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LOCALLY-POWERED, POLARIZATION-INSENSITIVE
ANTENNA FOR RFID READER, AND RFID SYSTEM FOR, AND

SUCH ANTENNAS

BACKGROUND OF THE INVENTION

[(001] The present disclosure relates generally to a polarzation-msensitive

antenna for a radio frequency (RF) wentification (RFID) reader operative for
fransnutling or receiving eleciromagnetic waves m mutually orthogonal polarization
planes, and to an RFID gystem for, and a method of, scamung item tags ortented at
different onentabions and associgted with Hems contained in a controlled area,
advantageousty for inventory conirol of the RFID-agged items, by using one or mora
such antenmnas.

[6002] RFID systerms are well known and are commonty utihized for item
tracking, tem identification, and Inventory control i manufactuning, warghouse, and
retat environments. Briefly, an RFID system includes two prinvary constitugnts: a
reader {also known as an interrogator), and a tag {alse known as a transponder). The
RFID system may have multiple readers, and sadtiple tags mav be read by each
reader.  Each tag is a nuniature device attached or agsociated with an dem o he
monitored, or with a package for the tlem, or with a containgr for multiple items, and
typically includes an rtem tag antenna, a power management component, a radio or
fransceiver component, a microprocessor, and a memory. Each item tag is capable of
responding, via Hs item tag anfenna, to an slectromagnetic wave, Le, an RF
imterrogating stenal, wirelessly radiated by a reader anfenna of the reader. Some item:
tags are deemed active, because they contain their own battery power source. QOther
flem tags do not contain their own power source and are deemed passive. kach
passive fag receives the radiated wave, and #s power management component locally
generates a direct current (DC) vollage that is used to power all the electncal
components on the tem tag. Fach item tag responsively modulates the nterrogating
signal, and generates and wirelessiv radiates a return electromagnetic wave, Le, an
RF mformation response signal, back o the reader in a backscaiter process. The

retum information  response signal 18 modulsted I a mamer that conveys
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wdentification data (also known as a payvload) from each ilem tag back o the reader.
The identification data can then be demodulated, decoded, stored, processed,
displaved, or transmutted by the reader as needed. The identification data can denote a
serial number, a price, a date, a destination, a true bearing, other attribude(s), or any
combination of attributes, and so on.

{0003 The RFID system is often used in an mventory momtoring and
tracking application. For example, in order to take mventory of RFID-tagged ttems in
a retail stove, it is known {o fixedly position at least one stationary RFID reader either
overhead in @ controlled area or inventory location, or at doorways, loading docks,
and assembly lines, and then, 1o operate each such stationary reader to automatically
read whalever tags are m the coverage vange of each reader.  For supenor RF
coverage. i1s known {o provide each statonary reader with multiple reader antenmas
that radiate a multitude of scan beams that are steered both i azimuth, over an angle
of 360 degrees around a vertical axis, and m elevation, over an angle of about 188
degreas away from the verticat axis.

[6004] A conventional Hem tag antennais typicatly a dipole, which radiates an
eleciromagnetic wave entirely in one plane of polarization, e g, either i a horirontal
plane (hovrontal polanzation), or in a vertical plage (veriical polanization} Thus, the
ftem lag antenna s polarized in only one divection or plane: vertical or horizontal. To
obtain the best reading performance. the reader antenna and the em iag antenna
should be maiched i polarization.  However, the onentation of the fags in the
controfled area is {vpically wnknown,  Therefore, a honzontally polarized reader
antenna is unable to accurately and quickly read an Hem {ag with 8 vertically
polarized item tag antenna. Likewise, a vertically polarized reader antenna is unable

0 accuratelv and quickly read an iem tag with a horizontally polarized iem iag

antenna.
[0005] The art has proposed various RFID reader antenna designs, such as a

circilarky polarized patch antenna that stmultaneously radiates electromagnetic waves
w mutually orthogonal polanyations o obtain polarzation msensitivity, e at a cost
m antenna gam of at least about 3 dB as compared o a linearly polarized dipole
antenna. This results in half as much power radiated in each polanzation. Although
the gain could be increased, the resuliing radiation patiern of the circulaly polarized

2
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anlenna is narrovwer as compared to the lineady polarized dipole antenna.  In addition,
the circularly polarized antenna is more prone to multipath reflections and path-
induced losses, with concomitant unpredictable changes in the polanization angle at
each reflection, as compared 1o the lineasly polarized dipole antenna.

{0006] The art has further proposed a switched cross-polanzed sntenna
comprising a horizonally-onented dipole with a honzontal polanzation, a vertically-
ortented dipole with a vertical polanzation, and a powered switch for sequentially
switching between the dipoles and the horizontal and vertical polanzations. Such a
switched antenna has full power radiated m each polavization, a broader radiation
pattern, and little or no change m the polanization angle in a multipath environment.
Howeaver, as advaniageous as such a swilched anfenna has bean, an extra DC power
cable needs to be routed between a DC power source in the reader and the powered
switch in the switched antenna. When there are multiple antennas for each reader ag
descrtbed above, there 13 a corresponding number of axtra DC power cables, one for
each reader antenna, that are required 10 be deploved. Depending on the venue andfor
whether the RFID system is being installed 1n an existing venue, it mayv be dufficult,
expensive, and unaesthetic to mstall and run these extra DC power cables. Rather
than routing extra DC power cables, the art has also proposed running DC power
along the RF cable bebween the reader and each antenna. This requires DO couplers
and decouplers at the reader and each antenna.  In other words, the reader and each
antenna are matched 1 a costomized design, which 1y difficult (0 retrofit withowt
changing the reader and the matched antennas.

[6007] Accordingly. there remains a need for a polarization~-insensitive. less
costly, easy-to-install, and unobtrusive. reader antenna that 18 suitable for an RFID
reader. without requiring the deployment of extra DC powaer cables, or the complete
retrofit of the reader and each matched antenna, for use o an RFHD svsiem for, and a
method of, scanning RFID ftem {ags oriented at various orientations and associated
with items located in a controlled area, especially for inventory control of the RFID-

fanged ems.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[008] The accompanving figures, where hke reference numerals refer to
wlentical or functionally similar elements throughout the separate views, together with
the detaled description below, are incorporated in and form part of the specification,
and serve fo further dlustrate embodiments of concepis that include the clanmed
mvention, and explam varous principles and advantages of those embodiments.
j0009] FIG. 1 18 a schematic view of an exemplary radio irequency
wentification {RFID) tag reader having an arrav of reader antennas, each configured
in accordance with the present disclosare,

[6010] FIG. 2 is a perspective, schematic view of a retail venue having RFID-

tapged iams that are read by aperating the reader of FIG 1.

[6011] FIG. 3 is a schematic of each reader antenna of FIG 1.
00121 FIG. 4 15 a block diagram depicting components of an antenna tag for

zach reader antenna of FIG. 1

13 FIG. 515 a flow chast depicting steps performed i accordance with the
present disclosure.

[0014] Skilled artisans will appreciate that elements in the figures are
ilustrated for simplicity and claniy and have not necessarily been dravwn o seale. For
example, the dimensions and locations of some of the elements s the figures may be
exagperated relative to other elements to help to improve understanding of
embodiments of the present invention.

00 15] The method and structural components have been represented where
appropriaie by conventional symbols i the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with detals that will be readily apparent o those of

ordimary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION OF THE INVENTION
16} One aspect of this disclosure relstes {o an anlenna, sspecially
beneficial for ase with a radio [requency (RF} identification (RFID) reader for
scanning RFID nem tags that are onented in differsnt onentations {(e.g., vertical,
horizontal, or stanted) and that are associated with iems contained in a controlied

4
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area. The antenna includes an RF signal feeding port for supplying an RF signal in an
operating band of frequencies. Advaniageously, in the case of an RFID reader, the
operating band of frequencies les in a frequency range on the order of 902-928 MHz.
This designated range is not intended to limit the invention disclosed hersin, because
other frequency ranges are also contemplated. For example, in Ewope, the operating
hand of frequencies for an RFID reader lies i a frequency range on the order of 863-
868 Mz,

j017§ The antenna further includes a pair of crossed dipoles, e, a first
dipole spatially oviented along a first direction, e.g., horizontal, and operatively
connected fo the port for radiating an electromagnetic wave from the RF signal with a
Grst polarzation, eg., honzontal, and a second dipole spatially onented along a

second direction, eg., vertical, generally orthogonal to the first direction and
operatively connected to the port for radiating an electromagnetic wave from the RF
signal with a second polanzation, eg., vertical, generallv orthogonal o the first
podarization.  An alecivically enevgizable RF switch i operative for switching the RF
signal to the first dipole in a first swilching state, and 1o the second dipole in a second
switching state. An RFID antenna tag 18 mounted adjacent the dipoles and 1s spatially
orienied along a third direction thal is mchned relative to the first and second
directions, e.g.. at an angle of inclination on the order of 45 degrees with respect {o
the first and second directions. The antenna tag is operatively connected o the RF
switch and s operative for receiving the radiated wave from etther dipote, for locally
generating efectrical power to supply power 1o the RF switch, and for electrically
energizing the RF switch to swilch between the switching states.  Preferably, the
antenna tag 1s operative for locally generating the electrical power as a direct current
{DC) voliage to supplv power to the R¥ swiich, and for sending a polanzation control
signal to the RF switch to command the RF switch to switch between the switching
states.

j0618] Thus, the reader is enabled to read any tlem ilag, no matter s
orientation, because the dipoles sequentially radiate waves with mugually orthogonal
polarizations.  Such a swilched antenna has full power radiated 1 each polarization,
a broad radiation pattemn, and hiftle or no change in the polarization angle i a

muftipath environment. In contrast to the prior art, as deseribed above, an extra DC

14
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power cable between a power sowce in the reader and the RF switch has been
chiminated, because the antenna tag now provides the power to operate the RF switch.
In an RF1D svstem in which there are multiple antennas for each reader as described
above, the prioy art requirement to deploy a corresponding number of extra DC power
cables, one for sach reader antenna, 15 no longer required.  Also. it is no longer
required to change the reader and all the antennas in a customized, matched system
where the DC 15 run over the RF cable. This 13 of especial benefit in a retrofit of an
existing mstallation, where it mav be difficult, expensive, and unaesthetic 1o install

and run these extra DC power cables, or to replace the reader and all the matched

antennas,
[6019] In accordance with another aspect of this discloswre, a method of

scanning radio frequency (RF) identification (RFID) uem tags that are oviented o
different onientations and that are associated with items contained in a controlled area,
is performed by operatively comnecting a pluralily of reader antennas to an RFID
reader in the controlled area, supplving an RF signal in an operating band of
frequencies to sach antenna from an RF signal feeding port of each antenna, spatally
ortenting a first dipole of each antenna along a first direction, operatively connecting
each first dipole {o the port of each antenna for radiating an elsctromagnetic wave
from the RF signal with a fivst polarization, spatially orienting a second dipole of each
antenna along a second direction. operatively connecting each second dipole to the
port of each amenna for radiating an electromagnetic wave fron the RF signal with g
second polarization, configuring the fust and second divections to be generally
mutually orthogonal, configuring the fivst and second polanizations to be generally
mutually orthogonal, switching the RF signal to the first dipole of cach antenna in a
first switching state of an electrically energizable RF switch for sach antenna, and to
the second dipole of each antenna in a second switching state of the RF switch,
mounting an RFID antenna tag adjacent the dipoles of each antenna, spatially
onenting each anfenna tag along a third direction that is mchined relative to the first
and second directions of each anfenna, operatively connecting each antenna fag to the
respective RF switch, recelving the radiated wave from etther dipole of each andenna,

locally generating electneal power at each antenma tag to supply power to the
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respective RF swiich, and electrically energizing the respective RF swilch, via each
antenng tag, fo switch between the switching states.
[0020] Tuming now 1o the drawings, FIG. 1 depicts a simplified depiction ol a
radio frequency identification (RFID) tag reader 10 having one or more reader
antermas 1, 2.3 .. N, The reader 10 15 connected to a server or condroller 12 and a
user interface 14, The reader 10, also known as an RFID mterrogator or scanner, has
an RF franscetver, and the reader antennas 1, 2. 3. .. . N radiate a mubittude of beams
or RF electromagnetic waves generaled by the transcetver over a coverage range in
which RFID-tagged items, eg., handbags 104, and clothing 106, as well as other
ems, as depicted in a retail venue depicted in FIG. 2, can be read. The number of the
antennas mav be any integer number, N, In one advaniageous embodiment, the reader
10 has eight antenmas.
j0021] The controlier 12 comprises one or more computers or servers that s in
wired, wireless. direct. or nelworked communication with the mterface 14 and with
the readar 1€, The interface 14 provides a human/machine interface, e.g.. a graphicat
user merface (GLH), that presents information in pretonial andior textual form (e.g.,
representations of locations of the reader 10 and the RFID-tagged flems 104, 106) 1o a
huaman user, and to imtate and/or alter the execontion of various processes thal may be
performed by the controller 12, The controller 12 and the mierface 14 may be
separate hardware devices and include, for example. a computer, a monitor, a
kevboard, a mouse, a printer, and various other hardware peripherals, or may be
mlegrated mto a simgle hardware device, such as a mobile smartphone, or a portable
tablet, or a laptop computer TFurthermore, the user interface 14 can be i a
smariphone, or tablet, ete., while the controlier 12 mav be a computer, either located
at a controlled area 102 (see FI(3. 2} contmning the RFID-tagged ttems 104, 106, or
rerpotely at some other location, or can be hosted in a cloud server. The controller 12
advantagecusly includes a wireless RF transceiver that communicates with the reader
1. For example, Wi-F1 and Bluetooth® are open wireless standards for exchanging
dala between electronic devices.
[0022] FIG. 2 depicts an exemplary depiction of the reader 10 deploved m a
controlled area or inventory location 102 of a retail sales foor having a point-of-sale
{POS} or checkout station 108 at which the controller 12 and the interface 14 may be
7
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provided, a fitting room 110, and a plurality of RFID-tagged ttems 134, 106, eg.,
clothes, handbags, etc., arranged on shelves, hangers, racks, on the floor, ete. Fach
RF{D-tagged vem 104, 106 is preferably associated with a passive item tag for cost
reasons. Brefly stated, each vem tag for the stems 104, 106 conventionally includes,
without liputation: an item tag antenns, a power manageroent compovent, a radio or
fransceiver component, a microprocessar, and a memory. To simplify the drawing,
only one reader 10 has been ilusirated as bemng preferably located overhead on the
ceifing in the controlled area 102, More than one reader 10 to extend the coverage
range could be deploved, and not necessarily on the ceiling. The reader 10 may be
powered from an electrical outlet, powered over the Ethernet (POE), or can be batiery
powered.

{6023 The scan beams radiated from the reader 10, as indicated by arrows
extending outwardly therefrom, extend both in azimuth over an angular range of 360
degrees around a vertical axis or plumb ling, and in elevation over an angular spread
of about 180 degrees away from the axis. In the exemplary application desciibed
herein. each reader antenna is designed to operate i the UHF frequency band
designated for RFID systems,  Alternate embodiments mway instead utilize the high
frequency band, or the fow frequency band, designated for RFID svstems. For
example, m the Uniied Siates, RFID systerns may alilize the 902-928 MHz frequency
hand, and m Ewrope, RFID systems may utilize the 865-868 MHz frequency band.
Eacl reader antenna can be designed, configured. and tuned to accommeodate the
particelar operating frequency band of the host RFID reader 10, In addition, the
reader antenna described herern can also be used in non-RFID applications.

[0024] Since the orientation of the item tags and their tag antennas m the
controlled area 102 1s tvpically unknown, one aspect of this invention s to make each
reader antenna relatively less sensitive to the polarization of the stem tags being
iterrogated, without sacrificing good reading performance.  The reader amtenna
design of this mvenlion can accommodate the packaging requirements and
conliguration of existing RFID readers and/or can readily accommadale new readers.
For the sake of brevily, conventional techmques related to RFID data transoussion,

RF1D sysiem architecture, RF signal processing. and other functional aspects of RFID
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svstems {and the mdividual operating components of such svstems) may not be
described in deta hersin.

[0025] Brieflv stated, the RFID reader 10 conventionally includes, without
hmitation: an RF compmmication modide coupled 1o, and dnving, sach reader
mitenna; @ power supph; a processor; and 8 memory.  The various operating
components of the reader 10 are coupled iogether as needed to facilitate the delivery
of operating power from the power supply, the transter of data, the transter of control
signals and commands, and the ke The processor may be any general puwrpose
microprocessor, controlier, or mucrocontroller that is suitably configured 10 control the
operation of the reader. In practice, the processor may execute one or more software
applications that provide the desired functionality for the reader. The memory is
capable of storing application software utilized by the processor and/or data captured
by the reader during operation. The R¥ communication module is suitably configured
to process RF signals associated with the operation of the reader. and to otherwise
support the RFID functions of the reader. The communication modude includes a
transceiver that radintes an electromagnetic wave or itervogation signal to each 1tem
tag antenna, and that recerves a return electromagnetic wave radiated by each item tag
antenna in response to the mierrogation signal. Bach reader antenna iy coupded lo the
RF communication module using RF transmission hines or RF coaxial cables i
combination with suitable RF conneclors, plugs, nodes. or ferminals on the
comniunication module and/or on the reader antenna,

026} in accordance with thix disclosure, each reader antenna is configured.
as depicted n FRG. 3, with an RF sigoal feeding port 16 for supplving an RF signal
from the reader 10 in an operating band of frequencies: a par of crossed, first and
second dipoles 18, 20; an electrically energizable RF switch 22; and an RFID antenna
tag 24, all preferably mounted on a common support 26, The frst dipole 18 18
spatiallv onented along a first divection, eg., horizontal, and is operatively connected
o the port 16 through the RF switch 22 for radiating an electromagnetic wave from
the RF signal with a st polanzation, e.g., horrontal,  The second dipole 20 is
spatially ortented along a second direchion, e.g., vertical, that 1s generally orthogonal

to the first direction, and is operatively connected to the port 16 through the RF switch

9
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22 for radiating an electromagnetic wave from the RF signal with a second

polarization, e g., vertical, that 1s generally orthogonal to the first polarization.
[6027) The RF switch 22 is operative, when powered by the antenna lag 24

over a power kine 28, and when energized by the antenna tag 34 over a conirol hine 32,
as deseribed below. for sequentially swilching the RF signal to the fast dipole 18 v a
first switching state, and 1o the second dipole 20 in a second switching state.  As
shown, the RF switch 22 is a single pole. double throw switch, atthough other switch
configurations could also be used. The RFID antenna tag 24 1s mounted adjacent the
dipoles 18, 20 on the sapport 26 and is spatially oriented along a third direction that is
melined relative to the first and second directions, e.g., at an angle of inclination on
the ovder of 435 degress with respect to the first and second directions. The RFID
antenma tag 24 is analogous mn structure and fonction to the above-desceribed RFID
item tag in that the antenna tag 24 has an antenna {ag antenna, a power management
componeni, a radip or {ransceiver component, a microprocessor, and a memory, as
described below in conpection with FIG. 4 This insures that the antenna tag 24
remains powered and energized regardless of the polarrzation of the dipoles. The
antenna fag 24 is operatively connected to the RF swiich 22, and v operative for
receiving the radiated wave from etther dipole 18, 20, for locally generating electrical
power {0 sapply power 1o the RF switch 22, and for elecincally energizing the RF
switch 22 to switch between the swiiching states. Preferably, the antenna tag 24 is
operative for locally generating the electrical power as a direct current (DC) voltage
to supply power to the RF switch 22 over the power line 28, and for sending a
polanization control signal to the RF switch 22 over the power line 52 o command the
RF switch 22 to sequentially switch between the switching states.

[6028] More particufariy, the RFID antenna fag 24 of FIG. 4 mcludes a
substrate 30, an anterma 32, and an inlegrated cirowmt (1C) 34, Antenna 32 15 formed
on a surface of substrate 30 and may include sy number of one, two, or more
separate antennas of anyv suitable antenna type, including dipole, loop, siot, or paich
anlenna type. K 34 controls operation of the antenna tag 24, and transmits signals 1o,
and recetves signals from the RFID reader 10 using antenna 32, IC 34 includes a
memory 36, a controller 38, a charge pump 40, a demodulator 42, and a modulator 44.
The charge pump H, the demodulator 314, and the modulator 316 are coupled to the

10
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antenna 32 and to the controller 38 Memory 36 stores data, including an
wdentification number 48 and a polarization bit 50, Identification number 48 typically
15 a untque identifier (at least in a local environment) for the antenna tag 24, For
istance, when the antenna tag 24 is interrogated by the reader 10 in a setup mode of
operation. the antenna tag 24 may respond with the stored identification number 48 to
tdentify itself. The polanzation bit 50 can be a logical ™17 or a fogical "0 to indicate
horirontal or vertical polarization, respectively, i response 10 a reader inferrogation.
The reader 11} can remotely command the polarization bit 50 to be etther horizontal or
verpieat via the EPC Link Laver Reader Protocol (LLRP) as a select data write
command. A polarization control signal indicative of the polarization bit 50 is ouiput
over the control hine 32 thatl connects the antenna tag 24 to the RF switch 22, For
example, the polanzation control signal can have a high voltage level indicative of the

first polarization, and a low voltage level mdicative of the second polarization, or vice

VEIsa,
j6029] Charge pump 40 recetves the RF wave radiated by either dipole 18 or

20 from antenna 32, and generates plas and minus direct current (DC) voltage levels
that 13 used not only to power gll the electrical componenis on the antenna tag 24, but
also to power the RF switch 22 over the power line 28, The charge pump 40 rectifies
the received RF wave fo create the voltage levels and mereases the created voltage
levels to a level sufficient to power the elecincal components and the RF switch 22,
Charge pump 40 may also include a regulator o stabilize the voltage level. Charge
pump 4 may be configoered n any sutfable way known to persons skilled in the
relevant art.  Allemative circuits for generating power m the antenna tag 24 are also
apphcable to cmbodiments of the present invention. Charge pump 40 mayv also
melude a batterv 34, which can be used to powaer the antenna {ag 24 and the RF switch
22 during fow RF power states thal may not be able to fully power the antenna tag 24
and the R¥ switch 22, Athigh RF power states, excess charge from the charge pump
440 can be stored in the battery 34 for later use.

030 Since the antenna tag 24 nosy provides local power o operate the RF
switch 22, there is no longer any need 1o route an extra DC power cable between a
power source m the reader 10 and the RF switch 22, or to completely replace a
customized reader and 1ts matched antennas. In an RFID svstem in which there are

11
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mudtiple antennas for each reader 10 as desciibed above, the prior art requirement to
deplov a comresponding namber of extra DC power cables, one for each reader
antenna, 15 no longer required, This is of especial benefit in a retrofit of an existing
mstallation, where it may be difficalt, expensive, and waesthetic to mstall and run
these extra DC power cables. The reader 10 s enabled to read any item {ag, no matter
its onemation, because the dipoles 18, 20 sequentially radiate waves with mutually
orthogonal polarizations.  Such a switched antenna has full power radiated i each
polarization, a broad radiation pattern, and little or no change m the polarization angle
in a multipath enviromment.

[0031] The flow chart of FIG. 5 depicts the steps performed in scanning the
104, 106 contained i the controlled area 102, Step 60 configures the crossed dipoles
18, 20 with generally mutually orthogonal polanzations by spatially ortenting the first
dipole 18 along a first direction and to radiate an electromagnetic wave with a first
podarization, and by spatially onenting the second dipole 20 along a second direction
and to radiate an electromagnetic wave with a second polanization. Step 62 connects
the antenna tag 24 1o the RF switch 22 by mounting the antemna tag 24 adjacent the
dipoles 18, 20 ail an angle of inchnation mclined relative to the first and second
divections.  Siep 64 locally generates elecinical power at the antenna tag 24 by
receiving the radiated wave from either dipole 18, 20 to supply power to the RF
switch 22, and energizes the RF switch (o sequentially switch between the first dipols
I8 in a first swiiching stale and the second dipole 20 in a second switching state. By
sequentially switching between the dipoles 18, 20, theur respective polarizations are
also generated, thereby enabling the tags to be read, ne matter their orientation,

[6032] In the foregoing specification, specific embodimenis have been
described.  Mowever, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the
mvention as st forth in the claims below. Accordingly, the specification and figures
are to be regarded i an diustrative rather than a restriclive sense, and all such
modifications are mtended to be mcluded within the scope of present teachings.

[6033] The benefits. advantages. solutions to problems, and anv element{(s}
that may cause any beneflt, advantage, or solution to occur or become more

1
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propounced are not to be construed as a critical, required, or essential features or
clements of any or all the claims. The mvention is defined solely by the appended
claims including anyv amendments made doring the pendency of this apphication and
all equivalents of those claimg as issued.

06341 Moreover . this document, relational terms such as first and second,
iop and bottom, and the like mav be used solely to distinguish one entity or action
from another entity or action without necessartly requuring or mnplying anv actual
soch relationship or order between such entities or actions. The terms “comprises,”
“eomprising,” “has.” “having” “inclades,” “including,” “contains,” “containing,” or
any other varation thereof, are intended to cover & non-exclusive mclusion, soch that
a process, mathod, article, or apparatus that comprises, has, includes. contans a hist of
elements does not include only those elements, but may inclade other elements not
expressly histed or inherent to such process. method, article, or apparatus. An element
proceaded by “comprises ... a7 “has ... a7 "includes .. a7 or “comtains ... a7 does
uot, without moveg constraings, preclude the existence of additional identical elemenis
i the process, method. arficle, or apparatus that comprises, has, includes, or contains
the element. The terms a7 and “an” are defined as one or more unless explicaly
stated otherwise herein. The teris “substastiallv,” “essemtially.” “approximately ™
“about,” or any other version thereof, ave defined as being close to as understood by
one of ordinary skill m the art, and in one non-limiting embodiment the term s
defined 10 be within 10%, In ancther embodiment within 3%, in another embodiment
within 1%, and in another embodiment withan 0.5%. The term “coupled™ as used
herein is defined as connected, although not necessartly directly and not necessarily
mechantcallv, A device or structure that 1s “configured™ in a certwn way is
configured in at least that way, but may also be configurad i ways that are not listed.
[6035] It will be appreciated that some embodiments may be comprised of one
or more generic or specialived processors {or “processing devices™) such as
nucroprocessors, digital  signal  processors.  custonured processors, and field
programanable gate avrays (FPGAs), and unique stored program instructions
(including both software and firmware) that control the one or more processors o
implement, 1 conjunction with cerfain non-processor circwi{s. some, most, or all of
the functions of the method andfor apparatus deseribed hierein.  Altematively, some or

13
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all functions could be implemented by a state machine that has no stored program
mstroctions, of i ong or more application specific ntegrated cirawmts {ASICs).
which each function or some combinations of certain of the functions are
implemented as custom logic. Of course, a combination of the two approaches could
be used.

{0036 Moreover, an embodiment can be implemented as a computer-readable
storage mediom having computer readable code stored thereon for programmming a
computer {e.g., comprising a processor} 1o perform a method as described and
claimed herein. Examples of such computer-readable storage medivms mclude, but
are not limited to, a hard disk, a CD-ROM, an opucal storage device, a magnetic
storage device, a ROM (Read Only Memory), a PROM (Programmabls Read Only
Memory). an EPROM (FErasable Programmable Read Only Memory), an EEPROM
(Electrically Frasable Programmable Read Only Memory) and a Flash memory.
Further, it 1s expected that one of ordinary skill, notwithstanding possibly significant
affort and many design choices motivated by, for example, available time, current
technology, and economic considerations, when guided by the concepts and principles
disclosed herain, will be readilv capable of generating such software instructions and
programs and FCs2 with mimamal expenimentation.

[6037] The Abstract of the Dhasclosore 15 provided fo allow the reader fo
guickly ascertain the nature of the technical disclosure. It 1s submitied with the
understanding that 1t will not be used to mterpret or limit the scope or meaning of the
claims. In addition, i the {oregoing Detailed Description, it can be seen that variogs
features ave grouped together o various embodiments for the purpose of streamiiming
the disclosure. This method of disclosure is not to be imterpreted as reflecting an
mtention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, mventive subject matter
fies in less than all features of a single disclosed embodiment. Thus, the following
clatms are hereby incorporated into the Detailed Daescrniption. with each claim

standing on #s own as a separately claimed subject matter.
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CLAIMS:

i A reader antenna for a radio frequency (RF) 1dentification
{RFID) reader operative for scanning RFID item tags that are oriented st different
orfentations and that are associated with items contained v a controlled area,
COmprsing:

an RF signal feeding port for supplving an RF signal m an
operating band of frequencies;

a first dipole spanally onented along a fust direction, and
operatively connected to the port for radiating an clectromagnetic wave from the RF
signal with a first polarization;

a second dipole spatially oriented along a second dirsction, and
operatively connected to the port for radiating an electromagnetic wave from the RF
signal with a second polarization, the first and second directions being generally
mutually orthogonal, and the {irst and second polanzations being generally mutually
orthogonal;

an electrically energizable RF switch for switching the RF
sighal to the frst dipole in a first switching state, and 1o the second dipole in a second
sywitchng state; and

a1 RFID antenna tag spahally oriented along a third direction
that is inclined relative 1o the [irst and second directions, and being mounted adjacent
the dipeles, the antenna tag being operatively connecled to the RF switch and being
operative for receiving the radialed wave [rom either dipole. locally generating

clecirical power to supply power to the RF swilch, and for electrically energining the

]

ﬂ
RF switch to switch between the switching states.
2. The reader antenna of claim 1, wherein each dipole is planar,
and wherein the dipoles lie in a common plane.
3 The reader antenna of claim 1, wherein the operating band 13 1

a frequency range on the order of Y02-928 MH .
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4, The reader antenna of claim 1, wheren the antenna tag is
mehined at an angle of inclination on the order of 45 degrees with respect 1o the first

and second directions.

3. The reader antenna of clasm 1, and a commeon support for

supporting the dipoles and the antenna tag in a close relationshap.

&, The reader antenna of claim 1, wherein the antenna tag is
operative for locally generating the electrical power as a direct current (DC) voltage

to send to the RF switch, and for sending a polanization control signal to the RF
switch to command the RF swilch to swiich between the switching stales.

7. The reader antenna of claim 6. wherein the antenna tag includes
a tag memorv contamng polanzation data, and a {ag processor for accessing the
memaory 1o refrieve and send the polarization data as the polarization control signal o

the RF swiich.

5. A radio frequency (RF} wdentification (RFID) svstem for
scaniing RFID item tags that are ortented al different onentations and that are
associated with items contained in a controlied area, comprising:

an RFID reader in the controlled area; and

a plarality of reader antennas operatively connected to the
reader, each antenna including an RF signal feeding port For supplving an RF signal in
an operating band of frequencies, a first dipole spatially onemted along a first
direction, and operatively connected to the port for radiating an eleciromagnetic wave
fromthe RF signal with a fivst polarization, a second dipole spatially oriented along a
second dirgction, and operatively comnected fo the port for radiating an
glectromagnetic wave from the RF signal with a second polarization, the first and
second directions being generally mulually orthogonal, and the {irst and second
polanzations being generally mutually orthogonal, an electncally energizable RF
switch for switching the R¥ signal 1o the first dipole i a first switching state, and to
the second dipole m a second switching state, and an RFID antenna tag spatially

16
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ortented along @ third direction that 15 inclined relative to the fust and second
directions, and bemg mounted adjacent the dipoles, the antenna tag being operatively
connected to the RF switch and being operative for recerving the radiated wave from
either dipole, for locally generating electrical power 10 supply power to the RF switch,

and for electrically energizing the RF switch to switch between the swilching states.

9, The sydem of claim &, wherein each dipole of each antenna iz

planar, and wherein the dipoles of each antenna lie i a commeon plane.

1 The svstem of claim 8, wherein the operating band of each

antenna is n a frequency range on the order of 902-928 Mt

11, Thesvstem of claim 8, wheremn the antenna tag of each antenna
is mchined at an angle of mchination on the order of 45 degrees with respect to the first

and second directions of each antenna.

12, The system of clam 8, and a conunon support for each antenna

for supporting the dipoles and the antenna tag in a close relationship.

13, The system of claim 8, wherein the antenna tag of each antenna
ts operative for locally generating the electrical power as a direct current {DC) voliage
to send to the RF switch, and for sending a polanization contrel signal to the RF

switch o conunand the RF switch to switch between the switching states.

B4 The system of claum 13, wherein the amtenna fag inchudes a tag
memory contaimng potarization data, and a tag processor for accessing the mamory 1o
retrieve and send the polarization data as the polanzation control signal to the RF
switeh,

i3 A method of scanning radio frequency (RF) identification
(RFID} tem tags that are oriented at different onentations and that are associated with

iems contained in a controlled area, comprising:

17
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operatively connecting a phuality of reader antennas to an
RFID reader i the controlled area;

supplying an RF signal in an operating band of {requencies to
each antenna from an RF signal feeding port of sach antenna;

spatially orienting a first dipole of each antenna along a frst
dirvection;

operatively connecting each first dipole to the port of each
antenna for radiating an electromagnetic wave from the RF signal with a first
polarization;

spatially ortenting a second dipole of each mmenna along a
sacond direction;

operatively connecting each second dipole 1o the port of each
antenna for radiating an electromagnetic wave from the RF signal with a second
polarizaton;

configuring the first and second directions to be gensrally
mutually orthogonal;

configuring the first and second polarizations to be generally
mutually orthogonal;

switching the RF signal to the {irst dipole of each antenna in a
first switching state of an electrically energizable RF switch for each antemna. and fo
the second dipole of sach antenna in a second switching state of the RF switch;

mounting an RFID antenna lag adjacent the dipoles of each
anienng;

spatially orienting each antenna tag along a third direction that
is inchined relative 1o the first and second directions of each antenna;

operatively connecting each antenna tag to the respective RF
switch:

recerving the radiated wave from either dipole of each antenna;

focally generating electrical power at sach antenna fag to
supply power to the respective RF switch; and

electrically energizing the respective RF switch, via each
antenna tag, (o switch betweaen the switching states.

18
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16, The method of claim 15, and configuring each dipole of each
antenna to be planar, and configuring the dipoles of each antenna 1o lie in a conunon
plane.

17, The method of claim 135, and inchning the antenna tag of each
antenna at an angle of inclination on the order of 43 degrees with respect to the first

and second directions of each antenna,

18, The method of claim 15, and supporting the dipoles and the
antenna tag of each antenna in a close relationship on a common support.

19, The method of claim 15, and locally generating the electrical
power as a direet current (DC) voltage 1o send to the respective RF switch, and
sending a polarization controd signal 1o the respective RE swiich to command the

respective RE switch to switch between the switching states.
20, 'The method of claim 19, and storing polarization data i a tag

mamory on gach antenna fag, and accessing the mamory 10 reirieve and send the

polarization daia as the polanzation control signal to the respective RF swiich.

19
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5/5

CONFIGURING CROSSED DIPOLES WITH
MUTUALLY ORTHOGONAL POLARIZATIONS

'

CONNECTING RFID ANTENNA TAG
ADJACENT THE DIPOLES TO RF SWITCH

'

LOCALLY GENERATING POWER AT THE
ANTENNA TAG AND ENERGIZING THE RF
SWITCH TO SWITCH BETWEEN
POLARIZATIONS
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