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THREE-DIMENSIONAL COMPOUND LOOP ANTENNA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001]  This application clalms the benefit of ULE. Patent Application No. 14/103,684,

filed Drecember 11, 2013, the contents of which is incorporated herein by reference in iis entirsty.

TECHNICAL FIELD
{8082]  The technical field generally relates 1 antennas and more specifically relates to

thres-dimensional antennas,

BACKGROUNT

{B063]  As now generations of cellular phones and other wireless communication
devices becoms amaller and embedded with increased applications, new anienna designs are
required to sddress inherent limitations of these devices and 1o enable new capabilities. With
conventionsl anlenna sructurss, @ certain physical volume is reguired o produce 2 resonant
antenna struciure ot a pasticular frequency and with a particelar bandwidth, However, effective
implemeniation of such antennas is often confronted with size constrainis duc o a Umited

available space in the device,

{0841 Antenna efficiency is one of the important parameters that determine the
performance of the device. In particnlar, radiation efficiency 15 a metris describing how
effectively the radiation occurs, and s expressed as the ratio of the radiated power 1o the inpit
power of the aenns. A more efficient antenna will radiaie g higher proportion of the energy fed
s i Likewiss, due to the inherent reciprocity of aniennas, a mors efficient antenma will convart
more of a reestved snergy into electricsl energy. Therefore, antennas having both good

efficiency and compact sizs are often desired for a wide vansty of applications,

{08851 Conventional loop antennas are typdeally current fod devices, which generate
primanily 2 magnete (H) field. As such, they are not typically suitable as transmitiers. This is
sspecially true of small loop antennas {i.e. those smaller than, or having s diameter less than, one
wavelengih), The amount of radistion energy recelved by a loop antenna is, in pan, determined
by its area. Typically, each time the area of the loop is halved, the amount of erergy which may
be received is reduced by approximaiely 3dB. Thas, the siee-efficiency wadeoft is one of the

major considerations for loop antenna designs.
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16006]  Voltage fed antennas, such as dipoles, radiate both electric (B) and H fields and
can be used in both transmit and receive modes. Compound loop {CPL} antennas are those in
which both the transverse magnetic (TH) and wansverse electric (TE) modes are excited,
resulting in performance benefits such as wide bandwidth (lower €3}, large radiation
intensiiy/powser/gain, and good efficiency, There wre a number of examples of two dimensional,
son-compound anennas, which generally include printed strips of metal on 3 cireuit board,

Most of these antennas are voliage fod. An example of one such antenna s the planar inverted ¥
antenna (PIFA). A large number of antenng designs stilize guarter wavelength {or some multiple

of 2 guarier wavelength}, voliage fed, dipole antennas.

SUMMARY

{B067]  Disclosed herein are three-dimensional compound loop antennas. In an
embodiment, an antenna may include a ground plane, a pair of borizontal conductive portions
substantially horizontal relative 1o the ground plane, 2 feed line substantially verticsl selative (0
the ground plane and coupled with the pair of horizontal conductive portions, and & vertical
eonductive portion coupling the pair of horizontal conductive portions 1o the ground plane. The
pair of horizonial conductive portions may include 2 first horizontal conductive portion and a
second horizontal conductive portion.

[BO68]  In an embodiment, an antenna may include o ground plane, & first pair of
horizontal condortive portions substantially horizontal relative 1o the ground plane, a second pair
of horizontal conductive portions substantially hordzontal relative to the ground plane, s foed fine
substantially vertical relative to the ground plane and coupled with the first pair of horizontal
conductive portions and the second pair of horizontal conductive portions, a first vertical
canductive portion coupling the first pair of horizontal conductive portions (o the ground plane,
znd 2 second vertical conductive portion coupling the second pair of horizontal conductive
portions to the ground plane. The Grst pair of borizontal conductive portions may include a first
horizonial conductive portion and a second borizontal conductive portion. The sscond pair of
horizomal conductive portions may comprise a third hordzontal conduetive portion and 2 founth
horizontal conductive portion.

{003 This Sunmwnary is provided o introduce 3 selection of concepis in 2 simplified
form that are further deseribed below in the Detailed Description. This Summary is not intended
io identify key features or essentinl fostures of the claimed subject matter, nor 15 1 intended to be
wsed 1o Hmit the scope of the claimed sublect matier, Furthermorg, the claimed subject matter is

not limited o Bmitations that solve any or alf disadvantages noted in any part of this disclosurs,
-
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BRIEF DESCRIPTION OF THE DRAWINGS

{60381 A more detatled understanding may be had from the following description,

given by way of example i conjunction with the sccompanying drawings wherein:
B0E3]  FIG. 1 tlustrates 3 prior art embodiment of a planar CPL antenna.
BE2] FIG. 2A iHustrates a 1op view of an embodiment of 8 3D CPL antenna struciure,

BRI3T  FIG. 2B iHostraiss 2 bottom view of the 3D CPL antenna structure Hustrated in
FIG. 24,

(80341 FIG. 2C tHustrates a front perspective view of the 3D CPL antenns structure
iHustrated in FIG. 2A;

183157 FHG 3 is 2 plot showing the retum loss (811 in dB) as a function of frequency
{MHz) of the 3D CPL antenna configured as illostrated in FIGS, 24, 28 and 2C;

{B816] FIG, 44 illustrates divections of incal currents at the resonant frequency along

the first and second horizontal conductive portions;

(8017] FIG. 4B illustrates directions of local currents st the resonant freguency slong
the vertical cross section inchuding the feed line, the vertical conductive portion and the first

horizontal conductive portion

{BBI8] FIG. 5 is a plot showing a farfield radintion patiern at the resonam frequency of
the 30 CPL antenns iuswated in FIGK, 24, 28 and 20

8619} FIG. 64 Hlustrates a top view of an embodiment of a 3D CPL anteana structure;

8201 FUG o illustrates 2 bottom view of the 3D CPL antenna struciure tlusirated in
FIG. 6A;

[G82E]  FIG. U itlustrates a front perspective view of the 30 CPL antenna structure
Hustrated in FIG. 64

(80221 FIG. 7 is a plot showing the return Joss (511 in dB) as  function of fequency
{hHz) of the 3D CPL antenng having two bent amas, configured s iHustrated in FIGS. 84, 68
and 6
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(88237 FIG. BA illustrates directions of Incal currents 8t the resonant frequency along

the first - fourth horizonial conductive portions;

{B0241  FIG. 88 illustrates directions of local currents at the resonant frequency along
the vertical cross section incloding the feed Hne, first and second vertical conductive portions,

andd the first and third horzontal conductive portions;

{0251 FIG. 9 is a plot showing a farflicld radistion pattern at the resonant frequency of
the 30 CPL antenna having two bent arms Hlustrated in FIGS. 84, 68 and 60

{88267 FIG. 10A illustrates a top view of an embodiment of 2 3D CPL antenna
structure with three arms;

0371 FIG. 108 illosiraies g top view of an embodiment of 2 3D CPL antenna structors
with four arms;

BOZE]  FIG. 100 tHustrates o top view of on embodiment of 2 3D CPL antenna structure

with siX arms;

8297 FIG. 11 is a top view illustrating an embodiment of 8 3D CPL antenna having

musliiple arms formed on the subsirate and associated swiiches;

(88367 FIG. 124 is a top view of 3 30 CFPL antenna with two horizontal conductive
pairs and capacitive grounding:

88311 FIG. 12B is a perspective view of the antenna of FIG 124,

{86321 FIG. 13 is g partial side view of 3 vertical condective portion of the antenna of

FIGS. 12A and 123D iHusirating the capacitive grounding of the loop;

{68331 FIG 14 i a plot showing o farfield radiation patiern at the resonant freguency of
the 3D CPL antenna ilustrated in FIGS. 124 and 128,

{0034]  FIG. 15 15 an B-field plot ilusirating a top view of the E-field radiation patterns
of the antennsg of FIG. 124 and

(88357 FIG. 16 1s a plot showing the return loss (811 in 4B} as a funciion of frequency
{PHz) of the antenna configured as ilustrated in FIGS, 12A and 128,
DETAILED DESCRIFTION OF ILLUSTRATIVE EMBODIMENTS

(B836] In view of the known Bmiistions associated with conventional antennas, in

particular with regard (o the radiation efficiency, 8 compound loop antensa {CFL), also referred
-4
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1o a3 a modified loop antenna, has been devised to provide both tansmit and receive modes with
greater efficiency than a conventional antenna with a comparable size. Examples of structures
and implementations of the CPLs are provided in US Patents No. 8,144,065 {ssued on March 27,
2012, Mo, 8,148,173 issued on April 3, 2012, and No. 8,164,537 issued on April 24, 2012, The
contents of the sbove patents are incorporated hersin by refersnce, and key featores of the CPLs

are surnmarized below,

{BO37] FIG. | lustrates a prior art embodiment of & planar CPL antenng 100, such as
iHustrated and desoribed In commonly assigned 115, Patent Mo, §,14%9,173, the entirety of which
is incorporated herein by reference. In this embodiment, the planar CPL antenna 100 is printed
o & printed civcuit board (PUB) 104, and includes a loop element 108, which in this case is
formed as 2 race along rectangle edges with an open base portion providing two end portions
112 and 116, One end portion 112 is 2 feed point of the antenng where the current is fed, The
other end portion 116 is shorted to ground. Transmission lines can be used © be connscted o
the two end portions 112 and 116 in 2 known manner. The CPL antenna 100 further includes a
radiating clement 120 that has a I-shaped trace 134 and a meander trace 128, Inthis
embodiment, the meander trace 128 is configured (o couple the J-shaped trace 124 0 the loop
element 108, The radisting element 120 essentially functions as o series resonant circelt
providing an inductanee and 8 capacitance io serics, and their values are chosen such that the
resonance cocurs at the frequency of operation of the antenna.  Instead of using the meander
trace 128, the shape and dimensions of the T-shaped trace 124 may be adjusted 1o connent

directly 1 the loop clement 108 and sill obtain the targel resonance,

{80381 Similar to a conventional foop antenna thet is typically current fed, the loop
siement 108 of the planar CFL antenna 100 generates a magnetic (M) field. The radiating
element 120, having the series resonant circull characteristics, effectively operates as an sleciric
{3 field radiator {which of course is an E fleld reeeiver as well due 1o the reciprocity inherent in
antennas). The connection point of the radiating element 120 10 the loop clement 108 belps the
planar CPL antenna 100 w generatefreceive the B and H felds that are substantially orthogonal
tor gach other. This orthogonal relationship has the effect of enabling the sleciromagnetic waves
emitted by the antenna 1 effectively propagate through space. Inthe absence of the E and M
fields being arranged onthogonal to each other, the waves will not propagaie effectively bevond
short distances. To achieve this effect, the radiating element 120 is placed at g position where

the E field produced by the radiating elernent 120 s 830 7 or 270 7 out of phase relative to the B

w G
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field produced by the loop element 108, Specifically, the radiating element 120 is placed at the
substantially %07 (or 270°) electrical length slong the loop slement 1 from the feed point 112,
Alternatively, the radinting element 120 may be connected to 3 location of the loop element 108

where current flowing through the loop element 108 18 at a reflective minimum,

{8839} In addition 1o the orthogonality of the E and H ficlds, it is desirable that the E
and H fields are comparable to sach other in magnitnde, These two factors, Le., orthogonality
and comparable magnitudes, may be apprecisted by locking at the Poynting vecior {vecior power
density)y defined by P=E s H {Watts/m” = Volts/m x Amperes/m}. The total radisted power
leaving a surface 8 surrounding the antenna is found by inlegrating the Poyniing vecior over the
swrface 3. Accordingly, the guantity E x H is a direct measure of the radiated power, and thus
the radiation efficiency. First, # is noted that when the E and H are onthogonal 1o cach other, the
vector product s al 3 maximum value, Second, since the overall magnitude of a product of two
guantities is mited by the smaller value, Baving the two guantities (H] and [B in this case) as
close as possible gives the optimal product value. As explained above, in the planar CPL
antenna, the orthogenally of the fields is achieved by placing the radiating element 120w the
substantially 90° {or 270 elecirical length along the loop element 108 from the foed point 112
Furthermore, the shapes and dimensions of the loop element 108 and the radiating clement 120
can be each configured 1o provide comparable high IH] and [B] in magnitude, respectively.
Therefore, in marked conirast (0 a conventional ioop antenna, the planar CPL antenna can be
configored not only to provide both wransmit and recsive modes, but alss to inerease the radiation

efficiency.

[8348] The three-dimensional (30) CPL smbodiments disclosed herein may have
similar operational characteristics to the prior art antenna described in FIG. 1, bt involve
markedly different structure for obiaining such functonality, FHGS. 24, 2B and 2C Hustrate an
embodiment of a 3D CPL andenna struciers: PIG. 34 s a top view, FIG. 2B is a bottom view and
FIG, 2 is 2 front perspective view. Conductive patches and waces are shown by shading in the
figures, This 3D CPL antenna inclndes a ground plane 204 on a first horizontal plans (XY
plane} and having a fest outer chroumference 203, as well as horizonial conduciive portion or
part printed on a substrate 208 on a second horizonial plane and having a second outer
circumference 209, The first horizontal plane and the second hortzontal plane are different and

the first cuter clrowmierence 205 may be larger than the second outer cireumference. The
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subsirate 208 may be made of a diclectric material such as 2 PUB, ceramic, alumina, eic., and the

ground plane may be formed on a similar diclecinic matenal,

(80431 The 3D CPL antenna further includes vertical conductive portions that may be
formed substantially vertical (along Z divection) o the ground plane 204 and the subsirate 308,
In this embodiment, cach of the ground plane 204 and the diclecinc substrate 208 may be
configured to have a shaps of a circular disk, and the diameter of the ground plane 204 may be
set to be larger than the diameter of the substrate 208, The ground plane 204 and the substrate
208 are placed substantizlly in paralie! and conceninic 1o sach other around the common
cylindrical axis, which is also a vertical axis (Z axis) for the embodiment illustrated in FIGS, 24-
2.

(33421 A current source 3 s coupled o a feed point 2, which may be located
substantially at the center of but isolated from the ground plane 204, A feed line 212 may be
formed vertically along 3 evlindrical axis betwesn the groond plane 204 and the substrate 208,
coupling the feed point 2 to a point 4, which may be focated substantially at the conter of the
substrate 208, The feed line 212 passes through the ground plane 204 from the current source 3
on a first side of the ground plane 204 10 the feed point 2 and on 1o the point 4 on the other side
of the ground plane 204, A pair of horizontal conductive portions 215 including a first horizontal
conductive portion 216 and 3 second horizontal conductive portion 22{ 15 formed on the
substrate 208, The fist horizontal conductive portion 216 may have a first end coupled 1o the
feed line 212 around the point 4, and may extend radially o 3 second #nd at 8 point 6, which may
be located close 1o the sdge of the substrate 208, The second horizontal conductive portion 320
may be coupled to the first horzontal conductive portion 216 gt an end near point &, and may
gxtend azimuthally along g periphery of the sabstrate 208 to span af an angle, Thas, in this
example, the first and second horizontal conductive portions 216 and 220 may together form the
pair of horizontal conductive poriions having a shape similar (9 that of 3 bent arm or a soythe
formed (z.g., printed) on the subsirate 208, A first ond of & vertical conductive portion 234 may
be coupled 1o the first and second horizontal conductive portions 216 and 220 (o the second end
of first conductive portdon 218 arcund the point §, and the second end of the vertical conductive
portion 224 may be shorted (o the ground plane 204 around 3 point 8, An altemnative capacitive

grounding technigue is further described below,

[B043] By comparing the antenna stracture iHustaied in FIGS, 24, 2B and 20 with the

planar CPL antenna structure 100 illustrated in FIG, 1, idemifications can be made lopologically

-F
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such that the conductive path including the feed line 212, the first horizontal condoctive pontion
216 and the vertical conductive poriion 234, which couple the point 2, point 4, point 6, and point
§, corvespond 1o the loop element 108 primarily genersting the H field; and the second horizontal
conductive portion 220 corresponds (o the radiating element 120 primarily generating the E fisld,
Despite the three-dimensional structurs of the 30 CPL disclosed in FIGS. 24, 2B and 20, the
three-dimensional structure does not result in the H field being orthogonalio the E field. In g
manner similar o that of the planar CPL antenna disclised n FIG. Linorder fr the Eand B
fields to be substantially orthogonal to each other, the second horizontal conductive portion 220
{radiating element} needs to be coupled 1o conductive portion 216 near point 6, which is located
at the schstantially 9 or 270° electrical length from the feed point A, In the embodiment of
FIGE, 24, 28 and 20, the second horizontal conductive portion 230 may be attached at the 270
electrical lengih from the feed point 2, which is at the 90° electrical length from the ground point

8, providing a 180" difference.

{HM4]  The large size of the ground plans 204 may play 4 role in antenna performance.
For example, the stubility of the resonance and mdiation pattern may be maintained by securing
the wrmination of the field lines at the ground plane 204, Additdonally, the ground plane 204
miy 2ot (0 shield the loop element and the radiating element from electromagnetic disturbances

apit interferences below, which may cause detuning of the antenna.

[B045] The shape and dimensions of each of the feed lins 212, the first horizontal
conductive portion 216, the second honzontal conductive portion 220 and the vertceal conductive
postion 224 may be varied depending on target resonant freguencies and bandwidths, For
exampie, the frst horizontal conductive portion 316 may be configurad 16 taper oot from the
point 4 1o the point & 10 widen the bandwidth. In another example, the length andfor width of the
second horizontal conductive portion 220 may be changed 10 meet different return foss
requirements. Shapes such as meander lines, straight or bent arms, polygonal patches, clrcles,
pvals and combinations thereof can be used to form the conductive portions of the antenna,
Furthermore, the overall shape of the subsirate 208 and the comresponding ground plane 204 may
be configured (2 be not only a circle but also a squars, reciangle, oval and various other shapes.
The anienna strocture cae be modeled with capaciiances and inductances gssociated with the
conductive portions with various shapes and dimensions; simulations can be carried out o
determine the optimal configuration that mesis given reguirsments such as the target resonant

frequency and bandwidth,
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{6846]  The pair of horizonial conductive portions are printed on the diclectric subsirate
208 in the example of FIGE, 24, 2B and 20, Alternatively, the pair of horizontal condoctive
partions may be formed along the horizontal plane from & more rigid material withoot g
substrate. In this case, air may be a disleciric present between the pair of horizonial conductive
portions and the ground plane 204, Another three-dimensional diclectric material, such as
ceramic, sluming, styrofoam, eic., may be used in between the pair of horizontal conductive
portions and the ground plane 204 (o support the pair of horizonially conductive portions and o
maintain the positioning of the pair of horizontally conductive portlons relative o the ground

plane 204,

80477 FIG. 3 iz 2 plot showing the return loss (811 in dB) as a funcdon of frequency
(W) of the 3D CPL antenna, configored as iHostrated in FIGS. 24, 2B and 2, having the
substrate 208 of an approximate 3.2 inch diameter, the ground plane 204 of an spproximate §
inch diameter and the total height of approximately 8.3 inch. The shapes and dimensions of the
conductive portions are determined to provide a S00MHz resonance, which may be suitable for
certain water meter applications. The present 3D CPL antenna &s referred 1o hereln as belng of
tow profile since a typical guarter-wave monopole aotenna has 1o be over 3 inches tall to
generate a resonance at ~S00MEHz, versus the approximate 8.3 inch height of the embodiment

disciosed hersin.

{B048]  FIG44 illustrates directions of local currents at the resonant frequency along
the first and second horizonial conductive portions 216 and 220, FIG. 48 Hustrates directions of
focal currents af the resonant frequency along the vertical cross section including the fead line
212, the vertical conductive portion 224 and the first horizontal conductive portion 216, The
directions of ail the local currents may be configured 10 be reversed, providing equivalent
deciromagnetic effects. 1t is observed that the fed currents from the feed point 2 move up along
the feed Eine 212, reach the point 4, move borizontally along the first horizontal conductive
portion 216, and reach the point &; the currents from the ground also move up along the vertical
poriion 224, and reach the point 6. At this point, the correnis are dirscted along the sscond
horizontal conductive portdon 220 1o reach the open end portion of the second horizontiad
conductive portion 220, Therefore, a high E Held is gonerated around the open end portion as
indicated by a dot-dash line 7 in FIG. 44, and the second horizontal conductive portion 220
functions similar 10 2 monopole radiator, much Hke the radiating element 120 of the planar CPL

amtenna 100 of FIG. 1. The vertical loop as cutlined by point 2, point 4, point 6, and point &

o

-
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FIG. 4B is configured to have the local currents high in magnitude slong the vertical conductive

portion 224, giving rise to g high H field ac indicated by a dot-dash line  in FIG. 48,

(88481 As memtioned earlier, the E and H fields are generated subsiantially orthogonal
to each other by vittue of the 307270 placement of the radiating element, Le., the second
horizontal conductive portdon 230, o the loop element, Lo, the vertical loop a5 outlined by poim
2, point 4, point &, and point B having the feed ling 212, the vertical conductive portion 234, and
the first horzontal conductive portion 216, Furthermore, in this embodiment, the local currents
of high magnitude are generated around the open end portion of the second horizonial conductive
portion 220 and aroand the vertics! conductive portion 224, giving rise o comparable, high
magnitndes of the E and H fields. Therefore, high radiation efficlency can be obiained by using
the present 30 CPL antenna configured to provide the Poynting vecior E 1 H optimized by the
orthogonal relationship and the comparable, high [H and [E| in magnitude, wherein the Foynting

vector E x H is 3 direct measure of the radisted power, and thus the radistion efficiency.

(80301 FIG. 3 i a plot showing a farfield radiation pattern at the resonant frequency of
the 3D CPL amtenna iHustrated in FIGS. 24, 28 and 20, 1t is observed that the radiation is
dirsctional substantially toward the Z-direction, Le., the vertical divection, much like 2 monopole

antenns.,

{8517 FIGS. 84, 6B and oC Hlustrate ancther embodiment of 2 3D CPL antenna
stractoe: FIG. 6A 15 3 top view, FIG, 6B is a bottom view and FIG. 80 is a front perspective
view. Conductive patches and traces are shown by shading in the figures. This 30 CPL antenna
includes a ground plane &34 and 2 pair of horizontal conductive portinns printed on a substrate
&08, which may be placed along a horizonial plane (X-Y plane) (relative to ground plane 604}
and made of 2 diclectric material such as a PCE, ceramie, alumina, ste. The 30 OPL antenna
may [urther include vertical conductive portions formed vertical (along the Z direction) to the
ground plane 504 and the substrate 608, In this embodiment, sach of the ground plane 804 and
the dielectric subsirate 608 may be configured to have a shape of 2 circular disk, and the
diameter of the ground plane 804 may be larger than the diameter of the substrate 608, The
ground plans 604 and the substrate 608 may be placed substantially in parallel and concentrie 1o
each pther arpund the common ovlindrical axis, which is also g vertical axis (Z axis) for the
embodiment Hlustrated in FIGE. 84, 6B and 8. In the embodiment of FIGS. 24, 28 and 20,
the first and second horizontal conductive portions 216 and 220 together form a pair of

horizontal conductive portions baving & shape of 2 bent arm or scyths printed on the subsirale

-3
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208, In the embodiment of FIGE. 64, 68 and 8T, the four horizontal conductive portions form
twe pairs of horizontal conductive portions, cach having a shape of & bent arm or scythe, printed
on the substrate 608, A cwrrent sowrce 18 s coupled (o a feed point 10, which may be located
substantiatly ai the center of but isclated from the ground plane 604, A feed line 812 may be
formed vertically along the cylindrical axis, coupling the feed point 10t a point 12, which may

be located substantially an the center of the substrate 608,

{0527 A first horizontal conductive portion 616 may be coupled o the feed e 612
arcund the point 12, and extend radially 1o a point 14, which may be located close o the sdge of
the substrate 608, A second horizomial conductive portion 820 may be coupled (o the first
horizontal conductive pordon 616 near the peint 14, and extend azimuthally along a first
periphery of the subsirate 608 1o span a first predetermined angle. Thus, the first and second
horizonial conductive portions §18 and 620 twgether may form a first pair of horizontal
gonductive portons having a shape of a bent arm or seyibe prinied on the subsiraie 608, In this
example, a sscond pair of borizonial conductive portions having a shape of a bent arm or soythe
may be formed, extending opposite in divection o the substrate 608, Namely, a third horizonsal
conductive portion 617 may be coupled to the fecd line 612 around the point 12, and extend
snchially to a point 13, which may be located close 1o the edge of the substrate 608. A fourth
horizonial conductive portion 821 may be coupled to the third horizontal conductive portion 817
geqar the point 15, aad extend szimuthally along a second periphery of the subsirate 608 1o span a
second predetermined angle. Thus, the fiest and second borizontal conductive portions 616 and
&30 may together form a first pair of horizontal conductive ponions having a shape of 2 first bent
arm or scythe prinied on the substrate 608, and the third and founth conductive postions 617 and
£2 1 may together form a second pair of horizontal conductive portions having a shape of a

second bent arm or scyihe printed on the suhsirate §08.

{B833] The shapes and dimensions of the two bent arms may be configured 1o be
substantially the same or different. The first and second bent srms may be formed radially
opposite 1o 2ach other by rotating one arpy by 180° with respect to the other arm around the
eyhindrical axis {point 12}, One end of a first verucal conductive portion 624 may be coupled 1o
the first and second horizental conductive portions 516 and 6280 af & portion having the point 14,
and the other end may be shorted to the ground plane 604 around a point 16, Oneendof a
second vertical conductive portion 623 may be coupled to the third and fourth horizontal
conductive portions 817 and 621 at a portion havisg the point 13, and the other end may be

shorted to the ground plane 604 arcund a point 17,
-1}~
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[6654) Similar 1o the planar CPL antenna Hlustrated in FEG, 1 and the 3D CPL antenna
having one bont arm tustrated in FIGS. 248, 2B and 20, in order to have the E and H helds
orthogonal (o each other, the second horizontal conductive portion 620 may be coupled oz
poriion baving the point 14 that s located o a sebstantially 20° or 270° electrical length from the
fead point 10, Similarly, the fourth horizontal conductive portion 821 may be coupled o a
portion having the point 15 that is located at 4 substantially 90° or 270 F electrical length from

the feed point 10,

[B8557  Similar o the case of the 30 CPL antenna having one bent arm ilfusirated in
FIGS. 2A, 2B and 2C, the large size of the ground plane 604 may play arole in antenna
performance. For exampls, the stability of the resopance and radiation patiem may be
maintained by securing the termination of the field lines at the ground plane 804, Additionally,
the ground plane 604 may act io shicld the lcop element and the radinting clement from

clectromagnetic disturbances and interferences below, which may cause detuning of the antenna.

[B856]  The shape and dimensions of cach of the feed lins §12, two vertical conductive
poriions 624 and 623, and the four honzontal conductive portions 616, 617, 620 and 621 may be
varied depending on larget resopant freguencies and bandwidths, For example, the fivst and third
horizontal conductive portion 616 and 817 may be configured o taper ol from the point 12 o
the poinis 14 and 15, respectively, o widen the bandwidth, In another example, the length
andior width of the second and fourth horizontal conductive portions 520 and 621 may be
changed to mest different return foss requirements. Shapes such as meander Hnes, straight or
bent arms, polygonal paiches, cireles, ovals and combinations thersof can be used to form the
conductive portions of the anienna. Furnthermore, the overall shape of the substrate 608 may be
configured to be not anly circle but also square, rectangle, oval and various others., The antenna
structure can be modeled with capaciiances and inductances associated with the conductive
poriions with various shapes and dimensions; simulations can be carried out 1o determine the
optimal configuration that meets given requirements soch as the target resonant freguency and

handwidih,

{88571 The pairs of horizontal conductive portions may be printed on the disleciic
substrate 608 in the example of FIGE, 6A, 6B and 60, Ahematively, the pairs of borizontal
condoetive porticas may be formed along the horizontal plans of 8 more righd self-supporting
material 50 as to eliminate the need for the subsirate. In this case, air may be g dielectric

presence between the pairs of horizontal conduactive portions and the ground plane 604, Another
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three-dhmensional disleciric material, such as ceramic, aluming, STYROFGARM, sic., may be
used in-between the pairs of horizontal conduciive portions and the ground plane 804 to help
support the pairs of horizontally conductive portions and to help maintain the relative positioning

between the pairs of horizontally conductive portions and the ground plane,

(8058} FIG. 7 i= a plot showing the retum loss {811 in 4B} a5 a function of frequency
(B2} of the 3D CPL antenns having two bent arms, configured as iHustrated in FIGS. 64, 68
and 6C, having the substrate 608 of an approximate 3.2 inch diameter, the ground planc 604 of
an approximate § inch diameter and the total height of approximately 0.5 inch. The shapes and
dimensions of the conductive portions may be determined o provide the $00MHz resonance,
which may be suitable for certain water meter applications. The present 30 CPL antenna baving
an approximate (.3 inch height is considered to be of low profile, since g typicsl quarter-wave

monopole antenna has (o be over 3 inches tall 1o gensrate g resonance at ~S00MHz,

85971 FIG, 8A ustrates divections of local currents at the resonant frequency along
the first - fourth horizontal conductive portions 616, 620, 617 and 621, FIG. §8 illusirates
directions of local curvents st the resonant frequency along the vertical cross section including
the feed line 612, the first and second venical conductive portions 624 and 623, and the first and
third horizontal conductive portions 816 and 817, The directions of all the local currents may be
configured o0 be reversed, providing eguivalent electromagnetic effects. 1t is observed that the
fed currents from the feed point 10 move up along the feed line 612, reach the point {2, move
horfzontally and radislly slong the first and third hordzonial condoctive portons 616 and 617 and
reach the points 14 and 15, respectively; the currents from the ground also move up along the

first and sseond vertical portion §24 and 625 and roach the points 14 and 15, respentively.

80887 At the point 14, the currenis flowing along the first horizontal conductive
portion §16 and glong the first vertical conductive portion 624 are direcied along the second
horizontal condoctive portion 628 1o reach the open end portion of the second horizonial
conductive portion 520, Al the point 13, the currents flowing along the third borizontal
conductive portion &17 and along the second vertical conductive portion 625 we direcisd slong
the foonth horizontal conductive portion 821 o reach the open end portion of the fourth
horizontal conductive portion 621, Therefore, high E felds may be generated arpund the two
open end portions as indicaled by 3 dot-dash ling 20 and dot-dash line 22 in FIG. 84, and the
second and fourth horizontal conductive portion 620 and 621 funciion similar o dipole radiators.

The vertical loop as outlined by point 18, poing 12, point 14, and polnt 16 and the vertical loop as
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putlined by podnt 10, point 12, poind 13, and point 17 in FIG. 88 may be configored to have the
tocal currents high in magnitude along the first and second vertical conductive portions 624 and
623, giving rise to high H fields as indicated by a dot-dash line 24 and dot-dash Hoe 26 in FIG,
BB, respectivaly,

{0l  As mentioned earlisr, the E and H ficlds may be generated substantially
erthogonal 1o each other by virtue of the S0°370° placement of the radiating element, 1.e., the
second horizontal conductive portion 628, to the loop element, Le., the vertical loop a5 sutlined
by point 10, point 12, point 14, and point 16 having the feed line 612, the first vertical
conductive portion 824 and the first horizontal conductive portion 616, and similarly by virtue of
the 90°270° placement of the other radiating element, f.e., the fourth horizontal conductive
portion 621, 1o the other loop clement, 1.e., the vertical loop as patlined by point 10, point 12,
paint 15, and point 17 having the feed line 612, the second vertical conductive portion 833 and
the third horizontal conductive portion 817, Furthermaore, in this embodiment, the local currents
of high magnitede are generated around the two open end portions of the second and fourth
horizontal conductive portion 620 and 621, and around the first and second vertical conductive
portion 624 and 625, giving rise to comparable, high magnitudes of the E and H fHelds.
Therefore, high radiation efficiency may be obtained by using the present 30 CPL antenna
configured 1o provide the Poynting vector E x H optimized by the orthogonal relationship and
the comparable, high [FY and [E] in magniiude, wherein the Povating vector E x H is a direst

measure of the madinied power, and thus the radistion efficiency.

B962] Refornng back 1o FIGS, 64, 68 and 6, the 30 OPL antonna may include two
pairs of horizonta! conductive portions, sach having a shape of 2 bent arm or seythe, formed on
the substrate 608, the first pair of horizontal conductive portions having the first horizontal
conductive portion €16 and the second horizonial condpetive portion 620, and the second pair of
horizontal condoctive portions having the third honzontal portion 617 and the founth horizontal
conductive portion §21. The first and second bent arms or seythes may be configured o have the
same shape and dimensions and formed radially opposite 1o each other By rotating one arm by

FROT with respeet 10 the other arm sround the eylindrical axis {point 12}

{B863]  As can be seen from the current dirsctions Hlustrated in FIG. BA, the first and
third horizontal conductive portions 616 and 617, respectively, have the comenis radially
opposite 1o each other, and the second and fourth horizontal conductive portions 820 and 821,

respectively, have the currents azimuthally opposite to each other. Therefore, this embodiment
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has the overall current along the horizontal subsirate plane cancelling owt sach other, and the
vertical currents slong the first and second vertical conductive postions 824 and 625 adding up in
phase. As 2 resull, the radiation is vertically polarized due to the overall current divection that is
vertical, and is omnidirectional on the horizontal plane dus © the placement of the two bent arms
or seythes by a 180° rotation from each other around the point 12, Furthermore, since the
currents on the horizontal plane cancel out, the electromagnetically sensitive aress are isclated 1o
the vertical conductive portions. Thus, the above radial placement of the pairs of horizontal
eonductive portions effectively shiclds the vertical conductive portions from electromagnetic
disturbances and interferences, Together with the ground plane that acts o shield the sensitive
areas from electwomagnetic disturbances and inderferences below, the present 3D CPL antenng

may be configured © be resilient 1© external detuning effocts,

B064] FIG. 9 is a plot showing a farfisld radiation pattern at the resonant frequency of
the 30 CPL antenna having two bent anms Hlustrated in FIGS. 84, 6B and 62, 1t is observed
that the radiziion is omnidirectional on the X-Y plane, i.0., the horizontal plane, much like a

dipole antenna.

[B8657 Embodiments of the 303 CPL aniennas are Hlustrated in FIGSE. 24, 28 and 20
andd FIGE. 6A, 68 and 60, having one bent arm and two bent arms on the subsirale, respectively.
The 30 CPL antenna having thres or more arms may be configursd. FIGSE. 104, 1B and 10C
are separate and distinet embodiments of top views Hlustrating 3D CPL sntennas having three
arms, four arms and six arms, respectively, Based on the iHustrations of FIGS. ZA, 2B and 20
and 64, 68 and 6C, i should be understond that these arms may be formed on the substrate that
may be placed slong the horizontal plane {relative 1o the ground plane}, the center of the
horizontal plane may be vertically coupled to the feed point, and a vertical conductive portion
may be formed for each arm st a location near the edge o couple 1o the ground plane. The shape
and dimensions of each arm may be configured in 3 wide variety of ways using meander lines,
straight or beat arms, polygonal paiches, circles, ovals and combinations thereof. Funthermore,
the overall shape of the subsirate may be configured o be not only circle but also squars,

rectangle, oval and various sther shapes.

{80661  The pairs of horizontal conductive portions may be printed on the dielsctric
substraie in the sxamples of FIGS. 104, 108 and 100, Alternatively, the pairs of horizontal
conductive portions may be formed along the horizonial plane without a substrate. In this case,

air may be a dieleciric presence between the pairs of horizental conductive portions and the
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ground plane, Another dielectric, such 25 ceramie, aluming, styrofoam, e, may be used in
between the pairs of horizontal conductive portions and the ground plane o maintain the relative
positioning. The number of anms may be even or odd. When an even mumber of anms are
formed on the subsiraie in such a way that each pair has two arms placed radially opposite ©
each other, as the two arms Hlosirated in FIGSE. 64, 68 and 6C, the horizontal currents along the
horizontal plane cancel owt each other, and the vertical currents along the vertical conductive
portions add up in phase, as explained carlier with reference 1o FIGS, 84 and 8B. As & result, in
such embodirments, the radiation is vertically polarized sad omnidirectional on the horizontal

pane.

(B067]1  In the 3D CPL antennas thus far presented herein, the radiation propenties, such
as polarization and directivity, depend on the number of arms formed on the subsirate, An
embodiment of 8 mudi-radiation pattern antenna may be configured by Incorporating switches
with the 3D CPL antenna baving multple arms. FIG, 118 2 top view iflustrating an
embodiment of the 3D CPL amenna having multiple arms formed on the substrate and multiple
switches respectively associated with the arms. As illustrated in FIGL 1, arm 30, which has
switch 40, may be a first arm and anm 36, which has switch 42, may be arm n, where o is any
pumber of arms (v is o least 4 as shown in FIGL 113 In this example, each arm may be placed
by an angle rotation around the oylindrical axis from the adjacent arm {the angle may be
predetermined), and includes 4 Hrst conductive portion {e.g., first condoctive portion 1104}
radially extending from the center (o the edge portion of the substrate snd 3 second conduntive
pariion {e.g., first conductive portion §108) azimuthally extending slong a periphery of the
substrate (0 span an angle that may be predetsrmined. Based on the Mlosations of FIGS. 2A, 3B
and 3 and 6A, 6B and 6C, it should be understood that these arms may be formed on the
subssirate that may be placed along the horizontal plane, the center of the horizontad plane may be
vertically coupled to the feed point, and a vertical conductive portion may be formed for each
arm at & iocation near the edge © couple o the ground plane. The shapes and dimensions of the
arms may be configured to be the same or different from each other. The shape and dimensions
of gach arm may be configured in g wide variety of ways using meander lines, siraight or bent
arms, polvgonal patches, clicles, ovals and combinations thereof, Furthermore, the overall shape
of the substrate may be configured to be not only circle but also sguare, rectangle, oval and

various others.

[9868]  The pairs of horizomal conductive portions may be printed on the dielectric

subsirate in the example of FIG, 11, Alternatively, the pairs of horizonts! conductive postions
T
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may be formed along the horizonial plane without a subsirate. In this case, alr may be a
diclectric present between the pairs of horizontal conductive portions and the ground plane.
Agnother dislectric, such as ceramic, alpmina, styrofoam, etc., may be used in between the pairs
of horizontal conductive portions and the ground plane to maintain the relative positioning,
Additionally, the separation angles between adjacent arms may be the same oy different. The
number of anms may be even or odd, The present embodiment may include g switch coupled 1o
the first conductive portton of each arm, such as first conductive portion 1104, The switches,
such as switch 40 and switch 42, may be coupled 10 the arms, such as arm 30 and arm 36, and
the ONADFF may be individually controlied by a controller. This embodiment allows for
generation of multiple radistion patterns by selecting one or more switches 10 tum o to couple

the ope oF more associnied arms to the fecd point, while the other switches are tumed off.

(0881 FIGS. 124 and 12B lustrate another embodiment of 3 30 OPL antenna
structare that is substantially similar to the embodiment Hustrated in FIGS. 64, 68 and 60, the
deseription for which largely applies to this embediment as well, FIG, 12A is 2 top view and
FIG. 128 is 2 perspective view, Conductive patches and traces are shown in the figures. This
30 CPL antenna includes 3 ground plans 1204 and a pair of horizontal conductive portions
pripted on  substrate 1208, The 3D CPL antenna may further include vertical conductive
portions formed vertical 1o the ground plane 1204 and the substrate 1208, The four horzontal
copductive portions form two pairs of horizontal conductive portions 1210, each having a shape
of a bent arm or scyihe, printed on the substrate 1208, A cwrvent source is coupled to 2 feed

point 50 by a feed line {not shown),

{80707 The pairs of horizontal conductive portions 1210 are in turn coupled io the feed
fine arcund the point 30, and extend outwardly from point 30 as deseribed with respeet to FIG, 6.
As shown in FIG. 128, and more clearly in FIG. 13, 3 venicsl conductive portion 1220 connects
each of the pairs of horizontal conductive portions 1210 to a capocitive grounding paich 1230,
which 15 positioned on a subsirate 1240 that physically separates the grounding patch 1230 from
the ground plane 1258, but still permits for capacitive grounding betwesn the grounding paich
1230 and the ground plane 1250, Grounding the magnetic loop created by the combination of the
feed line, ons portion of the pair of horizontal conductive porden 1210 and the vertical
conductive portion 1230 may add the LC components necessary (o improve retum loss maich of

the antenna and to imyprove efficiency.
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(B711 FIG. 14 is 3 plot showing a farfield radiation patiern at the resonant frequency of
the 30 CPL antenna tlustrated in FIGS. 124 and 12B. The farfleld pattern’s polarization Is set
by the number of radiation slements. As there are two oppositely positioned radinting elements,

the radiation is bidirectional and, in this case, positioned around and along the X-axis,

09721 FIG. 15 is an E-field plot illusirating a top view of the E-ficld radiation patierns
of the antenna of FIG. 124, FIG. 15 iHustrates the directions of local currents at the resonant
frequency along the pairs of horizontal conductive portions 1210, In this embodiment, ahigh B
field is generated arcund the open end portion as indicated by a dot-dash Hines 60 near the end of
the radisting slements of the pair of borizonts! conductive portions 1210 and the dot-dash Hine 70

slong the vertically conductive portions {nof showa in FIG. 13) and the ground patches 1230

{B073] FIG. 165 a plot showing the return 1083 (811 o dB) as a functon of frequency
{#iHz} of the anienna configured as illustrated in FIGS, 12A and 12B.

{00741  In an embodiment, an adenna comprises: a ground plane situated on 8 first
plane having o frst side and a second side; o substontially vertical feed line coupled 1o a power
source on the first side, the feed line passing through to the second side but electrically isolated
from the ground plane; ot 12ast 4 pair of substantially bonzontal conductive portions on 8 second
plane different from the first plane and including a first portion and a second portion, the first
portion having & first end coupled w the feed fine and 2 second end coupled to an end of the
second portion; and st least one substamially venticsl conductive portion having a firstend and a
second ond, the first ond of the vertical conductive portion being coupled io the second end of the
of the first portion, the second end of the vertical conductive portion being coupled to the ground
plane, wherein the vertical feed line, the first portion and the vertical conductive pontion are
configured o form a loop generating & H-field, wherein the second portion is configured (o emil

sn E-fiold, and whereln the H-field and the E-field are substantially orthogonal.

{9751  In the cmbodiment, wherein the seoond portion is conpled with the leop at a
spbstantially 20% or 270 elecwrical length from a fesd point of the feed line. In the embodiment,
the ground plane is configured o be confined within a first arca and the pair of horizontal
conductive portions is configured 0 be contained within a second area smaller than the first area.
in the embodiment, wherein the first areg, the second areg, o both the first area and the seeond
area, is substantially a shape of a circle or oval. In the smbodiment, wherein the first ares, the

second area, or both the first area and the second area, 15 substantially a shape of 2 polyvgon,
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{89761 In the ewbodiment, whereln the palr of horizontal conductive portions are
configured 1o be self-supporting and wherein air forms 3 dieleciric between the pair of horizontal
conductive portions and the grovnd plane, In the smbodiment, whersin the palr of horizontal
conductive portions are configured to be formed on 2 diclectric substantially flling an area

between the pair of horizontal conductive portions and the ground plane.

BO7T]  In the embodiment, wherein the pair of horizontal conductive portions are
formed on a substrate. In the embodiment, wherein the subsirate is a dielectric. In the
embodiment, wherein the sebstrale is substantially a cireular shape, wherein the first portion s
configured to extend radially from the first end of the first portion toward the second end of the
first portion, wherein the first end of the Brst portion s loeated near g center of the chroudar
shape, wherein the sceond end of the first portion is located close o an edge of the subsirate,
wherein the sscond portion is configured to be coupled to the first portion af 2 point located gt a
substantially 807 or 2707 clectrical length along the loop from a feed point of the feed line, and
wherein the second portion is configured to extend azimuthally along a periphery of the
subsirate. In the embodiment, wherein the subsirate is substantially a circolar shape, wherein the
first portion is configured (o exiend radially from the first ond of the first portion toward the
secand end of the fivst portion, wherein the first end of the frst portion 18 located near a cenier of
the circular shape, wherein the second end of the first portion is located close o an edge of the
subsirate, wherein the second porfion is configured to be coupled to the first portion a1 3 point
along the loop where corrent flowing through the loop is at a refllective minimum, and whersin

the second portion is configured to extend azimuthally along a periphery of the substrate.

{B078]  In the embodiment, further comprising 3 switch coupled between the first end of
the first portion and the feed line. In the embodiment, wherein the switch is configured to be
copvirolied by a controdler to selectively electrically connect the first portion o the feed line to

selectively generate a radiation patiern,

0079]  Inthe embodiment, wherein the ground plane is formed on or within a substrate,
further comprising a ground patch formed on the subsirate, whereln the ground patch is not
physically coupled to the ground plane but 15 coupled 1o the second end of the vertical
conductive portion and is capacitively coupled 1o the ground plane. In the embodiment, wherein
the ground plane is configured as an electromagnetic shield for the feed ling, the pair of
horizontal conductive portions, and the vertical conductive portion. In the embodiment, wherein

the ground plane 15 configured o reduce detuning effects o the antenna,
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6841 In the embodiment, whersin thers is 2 first pair of horizontal conductive
portions operating with a first vertical conductive portion and 2 second pair of horizontal
conductive portions operating with a second venical conductive portion, and wherein the first
palr of horizontal conductive portions and the first vertical condoctive portion are positioned
substantially opposite on the second plune from the second pair of horizontal conductive purtions
and the second vertical conductive portion. [n the cmbodiment, whersin the ground plane is
formad on or within a substrate, further comprising a first gound patch and a2 second ground
patch formed on the subsirate, wherein the first ground patch and the second ground patch ars
not physically coupled to the ground plane but are eoupled respectively o the second end of the
first vertical conductive portion and the second vertically conductive portion and are capacitively
coupled 1o the ground plane.

(00811  In the embodiment, wherein there is a plurality of pairs of horizontal conductive
partions each operating with a vertical conductive portion, and wherein the plurality of pairs of
horizontal conductive portions and corresponding vertical conductive portion are symmetrically
arranged around the second plane. In the smbodimenty, Turther comprising a plurality of switches
each coupled between the first end of the {irst portion of the cach pair of horizontal conductive
portions among the plurality of pairs of the horizontal conductive portions and the feed line, and
wherein the plorality of switches are configured 1o be controlled by a controller o selectively
electrically connect the first portion of each pair of horizontal conductive pontions 10 the feed

tine to selectively generate a radiation pattem.

06831  While this document contgins many specifics, these should not be construed as
limitations on the seope of an invention or of what may be claimed, but rather a5 descriptions of
features specific to particulyr embodiments of the invention. Certain features that we described
in this document in the context of separate embodiments can also be implemented in
combingtion in 8 single embodiment. Conversely, various fealures that are described in the
comext of a single embodiment can also be implemented in mubiple embodiments separately or
in any seitable subcoonbingtion. Moreover, although features may be described above as acling
o contain combinations and even indtially clabmed as such, one or more features from g claimed
combinglion can in some cases be exercised from the combination, and the claimed combination

may be direeted 10 3 subcombination or a variation of a subcombination,
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What is Claimed;
i AR anienna, Comprising:

& ground plane (204} sloated on 2 first plane having a first side and a second side;

a substantially vertical feed line (212} coupled o a power source (3} on the first side, the
feed Hne passing through o the second side but electreally isclated from the ground plane (204}

ai east 8 pair of substantially horizontal conductive portions (215) on a second plane
differens from the first plane and Including a first portion (218} and a second portion {220}, the
first portion having a first end coupled 1o the feed Hne (212} and 2 second end coupled 1o an end
of the second portdon (330%  and

at feast one substantially vertival conductive portion (224 having a first end and a second
end, the first end of the vertical conductive portion being coupled 1© the second end of the of the
first portion, the second end of the vertical conductive portion being coupled (o the ground plang,
wherein the vertical feed Hne, the first portion and the ventical conductive portion are configured
to form s loop generating a H-feld, whereln the second portion is configursd 1o emit an E-field,

and wherein the H-ficld and the E-field are substantially orthogonal,

Z. The antenna of clstm 1, wherein the second portion is coupled with the loop at &

substantizly 907 or 270° elscirical length from a feed point of the feed Hne.

3 The antenna of claim 1, wherein the ground plane is configured 10 be confined within a
first arves and the paiy of horizontal conductive portions is configured 1o be contained within a

second area smaller than the frst area

4, The sutenna of clatm 3, wherein the first area, the second area, or both the first ares and

the second area is subsiantially a shape of o circle or oval.

5. The antenngs of claim 2, wherein the first areq, the second area, or both the first area and

the second area is substantially a shape of a polvgon.

8. The antenna of claim 1, whersin the pair of horizontal conductive portions are configured
tex be seif-supporting and wherein air forms a diclectric between the paly of borizontal conductive

portipns and the ground plane.

.2
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7. The antenna of claim 6, whersin the pair of honizontal conductive ponions are configured
io be formed on g dislectric sobstantially filling an ares betwesn the pair of horizonial

conduciive portions and the ground plane.

R The antenna of claim 1, wherein the pair of horizontal conductive portions are formed on

a subsirate.

g, The antenna of claim £, whereln the subsirale 15 2 dielectric.

348, The antenna of claim 8, wherein the substrate is substantially a circular shape, whersin
the first portion is configured 1o exiend radinlly from the first end of the fivst portion wward the
second end of the first portion, whersin the first end of the first portion is located near a cemter of
the circular shape, whereln the second end of the first portion §s located close 1o an edge of the
substrate, whersin the second portion is configured 1o be coupled to the first portion 8t 2 polmt
tocated at g substantially 80° or 270° electrical length along the loop from 2 feed point of the
fesd lime, and wherein the second portion is configured 1o extend szimuthally along a periphery

of the substrate,

il The antenna of claim 8, whersin the substrate is substantially a circular shape, whersin
the first portion is configored to extend radially from the first end of the first portion toward the
second end of the first portion, wherein the first end of the first portion §s located near a center of
the circular shape, wherein the second end of the first portion is located close 10 an odge of the
substrate, wherein the second portion is configured 1o be coupled to the first portion at 2 point
along the loop where current flowing through the loop s at a reflective minimum, and wherein

the second portion is configured to exivnd azimuthally along s periphery of the substrate.

i2. The antenna of claim 1, further comprising 2 switch coupled between the first end of the

first portion and the feed line,

13, The antenna of claim 12, wherein the switch is configured to be controlied by a conuroller
i selectively slectrically connect the first portion o the fead line © selectively generate a

radiation pattern.

e
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i4, The antenna of claim 1, wherein the ground plane is formed on or within a subsirate,
further comprising a ground paich formed on the substrate, wherein the ground patch is not
physically coupled to the ground plane but is coupled 1o the second end of the vertical

conductive portion and Is capacitively coupled to the ground plane,

15,  The antenna of claim i, wherein the ground plane s configured as an eloctromagnetic
shield for the feed line, the pair of horizontal conductive portions, and the vertical conductive

poriio.

t6.  The antenna of claim 1, wherein the ground plane is configured to reduce detuning

effects o the anlenna.

17, The antenna of clanm |, whersin there is a first pair of hordzontal conductive portions
pperating with a first vertical conductive portion and a second pair of horizontal conductive
puriions operating with a2 second vertical conductive portion, and wherein the first pair of
horizontal  conductive portions and the fust vestical conductdve portion are positioned
subsiantially opposite on the second plane from the sccond pair of horizontal conductive portions

and the second vertical condoctive portion.

ig. The antenna of cisim 17, wherein the ground plane is formed on or within a substrate,
further comprising a first ground paich and a second ground paich formed on the substrate,
wherein the first ground paich and the second ground pateh are aot physically coupled to the
ground plane but are coupled respectively 1o the sscond end of the first vertical conductive
portion and the second ventically conductive portion and are capacitively coupled 1o the ground

plans.

18, The amtenna of claim 1, wherein there i5 a plurality of pairs of horizontal conductive
portions each operating with & vertical conductive povtion, and whersin the plurality of pairs of
horizontal conductive portions and corresponding vertical conductive portion are symmetrically

arranged arcond the second plane,

23, The antenna of claim 19, further comprising a plurality of switches sach coupled betwesn

the first end of the first portion of the each palr of horizontal conductive portions zameng the

- 23 .
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plurality of pairs of the horizontal conductive portions and the feed line, and wherein the
plurality of switches are configured 1o be controlied by a controller o selectively electrically
connect the first portion of sach pair of horizontal conductive portions o the feed fine to

selectively generate a radistion patiern,
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