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COMPACT, POLARIZATION-INSENSITIVE ANTENNA FOR HANDHELD
REID READER AND METHOD OF MAKING AND USING SAME
BACKGROUND OF THE INVENTION
[6001] The present dinclosure relates generally 10 a compact, polarization-
msensitive antenna operative for transmiuthng or receiving electromagoetic waves m
mutually orthogonal polarization planes at the same time, and to a method of making
such an antenna and, more particularly, to using such an antenna with a radio
frequency (RF) identification (RFID) reader, especially one configored for handheld,
mobile use, for scanming RFID tags oriented at different orientations and associated
with items contained in a controlied area, advantageously for inventory controf of the

RFiD-tagged stems.

[6002] RFID systems are well known and are commonly utitized for item
tracking. itemn idennfication. and inventory control i manufactunng, warchouse, and
retald environments. Brieflv, an RFID svstem includes two prmary conmponents: a
reader {also known as an interrogator), and a tag (also kpown as a transponder). The
tag 15 a mimature device associated with an item to be momtored and 15 capable of
responding, via a tag anfenna, 10 an electromagnatic wave wirelessly propagated by a
reader andenna of the reader.  The tag responsively generales and wirglessly
propagates a returmn  electromagnetic wave back to the reader The retum
electromagnetic wave s modulated 1n a8 manner that conveys wentification data (also
known as a payload) from the tag back to the reader. The identification data can then
be stored, processed, displaved, or transmitted by the reader as needed. The return
electromagnetic wave can also be used to determine the true bearing and location of
the tag in a controfled area

{6003] Due to the relatively targe size and complexaty of the necessary RFID
components, stationary RFID readers were fixedly mounted at doorways, loading
docks, and assembly hnes and were the first to be developed and deploved in the
field As RFID technology matured, a need for mobile handheld RFID readers
became increasingly important.  Handbeld RFID readers traditionally feveraged the
RF anienna designs from fixed readers. However, the antenna designs for f{ixed

readers ware refatively large, heavy, costly and obtrusive, and were largely
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impractical for handheld reader wse where compact, light and mexpensive
considerations are more important for widespraad adoption.

[0004] The art has proposed vartous antenna designs, such as dipole antenmnas,
for handheld RFID reader use. A dipole antenna propagates an electromagnetic wave
entirely 11 one plane of polanzation, eg., either in a honzontal plans (horizontal
polarization), or in & vertical plane {(vertical polarization). The orientation of the tags

in the controlled area s typically unknown, and conventional tag antennas are

tvpicaliy polanized i only one direction or plane: vertical or honizontal. The reader
antenna and the tag antenna should be matched in polarization to obtain the best
reading performance. Therefore, a horizomtally polarized reader antenna is unable to
accuratelv andd quickly read a vertically polarized tag without some user manipulation
or rotation of the reader andfor the tag  Likewise, a vertically polarized reader
antenna is unable to accurately and quickly read a hortzontally polarized tag without
some user manipulation or rotation of the reader and/or the tag.  However, such
physical efforts slow and degrade RFID reading performance.

HHLTY In practice, handheld RFID readers have traditionally needed 1o make
significant design compromises among such factors as antenna size, antenna type,
antenna performarnce, potarization diversity, ergonomics, and the like. For example, a
circalagly polanized paich antenna could be vsed to obtain polarization nsensitivity,
bat at a cost in andenna gain of at least about 3 dB as compared to a hnearly polanzed
dipole antenna. Dual dipole antennas could be used, one for each polarization, but
thiy increases size, weaight and cost. A single slanted dipole antenna could be used.
but agam, this mereases size. Antenna gain and antenna size are proportional] hence,
to obtain a desirable higher antenna gain, the antenna size must be larger, which, as
noted above, is undesirable for handbeld operation.

[6006] Accordingly, there romains a need for a compast, polarization
msensitive. less heavy, and less costly antenna that s swtable for a handheld RFID
reader for scanming RFID tags ortented at various ovientations and associated with
tems located m a controlied area, especially for inventory conirol of the RFID-tagged

Hems. as well as to a method of making and using such an antenna,
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
007} The accompanying figures, where hike reference numerals refer to
wlentical or functionally similar elements throughout the separate views, together with
the detailed description below, are incorporated in and form part of the specification,
and serve to fwther dustrate embodiments of concepis that mnclude the claimed
mvention. and explain various principles and advantages of those embodiments.
j0008] FIG. 1 is a perspective view of a handheld RFID reader and a reader
radome condaming a reader antenna in accordance with the present disclosure.

{6009 FIG. 2 15 another perspective view analogous 1o FIG. 1, but illustrating
the antenna in the interior of the radome.

[6010] FIGs. 3A, 3B, 30, 3D, 3E, and 3F are enlarged, top plan views of
different embodiments of antennas that can be contained in the radome of FIG. L
[0611] FIGs. 4A. 4B, and 4C are different embodiments of RF signal feed
arrangements lor the representative antenna of F1G. 3A,

ji12] FHG. 5 is an enlarged perspective view of the anlenna of FIG 2,

showing another embodiment of a signal feed arrangement.

[6013) FIG. 6 1s another perspective view analogous to FIG. 3

[06014) FIG. 7 is a broken-away, enlarged, perspective view of a detal of FIG.
3

[6015] FIG. 8 15 a broken-avay, enlarged. perspective view of a detail of FIG.
7.

16} FIG. 9 is a broken-away, enlarged, perspective view of another detail

of FIG. 7.

[0017] Skilled artisans will appreciate that clements in the figures are
tiustrated for simphicity and clanty and have not necessarily been drawn to scale. For
example, the dimensions and locations of some of the elements m the figures mav be
exaggerated velative to other elements to help to improve uonderstandimng of
embodiments of the present invention.

[0018] The method and structural componenis have been represented where
appropriate by conventional symbols in the drawings, showing ondy those specific

details that are pertinent to understanding the embodiments of the present invention so
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as not to obscure the disclosure with details that will be readily apparent to those of
orchnary skill w the art having the benafit of the descuption harein,

DETAILED DESCRIPTION OF THE INVENTION
[6019] One aspect of this disclosure relates to an antenna. especially
benaficial for use with a handheld radio frequency (RF) wdentification (RFID) reader
for scanning RFID tags oriented in different orientations {e.g.. vertical, horizontal, or
slanted) in a controlled ares. The antenna includes an RF signal feeding port located
on an axis. The port supphies an R¥ signal i an operating band of frequencies.
Advantageounsty, in the case of an RFID reader, the operating band of frequencies Hes
n a frequency range on the order of %02-928 MMz This designated range is not
intended to limit the invention disclosed heremn, because other frequency ranges are
also conterplated.
{60204 The anterma further includes a primary antenna member operatively
connected to the port, and ncluding an electrically conductive, firsi antenna element
axtending in a radial direction away from the axis and continuing along at least one
furn i a turning direction at least partly abowt the axis, and an electrically conductive,
second antenna element exiending in an opposiie radial direction away from the axis
and continuing along at least one twen in the turning direction at least pastly about the
axis. The first and second antenna elements are rotationally syvmmetrically arranged
about the axis, and are operative for conducting the RF signal along the primary
artenna member, and for fransmitting and receiving electromagnetic waves with a
primary slant polarization having components in both of two mutually orthogonal
planes (e.g, honzontal and verical polanzation planes).  Advantageously, the
primary slant orientation extends along a 45 degree direction relative to the horizontal
angl vertical directions so that the components are substantially equal.  Thus, the
reader is enabled to read anv {ag. no matter its onentation.
[0621] In one embodiment, each antenna element has a plurahity of hinear
sections arranged 1 an end-to-end succession, one afler another. Adjacent successive
finear sections are genevally perpendicular to each other,  In another embodiment,
each antemta element has a plurality of sections arranged i an end-to-end succession,
and at least one of the sections is arcuate. To increase the antenna gain, it is desirable
to juxiapose a secondary antenna member with the primary antenna member. The
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secondary antenna member re-radiates the electromagnetic waves propagated by the
primary antenna member ywith a secondary slant polavization in a manner analogous to
a Yagt antenna. The primary and the secondary slant polarizations are congruent,
[6022] A method of making and wsing an antenna, i accordance with another
aspect of this discloswe, is perfovmed by supphving an RF signal in an operating band
of frequencies from a radio frequency (RF) port located on an axis, operatively
conpecting a primary antenna member to the port, extending an electrically
conductive, first antenna element of the primary antenna member 1 a radial direction
away from the axis gnd continuing along at least one turn i a tuming direction at
feast partly about the axis. extending an electrically conduciive, second antenma
element of the primary antenna member in an opposiie radial divection away from the
axis and continuimyg along at least one tum in the tuming direction at least partly aboat
the axis; arranging the first and second antenna elements 1o be rotationally
synumetnical about the mus; conducting the RF signal along the pnimary amienna
member; and fransmitting and receiving electromagnetic waves with a primary slasng
polanization having components 1 both of two mutually orthogonal planes.

[06023) Twming now o FIGs. 1-2 of the drawings, reference mumeral 10
generally 1dentifies a handheld RFID reader for interrogating and reading RFID tags
within its coverage range. This particular embodiment of the RFID reader 10 has a
gun-shaped body 12 having a handle 14 to be gripped and held by a user, a trigger 16
to be manually actuated by the user to imtiate reading, and a front-mounted radome
18 having housing parts 18A, 18B for containing therein an antenna {Tor example, sea
any of the dilferend antenna embodiments respectivelv depicted in FiGs. 3A-3F, or the
antenna embodiment of FIGs. 3-9) that is naturally pointed foward. and faces, each
mtended target tag during normal handheld operation of the RFID reader 10, The
antenna ransmils electromagnetic waves to each tag i 1y tum, and receives refum
electromagnetic waves from each tag, during operation. FIG. 2 depicts an antenna
member 30, which s described m detail below in the discussion of the antenna
ambodiment of FIGs. 3-9, as sean 1l the outer housing part 184 were lransparent.
[0024] The gun-shaped configuration of the reader 10 s merely exemplary,
because the antenna can be deploved 1n any number of different reader configurations.
Although not depicted in FIGs 1-2, the reader 10 may also include a display, a

A
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kevpad, a touch panel, other mputfoutpat elements, or the hike.  Also, the front
deplovment of the antenna in the radome 18 is meraly exemplary, because the antenna
can be deployed at other locations on the reader, for example. on the top or the bottom
of the reader 1), or in a dock on which the reader 1s supported. In the exemplary
application described herein, the antenna 1s designed to operate in the UHF frequency
band designated for RFID systems.  Altermate embodiments mav instead utilize the
high frequency band. or the fow frequency band, designated for RFID svstems. For
example, 1 the United States, RFID systems may ubihize the S02-928 MHz frequency
band, and in Furope, RFID svstems may utihze the 863-868 MHy frequency band.
The antenna can be designed, configured, and tuned o accommodste the particalar
operating frequency band of the host RFID reader 1. In addition, the anienna
described herain can also be used in non-RFID applications.

[0025] As described hervein, ove aspect of this mvenbion i to make the
autenna relatively smaller m size, relatively lighter n weight, relatively less
axpensive, and relatively less sensitive to the polavization of the tags being
mierropated, as compared o the known antennas, withowl sacrificing good reading
performance,  The antenna of this invention can accommodate the packaging
requirements and configuration of existing RFID readers andior can readily
accommodate new readers. For the sake of brevity, conventional techniques related to
RFID data transmuassion. RFID svstem architecture, RF signal processing, and other
functional aspects of RFID systems (and the individual operating components of such
systems) may not be described in detail herein.

[(026] Brieflv stated, the RFID reader 10 conventionally includes, without
fimitation: an RF communication module coupled to, and driving. the antennal a
power supply {e.g.. a batiery pack); a processor; and a memory. The vantous operating
components of the reader 10 are coupled together as neaded to facilitate the delivery
of operating power from the power supply, the transfer of data, the transfer of control
signals and commands, and the like. The processor may be any general purpose
microprocassor, controlier, or muerocontvoller that is suitably configured to conirol the
operation of the reader. In practice, the processor may execute one or more soltware
applications that provide the desired {unctionality for the reader. The memory is
capable of storing application software uiilized by the processor andfor data captured

O
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by the reader during operation. The RF communication modale 1s suitably confligured
o procesy RF signals associated with the operation of the reader, and to otherwise
support the RFID lunctions of the reader. The communication module mncludes a
transceiver that generates and ransnuts an RF interrogation signal 1o each tag via the
antenna, and that receives a reflected RF pavioad signal generated by each tag via the
antenna 1 response to the interrogation signal.  The anterma 15 coupled to the RF
communcation module using RE transmission lines or RF coaxial cables in
combination with sutable RF conpectors, plugs, nodes. or ternunals on the
conmunication module andfor on the antenna.

[6027] Tuming now o the varions antenna embodiments of FIGs. 3A-3F,
each antenna inclndes an RF signal feeding port located on an axis P. The port
supplies an RF interrogation signal in an operating band of frequencies.  Many
different {vpes of feed arrangements can be used. For example, any of the respective
feeding arrangements of FIGs. 4A-4C, or the feeding arrangement of FIGs. 53-9, can
ba used, as described below. Each antenna embodiment in FIGs, 3A-3F mchudes a
pamary  antenna member operatively connected to the port, and inchding an
elecincally conductive, generally planar, first antenna element extending in a radial
direction away from the axis P and contimung along af least one tum in a turning
direction at least parily about the axis P, and an electiically conductive, generally
planar, second antenna element extending in an opposite radial direction away [rom
the axis P and continuing along at least one furn in the torning direction at least partly
about the axis P. The first and second antenna elemeniy are rotationally
sviametrically arvanged about the axis P.

[0028] More spectfically. the primary antenna member 30 of FIG. 3A includes
a first anlenna element compnised of three linear sectioms 31A, 32A, and 33A
arranged in an end-to~end succession, one after another. Adjacent successive linear
sections 31A and 32A are generally perpendicular to each other m a first tum.
Adjacent successive linear sections 32A and 33A are generally perpendicular to sach
other i a second fum.  Linear sections 31A and 33A are generally parallel to each
other. The primary antenna member 30 of FIG. 3A also includes a second antenna
clement comprised of three linear sections 318, 328, and 33B arranged in an end-o-
end succession, one afier another. Adjacent successive hinear sections 31B and 32B

7
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are generally perpendicular to each other in a first tuom.  Adjacent successive linear
seciions 328 and 338 are generallv perpendicular to each other i a segcond tum.
Linear sections 318 and 338 are generally paraliel 10 each other.  Sections 31A and
3B are collinear and extend m opposile radial directions relaiive to the axig P
Sections 32A and 32B are generally paraliel to each other. The antenna 30 generadly
has an S-shape,

j0029] The primary antenna member 40 of FIG. 3B includes a first antenna
clement comprised of fow linesar sections 41A, 42A, 43A, and A arranged 1n @
end~to-end succession, one afler another.  Adjacent successive linear sections 41A
and 42 A are penerally perpendicular to each other in a first tum. Adjacent successive
tinear sections 42A and 43A are generally perpendicular 10 each other in a second
turn.  Adjacent successive finear sections 43 A and 44A are penerally perpendicular to
each other in a third fum. Linear sections 41 A and 43 A are generally paratlel to each
other. Linear sections 42A and 44A ave generally parallel 1o each other. Section 44A
is shorter than section 42A.  The primary antenna member 40 of FIG 3B aso
mcludes a second antenna element comprised of four linsar sectinns 418, 428, 438,
and 448 arranged m an end-to-end succession, one after another. Adjacent successive
linear sections 41B and 42B are generally perpendicular (o each other in a first tumn,
Adjacent successive lnear sections 42B and 438 are generallv perpendicutar to cach
other i a second turn. Adjacent successive Hnear sections 438 and 44B are generally

perpendicular to each other i a third turn. Linear sections 418 and 43B are generally
parallel o each other. Section 448 15 shorter than section 42B. Lingar sections 428
and 448 ave generallv parallel to each other.  Sections 41 A and 418 are collinear and
extend in opposite radial directions relative to the axis P. Sections 42A and 428 are
generally paratlel to each other.

[603¢] The primary antenng member 50 of FIG, 3C mcludes a first agtenna
element comprised of five linear sections S1A, 52A, 53A, 54A, and 554 arranged in
an end-to-end succession, one alier another, Adjacent successive linear sections 514,
S2A, S3A, 34A, and 33A are generally perpendicular to each othar, in the manner
described above, m successive turns,  The privaary antenna meraber 30 also includes
a second antenna element comprised of five linear sections 318, 328, 538, 34B, and
3B arrangad in an end-to-end succession, one after another.  Adjacent successive

8
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{inear sections S1B, 32B, 33B, 548, and 538 are generally perpendicular to each
other, in the manner describad above, i successive BuEns.
[6031) The primary antenna member 60 of FIG. 3D includes a {irst antenna
element comymised of six linear sections 61A, 62A, 63A, 644, 634, and 66 A arranged
i an end-to-and succession, one afler another. Adjacent successive hinear sections
GTA, 624, 634, 64A, 654, and 66A are generally perpendicular to each other, in the
manner described above, in successive tums,  The primary anterma member 60 also
meludes a second antenna element comprised of six hinear sections 61B, 628, 638,
648, 658, and 668 arranged in an end-to-end succession, one after another. Adjacent
successive linear sections 61B. 62B. 63B. 64B. 63B, and 66B are generally
perpandicular to each other, in the manner described above, in successive tums.
{86032] The pnmary antenna member 70 of FIG. 3E meludes a first antenna
element comprised of seven hinear sections T1A, 72A, 73A. 744, 75SA, 76A, and 77A
arranged i an end-fo-end succession, one alter another,  Adjacent successive limear
sections T1A, 72A, 73A, 74A, 73A, 76A, and 77A are generally perpendicular to each
other, w the manner descnbed above, in sugcessive furns. The primary antenna
member 70 also includes g second antenma element comprised of seven hinear sections
TIB, 72B, 73B, 748, 75B, 76B, and 77B arranged v an end-to-end suceession, one
after another. Adjacent successive lingar sections 718, 72B, 738, 748, 738, 768, and
778 are generally perpendicalar to each other, in the manner described above, in
SUCCESRIVE tms,
[0633] Ag shown in FlGs. 3A-3E, as more shorter and shorfer sections are
added, the first antenna element tends to spival or codd m on gelf in a stepwise
meandering fashion alomg the tumning direction {e.g., clockwise), and the second
antenna element {ends to spual or coif I on Hself m a corresponding stepwise
meandering fashion along the same luming direction (e, dlockwise). Of course, in
other embodiments, the tuming direction cowdd be cownterclockwise. Not all the
sections need be hnear, for example, the primary gntenna member 80 of FIG. 3F
wchudes a first anlenna element comprised of three sactions 81A, 8ZA, and 83A
arranged i an end-to-end succession, one after another.  Section 82A s arcuate and
connects sections 81A and 83A. Sections 81 A and 83A are generally parallel 1o each
other. The primary antenna member 80 of FIG. 3F also includes a second antenna
9
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element comprised of three sections 81B, ¥2B, and R3B arvanged i an end-to-end
succession, one afler another. Section &2B is arcuate and connects sections 81B and
83B. Sections 81B and 838 are generally parallel 1o each other. In addition, each
antenna element can be shaped as a helix or spiral.
[6034] Fach of the above-described primary antenna members 34, 40, 38, 60,
70 and 80 15 a dipole operative for conduching the RF signal along the primary
artenna member, and for fransmitting and receiving electromagnetic waves with a
primary slant polarization having components i both of two mutually orthogonal
planes (e g, hortzontal and vertical polanzation planes). Advantageously, as shown
by the dashed line in FIG. 3A or in FIG. 3F, the primary slant orientation extends
along a 45 degree direction refative to the hortrontal and vertical directions so that the
components are substantially equal.  In the other antenna members of FiGs. 3B-3E,
the primary slant ortentation is not exactly 45 degrees, but 15 angalarly offset by a few
degrees. Nevertheless, the reader 10 is enabled to read any fag, no matter ifs
orientaion,
[35] As staled above, FIGs. 4A-4C depict different RF signal feeding
arrgngements, all shown for the primary antenna mernber 30 as g representative for all
the other primary antenna members,  FIG 4A depicts a siot 90 extending through
sections 31A and 32A. The slot 90 has an open end Y2 and a shorted end 94, Input
ternunals 98, 100 are connected to the first and second antenma elements. The inpat
terminals 98, 100 are connected 1o transmission Hnes that in tum, are connected o
the transceiver in the reader 18 An embedded balun implemented with the slot 90
shares the mput terminals 98, 100 FIG 4B depicts a gap feed. wherain the mput
terminals 98, 100 are connected 1o the first and second amenna elements across & gap
102, FIG. 40 depicts another gap feed. wherein the input ternunals 98, 100 are
comected to the first and second antenna elements through a balun 104 across the gap
f02.
[6036] To mcrease the antenna gan, it is desirable © juxtapose g secondary
antenna member with the primary anlenna member. The secondary anlenna member
re~radiates the electromiagnetic waves propagated by the primary antenna member
with a secondary slant polanzation that s congruent o the pimary slant polarization
in a manner analogous to a Yagl antenna. Thus, using the primary antenna member
]
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34 as a representative for any of the other disclosed primary antenna members 40, 50,
6, 70 and 80, as shown in FIGs, 2. 3 and 6, a generally planar, S-shaped secondary
antenna member 130 is spaced generally parallel to, and rearwardly of| the genewlly
planar, S-shaped pnmary antenna member 30 by a spacing of about a quarter
wavelength or less as measured at a center frequency i the operating band. The
secondary antenna member 130 includes a first antenua element comprised of three
hinear sections 131A, 132A, and 133A wranged in an end~to-end succession, one afier
another.  Adjacent successive linear ssctions 131A and 132A are generally
perpendicular to each other 1n a first tum. Adjacent successive linear sections 132A
and 133A are generally perpendicular to each other in a second tum. Linear sections
131A and 133A are generally paralle! 1o each other. The secondary antenna member
130 also mcludes a second antenna element comprised of three linear sections 1318,
1328, and 133B aranged i an end-to-end succession, one after another.  Adjacent
successive linear sections 1318 and 1328 are generally perpendicular to sach other in
a first fom Adjacent successive hinear sections 132B and 133B are generally
perpendicular to each other in a second twrn,  Linear sections 1318 and 1338 are
generally parallel to each other.  Sections 131A and 1318 are collinear and extend in
opposite radial directions relative to the axis P. Sections 13ZA and 132B are
generally parallel to each other. The first and second antenna elements of the
secondary antenna member 130 are rotationally svimmetrical about the axis P

{60371 To simphiy the drawings, the primary antenna member 30 and the
secondary antenna member 130 have been illustrated withouwt iheir supporting
drelectric substrates.  In a vanant construction as shown in FIG. 2, the prmary
antenna member 30 can be printed and supported on the interior surface of the puter
housing part 18A, and the secondarv antenna member 138 can be printed and
supporiad on the interior swlace of the other housing part 18B.  Electromagnetic
waves can pass throagh the housing parts of the radome 18,

{0038 As staled above, FIGs. 359 depict another RF signal feeding
arrangement, shown for the pnmary and secondary antenna members 30, 130 a3 a
representative example. The feeding arvangement includes a feed line 20 and an L-
shaped, microstrip circuit 22 having a linear section 23 that is juxiaposed with the
linear section 31A of the primary antenna member 30, and a linear section 24 that is
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juxtaposed with the hinear section 324 of the pnmary antenna member 30 The
alecirical length of the hinear seciions 23 and 24 15 abowt a gquarter of a wavelength or
tess at the center frequency of the operating band. To simphty the drawings, the
microsirip crcuit 22 has been iHustrated without its supporting dielectric subsirate.

[6039] Az best sesn iy FIG. 9, the feed hne 20 includes an slectricaily
msulating component or diclectne 235, e.g., constituted of Teflon, an electrical center
metal conductor 26 extending through the msulating component 25 and electrically
connected o an open end region 27 of the microstrip circuit 22, an electnically
conductive sheath 28 electrically connected o the primary antenna member, and a
shorted connection 29 for shorting an opposite end region of the microstrip circuit 22
to the primary antenna member.  As best seent in FIG. 6, the feed hine 20 passes
through the secondary antenna member with a clearance 140 and is electrically
isolated therefrom. The flosting secondary avtenna member 130 thus has an

imcreased isolation with the feed line 20, Evidenily, in this feeding arrangement, the

center conducior 26, the dielectric 25, and the conductive sheath 28 form a coaxial
cable.
[0040) By way of non-hmiting numerical example. the S-shaped primary

antenna member of FHG. 3A occupies a square area of 33 mnt by 35 mm, which is
much smaller than the square area of 115 mm by 115 mm occupied by a slanted
dipote. The S-shaped primary antenna member of FIG. 3A weighs about 20 grams,
which is much hghter than the 160 grams tvpically characteristic of a crcularly
polarized patch antenpa. The S-shaped primary amtenna member of FIG. 3A has a
farger bandwidth than the other disclosed antenna members, and bhas a vertical-to-
horizontal ratic of 1:1. Adding the secondary antenna member increases the depth to
about 30 mm, thereby configuring the anfenna to fit in a compact volume.

[6041] In the foregoing specification, specific embodiments have been
described.  However, one of ordimary skill in the art appreciates that vanous
meodificattons and changes can be made without departing from the scope of the
mvention as set forth m the claims below. For example, any of the disclosed antenna
members can be angolarly turned from thelr dAlustrated orientations in etther the

clockwise or the counterclockwise directions.  Accordingly, the specification and
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figures are to be regarded in an ustrative rather than a restrictive sense, and all such
modifications are intended 1o be inchuded within the scope of present teachings.
[0042] The benefits, advantages. solutions to problems, mnd any element{s}
that may cause anv benefit. advantage, or solution to occur or beconwe niore
pronounced are not (0 be construed as o oritical, required, or essentiad feahwes or
elements of any ov all the claims. The invention 1s defined solely by the appended
claims including any amendments made during the pendency of this application and
all equuvalents of those claims as 1ssued.
[043] Moreover in this document, relational terms such as first and sscond,
top and bottom, and the like may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring or implving any actual
such relationship or order betveeen such entities or actions. The terms “comprises,”™
“comprising,” “has,” “having,” “includes,” “including.” “contams,” “containing.” or
any other vartation thersof, are intended to cover a non-exclusive inclusion, such that
a process, method, avticle, or apparatus that comprises. has, inchudes, contains a list of
dements does not include only those elements, but may include other alements not
expressly listed or inherent to such process, method, article, or apparatus. An element
proceedad by “conymises ... a7 Thas . a7 Tinchades . a” or Trontans L. 2,7 does
nof, without more constraints, preclude the existence of additional identical elements
i1 the process, method, article, or apparatus thal comprises, has, includes, or contwins
the element. The terms 27 and “an™ are defined as one or more unless exphatly
stated otherwise herein. The fenms “substantially.” “essentially.” “approximately.”
“about,” or any other version thereol, are delined as being close to ay wnderstood by
one of ordinary skill in the arl, and in one non-himiting embodiment the term is
defined to be within 10%, in another embodiment within 5%, in another embodimeant
within 196, and i another embodiment within 6.5%. The term “coupled”™ as used
herein 15 defined as connected. although not necessanily directly and not necessartly
mechanically, A device or structure that is “configured” n a certain way 1s
conligured m af least that way, but may also be configured in ways that are not listed.
[0044] It will be appreciated that some embodiments may be comprised of one
or mare generic or specialized processors {or Tprocessing  devices”) such as
microprocessors, digital  signal  processors. customized processors, and faeld
13
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programumable sate arays (FPGAs), and unique stored program  instructions
(including both software and firmware) that control the one or more processors to
implement, in conjunction with certain non-processor aircuits, some, most, or gl of
the functions of the method and/or apparatus described herein.  Alternatively, some or
all functions could be implemented by a state machine that has no stored program
mstructions, or i one or more application specific integrated circuits (ASICs), in
which each function or some combinations of certain of the functions are
unplemented as custom logic. Of course, a combination of the two approaches could
be used.

[60453] Moreover, an embodiment can be implemented as a computer-readable
storage medium having computer readable code stored thereon for programming a
computer {eg., comprising a processort 1o perform a method as desenbed and
clanmed herein. Examples of such computer-readable storage mediums include, but
are not linuted to, a hard disk. a CD-ROM, an optical storage device, a magnetic
storage device, a ROM (Read Only Memorv), 3 PROM (Programmable Read Only
Memory}, an EPROM (Erasable Programmable Read Only Memory}, an EEPROM
{Electrically Erasable Programmable Read Only Memory) and a Flash memory,
Further, it 1s expected that one of ordinary skill, notwithstanding possibly significant
effort and many design cholces motivated by, for example, available time, current
technology, and economic considerations, when ginded by the concepts and principles

disclosed herein, will be readily capable of generating such software mstructions and

programs and s with minimal expetimentaiion.

[(046] The Abstract of the Disclosure is provided {o allow the reader to
quickly ascertain the nature of the technical disclosure. It is submitted with the
understanding that 1t will not be used fo mterpret or linut the scope or meaning of the
clatms. In addiiton, in the foregoing Delailed Description, i can be seen that various
features are grouped together in vanous embodiments for the purpose of streambining
the disclosure.  This method of disclosure 15 not to be interpreted as reflecting an
wilention that the claimed embodiments require more features than are expressly
recited m each claim. Rather, as the following claims reflect, inventive subject matter

tes in less than all features of a single disclosed embodiment. Thus. the following

i4
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claims are herebv incorporated into the Detaled Description, with each clamm

standing on s own as a separately claimed subject matter.



WO 2015/134167 PCT/US2015/015549

CLAIMS:

1. An antenna, CoOmiIsing:

a radio frequency (RF) signal feeding port located on an axis,
and operative for supplving an RF signal in an operating band of frequencies; and

a primary anterma member operatively conected o the port,
and inchuding an electrically conductive, first antenna element extending 10 a radial
direction away from the axis and continuing along at least one tum in & tumning
direction at least partly about the axis, and an elecincally conductive, second antenna
element extending in an opposite radial direction away from the axis and contimung
along at least one tum in the turming divection at least partly about the axis, the first
and second antenna elements being rotationally svmmetrically arranged about the
axis, and being operative for conducting the RF signal along the primarv antenna
member. and for transmitiing and receiving electromagnetic waves with a primary
stant polanzation having components i both of two nwtuaily orthogonal planes.

2 The anterma of claim 1, wherein each antenna element 5 planar
and lies in a comumon plane.

3. The gatenna of clam 1, wherein each antenna element has a
plurality of finear sections arranged in succession, and wherein adiacent successive
sections are generally perpendicular o each other.

4 The antenna of claim 1, wherain each antenna element has a
plurality of sections arranged in succession, and wherein at keast one of the sections 18
arcuale,

5. The antenna of clam 1, and a secondary antenna member
juxtaposed with the primary antenna member, the secondary antenna member
meluding an electnically conductive, thurd antenna element extending m the radial
direction away from the axis and continuing along at least one tarn in the tuwning
direction at least partly about the axss, and an electrically conductive, fourth antenna
element extending in the opposite radial direction away from the axis and continuing
along at feast one fum in the wming direction at least partly about the axs, the third
and fourth antenna clements being rotationally svmmetrically arranged about the axis,
and being operative for re-radiating the electromagnetic waves propagated by the
primary antenna member with a secondary slant polarization having components in

i
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both of the two muiually orthogonal planes, the primary and secondary slamt
polanzations being congruent.

6. The antenna of claim 1, wherein the port has a pair of input
terminals, one terminal for each antenna element,

7. The antenna of claim 3, wherein the port inchudes a feed line
and a nucrostnp cirant that 1s partly jastaposed with the primary antenna efement, the
feed lne including an electrically insulating component, an electrical conductor
extendmg through the insulating component and electncally connected o one end
region of the microstrip cirowit, an electrically conductive sheath connected to the
prinmary antenna clement, and a shorted connection for shorting an opposite end
region of the nucrostrip civcuit 1o the primary antenna element,

8. The antenna of claim 7, wherein the feed line passes through
the secondary antenna member with clearance and 15 electnically isolated therefrom.

9. The antenna of claim 1, wherein the operating bhand is n a
froguency range on the order of 902-928 MHz fo acconmunodate & handheld RF
wdentification {RFID) reader for scanning tags oriented n different onentations m a
controtled aren with respect to the mutually orthogonal planes.

14 The antenna of clam 1, wherein the slant orientalion has
substantially equal components in both the mutually orthogonal planes.

i A compact, polanzation-insensitive antenna for a handheld
radio frequency (RF) identification (RFID) reader for scanning RFID tags oriented in
different orientations in a controlled arga, comprising:

an RF signal feedimg port located on an axis, and operative for
supplying an RF signal in an operating RFID band of frequencies:

a primary antenna member operatively connected o the pon,
and inchuding an electrically conduciive, first antenna element extending 1 a radial
direction away from the avis and continving along at least one tum m a tuming
direction at teast partly about the axis, and an elecincally conductive, second antenna
slement extending in an opposite radial direction away from the axis and contimung
along at least one twmn in the tuming divection at least partly about the axis, the first
and second antenna elements being rotationally svmmetrically arranged about the
axis, and being operative for conducting the RF signal along the prinwry antenna

17
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member, and for transmitting and receiving electromagnetic waves with a primay
slant polarization having componends in both of two nudually orthogonal planes; and

a secondary antenna member juxtaposed with the primary
antenna mamber, the secondary artenna member including an electrically conduciive,
third antenna element extending in the radial direction away from the axis and
continwng along at least one tum in the tuming direction at feast partly about the axis,
and an electrically conductive, fourth antenna element extending in the opposite radial
direction away from the axis and continuing alonyg at least one fwmn in the turming
direction at least partly gbout the axis, the third and fourth antenna elements being
rotationatly symmetncally arranged about the axus, and being operative for re-
radiating the electromagnetic waves propagated by the primary antenna member with
a secondary stant polarization having components in both of the two nustoally
orthogonal planes, the primary and secondary slant polanzations being congruent.

12, Awmethod of making and using an antenng, Comprising

supplving an RF signal in an operating band of [requencies
fromm a radio frequency {RF) port located on an axis;

operatively conpecting a primary anienna member to the port;

extending an electrically conductive, first antenns element of
the primary antenna member in a radial direction awav from the axis and continuing
along at least one turn in a huming divection at least partly about the axis:

extending an electncally conductive, second antenna element of
the primarv antenna member i an opposite radial direction away from the axis and
continuing slong at least one turn in the taming direction at least partly about the axis;

arranging the first and second antenna elements o be
rotationaliv symmetrical about the axis;

conchicting the RF signal along the primary antenna member;
and

iransmitting and recewving electromagnetic waves with a
primary slant polanzation having components in both of two mutually orthogonal
planes.

13, The method of claim 12, and conliguning each antenna element
to be planar and to lie in a common plane.
18
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4. The method of claim 12, and configuring each antenna element
1o have a plurality of linear sections arranged i succession, and configwing adjacent
successive sections to be generally perpendicular to each other.

15, The method of claim 12, and configunng sach antenna element
i have a pluraldy of sections i succession, and configuning at lgast one of the
sections to be arcuate.

16, The method of claim 12, and Justaposing a secondary antenna
member with the pnmary antenna member, and configuwing the secondary antenna
member to inclade an electrically conductive, third antenna element extending in the
radial direction away from the axis and continving along at least one turn in a turning
direction at least partly about the axis, and an electrically conductive, fourth antenna
element extending in an opposite radial direction away from the axis and continuing
along at least one tum In the tuming divection at least partly about the axis, and
arranging the third and fourth anfenna elements o be rotationally symmetrical about
the axis, and the secondary anienna member re-radiating the glectromagnetic waves
propagated by the pomary antenna member with a secondary slant polarization
having componenis in both of the mutually orthogonal planes, and configuring the
primary and the secondary slant polanzations to be congruent.

17, The method of claum 16, and configuring the port to include a
feed line and a muicrostrip crowt partly juxtaposed with the primary antenna clement,
and configuring the feed line to include an elecirically insulating component, an
glectrical conductor extending through the msulaling componat and electrically
connecled to one end region of the microstrip aircust, an electrically conductive sheath
and connected to the primary antenna element, and a shorted connection for shorting
an opposite end region of the microsirip circwif to the primary antenna element.

18, The method of clatm 17, and passing the feed line through the
secondary antenna member with clearance and in elecinical isolation therefrom.

{9 The method ol claim 12, and configuring the operating band to
by a [requency range on the order of Y02-928 M to accommuodate 2 handheld RF
wentification (RFID) reader for scarming tags orented in different orieniations m a

conirolled area with respect to the mutually orthogonal planes.

19
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20, The method of clam 12, and configuring the primary slant
orientation (o have substantially egual components i both the mutually orthogonal

planes.
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