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| DENTI FI CATI ON  TECHNI CAL FI ELD OF THE | NVENTION This invention rel ates
gener al | ywomsnbmod i el d of article identification and norePCIamosbizeal |y to
an enhancenent antenna for article identification. 5 BACKGROUND OF THE

| NVENTI ON Article identification systens generally conprise a reader that
captures information about an article by reading a tag affixed to the
article. Exanples of sone article identification systens in the narket

i ncl ude bar code scanni ng systens, nagnetic sweeping systens, active
transponder systens, and passive transponder 10 systens. Transponder

systems have an agyamiQEEMIET AATBNNAEORBR TICLEMENPIRHCAGEON | i ne of

sight is required. Even wth that advantage, however, the tag nmay be read
only from di I ly one to two neters. This

di st ance naq%iy ‘ﬁL&: SDEﬁ@?H%HRﬁHﬁ# N en the reader and the tag,
limting the feadihiy invéntionfreladiengratly tb &iegfeld wnttidly idehtificdtionl ad Bo@t t er ed
t hroughout a | arge area. Known techni ques for. 15 increasing the distance
from whi ch iShechYGRlyitoAn priiAnpemen gntgrayfor aeiclyidetficaliging the tag,

i ncreasing the power of the reader, and enlarging the reader antenna. These
t echni ques, however, may be inpractical because governnental regul ations
restricts tiBAQRGROWGNDIOIE THEANVENTIONhe size of the reader antenna.

Additionally, enlarging the tag may not be desirabl e because doing so

i ncreases the coﬁmglf’ %ﬁ@tlgﬁ?gn?ysé%’sc@ﬁ%eéﬁ]%ﬁwps?(n%vﬁﬁa eécﬁ‘ﬁ? FHRYTSSt
article i dentffh et %@u@ir?arﬂ@l%%!r%i&ﬁ%@ia)g Affix &ROUAL Briick. tbhipISof sOYVARY
OF THE I NVENTION I n accordance with the present invention, disadvantages
and probl enmrti®s idegificataime dysigm$ ipribei maket endludeqbers code semhmangisysieras,t i cl e
identification ng¥ be .reduced or elininaggp. A%cordiqg to.on§ enbodi ment
an article TPSAEHS SYETRM SEIEPENAGHHE) HajsRongler systems, and” passive: transponder

10  systems. Transponder systems have an advantage over other systems in that no direct

line of sight is required. Even with that advantage, however, the tag may be read only
from distances less than approximately one to two meters. This distance may require
close proximity between the reader and the tag, limiting the feasibility of reading a
large quantity of articles scattered throughout a large area. Known techniques for
15  increasing the distance from which information may be captured include enlarging the
tag, increasing the power of the reader, and enlarging the reader antenna. These
techniques, however, may be impractical because governmental regulations restrict
the power of the reader and the size of the reader antenna. Additionally, enlarging the
tag may not be desirable because doing so increases the cost of the system.
20  Consequently, known techniques of article identification are unsatisfactory in certain

situations.

SUMMARY OF THE INVENTION

In accordance with the present invention, disadvantages and problems

25 associated with previous techniques for enhancing article identification may be
reduced or eliminated.

According to one embodiment, an article identification system includes a

transceiver that generates a request signal and transmits the request signal, where the

request signal requests information corresponding to an article. A transponder is



transcei ver that generates a request signal and transmts the request
signal, where the request signal requests information corresponding to an
article. wotwassponder is WO 03/067508 PCT/ US03/ 03286 2 eowplsesioisst he
article, receives the request signal, and generates an output signal in
response to the request signal, where the output signal includes
information corresponding to the article. A | oop antenna proxinmate to the
transponder enhances the output signal. The transceiver detects the
enhanced outpupledit@MR arBBR, tREBEY B felifest 3ighhl QhdBEARACE 8 DAHROBIENAGIN O t he
article. Certain enbodinents of the invention may provide one or nore
techni cal  acspenseagestheAraquesinbigndl, avveant thgeowputongnehbodindesninfpryativa t hat

a |l oop antenna may. b ed t o ephance the outpu i gnal._ of { r ansponder .
Accor i ngl v SorrwENieEdndEe fbf ol 105 iR Bie B Herdhoreh GERREE) e
i ncreased Whhé gutp®d il NThE trhdkeeivdOdddattehe @hhdnded biiphSsighal ahd adediviehithesi ze
of a transceiver antenna. Certain enbodi nents of the invention may incl ude

none, softe, iBformptiorygorresRondid)dhe ¥HESi cal advant ages. One or nore ot her
techni cal advant TBY, di n Ll led i rt
fromthe figur es,etg? 8scr) Bt&lﬁgﬁgﬁ %#n ecﬁg?@rgoﬁ %‘éﬁ’égﬂge E’é?e‘%rngoﬁegteggﬁﬁa
DESCRI PTI ON ad¥ankiges DRAWCHGISaFaivaatag® b€ one epibediment denysteathdi adoayf artérema

present invention and its features and] %dvant ages, refer,enéle i s,.now nade

to the fol | GWHRS Wed ¢ pptansshtheoninyg sigral G raseendsh MERIPgY: ety ng

drawi ngs, i i.ch, i i i1l us: i (Q:
enbodi nent g)fewgéﬁﬁaar ttli%g]sc'ea\@ipggﬁh ]tr?ré 'E) I %ér%qg?/}gtbg%h&glhééﬂl?‘%ﬁ%é ?%dugglél?{z;gthgm

i Il ustraddi npowreottibdcinsrenter arfd the ko pf atrpstaper afit®@IRE 3 i s a di agram
| 1ustrati ng anot ey, enbpdiment 9%, ;00818 Muad ALE SSL! Ol LAYY o°
above technical advantages. One or more other technical advantages may be readily
apparent to one skilled in the art from the figures, descriptions, and claims included
herein.
15
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and its features

and advantages, reference is now made to the following description, taken in
conjunction with the accompanying drawings, in which:
20 FIGURE 1 is a block diagram illustrating an embodiment of an article
identification system;
FIGURE 2 is a diagram illustrating one embodiment of a loop antenna;
FIGURE 3 is a diagram illustrating another embodiment of a loop antenna
intersecting traverse surfaces or an article;
25 FIGURE 4 is a diagram illustrating an embodiment of a loop antenna forming
multiple loops;
FIGURES 5A and 5B are diagrams illustrating embodiments of a tuned loop
antenna installed on a shelf for multiple article identification; and
FIGURE 6 is a flowchart illustrating a method for article identification.
30



25 FIGURE 4 is a diagramillustrating an enbodi nent of a | oop antenna
formng nmultiple |oops; FIGURES 5A and 5B are diagrans illustrating
enbodi mrerwe 060608 uned | oop antenna installed on a shel f PCorUSOBO280]1 €
article identification; and FIGURE 6 is a flowhart illustrating a nethod
for article identification. 30 WO 03/067508 PCT/ US03/03286 3 DETAILED
DESCRI PTI ON OF THE DRAW NGS Enbodi nent's ‘of t he present invention and its
advant ages are best understood by referring to FIGJURES 1 through 6 of the

drawi ngs, | ifker Amps BESORPTIHNSFITHBDRAWRGHd corresponding parts of the
various drawmngs. 5 FIGURE 1 is a block diagramillustrating a system 10

for article i denBothadimensnof therpregsnieingpntion anddfs advertages o best udermsord10
enhances thg rr@ﬂﬁétwaﬂ‘é}tﬁiﬂé@ftth?dugg%' of JRE dra%viﬁé?rfﬁtg% al4geﬁ1grus@cf kel e
i dentification, LS may | ncrease-t he 'di stancerrom | cf1 a transcei ver

20 can read like ahdosPapoiating PartsAufale ehriogs Uaawtings. i | [ ustrated enbodi nent,
system 10 conprises a _processaor 15, a transceiver 20, a transcejver

| 10
antenna 25, an aft§ b5 2 bogly diagpmniieyirasng agyeicn 105p 25isteddemi fisations oupl ed
as shown i q, ELERE, iooipI a‘ﬁtéﬁﬂ?%@t& Q{bterﬁ N GRS e%@qxﬂ:@ﬂﬂdﬁ%@%@%ﬁﬁ%@t

signal 30 for~ requesting 1 nformation corresponding ' to ar Article
35 i s equi ppedansporier t40afos potideridédifeator, ovpicamanmar&Be the aispondesm40

conpri ses information .correspondi to artjcle 35 and,.co ni cates the
ol o et s on IR it es Shanerd Sotspodst 4, ARG 1 dhe fibisfated
proxi mate tQnibBéi%?e%né%@fenf‘QOtd%nﬁﬁﬂ@é’snﬁEbré&%&sis,SJ #3dceivaP 28nd tLkRNersi gnal

45. Processor 15 nmanages information corresponding to article 35. As used
i n t hi s10doeoisens 25, tanertide @35, piranspondar 40y afdes opantampa $0i ¢qupled ageshpwa

operable to.a I nput rocess,_the.inp according to predefi eﬁgrul es,
and produce BUIGURE flor T aRiRice arasateiied 02 AEE3IS { drd e oliR ol er
wirel ess datgquegie, indems@ioal cottegpdndingdfos hicBNBS. Article 35 is equipped with

transponder 40 and loop antenna 50. Transponder 40 comprises information

corresponding to article 35 and communicates the information using an output signal
15  45. Loop antenna 50 is placed proximate to transponder 40 to enhance request signal
30 and output signal 45.

Processor 15 manages information corresponding to article 35. As used in this
document, the term "processor" refers to any suitable device operable to accept input,
process the input according to predefined rules, and produce output, for example, a

20  personal computer, network computer, wireless data port, personal digital assistant,
one or more processors within these or other devices, or any other suitable processing
device. According to one embodiment, processor 15 may initiate requests for
information at transceiver 20.

Transceiver 20 is operable to communicate with transponder 40 to obtain

25  information corresponding to article 35. Transceiver 20 may include a receiver, a
transmitter, or any other radio frequency device suitable for communicating with
transponder 40. According to the illustrated embodiment, transceiver 20 comprises a
reader.

Transceiver 20 is operable to modulate a signal carrier according to any

30  suitable communication protocol. According to one embodiment, transceiver 20 may
use a Radio Frequency Identification (RFID) data carrier with an Automatic Data

Capture (ADC) technology. Transceiver 20 may demodulate the RFID carrier in



one or nore processors within these or other devices, or any other suitable
processi ng device. According to one enbodi nent, processor 15 may initiate
request s woro3/o61sh®©r mati on at transceiver 20. Transceiver 20TiEsoapasable to
comuni cate with transponder 40 to obtain 25 information corresponding to
article 35. Transceiver 20 may include a receiver, a transmtter, or any
ot her radi o frequency device suitable fdt conmuni cat i ng wth transponder
40. According to the illustrated enbodi nent, transceiver 20 conprises a

reader. TrapsgRitesbiAl the iRREHAMME corfesPOsih@ k@ adticié 382l TEAkERT AF &y di ng
to any 30 suitable communication protocol. According to one enbodi nént,
t ranscei ver uiizeranti-celiision teRhniquesor rpgeiving anbargeidfouimt isignal (Hrain naialtiple

' i th i hnol ogy. i
o teroaul teBthatt SRy, TxiRbdyer AP bV S, PR R R5ERRGnE R, o

obtain the ianfcdé PRt e HOEEEGPIIATREsdedy e 20 irBdyeustbany 6tAaSSeaME tecHAidiRY
utilize anti-collision techniques for receiving enhanced output signhal 60

from mul §i pifer commpripyigeyih adransporder4d. vadditionallyy trapsegiver 4@ mapdransmit

I nf ti I t | I ver
20 oy use SSERAR Sirp e ALlcR (eubity REIER? by, A9 A Y
transponder FééqueAdd{HE)pNAird-Yigh Frgsary (BHE}lommajcrowavesfiequensy. ghatadiag any

suitable co nication frequency, such as Low Frequency (LF), High .
Frequency ( mﬁ&e iflpstrated-grgbodomenty BARSG iV eI 1s Qperabletodwismit 4téaéén1§fﬁz in
Accordi ng 1L 4s ' | \ar ' - to
tranom ¢ “at Ty Egipl, SEih@h anf VORI ACREROEINE" Gile! RRBRECR bRy
frequend9 bandsedihieansteigenidfrtoicemmumycaticOwitie trasspdndey 40rvatimmedapartirfremn
conmuni cate wth trégfpond r 40 without departing from the scope of this
i nvention. TIAfEREPLEIS BYE0Ra 25 detects signals for transceiver 20 and

r adi ates signals Trﬁr%@ﬁb&eﬂltérﬁl@fﬂstde?é&%cﬁfgﬁ‘aﬁ fo%Qranﬂ_deWb‘f Q@!a\ﬁﬁrraoﬁatte@@i@al%5 may
conprise a conductor, a radiating elenent, a transm ssion |oop, a

recei vi ng | aesgivedrfroamyrapsasivier 30t elnarsceiaet @denna 25 may comprise a conductor, a

radiating element, a transmission loop, a receiving loop, or any other antenna device

15 suitable for operating in the frequency range of transceiver 20. According to the
illustrated embodiment, transceiver antenna 25 comprises a read-write antenna.
According to one embodiment, processor 15, transceiver 20, and transceiver antenna
25 are coupled as shown to form a reader apparatus in an RFID system.

Article 35 may comprise any object from which information needs to be

20  obtained. For example, article 35 may comprise a vehicle, where transponder 40 may
be coupled to the windshield of said vehicle. As another example, article 35 may
comprise objects that need to be monitored, such as cargo, luggage, vehicles, cartons,
bins, pallets, grocery store items, or any other suitable object. Any other suitable
object may be used as article 35 without departing from the scope of this invention.

25 Information corresponding to article 35 stored at transponder 40 may include
any type of information suitable for identifying article 35. For example, the
information may include inventory data, such as the location of a carton along a
conveyor belt, storage information, Stockkeeping Unit (SKU) code, the price of the
item, or any other information suitable for keeping inventory of article 35, or some,

30 nonme, or all of the preceding. As another example, the information may include toll

road data for a vehicle, such as account number associated with the vehicle, vehicle



15 suitable for operating in the frequency range of transceiver 20.
According to the illustrated enbodi nent, transceiver antenna 25 conprises
a read- wwoesmesesana. According to one enbodi ment, proce®sTUSIH3286
transcei ver 20, and transceiver antenna 25 are coupled as shown to forma
reader apparatus in an RFID system Artkgle 35 may conprise any object from
whi ch information needs to be 20 obtained. For exanple, article 35 may
conprise a vehicle, where transponder 40 may be coupled to the w ndshield
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15 embodiment, transponder 40 may compris'e an active transponder operable to generate
its own energy.

To generate output signal 45, transponder 40 may comprise a logic, an
antenna, any other component suitable for generating output signal 45, or some, none,
or all of the preceding. The signal may be generated at the frequency band

20  corresponding to the communication frequency of transceiver 20. For example,
transponder 40 may be operable to communicate using 13.56 MHz if transceiver 20
operates in the ISM frequency band. Transponder 40 may use any frequency band
suitable for communicating with transceiver 20.

Loop antenna 50 enhances request signal 30 and output signal 45. Loop

25  antenna 50 comprises a conductor such as a wire, conductive ink, etching material, or
any other material suitable for conducting an electrical current. Loop antenna 50 may
be associated with an inductance L, and may be formed into a resonant circuit.
According to the illustrated embodiment, the conductor of loop antenna 50 comprises
an elongated conductor forming a loop. The loop may be formed into any shape

30 suitable for enclosing a space significantly larger than the space occupied by

transponder 40. For example, the elongated conductor may be formed into a circular



10 Transponder 40 is operable to receive request signal 30 and generate
output signal 45 in response. Request signal 30 conprises el ectromagnetic
radi at i orwohabne7somy operate to activate transponder 40. Aecoruspsige28®© one
enbodi ment, transponder 40 may conprise a passive transponder that is
energi zed by request signal 30. For ex | e, transponder 40 may conprise
an RFID tag. According to another 15 enbodi ment, transponder 40 may
conprise an active transponder operable to generate its own energy. To
generate ouligypt as bgdldbor}a squiRNsss Rdettaddulsrelyors, aMpapgessidal loog] ¢, anglother
antenna, any other conponent suitable for generating output signal 45, or
some, none, suiggblepattest. t he precedi ng. The si gnal may be generated at the
frequency band 2 andi i 0,

transcei ver Cg&rd %ﬁ‘%‘ﬂ‘g rgﬁ%%lgﬁ( % Eéaf“l?g%g aﬁ&ﬂﬁzfiﬂ(&%{g é’é%nl‘rlﬁlni cate
usi ng 13. 56 SMdZayIHe atppwmﬁale&asmg@quaw(a) es in the ISM frequency band.
Transponder 40 may use any frequency band suitable for comunicating with
transcei ver 20. Loop antenna 50 enhances request signal 30 and out put

signal 45. Loop 25 [ 50 conprises a conductor such as a wre,
conductive ink, gfehi pMl, or any other material suitable f@)
conducting an el ectri&atllaurrent. Loop antenna 50 nay be associated with
an inductance L, and nmay be formed into a resonant circuit. According to
the illustrated enbodi nent, the conductor of |oop antenna 50 conprises an
el ongat ed ceomdiecd Brradias B 0@ 18op GOCheENA it demuimter bE tiras ietheilod andy shape
30 suitable for, enclosing . a ce significantly larger than the space
occupi ed by theWidis h@&opzmmq%é? exanpl e, the el ongated conductor may be

f or med to a ci LR B0 |®0 . | 1lLoop, a
square IIlécjl)op, a rggt %gtﬁm 9? DQ% a%ts&g%%gc??%/a?g%ﬁggé&gr@a%ccgﬁ%% %lhl tabl e
pattern. Acdlhrsthated etbodineengthecipaeitince Chd thenchindtietoc ef loopast@onas@ohawibeh | oop

ant enna 50a§;?rox1?§at§h°1?s1ngxﬁc?lﬁttlgg éfl ng Equation (1):

- N-n L) N-n

C=trace [(N MO i (N O 1n(r))} K

15
where a is the mean radius of loop antenna 50, ¢, is the relative dielectric constant, &,
is the dielectric constant of free space, for example, 8.855 pF per meter, N is the
number of turns formed by the conductor, p is the pitch (or spacing) between turns,
and r is the radius of the conductor.

20 According to another embodiment, loop antenna 50 may include a tuning
capacitor that may be adjusted with reference to the inductance L formed by a loop

antenna 50 having one turn. If loop antenna 50 comprises one turn of conductor, the

inductance L can be approximated using Equation (3) :

25 L= 04|:a11{2a +b1 J+2 a’ +b° —asi j bsm]{ j Aa+b)+ (a+b):| (3)

where a is the length of the conductor in meters, b is the width of the conductor in
meters, p is the radius of the conductor, 4, is the relative permeability of the medium,
typically a value of one for an air coil, and sink is the inverse hyperbolic sine

function.
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N is the nunber of turns in the loop, and wis

[a(N-1)]2 (H) (1) 8a +l Ilwwhere a is radius of the |oop in inches,

the wwdth of the loop in

i nches. 1Woleogrsent enna 50 may be associ ated with a capacipCcarzses/ 3286
According to the illustrated enbodi nent, the capacitance C of the
conductor of |oop antenna 50 may be approxi mated using Equation (2): N1
N-2 C=2g2ae,eo [(N-1nz))l Nn +(1-N+Int(N))Z Nn (2) n=1
(n+)(In(np)-In(r)) ", (n+l)(In(np)-In(r)) 15 where a is the nmean radius
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the elongated conductor of loop antenna 50 generates a current. The current produces
a magnetic field that increases the intensity of request signal 30. The magnetic field
may also intensify output signal 45, producing enhanced output signal 60. According
to one embodiment, the magnetic field increases the intensity of the electromagnetic
radiation of request signal 30 to activate transponder 40 at farther distances.
According to the illustrated embodiment, the intensity of output signal 45 is enhanced
at a multiple between a range of four to five times. The intensities of request signal
30 and output signal 45, however, may not necessarily increase. Enhanced output
signal 60 may maintain the intensity of output signal 45 in some circumstances.

Loop antenna 50 may be formed to operate at any resonant frequency.
According to the illustrated embodiment, loop antenna 50 operates at a resonant
frequency substantially similar to the frequency of transponder 40. For example, loop
antenna 50 may resonate at 13.56 MHz, if transponder 40 generates output signal 45
at 13.56 MHz. Loop antenna 50, however, does not necessarily resonate at the same
frequency corresponding to the communication frequency of system 10.

Various modifications, additions, or omissions may be made to system 10
without departing from the scope of the invention. For example, loop antenna 50 does
not necessarily need to be coupled to article 35 to enhance transponder 40 output. As
another example, processor 15 may be omitted. As yet another example, loop antenna
50 may enhance request signal 30 and not output signal 45.

A diagram illustrating one embodiment of a loop antenna is described with
reference to FIGURE 2. A diagram illustrating one embodiment of a loop antenna

intersecting traverse surfaces of an article is described with reference to FIGURE 3.
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may result

in aresonant circuit operating with a resonant frequency f

given by Equation (4): 5f 2n LC (4) Loop antenna 50 produces a magnetic
field forwenbasmsosg request signal 30 and generating enhaotadoses2pdt

si gnal 60.
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conductor of loop antenna 50 may yield lower intensities of enhanced request signal

30 and output signal 60, and placing transponder 40 closer to loop antenna 50 may
yield greater intensities of request signal 30 and enhanced output signal 60.

FIGURE 3 is a diagram illustrating one embodiment of a loop antenna 50
intersecting traverse surfaces 310 or article 35. Loop antenna 50 may be coupled to
article 35 such that loop antenna 50 intersects traverse surfaces 310. Any number of
traverse surfaces may be intersected by loop antenna 50. According to the illustrated
embodiment, loop antenna 50 is looped around traverse surfaces 310 of a box, where
each of the traverse surfaces 310 includes a portion of loop antenna 50.

Transponder 40 may be coupled to article 35 proximate to any portion of loop
antenna 50. According to the illustrated embodiment, transponder 40 is coupled to
article 35 at traverse surface 310a. Transponder 40 may be coupled to any surface of
article 35 without departing from the scope of this invention. For example,
transponder 40 may be coupled to one of parallel planes 320. In general, the closer
transponder 40 is located to loop antenna 50, the greater the intensity of enhanced
signals. For example, the intensity of enhanced output signal 60 may be greater if
transponder 40 is located at any one of traverse surfaces 310, than if transponder 40 is

placed at any one of parallel planes 320.



WD 03/ 067508 PCT/ US03/03286 8 A diagramillustrating an enbodi nent of a

| oop antenna formng nultiple |oops is described with reference to FI GURE
4. A di agwermsiobisostrati ng one enbodi ment of a tuned | oopPamtiESases286 a
shel f application for multiple article identification is described with
reference to FIGURE 5. A flowhart illustrating a nmethod of article 5
identification is described with referente to FIGURE 6. "Each" as used in
this docunent refers to each nenber of a set or each nenber of a subset of

a set. FIGURE 2 iBGHRH A% AflabtabhlBlub@dtindCandthee eRBOAiIRAL 04 1 Ia(ﬁfuamarsbenna
50. According to the illustrated enbodi nent, |oop antenna 5 %/ p
angd g

coupled to aﬂpmmng anulgple deops. | Avigleadd armybesequipned witlp adeep pisxn

1 ansponder iy bORPA Iy SONRs s BB CORESRORSER o B5PA e,

substantlally i He"ed enna

however, mayntbemGBipR RDdps Qo 3kvld shmilfipleeloop amtdning |ptandb.410Tr A@scnaim@efo tHe may
be coupl ed to article 35 anywhere on | oop antenna surface 210. According to
the il ustr alusgrategisaodinent, lpplaﬁgtﬁwdéq ingfudes (R oD KEMPEEAR RPNl o0op

ant enna 90, oR8Engs LEANTBENdSin 4t H00ER Bim s AR LrABGindR

conduct or oop antenna |nten ities o ance
request si guaparBfig dioch thetoope of mminvﬁﬁ)t;oranmcpdaaim'g rthe tinmbepointdeps 40looposer

to | oop antenna 50 na ield eat |nten5|t|es 0 equest signal. 30 and
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article 35. Loop antenna 50 nmay be coupl’ed artitcle 35 such ti%at | oop
ant ennal80 isignelr éQacthr exavples ranspolider € BaY bemia}cedmw eitifer tantenna plane

f by | to th
;Srlrugtcre:tt (randa¥11 ‘?‘r%ro toﬁéfs’lgqce ‘f%rgﬁ%%\ﬁ‘?gﬁﬁ éﬁ'ﬂ'lagcel d‘}%“tcﬁ%%% d t?averese surf aces

310 of a box, V\hqfrﬁlspl;_ P 40mdye 15&@&@6@@%&@@@5 aBitt 3NGiHeadepattidkt | ON
of | oop antenna 50 ransponder 40 may be coui_)l ed to article 35 proximate
f

to any port ifiom dfe seans oD thigArwentian.5olollyang dhagamg mmlpleldﬂgm@ewnh
erbodi tent . siRRIRPROARIURE 2 BieTBrRYAo! GinoRied! i Yt o bR Be el |

310a. Transpo é’coupled~t 6 any sur
15  transponder 40 is proximate to the conductor of loop antenna 50. According to the

illustrated embodiment, greater intensity of enhanced output signal 60 may result
from transponder 40 located proximate to the conductor of loop antenna 50 at any one

of the loop antenna planes 410.
FIGURES 5A and 5B are diagrams illustrating a tuned loop antenna 500
20  installed on a shelf 520 for multiple article identification. FIGURE 5A illustrates
tuned loop antenna 500 coupled with a capacitor 510 installed at a shelving unit 515
comprising a shelf 520. Shelf 520 is associated with a shelf plane 525. Tuned loop
antenna 500 may be installed parallel to shelf plane 525, perpendicular to shelf plane
525, at a diagonal angle ¢ with shelf plane 525, or in any other direction suitable for
25  enhancing output signal 45 for multiple transponders 40. According to the illustrated
embodiment, tuned loop antenna 500 is coupled to shelving unit 515 at a diagonal
angle ¢ with shelf plane 525. Any number of tuned loop antennas 500 may be used at
shelving unit 515 without departing from the scope of this invention. For example,
for a shelving unit 515 having multiple shelves 520, each shelf 520 may be equipped

30  with a tuned loop antenna 500.
Tuned loop antenna 500 may be coupled with capacitor 510 to form a resonant

circuit operating at a resonant frequency as described by Equation (4) at or near the



article 35 wthout departing fromthe scope of this invention. For exanple,
transponder 40 may be coupled to one of parallel planes 320. In general,

t he cl osewo wBmarssponder 40 is |ocated to | oop antenna 50, pcraiSgs/eazser t he
intensity of enhanced 30 signals. For exanple, the intensity of enhanced
out put signal 60 may be greater if transponder 40 is |ocated at any one of
traverse surfaces 310, than if transpond@r 40 is placed at any one of
paral | el planes 320. WD 03/067508 PCT/US03/03286 9 FIGURE 4 is a diagram

i1l ustrati ngrgueidyess @Rpsiderab. dapdcit@OP (BmheRBApASE aﬁfae'meg stidbld Pdre
| oops. Article 35°may be equi pped with a IooE antenna 50 and a transponder
40, shown asddingplaperifancerfoGURECUL. Aseprdimgt terthe ilbGtmted dnebodimenddcapasitar

mul tiple | oggaé.t Ogéie&rlggﬁa%” tiple |l oop antenna planes 410. According to the

5 illustrat hh Ibop antenna 50 includes two | oops conpri sing

| oop antenna pl anmed 4463 adfetn# 500 mhpol edifigard &ObeBYokigiAR adymmupleer of
| oops without departing fromthe scope of this invention. Increasing the

nunber of | @iEesads| odpcording darthe Sbustiptadegrabedimgat, papib artide ISoimsludes énna

pl anes, whi Locr ' r I may
D1 6l'd-or eat SnHRFUEERE SaForBIREE 40 ooy Syt UEk 4 EERRE AT i

t ransponder lédép amyniaesSql. aBade:aingilg epillees3arnbaprising | mulepleddficleo35444¢h t o
yield greater intensity of enhanced out put s({ gnal 60. Transponder 40 may be
| ocat ed on &AYPIEd P A Bagsponger 4y dnads bgistRGyed Q¥ phsYsiey 1G RoAe theedsla9Be of

this inventi ] thenss Walen ' | rence to
FI GURE 2, tﬁg{éimrl]%:g?]ds%;é%? enhancelglpgilljti3 gﬂu@eglc}gﬁ?%bg%ﬁgné?ﬂag al{ge? gg(?er i f 15

transpodfler 40 i FIGURE fisa diegmaheillostratingttareddbop ampnrantOdnioeming@. mitpler di ng
to the illuystrat odi.nent , . ater intensjt f enhanc out put si gnal
60 oy T esuleoPs PRl e B iR ST ok et ok o e S0 AT of

| oop ant ennanifpRliodRYo 2RI 108p ahtBnd Jﬂ%S%QD@WSMb@Uﬁ@ ftkber bt [ddBERayA and

5B are diagrams illustrating a tuned |oop antenna 500" 20 installed on a
shel f 520 f & uged ati lpbr anteniaci® wideoutideparting rom the Gz &Ahisl inventioat ddie

operation of tuned loop antenna 500 forming multiple loops follows the same
15  principle as described with reference to FIGURE 4. For example, greater intensity of
enhanced output signal 60 may result from transponders 40 located proximate to the
conductor of tuned loop antenna 500 at any one of the loop antenna planes 540.
FIGURE 6 is a flowchart illustrating an embodiment of a method of article
identification. The method begins at step 600 where loop antenna 50 enhances a
20 request signal 30 transmitted by transceiver 20. Loop antenna 50 detects request
signal 30, which may induce a magnetic field in loop antenna 50 that enhances
request signal 30.
The method proceeds to step 610 where a transponder 40 receives enhanced
request signal 30. In response to the request signal 30, transponder 40 generates an
25  output signal 45 at step 612. Transponder 40 generates output signal 45 comprising
information corresponding to article 35. Transponder 40 may generate the output
signal as a result of the request signal 30 energizing transponder 40.
The method proceeds to step 614, where a loop antenna 50 enhances the
output signal 45 to generate an enhanced output signal 60. According to one
30 embodiment, output signal 45 may cause a current at the elongated conductor of loop
antenna 50 resulting in a magnetic field that increases the intensity of output signal

45, producing enhanced output signal 60. According to another embodiment, request



tuned | oop antenna 500 coupled with a capacitor 510 installed at a shel ving
unit 515 conprising a shelf 520. Shelf 520 is associated with a shelf

pl ane 525v0Danedos oop antenna 500 may be install ed paral lpelr/uses/etzed f pl ane
525, perpendicular to shelf plane 525, at a diagonal angle (p with shelf

pl ane 525, or in any other direction suH abl e for 25 enhanci ng out put

signal 45 for nultiple transponders 40. "According to the illustrated

enbodi ment, tuned | oop antenna 500 is coupled to shelving unit 515 at a

di agonal  aR@hal §® nviyt Nss ek Pbanet 22%he AdYgatedrRenduRiort dMiBep lag@AnaBbennas
500 may be used at shel vi.n? unit 515 without departing fromthe scope of

t hi s i nvent iressltinggn agxagmptielicldithat maysnarasele wtansitg obouinnt signahdd-t i pl e

shel ves 520, each,.s e [ ' . enna
500. Tuned | oop gﬁt%ﬁlﬂéléo ? myv‘%emg%ﬁ%r‘%gg%e%g eﬁié%gggtogwhg%@ng g%@% a
resonant cifsrtwards pper@insegvat 2@ rasaenol 8f ragueney 2@siefdalied ashhbiyced
Equation_(4) at or near the WD 03/067508 PCT/ U§O3/ 03286 _10 frequencg of
t r ansponder o#put ggpa 90t Pbtamthgagiorpaiam; COBFreSRARINIP AHIGS 3 2-abTa8sTedYer 28ddi ng
capaci tance LG Ll C i ok I

capaci t or gﬁ%a?dssctg I{}gunegﬁ)régbggc?tﬂggz.d’ '%etn@go Sggﬁ gé\?{%ﬁ)ﬁg&S 861 krlrlgg%%s for
confi gured pomcessing, aftermhieh the method @ids. 5 articles 35. According to the

illustrated enbodi nent, eac ticle, 35 j.pcl udes t ransponder, .40, . each
{r ansponder 40 pSUmaTg b8 OGEL e grod PG ‘Urprafhomtt B Hha URbIF st
antenna 500 .ifgit Qéjﬁ%{gefroﬁ\ el Fife GRARIbR! T9r %Hirhbl@,' Berifdtin 'cﬁﬁplﬁ5,

t
each coupled to a transponder 54(8;,6 may be surveyed by a system IO using
tuned | d0p signaletnat BEOO6 Bhmaybeeetformeethsubstentilly smubancovflyeritthenhaagisgonder

40 at pallet, 530. 10 FIGJRE 5B, is a diagramillustrating tuyned | ant enna
500" of mi ng MR PEPS BE o Rt arRetholitr Samplengleanide Bk B BBl il
tuned | oop %Mtﬁié%h&&@nféﬁb/off%@umw &ff sdrRald LRmited by tedndcdig@@oant enna

pl anes 540a and 540b. Any nunber of |oops may be used at | oop antenna 500

wi t hout departi n§eftrignembedimentiseofothe tinyation sy ipsrvidernae osgaerst tieeniesl t uned
| oop ant enn%déa%?agfegr IR %h%&ltgdgmaéeogpgng gAli)gd}ﬁlehthl%a? ¥%hat a loop antenna
15 may be used to enhance the output signal of a transponder. Accordingly, the distance
between a transceiver and a transponder may be increased while maintaining the
power of the transceiver and the size of a transceiver antenna.
Although an embodiment of the invention and its advantages are described in
detail, a person skilled in the art could make various alterations, additions, and
20  omissions without departing from the spirit and scope of the present invention as

defined by the appended claims.



15 principle as described with reference to FIGJURE 4. For exanple, greater
intensity of enhanced output signal 60 nay result fromtransponders 40

| ocat ed pwoxsmetsesto the conductor of tuned | oop ant ennaPe@@sat/ozsy one of
the | oop antenna planes 540. FIGURE 6 is a flowhart illustrating an

enbodi mrent of a nmethod of article identification. The nethod begi ns at
step 600 where | oop antenna 50 enhances | 20 request signal 30 transmtted
by transceiver 20. Loop antenna 50 detects request signal 30, which may

i nduce a magngiTciSf CEAEMED Iseop ant enna 50 that enhances request signal

30. The nethod proceeds to step 610 where a transponder 40 receives
enhanced requestl. si grgl ar§ole identifieappariyatemp cmprisiegjuest si gnal 30,

t ransponder 40 ge[}erat es, an glgté),ut put signal 45 at step 612. Transponder
40 generates outﬁ'an?@néPpﬂg onprising information corresponding to
article 35. Transpondeendftemayreg@Rersidral,t e edsupstt sighilgogdralsle @ r&mustt of
t he request signal 30 energizing transponder 40. The nethod proceeds to
step 6149 mﬂgp@nalqwgemngméoswaéw%ﬁ%s the output signal 45 to
generate an enhanced i According to one 30 enbodi nent,
out put signal 45 may ggﬁggﬁg&%gggé%$gg?’the el ongat ed conductor of | oop
ant enna 50 resul taitragsponder comgledito thefartdlel andaperableteeases the i ntensity of
out put signal 45, produci ng enhanced out put signal 60. According to

anot her enbodi nent, r &efEEENBABS! H6REAPCT/ USO3/ 03286 11 signal 30 may
al so cause a current %%nér&t% ﬁ'dﬁfftﬂﬁﬂsf‘g%apm@b%ﬁé t@P{hel 1RQRsB HgRAN e htput
resulting in a nagnetic field that may increase the intensity of output
signal 46. Aignst@mBistg the anfewsitive coaedpendiag Abthdartande;sindnhanced out put
signal 60 and forwards it to transce@ver 20. 618, transcgiver 20

{ st
denodul at es enhadc'28P HBEBHR HPIVAYAQ thg FrangPYisey; tﬁe ﬁﬁ%p PREBPHSPFIERIe to

cor r espondi RghdiRe ahé iottpdt IRnall B BGRIERIer 2PefaBleVRY BtedtOthBl ABSRRA oulput at
step 620, the information corresponding to article 35 for processing,

af t er whi chsignel andirherivethd snfoimrasies caryspeadiagdethe astglet ed, nodified, or
performed in any suitable order

15 2. The system of Claim 1, wherein the loop antenna is further operable to
enhance the request signal; and wherein the transponder is operable to receive the

enhanced request signal.

3. The system of Claim 1, wherein the loop antenna comprises an
20  elongated conductor operable to conduct a current, the current operable to increase a

magnetic field operable to enhance the output signal.

4. The system of Claim 1, wherein the transponder comprises a Radio

Frequency Identification (RFID) tag.

25
5. The system of Claim 1, wherein the loop antenna comprises a
conductor operable to resonate at a resonant frequency substantially equal to a
communication frequency associated with the request signal.
30 6. The system of Claim 1, wherein the loop antenna comprises an

elongated conductor, the elongated conductor being substantially proximate to the

transponder.



wi t hout departing fromthe scope of the invention. For exanple, generating
output 10 signal 45 at step 612 may be perfornmed substantially

si mul t anewoaB61sNE h enhanci ng t he out put signal at step 6PET/UA83/6328¢ her
exanpl e, step 600 may be nodified to include enhancenent of any nunber of
signals transmtted by transceiver 40. Certain enbodi ments of the invention
may provi de one or nore technical advalll%‘ages. A techni cal advantage of one
enbodi mrent may be that a | oop antenna 15 may be used to enhance the out put
signal of a trangpondehe Qe dfNOlayn I,h@helesi ARC Qodf laRBRa &ohlpRRES @hVer
and a transponder may be i'ncreased while maintaining the power of the

t ranscei ver elngdated eosductoroformingr apkiwality of leapse pach. logp tassngiptedawitbreolodbrent

of the invention and its adyantages,are descri,bed. in . det ai a_person
kil 'ed i n GHESER Fiags, dheionRREns SPFavR G rRERES IR sishEl Giibe nBhgoh
om ssi ons %Fd&@ﬂhted@ﬂﬁiélbr[%td‘drc@ﬁllﬁdf& of g lobp.and scope of the present
invention as defined by the appended clains. WO 03/067508 PCT/ US03/ 03286
12 WHATSIS CLAIMED IS: 1. An article identification system conprising: a
transcei ver opergble : r . t. Sl , j I
operable to r equg'st ﬁfﬁ?ﬁ%ﬁé’? ﬁﬁﬁcgﬁggg%ocﬁﬁp%{gm{goa é@%ﬁf?gﬁ@s})g}ﬁ%@
transmt thehe Slgtisy of tigRgondds coRpasing dies trampphd, taxht thansparidet bperabld
operable to: receive the request signal; and generate an output signal in
response to'®he request signal, the output 10 signal conprising the
i nformation CO”?&-E%%é"&qBQstEi alddd cle; and a loop antenna proxinmate to
t he transponder, the | oop ‘antefina’ operable to enhance the output signal,
the tramBcei ver gparablie ¢wpweigal intrbsporsttatbectqoest pighal; sadynal and recei ve
the information (v:v%re;e?r? %?enfci)loggange%ng ngg;igéscel ?u'ned loop antenna associated with a
capacitor, the tuned loop antenna forming a resonant circuit operable to resonate at a
resonant frequency substantially equal to a communication frequency associated with
the request signal, the tuned loop antenna operable to enhance the output signal of the

15  plurality of transponders.



15 2. The systemof Caiml1l, wherein the | oop antenna is further operable
to enhance the request signal; and wherein the transponder is operable to
recei ve twe o3métsesced request signal. 3. The system of C acmiubps/edes ei n t he
| oop antenna conprises an 20 el ongated conductor operable to conduct a
current, the current operable to increase a magnetic field operable to
enhance the output signal. 4. The systeafof Caim1l, wherein the
transponder conprises a Radio Frequency ldentification (RFID) tag. 25 5.
The system of C gi m 1A Wa@bBioRaltioR iiORTcARSERBAPESIRR! | Ses a conduct or
operable to resonate at a resonant frequency sugstanti ally equal to a
communi cati on fr eepgbney aasgussi sigeal frdm v trinsceizep dha regugsisignaBopeablehe
systemof C aim.1 vvhetr. ein_the | e]] ant enna conprises an el ongated
conduct or, ferﬂé‘e%t|%§?§‘8?é?i’%°6¥?a%%’f*mngé’P ‘SUbstantially proximate to the

transponder. VOg@drDABopIY ABAO0S BBfspoder in rddpOnsey ! tBETéfuest stdria, 1,

wherein the | oop antenna conpri ses an elongated conductor formng a
plurality othg Gyppondeschaupled o desytirls: B UPW shenabspmpEFing thaindpmpationt he

| oop being t he output signal of the transponder

pr oxi mat e tggﬁiﬁggﬁggg%@ggﬁ%gﬁduct or of the loop. 5 8. The systemof Caim
1, further conprieshanging thé ouphi signadfusinganiepp adensa, thé wepphtenad ptoximbte
transponders conprising the transponder, each transponder operable to:
recei ve the!q B§t@8sPadERHal ; and 10 generate the output signal in response

to the request signglng MRSl Ehipl WerPAANEHhARERECAHRT 1 56 @ tuned | oop

ant enna associ ated w
10 receiving the information corresponding to the article.

10.  The method of Claim 9, further comprising
enhancing the request signal using the loop antenna; and

receiving at the transponder the enhanced request signal.

15
11. The method of Claim 9, wherein the loop antenna comprises a
conductor operable to conduct a current, the current operable to increase a magnetic
field operable to enhance the output signal.
20 12. The method of Claim 9, wherein the transponder comprises a Radio

Frequency Identification (RFID) tag.

13. The method of Claim 9, wherein the loop antenna comprises a
conductor operable to resonate at a resonant frequency substantially equal to a

25  communication frequency associated with the request signal.

14.  The method of Claim 9, wherein the loop antenna comprises an
elongated conductor, the elongated conductor being substantially proximate to the
transponder.

30



capacitor, the tuned |oop antenna formng a resonant circuit operable to
resonate at a resonant frequency substantially equal to a comrunication
frequencywessoeiset ed with the request signal, the tuned IPeoSantRBna
operabl e to enhance the output signal of the 15 plurality of transponders.
WO 03/ 067508 PCT/ US03/03286 14 9. A net ?od of article identification,
conprising: receiving a request signal froma transceiver, the request
signal operable to request information corresponding to an article;
generating an outjgut SpH@ngilethdl & Ulaiﬂsppﬂﬂﬁfeihﬂhéelsﬁgrh%@erﬁ@ doigprises umst
signal, 5 the transponder coupled to the article, the output signal

conpri si ng tlaghted condudternformingr & ppeddy wd 1eepsy sechaloop aissociaseth withi slpophe

out put signal, usi 0 nt t i e

t ransponder ;ant&g{lae@tgllj%gth? %@p %ﬁ’ﬁ% %@ gr& bfgﬁﬁ ﬁlﬁl?a%gf g%a(ﬁﬂgﬁ SF%’]’ gi({’ﬁgf% gr(%relsltp\(é relzrl%} and
10 recei Vi ngrédiMatenb dd@bn@redcondesaaidheigopo the article. 10. The nethod
of Claim9, further conprising enhancing the request signal using the |oop
antenna;and receiving at the transponder the enhanced request signal. 15
11. The nmet hod of;<C aiqm.9 r.ei | Of n . GO uct or
operable to condt}g't aTc'ﬂﬁr?lg%{tefg o?h(gla%:rﬁregr’eﬁ]?&gge%%@n%og?ﬁgﬁ)ggg glc(r%ggneti C
field oper alaaspoadeninangpensd® the reauestssigiad furtizd caprigdsegemertatingl a plurditgi m 9,

wherein the transponder, conprises. a Radio Frequency ldentificatio RFI D)
tg. 1. Thel HBRRG G o fr DOl dl HoRReniGp Ch LA B SR
conduct or 0REHBRLIAL KR HAIPETRICE calh RarlsPSRIRABperhbIB@IIENCY substantially equal
to a 25 conmuni cagl on frequency associated with the request signal.

10 receive the request signal; and

generate the output signal in response to the request signal; and
wherein enhancing the output signal using a loop antenna further comprises
enhancing the plurality of output signals, the loop antenna comprising a tuned loop
antenna associated with a capacitor, the tuned loop antenna forming a resonant circuit
15 operable to resonate at a resonant frequency substantially equal to a communication
frequency associated with the request signal, the tuned loop antenna operable to

enhance the plurality of output signals.



14. The method of Caim9, wherein the | oop antenna conprises an el ongated
conductor, the el ongated conductor being substantially proximate to the
t ranspondwn.038675v0 03/ 067508 PCT/ US03/ 03286 15 15. The nmechacso®63268 ai m 9,
wherein the | oop antenna conprises an elongated conductor formng a
plurality of |oops, each | oop associated with a |oop antenna plane, the
| oop being operable to enhance the outpd? signal of the transponder
proxi mate to the el ongated conductor of the loop. 5 16. The nethod of Caim
9, wherein generati Ng gy BE4rtisle SMakifidhtich, C(t,rh?,zgssiﬁ%gnder in response to the
request signal further conprises generating a plurality of output signals
at a plurality ofa meanssfoomterveng 2 mequestisigiial fspnop tranagesyondierrsquesosignilsi ng
t he transponder zach trtan% onder o er%gle ttO:&%IO recei ve the request
si gnal ; and °BenRledP Lequl 1 BN RondINg R AR AT o t he request signal
and wher ei n enhanRChBhst 6 gendriit &1 Bt LighdlCatar ir@@PoAdYr 8 8spbHEd fethe
conprises enhancing the plurality of output signals, the |oop antenna
conpri si fig &equgstadgtabdhe transpendes cauped fosthe @rtigle, fheowpysignabgomprieng theed
| oop antenng £arm N9 e%foﬁﬁﬂ%’*f’ t}féid’rﬁ&%l 45 operable to resonate at a
resonant frequency substantli y equa *§0 a cormuni cati on frequency
associ ated w th tiwns éawahincingihaloutpulsighalneihg © iy paintetinaathe heopadiltennt o
enhance the plurality of output signals. W 03/067508 PCT/US03/03286 16
17. A systeRfQB‘Fma‘iettPgheetrar”d%‘HﬁeFi cation, conprising: a means for receiving a
request signal T pUmhack/8REGE HEbnhduBE BABHSHnaPhARBlranRBREARRE 1O T equest
i nformation corresponding to an article;

10 means for receiving the information corresponding to the article.



a nmeans for generating an output signal at a transponder in response to the
5 request signal, the transponder coupled to the article, the output signal
conpri si nyotoee7sdf or mat i on corresponding to the articl e; pamdiso®edrse f or
enhanci ng the out put signal using a | oop antenna, the | oop antenna

proxi mate to the transponder; neans for detecting the enhanced out put
signal at the transceiver; and 10 meand’for receivi ng the information
corresponding to the article. WO 03/067508 PCT/ US03/03286 17 18. An
article identifiqgti on\SyatRAentiPORIInSySEm, cémpri@Rgcei ver operable to:
generate a request signal, the request “signal operable to request
information corredposivegoperablatairticle; and 5 transnmit the request signal;

a transponder conpri si nI? Radi o Frequency Identifi.cation I?FI D) tag t he
grate agpélrea ble  t St

transponder coupl ed t &° af t'c8YL & fOaCyt 031 Epal QRTPlE HE Felllitist

si gnal ; and jgeARitRnCoaRspntdtaito ah @Rkle; bfid r esponse to the request signal,
the output 10 signal conprising the information corresponding to the

article;Sand a | oop aftessm thegapiasssignplan el ongat ed conduct or bei ng
substantially prox] tran n : }&9@ o]
operable to reso%a%éenqgéfdée} %Peggﬁlé%taa ??@8&%&%@65§§6§%n3ﬁ??%ﬁ§ eq ;tﬁ é’t {ct)lea

comuni cat i eandpoaderaionyledss deiapticdelad dgerabld: r equest signal , the el ongat ed
conductor operable to conduct a current, the current 15 operable to
i ncrease a magnetic freacHedpereanss sigBalepihnce the out put signal, the

anscetve one abLe ShdBelodle AL AU oLt DS

10  signal comprising the information corresponding to the article; and

a loop antenna comprising an elongated conductor being substantially

proximate to the transponder, the elongated conductor operable to resonate at a

resonant frequency substantially equal to a communication frequency associated with

the request signal, the elongated conductor operable to conduct a current, the current

15 operable to increase a magnetic field operable to enhance the output signal, the

transceiver operable to detect the enhanced output signal and receive the information

corresponding to the article.



19. An article identification system conprising: a transceiver operable
to: generate a request signal, the request signal operable to request

i nformat iwp ososTSespondi ng to an article; and 5 transmt tRreTrESglerse si gnal ;
a transponder conprising a Radio Frequency Identification (RFID) tag, the
transponder coupled to the article and oger able to: receive the request
signal; and generate an output signal i A response to the request signal,
the output 10 signal conprising the information corresponding to the
article; and a | qop a%ﬁﬁﬂ@leqmﬁba&idﬂy@@n@b&ﬂﬂﬁﬁ@% conduct or bei ng
substantially proximate to the transponder, the el ongated conductor
operabl e to resondrassegives opereblgrieint frequency substantially equal to a
comuni cati on frequenc o¢i i e e i the gat ed
conductor formng a pl Irl%?iétjg/ %h&?qg)\(l)gl ,l’eg{‘}hr{qgg% %@‘ﬂsg@%‘ﬂé‘ e W%ugaa | oop
ant enna pl angforrhdtion eRsfdiding topeaalle ahd enhance the output signal of the
transponder proxinmate to the el ongat.ed conductor of the | oop, the

el ongat edl conduct or oftTHBILthIsINssEY&Mle to conduct a current, the current
operable to increass Lenkiehdg; t 05E RS p
signal, the transa,lcel vggn&g%gﬁgbﬁgétao g(gtgggr% t gyég ngl?l?eé Ol(,lt put)otg%’g{rflltgl and
recei ve t he tian§pondetdoapled 20 thearticds pohapienapld w:t he article. W 03/ 067508

PCT/ US03/ 03286 19 20. An article identifjcation system conprising: a
transcei ver operabl e tr‘?)c.e“@éh%FeQP%“élgP qﬁ‘é‘gt signal, the request signal
operabl e to request i BhQEBH Rt AZNEFROREIISe (PR Rhudstbighd, Be cﬁft%ﬂtC' es;
and 5 transmt the request signal; a plurality of transponders, eac

t ranspohfler signaimongirisingth®idomation gorresppnding to the article; and

a loop antenna comprising an elongated conductor being substantially

proximate to the transponder, the elongated conductor operable to resonate at a
resonant frequency substantially equal to a communication frequency associated with

the request signal, the elongated conductor forming a plurality of loops, each loop

15 associated with a loop antenna plane, the loop being operable to enhance the output
signal of the transponder proximate to the elongated conductor of the loop, the
elongated conductor of the loop operable to conduct a current, the current operable to
increase a magnetic field operable to enhance the output signal, the transceiver
operable to detect the enhanced output signal and receive the information

20  corresponding to the article.



Identification (RFID) tag, each transponder coupled to an article of the
plurality of articles, each transponder operable to: receive the request
signal ; awo 0(k@¢esier ate an output signal in response to tPeTrEsgseRse si gnal ,
each output signal conprising the information corresponding to the article
of the plurality of articles; and a | oop antenna conprising a tuned | oop
antenna associated with a capacitor, t hé tuned | oop antenna formng a
resonant circuit operable to resonate at a resonant 15 frequency

substantially eqygl tQparGOETAMGRLARYEERANEGASYsiAgSOCI ated with the
request signal, the tuned | oop antenna operable to enhance the output

signals of the pltxansdeivey opérabledgisponders by generating a current, the

current operable to increase a mggﬁaf: @ligele\%gethe t ransc ilver re%bl eto
rece

det ect the enhanced o&tPUE st 7A€ feaMey haenale gRstally o redjies

|
cor r espondi RgoiRation@oRletodldingtto @fpldhlity ©ff ficledOand

5 transmit the request signal,;

a plurality of transponders, each transponder comprising a Radio Frequency
Identification (RFID) tag, each transponder coupled to an article of the plurality of
articles, each transponder operable to:

receive the request signal; and
10 generate an output signal in response to the request signal, each output
signal comprising the information corresponding to the article of the plurality of
articles; and

a loop antenna comprising a tuned loop antenna associated with a capacitor,
the tuned loop antenna forming a resonant circuit operable to resonate at a resonant

15 frequency substantially equal to a communication frequency associated with the
request signal, the tuned loop antenna operable to enhance the output signals of the
plurality of transponders by generating a current, the current operable to increase a
magnetic field, the transceiver operable to detect the enhanced output signals and
receive the information corresponding to the plurality of articles.

20



