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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 1dentification systems

BACKGROUND
[0003} Radlo-Frequency Identification (RFID) technology has become mdely used in

vu'tually every industry, including transportation, manufacturin g, waste management,

postal tracking, airline baggage reconcﬂlatxon and highway toll management. A typical

-device. The RFID reader includes a transmitter that may provi(:le energy or information to
the tags, and a receiver to receive identity and other information from the tags. The
computm g 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 viftually 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 slg“ials Lxu@hgu"the antenna to-create an

electrornagnetlc field that enables the tags to return an RF signal carrying the information.

AMENDED SHEET
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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 interrbgation capability of smart storage
areas may read RFID tags associated with theﬁ,@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 communiéations, 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 1n 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 printed-:_cirouit board. The
printed-circuit board may be used W,_it;:hin one ‘of the smart Storage afeas, e.g., embedded
within a base of a vertical file or Within a shelf. The antenna may include any number of
~concentric loops, such as 3, 5, 10, 15, 20, Or more conoentnc loops. As one example, the
antenna may comprlse a plurality of loops in wh1ch an outer and an 1nner loop may be
powered over the interro gatlon period, and the remammg loops may be parasitic loops. In
particular, the outer and inner loop may be alternatlvely 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
assoclated 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 1s
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 ortentation for an antenna of
an RFID reader relative to a tag associated with a document or file.

[0017] FIG. 3 is a schematic diagrafn 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 dlagram 1llustrat1ng 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 12A, a cabinet 1213,"a vertical file

- separator 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 prov1ded at multiple locations within
an organization, as opposed to in a single fﬂe 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 1n, 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

S
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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 tag is a
combination tag that includes an RFID element and a magnetic security element. An
RFID tag typically includes an inte grated 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 infoﬁnation about the RFID tag, and
- the item with which it is associated. ' | :

[0030] RFID system 10 operates within a frequency range of thq electromagnetic

. spectrum, such as 13.56 MHz, with an allowable frequency variance of +/- 7 kHz, which 1s
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 péds 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 1s

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, 1f 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
sroup 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 1s specific to
that person, whereas a general file room housing all files for all members of a group.1s 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 1s 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 1in a sequence specified by the user.
For example, if one portion of a smart storage area 12 1s 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

anterrogation regions of a given smart storage area 12. The magnetic field created by the

antenna 1s used to power the tags associated with the items within the smart storage area

- 12, and the amount of energy induced 1n each tag 1s 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

within a smart storage area 12. Consequently, the techniques described herein can

- 1mprove 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

successtully 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 1n 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 1n that they may fail to detect a
number of 1tems 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] FI1G. 3 is a schematic diagram of one example embodiment of a multi-loop antenna
30. In particular, antenna 30 1s 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
parallel 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 tields 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 1s a graph that iilustrates the magnitude of the magnetic fields 40, 42 of
Fl1G. 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 1n a direction perpendicular to an orientation of a tag within the interrogation

- reglon. I

[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 1s 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 1n 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-32D (*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,

“1n 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 1n 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 1n 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 32 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.
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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 56 A-56C (“56°). Layers 56 may, for example, be layers of a
printed circuit board. Layer 56A comprises powered loops 52A and 52B, layer 56B
comprises parasitic loops 54A-54C, and layer 56C comprises powered loops 52C and

32D.

[0060] As described above, layers 56 may be arranged 1n several different fashions. For
instance, layer 56A 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. e e j
[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 627).
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”). Eachloop 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, 1.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 1n each of the parasitic loops, which i1n turn creates the magnetic field
strength needed to produce a field that exceeds a minimum interrogation threshold for a ™ -
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 62A,
may be powered such that the powered loop and the remaining parasitic loops generate a .
magnetic field that meets or exceeds the interrogation threshold 1n 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 tield 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 1s.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. 8B is a'three-dimensional. graph that illustrates the magnitude bf magnetic field .
70 produced by antenna 60 when outer loop 64 1s 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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.1_. An antenna (30,50,60) comprising a plurality of loops (32, 34, 52A-D, 54A-C, 64, 66)

for producing an electromagnetic field for radio-frequency identification (RFID) of an
RFID tag within an interrogation region located in a plane péra]lel to the antenna, said
RFID tag having an interrogation threshold, said antenna being oriented such that it 1s
adapted to produce an electromagnetic field having a magnitude of at least the

interrogation threshold of the tag (22) for a substantial portion of the interrogation

region.
The antexma of claim 1 lwherem fhe loops are formed, plana.r fo one another and

are otiented to pmduce the md g]nehc, field such that the magmmde within the
~ intérroganon re:glon meets or cioesds tha intexrogation threshold of the tagin a

direction perpendnmlar to & orlwnia’aon of the tag.

3.

The anterma of claim 2 A wheram 2 first subset of the loops are f'ormed in, a first

printed « cirevit board, and a sen.émd subset of the 100ps are foz:m.ed in & scc.ond pnnted
 circuit boa:rd onented parallel tb the first pnnted chrouit Board:

| 4, The antenna of laim 2} threin the loops are fonned ix 4 COmMOT. Ia;}e:; of a -
pﬁnied—diclﬁt hoard. | | | ' |
5, - The anfenne of claite ‘1} wherein a subset of at Ie:ast two of the loops are”

selectively powered over ¢ an m{,erm gai:ion penod to achieve the ma@eﬁc ﬁcld

The an‘cemna of clalm“i}Wherm the loops mclude atleast one powered Ioop

. 6.
and at Jeast one parasitic 1cmp
7. The entenna of clanm'l[, wherein t‘he anterma i embedded within a base cf a

vertical file (12€, 12D) or, mllinn a shelf (12.A., 128B).

The antenna of clalm"il, Wheram the loops compnse concmhzic 1oops

The antenna of cla.tmﬁ, wherein the anterng mcludes ai: 1cast three concentric

| loops.
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10 ;_ The anieis;i; of claim 7/ Iwherein the antemla‘incfudes at least ﬁ,ﬁeeil concentric.

loops.

11.  The antem:a of claim*] 7 lwherein the Ioops comprise & plm'ahty of planar loops
formed in noultiple layers of 3 ieinted-circuit board {56A-C, GZA-B)

'12. The mtenna of claim 44, whereln the loops comprise ofie of more powered
loops within & toplayer, one opmore powered loops within a bottom layer, and one or
 more paresitic loops within a i:z}yar between the top layer and the bottom layer.

| 13. The antel:ma of claim 1, |wherein the electmmagnetic field formed by the
antema exceeds a threshold migmmds for ene:gmng a radio ﬁequan.cy 1denuﬁcab.0n

W $0ilps Shumm B S g0y

o

14, - The antenna of claim 4 jwherein the eleactromagnetxc ﬁcld formed by the
. antenna exceeds a threshold mygnitude for energizing a radm ﬁ'equmcy identification
tag for at least 75% of the. d:m4ns1on of the antermna,

15. The anterns, of cla:m'l J Whe.rem the electromadnetic feld formed by the
. anterma e:xcee:ds a ’cbreshcld m ﬁgmtude for energ;zmg a radw frequency identification
' tag for at least 90% of the dim&nmon of the aptenna. -

- 16. A radio frequency identiﬁcation system (10) comprising:
a storage area (12A-12E) to store items having associated a radio frequency
identification (REID) tag (22), said tag having an interrogation threshold:
. an antenna (30, 50, 60), proximate to the storage area, comprising a plurality
N °. | . - of loops (32, 34, 52A~D, 34A-C, 64, 66) for pfoducing an electromagneti;: field for
radio-frequency identification of the radio frequency identification tag within an
interrogation region located in a plane parallel to the antenna: and
a radio frequency identification reader (12E) 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,
wherein the electromagnetic field has a magnitude of at least the 1nterrogation
threshold of the tag for a substantial portion of the interrogation region over a time

period.
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16°\__A radio frequency ider fification system (10) comprisig

2 OB area (IZA-I?.'b to store items having agsc ciatcd radio ﬁ'equency

1dsnt1ﬁcat1cm tag$Q22); o
- an anteanh (30, 56,.60) tprommatc the stGrage area to produce an

electromagnetic field, wherein g antep: h has multiple loops (32, 34, 52A-D, S4A.—-C ‘
’ 6.4 66)’ and . -

aradlo ﬁ‘eqaency idey ﬁcatmn readelN{2E) coupledto the antenna to
selectively power at lepst one df the loops of thé anttapa withoot powering the

remaining: Ioops - comumc‘q'te with the radio frequency Mgptification tags,
hesdir the electromadnehc field has a magnifuds of at Jeagt an interrogation

threshefd of a fag for.a substa:\{ual portmn of an. mte:rroganon reg:wn lotated in & plane

AT el to. thcantenna.

. 17 The system of cléi'm"[.é, wherein the anfenna.comprises at least one powerad
loop and af least one parasitic ﬂaop. | '

18.. The s:vstem of ¢laim ld wherein fhe antenna comprises concentric Iooﬁs
19. The system of claim ld wherem the antenns comprises loops formed in a

common plane.

'20. The system of claim 1 %, wherein the antenna Gomprises loops formed on a

single layer of a printed-cireni| board.

21, ' The system of claim 14, whetein the antenns is embedded within the storage

4rsd.,

22, The system of claim Ié whoerein the anténna compfise;s' a plurality.of planér
loops formed in mulﬁple layers of a printed—-mrmnt board (56A-C, 62A~B}

23. .The system of claim 4 ]5 wherem the radio &equency 1dcnt1ﬁcaﬂon reader

selectively powers at least tw 1 of the loops of the antenna at different times during an -

interrogation period.
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24,  The systein of claim 16, further comprising a file tracking system (14) to'
.- receive the information from thig radm ﬁeque:ncy ideptification readet. and store the
: | mformatmn mﬂ:m a database:

23.- Thesystem of claim-Z{! ) lﬁ.n‘the:r comprising a remote compuier ‘oouplcd to the
file tracking system to present the information to a remote user. '

'26.  The systermn of claim 16J wherein the storage area includes at least one of &
| sl'iélving unit, a cabinet, a verfiyal file separator, a smart cart, and a deskiop reader,

27 The system of claim lf:J where&h the information received from the radio
'ﬁ'eqnency 1denﬁﬁcat10n tags ingludes locatwn information for the items ‘thhm the

storage ares,

28, The sym of claim 16 [Whereiri the iterns having associated radio frequency
idgmﬁﬁgatidﬁ tags include at lcz{lst one of files and docirments.

- 29, A method comprising:
providing an antenna with a plurality of loops for -producing an
electromagnetic field for radio-frequency identification (RFID) of a RFID ta g within
an interrogation region located in a plane parallel to the antenna, said RFID tag having
an interrogation threshold,
selectively powering at least one loop (32, 34, 52A-D, S54A-C, 64, 66) of the
antenna (30, 50 ,60) without powering the remaining loops to produce an
electromagnetic field proximate to a storage area (12A-12E) during an interrogation
- period, wherein the electromagnetic field has a magnitude of at least the interrogation
2 L | thresho}d of the tag for a substantial portion of the interrogation region; and
obtaining information during the interrogation period from one or more radio

frequency identification tags (22) fixed to items within the storage area.
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J 30 "The method of claim ‘2.1, wherem pawcrmg the multxuloop antenna includes

) selecﬁvely powcnnﬂ two or mre loops of the multi-lpop antenna at different imes

f ‘during the interrogation periodito produce the. clectromiagnetio field to havea -
ma@ztude of et least an interr tigatmn threshold of the tags for a substani:,al portion. of

gin mterro gation region locatad]in a plane parallel to the antenna.

19

AMENDED SHEET




CA 02507046 2005-05-24

}s ; in J"Wf,é

R e
Ii%’!ioz‘ 3
:,:- pHr k i
> 8 .33 1"54 5

t £
b ;_.,‘.', " ll,f

‘ L 20

IO-I

e AT i ?,it}]f?,;zf

| 31.  The method of claim. 24, wherein powering the multi-loop antenna includes
. powering one or more loops-oflthe roulti-loop antenna to produce the electromagnetic
ﬁqlci to have a magnitude that neets or ‘exceeds the interrogation threshold of the tag
in a directon perpendicular to lm orieptation of the tag, |

32, Themethod of clam Zé! further comprising storing the information ﬁ'om the
radio fequency identification tags within a database.

33.  The method of claim 2#, further comprising présenting the infotmation from

 the tags to a remote user:

| 34,  The method of claim 2!}, whereln obtaining information from the energized
‘ | | radio frequency identification {ags includes obtaining location information for itetras to
| which thie radio frequency iderixﬁﬁcaﬁon tags are fixed, and finther wherein the iterns |
include one of books, files and documents located within the storage area.

35.  The method of claim 28, wherein the multi-loop antenna includes at léast one

powered loop and at least one: parasitic loop, and powering t:he zmﬂ'ﬁ-locl)p, antenna .

firther comprises selectively ﬁowe:dng the powered loop to creafe the electromagnetic

o field and induce a current in (He parasitio loop via mutual coupling with the powered
loop to contribute to a profile bf the electromagnetic field.

36. The method of claim 1&9, wherein powering the multi-~loop anterma ﬁ:rﬂmr
- cOmprises: .
powering a first subset of the loéps to create a first elecﬁ*ozﬁagnetic field during
a first portion of the intero gafion penod and
powerning a second suliset of the loops to create a se:cond electromagnetic field
driring a seécond pomon of thy]interrogation panocl,
whetein the contributi pns of the ﬁrst and second eIectromagnenc fields

produce an electromagnetic fikld having a magmtude over the mj:errogation period of .
at laast an mtermgahon ﬂ:res}{old ofa tag.

-
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37.  The method of claim 36 wherein the first and second portions of the

interrogation period are non-ovirlapping.

38.  Themethod of claim 36; whezein the first and second zets of the loops-reside

a comnmon plane,

39.  The method of claim 3@ wherdin the first and second sefs of the loops reside
‘within roultiple layers (56A-C. 52A-B).°

! .

40.  Themethod of claim 30, wherein the magnitude of the electromagnetic field
exceeds a threshald magnihide [for energizing the radio frequency identification tags
for at least 50% of an interrogation region located in a plane parallel to the anteona.

41.  The method of claim 3¢, wherein the magnitude of the electromagnetic field
exceeds a threshold xizagtﬁtudc l‘Et::»r energizing the radio frequency identification tags
' for at least 75% of an interrogurion region located in & plane parallel to the antenna.

42.  The method of claim 80, wherein the magnitude of the electromagnetic field
excesds a threshold magmtudn. ifor energizing the radio frequency identification tags
for at least 0% of an intermgulﬁon region, located in & plane parallel to the anfenna.
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