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SYSTEMS, METHODS, AND ASSOCIATED 
RFID ANTENNAS FOR PROCESSING A 
PLURALITY OF TRANSPONDERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of US. 
Provisional Application No. 60/866,090 ?led on Nov. 16, 
2006, Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND 

[0002] Magnetically coupled radio frequency identi?ca 
tion (“RFID”) technology alloWs data acquisition or trans 
mission from and to active (e.g., battery-powered, -assisted, 
or -supported) or passive RFID transponders using RF mag 
netic induction. To read or Write to a transponder or a memory 
element of a transponder, the transponder is exposed to an RF 
magnetic ?eld that couples With and may energiZe the RFID 
transponder through magnetic induction and transfers com 
mands and data from a reader using a prede?ned “air inter 
face” RF signaling protocol. 
[0003] When multiple transponders are Within the range of 
the same RF magnetic ?eld they may each be energiZed and 
attempt to communicate With the transceiver, potentially 
causing errors in reading or Writing to a speci?c transponder, 
often referred to as collision errors. Anti-collision manage 
ment technologies exist to alloW near simultaneous reading 
and Writing to numerous transponders in a common RF mag 
netic ?eld. HoWever, anti-collision management increases 
system complexity, interrogation time, and cost. Further 
more, anti-collision management is blind, i.e., it cannot deter 
mine What transponder or transponders are responding out of 
a plurality of transponders near the antenna of the reader. 
[0004] One Way to prevent errors during reading and Writ 
ing to particular transponder Without using anti-collision 
management is to isolate that transponder from the nearby or 
adjacent transponders. For example, devices or systems may 
employ an RF-shielded housing or anechoic chamber for 
shielding a targeted transponder from the other transponders. 
The transponders are individually passed though the shielded 
housing or chamber for individualized exposure to an inter 
rogating RF magnetic ?eld. Unfortunately, RF-shielded 
housings add cost and complexity to a system. Furthermore, 
many systems are limited With regard to space or Weight and, 
thus, cannot accommodate such shielded housings. 
[0005] When transponders are supplied attached to a carrier 
substrate, e.g., RFlD-mounted labels, tickets, tags or other 
media supplied in bulk rolls, Z-folded stacks or other format, 
an extra portion of the carrier substrate is required to alloW 
one transponder on the carrier substrate to exit the shielded 
?eld area before the next transponder in line enters it. The 
extra carrier substrate increases materials costs and the 
required volume of the RFID media bulk supply for a given 
number of transponders. Also, the increased spacing betWeen 
transponders may also sloW overall throughput of the system. 
[0006] When the siZe or form factor of the utiliZed tran 
sponder is changed, the RF shielding and or anechoic cham 
ber con?guration may also require recon?guration, adding 
cost and complexity and reducing overall productivity. 
[0007] There are applications in Which it is desired to print 
on transponder-mounting media in the same target space in 
Which the transponder is being read from or Written to (e.g., 
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printer-encoders). This may be dif?cult to accomplish if the 
transponder must be interrogated in a shielded housing or 
chamber. 
[0008] Printer-encoders have been developed Which are 
capable of on-demand printing on labels, tickets, tags, cards 
or other media that include a transponder (often referred to as 
“smart media”). These printer-encoders have an RFID trans 
ceiver for on-demand communicating With the transponder of 
the individual media. For the reasons given, it may be desir 
able in some applications to present the smart media on rolls 
or other formats in Which the transponders are closely spaced. 
HoWever, as explained above, the close space betWeen the 
transponders may exacerbate the task of serially communi 
cating With each individual transponder Without concurrently 
communicating With transponders on neighboring media. 
The selective communication of an individual transponder 
among a plurality of closely spaced transponders may be 
further exacerbated in printer-encoders (or other conveyor 
systems) con?gured to print on the media in the same space as 
the transponder is positioned When being interrogated. 

SUMMARY 

[0009] According to an exemplary embodiment, an RFID 
system for selectively communicating With a targeted tran 
sponder from among a group of multiple adjacent transpon 
ders is provided. The RFID system may include a transponder 
conveyance system and an antenna. The transponder convey 
ance system is con?gured to transport at least one targeted 
transponder from a group of multiple adjacent transponders 
through a transponder encoding area along a feed path. The 
antenna includes a resonant inductor and a shielding element. 
The shielding element partially encloses the resonant induc 
tor thereby de?ning an exposed portion of the resonant induc 
tor and an enclosed portion of the resonant inductor. The 
exposed portion of the resonant inductor may further de?ne a 
coupling portion. The coupling portion extends lengthWise in 
the feed direction for providing lateral movement through the 
transponder encoding area of the targeted transponder rela 
tive to the antenna. 
[0010] The RFID system may also include a transceiver 
con?gured to generate one or more electrical signals. The 
antenna may be con?gured to generate a magnetic ?ux in an 
encoding area for communicating With the targeted transpon 
der based on the one or more electrical signals. 

[0011] In some embodiments the targeted transponder may 
be attached to a media unit. The RFID system may include a 
printhead for printing indicia on the media unit. For example, 
the printing of indicia occurs Within the transponder encoding 
area. 

[0012] The resonant inductor may include a spiral coil on a 
printed circuit board. The spiral coil may be planar, for 
example, it may de?ne a ?rst plane. The targeted transponder 
may also de?ne a plane, referred to as a secondplane. The ?rst 
and second planes may be either parallel or orthogonal to one 
another. 
[0013] The shielding element may comprise a ferrite mate 
rial. 
[0014] In another exemplary embodiment, a system for 
processing a targeted transponder among at least an adjacent 
upstream transponder and an adjacent doWnstream transpon 
der is provided. Each of the targeted transponder, upstream 
transponder, and doWnstream transponder de?ne a length in a 
feed direction. The system includes an antenna and a tran 
sponder conveyance system. The antenna de?nes a length 
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extending in the feed direction that is approximately equal to 
or less than the length of each of the targeted transponder, the 
upstream transponder, and the downstream transponder and 
is con?gured to generate magnetic ?eld. The transponder 
conveyance system is con?gured to transport the doWnstream 
transponder, the targeted transponder, and the up stream tran 
sponder along a feed path to an interrogation position in 
Which the targeted transponder and the antenna are substan 
tially aligned lengthWise. In the interrogation position, at 
least a portion of the targeted transponder collects magnetic 
?ux of the magnetic ?eld capable of activating the targeted 
transponder and neither the upstream transponder nor the 
doWnstream transponder collects magnetic ?ux of the mag 
netic ?eld capable of activation. 

[0015] According to this embodiment, the antenna is con 
?gured to generate a magnetic ?eld in the transponder encod 
ing area in response to the one or more electrical signals 
generated by the transceiver for communicating With the tar 
geted transponder. The magnetic ?eld may be represented by 
a plurality of ?ux lines and the antenna may be positioned 
relative to the feed path such that the plurality of ?ux lines 
extends generally perpendicular to the feed direction. 

[0016] In yet another exemplary embodiment, a printer 
encoder for printing and encoding a series of transponders is 
provided. The printer-encoder may include a housing, a tran 
sponder conveyance system, a transceiver, an antenna, and a 
printhead. The transponder conveyance system may be con 
?gured to transport at least one targeted transponder from a 
group of multiple adjacent transponders from a supply source 
along a feed path to a media exit of the housing. Each tran 
sponder de?nes at least a ?rst transponder activation ?ux 
Within the housing and a second transponder activation ?ux 
outside the housing. The antenna may be con?gured to trans 
mit a magnetic ?ux in response to electrical signals from the 
transceiver. The magnetic ?ux is greater than or equal to the 
?rst transponder activation ?ux in a transponder encoding 
area Within the housing for communicating With a targeted 
transponder in the transponder encoding area and is less than 
the second transponder activation ?ux outside the housing. 
The printhead may be approximate to the media exit of the 
housing and the antenna and be con?gured to print indicia on 
the media units of Which the transponders are attached. 

[0017] The transponder conveyance system may include a 
platen roller adjacent the media exit and the antenna. The 
transponder encoding area may be less than a length of a 
media unit from the media exit. 

[0018] Another embodiment of the present invention pro 
vides a method. The method may include providing an 
antenna having a resonant inductor and a shielding element 
that partially encloses the resonant inductor thereby de?ning 
an exposed portion of the resonant inductor and an enclosed 
portion of the resonant inductor, and Wherein the exposed 
portion of the resonant inductor extends substantially parallel 
to and along a feed path; transporting a targeted transponder 
out of the plurality of transponders along the feed path into an 
encoding area; and sending one or more electrical signals to 
the antenna such that the exposed portion of the resonant 
inductor emits a magnetic ?ux into the encoding area for 
communicating With the targeted transponder. 
[0019] The method may also include printing indicia onto a 
media unit, Wherein the targeted transponder is attached to the 
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media unit and providing a transceiver in communication 
With the antenna and con?gured to generate the one or more 
electrical signals. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0020] FIG. 1 illustrates a HP antenna for an item-level 
RFID system having a conveyance means; 
[0021] FIG. 2 illustrates a transponder equivalent circuit; 
[0022] FIG. 3a illustrates a ?rst position of a transponder to 
an antenna; 
[0023] FIG. 3b illustrates a second position of the transpon 
der to the antenna of FIG. 3a; 
[0024] FIG. 30 illustrates a third position of the transponder 
to the antenna of FIG. 3a; 
[0025] FIG. 3d illustrates a fourth position of the transpon 
der to the antenna of FIG. 3a; 
[0026] FIG. 3e illustrates a ?fth position of the transponder 
to the antenna of FIG. 3a; 
[0027] FIG. 3f illustrates a sixth position of the transponder 
to the antenna of FIG. 3a; 
[0028] FIG. 3g illustrates interrogation intervals betWeen 
the transponder and antenna of FIG. 3a; 
[0029] FIG. 4 illustrates a magnetic ?ux density produced 
in any ?eld point by a short Wire carrying a current and a 
transponder; 
[0030] FIG. 5 illustrates the magnetic ?ux density and tran 
sponder of FIG. 4, Wherein the transponder is represented by 
tWo parts; 
[0031] FIG. 6 illustrates a ?rst antenna to transponder 
alignment; 
[0032] FIG. 7 graphs the total magnetic ?ux through the 
transponders of FIG. 6; 
[0033] FIG. 8 illustrates a second antenna to transponder 
alignment consistent With an exemplary embodiment; 
[0034] FIG. 9 graphs the total magnetic ?ux through the 
transponders of FIG. 8; 
[0035] FIG. 10 graphs the total magnetic ?ux through four 
different transponder according to an alignment consistent 
With FIG. 8; 
[0036] FIG. 11 illustrates a printer-encoder consistent With 
an exemplary embodiment; 
[0037] FIG. 12 graphs the total magnetic ?ux through a 
transponder consistent With the alignment of FIG. 6; 
[0038] FIG. 13 illustrates the second antenna to transpon 
der alignment consistent With another embodiment; and 
[0039] FIG. 14 illustrates a magnetic ?ux distribution com 
parison for tWo antennas to transponder alignments. 

DETAILED DESCRIPTION 

[0040] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which some, but not all embodiments of the invention 
is shoWn. Indeed, this invention may be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will satisfy applicable legal 
requirements. Like numbers refer to like elements through 
out. 

[0041] RFID technology originally developed for auto 
mated identi?cation of aircraft and ships as a secondary radar 
applications, has become a poWerful tool in business process 
automation in many industries. HF RFID (High Frequency 
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RFID) is based on magnetic coupling between a transponder 
and an antenna and is highly immune to the interferences 
typical for industrial environments. A variety of HF RFID 
applications exists today. Many manufacturing and service 
industries have adopted this technology, including medica 
tion authentication in the pharmaceutical industry, patient 
identi?cation in the healthcare industry, product identi?ca 
tion and inventory tracking in the retail industry, access 
restriction for security systems and tickets processing in 
transportation service. A Wide application spectrum spreads 
from commercial and military to home and entertainment 
sectors. Recently introduced Near Field Communication 
(NFC) technology is also based on the magnetic coupling 
technology and is similar to Contactless Smart Card protocol. 
This technology opens neW applications for the RFID tech 
nology, such as for example, automatic payment using cellu 
lar phones in close proximity communication as a transaction 
vehicle. 
[0042] Three elements may comprise a RFID system: a 
transceiver (also referred to herein as a reader), a transponder, 
and an antenna. In order to satisfy the groWing demands of the 
HF RFID equipment many vendors offer tWo of the threei 
the HF Readers and the transponders. The third element of the 
system, the antenna, is not readily available. Although HF 
magnetic antennas are offered for radio broadcasting, trans 
mission sources location ?nders, and for EMI/RFI measure 
ments, HF RFID antenna selection is limited. While RFID 
and non-RFID magnetic antennas share common features 
such as sensitivity to the magnetic component of RF Wave and 
the ability to generate one, tWo principal differences exist. 
[0043] First, HF RFID antennas activate passive transpon 
ders (i.e., transponders Without an internal poWer source) by 
transferring the magnetic ?eld energy to them. Second, anten 
nas maintain bi-directional data transfer betWeen the reader 
and transponders. The transponder data transmission is based 
on the “load” modulation technique Which enables the reader 
to detect an antenna impedance modulation caused by the 
transponder. The reader may be con?gured to be sensitive 
enough to assure reliable transponder interrogation as soon as 
it gets energized. 
[0044] RFID magnetic antennas for conventional applica 
tions are aimed at activation and identi?cation of multiple 
transponders at the longest possible range. The goal of the 
antenna design for such applications is to detect transpon 
ders’ presence and provide a Wide coverage area. Transpon 
ders are activated by a uniform magnetic ?eld and the antenna 
interaction Within the interrogation zone is largely indepen 
dent of their parameters. 
[0045] An antenna design methodology considerably 
changes for RFID applications that demand an encoding of a 
single, targeted transponder surrounded by others. For these 
applications, a targeted transponder is positioned in very 
close proximity to an antenna and a speci?ed interrogation 
region (also referred to herein as a transponder encoding area) 
may be comparable With transponder dimensions. In this 
situation an antenna-transponder distance is only a small 
division of their sizes, transponders operate in principally 
heterogeneous magnetic ?eld and their interaction With an 
antenna is heavily dependent as much on distance betWeen 
them as on their dimensions and mutual alignment. 

[0046] To be successful in performing an interrogation of 
only one transponder, an antenna may be con?gured to have 
a feature referred to as spatial selectivity (“SS”). Spatial 
selectivity is an antenna’s ability to communicate With one, 
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single transponder Within a maximum available RF poWer 
from a reader and not communicate With neighboring or 
adjacent transponders. 
[0047] To increase an antenna’s SS, the magnetic ?eld 
emitted from the antenna may be shielded and suppressed to 
minimize or control the magnetic ?eld for entering adjacent 
areas outside of the transponder encoding area. A disadvan 
tage of such approach is that dimensions of shielding com 
ponents are greatly dependent on transponders geometry and 
must be adjusted for every neW transponder type. The shield 
ing of adjacent areas is only suitable for RFID applications 
Which use one, exclusive form-factor transponder. RFID 
applications Working With variety transponders the shielding 
method requires RF poWer increase and inevitably compli 
cates RFID system including an antenna design and develop 
ment. 

[0048] Another strategy for achieving antenna high SS may 
be based on an antenna magnetic ?ux forming technique and 
speci?c antenna-transponder alignment. Considerations for 
such a strategy may include one or more of the folloWing: 
[0049] classi?cation of RFID applications and parametric 
analysis of HF transpondersi“RFID Applications Utilizing 
HF Transponders”; 
[0050] implementation of Transponder Activation Mag 
netic Flux parameter for a transponder in heterogeneous mag 
netic ?eld and its association With geometry and electrical 
propertiesi“HF Transponders”; 
[0051] justi?cation of neW characterization parameters for 
an antenna-transponder structure and qualitative analysis of 
an interaction betWeen a closely spaced conventional HF 
resonant loop antenna and transponderi“Antenna-Tran 
sponder Characterization”; 
[0052] SS antenna development and its mathematical 
model correlating system performance parameters With a 
transponder and antenna geometry and their mutual orienta 
tioni“Magnetic Flux through Transponder”; 
[0053] quantitative analysis of spatially selective antenna 
transponder interaction for their tWo orthogonal align 
mentsi“Antenna-Transponder Interaction”; 
[0054] antenna circuit components justi?cation based on 
speci?ed activation magnetic ?eld, available Reader RF 
poWer and transponder coupled impedancei“Antenna Cir 
cuit”. 

RFID Applications Utilizing HF Transponders 

[0055] HF RFID applications and their relevant antennas 
magnetically-coupled With transponders Working in 13.56 
MHz may be at least divided by tWo industry independent 
groups. A ?rst group as Was mentioned before represents a 
“spatially distributed items” application type. Antenna design 
for this group is aimed at achieving maximum operational 
range With transponders Which are in a uniform magnetic 
?eld and located relatively far from an antenna or in any case 
Weakly coupled With it. This group may be shortly character 
ized by an inequality 

SMAX<<D (1) 

Where: S MAXimaximum size (dimension) of an antenna or 
transponder; and D4distance betWeen an antenna and tran 
sponder. 
[0056] In such a relationship (i.e., the distance betWeen the 
antenna and the transponder is much greater than the size of 
the transponder) the transponder receives a uniform or 
homologous magnetic ?eld, the calculation of the antenna 
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parameters is signi?cantly simpli?ed. In this type of relation 
ship, an antenna magnetic ?ux density distribution is calcu 
lated for a point in place of transponder. An antenna can be 
designed almost independently on transponders position 
because their presence does not practically in?uencing 
antenna electrical properties. 

[0057] Among huge variety of RFID applications a second 
group may be distinguished. This group represents a “con 
veyor” type or an item-level RFID. A demand for an item 
level identi?cation may be encountered, for example, in PCB 
fabrication, automotive parts manufacturing and assembly, 
integrated circuit manufacturing, books sorting in libraries, 
tickets processing in transportation service, monetary value 
certi?cates handling, enhancement in gaming industry, home 
automation, pharmaceutical manufacturing, implantable 
medical devices, Walking and reading assistance for visually 
impaired people, and smart packaging. 
[0058] The conveyor type of applications is a scenario 
Where transponders 122 (attached to the items 120) arranged 
one after another and prepared for a sequential interrogation 
in short distance to an antenna 132, e.g., as illustrated in FIG. 
1. A reader has to identify only one targeted item that is 
surrounded by adjacent items (or more speci?cally transpon 
ders attached to the items). This group canbe characteriZed by 
an inequality: 

D<<SM1N (2) 

Where: S MINiminimum siZe of an antenna or transponder. A 
feW divisions of the second group of RFID applications may 
further include a “static-object” and “dynamic-object” sub 
groups. 

[0059] A “static-object” is an item (or more speci?cally a 
transponder) that has a consistent position for an interroga 
tion, i.e., a close and ?xed distance to the antenna. A grade of 
antenna-transponder coupling and their mutual alignment 
remain unchanged for every conveyor stop-cycle. 
[0060] For a “dynamic-obj ect”, the aimed or targeted tran 
sponder is surrounded by other adjacent transponders. Unlike 
the “static-object” case, the position of the transponder to the 
antenna may vary. In this case, a relatively long interrogation 
range may be preferable for the transponder on its traveling 
Way (also referred to as a feed path) along the continuously 
moving conveyor. Even With a relatively long interrogation 
range, it may be desirable for the reader to be con?gured to 
selectively interrogate only one prede?ned transponder 
among others. 

[0061] In the case of dynamic objections under conditions 
of D<<S MIN, an antenna-transponder coupling grade in rela 
tion to their mutual alignment changes signi?cantly. An 
antenna With loW SS may activate a targeted transponder and 
other transponders, such as the tWo closely spaced adjacent 
transponders (one upstream and one doWnstream). Although, 
in some embodiments, a reader’ s anti-collision function (e.g., 
anti-collision ?rmware) may manage an identi?cation of 
many simultaneously activated transponders, it is unable to 
con?ne a targeted transponder. To discriminate a targeted 
transponder at prede?ned location using such an antenna, the 
transponder Would have to be spaced-apart great enough such 
that only one transponder is Within the relatively long inter 
rogation range. HoWever, the extension of the separation 
interval betWeen the transponders increases interrogation or 
processing time for the system. In the case of smart labels 
encoding in RFID printer-encoder system, an increase of 
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transponders pitch (distance betWeen transponders) causes 
carrier material Waste, as explained in more detail further 
beloW. 
[0062] In close proximity to an antenna the three dimen 
sional (“3D”) magnetic ?ux density is non-uniform and the 
magnetic ?ux through a transponder depends on its location 
and orientation in regards to antenna. As a result, for RFID 
applications described by D<<SM,N, the antenna is con?g 
ured in vieW of transponder geometry and its electrical char 
acteristics. 

HF Transponders 

[0063] The dimensions of typical transponders (also 
referred to as tags) used for HP item-level RFID and other 
applications vary from approximately 20 by 35 mm, for 
example, made by Texas Instrument and up to 85 by 135 mm, 
for example, made by UPM Rafsec. The transponder’s speci 
?cation usually includes ICs type, a resonant frequency With 
its tolerance and an important parameter for an antenna 
designimaximum required activation magnetic ?eld 
strength H A in uniform ?eld. The ?eld strength ranges 
approximately from 98 to 120 [dBuA/m] depending on ICs 
used, transponder inductors and their dimensions. In practical 
design, it may be more convenient to use H value expressed in 
[A/m] units. The conversion [dBuA/m] to [A/m] unit gives 

H[A/m]:10[(H[dBpA/m]’l2O)/2O[ 

Consequently, the transponder activation magnetic ?ux den 
sity B A [Vs/m2] for the uniform ?eld can be obtained using 

[0064] 
BA :mHAWS/m2] (3) 

Where: uo:4rc*lE-07[Vs/Am]iis the free-space magnetic 
permeability. 
[0065] Parameter H A is speci?ed for the uniform magnetic 
?eld and can be directly used in calculations of antennas 
satisfying an inequality of (1) above (i.e., S M AX<<D). For 
applications compliant With an inequality of (2) above (i.e., 
D<<SMIN), the transponders are in a heterogeneous mag 
netic ?eld Which ?ux density is spatially dependent. Antenna 
calculations for such case can not utiliZe the equation (3) and 
a Transponder Activation Magnetic Flux (“TAMF”) (IDA may 
be engaged instead. TAMF for a transponder Which is per 
fectly tuned to an operational frequency may be found as 

(DAIBAA [VS] (4) 

Where: Aitransponder loop area [m2]. The value A in (4) is 
the geometry mean dimensions (GMDm) and must be used 
instead of transponder coil physical dimensions. The time 
varying magnetic ?ux induces the voltage VC in transponder 
coil tuned at resonance equal to an operational frequency 
fO[HZ], thus 

VCIZnfOQBANT 

or using magnetic ?ux it gives 

VCIZnfOQNTQ 

Where: Qitransponder quality factor; and NTinumber of 
turns of transponder coil. 
[0066] If transponder resonant frequency is f R and different 
than frequency f 0 then transponder voltage ampli?cation Will 
depend on degree of frequency deviation from the operational 
frequency (fR—fO). Linking voltage VC (5) of the parallel 
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resonant circuit, Which is typical for HP transponders, With 
IC’s speci?ed supply voltage V A, gives 

[0067] The equation (6) concludes the more a transponder 
is detuned the higher voltage VC is required to achieve V A. 
Then transponder activation ?ux (IDA can be derived equating 
(6) and (5) and is given by 

2% —f0) 2 (7) 

(I) I l + f R ]Q] 
A WOQNT 

[0068] From the formula (7) folloWs that detuned transpon 
der With loW Q-factor Will have a higher activation magnetic 
?ux comparing With tuned, high Q transponder. 
[0069] In a general case, a quality factor of the parallel 
resonance circuit may be found by considering a transponder 
equivalent schematic (as illustrated in FIG. 2), Which includes 
resonant tuning capacitor C (comprising an imaginary part of 
an IC’s impedance), coil inductance L, resistor RL presenting 
an inductor losses and resistor RP, Which simulates a real part 
of an IC’s impedance. The Q-factor for LCR parallel circuit is 
determined as 

: RL 27rfRL 

27rfRL+ RP 

Considering (7) and (8) (IDA value given by (7) is higher than 
an activation ?ux calculated in (4) for tuned transponder. 

[0070] In heterogeneous magnetic ?eld a transponder gets 
activated When Magnetic Flux through Transponder (MFT) 
CDT exceeds (IDA value. Then the activation ?ux (IDA can be used 
in an antenna-transponder evaluation and analysis as a thresh 
old Which is de?ning boundary conditions for transponder 
activation interval. An integral parameter MFT characterizing 
an antenna-transponder structure is given by 

Where B X, Y, Ziis 3D distribution of the magnetic ?ux density 
(normal to a surface of transponder coil) and linear function 
of the current I circulating in antenna coil. This current is 
de?ned by Reader RF poWer and antenna equivalent imped 
ance. The impedance of the loop antenna tuned to resonance 
can be presented by feW components. It consists of a radiation 
resistance, a resistance that is equivalent to resistive losses of 
the coil, including tuning and matching elements and imped 
ance that is induced by a transponder via magnetic coupling. 
Considering a fact that a total circumference of an antenna 
coil is much shorter than an operational Wavelength, a radia 
tion resistance can be neglected. To simplify further an initial 
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analysis of an antenna-transponder interaction it is assumed 
that magnetic ?ux in antenna coil that is produced by the 
current in transponder is insigni?cant comparing With mag 
netic ?ux produced by an antenna itself. This assumption 
therefore implies that impedance induced by a tuned tran 
sponder is much smaller then a tuned antenna resistive losses. 

Antenna-Transponder Characterization 

[0071] HP antenna and transponder Working in immediate 
proximity to each other form a virtual device With one bi 
directional RF port. Properties of this neW device are de?ned 
by both elementsian antenna and transponder and tradi 
tional antenna characteristics such as directivity or antenna 
gain become inappropriate for the description of such com 
bined structure. One-port RF device further complicates its 
performance assessment. Only tWo characteristics of 
antenna-transponder conglomerate are practically available 
for testing. They are antenna impedance and RF poWer level 
for Which a reader indicates if transponder interrogation pro 
cess (including a completion of Write and read commands) 
has been successful or not. With the aim of ?nding proper Way 
of characteriZation of an antenna-transponder constitution a 
set of neW parameters Was established and implemented. 
Among them are a spatial selectivity (SS) introduced earlier, 
RF poWer margin, relative activation poWer and transponder 
activation interval. These parameters are measurable and 
capable of describing antenna-transponder properties and 
performance such as transponder activation interval and sys 
tem robustness. 

[0072] Spatial selectivity (as much as other parameters) is 
not an attribute of an antenna itself but rather a characteristic 

of an antenna-transponder combined structure. By de?nition, 
a high SS implies that for activation of a targeted transponder, 
located in an encoding interval (i.e., transponder encoding 
region), an antenna requires much less poWer than maximum 
poWer available from the reader. Upon assigning PTAT for 
minimum RF poWer to activate a transponder in targeted area 
and PTAA for poWer required for transponder activation in 
adjacent areas, SS parameter is obtained as 

P 10 
SS=lOLOg “A [dB]. ( ) 

PTAT 

SS can also be de?ned by the magnetic ?ux ratio using value 
(IDA (4) and ?ux trough an adjacent transponder (DMD 

[0073] 

(11) 
SS : 20 L 0g 

‘DTAD 

[0074] RF poWer margin II’ is another important parameter 
directly related to transponder activation interval or an opera 
tional range. As Was mentioned above one-port device alloWs 
practical measurement of antenna minimum RF poWer When 
a reader indicates establishing a communications With tran 
sponder for its different positions inside an activation inter 
val. Obviously the loWer poWer is applied to an antenna the 
shorter this interval. By attenuating maximum available from 






















