
SYSTEM, APPARATUS, AND METHOD FOR ORIENTATION INDEPENDENT RFID TAG
DETECTION Technical Field 5The present disclosure relates to a radio frequency identification (RFID)
system that communicates with an RFID tag by way of multiple antennas in order to increase a
likelihood of successful communication with the REID tag regardless of REID tag orientation. More
particularly, aspects 'of the present disclosure relate to an REID system, apparatus, and method in
which inductively coupled antennas generate an 10augmented radiation pattern that facilitates or
enables successful RFID tag communication substantially independent or regardless of RFID tag
orientation. Background Radio-frequency identification (RFID) is the use of an object (commonly
referred to 15 as an REID tag) applied to or incorporated into a product, animal, or person for the
purpose of identification and tracking using radio waves. Main components of an RAD system include
an RFID reader, scanner, or transceiver that is coupled to an antenna or antenna assdmbly and an
RF1D tag. 70The RF1D tag includes an Integrated Circuit (IC) for storing and processing information,
modulating and demodulating a radio frequency signal and an antenna for receiving and transmitting
the radio signal. The RFID reader is a device that is used to interrogate/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 UlD reader to read the RFID tags that are within a
detection range of the RFID reader. Conventionally,. the R.FID reader and RFID tag can function at
any desired 30 Frequency, but they commonly operate at an assigned frequency of 13.56 MHz. Due to
its operational capabilities, the electromagnetic energy available for communication limits the typical
communication range to only a few ,feet. The most  basic and common antenna adopted in RFID
systems is a single turn loop antenna tuned to resonance and impedance matched to a fifty ohm
cable. In the near field of the antenna, energy is primarily transferred by the magnetic field and the
efficiency of the antenna coupling ismeasured by analyzing the magnetic field in the near field. Ideally,
the magnetic field from the RFID reader and the RFID tag must be high in strength and the range of it
must be sufficiently extended to ensure that the magnetic field from the RFID reader and the R.FID tag
can couple to each other so as toestablish a communication path between the reader and the tag. 



10 Both the reader and tag have separate antennas for magnetic field coupling. Each antenna has its
respective magnetic field and antenna radiation pattern which is sensitive to polarization. The
orientation of the antenna radiation patterns between the reader and the tag affects the amount of
coupling, and this impacts.the quality of 15the communication path. For example, if the antenna
radiation pattern of the tag is not oriented with the antenna radiation pattern of the reader in a manner
that achieves optimal coupling, the reader may: not be sensitive enough to be able to retrieve the
required inforrnation 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 loop 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 interference and false alarms and to produce a flatter amplitude response and
more linear phase response versus frequency. 30 US. Pat. No. 5,963,1:73 (Lian) teaches adjacent
double loop antennas in a figure eight configuration that is operated .in phase or out of phase. Two
frequencies are used to produce a field that excites a nonlinear magnetic tag. A compensating tuned
WO 2011/037540PCUSG20101000356 loop is used to reduce detuning effects which occur when
switching between the two phases. Lian teaches the use of two generators driving respective loops.
U.S. Pat. No. 5,602.556 (Bowers) teaches the use of various antenna loop configurations to produce a
desired field, and a larger passive unturned loop surrounding that antenna to effectively cancel far field
response as a far field cancelling antenna, The cancelling antenna uses separate antennas for
transmit and receive without impedance compensation of the coupled loops. 10One drawback of these
prior art readers and tags is the generation of insufficient field 



strength over a spatial area and a desired range from the reader to read a tag from a distal position.
Another problem is tag polarization sensitivity. The prior art readers and tags may 15 not read reliably
due to insufficient field strength and poor coupling as a result of undesirable antenna radiation pattern
orientation. In some cases, the tag may be stationary. However, in more common applications, the tag
moves through the magnetic field of the reader, such as in an RFID system configured to detect items
moving along a conveyor belt. In these situations, different antenna radiation pattern 20orientations
may prohibit the tag from being.read as the tag moves through different parts of the magnetic field
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
REID communication. Summary 30in 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 loop antenna having a first length of wire that defines a  first planar region and a second loop
antenna having a second length of wire that defines a second planar region. The first loop antenna has
a feed point to receive the drive signal to provide an electrical signal to the first loop antenna thereby
generating a first radiation pattern that includes a first magnetic field. The second planar region 7is
disposed substantially perpendicular to the first planar region. The second loop antenna exposed to
the first magnetic field to thereby generate a second radiation pattern by way of inductive coupling.
The second radiation pattern includes a second magnetic field. Furthermore, the first radiation pattern
and the second radiation pattern combine to form a first augmented radiation pattern coupleable to the
RFID 10tag antenna in a manner that is at least substantially independent of RFID tag antenna
orientation. 



The system can further.include a third loop antenna having a third length of wire that defines a third
planar region. The third planar region is disposed substantially 15perpendicular to the first planar
region. The second planar region and the third planar region are disposed on opposite sides of the first
planar region and the third loop antenna is exposed to the first magnetic field to thereby generate a
third radiation pattern by way of inductive coupling. The third radiation pattern includes a third
magnetic field. The first radiation.pattern and the third radiation pattern can combine 10to form a
second augmented radiation pattern cpupleable to the REID tag antenna in a manner that is at least
substantially independent of RFID tag antenna orientation. In various embodiments, the second and
third loop antennas each lack a feed point coupleabie to the signal processing unit. 25 The first
augmented radiation pattern defines a first 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 second planar region. 30The seccind augmented radiation pattern defines a
second augmented detection volume that includes magnetic field components that are perpendicular
to the first planar regionand magnetic field components that are perpendicular to the third planar
region.  In another aspect of this disclosure, a system having an operating frequency for
communicating information is disclosed. The sYstem comprises an RFID reader system comprising a
signal processing unit having an output configured to provide a drive signal and a plurality of loop
antenna systems driven by the drive signal. Each 5(bop antenna system-comprises a first loop
antenna having a first length of wire that defines a first planar region and a second loop antenna
having a second length of wire that defines a second planar region. Each first loop antenna has a feed
point to receive the drive signal to. provide an electrical signal to the first loop antenna thereby
generating a first radiation pattern that includes,a first magnetic field. The 10second planar region is
disposed substantially perpendicular to the first planar region. 



The second loop antenna is exposed to the first magnetic field to thereby generate a second radiation
pattern by way of inductive coupling;The second radiation pattern includes a second magnetic field.
Furthermore, the first radiation pattern and the second radiation pattern combine to form a first
augmented radiation pattern 15coupleable to the RFID tag.antenna in a manner that is at least
substantially independent of RFID tag antenna orientation. The system further includes an article
storage structure that carries the plurality of loOp antenna systems in one of an adjacent or vertically
stacked manner: 20 In a further aspect of this disclosure, an RFID communication system includes a
first antenna having a feed point coupleable to a drive signal, the first antenna configured to generate
a first radiation pattern in response to the drive signal, the first radiation pattern including a first
magnetic field having a maximum magnitude along a first 25axis. 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 30antenna relative to each other such
that 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 which the augmented  radiation pattern includes rhatnetic
field components of sufficient magnitude and directional variation to enable reliable coupling to an
RFID tag antenna in a manner that is independent or essentially independent of RFID tag antenna
orientation within the detection volume. In accordance with another aspectofthis disclosure, there.is
disclosed a process or method of detecting an RFID tag carrying an antenna within a detection volume
in a manner that is substantially independent.of RFID tag orientation. The process includes generating
a first radiation pattern by way of a first loop antenna having a 10feed point and a length of wire that
defines a first planar region. The first radiation pattern includes a first magnetic field. Additionally, the
process includes exposing.a 



second loop antenna to the first magnetic field, the second loop antenna having a second length of
vvire that defines a second planar region disposed substantially perpendicular to the first planar
region. The process also includes generating a second 15radiation pattern with the second loop
antenna by way of inductive coupling to the first magnetic field. The second radiation pattern includes
a second magnetic field. The first radiation pattern and the second radiation pattern combine to form a
first augmented radiation pattern coupleable to the RFID tag antenna in a manner that is at least
substantially independent of.RFID tag orientation. 20 The process can further include exposing a third
loop antenna to the first magnetic field and generating a third radiation pattern with the third loop
antenna by way of inductive coupling. The third loop antenna includes a third length of wire that
defines a third planar region disposed substantially perpendicular to the first planar region. 25The 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. 30In
accordance with a further aspect of this disclosure, a process or method of manufacturing an RF1D
reader assembly is disclosed. The proceSs includes providing a first loop antenna having a first length
of wire that defines a first planar region. The first loop antenna has a feed point and is carried by a first
housing member. The process further includes providing a second loop antenna having a second
length of  WO 1011/037540PCT/SG2010/000356 vire that defines a second planar region. The second
loop antenna is carried by a second housing meniber such.that the second planar region is
substantially perpendicular to the first planar region and the second loop antenna is inductively
coupieable to the first loop antenna. In another aspect of this disclosure, an RFID communication
process or method includes providing a first antenna configured to generate; a first radiation pattern
including a first magnetic field having a inaximum magnitude along a first axis. Additionally, the
process includes providing a second antenna configured to generate .10 a second radiation pattern
including a second magnetic; field having a maximum  magnitude along a second axis and positioning
the first and second antennas relati* to each other such that the first axis iS substantially
pe.Mendicular 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. The process also includes
5driving the first antenna to generate the first radiation pattern. Further, the process ' includes
inductively coupling the second antenna to the first radiation pattern to generate the second radiation
pattern; and generating an augmented radiation pattern within A detection volume, the augthented
radiation pattern corresponding to a combination of the first radiation pattern and the second radiation
pattern, the 20augmented radiation pattern including magnetic field components having sufficient 



magnitude and directional variation to enable.reliable coupling to an RFID tag antenna essentially
independent of RFID tag antennarientation within the detection volume. 25Brief Description of the
Drawings FIG. IA 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. 30FIG. I B
is a schematic illustration of an orientation :independent RFID communication system in accordance
with an embodiment of the disclosure. FIG. IC is a schematic side view of the RFID communication
system of FIG. I B.  FIGs. 2A and 2B are schematic illustrations of an REID communication system
accordina to another embodiment of the disclosure.      FIG. 3 is a circuit diagram of an impedance
matching circuit in accOrdance with an 5e:mbodiment of the disclosure. FIG. 4A is a schematic
illustration of a mariner in which an object such as a first book and 'a second book that each Carry an
RFID tag can be detected by an embodiment of the present disclosure in a manner that is independent
of RFID tag I 0orientation. FIG. 4B is a schematic illustration of an orientation independent RF1D
based article storage system according to an embodiment of the disclosure. ISFIG. 5 is a flow diagram
of a process for detecting an REID 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 70-communication assembly and/or an RFID
communication system according to an embodiment of the present disclosure. 



FIG.? is a. graph illustrating a manner in which a gap between a primary antenna and a secondary
antenna affects a maximum distance away from the primary antenna at which an REID tag can be
successfully or reliably detected for a representative implementation of an REID communication
system according to an embodiment the disclosure. Detailed Description 30EmbodiMents of the
present disclosure relate to systems, apparatus, devices, and processes that facilitate or enable
communication between an RFID reader, scanner, or transceiver and an P,FID tag in a manner that is
independent or substantially independent of REID tar orientation within a spatial detection volume.
More particularly, embodiments of the present disclosure relate to an RFID communication  system in
which a primary antenna and at least one secondary antenna are spatially disposed, positioned,
arranged, oriented, or aligned relative to each other such that electromagnetic coupling between
antennas occurs by way of mutual inductance when the RFID reader drives the primary antenna. 5
The primary antenna generates a primary radiation pattern as a result of being driven by the RF1D
reader, and each secondary antenna generates a secondarysadiation pattern as a result of inductive
coupling to the primary radiation pattern's magnetic field. in various ernbodiments, the primary antenna
is directly driven by the RFID 10reader, for instance, as a result of electrical coupling to the RFID
reader by way of a feed point, and each secondary antenna is indirectly driven by way of inductive
coupling tothe primary antenna. That is, each secondary antenna lacks a direct electrical coupling or
connection to the RFID reader.. 15The primary antenna radiation pattern and one or more secondary
antenna radiation patterns combine to form an augmented or composite radiation pattern that defines
an augmented or composite detection volume, The relative spatial arrangement of the primary and
secondary antenna(s) results in the generation of an augmented radiation pattern that includes
magnetic field components having sufficient intensity and 70directional variation to enable reliable
coupling to an .RFID me antenna within the augmented detection volume in a manner thai is
independent or essentially independent of the spatial orientation of the RFID me antenna. 



Each secondary antenna is physically or spatially separated, isolated, or segregated 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 pattern
are orthogonal, essentially orthogonal; or substantially orthogonal to the major or highest intensity
magnetic field component(s) of the,primary radiation pattern. In addition, each SeconclarY 30antenna
is disposed or offset away from an axis that can be defined along a direction of the primary radiation
pattern's highest intensity magnetic field component(s), i.e., an axis that corresponds to or is aliened
with the primary 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  antenna's highest intensity magnetic field cdmponent(s); as well as b) parallel to the
primary antenna's highest intensity magnetic field component(s), thereby facilitating or enabling
orientation independent RFID tag communication. 5In multiple embodiments, the primary antenna and
each secondary antenna is a loop or loop type antenna that includes a length of wire that defines a
portion of a loop, plane, or planar area or region. The primary antenna and/or each secondary antenna
can be a single turn loop antenna. The primary antenna and each secondary antenna are disposed
relative to each other such that the planar area of the primary antenna is 10substantially orthogonal or
perpendicular to the planar area of each secondary antenna. Each secondary antenna is disposed
away from a main axis of the primary antenna's planar area (i.e., an axis that is orthogonal or
perpendicular to the primary antenna's planar area), for instance, towards, proximate to, or beyond a
periphery, border, or boundary of the primary antenna's planar arba. 13 In contraSt to prior
approaches directed to orientation independent RFID tag communication, various embodiments of the
present disclosure drive only a single antenna (i.e., the primary antenna), and avoid 'a need for
multiple RFID readers. Additionally, the primary antenna and/or secondary antenna(s) can be loop
antennas. 70having a single loop or turn of wire. As a result, embodiments of the disclosure exhibit a
substantially simplified system design and significantly reduced system cost compared to prior
approaches directed to orientation independent RF1D tag communication. 25Representative
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. IA to 7. In the description that follows, like or analogous reference
numerals indicate like or analogous elements. Additionally, the-recitation of a given reference
30numeral shown in a particular FIG. can indicate the simultaneous consideration 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.,  approximately 13.56 MHz. However, this does not preclude various embodiments of
the present disclosure from systems or applications that utilize or require similar operating capabilities
at or within one or more other operating frequencies, such as one or more known or standard RE
communication frequency, bands (e.g., approximately 125 kHz, 840 -845, MHz, 869 MHz, 912- 928
MHz, 955 MHz, 145 GHZ, or 5.8 GHz). Embodiments of the present disclosure encompass RFID
communication systems having a different operating frequency or frequency range, or which onerate
within a blurality of frequency bands. 10FIG. IA is a block diagram showing a set of main elements of a
representative orientation independent RFID communication apparatus or assembly 10 according to
an embodiment of the disclosure. In an embodiment, the RFID communication assembly 10 includes
an RFID reader, scanner, transceiver, or signal processing unit 100, a first loop antenna 110, and a
second loop antenna 120. In some embodiments, 13the RFID communication assembly 10 can
include one or more additional loop antennas, such that the system includes three or more loop
antennas, as further detailed below. The RFID reader .100 is electrically coupled to the first loop
antenna '110, for instance 20by way of an electrical input or feed point. The RFID reader 100 can
provide or supply a drive signal to the first loop antenna 110, 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 electrical coupling to the REID reader 100, and is
physically separated or isolated from the first ioop 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
RF1D reader. The first loop antenna 110 can thus function as a primary antenna, and the second loop
antenna 120 can thus function as a secondary antenna that can be electromagnetically coupled to the
first loop antenna 110 by way of magnetic 30induction. 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 oldie first and
second lengths of wire 112, 122 includes a low loss material and/or a low resistance material such as
at  



least one of copper, gold and silver. Depending upon embodiment details, the first and/or second
lengths of wire 112, 122 can be configured in accordance with various types of shapes or patterns, for
instance, a circle, an oval, a triangle, a square, or a figure of eight. The first length of wire 112 defines
at least a portion of a first loop or planar region 14. and the second length of wire 122 defines at least
a portion of a second loop or planar region 124. in multiple embodiments, the first and second pianar
regions 114, 124 define or have equal or approximately equal areas: In other embodiments, the 10first
planar region 114 has a different physical area than the second planar region 174. As indicated above,
the first and second loop antennas 110, 120 are spatially disposed, positioned, oriented, or arranged
relative to each other in a manner that 15facilitates electromagnetic 'coupling by way of magnetic
induction, and which results in the generation of an augmented radiation pattern having magnetic field
components of sufficient intensity and directional variation to facilitate or enable reliable orientation
independent RF1D tag communication. Particular aspects of antenna orientation in accordance with
embodiments of the disclosure are described 20in 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 RF1D communication system 20 includes an RFID tag 200 and an RFID
25communication assembly 10 such as that described above with respect to FIG. IA. 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 frequency is approximately 13.56 MHz. 30 In general, an RFID
tag 200 includes an RFID tag antenna 202, electronics circuitry for wireless communication ("wireless
circuitry") 204, and a control system 206. The type and location of the RFID tag antenna 202 is
dependent upon the operating frequency of the RFID tag 200 and particular RFID tag design details. In
some  



embodiments, the RFID tag 200 can further include a local memory 208 for information storage.
Alternatively, the R_FID tag 200 can store information, such as an identification number, by using of
diOdes, dip switches and/or other circuitry. The control system 206 can be an integrated circuit or
other type of microprocessor or 3inicrocontroller electronics that controls the substantive operations of
the RFID tag 200. The control system 206 is coupled to the wireless circuitry 204 to communicate and
receive signals or transmissions. Additionally, the control system can be coupled to the local Memory
208 for storing and/or retrieving information. 10As shown in HG. 1 El, the first and second loop
antennas 110, 120 are positioned or disposed relative to each other such that the first planar region
114 defined by the first loop antenna 110 iS perpendicular or substantially perpendicular to the second
planar region 124 defined by the second loop antenna 120. A first axis II!  can be defined with respect
to the first loop antenna 110, such that the first axis 111 is 15normal to and centrally disposed within
the first planar region 114: Similarly, a second axis 121 can be defined with respect to the second loop
antenna 120, such that the second axis 121 is normal to and centrally disposed within the secend
planar region 124. The first and second axes 111, 121 are substantially perpendicular to each other. In
addition to the substantially perpendicular orientation of the second 20planar region 124 relative to the
first planar region 114, the second planar region 124 is perpendicularly disposed away from the first
axis 111 such that the second planar region 124 is positioned towards, adjacent to, proximate to, at,
essentially at, or at least slightly beyond a peripheral boundary or periphery of the first planar region
114 in a direction parallel to the second axis 121. 25 The First and second loop antennas 110, 120 are
laterally separated from each other (e.g., separated by a distance along the first axis Ill)  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, 30approximately 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 I 10, 120. As further described below, such inductive coupling results . in the
generation of an augmented or composite electromagnetic field distribution  that defines an
augmented detection volume in which an RFID tag 200 can be 



detected in a manner that is substantially independent of REID tag orientation. The size of the first gap
300 can be determined by way of simulation, calculation, and/or measurement such that inductive
coupling between the first and second loop antennas 110, 120 gives rise to an augmented; composite,
or overall electromagnetic field pattern or distribution that defines, spans, or covers an augmented,
composite, or overall spatial volume that is appropriate for an RFID application under consideration. in
general; as the size of the first gap 300 increases, an overall RFID rag detection range or a
corresponding size of a detection volume increases. IDHowever, the uniformity of an augmented field
pattern can suffer (e.g., degrade or deteriorate such that the augmented field pattern exhibits
irregularities or nonuniformities) once the first gap 300 is increased beyond a certain distance (e.g.,
approximately 5 - 7 cm). Additionally, the first gap 300 may need to exceed a minimum distance such
as approximately 0.5 or 1.0 crn because a strong coupling ISeffect between the first loop antenna .110
and the second loop antenna 120 can lead to unstable RF1D detection performance in certain
situations. A graph illustrating the relationship between the size of the first gap 300 and the maximum
distance away from the first loop antenna 110 at which an REID tag can be successfully or reliably
detected for a representative implementation of an RFID communication system 20. 20in accordance
with the 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. I B. As will be appreciated by a person of
ordinary skill in the art, electrical signals 25provided to the first ioop.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 maior or highest
intenSity.component parallel to or along the direction of the 30aforementioned first axis 111. Due to
the position and orientation of the second loop antenna 120 relative to the first loop antenna 110,
portions of the second antenna 120 are exposed to the first magnetic field, resulting in the generation
of a second radiation pattern or field 



corresponding to the second antenna 120 by way of magnetic induction. The second radiation pattern
includes a second magnetic field, which has a major or highest intensity component along the
secondplanar region's second axis 121.  5The first and second radiation patterns combine to form a
first augmented or composite radiation pattern having a spatial extent that defines a first augmented or
composite detection volume or interrogation zone 400 in which the RFID tag 200 can be
reliably:consistently, or generally reliably detected. The first augmented radiation pattern includes a
first augmented or composite magnetic field. As a result of the 10arrangement or orientation of the first
and second loop antennas 110, 120 relative to each other, the first augmented radiation pattern
includes magnetic field components that are perpendicular to the first planar region 114 as well as
magnetic field components that are perpendicular to the second planar region 124, that is, magnetic
field components that are parallel to the first planar region 114. Stated equivalently, I 5the first
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 along the second planar region's
second axis 121. The first augmented radiation pattern's magnetic field components have sufficient
magnitude as well as sufficient directional variation to facilitate Or enable re,liable or generally reliable
inductive 70coupling 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. In general, if
RFID tag antenna coupling to the first and second magnetic fields were 25considered separately, the
RFID tag antenna 202 can couple to the first radiation pattern provided that the RFID tag antenna 202
is appropriateiy oriented relative to the first magnetic field; and the RFID tag antenna 202 can couple
to the second radiation pattern provided that the RFID tag antenna 202 is appropriately oriented
relative to the second Magnetic field. Coupling between the R.FID tag antenna 202 30and 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 field can occur for a second range of spatial RF1D
tag orientations. In various embodiments, the first and second ranges of spatial RFID tag orientations
in 



Combination encompass essentially any RFID tag orientation within the first augmented detection
volume 400. As a representative conceptual example to further aid understanding;in some 5
embodiments the RFID tag antenna 202 can be carried by or oriented on the REID tau 200 such that
a) maximum coupling to the first magnetic. field occurs when the RFID tag antenna 202 is
approximately parallel to the first planar region 114 (e.g., facing the first planar region 114 and
perpendicular to the first loop antenna's first axis 11 I ); and b) reliable coupling to the first magnetic
field occurs when the RFID 10tag antenna 202 is offset no more than approximately 45 degrees with
respect to the first planar region 114. Similarly, a) maximum coupling between the REID tag antenna
202 and the second magnetic field occurs when the RF1D tag antenna 202 is approximately parallel to
the second planar region; and b) reliable coupling to the second magnetic field can occur when the
RFID tag antenna 202 is offset no more 15than approximately 45 degrees with respect to the second
planar region 124. in view of the foregoing, reliable inductive coupling within the first augmented.
detection volume 400 involving the first augmented radiation pattern and the RFID tag antenna 202
can occur when the RF1D tag antenna 202 has a reliable detection 20 orientation relative to the first
loop antenna I 10, as well as when the RF1D tag antenna 202 would lack a reliable detection
orientation relative to the first loop antenna 110 but has a reliable detection orientation relative to the
second loop antenna 120. The overall or combined range Of reliable detection orientations provided by
the combination of the first radiation pattern and the second radiation 25 pattern respectively
generated by the first and second loop antennas 110, 120 results in REID tag detection capability that
is independent or substantially independent of RFID tag orientation. FIGs. 2A and 2B are schematic
illustrations of an RF111) communication system 20 30 according to another embodiment of the
disclosure. Similar to what was described above, the RFID communication system 20 includes an
REID tag 200, and an REID communication assembly 10 that includes a third lobp antenna 130 in
addition to i first loop antenna 110 and a second Loop antenna 120.  In a manner identical or
analogous to that previously described, the third loop antenna 130 includes a third length of wire 132,
which can be a lo W loss and/or a low resistance material such as one or more of copper, gold and
silver. The third length of wire 132 can be configured in accordance with one or more types of shapes
or 5patterns, for instance, a circle, an oval, a triangle, a square, or a figure of eight. The third length of
wire 132 defines. a third loop or planar region 134. Depending upon embodiment details; the first,
second, and third planar regions 114, 124, 134 can have equal or approximately equal areas; or one
or more of the first, second and . 10 third planar regions 114, 124, 134 can have different areas. The
second planar region 124 and the third planar region 134 are disposed on opposite sides of the first
planar region 114: 



The first loop antenna 110 is driven by the RFID reader 100, for instance, by way of 15an electrical
input or feed point. The second and third loop antennas 120, 130 lack., omit, or exclude a direct
electrical coupling to the RPM reader 100, and are physically separated or isolated from the first loop
antenna 110 as well as each other. The first loop antenna 110 can thus function as a primary antenna,
and the second and third loop antennas 120, 130 tan each function as secondary antennas that are
20inductively coupled to the first loop antenna 110  by way of magnetic induction. The first, second,
and third loop antennas 110, 120, 130 are disposed relative to each other such that the first planar
region 114 is substantially perpendicular to each of the second planar region 124 and the third planar
region 134. The first loop antenna 110 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, or slightly beyond a peripheral boundary or
periphery of the first planar region 114. In some embodiments, the second planar region 124 and the
third planar region 134 are disposed, towards the same said 30 peripheral boundary of the first planar
region 114, while in other. embodiments the second and third planar regions 124, 134 are disposed
towards opposite perip'nerai boundaries of the first planar region 114.  WO
1011/037540,PCT1SG2010/000356 The first loop antenna 110 can be laterally separated from the
second loop antenna 120 by a first gap 300, and the first loop antenna 110 can be laterally separated
from the third loop antenna 130 by a second gap 302. The first and second gaps 300. 302 can be
equal or approximately equal to OF different from each other. in representative implementations, each
of the first and second gaps 300, 302 are approximately 0.1 - 10 Cm. In particular embodiments, one
or both. of the first and second gaps 300, 302 are less than approximately 10 cm, for instance, less
than approximately 7.5 cm, or about 5 cm or less. The size of the first and second gaps 300, 302
affects inductive coupling between the first, second, and third loop antennas 110, 120. 130, and can
be 10determined by simulation; calculation, and/or measurement to provide an augmented radiation
pattern that defines, spans; or covers an augmented spatial volume that is suitable for an RF1D
application under consideration. As discussed earlier, electrical signals provided to the first loop
antenna 110 produce 15an electrical current through the first loop antenna 110. Accordingly, the
electrical current through the first loop antenna l'10 generates a first radiation pattern corresponding to
the first antenna 110. The first radiation pattern includes a first magnetic field. 70In 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 byway 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
25defines 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 perpendicular to the third planar region 134, that is,,
magnetic field components aothat are parallel 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 III. Such orthogonal magnetic field components have sufficient magnitude as well
as sufficient directional variation  to facilitate or enable reliable inductive coupling to the RFID tag
antenna 202 in a manner that is independent or substantially independent of RFID tag orientation
within the second augmented detection Volume 410. 5When using the loop antenna system 100, the
impedance of the first loop antenna 110 should match the impedance of the RF1D reader 100 at a
pre-determined frequency or frequency range to maximize energy transfer between the first loop
antenna 110 and the RFID reader 100. Maximum energy transfer takes place when the impedance of
the RHO reader100 equals the complex conjugate of the first loop antenna 110 10impedance. In
various embodiments, a matching circuit can be provided if the impedance of the RFID reader 100 is
not equal to the complex conjugate of the first loop antenna 110. FIG. 3 is a circuit diagram of an
impedance matching circuit 500 in accordance with 15an embodiment 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 impedance (e.g., 50 Ohms) for
maximum energy transfer. The matching circuit 500 can ensure that the primary or first loop antenna
110 radiates efficiently at the pre-determined operating frequency with 20minimal or no reflection. For
example, the matching circuit 500 can convert the first loop antenna impedance to the impedance of
the RF1D reader 100 operating at approximately 13.56 MHz. The marching circuit 500 can include a
capacitor 502 coupled in series with an 25inductor 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 Zm of
the matching circuit 500 is equal to the complex conjugate of Zi; and the input impedance ZN of the
matching circuit 500 has to be 30equal to the complex conjugate of Z,-. One of ordinary skill in the art
will understand that embodiments of the present disclosure not limited to a matching circuit having
specific form shown in FIG. 3.  FIG. 4A is a schematic illustration of a manner in which an object 50
such as a first book 50a and a second book 50b (e g , each of which can be a library book or
magazine) that each carry an RFID tag 200 can be detected by an embodiment of the present
disclosure in a manner that is independent of RFID tag orientation. In a representative embodiment,
portions of an RFID communication system 20 are carried by (e.g., mounted upon and/or housed
within, such as by way of a bonding process) a support element. support member, housing, or
structure such as a shelf di vider'60 or shelf 62 that form a portion of an article storage element,
member, structure or apparatus 70. The shelf divider 60, shelf 62, and/or other portions of an 10article
storage structure 70 can be made of one or more materials such as wood, a polymer, or metal. In
general, multiple objects such as books 50a-b carrying RFID tags 200 can be carried or disposed
relative to the shelf divider 60 and/or shelf 62 in various orientations, such as the orientation's depicted
in FIG. 4.A and/or other orientations. IS The RFID communication system 20 of FIG. 4A has a
structure that is identical or analogous to that described above with respect to FIGs. 2A and 2B. The
RFID reader 100 coinmunicates with the RFID tag 200 by emitting a modulated signal or command
600, which has a predetermined center or carrier frequency (e.g., 20 iapproximately 13.56 MHz). As
long as the first book's RFID tag 200 is within the first augmented detection volume 400, the first
book's RFID 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 RF1D tag's wireless
circuitry 204 is energized by such coupling to the first augmented radiation pattern, and can 23remain
energized while the RFID tag 200 remains within the first augmented detection volume 410. The RFID
tag's wireless circuitry 204 demodulates the modulated signal 600, and appropriately response thereto,
for instance, by transmitting particular information stored in the RFID tag by way of the RFID tag
antenna 202. Such information can include a book identification number and/or. other "3.0information
such as book title, author, or date of publication. The RFID reader 100 



correspondingly detects the transmitted information. Communication between the second beak's RFID
tag 200 and the REID reader 100 occurs in an analogous manner as a result of inductive coupling
involving the second augmented radiation pattern in the second augmented detection volume 410,
even though the second book 50b IS  disposed relative to the shelf 62 in a manner that its RFID tag
200 is perpendicular or substantially perpendicular to the RF1D tag 260 carried by the first book 50a.
That is, reliable RF1D identification of each of the first and second books 50a-b can occur even though
the REID tags 202 carried by the first and second books 50a-b exhibit 5erthogonally distinct
orientations with respect to the first loop antenna 110. While the representative example of FIG. 4A
illustrates objects 50 such as books 50a-b carried by a shelf 62, a person of ordinary skill in the art will
understand that .REID communication systems 20 in accordance with the present disclosure can be
10applied to or adopted in many other objects, article, structures, and/or situations, for   instance,
tools, supplies, or manufactured products that are carried by a given type of , support structure. FIG.
4B is a schematic illustration of an orientation independent RFID based article 15 storage system 80
according to an embodiment of the disclosure. Depending upon' embodiment details, the article
storage system 80 can include one or more article storage structures 70, for instance, organized or
disposed relative to each other in a horizontally and/or vertically offset manner. in an embodiment, the
article storage system 80 includes multiple REID communication assemblies 10a-c1,. where portions
20of each RFID communication assembly 10a-d are carried by one or more support members or
housing elements such as a shelf 62a-d and/or a shelf divider 66a-d. Each REID communication
assembly 10a-d includes a first loop antenna 110 and at least a second loop antenna 120. RFID
communication assembly antennas 110, 120, 95130 can be perpendicularly disposed and laterally
offset relative to each other such that they are inductively coupleable in accordance with an
embodiment of the present disclosure. The article storage system 80 further includes an RF1D reader
100 that is coupled to each RFID communication assembly's first loop antenna 100. The RFID reader
100 caribe configured to drive each first loop antenna 110, for instance, in a 3.0multiplexed manner.
Thus, in accordance with an embodiment of the disclosure, a single RFID reader 100 can drive
multiple REID communication assemblies 10a-d. Any Oven RF-1D communication assembly 10a-d is
configured to generate an augmented radiation pattern such that an augmented detection volume 400,
410 



extends or substantially extends along a) the entire length and width of a shelf 62a-d corresponding to
the RF1D communication assembly 10a-d; and b) an entire vertical distance separating a shelf 62a-d
carrying portions of the RFID communication assembly Oa-d from another shelf 62a-d. That is, any
given RF1D communication assembly 10a-d can generate an augmented radiation pattern that
provides an augmented detection volume 400, 410 that encompasses Or substantially encompasses a
spatial volume defined by a shelf length, a shelf width, and vertical separation between shelves 62a-d.
As a' result, RFID tags 200 carried by objects 50 disposed essentiallY anywhere within each
augmented detection volume 400, 410 10 corresponding to the article storage system 80 can be
successfully or reliably detected regardless or essentially independent of RFID tag orientation with
respect to an RFID communication assembly 10a-d and/or portions of the 'article storage system 80 in
or at which objects 50 can located. 15FIG. 5 is a flow diagram of a process 700 for detecting an RFID
tag 200 in a manlier that is substantially independent of RFID tag orientation in accordance with an
embodiment of the disclosure. Portions of the process 700 can be performed using an embodiment of
an RF1D communieation system 20 according to the present disclosure. The process 700 includes a
first process portion 702 that involves disposing a plurality of antennas, such as a primary antenna and
at least one secondary antenna, relative to each other in a manner that facilitates or enables inductive
coupling between the antennas and the generation of an augmented radiation pattern having
25magnetic field components of sufficient magnitude and sufficient directional variation that an REID
tag 200 can be detected independent of its orientation within an augmented detection volume 400, 410
that is defined by an augmented radiation pattern. 30For 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 planar region 114 of the first loop
antenna I 10 and a second planar region 124 of the second loop antenna 120 are substantially
perpendicular to each other, and the second planar region 124 is  substantially offset or disposed
away from &first axis 1 11 of the first planar region 114 towards, proximate to, adjacent to, at, or
beyond a peripheral boundary, border, or edge of the first planar region 114, for instance, in a direction
parallel to a second axis 121 of the second planar region 124. Additionally, the second planar region
124 Is laterally offset away from the first planar region 114 by a given distance, for instance,
approximately 0.1 - 10 cm (e.g., approximately0.5 - 7 cm, or less than or equal to about 5 cm). The
lateral offset distance between the first and second planar region S 114, 124 can be adjusted,
simulated, or determined in order to achieve optimum RFID communication performance in view of a
desired augmented I 0detection volume 400, 410. In an embodiment, the first process ;portion 702 can
additionally involve disposing a third loop antenna 130 relative to the first antenna 110 such that a first
planar region 114 of the first loop antenna 110 and a third planar region 134 of the third loop 



15 antenna 130 are substantially perpendicular to each other, and the third planar regi'on 134 is
substantially offset or disposed away from the first axis III of the first planar region 114 towards,
proximate to, adjacent to, at, or beyond aperipheral boundary, border', or edge of the first planar region
114.. Additionally, the third planar region [34 is laterally offset away from the first planar region 114 by
a given distance:, for 20instance, approximately 0.1 - 10 G111 (e.g., about 5 cm). The second and
third planar regions 124, 134 are disposed on opposite sides of the first planar region 114. The
process 700 includes a second process portion 704 that involves coupling an REID reader, scanner, or
transceiver 100 to the first loop antenna 110, for instance, 25by 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 reader
100 under consideration. The process 700 further includes a third process portion 704 that involves
driving the first  loop antenna 110 with an electrical signal provided by the REID reader 100 to thereby
generating a first radiation pattern. The first loop antenna 110 thus serves as 30a primary antenna for
purpose of magnetic induction. , The process 700 further includes a fourth process portion 706 that
involves generatina-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  WO
2011/037540PCT/SG2010/000356 fourth process portion 706 can additionally involve generating a
third radiation pattern by way of inductive coupling between the first radiation pattern's magnetic field
and the third loop antenna 130. Thus, the second and third loop antennas 120, 130 serve as
secondary antennas with respect to inductive coupling with the primary -artenna. A filth process
portion 708 involves combining the first radiation pattern with the second radiation pattern,as well as
the third radiation pattern in embodiments that include the third loop antenna 130, to create one or
more augmented radiation 10patterns 400. 410 having magnetic field components that are
perpendicular to the first planar region 114 as well as parallel to the first planar region 114 or
perpendicular to the secondand/or third planar regions 124, 134. The augmented radiation pattern
400, 410 includes magnetic field components of sufficient magnitude and sufficient directional variation
that an RFID tag antenna 202 disposed within the augmented 



15detection volume can reliably inductively couple to the augmented radiation pattern in a manner that
is substantially independent of RFID tag orientation. A sixth process portion 710 can involve disposing
a plurality of RP D tags 200 within one or more augmented detection volumes 400, 410, where
multiple RF1D 20tags 200 within one or more augmented detection volumes 400, 410 exhibit different
orientations. At least some REID tags 200 Within an augmented 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 25would not be sufficient to enable reliable or sufficient detection of such
RFID tags 200.    A seventh process portion can involve successfully detecting or communicating with
each RPM tag 200 disposed within the augmented detection volume using the RAD 30reader 100,
regardless of RFID tag orientation 200. FIG. 6 is a flow diagram of a process 800 for manufacturing
portions of an RFID communication assembly l0 and/or an RFID communication system 20 according
to an embodiment of the present disclosure. in an embodiment, the process 800  includes a first
process portion 802 that involves providing a first loop antenna 110 having a feed point, a first planar
region 114, and a first axis III normal to the first planar region 114. The-first loop antenna 110 can be
carried by or coupled to a portion of a first support member, housing element, or housing such as shelf
spacer, divider, or separator 60 (e.g., a bookshelf spacer or divider, or a bookend). A second process
portion 804 involves providing at least a second loop antenna 120 having a second planar region 124
defining a second axis 121, where the second planar region 124 can be carried by or coupled to a
portion of a second.support IDmember, housing element, or housing such as a shelf 62. The second
support member, housing, or housing element carries the second loop antenna 120 such that the
second planar region 124 is substantially perpendicular to the first planar region 114., and the second
planar region 124 is disposed substantially away from the first planar region's first axis Ill near a
peripheral boundary or border of the first planar 15 region 114 (e.g., in a direction parallel to the
second axis 121). Additionally, the second planar region 124 is laterally offset from the first planar
region 114 by a predetermined distance, such as approximately 0.1 -.10 cm (e.g., about 5 cm). In an
embodiment, the second process portion 804 further involves providing a third 



20'loop antenna 130 having a third planar region 134, which can be carried by a portion of the second
or a portion of .a third support member, housing element, or housing such as a shelf 62. The third
planar region 134 is carried such that the second and third planar regions are on opposite sides of the
first planar region 114, and the third planar region is substantially perpendicular to the first planar
region 114, disposed 25'substantially away from the first planar region's first axis 111 near a periphery
of the first planar region 110. Additionally, the third planar region 134 is laterally offset from the first
planar region 114 by a predetermined distance, such as a distance given above. 30A third process
portion 806 involves coupling the first loop antenna 110 to an RFID reader 100 and an appropriate
matching circuit or network 500, and a fourth process portion 808 involves driving the first loop
antenna 110 with an electrical signal provided by the RF1D reader 100 to generate a first radiation
pattern with the first loop antenna 110, where the first radiation pattern includes a first magnetic field.
A fifth process portion 810 involves exposing the second and/or third loop antennas  120, 130 to the
first radiation pattern, thereby inductively coupling the second and/or third loop antennas 1.20, 130 to
the first loop antenna 110 by way of the first Magnetic field, and generating a Second and/or a third
radiation pattern respectively corresponding to the second and/or third loop antennas 120, 130. A sixth
process portion 812 involves combining the first radiation pattern with the second and/or third radiation
patterns to produce at least one augmented radiation pattern that  defines an augmented detection
volume 400, 410. The augmented radiation pattern I 0includes magnetic field components of sufficient
magnitude and directional variation  to facilitate or enable reliable or generally reliable communication
with an RFID tag antenna 202 disposed within the augmented detection volume 400, 410 regardless
or independent of the RFID tag antenna's orientation. Differently oriented RF1D tags can be detected
within the augmented detection volume(s) 400, 410 in a .manner  ISidentical or analogous to that
described above. FIG. 7 is a graph illustrating a mannerin which a lateral separation or gap 300
between a primary or driven antenna (e.g., a first loop antenna 110) and a secondary or inductively
coupled antenna (e.g., a seCond or a third loop antenna 120, 130) 20affects a maximum distance
away from the primary antenna at which an RF1D tag 200 can be successfully or reliably detected for
a representative implementation of an 



RFID communication system 20 according to an embodiment the disclosure. In particular, the graph of
FIG. 7 shows measured maximum R.FID tag detection distance versus gap size for a system 20
having a first loop antenna 110 and a second 25loop antenna 120. The first loopantenna 110 and the
second loop antenna 120 can be approximately the same size or different sizes. For example, the first
loop antenna 110 can have dimensions of approximately 25 cm by 20 cm and the second loop
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 30manner indicated in FIG.
18, such that the second planar area 124 was perpendicular to the first planar area 114. The second
planar area 124 was offset away from the first loop antenna's first axis Ill, such that the second planar
area 124 was positioned slightly beyond a peripheral border of the first planar area 114. Additionally,
the RFID tag 200 was a card size HF ISO 1 Code SL1 tag  (manufactured by EC( SMARTAG Pte Ltd,
Singapore). The RFID reader 100 was a Huh Power High Frequency reader (model number ID
ISCIR2000 A, manufactured by FEIG ELECTRONIC, Weilburg, Germany). 5In general, the further
apart the first. loop antenna 110 is from the second loop antenna 120, the shorter the detection range
is. As indicated by FIG.?, a gap 300 that is less than or equal to approximately 5 cm (for instance, less
than or equal to. approximately 2 -4 cm, e.g., less than Or equal to approximately 2 - 2.5 cm, or
between approximately 1 -2 cm) gives rise to a largest or longest distance away 10from the first loop
antenna 100 at which an RFID tig 200 can be successfully or reliably detected. If the spacing between
the first loop antenna 110 and the second loop antenna 120 is within approximately 5 cm, the
augmented radiation pattern is uniform, essentially uniform, or substantially uniform. However, if the
spacing is beyond approximately 5 cm, the augmented radiation pattern can be distorted or 1
5nonuniform. Consequently, the augmented detection volurn e can become distorted, nonuniforni, or
irregular if the spacing between the inductively coupled antennas 110, 120 is beyond approximately 5
cm, and an RFID tag antenna detection zone or reliable detection region correspondingly becomes
distorted, nonuniform, or irregular, or shrinks. An RFID tag detection range, reliable detection.range,
detection 20distance, or reliable detection distance thus drops. To achieve good or robust 



transformer type coupling effebt(s), the second loop antenna 120 should be approximately I - 5 cm
apart or laterally separated away from the first loop antenna -1!0. II 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 25unstable. In order to maintain a perfect, optimized or effective geometric
balance, the distance or lateral offset between the two loop antennas, 110,120 can be approximately 1
- 2 cm. For a first loop antenna 110 and a second loop antenna 120 having the above dimensions, the
RF1D tag 200 was successfully detected up to a distance of approximately 80 cm from th- first loop
antenna's first planar area 114. 30Thus, an augmented detection volume 400 extended approxirriately
80 cm away from the first loop antenna 110. Within the augmented detection volume 400, successful
F-'1D tag detection was independent or essentially independent of RF1D tag orientation.  In the
foregoing manner, various embodiments of the disclosure are described for addressing at least one of
the foregoing disadvantages. Based on the foregoing disclosure, it should be understood that various
changes in the form and design of an REID communication assembly, apparatus, and/or system can
be made without 5 departing from the scope and spirit, of this disclosure. The form, method and
design described herein are merely an explanatory embodiment thereof and it is the intention of the
following claims to encompass and include such changes.  MCSLLP  PCT/$G2010000356 Claims An
REM reader system having an operating frequency, the RFD reader system comprising:      a signal
processing unit having an output configured to provide a drive signal; and      a loop antenna system
coupled to the signal processing unit, the loop antenna system comprising: a first loop antemm having
a first length of wire that defines a 



10first planar region and a first axis that is normal to the first planar region, the first leop antenna
having a feed point to receive the drive signal, the drive signal providing an eleouioal signal to the first
loop antenna thereby generating a first radiation pattern that includes a first magnetic field; and 15a
second loop antenna having a second length of wire that defines a second planar region, the second
planar region disposed substantially perpendicular to the first planar region, the second loop antenna
exposed to the first magnetic field to thereby generate a second radiation pattern by way of inductive
coupling, the second 20radiation pattern including a second magnetic field, the first and second loop
antennas separated laterally by a first gap along the first axis of the first loop antenna      wherein the
first radiation pattem and the second radiation pattern combine to form a first augmented radiation
pattern couplea le 25to an RFD tag antenna in a manner that is at least substantially independent of
RTID tag antenna orientation. /The system of claim 1, wherein the loop antenna system further
comprises: 30a third loop antenna, the third loop antenna having a third length of wire that defines a
third planar region, the third pliinsr region disposed substamially pemendicular to the first plimar
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 29 AMENDED SHEET IPENAL
PCT/S001.0/000356MCSLLP 



first magnetic field to thereby generate a third radiation pattern by way of inductive coupling, the third
radiation pattern having a third magnetic field, the first and the third loop antennas separated latetally
by a second gap along the first axis of the loop antenna;       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.
103.The system of claim 1, wherein at least one of the first length of wire and the second length of wire
is configurable to have a shape corresponding to one of a circle, an oval, a triangle, a square and a
figure of eight. 1.5The system of claim 2, wherein the third length of wire is configurable to have a
shape corresponding to a circle, an oval, a triangle, a square and a figure of eight. 5.The system of
claim 1, wherein the second loop antenna lacks a feed 20point couplcable to the signal processing
unit. The system of claim 2, wherein the second and third loop antennas lack a feed point coupleable
to the signal processing unit. 257.The system of claim l,whercintheflrstl0opaflteEflai9C011Pt0a
matching circuit. The system of claim 7, wherein the matching circuit is tuned by a least one of a
variable capacitor and a variable inductor. 309.The system of claim 7, wherein the matching circant la
tuned by each of a variable capacitor and a variable inductor. 30 AMENDED SHEET IPEA/AU  



MCSLLP  PCT/SG20101000356 10. The system of claim 2, wherein the first gap and the second gap
is one of approximately equal to and different from each other. 11. The system of claim I, wherein the
first gap is approximately 0.1 - 10 ern- 12. The system of claim 2, wherein at least one of the first gap
and the second gap is approximately 0.5 - 5 cm. 10 13. The system of claim 1, wherein the first
augmented radiation pattern defines a first 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 second planar 15region. 14. The system of claim 2, wherein the second
augmented radiation pattern defines a seamd augmented detection volume that includes magnetic
field components that are perpendicular to the first planar 20region and magnetic field components
that arc pcapendicular to the third planar region.  15.The system of claim I, wherein the second planar
region is disposed  substantially away from the first axis towards a peripheral boundary of 25the first
planar region. 16. The system of claim 2, wherein the third planar region is disposed substantially
away frum the axis towards a peripheral boundary of the first planar region. 30 17. An R.F1D
communication system comprising: . 



a first antenna having a feed point coupleable to a drive signal, the first mune configured to generate a
first radiation pattern in 33 AMENDED SHEET - IPEA/AU  MCSLLP  PCT/ G2010/000356 omponse to
the drive signal, the first radiation pattern including a first magnetic field having a maximum magnitude
along a first axis; a second antenna configured to generate a second radiation  pattern by way of
illdUCtiVe coupling to the first radiation pattern, the second radiation pattern including a second
magnetic field having a maximum magnitude along a second axis, the second antenna lacking a fefed
point; and        a act of support members configured to spatially dispose the first antenna and the
second antenna relative to each other such that tOthe first axis is substantially perpendicular to the
second axis, the second antenna is offset away from the fret axis toward a periphery of the fix%
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 15which the augmented radiation pattyii includes magnetic field components of sufficient
magnitude and directional variation to enable reliable coupling to an REID tag antenna in a manner
that is essentially independent of RPM tag antenna orientation within the detection volume. 20 18.The
arm, communication system of claim 17, wherein the first and 



the second antenna are separated laterally by a first gap along the first axis of the first antenna.
2519.The R.F1D reader vat= of claim 1, wherein the RF113 reader system  comprises: a plurality of
loop antenna systems, each loop antenna system within the plurality of loop antenna systems
configured to generate a                first radiation pattern and a second radiation pattern that combine to
30form a first augmented radiation pattern,      wherein each first augmented radiation pattern is
coupieable to an RFD tag antenna in a manner that is at least sithstantially independent of REID tag
antenna orientation. 32  MCSLLP P /SG2010/000356 20. The RFID reader system of claim 1, wherein
the signal processing unit includes an output configured to provide a drive signal to each loop antenna
system within the plurality of loop antenna systems In a multiplexed mariner. 5 21. The system of claim
19, further comprising an article storage structure that carries the plurality of loop antenna systems in
one of an adjacent and a vertically stacked manner. 1022.The system of claim 19, wherein the second
loop antenna within at least one loop anterma system lacks a feed point.  23.A method of detecting an
RPD3 tag carrying an RITA tag antenna 



within a detection volume in a manner that is substantially 15independent of AHD tag orientation, the
method comprising:  generating a first radiation pattern by way Of a first loop antenna comprising a
feed point and a length of wire that defines a first planar region and a fist axis that is normal to the first
planar region, the first radiation pattern including a first magnetic field; 20 exposing a second loop
antenna to the first magnetic field, the second loop antenna comprising a second length of wire that
defines a second planar region diem:Pied substantially perpendicular to the first planar region and
laterally separated from the first loop antenna by a first gap along the first axis of the first loop antenna;
and 25generating a second radiation pattern with the Second Intip antenna by way of inductive
coupling to the first magnetic field, the second radiation pattern including a second magnetic field,
wherein the first radiation pattern and the second radiation pattern combine to form a first augmented
radiation pattern caupleable 30to the RFID tag antenna in a manner that is at least substantially
independent of REID tag orientation. 33 AMENDED SHEET 1PEA/AU  MCSLLP  PCVSG2010/000356
24.The method of claim 23, wherein the second planar region is disposed 



substantially away from the first axis of the loop antenna towards a peripheral boundary of the first
planar region, 525.The method of claim 23 fortis= oomprising:      exposing a third loop antenna to the
first magnetic field, the third loop antenna comprising a third length of wire that defines a third planar
region disposed substantially perpendicular to the fu-st planar region and laterally separated from the
luta loop antenna by a 10second gap along the first axis of the first loop antenna; and       generating a
third radiation pattern with the third loop antenna by way of inductive coupling, the third radiation
pattern including a third magnetic field, wherein the first radiation pattern and the third radiation 15
pattern combine to form a second augmented radiation pattern coupleable to the RFID tag anteauut in
a manner that is at least substantially independent of REID tag orientation. 26. The method of claim
23, wherein the third planar region is disposed 20substantially away from the first axis of the first loop
antenna towards a peripheral boundary of the first planar region. 27. The method of claim 26, further
comprising                     disposing the second planar region and the third planar region 25on opposite
sides of the first planar region. 28. The method of claim 23 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 30first loop antenna th4.4..by providing an electrical signal to the first
loop antenna. The method of claim 23, wherein the Gond loop antenna lacks a feed point, 34 



/WENDED SHEET [PEA/AU  MC Pa/SG-2010/000356 30. The method of claim 25, wherein each of
the second and third loop antennas lacks a feed point. 31. A method of manufacturing an RFiD reader
assembly, thc method comprising the steps of:      providing a first loop antenna, the first loop antenna
having a first length of wire that defines a first planar region and a first axis that is normal to the first
planar region, the first loop antenna having a feed 10point, the first loop antenna carried by a first
housing member; and      providing a second loop antenna, the second loop antenna having a second
length of wire that defines a second planar region, the second loop antenna can-led by a second
housing member such that the second planar region is substantially perpendicular to the ftrst 15plaru3r
region and the second loop antenna is inductively coupleable to the first loop antenna and providing a
first gap between the first loop antenna and the second loop antenna along the first axis of the first
loop antenna to reduce strong coupling effects between the first loop antenna and the second 20loop
antenna. 32. The method of claim 31, wherein the first gap falls within a separation distance range that
simultaneously reduces strong ooupling effects and substantially maintains a maximum RPM tag
detection distance. 33. The method of claim 31, wherein the second planar region is disponi('
substantially away from the first axis of the first loop antenna towards a peripheral boundary of the first
planar region. 3034; The method of claim 33 further comprising:      providing an impedance matching
circuit coupled to the first loop antenna, the impedance matching circuit comprising at least one of a
variable capacitor and a variable inductor. 



35 AMENDED SHEET TEA/AU  M ()SUP  PCT/SG1010/000356 35. 7be method of claim 33, further
comprising:      providing an impedance matching circuit coupled to the first loop antenna, the
impedance matching circuit comprising each of a variable capacitor and a variable inductor. 36. The
method of claim 31, wherein the second loop antenna lacks a feed point. 37. An R_PID
communication method comprising: 10providing a first antenna configured to generate a first radiation
pattern including a first magnetic field baying a maximimi magnitude along a first axis;
providing a second antenna configured to generate a second radiation pattern including a second
magnetic field having a maximum 15magnitude along a second axis;. 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; 20positioning the first and second antennas relative to each other 



such that the second antenna is laterally offset from the first antenna  by a distance sufficient to reduce
RP coupling instability between the first and second antennas associated with strong coupling effects:
driving the first antenna to generate the first radiation pattern; 25inductively coupling the second
antenna to the first radiation pattern to generate the second radiation pattern; and      generating an
wile:and radiation pattern within a detection volume, the aug:mented radiationliattem.corresponding to
a  combination of the first radiation pattern and the second radiation 30pattern, the augmented
radiation pattern including magnetic field components having sufficient magnitude and directional
variation to enable reliable cowling to an RPM tag antenna essentially  independent of P.F1D tag
antenna orientation within the detection volume. 36 AMENDED SHEET PEA/AU 




