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MULTI-LOOP ANTENNA FOR RADIO-FREQUENCY IDENTIFICATION

[0001] This application claims priority from U.S. Provisional Application Serial No.
60/429,282, filed November 25, 2002, the entire content of which is incorporated herein

by reference.

TECHNICAL FIELD
[0002] The invention relates to the use of radio frequency identification systems for
document and file management and, more specifically to radio frequency antennas for

radio frequency identification systems.

BACKGROUND

[0003] Radio-Frequency Identification (RFID) technology has become widely used in
virtually every industry, including transportation, manufacturing, waste management,
postal tracking, airline baggage reconciliation, and highway toll management. A typical
RFID system includes RFID tags, an RFID reader having an antenna, and a computing
device. The RFID reader includes a transmitter that may provide energy or information to
the tags, and a receiver to receive identity and other information from the tags. The
computing device processes the information obtained by the RFID reader. In general, the
information received from the tags is specific to the particular application, but often
provides identification for an item to which the tag is fixed, which may be a manufactured
item, a vehicle, an animal or individual, or virtually any other tangible article. Additional
data may also be provided for the article. The tag may be used during a manufacturing
process, for example, to indicate a paint color of an automobile chassis during
manufacturing or other useful information.

[0004] The transmitter outputs RF signals through the antenna to create an

electromagnetic field that enables the tags to return an RF signal carrying the information.
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A conventional tag may be an “active” tag that includes an internal power source, or a
“passive” tag that is energized by the field.

[0005] The transmitter makes use of an amplifier to drive the antenna with a modulated
output signal. Once energized, the tags communicate using a pre-defined protocol,
allowing the RFID reader to receive information from one or more tags. The computing
device serves as an information management system by receiving the information from the
RFID reader, and performing some action, such as updating a database or sounding an
alarm. In addition, the computing device serves as a mechanism for programming data

into the tags via the transmitter.

- SUMMARY

[0006] In general, the invention relates to a multi-loop antenna for producing an
electromagnetic field for radio-frequency identification. The antenna may be, for
example, embedded within a “smart storage area” of an RFID system. As described in
detail, the smart storage areas may be equipped with multi-loop antennas to produce
electromagnetic fields, and RFID interrogation capability to aid in tracking and locating
documents or files within the system. The RFID interrogation capability of smart storage
areas may read RFID tags associated with the items stored in the respective storage areas.
Examples of smart storage areas include a shelving unit, a cabinet, a vertical file separator,
a smart cart, a desktop reader, or a similar location.

[0007] Embodiments of the multi-loop antenna may be used in many RFID applications,
such as the smart storage areas, in which tags may be oriented perpendicular to the
antenna. In order to provide reliable communications, it is desirable to create as large an
electromagnetic field as possible in a direction perpendicular to any RFID tags associated
with items within the storage areas, and within an “interrogation region” located in a plane
above and parallel to the antenna. The embodiments produce magnetic fields that have
magnitudes that meet or exceed a minimum interrogation threshold needed to energize
tags for a substantial portion of the interrogation region, and in a direction perpendicular to
the antenna.

[0008] In one embodiment of the invention, an antenna comprises a plurality of loops.
The loops are oriented to produce an electromagnetic field having a magnitude of at least

an interrogation threshold of a tag for a substantial portion of an interrogation region
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located in a plane parallel to the antenna. One or more of the loops may be selectively
powered over an interrogation period, with the remaining loops being parasitic loops. The
parasitic loops receive power via mutual coupling with the powered loops causing current
to flow within the parasitic loops, which contributes to the profile of the magnetic field.
The-driven loops and the parasitic loops may be varied over the interrogation period to
substantially reduce any area of the interrogation region where the magnitude of the field
remains below the interrogation threshold throughout the interrogation period. During the
interrogation period, for example, a first set of the loops may be powered and RFID
communications may be initiated. This process may be repeated for any combination of
the loops during the interrogation period.
[0009] In another embodiment, an antenna comprises a plurality of concentric loops
formed in a common plane, e.g., within a single layer of a printechircuit board. The
printed-circuit board may be used within one .of the smart storage aréas, e.g., embedded
within a base of a vertical file or within a shelf. The antenna may include any number of

Q concentric loops, such as 3, 5, 10, 15, 20, or more concgntrip loops. As one example, the
antenna may comprise a plurality of lpops in Yvhich an outer and an inner loop may be
powered over the interrogation period, and the remaining loops may be parasitic loops. In
particular, the outer and inner loop may be alternatively powered during the interrogation
period such that the magnitude of the field over the interrogation period meets or exceeds
the interrogation threshold of a tag for a substantial portion of an interrogation region
located above and parallel to the antenna. '
[0010] In another embodiment, an antenna comprises a plurality of loops formed in
respective layers of a printed-circuit board. Two powered loops may reside on a top layer,
and two additional powered loops may reside on a bottom layer. One or more parasitic

~ loops may reside within a layer between the top layer and the bottom layer. The three
layers may be used to form a printed-circuit board for use within one of the storage areas.
The loops may be non-concentric, and may overlap in direction perpendicular to the
printed-circuit board. |
[0011] In another embodiment, a system comprises a storage area to store items having
associated radio frequency identification tags, and a multi-loop antenna proximate the
storage area to produce an electromagnetic field. The system further comprises a radio

frequency identification reader coupled to the antenna to selectively power at least one of
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the loops of the antenna without powering the remaining loops to communicate with the
radio frequency identification tags.

[0012] In a further embodiment, the invention is directed to a method comprising
selectively powering at least one loop of a multi-loop antenna without powering the
remaining loops to produce an electromagnetic field proximate to a storage area during an
interrogation period, and obtaining information during the interrogation period from one
or more radio frequency identification tags fixed to items within the storage area.

[0013] Although the various aspects of the present invention will largely be described in
the context of files or documents or both, the invention may be used in tracking other
items including books, video tapes, optically-recorded media, or retail items, pallets,
containers, or other assets, as appropriate, whether or not each of these items is
specifically called out as an alternative application.

[0014] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS

‘ [0015] FIG. 1 is a block diagram illustrating a radio frequency identification (RFID)
system for document and file management.
[0016] FIG 2 is a perspective diagram illustrating an example orientation for an antenna of
an RFID reader relative to a tag associated with a document or file.
[0017] FIG. 3 is a schematic diagrain of one exafnple embodiment of a multi-loop
antenna.
[0018] FIG. 4A is a graph that illustrates the magnitudes of example magnetic fields
produced by selectively powering different loops of the antenna of FIG. 3.
[0019] FIG. 4B is a graph that illustrates the magnitude of the magnetic fields of FIG. 4A
over an interrogation period during which the loops are selectively powered.
[0020] FIG. 4C is a three-dimensional graph that illustrates the magnitude achieved by
magnetic fields of FIG. 4A over an interrogation period.
[0021] FIG. 5 is a plan view of another exemplary multi-loop antenna.

[0022] FIG. 6 is an exploded view of the example antenna of FIG. 5.
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[0023] FIG. 7 is a plan view of another exemplary multi-loop antenna

[0024] FIG. 8A is a graph that illustrates the magnitude of an example magnetic field
produced by the multi-loop antenna of FIG. 7.

[0025] FIG. 8B is a three-dimensional graph of the magnetic field created by the antenna
of FIG. 7.

DETAILED DESCRIPTION

[0026] FIG. 1 is a block dikagram illustrating a radio frequency identification (RFID)
system 10 for document and file management. Despite some interest in converting offices
to paperless environments in which paper documents are entirely replaced by electronic
versions of those documents, a number of industries continue to rely heavily on paper
documents. Examples include law offices, government agencies, and facilities for storing
business, criminal, and medical records. These files may be positioned in a number of
“smart storage areas” 12, e.g., on an open shelf 124, a cabinet 12B, a vertical file

' sébareitor 12C, a smart cart 12D, a desktop reader 12E, or a similar location, as shown in
FIG. 1.
[0027] In this manner, smart storage areas 12 may be provided at multiple locations within
an organization, as ‘opposecvll"t»o in a single file room. For example, a smart storage area 12
may be associated with a particular location, e.g., a docketing shelf, and thus may be
referred to or considered to be “dedicated” shelves. As also described below, smart
storage areas 12 could be located near individual offices or other areas in, for example, a
hospital or clinic, a law firm, an accounting firm, a brokerage house, or a bank, to enable
files to be tracked not only when they are located in a central file room, but also when they
are located at distributed locations.
[0028] The term “smart storage area” is used generally to refer to a storage area for a
document or other item that is equipped with RFID interrogation capability to aid in
tracking and locating documents or files within system 10. In particular, the RFID
interrogation capability of smart storage areas 12 may read RFID tags associated with the
items stored in the respective storage areas. In other words, RFID tags may be associated
with or applied to items of interest. The tag may even be embedded within the item or the
packaging of the item so that the tag is at least substantially imperceptible, which can help

to prevent detection and tampering. Thus it would be possible to “source-mark” items
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with an RFID tag, such as inserting an RFID tag into or applying an RFID tag to an item
during its manufacture, as with a file folder, document, book, or the like.
[0029] RFID tags or labels are made by various manufacturers, including Texas
Instruments of Dallas Texas, under the designation “Tag-it.” One type of RFID tagis a
combination tag that includes an RFID element and a magnetic security element. An
RFID tag typically includes an integrated circuit with a certain amount of memory, a
portion of which may be used to write certain information to the tag, and another portion
of which may be used to store additional information to the tag. The integrated circuit is
operatively connected to an antenna that receives RF energy from a source and also
backscatters RF energy in a manner well known in the art. It is this backscattered RF
energy that provides a signal that may Be received by an interro gator, commonly referred
to as a reader, within file tracking system 14 to obtain information about the RFID tag, and
the item with which it is associated. |
[0030] RFID system 10 operates within a frequency range of the electromagnetic
spectrum, such as 13.56 MHz, with an allowable frequency variance of +/- 7 kHz, which is
often used for Industrial, Scientific and Medical (ISM) applications. However, other.
frequencies may be used for RFID applications, and the invention is not so limited.
[0031] The RFID interrogators or reader pads of smart storage areas 12 communicate
position information to file tracking system 14 that provides a central data store, e.g.,
within one or more databases of a relational database management system (RDBMS), for
aggregation of the position information. File tracking system 14 may be networked or

- otherwise coupled to one or more computers so that individuals at various locations can
access data relative to those items.
[0032] Collection and aggregation of the position information may be useful for a number
of purposes. For example, a user may request the location of a particular item or group of
items, such as a file or a group of books. File tracking system 14 may retrieve the file
location information from the data store, and report to the user the last location at which
the items were located within one of the storage areas. Optionally, the system can re-poll
or otherwise re-acquire the current location of the item to verify that the item is in the
location indicated in the database.
[0033] As another example, file-tracking system 14 may notify a user when an item is

placed at a certain location and is ready for use. For example, an attorney may be notified
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that a file is ready for review and recently placed at his or her desk. Naturally, file

tracking system 14 could be applied to legal files stored in court rooms or court houses,

and used by court personnel such as judges, clerks, and the like. Similarly, if patient files
-are located in a designated area, a medical professional may be notified (perhaps through a
cellular telephone or a pager, or by e-mail) that the file (and perhaps the person to whom
the file relates) is ready for review.

[0034] The fact that the file was located at a certain location awaiting further processing

can be recorded by file tracking system 14 as part of a history of the location of that item.

‘Note that a certain file located on a certain shelf or other storage location, on which a
certain person is expected to work, is different than a storage room containing a large
group of files (perhaps) awaiting work by any person within a group or organization.

Stated differently, the certain shelf having a certain file for a certain person is specific to

that person, whereas a general file room housing all files for all members of a group.is not

specific to anyone.

[0035] In addition, the information collected by RFID system 10 may be useful in
.-tracking, for example, cycle time in processes, efficiency of one or more people who work
+ with the files, and efficiency of the process. This information can also provide a type of
location archive if the information is maintained within the software system.

[0036] Each of the smart storage areas 12 of system 10 may be equipped with one or more
- ‘antennas for interrogating the files to aid in determining which files are located at each of

the storage areas. For example, one or more antennas are positioned within open shelve

- . 12A to create an electromagnetic field for communicating with the RFID tags associated

with the files. Similarly, antennas may be located within cabinet 12B, vertical file
separator 12C, smart cart 12D, desktop reader 12E, and the like. The antennas may be
positioned in various ways, such as on top or bottom of each shelf, at the back of the
shelves, or supported vertically, interspersed among the files. The antennas can be
retrofitted to existing shelves or built into a shelf and purchased as a unit.

[0037] Each smart storage area 12 may include an antenna control system to energize the
antennas to interrogate, or poll, the RFID tags. If polling is performed continuously, a
controller within the antenna control system may include a circuit for multiplexing signals
through multiple antennas sequentially. The antenna control system may cause the

antennas to interrogate portions of the smart storage area 12 in a predetermined order. The
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antenna control system may include one or more nodes, i.e. subcontrollers, that control a
subset of antennas. The number, location, and other characteristics of the antennas
associated with a given node may be determined by the user. For example, if it is desired
to poll the shelves quickly, more nodes may be added to the system. Another approach is
for the user to configure or customize the antenna control system so that nodes or portions
of the smart storage area 12 may be configured to poll in a sequence specified by the user.
For example, if one portion of a smart storage area 12 is unavailable for use at certain
‘times, then the RFID tags in that area need not be interrogated during those times.
[0038] As described in detail herein, the antenna or antennas used within each of smart
- storage areas 12 may be designed to develop magnetic fields of at least certain strengths -
within “interrogation regions” over the storage areas. This may be advantageous for one
“or-more reasons, including improving the accuracy of file detection throughout the
- interrogation regions of a given smart storage area 12. The magnetic field created by the
antenna is used to power the tags associated with the items within the smart storage area
+12, and the amount of energy induced in each tag is proportional to the strength of the
magnetic field passing through the tag loop. Advantageously, the antenna may be utilized
to produce a field having a magnitude over the interrogation period that exceeds a
threshold magnitude for energizing an RFID tag. Moreover, the magnitude may meet or.
exceed an interrogation threshold, such as 115 dBuA/m, for energizing tags throughout.a.
- substantial portion of the interrogation region. For example, by selecting different driven
and parasitic loops of the antenna, the field produced may have a magnitude substantially
throughout the interrogation region that exceeds the threshold magnitude for.50%, 75%,
 90%, 99%, or more of the area of the interrogation region. In this manner, antenna 30 may
- be utilized to more accurately detect and communicate with tags associated with items
Wwithin a smart storage area 12. Consequently, the techniques described herein can
- improve the likelihood that all or substantially all of the tags associated with the files or
documents positioned within the storage areas can be energized, and the items can be
successfully detected.
[0039] FIG 2 is a perspective diagram illustrating an example orientation for an antenna
20 of an RFID reader relative to a tag 22 associated with an item located within one of
smart storage areas 12. In many RFID applications, such as the smart storage areas 12 of

RFID system 10, it is often advantageous to create as large an electromagnetic field as
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possible in a direction perpendicular to tag 22, as indicated by the dotted arrow 21, and
within an interrogation region 24 located in a plane above and parallel to antenna 20. In
particular, the field should have a magnitude that meets or exceeds a minimum
interrogation threshold needed to energize the tag throughout a substantial portion of
interrogation region 24 in the direction primarily perpendicular to tag 22 in order to
provide reliable communications throughout the interrogation region.
[0040] Unlike many RFID applications in which an RFID reader and a tag may be parallel
and aligned on top of each other, antenna 20 and tag 22 within a smart storage area 12 may
necessarily be oriented perpendicular to each other. In particular, for ease of installation
and other reasons, antenna 20 may be located within or along a respective base or shelving
structure of a smart storage area 12, and the documents or items may be stored vertically.
For example, one or more antennas 20 may be located within the shelves of open shelf
-12A. Similarly, one or more of antennas 20 may be located within a base of vertical file
-separator 12C. Files or documents within these storage areas 12, however, are typically
arranged vertically. As a result, tag:22 associated with one of the items tends to be
oriented perpendicular to antenna 20, and may be located a distance z above antenna 20 of
the reader. Further, tag 22 may be positioned anywhere over the area occupied by antenna
20, depending upon the position of the associated item. For example, tag 22 may be
located near either end of shelf 12A, or anywhere in between.
[0041] A conventional single-loop RFID antenna may be unable to produce an
electromagnetic field that meets or exceeds the minimum interrogation threshold in a
direction perpendicular to tag 22 substantially throughout plane 24. In particular, a single
loop RFID antenna may produce a field having peaks in field strength directly over the
loop, and a significant drop in the center of the antenna. As a result, conventional single-
loop RFID antennas may be less accurate or unworkable in that they may fail to detect a
number of items within the storage area. As described herein, each of smart storage areas
12 utilizes one or more multi-loop antennas capable of producing a magnetic field that
meets or exceeds an interrogation threshold for energizing tags throughout the smart
storage area.
[0042] FIG. 3 is a schematic diagram of one example embodiment of a multi-loop antenna
30. In particular, antenna 30 is capable of producing an electromagnetic field in which a

magnitude of the field meets or exceeds a minimum interrogation threshold in a direction
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perpendicular to an orientation of a tag within an interrogation region located above and
paralle] to the antenna. In particular, antenna 30 includes a plurality of concentric loops
formed that are planar with one another, i.e., reside in one or more parallel planes.
[0043] Antenna 30 includes one or more “powered” loops and one or more “parasitic”
loops to reduce any area of the interrogation region where the magnitude of the field
remains below the interrogation threshold throughout the interrogation period.
Furthermore, any number of the loops of antenna 30 may be selectively powered to form a
field that, over an interrogation period, exceeds a minimum interrogation threshold in an
interrogation region located in a plane parallel to and above the antenna. During the
interrogation period, a first set of the loops may be powered and a RFID communication
may be initiated. This process may be repeated for any combination of the loops during
the interrogation period.
[0044] Each loop may comprise a discrete trace, wire, or other conductive path suitable
for current flow. In addition, one or more loops may be made from a single, continuous
trace or wire. As one example, the loops may be formed from one or more traces within a
printed circuit board or other rigid or flexible substrate. Each trace may be, for example,
~100 to 150 millimeters in width. Multiple antennas 30 may be located adjacent to each
other within a single smart storage area 12 to ensure the electromagnetic field spans the
entire storage area.
[0045] In general, the parasitic loops receive power via mutual coupling with the driven
loops causing current to flow within the parasitic loops, which contributes to the profile of
... the magnetic field. As a result, each parasitic loop may be tuned to provide fine control
over the magnitude of the electromagnetic field. In accordance with the principle of field
superposition, the ultimate field produced by antenna 30 at any point during the
interrogation interval is based on the contributions of all the loops. Consequently, the
driven loops and the parasitic loops may be selected to finely control the magnetic field
- along a dimension of antenna 30, e.g., the X direction in FIG. 3. Further, the powered
loops and parasitic loops of antenna 30 may be varied during the interrogation period to
form a field having a magnitude that meets or exceeds the interrogation threshold for a
substantial portion of the interrogation region in a direction perpendicular to an orientation

of tags within the interrogation region.
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[0046] In one embodiment, antenna 30 may include any number of loops, such as three,
five, ten, fifteen, twenty, or more concentric loops. Outer loop 32 may measure
approximately 12 inches in the X direction, and 8 in the Y direction. Moreover, the loops
of antenna 30 may be arranged to have a spacing of approximately 0.4 inches on center
between each loop.
[0047] Outer loop 32 and an inner loop 34 of antenna 30 may be powered, and all of the
other inner loops may be parasitic elements, i.e., passive elements. The parasitic loops
may be tuned to resonant at a frequency to allow maximum current flow in each of the
parasitic loops, which in turn creates the magnetic field strength needed in an interrogation
region located within a plane parallel to and above antenna 30. As one example, a
powered loop may be driven at 13.56 MHz, for example, and a parasitic loop may be
tuned to resonate at a frequency of +0.5MHz from this base frequency.
[0048] In addition, the non-overlapping, concentric loops of antenna 30 may be formed in -
a common plane, e.g., within a single layer of a printed-circuit board for use within a base
or shelf of a smart storage area 12. Although described in general with respect to a
horizontal position, the invention is not so limited, and antenna 30 may be oriented

- differently depending on the particular RFID application.
[0049] Further, although the embodiment of FIG. 3 is used as an example, other variations:
may be used to create fields having different profiles. For example, any combination of
driven and parasitic loops may be used. Furthermore, antenna 30 may easily be modified
to use one or more different geometric shapes, such as parallelograms, and by removing,
shorting, angling, or driving selected loops, the desired electromagnetic field profile can
be obtained.
[0050] FIG. 4A is a graph that illustrates the magnitude of example magnetic fields 40, 42
formed by selecting different driven and parasitic loops of antenna 30 (FIG. 3).
Specifically, FIG. 4A illustrates the magnitude of an X-directed magnetic field sweeping
along the X direction of a smart storage area 12 with Y and Z distances held constant. In
this example, the magnitude of the magnetic field strength was measured using a Hewlett
Packard model HP11941A close-field probe, which has an antenna factor, at the measured
frequency of 10 MHz equal to 39 dB (uA/m/uV).
[0051] In the illustrated example, an outer loop 32 (FIG. 3) and an inner loop 34 of

antenna 30 are powered at different times during the interrogation interval to produce
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electromagnetic fields 40 and 42, respectfully. All of the other inner loops are used as
parasitic loops throughout the entire interval. As illustrated by the example, each driven
loop 32, 34 and the remaining parasitic loops create respective magnetic fields 40, 42 that
exhibit significant reduction in magnitude in different points along the X dimension of
antenna 30. By selectively powering loops 32, 34 over an interrogation period, the
magnitude of the fields produced by antenna 30 may be enhanced to substantially reduce
any area of the interrogation region where the magnitude of the fields remains below the
interrogation threshold throughout the interrogation period.
[0052] FIG. 4B is a graph that illustrates the magnitude of the magnetic fields 40, 42 of
FIG. 4A formed over an interrogation period during which loops 32, 34 are selectively
powered. As illustrated, over the interrogation period, selectively powered loops 32, 34
and the parasitic loops of antenna 30 form a field 44 having a magnitude that meets or
exceeds a minimum interrogation threshold in an interrogation region parallel to the |
antenna, and in a direction perpendicular to an orientation of a tag within the interrogation
region. |

'[0053] Advantageously, antenna 30 may be utilized to produce field 44 having a
magnitude over the interrogation period that exceeds a threshold interrogation magnitude,
such as 115 dBuA/m, to energize an RFID tag and provide reliable communications
substantially throughout an interrogation region above antenna 30. For example, by

- selecting different driven and parasitic loops of antenna 30, field 44 may be produced that
exceeds the threshold interrogation magnitude for 50%, 75%, 90%, 99% or more of the
area of the interrogation region in a direction perpendicular to an orientation of a tag
within the interrogation region. For example, within the interrogation region and in a
direction perpendicular to an orientation of the tag, field 44 exhibits a single dip 46 in
which the magnitude falls below exemplary threshold 45. However, in this example, field
44 falls below threshold 45 for a very narrow region. In particular, dip 46 in field 44 may
have a width of 0.1 inches, or 0.08 inches, or less at threshold 45. In this manner, antenna
30 may be utilized to more accurately detect and communicate with tags associated with
items within a smart storage area 12.
[0054] FIG. 4C is a graph that provides a three-dimensional view of the magnitude of the
magnetic field 44 of FIG. 4B. As illustrated by FIG. 4C, field 44 is generally formed in an

interrogation region above antennae 30, and exceeds threshold 45 for a substantial portion
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of the interrogation region. In this example, FIG. 4C illustrates the magnitude of field 44
measured in an interrogation region 0.75 inches above antenna 30.
[0055] FIG. 5 is a plan view of another exemplary multi-loop antenna 50. Multi-loop
antenna 50 includes multiple loops residing on multiple layers. More particularly, antenna
50 includes sets of powered loops 52A-52D (“52”) and parasitic loops 54A-54C (“54”)
that reside on respective layers. A first set of powered loops 52A and 52B reside on a top
- layér and a second set of powered loops 52C and 52D reside on a bottom layer. Parasitic
loops 54 reside on a middle layer between the top layer and the bottom layer. Each set of
powered loops 52 may be selectively driven with a power source, such as a current source,
in order to create a magnetic field. When only one of the sets of powered loops 52 are
- driven, the loops of the other set act as parasitic loops. As with the exemplary antenna 30
of FIG. 3, powered loops 52 and parasitic loops 54 are arranged such that the magnetic
-fields produced by the loops reduces any area of the interrogation region where the
-magnitude of the field remains below the interrogation threshold throughout the.
interrogation period.
[0056] More specifically, an electromagnetic coupling between powered loops 52 and

parasitic loops 54 induces a current in parasitic loops 54 and, in turn, a magnetic field

associated with parasitic loops 54. The magnetic field created by parasitic loops 54 further .,

enhances the magnetic field-in areas in. which the magnetic field created by the -
~combination of powered loops 52 drops.

[0057] Although the example described in FIG. 5 includes powered loops 52A-52D and

parasitic loops 54A-54C residing on three layers, antenna 50 may include any number of

powered loops 52 and parasitic loops 54 residing on any number of respective layers.

- Antenna 50 may also have powered loops 52 and parasitic loops 54 arranged in a number
of ways, including having a portion of powered loops 52 residing on the same layer as
parasitic loops 54. Further, powered loops 52 and parasitic loops 54 may be constructed in
shapes other than the shapes illustrated in FIG. 5.

- [0058] Antenna 50 may be constructed, for example, on a multi-layer printed circuit board

using any of a number of fabrication techniques including chemical vapor deposition,

sputtering, etching, photolithography, masking, and the like. Alternatively, printing
techniques may be used to deposit conductive traces on dielectric layers of the printed

circuit board.

13
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[0059] FIG. 6 is an exploded view of antenna 50 of FIG. 5. As described above, antenna
50 comprises three layers 56A-56C (“56™). Layers 56 may, for example, be layers of a
printed circuit board. Layer S6A comprises powered loops 52A and 52B, layer 56B
comprises parasitic loops 54A-54C, and layer 56C comprises powered loops 52C and -
52D.
[0060] As described above, layers 56 may be arranged in several different fashions. For
instance, layer S6A and 56C may be interchanged such that layer 56C is a top layer of .
‘antenna 50 and layer 56A is a bottom layer. Further, one or more layers may be
interspersed between any of layers 56. Powered loops 52 and parasitic loops 54 may also
be arranged in'several fashions. For example, any one of layers 56 may comprise only

- driven loops 52, only parasitic loops 54, or a combination of parasitic loops 54 and driven
loops 52. C o '
[0061] FIG. 7 is aplan view of another exemplary muiti-loop antenna 60. Multi-loop -
antenna 60 includes multiple loops residing on multiple layers 62A-62B (“layers 62”).
More particularly, layer 62A includes a plurality of concentric loops, including at least one

- powered loop 64 and a number of parasitic loops to enhance the magnitude of the field
across the interrogation region above antenna 60. Layer 62B includes additional parasitic
loops 66A-66B (“parasitic loops 66”). Each:loop of antenna 60, parasitic or powered, may .
comprise a discrete trace, wire, or other conductive path suitable for current flow. In
addition, one or more loops may be made from a single, continuous trace or wire. As-one
example, the loops may be formed from one or more traces within a printed circuit board. :
[0062] Powered loop 64 is driven with a power source in order'to create a magnetic field.: .
The other loops of antenna 60, i.e., the other loops of layer 62A and parasitic loops 66 of .
layer 62B, act as parasitic loops to enhance the magnetic field of antenna 60 as described
above. The parasitic loops may be tuned to resonate at a frequency to allow maximum
current flow in each of the parasitic loops, which in turn creates the magnetic field
strength needed to produce a field that exceeds a minimum interrogation threshold fora " -
substantial portion of an interrogation plane parallel to antenna 60.
[0063] In the example illustrated in FIG. 7, a single loop, e.g., outer loop 64 of layer 624,
may be powered such that the powered loop and the remaining parasitic loops generate a .
magnetic field that meets or exceeds the interrogation threshold in a direction

perpendicular to an orientation of tags within the interrogation region above antenna 60. .
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In other words, multiple loops need not necessarily be selectively powered during an
interrogation period to achieve the field. Nevertheless, the embodiment of FIG. 7 is for
exemplary purposes, and one or more loops may be powered selectively or in combination
to produce a magnetic field with the remaining parasitic loops.

[0064] Layers 62 may be arranged in different fashions. For example, layer 62A may be a
top layer of antenna 60. Alternatively, layer 62A may be the bottom layer of antenna 60.
-Further, one or more layers may be intersperéed between layers 62A and 62B.

[0065] FIG. 8A i.s a graph that illustrates the magnitude of a magnetic field 70 created by
the antenna 60 of FIG. 7. In particular, FIG. 8A is a two dimensional graph that illustrates
the magnitude of the magnetic field along a dimension, e.g., width, of antenna 60 when
outer loop 64 is powered. As illustrated; loop 64 and the remaining parasitic loops of
antenna 60 form a field 70 having a magnitude that meets or exceeds an example threshold
72 for energizing a tag for a substantial portion of an interrogation region above antenna
60. FIG. 8Bis a three-dimensional graph that illustrates the magnitude of magnetic field .
70 produced by antenna 60 when outer loop 64 is powered.

[0066] Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.
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CLAIMS:

1. An antenna comprising a plurality of loops oriented to produce an electromagnetic
field having a magnitude of at least an interrogation threshold of a tag for a substantial

portion of an interrogation region located in a plane parallel to the antenna.

2. The antenna of claim 1, wherein the loops are formed planar to one another and are
oriented to produce the magnetic field such that the magnitude within the interrogation
region meets or exceeds the interrogation threshold of the tag in a direction perpendicular

to an orientation of the tag.

3. . The antenna of claim 2, wherein a first subset of the loops are formed in a first
printed circuit board, and a second subset of the loops are formed in a second printed

circuit board oriented parallel to the first printed circuit board.

4. The antenna of claim 2, wherein the loops are formed in a common layer of a

printed-circuit board.

5. The antenna of claim 1, wherein a subset of at least two of the loops are selectively

powered over an interrogation period to achieve the magnetic field.

6. The antenna of claim 1, wherein the loops include at least one powered loop and at

least one parasitic loop.

7. The antenna of claim 1, wherein the antenna is embedded within a base of a

vertical file or within a shelf.

8. The antenna of claim 1, wherein the loops comprise concentric loops.
9. The antenna of claim 7, wherein the antenna includes at least three concentric
loops.
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10. The antenna of claim 7, wherein the antenna includes at least fifteen concentric

loops.

11.  The antenna of claim 1, wherein the loops comprise a plurality of planar loops
J

formed in multiple layers of a printed-circuit board.

12.  The antenna of claim 11, wherein the loops comprise one or more powered loops
within a top layer, one or more powered loops within a bottom layer, and one or more

parasitic loops within a layer between the top layer and the bottom layer.

13.  The antenna of claim 1, wherein the electromagnetic field formed by the antenna
exceeds a threshold magnitude for energizing a radio frequency identification tag for at

least 50% of the dimension of the antenna.

14. The antenna of claim 1, wherein the electromagnetic field formed by the antenna
exceeds a threshold magnitude for energizing a radio frequency identification tag for at

least 75% of the dimension of the antenna.

15.  The antenna of claim 1, wherein the electromagnetic field formed by the antenna
exceeds a threshold magnitude for energizing a radio frequency identification tag for at

least 90% of the dimension of the antenna.

16. A radio frequency identification system comprising:

a storage area to store items having associated radio frequency identification tags;

an antenna proximate the storage area to produce an electromagnetic field, wherein
the antenna has multiple loops; and

aradio frequency identification reader coupled to the antenna to selectively power
at least one of the loops of the antenna without powering the remaining loops to

communicate with the radio frequency identification tags.
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17. The system of claim 16, wherein the electromagnetic field produced by the multi-
loop antenna has magnitude that exceeds an interrogation threshold of the tags over a time

period.

18.  The system of claim 17, wherein the magnitude of the electromagnetic field
meets or exceeds the interrogation threshold for a substantial portion of an interrogation

* region located in a plane parallel to the loops of the antenna.

19.  The system of claim 16, wherein the antenna comprises at least one powered loop

and at least one parasitic loop.

'20.  The system of claim 16, wherein the antenna comprises concentric loops.

21.  The system of claim 16, wherein the antenna comprises loops formed in a common
plane.

22. The system of claim 16, wherein the antenna comprises loops formed on a single

layer of a printed-circuit board.
23: The system of claim 16, wherein the antenna is embedded within the storage area.

24.  The system of claim 16, wherein the antenna comprises a plurality of planar loops

formed in multiple layers of a printed-circuit board.

25. - The system of claim 16, wherein the radio frequency identification reader
selectively powers at least two of the loops of the antenna at different times during an

" interrogation period.
26.  The system of claim 16, further comprising a file tracking system to receive the

information from the radio frequency identification reader and store the information within

a database.
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27.  The system of claim 26, further comprising a remote computer coupled to the file

tracking system to present the information to a remote user.

28.  The system of claim 16, wherein the storage area includes at least one of a shelving

. unit, a cabinet, a vertical file separator, a smart cart, and a desktop reader.

29.  The system of claim 16, wherein the information received from the radio frequency

identification tags includes location information for the items within the storage area.

30.  The system of claim 16, wherein the items having associated radio frequency

identification tags include at least one of files and documents.

31. A method comprising:

selectively powering at least one loop of a multi-loop antenna without powering
the remaining loops to produce an electromagnetic field proximate to a storage area during
an interrogation period; and

obtaining information during the interrogation period from one or more radio

frequency identification tags fixed to items within the storage area.

32.  The method of claim 31, wherein powering the multi-loop antenna includes
selectively powering two or more loops of the multi-loop antenna at different times during
the interrogation period to produce the eléctromagnetic field to have a magnitude of at
least an interrogation threshold of the tags for a substantial portion of an interrogation

region located in a plane parallel to the antenna.

33.  The method of claim 31, wherein powering the multi-loop antenna includes
powering one or more loops of the multi-loop antenna to produce the electromagnetic field
to have a magnitude that meets or exceeds the interrogation threshold of the tag in a

direction perpendicular to an orientation of the tag.

34.  The method of claim 31, further comprising storing the information from the radio

frequency identification tags within a database.
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35.  The method of claim 31, further comprising presenting the information from the

tags to a remote user.

36.  The method of claim 31, wherein obtaining information from the energized radio
frequency identification tags includes obtaining location information for items to which
the radio frequency identification tags are fixed, and further wherein the items include one

of books, files and documents located within the storage area.

37.  The method of claim 31, wherein the multi-loop antenna includes at least one

- powered loop and at least one parasitic loop, and powering the multi-loop antenna further
comprises selectively powering the powered loop to create the electromagnetic field and
induce a current in the parasitic loop via mutual coupling with the powered loop to

contribute to a profile of the electromagnetic field.

38.  The method of claim 31, wherein powering the multi-loop antenna further
comprises:

powering a first subset of the loops to create a first electromagnetic field during a
first portion of the interrogation period; and

powering a second subset of the loops to create a second electromagnetic field
during a second pértion of the interrogation period,

wherein the contributions of the first and second electromagnetic fields pfoduce an
electromagnetic field having a magnitude over the interrogation period of at least an

interrogation threshold of a tag

39.  The method of claim 38, wherein the first and second portions of the interrogation

period are non-overlapping.

40.  The method of claim 38, wherein the first and second sets of the loops reside in a

common plane.

41.  The method of claim 38, wherein the first and second sets of the loops reside

within multiple layers.
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42.  The method of claim 31, wherein a magnitude of the electromagnetic field exceeds
a threshold magnitude for energizing the radio frequency identification tags for at least

50% of an interrogation region located in a plane parallel to the antenna.

43, The method of claim 31, wherein a magnitude of the electromagnetic field exceeds
a threshold magnitude for energizing the radio frequency identification tags for at least

75% of an interrogation region located in a plane parallel to the antenna.
44.  The method of claim 31, wherein a magnitude of the electromagnetic field exceeds

a threshold magnitude for energizing the radio frequency identification tags for at least

90% of an interrogation region located in a plane parallel to the antenna. .
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