portions of the RFID

communi cat i oY ASR A clpdgonuliple RENP SpBTHRIFA oA @psemBhes.1da-dnligre pytiongny gi ven

RFI D conmuni GaticRFhRss@amihiatihas@mbaN 088N afeddy AU BMMBIeadpgoadi at i on

pattern that provides an ~ .
members or housing elements such as a shelf 62a-d and/or a shelf divider 60a-d.

Each RFID communication assembly 10a-d includes a first loop antenna 110 and at
least a second loop antenna 120. RFID 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 commiunication assembly 10a-d is configured to generate an -

augmented radiation pattern such that an augmented detection volume 400, 410 . -
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augnent ed detection volunme 400, 410 that enconpasses or substantially
enconpasses a spatial volune defined by a shelf length, a shelf width, and
verti cal §epariaABrsn bet ween shel ves 62a-d. As a' resul t PCRBIGRO104G35@00
carried by objects 50 disposed essentially anywhere within each augnented
det ecti on volextards40ybsthhal H@xRAdY RG RO theRGtire Genlgih@nd Midts ba gteﬂmage system 80
can be successtull or re“pgﬁ(y detected re rdlesskgr essenti al

i ndependent &P"REY" “’t‘laf@ s R Reeqm %ﬁ*%“tﬂrﬁ%ﬁ@%@ve%-%“ aIQI@TEfe(‘,’BWﬁilm cation
assenbl y l10a-ddht-abddepirafeyyd dhoms208 cirﬂ@ngﬁfdrtil&tls@fﬁéR‘Fﬂg@mﬁm&ﬁl@dﬁogo in or at
whi ch objects 50 can Iocated 15FI G, IS a f|OMldlaﬁran10f a Frocess 700

for detecti ng>snCRAC I snniher shelf %ﬁn%tt iy, At siven BDsoqmpynigali

i ndependent qtseREinot@gua@Ee,@&t@tﬂét@.neme@ﬁeﬁf.aa&@t@rn%atttar@me%bodl ment of the
di scl osure. Portions of t rocess.- 700 can be perfornmed using an _

enbodi ment of““?éﬁe“mﬁlq?)‘eétﬁ?ﬂﬁﬂﬁli'ﬁ%‘tqooﬁ'Osti)%tteé?ﬁlmssﬁ&@rcﬁuﬂitmlat‘b the present

di sclosure. ‘ohQmbgePs §aEsIS R deRfddlEsshairfehbila MeAGEHE, AQLLkien 702 that
i nvol ves disposing a plurality of anténnas, such as a prinary antenna and

at | east one sg@&diANaeycahthelpno2arde| Ax 4 rpault BFExiaes Wrsarrie by abjRetnder t hat
facilitates Qtsl)ggaa'@ts@&,anlqungy@w&mQtamgern&t%g@%{tcm Aot Enpas @and t he

gener ation of an augnent ed lation patt vin rragnetl c field
conponent!d ofcoresppideietntthenaigre stadee a/ﬁ@ms&QfCFm bé @ncessfuhsegtt reloabdl detesteidat i on

that an RFI D a0&00 é‘s@éﬁu?@m8%%85&9(1#6@?9?&1%{ { wlth §%§Jct BhAAQN W thin

an augnent ed "detection vo I ned an augnent ed
radi ati on patcoemunic@@Rassenrvdyt Hlaekqndfongorfipmssif ttpram:écssmrpgfriystom SDOQorcan

i nvol ve dispgsj, antenna- 110 at a first |ocation and
orientation, %\Pghb&e&g giéan lgés%gegond | oop antenna 120 relative to the first

antenna 110 such that a f| rst planar region 114 of the first |oop antenna
110 and a .se d nna 120 are -
subst ant ?‘al I ;i/l?gesr %é’n@w d'?%tr“toga 8%?8715529(#1@ dé%ﬁag?%lépgptég%& H%{Weregl on 124
i s substant itadtlissubdidisietly Otﬁetiéhsquosﬂdl?lmlmg/orid‘nﬁﬁbﬁmfdcéc&ﬂanaxW$th31111 of the -
first planar rds, I‘OXI to; j acen ._or beyond a
ber § pher al - boid ddne @i eRRR T thtarodss 2 GF et oPginda Y or

i nstance, i n etnbdiineat ¢fan malbabnhmltmfwuoa s$EE0 DOlac¥idingkd dheQhrestite second pl anar
region.124. Addjtionally, the second pl anar region 124 5Is laterally offset
away from theé'¥I®P¥f  planar region 114 by a given distance, for instance, .
approximegeely 0.1 - 10 cm (e.g., approximately 0.5 - 7 cm or |less than or

equal to about 5.cn)._ The lateral offset .di stance between the first and
second pl anar ! F&ECET 790 1phdes DlirsepiAcesePotiprLLR et inyplygt diERAINESr  det er mi ned

in order to afhhyeraRéinadRudrRk @pﬁﬁ‘\mﬂmeﬁﬁg én@r&t Red bRs FRAR MAehew of - a
desired augnented 10detect|on vol une 400, _
relative to each other in a manner that facnlltates or enables inductive coupling
between the antennas and the generation of an augmented radiation pattern having
25 magnetic field components of sufficient magnitude and sufficient directional
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
110 at a first location and orientation, and disposing a second loop antenna 120
relative to the first antenna 110 such that a first pletnar region |14 of the first Iodp
antenna 110 and a second planar region 124 of the second loop antenna 120 aré ‘

substantially perpendicular to each other, and the second planar region 124 is
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In an enbodi ment, the first process portion 702 can additionally involve
di sposing a third | oop antenna 130 relative to the first antenna 110 such
that a fiwetooplaman regi on 114 of the first | oop ant ennactké2emaoesss hird
pl anar region 134 of the third |l oop 15 antenna 130 are substantially

per pendi cul asubs@nmgfiedtlbedispaddlawdiefrdnnh Figkt E;ll@-nﬂrofrtlﬁgirarblalﬁﬂreig@n
subst anti allx of fset or .di sposgd away fromthe first axis 111 of the first

pl anar regi on! P¥GH P HLAC K FLRRRE 19 #toOr bupd @distiphesnl byndagyy "%eSond a

peripheral beuagabyine AR PRRarre@sn BAIR: m‘stah&emfd diktidh @ARAE] taGLRAd 114.
Additionally, the third planar region 134 is.laterally offset away fromthe

first planar ¥yt 'o?f“ielsﬁcw PEATGT 781N A7t Aftidonakly, thexgpardpimerdegiap bbxi mat el y
0.1 - 10 em (Aa@rally RQRUAW €& the IS ﬁﬁﬁﬂ@gﬁo@ﬁ‘ﬂt l;)hd éldﬂﬂ]lﬁ&]@é fbegi ons 124,

134 are di sposed on opposite sides the first “"planar aﬁon 114. The |
process 700 iE@P¢rdarprexigaglyidl pﬂ%@éé@g p%npqumateilﬂﬁ 5t4n7a?m,|q1i b hesocoupl i ng an

RFI D reader, eé&ﬁ@rﬁ%f)ut Dan)t F[ﬂ@ﬁa@e%l‘()%et%%@&n ettvb&n tl'ler Et angg ﬁ(ﬁ)@ma 110, for

i nstance, 25by way of a point, as WehQb as coupling t rst | oop
antenna 110 regicas ikt dPd my l@laﬂwgﬁed sB0dateh ot détermanedrimprderp eclfieve t he RFID

reader 100 UngiShyf AFR) £6h kYO FORGREAGARS 1P bl Sladpliudes a thi rd

process portion I nvo Ivin antenna 110 with
an el ect rIDcalcletsﬂg)nabIUpW(ﬂODd’éﬂ by the RFI D reader 100 to thereby generating
a first radiation pattern. The first | oop antenna 110 thus serves as 30a

primary antenna for purpose of magnetic induction. The process 700 further
i ncludes a fd)uzutetmtgmldmwsshqiﬁrslt;irmesﬂiﬁﬁtidmm chmaddlt'\oesllgevrévadiispmginga | east a

second radi at;i i ve cou n the first:
radi ati on pah edp (r)lgpsanﬁ%n%le?y re\"’? Oéhe A" at"%e na’::lelc HQ’ h%‘g‘btb eolfﬁo The
fourth procegs$4 piaht hmnloaﬁ)Sntenma &l and d thrrablayarlregvm V@ afereahiat iong a t hird
radi ati on.pattern h ductlve goup bet nIheflrst radi ation
pattern' g > madh&rTad P 2 ﬁb%ﬂ]&aﬁ%%ﬂ?eﬁ‘ th?(%‘:ha(ﬂlfeé’rﬁ?ﬁelféb'rd RAL "°%%e second
and third | oap4 amtnmasllyla&;et drmpSﬁﬂ‘de/aya&onsacedn@taﬂm lanbemedisst plahdy r espect
to inductive couplln ththe ry Santenpa. A fifth process portion
A moehboe

708 i nvol ves "EoMbi it ”tisanfxl'?asf R R 05 PPRRhA RFT E¥nd

radi ation patbeenor a@eweihk fiasd plah@ régidnf o 4r adidabohAr, mattm@irmadanregmshodl ment s
that include the third | oop antenna 130, to create one or nore augrrent ed

radi ati on 10pat tsdptpallypidset a\w ey thedirshelmat eaion | by agingigtisance fPhat are

per pendi ol afinstcd, Qﬁplgilﬁﬁfelym ﬂnaD cﬁﬁgFoﬁbolla-Slmﬁﬁ RlskcoRd aRBth@l bRhat 0 the
first planar region 114 or pendi cular to the second and/ or th| rd pl anar

regions 124, "q@ons ‘%é&éa@rée%ww NLAPAHF Hespa et plroey e Hhel udes
magnetic fi el d conponents of sufficient nmagnitude and sufficient
directional variation that an RFID tag antenna 202 di sposed within the
augnent ed 15dde etaceerd0¢ sicludes csgpondgirocgst ppriiondde that avgivesogpplngtad t he

augnented r acﬂl@b' Qa'aelpéntahﬁerl ,rbr transceiver 100 to the first loop antenna 110, for instance,

25 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 reéder 100 under consideration. The
process 700 further includes a third process portion 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 110 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
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in a manner that is substantially independent of RFID tag orientation. A
si xth process portion 710 can involve disposing a plurality of RFID tags
200 wi t hiwoand/@rs4ror e augnent ed det ection vol umes 400, PCIGG20M08pe56rul ti pl e
RFID 20 tags 200 within one or nore augnented detection vol umes 400, 410
exhi bit di ff énethtpraessgrottani 706 san d&tdntioeasxtmmeﬁiﬁh@gtagsd 2a0tivh t hi n an
augnent ed dete etlrll n vo0 rr& 400. 410 can et}g‘l ed to _have orientations:
for which mductl e EHNTUSY VS Up i fetyeep | Hf’té? Bon PALER S PABYLCt sel £, in
t he absence dikldtane tieabiahidopsntérniar do.r Belisahé GdomiRdnt @il lawiadmn@ﬂzlon t he
absence of aq,(? nmented radiation F)ﬁlttern \Aﬁ};l d not occd{) 25woul d not
be sufficient ErRBF@nPay pUEINEs Bt LPect {0 BRIt FetouRinesH e BUBHYRFI D t ags
) 00. Assevetitita. process portion can involve successfully detecting or
comuni cating with each RFID tag 200 di sposed wi thin the augnmented

det ection vol ume using the RFID 30reader 100, regardl ess of RFID tag

orientation 200fh ﬁjogéss ﬁorh§n oli: 3 Iﬁ+&WSleﬂglhﬁ1§]t&fﬂr§( l‘ﬁHl&Rﬁl%ﬁtt&QQ' th Qe o
manuf acturing portions O an RFID comunication assenbly 10 and/or an RFID

comuni cat i oREYS fairfionPHEELAYplbas the tifd Edisbian petern BembRamshis et

di scl osure. gt qi tleerml(?&iloﬁﬁgﬁtennrahgo R6 @E%%n@&‘%ore abdhGenkd eiiohi I St process
poi -tion 802 that involves providing a first |oop antenna 110 having a feed
poi nt, a Wi r PeUGHIPAr 4 10dgriga 'T@iﬂ?t'céﬁdi camppregis thpt prs perpendieonlardd thedirthe fir st
pl anar regi 0@]1%%114e0|3_h¢ljésrv§etll als‘BQQllér’}@(; ﬁl@'ﬁﬁs E;I%Qa&@gn(frpﬁﬂbﬂ)yg% idvary coupl ed
to a portion of a Tirst support nenb ousi ng el enent housi ng such as
shel f spacer [hesggandaad/or Hird glapairegions 186) 134. ghe auamlgmtedmldeltlbn spEUer or

di vi der, 200096 GRedes A A*ag;@ﬁ@gélﬂ%ﬂg Setits BPLUFAS tﬁgg duHé’QAd"s%ﬁ [pVi di ng at
| east a second I oop antenn aving a secon region 54 defining
a second axi glirggtpnalwhaeationtthee an REGh@g phtamar202 égp@nd wzmncmua@elﬁaci ried by or
coupled tg a y nent, or
housi ng sgchdglg&?ng}%lelﬁe Cgfeq%ﬁgqnsdel?ztg%@%& popifngg?' Yor JY %J g{%nr?at “Or housi ng
el enent carriiesmateer slectsrsubstaot)apilyandeenmmﬂsifml%mm drnhathtndrhe second pl anar
region 124 is substantially perpendicular to the first planar region 114,
and the second planar region 124 is disposed subst antial | y away fromthe
first planar A sghemcsssfportan 7ak s ihddvendisposiag pelutainesfFiDoagsdady or bor der
of the first planar 15 re rection para to the
second axis 1‘2%“ OTRIEMT O '§|“Ie§/te(}?%%%§g(‘f@H'd%‘?%ngp ?Nh‘{th 81 ti‘%‘hk{:@) laterally
of f set fraom tthe 200 lwsth.npinanamo.reegg.ﬁehtéldmtdworavowneaaeoe r4m0 eedbidisternce, such
as approxi mat el

or |e|¥tat|ons At Féast some EFI% tagsa%)O% within an@ugmented detection volume
400. 410 can be disposed to have orientations for which inductive coupling to the
first radiation 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

]
W

‘would not be sufficient to enable reliable or sufficient detection of such RFID tags
200. |

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

F1G. 6 is a flow diagram of a process 800 for manufacturing portions of an RFID

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

an embodiment of the present disclosure. In‘an embodiment, the process 800 - -

24



I n an enbodi nent, the second process portion 804 further involves providing
a third 20l oop antenna 130 having a third planar region 134, which can be
carried byoaOpﬂBﬁMOn of the second or a portion of a thPCa/SEGapo®pe3serenber,
housi ng el enent, housi ng such as a shelf 62. The third planar region 134

is carried slhehdésmaﬁrsttﬂa@:esmﬂrtdm 800 ahat hivoidegravidihg b Eigdt RIdH aﬁtéﬂmaquOODDOSI te
sides of the first anarﬁfq on 114, and the third pl anar gFonls
3

subst anti al | §AYErfErtRUTH 2 Prst yanan seidn, léf‘ a5fl 3 At a’f‘ééf‘o‘??"l‘iléfo “H‘ Posed

25subst-ant i aplhiyara@on flaomhé gt fdop SitertaaM@tan’REuPRA By b Etbledrd £ 111 near a
periphery of the first planar region 110. Additionally, the third planar
regi on 134 i BOf'gt %fraaﬁ'FV"B‘?%’B?‘"‘F?‘W%‘%“FW%tor bPWSU%QﬁSBﬁ PEETHY a

pr edet er n nedividies bARGSatoP UG (k. A% Bolhelr 35kes NI, 3PQ%Eoken®A third process
portion 806 involves coupling the first |oop antenna 110 to an RFID reader

100 and an appropriate matching circuit or network 500, and a fourth
process pOrt lf\%@ccﬁ@%ndc@éé%hl\f%ﬁ 8@4 ‘n\(/blwgs ﬁrg'\qdlh%ﬁtleas O b6 HRenhd 2gM th an

el ectrical signal provid by t rea to generate a first
radi ati on pabavérgn sghend Pt'?hlél IfCEIIOBtlz‘l @Qfm"urﬁtsemd a&li(bﬂ Wihereghg $seorfd; r st

radiation papf@fRedi &C\lzqu§b@c§rh%)el§ PG 6 o b%ﬁofaéécéadfsmgp%ocess portion

810 i nvol ves exposi ng the secon | 'oop antenna 0, 130 to the
first radfat m@mbgahmemg elentent; eblyouslngiuwhlavebhclfcﬁéuﬁhc sgonchaippatond and/ or

third | oop aﬂltcﬁ%’ﬂ é@lg oré%gsﬁé?lérpe%t cz!rrlgs thé 96:95) daln(g ante%na ghmy of the

first 5Magnetic secon radi ati on
pattern res pehctsmsoedi plauarrrcga@pb’ﬁds ng)st’annaﬂlheenpemimudhr amﬂé ﬁrst pllanardegncmop ant ennas
120, 130. A S|I ﬁ rocess, portion 5 he  fi rs radi ati on

pattern with tha"SEE K LRENEH Y %Doée[d Sb'lhsg é?{lye?’wag/ f%O(J)m thfcgélsuce at | east

one augnent edlanadegdni’ mﬁrspam Blrl memhaiendlﬁralrbemdan @ bgrensfatk ﬁiett @aiat on vol unme

400, 410 The aug ntedra tlon rn 10,inc e agnetic field
conponent'2 ofe°f'5°l'}ff| ((ﬁ sni' rfﬁ& i“f“t?ﬁrélﬂal iSFoee F’8f‘1 qvgf’fmﬁ??a@ﬁ’ tﬁ% facilitate
or enabl e rekdcatd gaei regéomelrdlid eeradll ioffbdt Gomanaindi ladar eagion itthbas RFI D t ag
ant enna 202 di ﬁﬁosed \c/]\Aét hi n t he augnent eg‘/gﬁ gﬁtl on vol u 400, 410
regardl ess oP PHHEPEHFETRNCESUEE AppPEMAL, r e (&2ophWhe §0-on.
Differently orlented RFID tags can be detected wi thin the augnented
detection vol une(s) 400, 410 in a manner 15identjical or analo ous to that
descri bed abdv# enpjogimept.jthe sscond prpcess|poriiop 844 [Hgean e i tht CHda | ateral

separati ap onoogaﬁtemon Jb%vmea@ndarwdﬁamg@ﬁ 1S4, WHRA canbEtded(s- dbortich i1 st
| oop antenna 110) and a secondar i nducti'vely coupled antenna (e.g., a

second or a pmhfeéecpbq)gr W‘rﬂfﬁ%’ﬁj Suppe’ 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 114, disposed

25 substantially away from the first planar region’s first axis 111 near a periphery of the
first planar region 110. Addltlonally, the third planar region 134 is laterally offset
from the first planar region 114 by a pledetermlned distance, such as a distance gwen

above.

30 A third process portion 806 involves coupling the first loop antenna 110 to an RFID
reader 100 and an appropriate matching circuit or hetwork 500, and 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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20affects a maxi num di stance away fromthe primary antenna at which an RFID
tag 200 can be successfully or reliably detected for a representative

i mpl enentW0i20n/087544n RF1D communi cati on system 20 accor @Ch{GRe10400356

enbodi nent the disclGsure. In particular, the graph of FIG 7.shows
measur ed maxi nrum RFI D tag det ection di stance versus gap size for a system

20 having a fi | oo a 110 and .a -second, 25] 0qQ ntenna 120. The
first loop a ﬁgﬁﬁ)mffﬁ) %gﬁém?‘@ﬁﬁﬁmwﬂ% ¢ §rfea %ﬂ&hfé@‘ﬁﬁﬂpﬂﬁmﬁﬁbrOX|nately
the sane si zezoon3ajuoftmeerﬁxemadlsme@nedﬁpnhereu}amwoﬁyeryb@ﬁhhgﬂresé@a@amrenna 110
can have di ﬁHons ofE%QEQQ§|na&$I ﬁg cm by 20 cnraﬁ? t he second | oop
antenna 120 LWH lepRz8cAD i lofdo the i BﬁWWH?éﬂ9bﬂ2m¥ B fish cm The first
and second | plagcantieanas gka&atmﬂg&cz;emaamp@rsatmra)raarin@rr p&ichERiRetives! ative to
each other in a 30manner indicated in FIG 1B, such that the second pl anar

area 124 wasC PEPRBAGEUIgsecepd pndlorsihipdioonanigrass K0eb301 usixtrReocescond pl anar

area 124 wasp@fibset2 iaVeVesicb@Bintdiand fifsshdih@Apaddth SR A Ssebddasha@xi s 111, such
that the second plapar area 124 was positioned slightly beyond a peripheral

border of t h&hifirgdigtioppatians qpeadugerat leapipnp pigmealer yadiatioa PRIErDtheag 200 was a

card size HFgdHR in &gﬁr%né&he&@ran v§|ﬁrﬁa@u6@%wﬁ% Ja}gm tdd é%ﬁa—lﬁ%tt@ne Lt d,
Si ngapore). The RF1D'reader H'gh Power gh Frequency reader

( model ndﬂbernclur;b%srlmnzq@@mcmpqmampw{fmeedmwm:@ @dELrE@m@\rracmnomer | bur g,
Cer many) . fbigﬁpﬁ{eadr enz;bkéere idjd %egre ﬁg%{sr%llgbh: TLLﬁIEC&tKI)FP\th ANREINE 110 I.S

fromthe second antenna 12 orter t etection range is.
i ndi cat ed byaFﬁG@292d@mgabWBGGtWha@mﬁmmi@ggnmhanwot4@qéalmgvdagproxrnately

5 cm(for i nﬁ{[d@&?lﬁent l)]eﬁé R’Fhﬁ‘lﬂlﬁ% teﬁl%u§$rle¥1%tlgp%l?é e{}[ﬁ‘ 8||@¥1te% RF16 taos

e.g..
| ess than or equal to approx et ween appﬁbxrnately 1
-2 cm grvescmﬂsekwdﬁa“mhmgmsmwownk¢dgesmndmsmambaxnmhwnah&mﬁﬂonrthe first

| oop ant gana. o 0 can be successfully or reliably
det ect ed% %ﬁmaﬁ& a\%o Otbe?thRFAeS(frf?eg?l?orvst | oop antenna 110 and t he second

| oop antenna 120 is mnthrn approxrnately 5 cm the augnented radiation
pattern is u r uni . pr. stanti al | i.form However,
if the spacrﬁggﬁgs §m8ﬁﬁp % rWEP%V@nbwgﬁﬁﬁ?ﬁée%hﬁﬁﬂﬁ¥éﬂyﬂ&diation
pattern can bewdéisd p‘rrm;&gzl opdriven Sn@MANE.£OE st (Cop ameiant byandtarsecoauzgyre nted
detection volu di storted onuni form or re if the
spaci ng bet mﬁbﬁﬁ‘ﬂcﬁ'égff ﬁﬂ'ﬂPg%ee\?éelni}a @cﬁrﬁ‘l Sé“d’"ﬁﬁf %Wﬁﬁi Offﬁte“‘lazg gﬂ%eyond

appr oxi mapel yrr&tsczmmamdmaﬂstﬂﬁb Bviypgord Meghifandetaal hamiapaer@D wel i abl e
detection reglon correspgondi ngly becomes distorted, nonuniform or

irregul ar, orYsinibRRuccessiwrer Fslinbly datestedfor & Fepresenialive iaplementalioner 8kt i on
range, det ecRiFaD cARMLSEARE yst@h 20 Rlcbitlgo edREIdiAh: HehiRRBGe!RUS drops. To

achi eve good or robust
particular, the graph of FIG. 7 shows measured maximum RFID tag detection
distance versus 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 can be
approximately the same size or different sizes. For example, the first loop antenna
i 10 can have dimensions of approximately 25 cm by 20 crﬁ 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 planz;lr area. 124 was perpendicular
to the first planar area 114. The second planar area 124 was offéet away from the
first loop antenna’s first axis 111, 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 I Code SLI tag
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transforner type coupling effect(s), the second | oop antenna 120 shoul d be
approximately I - 5 cmapart or laterally separated away fromthe first

| oop ant ewoaoiil@B3754bf the two | oop antennas, 110, 120 areproesGedomeoxse each
other (e.g., less than about 1 cn), a strong coupling effect coul d make

ant enna aS5e'('m.%tfl%ﬁﬁéc%%%%/gﬁ’f'ﬂétﬁ?tﬁ Slkgaﬁ)g gelrhetR(%llg%aQé ql was erfect,

optim zed or fective ‘geonmetri c balance stance or Ia eral offset
bet ween t he tHigh Payesp Haght Rremimegy réddor (hRBlecraumboel DafSEY BAOGA e pnudfactured cm For  a

first loop a ond. | oop, antenna 120 havi ng the above
@%@@@EE&?E@B%&%%&%% giermanfpyh .

di mrensi ons, ccesstlilly detected up to a distance of
apprOX|nater 80 cn1fron1the first loop antenna's first. pl anar area 114. 30

Th ted detect 400 ext ly 80
from the 11 100N s rFansarrBe 1 AP A e T Gl B SHaEElE? U vol ume 400

successful RehtEynatlag. theslect thadarasion FBgPRNAC Mdicated 8§ FERLA, alghyy3dondependent

of RFID tag aqrientation t he foregojn nner, varjous enbodi nents of
the di scl os UBE’[ 5:}?5 g8 oF ?%'8'2‘0FB‘?m’&HBWgsi‘f'ﬁé‘ng‘t“StF’épﬁs'f’SSdlf‘?é‘ BFMME f or egoi ng

di sadvant agesppnaasmébom—u b, £.9I RGQh&Dordy st k&ﬁ)?i‘(ﬂlmdtély show ¢, Qﬁ‘ under st ood
t hat various changes in tge form and desi gn an RFI D _communi cati on

assenbl y, apﬁgﬁ“ﬁf'h%op'%’l‘ﬁﬂ?t Y 1Syt R s s aiargest i lopgsat dislange pWeY i ng from t he

scope andospifioirt th®first f@b§arﬁé1§ﬁ“0@h’tﬁﬂuch—r&bﬂ{l’f19ﬁ 20@5&%@9@5@5@5&@?!):9“ descri bed
herein are rrereIP/ an expl anatory enbodi ment thereof and it is the intention

of the fol |l ohi'REYAFEFiRS f eheshrcdighsteccs e firptdopdetcana h 0and thyesscondl ai ns 1. An

RFI D reader mtaﬂm1lmmongwﬁlﬂn QpRbAMaRY (flﬁqw&bﬁentEJ]%dBF!)rpthl%ﬂggr system
conpri si ng: a .signal processing unit having an

out put conf i Joee. F%e'maﬂylP@@fBaOFdPW@UQ‘ibgWHfOFm However, ¥ the spa¢ing sop ant enna
having a firstydngags: Bmglfate § &n lihadugHRhled RRliaBod bz{ttgl:n &h@@@fstoh@(gblon the first

| oop antenna haV|ng a poi nt to receive th rive signal, the drive"
si gnal prlévi dpwgifanm. e@@t,st:qlie&féx thejaggrantedodetdgtiorf yolwne ¢34)(pr<mm<b$ma€dt her eby

generating a.fifiSbek %qlr?éogfap,fm%t g&&%n 'f@%] n R iRGlHASS W aﬁ{enrﬁ@g?@tl c

field; and ~ a second | oop aving a secon engt wi re that
defines a seddhi boyendapprosigiataty 5 theandao &iitD plgangnna detrichon aing posed

subst anti al | ¥él fe%@lra o(ﬁurL q&o?regg&)%gmgl %Eec %Q%{otrt}%g% umfo'%nr]]eorsecond | oop

ant enna expose Ire €reby generate a | Ssecond
radi ati on patirtle;tlhu bysiwayks .OAn iRrElemtgld\zethmuprigenglnawdmmesecmmdge aekezatonon

pattern |2%C| Lcji 'tange 'oF re?eﬁoggectlo nce tr'xu Jrops To achieve good or robust
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. 1f the two loop antennas, 110,120 are too close to each other (e.g., less than '
about I cm), a strong coupling effect could make antenna assembly performance
25 unstable. In order to maintain a perfect, optimized or effective geometric balance,
the distance or lateral offset between the two loop'antenr‘]as, 110,120 can be
approximately 1 —2 cm. For a first loop anténna I10and a se_cond loop antenna 120
having the above dimensions, the RFID tag 200 wa§ Sl:lCCCSSﬂl“y detected up to a
distance ofapp‘roximately 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 detection volumé 400, successful
RFID tag detection was independent or essentially independent of RFID tag

orientation.
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wherein the first radiation pattern and the second radiation pattern
combine to forma first augnented radiation pattern coupleable to an RFID
tag ant erWwe20n/®7#anner that is at |east substantially 20TSGepwRdesé of
RF1D tag antenna orientation. 2. The systemof claim 1, further conprisi ng:

a third Ioopnameqa.reaom& henkd m dupgmb@dmaﬂpef h\%vdl&%sgretené el ﬁﬂ%h of wire
that defines a Tanar ion, the th pl anar reglon 25di sposed .
subst anti al | %‘%@ﬁ'ﬂér@ﬁll@ﬁq aipe @6 Fhféfegplﬂgtdli?@ﬂ\ain@gw eGassd, ont the foweang pl anar
i on and t fRcibid d RAABE FRAMAR i SRAIE IR ORROSE of) B-R A af N T TSt
pl anar region, the third | oop antenna exposed-to rst nagnetic field
to thereby gBﬁhD azp@nwntcmmdasselﬁblw alamrap&t tand/or bxﬁtqmaycamfoenndiﬂcwnh(en coupl i ng,
the thirdsra e wher ei n
the fi rst g%pg‘gt!“gﬁ“’gﬁ"%gﬁ e%g Eﬁtegﬁ{ cﬁsq |o§|9 |nc oftr?h%a éftg(%(ﬁangod ' e to form
a second augd@mtll@d hedi at mrﬁl)patetxetanatc@upibeabieetthcrechﬂmdRFsltlDeimxgmamtenna in
a manner tha lea stantially in ent of RFI D tag antenna
orientation. bi %@BY %@ggﬁ&ﬁ%fﬁrﬁ/ %ﬁ%ﬁ% syst em of claim 2,
wherein the operating frequency is approximately 10 - 15 MHz. 54. The system
of claim3, wherein the operating frequency is approximately 13.56 MHiz. 5.
The systemof claiml, wherein at | east one of the first length of wire and
the second length of wire is configurable to have a shape 10correspondi ng
to one of a circle, an oval, a triangle, a square and a
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figure of eight. 6. The systemof claim2, wherein the third | ength of
wire is configurable to have a shape corresponding to a circle, an oval, a
triangl e,we2wnguarswlsand a figure of eight. 7. The syst eorsG2eiloabessd,
wherein the second | oop antenna |acks a feed point coupleable to the signal
processi Ng URidims 208. The system of claim 2, wherein the second and third

| oop antennas | ack a feed point coupleable to the signal processing unit.

9. The system of blalMVHRHﬁhéWErﬁS&hémegsnOWmamgéhﬂgnmath%REEMpled to a

matching circuit. ?5 1 demp§e§%§%§g; claim9, wherein the matching
circuit is tuned by at | east one a'variable capacitor and a vari able
i nductor. IIl.The system of asigadlpracessigenighavingwn dutpus tordigdred ecnddd oop

antennas are- 30phy5|c%kh§ géglated from each other. The system of claim 2,
wherein the first, secon third | oop antennas are physically isolated

fromeach other. WO 2011/@ﬁ%ﬁ&@?@mkﬁﬁﬂﬁwﬁg@ﬁ&ﬁ&ﬁgﬁ&fihetmwsabms@f claiml,
wherein the first and arated by

nas_are
approxi mately 0.1 - rsgr%?aniréfe%‘ R tﬁe {f& “ngq gﬁvﬁﬂgfa}leﬁ%% Wef‘ﬁée fi rst |
| oop antenna i s separamgﬂnéﬁmmﬂlmbdheaﬁ@mbmewoMghhem&a&ﬂ@@an@meantenna and

the third |oop ant ennahrst loop antenna thereby generatmg a first radiation pattern that
i0 ~ includes a first magnetic field; and '

a second loop-antenna having a second length of wire that
defines a second planar region, the second planar reg.ion disposed
substantially perpendicular to the first planar region, the second loop
antenna exposed to the first magnetic field to theréby generate a '

15 second radiation pattern by way of inductive coupling, the second
radiation pattern including a second magnetic field,

wherein the first radiation pattern and the second radiation
pattern combine to form a first augmented radiation péttern coupleable
to an RFID tag antenna in a manner that is at least substantiafly -

20 _ independent of RFID tag antenna orientation. |

2. The system of claim 1, further comprising:
a third loop antenna, the third loop antenna having a third

length of wire that defines a third planar region, the third planar region

1~
U

disposed substantially perpendicular to the first planar region, the
second planar region and the third planar region disposed on opposite
sides of the first planar region; the third loop antenna exposed to the
first magnetic field to thereby génerate a third radiation pattern by way
of inductive coupling, the third radiation_pattern ha;/ing a third
30 magnetic field,

wherein the first radiation pattern and the third radiation
pattern 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 antenna orientation.
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by approximately 0.5 - 5 cm 10 16. 15 20 17. 25 18. 30 19. WO
2011/ 037540PCT/ SG2010/ 000356 20. The system of claim 2, wherein the third
| oop ant ewoaoii3eanri ed by a third housi ng nmenber. PCT/SG2010/000356

3. The system of claim 2, wherein the operating frequency is

approximately 10 — 15 MHz.

5 4. The system-of claim 3, wherein the operating frequency is
approximately 13.56 MHz. -
s The system of claim I, wherein at least one of the first length of wire
and the second length of wire is configurable to have a shape
10 ~ corresponding to one of a circle, an oval, a triangle, a square and a
figure of eight.
6. The system of claim 2, wherein the third length of wire is configurable
to have a shape corresponding to a circle, an oval, a triangle, a square
15 and a figure of eight. -'
7. The system of claim 1, wherein the second loop antenna lacks a feed
point coupleable to the signal processing unit.
20 8. The system of claim 2, wherein the second and third loop antennas
lack a feed point coupleable to the signal processing unit.
9. The system of claim 1, wherein the first loop antenna is coupled to a
matching circuit.
25

10. The system of claim 9, wherein the matching circuit is tuned by at

least one of a variable capacitor and a variable inductor.

Il.  The system of claim I, wherein the first and second loop antennas are

30 ' physically isolated from each other.

_ 12. The system of claim 2, wherein the first, second and third loop

antennas are physically isolated from each other.
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21. An RFI D conmuni cation system conprising: 5a first antenna having a feed
poi nt coupleable to a drive signal, the first antenna configured to

gener at e WORDTIB7HAdiI ation pattern in response to the dPCISGIIGYNAN3S6t he
first radiation pattern including a first magnetic field having a ni axi num

Tagni tude al ong asfi r Sthedidahi ot ARAONMBRANRING FAGLLAYIRD ahiondoRgr at e a

second radiation . 1 0 pattern by way of ‘i.nductive coupling to the first
radi ation pattern, théatgféﬁbmaﬁ@é|bafii>R§W'waleb’é)rh Ihe-udi ng a second magnetic
field having a maxi mum nmagni tude al ong a second axis; and a set of

support nenbers confi \g/l_red to spatially dispose the fi rst antenna and the
second ant enna rel4at i Vidietsystesmefclamile whengintthe firat lodbartennd lsrssmarfa%i s is

substanti gl ly perpendigl ﬁﬁea%Pon%%‘?thé%%%&?lo%ﬁ étﬁnnagﬁd FRGARAANLFARE ! S

offset away fromthe first axis towar antenna in
a direction parallel thyapprexisetdndsakics, and the first radiation pattern
and the second radi ation patterns are conbinable to generate an augnent ed
radi ation pattern within a detection volune in 20whi ch the augnent ed
radi.ati on patter nli.ncIdeesstmgﬁcﬂiiiml fvhereth th@ﬁfpomgmbmemfadmjéﬁ j)amiemnt A

magni tude and directio iation to enable reliahl ou to an RFID
tag antenna in a manne({g? é‘tafrrftsauo'g?é‘ﬁitqeﬁ VYOrlu‘ﬂ%eptgﬁtd%ﬁ'f&BfTB tag antenna
orientatilon w thin theietteécdqion@its tialatsferpenditBlaikd theirst¥kdnk: rregnaﬁlenﬁd system

havi ng an operating frequenc t he RFI D reader system conprisin
si gnal processing uni tm%%‘%‘é drPrerplt theght ?e@'ﬂﬁ“\éﬁ“'?btoﬁ?% P&a‘%afr. ve
signal; and 30a pl uralegiyn.of | oop antenna systens, each | oop antenna system
conpri si ng: a first loop antenna having a first length of wire that
defines a first planar region, the first | oop antenna having a feed point

coupl ed to recei ves.t heridrsiystén 5t g 2, whbRirdthé ¥@orsd @.@ﬁ\kmm Aviablbng an

el ectri Cal | pattern defines a second augmented detection volumie 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. '

20 17. The system of claim 1, wherein the first loop antenna includes an axis
normal to the first planar region and the second planar region is
disposed substantially away from the axis towards a peripheral

boundary of the first planar region.

25 18.  The system of claim 2, wherein the first loop antenna includes an axis
normal to the first planar region and the third planar region is disposed
substantially away from the axis towards a peripheral boundary of the

first planar region.
30 19. The system of claim 1, wherein the first loop antenna is carried by a

first housing member and the second loop antenna is carried by a

second housing member.
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signal to the first | oop antenna thereby generating a first radiation
pattern that includes a first magnetic field; and a second | oop
ant enna Haoi2ay/@7s8cond | ength of wire that defines a s®CHIG2pI08NES6 r egi on,
t he second pl anar region di sposed 5substantially perpendicular to the first

pl anar region, the.secddyd@opf aiivel) DheRFRRSHE Idplahendd ik sdrrictgnetic fiel d
to thereby generate a second radiation pattern by way of inductive :
coupling, the second rtg'é‘f%‘?‘isﬁﬁﬁﬁéﬁb?ér n including a second magnetic field,
wherein the first radiation pattern and the second radi ati on 10Opattern
conbine to forma_first augnented radiation pattern coupleable to an RFID
tag antenna in a fannet" R} conumuypicafignsystery i9ewpEingal | y i ndependent of RFID

tag antenpa orientation. 23flAGneNalaImh &l Bbit diplehbit fhedrive @RAII Si ng an
article storage structure 15that carries the pl ur-af)lty of | oop  antenna

systems in one of an abf Bkatenangondigyist £q geapriy adirgeidbaliompatirsp In 24A net hod
of detecting an RFID t £ANE Weigv@ I Rl det ecti on
vol une in a manner t_hartég)ios.stu set aﬁt iaglﬁlf;ll%iﬁl e%@%E Z‘%ﬁgﬁqﬁﬁd@g[hafgﬁ
orientation, the methovageipiidléhayng a maximumgegeitaleialnge a firitesis; radi ation
pattern by vay of a first LaoR.ankemnBoaampisLidd { seghiglilo,and a ength

of wire that defines a first plnanar regl I Ion pattern
i ncludi ndVa first nmagrrettéro by 5fayef hductive coupliexpabé fugt mdiseoopdednobp ant enna

[0, st Teanet 1€ el S RSP AFR SO SR SRR,
perpendi cul ar to the fmadhuplngagaitudeatpngn second axis; and :
a set of vs_upport members configured to spatially dispose the

first antenna and the second antenna relative to each other such that

15 A the first axis is substantially perpendicular 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-

20 which the augmented radiation patterﬁincludeé magnetic field |
components of sufficient magﬁitude and directional variation to enable
reliable coupling to an RFID tag antenna in a manner that is
essentially independent of RFID tag antenna orientation within the |

detection volume.

25 :
22.  An RFID reader system having an operating frequency, the RFID
reader system comprising: | _ |
a signal processing unit having an output configured to provide
a drive signal; and . |
30 ' a plurality of loop antenna systems, each Ioo_p antenna system

comprising: v
a first loop antenna having a first length of wire that defines a
first planar region, the first loop antenna having a feed point coupled

to receive the drive signal, the drive signal providing an electrical
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30generating a second radiation pattern with the second | oop antenna by way
of inductive coupling to the first magnetic field, the second radiation
pattern iwoludimgsa second magnetic field, wher ei RCT/$&2610/086356

radi ati on pattern and the second radi ation pattern conbine to forma first

augment ed radi ation pa_,tgtn@l_rtstrrequah@@pbin?em&meﬁegﬁ%ﬁ%&%ﬁﬂrsﬁﬁhﬁﬁ&ﬁ in a manner

that is at least substantially independent o t orientation. 25. The
met hod of cl ai m 24, whetn that leluflesastirs] magpetierfiebhaad i ncl udes an axi s nor nal

to the first planar region;and,t Qggaggﬁgq%m%?%ﬂ&p@%gﬁo}@irg@hglposed

substantially away fromthe axis t p eral~ boundary of the first
pl anar region. 26. Thalefreashedeafl plinar ragion tifeisetone plasonpgivsdisgpsedlOexposi ng a

corprising a third | ergrrepilrERIREh Gkl adarORebl B s iRe B0 on
di sposed subst'a_nti al | ynpengepdied td tie ﬁts-DniagI&titﬁelﬂ_tto le@haperfeexd 0N;

o i nduct [ ve coupl i ng. G PR PR B o R ROl i e
magnetic field,  radigiomipattérh énclidingta seaat atag@ticpeid ern and the third
radi ation pattern conbine to for segond augnented radiation pattern
coupl eable to-the RFID tagwgﬁﬁegﬁﬁ]ﬁﬁfsﬁra 'aﬂ%[hﬁ?ggmtaﬂ ﬁ‘eisgcoﬁfi rqdiatigp -

20subst anvi al | y i ndepgad&ntombinRid forrh aGrs0higaRth@l kdatioR pateFh&upRakOd of
claim 24, wherein the fi rﬁb | oop antenna includes an axis nornmal to the

P . :
first planar region ald?the'lt RePgeptadnamapesgihahisiaslegst syseatlyubst ant i al | y
away fromthe axis towade?am@nmrmmb@ggaalmepﬁum;}a‘rayorpf the first planar
region. 28. The nethod of claim 27, further conpri sing: di sposi ng
t he second pl anar region and the third planar region on opposite sides of

the first planar 73gi Ome s@fem of claim 22, further comprising an article storage structure

15 that carries the plurality of loop antenna systems in one of an adjacevnt

and a vertically stacked manner.

24 A method of detecting an RFID tag carrying an RFID tag antenna
20 within a detection volume in a manner that is substantially
| independent of RFID tag orientation, the method comprising:
generating a first radiation pattern by way of a first loop
antenna comprising a feed point and a léngth of wire that defines a
first planar region, the ﬁrst radiation pattern including a first magnetic
25 field;
exposing a second loop antenna to the first magnetic field, the
second loop antenna comprising a second length of wire that defines a
second planar region disposed substantially perpendicular to the first
planar region; v
30 - ' generating a second radiation pattern with the second loop
antenna by way of inductive coupling to the first magnetic field, the
second radiation pattern including a second magnetic field,
Wherein the first radiation pattern and the second radiation

pattern combine to form a first augmented radiation pattern coupleable
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29. The nethod of claim24 further conprising: coupling a signal
processing unit to the feed point of the first |oop antenna, the signal
processi MNyounio3piovi ding a drive signal to the first POFSGANIIDNIBEGt her eby
providing an electrical signal to the first 1oop antenna. 30. -A nmethod of
manuf act uri ng ‘an RFI D teadRFIDassamddny in 4 Mgneethiadadeiiubgadigny he steps of :
providing a first | oop i?nt enna, 'ﬁt@f’ first 1 oop antenna having a first
length of wire that deffweadeqtqf 3% %8RI gi on, the first | oop antenna
having a feed point, the first |oop antenna carried by a first housing
menber; and 10proyj di nﬁ a second loog antenna, the second | oop antenna
having a second | &hgt ht MRt clayp 2 arherransthg fies kagp antgrngragiudeadl on, t he
second | ogp antenna caixid Yo the 584 PRAMOUST N (REEP&Hd piialreliBAls t he second
pl anar region is substantially perpendicular to the first planar region and
the second | oop ant enrfisAoged; sy iphpeaway deurpthe avb eovagdsegeeriehefalr st | oop
antenna. 31. The met haghuRdarebAhdtidPplati iR the first loop antenna _

i ncludes an axis normal to the first planar region and the second pl anar
region is disposed substantially away fromthe axis towards a peri pheral
20boundary of they{i rsfhe%&%rq'f(rﬁﬁgj]%furgﬁgmo' BBt hod of pl aim 30 further
conpri si ng: providing an 1 npedancematching circuit coupl ed
to the fillst | oop antenna, ekpasingmpkidhlocpanteing i the ficit megrietic Geldpthe si ng at

| east one .250f a varl atmrgIQ%EBﬁtgll_lr;[a%BmBHgngaa %ﬁ'rdlle%gheoflwqp!fﬁaggéﬂ g’g’ An RFID
conmmuni cati on met hod conpri Sing: provi di ng a ¥ifst antenna
configured to gener at ehad planatregi@diisposalrsupsadrttied inpdrpemblicdiang tige firsr st nagneti ¢
field having a maxi nuzalg.lppﬁ%point ude along a first axis; ~ providing a
second ant enna -confi gur gt génerate a second radiation pattern including
a second magnetic field hawemgatagrmabirdmadiatiagpitendethahomird foopaaemth axi s;

15 by way of inductive coupling, the third radiation pattern including a-
third magnetic.field,
wherein the first radiation pattern and the third radiation -
pattern combine to form a second augmented radiation pattern
coupleable to the RFID tag antenna in a manner that is at least

20 ‘ substantially independent of RFID tag orientation.

27. The method of claim 24, wherein the first loop antenna includes an
axis normal to the first planar region and the third planar region is -

disposed substantially away from the axis towards a peripheral

25 boundary of the first planar region.
28. The method of claim 27, further comprising:
disposing the second planar region and the third planar region-
on opposite sides of the first planar region. '
30 |

29.  The method of claim 24 further comprising:
coupling a signal processing unit to the feed point of the first

loop antenna, the signal processing unit providing a drive signal to the
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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 anwvenor/i3ss4of fset away fromthe first axis towar@casgesiopbessy of the
first antenna in a direction parallel to the second axis; driving the

first antenna to gener@i@oddWtdnhi BkrebPptodkiingRn BRLEENRignkNG UG A-¥el y coupl ing
the second antenna to the first radiation. pattern to generate the second

radi ati on pattern; ando¥perénati ng an augnented radiation pattern within a
detection | Ovol unme, the augnented radiation pattern corresponding to a
conbi nation of the first radiation pattern and the second radi ation
pattern, the augniht ed® meticd of manyfapturimg an REYD cedilergsasaglye thie anetliod| d N
conmponent § havi ng suffigi o ' e and directional variation to enable
reIrTPabI e goupl ing to gr?mlgg%“llj’ ?%g’{% %\%ﬁnna essential ly 15i ndependent of RFID
tag antenna orientation w phividingwefideloeraritama,ied finygdoop antenna having a

first length of wire that defines a first planar region, the first loop
énteﬁna having a feed point, the first loop antenna carried by a first
housing member; and

10 providing a second loop antenna, the second loop antenna

| having a second length ef wire that defines a second planar region, the

second loop antenna carried by a second housing member such that
the second planar region is substantially perpendicular to the first
planar region and the second loop antenna is inductively coupleable to

N ' the first loop antenna.

31, The method of claim 30, wherein the first loop antenna-includes an
axis normal to the fifst planar region and the second planar region is
disposed substantially away from the axis towards a peripheral

20 boundary of the first planar region.

32.  The method of claim 30 further comprising:
providing an impedance matching circuit coupled to the first
loop antenna, the impedance matching circuit comprising at least one

25 of a variable capacitor and a variable inductor.

33. An RFID communication method comprising:
providing a first antenna configured to generate a. first
radiation pattern including a first magnetic field having a maximum
30 ’ magnitude along a first axis; . :
providing a second antenna configured to generate a second
radiation pattern including a second.magnetic field having a maximum

magnitude along a second axis;
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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 parallel to the second axis;

driving the first antenna to generate fhe first radiation pattern;
inductively coupling the second antenna to the first radiation
pattern to generate the second radiation pattern; and

generating an augmented radiation pattern within a detection

volume, the augmented radiation pattern corresponding to a

combination of the first radiation pattern and the second radiation
pattern, the augmented radiation pattern including mégnetic field
co:ﬁponents having sufficient magnitude and directional variation to
enable reliable coupling to an RFID tag antenna essentially
independent-of RFID tag antenna orientation within the detection

volume.
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