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TITLE OF THE INVENTION

Patch Antenna with Capacitive Elements

BACKGROUND OF THE INVENTION

[0001]  The present invention relates generally to antennas, and more particularly
to patch antennas with capacitive elements.

[0002] Patch antennas are widely deployed in many devices, such as global
positioning system receivers and cellular telephones, because they are small and
lightweight. The basic elements of a conventional patch antenna are a flat radiating patch
and a flat ground plane separated by a dielectric medium. One type of patch antenna,
referred to as a microstrip antenna, may be manufactured by lithographic processes, such
as those used for the fabrication of printed circuit boards. These manufacturing
processes permit economical, high-volume production. More complex geometries, such
as used for phased-array antennas, may also be readily manufactured.

[0003] In a common design for microstrip antennas, the ground plane and the
radiating patch are fabricated from metal films deposited on or plated on a dielectric
substrate. In many applications, it is desirable to have a patch antenna with a wide
directional pattern and a wide operating frequency bandwidth. In the design of a
microstrip antenna, there are dependencies between mechanical and electromagnetic
parameters. The directional pattern increases as the size of the patch decreases. The
length of a microstrip patch is equal to one-half the wavelength of the electromagnetic
wave propagating in the dielectric substrate. The length of a microstrip patch may be
reduced by using dielectrics with high permittivity. For antennas operating in the
radiofrequency and microwave bands, however, dielectrics with high permittivities also
have high densities, reéulting in increased weight of the antenna. Similarly, the operating
frequency bandwidth may be increased by increasing the thickness of the dielectric
substrate, which again results in additional weight.

[0004] There have been various proposed designs for reducing the size and
weight of patch antennas. For example, M. K. Fries and R. Vahldieck (Small microstrip
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patch antenna using slow-wave structure, 2000 IEEE International Antennas and
Propagation Symposium Digest, vol. 2, pp. 770 - 773, July 2000) reported a microstrip
patch antenna in which miniaturization is achieved by using a slow-wave circuit and a
structure in the form of cross-shaped slots in the radiating patch and ground plane. Such
an antenna has a simple design and light weight, but the presence of slots prevents the
installation of a printed circuit board with a low-noise amplifier on the antenna, a common
design architecture. What are needed are patch antennas with small size, light weight,
wide directional pattern, and wide operating frequency bandwidth. Patch antennas which
permit the ready integration of auxiliary electronic assemblies, such as low-noise
amplifiers, are further advantageous.

BRIEF SUMMARY OF THE INVENTION

[0005] In an embodiment of the invention, a micropatch antenna comprises a
radiating element and a ground plane separated by an air gap. Small size, light weight,
wide bandwidth, and wide directional pattern are achieved without the introduction of a
high-permittivity dielectric substrate. Capacitive elements are configured along the
perimeter of at least one of the radiating element and ground plane. Capacitive elements
may comprise extended continuous structures or a series of localized structures. The
geometry of the radiating element, ground plane, and capacitive elements may be varied
to suit specific applications, such as linearly-polarized or circularly-polarized
electromagnetic radiation.

[0006] These and other advantages of the invention will be apparent to those of
ordinary skill in the art by reference to the following detailed descriptioh and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1 shows a cross-sectional view of a patch antenna;

[0008] Fig. 2 shows an overhead view of a prior-art patch antenna with slots on
the radiating element;
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[0009] Fig. 3 shows an equivalent circuit of a linearly-polarized antenna
modelled as a microstrip line;

[0010]  Fig. 4 shows an equivalent circuit including an end capacitor in parallel
with a resistor;

[0011] Fig. 5 shows a graph of Q-factor as a function of equivalent wave-slowing;

[0012] Fig. 6 shows a reference Cartesian coordinate system for E and H
vectors;

[0013] Fig. 7 shows a schematic of a linearly-polarized antenna with capacitive
elements comprising extended continuous structures along two edges of a rectangular
radiating element;

[0014] Fig. 8 — Fig. 15 show schematics of a linearly-polarized antenna with
various configurations of capacitive elements comprising extended continuous structures;

[0015] Fig.16 shows a schematic of a linearly-polarized antenna with capacitive
elements comprising a series of localized structures along two edges of a rectangular
radiating element; .

[0016] Fig. 17 - Fig. Fig. 27 show schematics of a linearly-polarized antenna
with various configurations of capacitive elements comprising series of localized
structures; |

[0017] Fig. 28 shows an equivalent circuit of a circularly-polarized antenna
modelled as multiple microstrip line segments;

[0018]  Fig. 29 shows a chain structure of four-pole devices for the equivalent
circuit of a circularly-polarized antenna model,

[0019] Fig. 30 shows a four-pole device comprising a transmission line;

[0020] Fig. 31 shows a schematic of a circularly-polarized antenna with
capacitive elements comprising series of localized structures along all four edges of a
rectangular radiating element;

[0021] -Fig. 32 — Fig. 42 show schematics of a circularly-polarized antenna with
various configurations of capacitive elements comprising a series of localized structures;

[0022] Fig. 43 shows a schematic of a micropatch antenna with a low-noise |
amplifier on a printed circuit board mounted on the radiating element;
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[0023] Fig. 44 shows a schematic of a dual-band micropatch antenna;

[0024] Fig. 45A — Fig. 45C show schematics of straight, inwardly-bent, and
outwardly-bent extended continuous structures;

[0025] Fig. 46 shows a schematic of a straight series of localized stfuctures;

[0026] Fig. 47 shows a set of design parameters for a specific configuration of
capacitive elements;

[0027] Fig. 48A — Fig. 48D show schematics of extended continuous structures
and series of localized structures on oversize ground planes;

[0028] Fig. 49 and Fig. 50 show schematics of linearly-polarized antennas with
extended continuous structures on oversize ground planes;

[0029] Fig. 51A and Fig. 51B show schematics of a circularly-polarized antenna
with a circular radiating element and a circular ground plane; and

[0030] Fig. 52A and Fig. 52B show schematics of a circular array of localized
structures on oversize ground planes.

DETAILED DESCRIPTION

[0031] Fig. 1 shows a basic cross-sectional view of a conventional patch
antenna. The flat radiating patch 102 is separated from the flat ground plane 104 by a
dielectric medium 112. Herein, a radiating patch is also referred to as a radiating element.
In the example shown, the radiating patch 102 and the ground plane 104 are held
together by standoff 110-A and standoff 110-B. A standoff may be a ceramic post, for
example. Dielectric medium 112, for example, may be an air gap. In other patch antenna
designs, the dielectric medium 112 may be a solid dielectric. In microstrip antennas, for
example, the radiating patch 102 and the ground plane 104 may be conducting films
deposited on or plated onto a dielectric substrate. Since a dielectric substrate is a solid,
standoff 110-A and standoff 110-B are not necessary in some designs. In microstrip
antennas; complex geometries may be fabricated by photolithographic techniques, such
as used in the manufacture of printed circuit boards. To simplify the terminology, herein,
the term micropatch antenna refers to a patch antenna wherein the dielectric medium
between the radiating patch and the ground plane may be either a dielectric substrate or
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air. The spacing between the radiating patch and the ground plane is equivalent to the
thickness of the dielectric substrate, or to the spacing of the air gap, respectively. As
shown in embodiments of the invention below, even in the absence of a dielectric
substrate, the radiating patch and the ground plane of a micropatch antenna may be
fabricated with domplex geometries.

[0032] Signals are transmitted to and from the patch antenna via a
radiofrequency (RF) transmission line. In the example shown in Fig. 1, signals are fed to
the radiating patch 102 via a coaxial cable. The outer conductor 106 is electrically
connected to the ground plane 104, and the center conductor 108 is electrically connected
to the radiating patch 102. Electromagnetic signals are fed to the radiating patch 102 via
the center conductor 108. Electrical currents are induced on both the radiating patch 102
and the ground plane 104. The size of the radiating patch 102 is a function of the
wavelength being propagated in the dielectric medium 112 between the radiating patch
102 and the ground plane 104. In a microstrip antenna, for example, the length of the
microstrip is equal to one half of the wavelength. The width of the antenna directional
pattern-is in turn a function of the size of the radiating patch 102. In a microstrip antenna,
for example, the width of the directional pattern increases as the length of the microstrip
decreases.

[0033] One way to simultaneously reduce the antenna size and increase the
directional pattern is to decrease the wavelength in the dielectric medium 112 between
the radiating patch 102 and the ground plane 104. The wavelength may be decreased by
choosing a dielectric medium with a high value of permittivity (also referred to as dielectric

constant). In a microstrip antenna, for example, the wavelength decreases by a factor of
Je , where ¢ is the permittivity in the dielectric medium; consequently, the resonant size

of microstrip antenna decreases by a factor of /£ . At radio and microwave frequencies,
however, dielgctric materials with high values of permittivity have high densities, and,
therefore, increase the weight of the patch antenna.

[0034] High-permittivity dielectric materials also degrade performance because
the operating frequency bandwidth decreases with increasing values of ¢. The operating

frequency bandwidth is also a function of the distance between the radiating patch 102



WO 2009/073105 PCT/US2008/013071

and the ground plane 104. The operating frequency increases as the distance increases.
In a microstrip antenna, for example, the operating frequency bandwidth may be
increased by increasing the thickness of the dielectric substrate. Improving the
performance, however, once again increases the weight of the patch antenna.

[0035] There have been various proposed designs for reducing the size and
weight of patch antennas. For example, M. K. Fries and R. Vahldieck (Small microstrip
patch antenna using slow-wave structure, 2000 |EEE International Antennas and
Propagation Symposium Digest, vol. 2, pp. 770 - 773, July 2000) reported a microstrip
patch antenna in which miniaturization is achieved by using a slow-wave circuit and a
structure in the form of cross-shaped slots in the radiating patch and the ground plane. A
top view of their microstrip patch antenna 200 is shown in Fig. 2. Such an antenna has a
simple design and light weight, but the presence of slots prevents the installation of a
printed circuit board with a low-noise amplifier on the antenna, a common design
architecture. |

[0036] In an embodiment of the present invention, the dimensions of the
radiating patch are decreased without introducing a high-permittivity solid dielectric
medium between the radiating patch and the ground plane. To estimate the frequency
response of microstrip antennas in a linear polarization mode, a model in the form of a
short-circuited segment of a microstrip line may be used. When the length of the segment
is smaller than a quarter wavelength, there arises a transverse wave (T-wave). The
segment is loaded to evaluate the radiation conductivity of a slot formed by the radiating
patch edge and the ground plane. This structure may be considered as a loaded
resonator, whose operating bandwidth is determined by its Q-factor. An actual microstrip
antenna is normally a half-wave resonator, but the Q-factor estimation made on the basis
of the short-circuited quarter wavelength resonator still holds because the reactive power
and the radiation resistance are one half of the corresponding values in a half-wave
transmission line.

[0037] In Fig.3, the equivalent circuit is shown in the form of a strip line with
length L. The two sides of the strip line are line 302 (running from node A 321 to node B
325) and line 304 (running from node A’ 323 to node B’ 327). One end, running from
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node B 325 to node B’ 327, is a short circuit 306. The other end, running from node A
321 to node A’ 323, is loaded with a resistance R 308.

[0038] The wave resistance is denoted by W, and the wave-slowing factor is

denoted by . The parameter j is related to ¢, the effective permittivity (also referred to

as the effective dielectric constant) of the substrate, by

B=\eg E

The input admittance Y across node A 321 and node A’ 323 is given by
i ,
Y=G—Wctg7L=G+zB(co) , (E

where G is the conductance and B is the susceptance, with

1
G=— .
R (E

The propagation phase constant is

yr=—p, (E

c

where o is the angular frequency, and c is theA speed of light in vacuum. The cotangent
function is abbreviated as czg.

[0039] In the vicinity of the resonance frequency w,

B(a,) =0
[ctgyL =0=>yL= %:I (
and
YzG+iZ—f)w=% Aa)=G+iw0-gg%:—=G(l+i2§woggw=% _Aaf) , ®
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where Aw is the frequency detuning (mismatch), Ao =w-w,.
The Q-factor is then

R dB
=—a)0——-

2 5 doe-o '

[0040] The derivative in expression (E6) is calculated as follows:

dB d(1 1 -1 dy
— =—-—|—citgylL =—|—=—=—L—
dov-0, do\W omay Wsin"yL do),_,

[0041] For a radiating element having a square shape, the width w is inversely
proportional to the wave-slowing factor S :

_wd)
w(fB) .

where w(1) designates the width of a square radiating element with an air dielectric
medium at 8= 1. The radiation resistance of a slot formed by the edge of the radiating

patch and the ground plane is:

R(p) ~ IZOJ— = 120—/1—ﬂ ,

w(f) w(l)

where 1 is the wavelength in vacuum.

(E
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[0042] Neglecting edge effects, the wave resistance of the T-wave is given by
the following:
1207 h _120m _h h

w(p)~

where # is the thickness of a dielectric substrate or the spacing of an air gap. Therefore,
the Q-factor is

lﬂv
i F
o ”ﬂ . (

[0043] Fig. 4 shows the equivalent circuit for a strip line with length L including a
parallel end capacitor. The two sides of the strip line are line 402 (running from node A
421 to node B 425) and line 404 (running from node A’ 423 to node B’ 427). One end,
running from node B 425 to node B’ 427, is a short circuit 406. The other end, running
from node A 421 to node A’ 423, is loaded with a resistance R 408 in parallel with a
capacitance C 410. The input admittance Y across node A 421 and node A’ 423 is given
by the following:

. i 1
Y=G+iwC ——ctoyl = G+i|l oC ——cteyl | . (t
i 7 C18r [ 7 gr]

At the resonance frequency o, ,
w0, CW =ctgy,L . (E
[0044] By inputting the resonant size shorting factor, and taking into account that

without the capacitor the resonant size is % the following relationship holds:

27 A, 1 b4
tey, L = ctg(Z="2 =) = ctg(—) , (E
ctgy, cg(ﬂ“0 4ﬂ) cg(zﬁ)

where 4, is the resonance wavelength. The resonant size shorting factor is the ratio of

the resonant size of the radiating element in which there are shorting elements (dielectric
or end capacitor) to the resonant size of the radiating element in which there are no
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shorting elements. The resonant size shorting factor is equal to the equivalent wave-
slowing factor . The resonance condition may then be re-written in the form:

w V4
=clg (_) )
Xco 2B

where X is the capacitive reactance at the resonance frequency. Furthermore,

AW oma, do w e Wsin“yL do oman
11 1 1 7 1 x|
=C+| — L— = tg(—)+ —(—
J{W sin® 7L cﬂ) o, | 5T L 7 G
o sin”(-—)
2B
and the Q-factor is:
R 1 /4 1 /1
=—, ctg(—)+
o 5 Yo , g(Z,B) Sinz(—ﬂ__)(zﬂ)
2B
R 1 /1 1 V4
=——|ctg(=—)+ (—)
2w 24 .2, T 28
sin®(—)
2p

For a square-shaped radiating element, following the calculations similar to (E9) — (E13), O

is given by:

10

(E
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[0045] A graph of the function Q’ = 4(WA)Q versus the wave-slowing factor f is
shown in Fig. 5. The values of 3 are plotted along the horizontal axis 502. The
corresponding values of O’ are plotted along the vertical axis 504. The solid line 506 is
the plot of O’ versus # according to (E20). The dashed line 508 plots O’ versus f for a
solid dielectric medium (such as a dielectric substrate). Note that at sufficiently large
values of 3, the following approximation holds: '

The dotted line 510 plots Q’ versus B, according to the asymptotic relationship (E21).
Therefore, at a value of 8 = 1.5, the QO-factor is approximately 0.8 of that for the previously
considered cases of a dielectric substrate or air gap (E13). Hence, the shorten:ing of the
resonant size by using an end capacitor results in a 20% increase in bandwidth compared
with a dielectric substrate.

[0046] Referring back to Fig. 1, in embodiments of the invention, the radiating
patch (element) 102 and the ground plane 104 may have various geometrical shapes,
including square, rectangular, circular, and elliptical. One skilled in the art may configure
different geometrical shapes for different applications. In some embodiments, the ground
plane has the same size and geometrical shape as the radiating element. For example,
the radiating element and the ground plane may both be rectangles of the same size. In
other embodiments, the ground plane is larger than the radiating element, and the
geometrical shape of the ground plane may be arbitrary with respect to the geometrical
shape of the radiating element. For example, the radiating element may be a circle, and
the ground plane may be a square, in which the length of the side of the square is greater
than the diameter of the circle. Specific geometries are discussed in more detail below.

[0047] Fig. 6A and Fig. 6B show a reference Cartesian coordinate system,
defined by x-axis 602, y-axis 604, and z-axis 606. In the example shown in Fig. 6A, the
magnetic field H-plane 608 lies in the y-z plane. As shown in Fig. 6B, the electric field E-

11
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plane 610 lies in the x-z plane. For a linearly-polarized antenna, the capacitive elements
may be configured as conductive extended continuous structures (ECSs), as shown in
Fig. 7, oriented along the strip side parallel to H-plane 608; or as a conductive series of
localized structures (SLSs), as sh_qwn in Fig. 16, oriented along the strip side parallel to H-
plane 608. “The geometry of the sfructures determine the equivalent capacitance. The
resonance size decreases as the overlap of the structures on the radiating element and
the structures on the ground plane increases. Consequently, a design with extended
continuous structures, as shown in Fig. 7, may provide the smallest resonant size. A
design with a series of localized structures, as shown in Fig. 16, may allow more precise
tuning of the antenna.

[0048] The embodiment shown in Fig. 7 illustrates a linearly-polarized antenna
design, which includes ground plane 702 and radiating element 704. The ground plane
702 and the radiating element 704 are separated by an air gap. Radiating element 704 is
fed by a rod exciter 706, such as the center conductor of a coaxial cable. Supports which
hold the radiating element 704 over the ground plane 702 are not shown. These
supports, for example, may be thin isolation standoffs which do not introduce significant
changes in antenna electrical parameters. In the embodiment shown in Fig. 7, the
radiating element 704 has a rectangular geometry, with length » 730 along y-axis 604 and
a width a 720 along x-axis 602. Note that the rectangular geometry includes the case of
a square geometry (length b 730 equal to width a 720). As discussed above, the ground
plane 702 may be larger than the radiating element 704.

[0049] The capacitive elements are oriented parallel to the H-plane 608 (Fig. 6A)
and parallel to the y-axis 604. There are no capacitive elements parallel to the E-plane
608 (Fig. 6B). In Fig. 7, the capacitive elements comprise conductive extended
continuous structure (ECS) 708 and extended continuous structure 710. ECS 708 and
ECS 710 are located along the two edges of the radiating element 704 parallel to the y-
axis 604. ECS 708 and ECS 710 have rectangular cross-sections with length b 730 and
height ¢ 740. The height ¢ 740 is measured along the z-axis 606. In the example shown
in Fig. 7, the plane of ECS 708 and the plane of ECS 710 are orthogonal to the plane of
radiating element 704. In general, they do not need to be orthogonal. One skilled in the

12
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art may vary the orientation angles (between the plane of ECS 708 and the plane of
radiating element 704 and between the plane of ECS 710 and the plane of radiating
element 704) to tune the antenna. In general, the cross-sections of ECS 708 and ECS
710 do not nged to be rectangular. For example, they may be cylindrical. One skilled in
the art may ivr'h‘plement different cross-sections for different applications.

[0050] Fig. 8 — Fig. 15 illustrate embodiments with different combinations,
shapes, and locations of ECSs. In Fig. 8 — Fig. 15, two views are shown. Referring to
Fig. 7, View A 780 is the view along the (+) direction of y-axis 604. View B 790 is the view
along the (-) direction of x-axis 602. Both the radiating element and the ground plane
have rectangular geometries. As shown in Fig. 45A — Fig. 45C, the cross-section of an
ECS may be straight, inwardly-bent, or outwardly-bent. Fig. 45A shows a straight ECS
4506 along the edge of radiating element 4504. ECS 4506 has a length d; measured
along the z-axis 606 and a length d, measured along the y-axis 604. Fig. 45B shows an
inwardly-bent ECS, comprising section ECS 4508A and section ECS 4508B, along the
edge of radiating element 4504. ECS 4508A has a length d; measured along the z-axis
606 and a length &, measured along the y-axis 604. ECS 4508B has a length d
measured along the x-axis 602 and a length d, measured along the y-axis 604. Fig. 45C
shows an outwardly-bent ECS, comprising section ECS 4510A and section ECS 45108,
along the edge of radiating element 4504. ECS 4510A has a length d; measured along
the z-axis 606 and a length d, measured along the y-axis 604. ECS 4510B has a length d,
measured along the x-axis 602 and a length d> measured along the y-axis 604. In the
examples shown in Fig. 45A — Fig. 45C, the bend angles (for example, the angle between
ECS 4508A and ECS 4508B, or the angle between ECS 4510A and ECS 4510B) are 90
degrees. In general, the bend angles may be varied to suit specific applications.

[0051] In Fig. 8, the antenna includes ground plane 802 and radiating element
804, which is fed by a co_axial cable with center conductor 806 and outer conductor 801.
ECS 808-and ECS 810 are oriented parallel to the H-plane 608 and are located along the
two edges of the radiating element 804 parallel to the y-axis 604. ECS 808 and ECS 810
are both straight ECSs.

13
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[0052] In Fig. 9, the antenna includes ground plane 902 and radiating element
904, which is fed by a coaxial cable with center conductor 906 and outer conductor 901.
ECS 908 and ECS 910 are oriented parallel to the H-plane 608 and are located along the
two edges of the ground plane 902 parallel to the y-axis 604. ECS 908 and ECS 910 are
both straight ECSs. |

[0053] In Fig. 10, the antenna includes ground plane 1002 and radiating element
1004, which is fed by a coaxial cable with center conductor 1006 and outer conductor
1001. ECS 1012 and ECS 1014 are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1004 parallel to the y-axis 604. ECS 1008
and ECS 1010 are oriented paraliel to the H-plane 608 and are located along the two
edges of the ground plane 1002 parallel to the y-axis 604. ECS 1008 and ECS 1010 are
located partially within the region between ECS 1012 and ECS 1014. ECS 1008, ECS
1010, ECS 1012, and ECS 1014 are all straight ECSs.

[0054] In Fig. 11, the antenna includes ground plane 1102 and radiating element
1104, which is fed by a coaxial cable with center conductor 1106 and outer conductor |
1101. ECS 1112 and ECS 1114 are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1104 parallel to the y-axis 604. ECS 1108
and ECS 1110 are oriented parallel to the H-plane 608 and are located along the two
edges of the ground plane 1102 parallel to the y-axis 604. ECS 1112 and ECS 1114 are
located partially within the region between ECS 1108 and ECS 1110. ECS 1112, ECS
1114, ECS 1108, and ECS 1110 are all straight ECSs.

[0055] In Fig. 12, the antenna includes ground plane 1202 and radiating element
1204, which is fed by a coaxial cable with center conductor 1206 and outer conductor
1201. ECS 1212 and ECS 1214 are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1204 parallel to the y-axis 604. ECS 1208
and ECS 1210 are oriented parallel to the H-plane 608 and are located along the two
edges of the ground plané 1202 parallel to the y-axis 604. ECS 1208 and ECS 1210 are
located partially within the region between ECS 1212 and ECS 1214. ECS 1208 and ECS
1210 are both inwardly-bent ECSs. ECS 1212 and ECS 1214 are both straight ECSs.

14
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[0056] In Fig. 13, the antenna includes ground plane 1302 and radiating
element 1304, which is fed by a coaxial cable with center conductor 1306 and outer
conductor 1301. ECS 1312 and ECS 1314 are oriented paraliel to the H-plane 608 and
are located along the two edges of the radiating element 1304 parallel to the y-axis 604.
ECS 1308 and ECS 1310 are oriented parallel to the H-plane 608 and are located along
the two edges of the ground plane 1302 parallel to the y-axis 604. ECS 1312 and ECS
1314 are located partially within the region between ECS 1308 and ECS 1310. ECS 1308
and ECS 1310 are both straight ECSs. ECS 1312 and ECS 1314 are both inwardly-bent
ECSs.

[0057] In Fig. 14, the antenna includes ground plane 1402 and radiating element
1404, which is fed by a coaxial cable with center conductor 1406 and outer conductor
1401. ECS 1412 and ECS 1414 are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1404 parallel to the y-axis 604. ECS 1408
and ECS 1410 are oriented parallel fo the H-plane 608 and are located along the two
edges of the ground plane 1402 parallel to the y-axis 604. ECS 1408 and ECS 1410 are
located partially within the region between ECS 1412 and ECS 1414. ECS 1408 and ECS
1410 are both straight ECSs. ECS 1412 and ECS 1414 are both outwardly-bent ECSs.

[0058] In Fig. 15, the antenna includes ground plane 1502 and radiating element
1504, which is fed by a coaxial cable with center conductor 1506 and outer conductor
1501. ECS 1512 and ECS 1514 are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1504 parallel to the y-axis 604. ECS 1508
and ECS 1510 are oriented parallel to the H-plane 608 and are located along the two
edges of the ground plane 1502 parallel to the y-axis 604. ECS 1508 and ECS 1510 are
located partially within the region between ECS 1512 and ECS 1514. ECS 1508 and ECS
1510 are both inwardly-bent ECSs. ECS 1512 and ECS 1514 are both outwardly-bent
ECSs.

[0059] . The embodiment shown in Fig. 16 illustrates a linearly-polarized antenna
design, which includes ground plane 1602 and radiating element 1604. The ground plane
1602 and the radiating element 1604 are separated by an air gap. Radiating element
1604 is fed by a rod exciter 1606, such as the center conductor of a coaxial cable.
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Supports which hold the radiating element 1604 over the ground plane 1602 are not
shown. These supports, for example, may be thin isolation standoffs which do not
introduce significant changes in antenna electrical parameters. In the embodiment shown
in Fig. 16, the radiat_ing‘element 1604 has a rectangular geometry, with length 5 1630
along y-axis .604 and é width a 1620 along x-axis 602. Note that the rectangular geometry
includes the case of a square geometry (length 5 1630 equal to width a 1620). The
ground plane 1602 may be larger than the radiating element 1604.

[0060] The capacitive elements are oriented parallel to the H-plane 608 (Fig. 6A)
and parallel to the y-axis 604. There are no capacitive elements located parallel to the E-
plane 608 (Fig. 6B). In Fig. 16, the capacitive elements comprise a conductive series of
localized structures (SLS) 1608 and series of localized structures 1610. SLS 1608
comprises localized structure (LS) 1608A — localized structure 1608D. SLS 1610
comprises LS 1610A — LS 1610D. The number of localized structures in a series of
localized structures are user-defined. SLS 1608 and SLS 1610 are located along the two
edges of radiating element 1604 parallel to the y-axis 604. In the embodiment shown in
Fig. 16, the localized structures have height ¢ 1640. The height ¢ 1640 is measured along
the z-axis 606. In the example shown in Fig. 16, the plane of SLS 1608 and the plane of
SLS 1610 are orthogonal to the plane of radiating element 1604. In general, they do not

.need to be orthogonal. One skilled in the art may vary the orientation angles (between
the plane of SLS 1608 and the plane of radiating element 1604 and between the plane of
SLS 1610 and the plane of radiating element 1604) to tune the antenna. In general, the
cross-section of an individual localized structure does not need to be rectangular. For
example, it may be cylindrical. One skilled in the art may implement different cross-
sections for different applications.

[0061] Fig. 17 — Fig. 27 illustrate embodiments with different combinations,
shapes, and locations of SLSs. In Fig. 8 — Fig. 15, two views are shown. Referring to
Fig. 16, View A 780 is the view along the (+) direction of y-axis 604. View B 790 is the
view along the (-) direction of x-axis 602. Similar to the ECS cross-sections shown in Fig.
45A - Fig. 45C, the cross-section of a localized structure may be straight, inwardly-bent,
or outwardly-bent. The bend angles may be varied. Fig. 46 shows a close-up view of a
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straight SLS 4606 along the edge of radiating element 4604. SLS 4606 comprises LS
4606A — LS 4606D. Each LS has a length d; measured along the z-axis 606. The width
of each LS is ds, and the spacing between two adjacent LSs is ds. The values ds and dg
are measured along the y-axis 604. In Fig. 17, the antenna includes ground plane 1702
and radiating efemeht 1704, which is fed by a coaxial cable with center conductor 1706
and outer conductor 1701. SLS 1712 (comprising LS 1712A — LS 1712E) and SLS 1714
(comprising LS 1714A — LS 1714E, not shown) are oriented parallel to the H-plane 608
and are located along the two edges of the radiating element 1704 parallel to the y-axis
604. SLS 1712 and SLS 1714 are both straight SLSs.

[0062] In Fig. 18, the antenna includes ground plane 1802 and radiating element
1804, which is fed by a coaxial cable with center conductor 1806 and outer conductor
1801. SLS 1808 (comprising LS 1808A — LS 1808E) and SLS 1810 (comprising LS
1810A — LS 1810E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the ground plane 1802 parallel to the y-axis 604. SLS 1808 and
SLS 1810 are both straight SLSs.

[0063] In Fig. 19, the antenna includes ground plane 1902 and radiating element
1904, which is fed by a coaxial cable with center conductor 1906 and outer conductor
1901. SLS 1912 (comprising LS 1912A — LS 1912E) and SLS 1914 (comprising LS
1914A - LS 1914E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 1904 parallel to the y-axis 604. SLS 1908
(comprising LS 1908A — LS 1908E) and SLS 1910 (comprising LS 1910A — LS 1910E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 1902 parallel to the y-axis 604. SLS 1908 and SLS 1910 are located
partially within the region between SLS 1912 and SLS 1914. SLS 1908, SLS 1810, SLS
1912, and SLS 1914 are all straight SLSs. Along the y-axis 604, SLS 1908 is aligned with
SLS 1912, and SLS 1910 is aligned with SLS 1914.

[0064] In Fig. 20, the antenna includes ground plane 2002 and radiating element
2004, which is fed by a coaxial cable with center conductor 2006 and outer conductor
2001. SLS 2012 (comprising LS 2012A — LS 2012E) and SLS 2014 (comprising LS
2014A — LS 2014E, not shown) are oriented parallel to the H-plane 608 and are located
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along the two edges of the radiating element 2004 parallel to the y-axis 604. SLS 2008
(comprising LS 2008A — LS 2008E) and SLS 2010 (comprising LS 2010A ~ LS 2010E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2002 parallel to the y-axis 604. SLS 2012 and SLS 2014 are located
partiaﬂy within the region between SLS 2008 and SLS 2010. SLS 2008, SLS 2010, SLS
2012, and SLS 2014 are all straight SLSs. Along the y-axis 604, SLS 2008 is aligned with
SLS 2012, and SLS 2010 is aligned with SLS 2014.

[0065] In Fig. 21, the antenna includes ground plane 2102 and radiating element
2104, which is fed by a coaxial cable with center conductor 2106 and outer conductor
2101. SLS 2112 (comprising LS 2112A — LS 2112E) and SLS 2114 (comprising LS
2114A — LS 2114E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2104 parallel to the y-axis 604. SLS 2108
(comprising LS 2108A — LS 2108E) and SLS 2110 (comprising LS 2110A - LS 2110E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2102 parallel to the y-axis 604. SLS 2108 and SLS 2110 are located
partially within the region between SLS 2112 and SLS 2114. SLS 2108, SLS 2110, SLS
2112, and SLS 2114 are all straight SLSs. Along the y-axis 604, SLS 2108 is displaced
from SLS 2112, and SLS 2110 is displaced from SLS 2114,

[0066] In Fig. 22, the antenna includes ground plane 2202 and radiating element
2204, which is fed by a coaxial cable with center conductor 2206 and outer conductor
2201. SLS 2212 (comprising LS 2212A - LS 2212E) and SLS 2214 (comprising LS
2214A — LS 2214E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2204 parallel to the y-axis 604. SLS 2208
(comprising LS 2208A — LS 2208E) and SLS 2210 (comprising LS 2210A - LS 2210E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2202 parallel to the y-axis 604. SLS 2212 and SLS 2214 are located
partially’ witfiin the region between SLS 2208 and SLS 2210. SLS 2208, SLS 2210, SLS
2212, and SLS 2214 are all straight SLSs. Along the y-axis 604, SLS 2208 is displaced
from SLS 2212, and SLS 2210 is displaced from SLS 2214.
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[0067] In Fig. 23, the antenna includes ground plane 2302 and radiating element
2304, which is fed by a coaxial cable with center conductor 2306 and outer conductor
2301. SLS 2312 (comprising LS 2312A — LS 2312E) and SLS 2314 (comprising LS
2314A — LS 2314E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2004 parallel to the y-axis 604. SLS 2308
(comprising LS 2308A — LS 2308E) and SLS 2310 (comprising LS 2310A — LS 2310E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2302 parallel to the y-axis 604. SLS 2308, SLS 2310, SLS 2312, and
SLS 2314 are all straight SLSs. Along the x-axis 602, SLS 2308 is aligned with SLS
2312, and SLS 2310 is aligned with SLS 2314. Along the y-axis 604 and along the z-axis
606, SLS 2308 and SLS 2312 are interdigitated, and SLS 2310 and SLS 2314 are
interdigitated, as shown in Fig. 23, View B 790.

[0068] In Fig. 24, the antenna includes ground plane 2402 and radiating element
2404, which is fed by a coaxial cable with center conductor 2406 and outer conductor
2401. SLS 2412 (comprising LS 2412A — LS 2412E) and SLS 2414 (comprising LS
2414A — LS 2414E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2404 parallel to the y-axis 604. SLS 2408
(comprising LS 2408A — LS 2408E) and SLS 2410 (comprising LS 2410A — LS 2410E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2402 parallel to the y-axis 604. SLS 2408 and SLS 2410 are located
partially within the region between SLS 2412 and SLS 2414. SLS 2408 and SLS 2410
are both inwardly-bent SLSs. SLS 2412 and SLS 2414 are both straight SLSs. Along the
y-axis 604, SLS 2408 is aligned with SLS 2412, and SLS 2410 is aligned with SLS 2414.

[0069] In Fig. 25, the antenna includes ground plane 2502 and radiating element
2504, which is fed by a coaxial cable with center conductor 2506 and outer conductor
2501. SLS 2512 (comprising LS 2512A — LS 2512E) and SLS 2514 (comprising LS
2514A — LS 2514E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2504 parallel to the y-axis 604. SLS 2508‘
(comprising LS 2508A — LS 2508E) and SLS 2510 (comprising LS 2510A — LS 2510E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
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the ground plane 2502 parallel to the y-axis 604. SLS 2512 and SLS 2514 are located
partially within the region between SLS 2508 and SLS 2510. SLS 2508 and SLS 2510
are both straight SLSs. SLS 2512 and SLS 2514 are both inwardly-bent SLSs. Along the
y-axis 604, SLS 2508 is aligned with SLS 2512, and SLS 2510 is aligned with SLS 2514.

'[00701 In Fig. 26, the antenna includes ground plane 2602 and radiating element
2604, which is fed by a coaxial cable with center conductor 2606 and outer conductor
2601. SLS 2612 (comprising LS 2612A — LS 2612E) and SLS 2614 (comprising LS
2614A — LS 2614E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2604 parallel to the y-axis 604. SLS 2608
(comprising LS 2608A — LS 2608E) and SLS 2610 (comprising LS 2610A — LS 2610E, not
shown) are oriented parallel to the H-plane 608 and are located along the fwo edges of
the ground plane 2602 parallel to the y-axis 604. SLS 2608 and SLS 2610 are located
partially within the region between SLS 2612 and SLS 2614. SLS 2608 and SLS 2610
are both straight SLSs. SLS 2612 and SLS 2614 are both outwardly-bent SLSs. Along
the y-axis 604, SLS 2608 is aligned with SLS 2612, and SLS 2610 is aligned with SLS
2614. '

[0071] In Fig. 27, the antenna includes ground plane 2702 and radiating element
2704, which is fed by a coaxial cable with center conductor 2706 and outer conductor
2701.. SLS 2712 (comprising SLS 2712A — SLS 2712E) and SLS 2714 (comprising LS -
2714A - LS 2714E, not shown) are oriented parallel to the H-plane 608 and are located
along the two edges of the radiating element 2704 parallel to the y-axis 604. SLS 2708
(comprising LS 2708A — LS 2708E) and SLS 2710 (comprising LS 2710A - LS 2710E, not
shown) are oriented parallel to the H-plane 608 and are located along the two edges of
the ground plane 2702 parallel to the y-axis 604. SLS 2708 and SLS 2710 are located
partially within the region between SLS 2712 and SLS 2714. SLS 2708 and SLS 2710
are both inwardly-bent SLSs. SLS 2712 and SLS 2714 are both outwardly-bent SLSs.
Along the y-axis 604, SLS 2708 is aligned with SLS 2712, and SLS 2710 is aligned with
SLS 2714.

[0072] The embodiment shown in Fig. 31 illustrates a circularly-polarized
antenna design, which includes ground plane 3102 and radiating element 3104. The
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ground plane 3102 and the radiating element 3104 are separated by an air gap.
Radiating element 3104 is fed by two rod exciters, rod 3106 and rod 3107. Each rod may
be the center conductor of an individual coaxial cable. Supports which hold the radiating
element 3104 over the ground plane 3102 are not shown. These supports, for example,
may be thin isolation standoffs which do not introduce significant changes in antenna
electrical parameters. In the embodiment shown in Fig. 31, the radiating element 3104
has a rectangular geometry, with length 5 3130 along y-axis 604 and width a 3120 along
x-axis 602. Note that the rectangular geometry includes the case of a square geometry
(length b 3130 equal to width a 3120). The ground plane 3102 may be larger than the
radiating element 3104.

[0073] Capacitive elements comprising SLSs are located on all four edges of
radiating patch 3104. SLS 3108 and SLS 3110 are located along the two edges of the
radiating element 3104 parallel to the y-axis 604. SLS 3120 and SLS 3122 are located
along the two edges of the radiating element 3104 parallel to the x-axis 602. In the
embodiment shown in Fig. 31, the localized structures have a height ¢ 3140. The height ¢
3140 is measured along the z-axis 606.

[0074] The field of circular polarization is a sum of two linear polarizations,
orthogonal to each other and shifted in phase by 90 degrees. To excite this field, two rods
are used, rod 3106 and rod 3107. The location of rod 3107 is shifted from the geometrical
center of radiating element 3104 along the x-axis 602. The location of rod 3106 is shifted
from the geometrical center of radiating element 3104 along the y-axis 604. The x-z plane
is the E-plane for the field excited by rod 3107 and the H-plane for the field excited by rod
3106. For the field excited by rod 3107, SLS 3108 and SLS 3110 are aligned along the
magnetic field vector (in the H-plane). SLS 3120 and SLS 3122 are aligned along the
electric field vector (in the E-plane). Similarly, for the field excited by rod 3106, SLS 3108
and SLS 3110 are aligned along the electric field vector (in E-plane). SLS 3120 and SLS
3122 are aligned along the magnetic field vector (in H-plane).

[0075] To estimate the frequency performance of the circularly-polarized antenna
shown in Fig. 31, the frequency performance for each linear polarization needs to be
analyzed. The circularly-polarized antenna may be characterized by the equivalent circuit
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shown in Fig. 28. The E-field of linear polarization excited by, for example, rod 3107 is
oriented along the x-axis 602. Then, SLS 3122, aligned along the x-axis 602, is modelled
by a system of capacitances C;. SLS 3108, aligned along the y-axis 604, is modelled by a
total capacitance C;. Similar considerations apply for the E-field excited by rod 3106.
[0076] The equivalent circuit for a circularly-polarized antenna is shown in Fig.
28. The two sides of the strip line, with length L, are line 2802 (running from node A 2821
to node B 2825) and line 2804 (running from node A’ 2823 to node B’ 2827). Line 2802
comprises line segment 2802A — line segment 2802E. Line 2804 comprises line segment
2804A - line segment 2804E. The system of capacitances C; (comprising capacitance
2812 — capacitance 2818) extending along the x-axis 602, with an increment I, is
equivalent to the total line wave-slowing g, factor. The system of capacitance 2810
extending along the y-axis 604 is equivalent to the total capacitance C,. When dispersion
is present (frequency is a function of g,), there is an undesirable increase of the O-factor.
To estimate the value of the wave-slowing factor g, and the value of the increment /; at
which dispersion becomes significant, an equivalent circuit comprising a series of four-
pole devices (four-pole device 2960 — four-pole device 2964) is used (Fig. 29). An
individual four-pole device is shown in Fig. 30. The nodes are node A 3021, node A’
3023, node B 3025, and node B’ 3027. It includes a strip line with length [,, a wave
resistance W corresponding to an air dielectric medium, a 'propagation constant y, and a
capacitance C; 3010. The elements of the corresponding conductivity matrix are given by:

—1i
Yu =Tn’;6tg7lx

- .
Yn = E;Ctg},ll +iwC,

i
W sin #,

Yi2 =Yau =

where y,, are the elements of the conductivity matrix.

[0077] In the equivalent circuit shown in Fig. 29, there is a traveling wave, and
the phase incursion between two neighboring four-pole devices is ¢. [Phase incursion is
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and 7, and between the phases of U

the difference between the phases of 1 o+l

p+l

and U,,

which are defined below.] The following set of equations holds:

{Ip = Upyll + Up+1j)12

Ip+l = Up}’u + Up+1.V22 (E2
U,,=U,™
I,,= —Ipe‘i“’
where I,and I,,, are the equivalent currentsand U, and U, are the
corresponding equivalent voltages at the nodes of the four-pole devices (Fig.29).
Therefore,
UpJ’21 + Upe_i¢y22 = _(Upyll + Upe-wylz)‘g_w (E
and
YutVn
CosPp = ————= | E.
2y, (
The result is
wC. W si
COS @ = COS /I, ——‘Izés—l—n—}ﬁ E
The phase incursion ¢ may be interpreted in terms of equivalent wave-slowing factor :
7))
¢ = :ﬂ]ll . (E

[0078] Mathematical calculations according to (E22) — (E27) show that dispersion
increases as the wave-slowing factor 8, and the increment /; increase. To obtain a
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frequency-independent wave-slowing factor on the order of ~4 - 5, the increment value is ~
0.07 of the wavelength, or less. Following an analysis similar to that used in similar to
(E14) — (E20), an estimate of the Q-factor for the equivalent circuit in Fig. 28 is given by :

B=pp . (E

where B is the full-wave slowing factor and £, is the contribution of capacitance C; to
wave-slowing. At sufficiently large values of §, (8, > 1.5), the following approximation
holds: '

12, 8
e P E

Therefore, a 'gain in bandwidth compared with a solid dielectric medium still holds true in
this case as well.

[0079] Fig. 32 — Fig. 42 illustrate embodiments with different combinations,
shapes, and locations of SLSs. In Fig. 32 — Fig. 42, two views are shown. Referring to
Fig. 31, View A 780 is the view along the (+) direction of y-axis 604. View B 790 is the
view along the (-) direction of x-axis 602. The geometries are similar to those previously
illustrated in Fig. 17 — Fig. 27, except the SLSs are located on all four edges of the
radiating element or ground plane. Fig. 32 shows the components common to all the
embodiments shown in Fig. 32 — Fig. 42. The antenna includes ground plane 3202 and
radiating element 3204, which is fed by two coaxial cables, one with center conductor
3206 and outer conductor 3201, and the other with center conductor 3207 and outer
conductor 3203.
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[0080] Fig. 43 shows an embodiment of a stacked micropatch antenna
comprising ground plane 4302 and radiating element 4304. An auxiliary electronic
assembly may be integrated with the micropatch antenna. Low-noise amplifier 4430, for
example, may be assembled on a printed circuit board, which is then mounted on top of
radiating element 4304. The capacitive elements (SLS 4308, SLS 4310, SLS 4320, and
SLS 4322) are series of localized structures located along all four edges of radiating
element 4304, which has a rectangular geometry. Other configurations of capacitive
elements, as described above, may also be used.

[0081] Fig. 44 shows an embodiment of a dual-band micropatch antenna
comprising a ground plane 4402 and two radiating elements, radiating element 4404 and
radiating element 4434. Radiating element 4404 and ground plane 4402 comprise a
micropatch antenna for receiving and transmitting signals in a low-frequency band.
Radiating element 4404 also serves as a ground plane for radiating element 4434.
Radiating element 4434 and radiating element 4404 comprise an antenna for transmitting
signals in a high-frequency band. Capacitive elements SLS 4408, SLS 4410, SLS 4420,
and SLS 4452 are series of localized structures located along all four edges of radiating
element 4404, which has a rectangular geometry. Capacitive elements SLS 4438, SLS
4440, SLS 4442, and SLS 4450 are series of localized structures located along all four
edges of radiating element 4434, which has a rectangular geometry. Other configurations
of capacitive elements, as described above, may also be used.

[0082] A radiating element or ground plane with capacitive elements comprising
extended continuous structures may be fabricated from a single piece of sheet metal by
bending the edges appropriately, as shown in Fig. 45A — Fig 45C, for example. Similarly,
a radiating element or ground plane with capacitive elements comprising a series of
localized structures, as shown in Fig. 46 for example, may be fabricated from a single
piece of sheet metal. A series of notches are first cut from the edges of the sheet metal,
leaving a séries of tabs, which are then bent into the desired geometry. All relevant
dimensions may be user-defined to adapt the geometry for specific applications. For
example, in the geometric configuration shown in Fig. 47, dimensions s, 4701 — 53 4708
may be user-defined.
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[0083] In the embodiments shown in Fig. 8 — Fig. 15 and Fig. 17 — Fig. 27, the
capacitive elements are located along the perimeter of the rectangular radiating element,
along the perimeter of the ground plane, or along the perimeter of the rectangular
radiating element and the perimeter of the ground plane. Herein, the term perimeter
refers to both linear and curvilinear boundaries of a geometrical shape or region. For
example, the perimeter of a rectangular region refers to the four edges (sides) of the
rectangle, and the perimeter of a circular region refers to the circumference of the circle.
Note that a perimeter is referenced to a specific geometrical region. In examples below,
one geometrical region may be enclosed by a second geometrical region. For example, a
circular region may be enclosed by a larger rectangular region. In this instance, there are
two perimeters of interest: the perimeter (circumference) of the inner circular region and
the perimeter (four edges) of the outer rectangular region.

[0084] In other embodiments of the invention, capacitive elements may be
configured within a larger ground plane, wherein the size of the ground plane is larger
than the size of the radiating element. Fig. 48A — Fig. 48D show examples of specific
ground-plane geometries. Referring to Fig. 7, View C 770 is the view along the (-)
direction of z-axis 606. In Fig. 48A, capacitive elements ECS 4808 and ECS 4810 are
located within (enclosed by) rectangular ground plane 4820. Region 4802 is a region
- enclosed by a rectangle with sides along ECS 4808 and ECS 4810. In Fig. 48B,
capacitive elements ECS 4808 and ECS 4810 are located within circular ground plane
4830. In Fig. 48C, capacitive elements SLS 4834 (A-K) are configured along the
perimeter of rectangular region 4832. Capacitive elements SLS 4834 (A-K) are located
within rectangular ground plane 4840. In Fig. 48D, capacitive elements SLS 4834 (A-K)
are located within circular ground plane 4850. Herein, if the capacitive elements are
located within (enclosed by) a larger ground plane, the ground plane is referred to as an
oversize ground plane. The capacitive elements are located within the perimeter of the
oversize ground plane. Herein, an oversize ground plane in a micropatch antenna is
larger than the radiating element in a micropatch antenna. One skilled in the art may use
other geometrical shapes for the oversize ground plane adapted for specific applications.

26



WO 2009/073105 PCT/US2008/013071

[0085] Fig. 49 and Fig. 50 show examples of linearly-polarized antennas with
oversize ground planes. The views shown are View A 780 and View B 790. The
configuration in Fig. 49 and Fig. 50 use the ground-plane geometry of Fig. 48A (View C
770). In Fig. 49 and Fig. 50, the components corresponding to the ones shown in Fig.
48A are Iabeiled by the reference numbers from Fig. 48.

[0086] The design shown in Fig. 49 is similar to the design shown in Fig. 9,
except for the ground-plane geometry. In Fig. 9, the antenna includes ground plane 902
and radiating element 904, which is fed by a coaxial cable with center conductor 906 and
outer conductor 901. ECS 908 and ECS 910 are oriented parallel to the H-plane 608 and
are located along the two edges of the ground plane 902 parallel to the y-axis 604. ECS
908 and ECS 910 are both straight ECSs. In Fig. 49, the antenna includes oversize
ground plane 4820 and radiating element 4904, which is fed by a coaxial cable with center
conductor 4906 and outer conductor 4901. ECS 4808 and ECS 4810 are oriented parallel
to the H-plane 608 and are located within the oversize ground plane 4820 parallel to the y-
axis 604. ECS 4808 and ECS 4810 are both straight ECSs. Note that region 4802 (a
portion of oversize ground plane 4820) in Fig. 48A and Fig. 49 corresponds to the ground-
plane region 802 in Fig. 9.

[0087] The design shown in Fig. 50 is similar to the design shown in Fig. 14,
except for the ground-plane geometry. In Fig. 14, the antenna includes ground plane
1402 and radiating element 1404, which is fed by a coaxial cable with center conductor
1406 and outer conductor 1401. ECS 1412 and ECS 1414 are oriented parallel to the H-
plane 608 and are located along the two edges of the radiating element 1404 parallel to
the y-axis 604. ECS 1408 and ECS 1410 are oriented parallel to the H-plane 608 and are
located along the two edges of the ground plane 1402 parallel to the y-axis 604. ECS
1408 and ECS 1410 are located partially within the region between ECS 1412 and ECS
1414. ECS 1408 and ECS 1410 are both straight ECSs. ECS 1412 and ECS 1414 are
both outwardly-bent ECSs. In Fig. 50, the antenna includes oversize ground plane 4820
and radiating element 5004, which is fed by a coaxial cable with center conductor 5006
and outer conductor 5001. ECS 5012 and ECS 5014 are oriented parallel to the H-plane
608 and are located along the two edges of the radiating element 5004 parallel to the y-
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axis 604. ECS 4808 and ECS 4810 are oriented parallel to the H-plane 608 and are
located within the oversize ground plane 4820 parallel to the y-axis 604. ECS 4808 and
ECS 4810 are located partially within the region between ECS 5012 and ECS 5014. ECS
4808 and ECS 4810 are both straight ECSs. ECS 5012 and ECS 5014 are both
outwardly-bent ECSs. Note that region 4802 (a portion of oversize ground plane 4820) in
Fig. 48A and Fig. 49 corresponds to the ground-plane region 1402 in Fig. 14.

[o088] In the embodiments discussed above, the radiating element and the
ground plane have rectangular geometries. In the embodiment shown in Fig. 51A and
Fig. 51B, a radiating element and a ground plane with circular geometries are used for
circularly-polarized radiation. To simplify the figures, the coaxial cable feeding the
antenna is not shown. Fig. 51 A and Fig. 51B show two different views of circular
radiating element 5104 and circular ground plane 5102. Capacitive elements comprise a
circular array of localized structures 5106 along the perimeter (circumferencé) of radiating
element 5104, and a circular array of localized structures 5108 along the perimeter
(circumference) of ground plane 5102. Fig. 51A shows an exploded view, in which
radiating element 5104 and ground plane 5102 are separated to illustrate details. In the
actual assembly, as shown in Fig. 51B, the diameter of ground plane 5102 is larger than
the diameter of radiating element 5104, and the circular array of localized structures 5106
is located partially within the region enclosed by the circular array of localized structures:
5108. For the localized structures in the circular array of localized structures, the various
geometries similar to those configured for the series of localized structures shown in Fig.
32 — Fig. 42 may be used.

[0089] Oversize ground planes may also be used for antennas with a circular
geometry. In Fig. 52A, the circular array of localized structures 5108 (Fig. 51) is located
within oversize rectangular ground plane 5220. Region 5102 (Fig. 52A), enclosed by the
circular array of localized structures 5108, represents the same region as ground plane
5102 in Fig. 51A and Fig. 51B. In Fig. 52B, the circular array of localized structures 5108
is located within oversize circular ground plane 5230.

[0090] Herein, a set of capacitive elements refer to a user-specified group of one
or more capacitive elements. A set of capacitive elements, for example, may refer to a
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group of one or more extended continuous structures, a group of one of more series of
localized structures, and a group of one or more circular arrays of localized structures.

[0091] The foregoing Detailed Description is to be understood as being in every
respect illustrative and exemplary, but not restrictive, and the scobé of the invention
discloséd herein is not to be determined from the Detailed Description, but rather from the
claims as interpreted according to the full breadth permitted by the patent laws. It is to be
understood that the embodiments shown and described herein are only illustrative of the
principles of the present invention and that various modifications may be implemented by
those skilled in the art without departing from the scope and spirit of the invention. Those
skilled in the art could implement various other feature combinations without departing
from the scope and spirit of the invention.
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CLAIMS:

1. A micropatch antenna comprising:
a radiating element having a first perimeter,
a ground plane having a second perimeter;
an air gap between said radiating element and said ground plane; and
at least one set of capacitive elements along at least one of said first
perimeter and said second perimeter.

2. The micropatch antenna of claim 1, wherein
said radiating element comprises a first rectangular region having a first
edge, a second edge, a third edge, and a fourth edge, wherein:
said first edge and said second edge are parallel;
said third edge and said fourth edge are parallel; and
said first edge and said third edge are perpendicular; and
said 'grciund plane comprises a second rectangular region having a fifth
edge, a sixth edge, a seventh edge, and an eighth edge, wherein:
said fifth edge and said sixth edge are parallel,
said seventh edge and said eighth edge are parallel,
said fifth edge and said seventh edge are perpendicular; and
said first edge and said fifth edge are parallel.

3. The micropatch antenna of claim 2, wherein said at least one set of capacitive
elements comprises:
a first straight extended continuous structure along said first edge; and

a second straight extended continuous structure along said second edge.
4. The micropatch antenna of claim 3, wherein:

said first edge is opposite said fifth edge; and
said second edge is opposite said sixth edge.
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5. The micropatch antenna of claim 2, wherein said at least one set of capacitive
elements comprises:
a first straight extended continuous structure along said fifth edge; and

a second straight extended continuous structure along said sixth edge.

6. The micropatch antenna of claim 5, wherein;
said fifth edge is opposite said first edge; and

said sixth edge is opposite said second edge.

7. The micropatch antenna of claim 2, wherein said at least one set of capacitive
elements comprises:
a first extended continuous structure along said first edge;
a second extended continuous structure along said second edge;
a third extended continuous structure along said fifth edge; and
a fourth extended continuous structure along said sixth edge.

8. The micropatch antenna of claim 7, wherein:

said first extended continuous structure is a first straight extended
continuous structure;

said second extended continuous structure is a second straight extended
continuous structure;

said third extended continuous structure is a third straight extended
continuous structure;

said fourth extended continuous structure is a fourth straight extended
continuous structure; and

said third straight extended continuous structure and said fourth straight
extended continuous structure ére located at least in part within a region between
said first straight extended continuous structure and said second straight
extended continuous structure.
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9. The micropatch antenna of claim 7, wherein:

said first extended continuous structure is a first straight extended
continuous structure;

said second extended continuous structure is a second straight extended
continuous structure;

said third extended continuous structure is a third straight extended
continuous structure;

said fourth extended continuous structure is a fourth straight extended
continuous structure; and |

said first straight extended continuous structure and said second straight
extended continuous structure are located at least in part within a region between
said third straight extended continuous structure and said fourth straight
extended continuous structure.

10." The micropatch antenna of claim 7, wherein:

said first extended continuous structure is a first straight extended
continuous structure;

said second extended continuous structure is a second straight extended
continuous structure;

said third extended continuous structure is a first inwardly-bent extended
continuous structure;

said fourth extended continuous structure is a second inwardly-bent
extended continuous structure; and

said first inwardly-bent extended continuous structure and said second
inwardly-bent extended continuous structure are located at least in part within a
region between said first straight extended continuous structure and said second
straight extended continuous structure. - |

11. The micropatch antenna of claim 7, wherein:
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said first extended continuous structure is a first inwardly-bent extended
continuous structure;

said second extended continuous structure is a second inwardly-bent
extended continuous structure; A

said third extended continuous structure is a first straight extended
continuous structure;

said fourth extended continuous structure is a second straight extended
continuous structure; and

said first inwardly-bent extended continuous structure and said second
inwardly-bent extended continuous structure are located at least in part within a
region between said first straight extended continuous structure and said second
straight extended continuous structure.

12. The micropatch antenna of claim 7, wherein:

said first extended continuous structure is a first outwardly-bent extended
continuous structure;

said second extended continuous structure is a second outwardly-bent
extended continuous structure;

said third extended continuous structure is a first straight extended
continuous structure;

said fourth extended continuous structure is a second straight extended
continuous structure; and

said first straight extended continuous structure and said second straight
extended continuous structure are located at least in part within a region between
said first outwardly-bent extended continuous structure and said second
outwardly-bent extended continuous structure.

13. The micropatch antenna of claim 7, wherein:

said first extended continuous structure is a first outwardly-bent extended
continuous structure;
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said second extended continuous structure is a second outwardly-bent
extended continuous structure;

said third extended continuous structure is a first inwardly-bent extended
continuous structure;

said fourth extendéd continuous structure is a second inwardly-bent
extended continuous structure; and

said first inwardly bent extended continuous structure and said second
inwardly-bent extended continuous structure are located at least in part within a
region between said first outwardly-bent extended continuous structure and said
second outwardly-bent extended continuous structure.

14. The micropatch antenna of claim 2, wherein said at least one set of
capacitive elements comprises:
a first straight series of localized structures along said first edge; and

a second straight series of localized structures along said second edge.

15. The micropatch antenna of claim 14, wherein:
said first edge is opposite said fifth edge; and

said second edge is opposite said sixth edge.

16. The micropatch antenna of claim 2, wherein said at least one set of
capacitive elements comprises:
a first straight series of localized structures along said fifth edge; and
a second straight series of localized structures along said sixth edge.

17. The micropatch antenna of claim 16, wherein:

said fifth edge is opposite said first edge; and
said sixth edge is opposite said second edge.‘
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18. The micropatch antenna of claim 2, wherein said at least one set of
capacitive elements comprises:
a first series of localized structures along said first edge;
a second series of localized structures along said second edge;
a third series of localized structures along said fifth edge; and

a fourth series of localized structures along said sixth edge.

19. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures;

said second series of localized structures is a second straight series of
localized structures;

said third series of localized structures is a third straight series of localized
structures;

said fourth series of localized structures is a fourth straight series of
localized structures;

said third straight series of localized structures and said fourth straight
series of localized structures are located at least in part within a region between
said first straight series of localized structures and said second straight series of
localized structures;

said third straight series of localized structures is aligned with said first
straight series of localized structures; and

said fourth straight series of localized structures is aligned with said
second straight series of localized structures.

20. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures; -

said second series of localized structures is a second straight series of
localized structures;
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said third series of localized structures is a third straight series of localized
~ structures;

said fourth series of localized structures is a fourth straight series of

localized structures;
| said first straight series of localized structures and said second straight

series of localized structures are located at least in part within a region between
said third straight series of localized structures and said fourth straight series of
localized structures;

said third straight series of localized structures is aligned with said first
straight series of localized structures; and

said fourth straight series of localized structures is aligned with said
second straight series of localized structures.

21. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures,;

said second series of localized structures is a second straight series of
localized structures;

said third series of localized structures is a third straight series of localized
structures;

said fourth series of localized structures is a fourth straight series of
localized structures;

said third straight series of localized structures and said fourth straight
series of localized structures are located at least in part within a region between
said first straight series of localized structures and said second straight series of
localized structures;

said third straight series of |6calized structures is displaced from said first
straight series of localized structures; and

said fourth straight series of localized structures is displaced from said |
second straight series of localized structures.
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22. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures; |

said second series of localized structures is a second straight series of
localized structures;

said third series of localized structures is a third straight series of localized
structures;

said fourth series of localized structures is a fourth straight series of
localized structures;

said first straight series of localized structures and said second straight
series of localized structures are located at least in part within a region between
said third straight series of localized structures and said fourth straight series of
localized structures;

said third straight series of localized structures is displaced from said first
straight series of localized structures; and

said fourth straight series of localized structures is displaced from said
second straight series of localized structures.

23. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures;

said second series of localized structures is a second straight series of
localized structures;

said third series of localized structures is a third straight series of localized
structures;

said fourth series of localized structures is a fourth straight series of
localized structures;

said first edge is opposite said fifth edge;

said second edge is opposite said sixth edge;
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said first straight series of localized structures and said third straight series
of localized structures are interdigitated; and

said second straight series of localized structures and said fourth straight
series of localized structures are interdigitated.

24. The microbatch antenna of claim 18, wherein:

said first series of localized structures is a first straight series of localized
structures;

said second series of localized structures is a second straight series of
localized structures;

said third series of localized structures is a first inwardly-bent series of
localized structures;

said fourth series of localized structures is a second inwardly-bent series
of localized structures; and

said first inwardly-bent series of localized structures and said second
inwardly-bent series of localized structures are located at least in part within a
region between said first straight series of localized structures and said second
straight series of localized structures.

25. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first inwardly-bent series of
localized structures;

said second series of localized structures is a second inwardly-bent series
of localized structures;

said third series of localized structures is a first straight series of localized
structures;

said fourth series of localized structures is a second straight series of
localized structures; and

said first inwardly-bent series of localized structures and said second
inwardly-bent series of localized structures are located at least in part within a
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region between said first straight series of localized structures and said second
straight series of localized structures.

26. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first outwardly-bent series of
localized structures;

said second series of localized structures is a second outwardly-bent
series of localized structures;

said third series of localized structures is a first straight series of localized
structures;

said fourth series of localized structures is a second straight series of
localized structures; and

said first straight series of localized structures and said second straight
series of localized structures are located at least in part within a region between
said first outwardly-bent series of localized structures and said second outwardly-
bent series of localized structures.

27. The micropatch antenna of claim 18, wherein:

said first series of localized structures is a first outwardly-bent series of
localized structures;

said second series of localized structures is a second outwardly-bent
series of localized structures;

said third series of localized structures is a first inwardly-bent series of
localized structures; A ‘

said fourth series of localized structures is a second inwardly-bent series
of localized structures; and

said first inwardly-bent series of localized structures and said second
inwardly-bent series of localized structures are located at least in part within a
region between said first outwardly-bent series of localized structures and said
second outwardly-bent series of localized structures.

39



WO 2009/073105 PCT/US2008/013071

28. The micropatch antenna of claim 2, wherein said at least one set of

capacitive elements comprises:

a first series of localized structures along said first edge;

a secdnd series of localized structures along said second edge;

a third series of localized structures along said third edge;

a fourth series of localized structures along said fourth edge;

a fifth series of localized structures along said fifth edge;

a sixth series of localized structures along said sixth edge;

a seventh series of localized structures along said seventh edge; and

an eighth series of localized structures along said eighth edge.

29. The micropatch antenna of claim 28, wherein:
said first series of localized structures comprises one of:
a first straight series of localized structures;
a first inwardly-bent series of localized structures; and
a first outwardly-bent series of localized structures;
said second series of localized structures comprises one of:
a second straight series of localized structures;
a second inwardly-bent series of localized structures; and
a second outwardly-bent series of localized structures;
said third series of localized structures comprises one of:
a third straight series of localized structures;
a third inwardly-bent series of localized structures; and
a third outwardly-bent series of localized structures;
said fourth series of localized structures comprises one of:
a fourth straight series of localized structures;
a fourth inwardly-bent series of localized structures; and
a fourth outwardly-bent series of localized structures;
said fifth series of localized structures comprises one of:
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a fifth straight series of localized structures;
a fifth inwardly-bent series of localized structures; and
a fifth outwardly-bent series of localized structures;
said SIxth series of localized structures comprises one of:
" asixth straight series of localized structures;
a sixth inwardly-bent series of localized structures; and
a sixth outwardly-bent series of localized structures;
said seventh series of localized structures comprises one of:
a seventh straight series of localized structures;
a seventh inwardly-bent series of localized structures; and
a seventh outwardly-bent series of localized structures;
and
said eighth series of localized structures comprises one of:
an eighth straight series of localized structures;
an eighth inwardly-bent series of localized structures; and
an eighth outwardly-bent series of localized structures.

30. The micropatch antenna of claim 1, wherein

said radiating element comprises a first circular region having a first
circumference; and

said ground plane comprises a second circular region having a second
circumference.

31. The micropatch antenna of claim 30, wherein said at least one set of
capacitive elements comprises:

a circular array of localized structures along said first circumference.
32. The micropatch antenna of claim 30, wherein said at least one set of

capacitive elements comprises:

a circular array of localized structures along said second circumference.
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33. The micropatch antenna of claim 30, wherein said at least one set of
capacitive elements comprises:
a first circular array of localized structures along said first circumference;
and
a second circular array of localized structures along said second
circumference.

34. A micropatch antenna comprising:

a radiating element having a perimeter,;

an oversize ground plane;

an air gap between said radiating element and said oversize ground
plane; and

at least one set of capacitive elements along said perimeter.

35. A micropatch antenna comprising:

a radiating element;

an oversize ground plane having a perimeter;

an air gap between said radiating element and said oversize ground
plane; and

at least one set of capacitive elements located within said perimeter.

36. A micropatch antenna comprising:

a radiating element having a first perimeter;

an oversize ground plane having a second perimeter;

an air gap between said radiating element and said oversize ground
plane; ‘

at least one set of capacitive elements along said first perimeter; and

at least one set of capacitive elements located within said second
perimeter. ' \
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37. A micropatch antenna comprising:

a radiating element having a first perimeter,;

a ground plane having a second perimeter;

an air gap between said radiating element and said ground plane;

at least one set of capacitive elements along at least one of said first
perimeter and said second perimeter; and

an auxiliary electronic assembly mounted on said radiating element.

38. The micropatch antenna of claim 37, wherein said auxiliary electronic
assembly comprises:
a printed circuit board; and

a low-noise amplifier.

39. A micropatch antenna comprising:

a first radiating element having a first perimeter;

a second radiating element having a second perimeter;

a ground plane having a third perimeter;

a first air gap between said first radiating element and said second
radiating element;

a second air gap between said second radiating element and said ground
plane; and

at least one set of capacitive elements along at least one of said first
perimeter, said second perimeter, and said third perimeter.

40. The micropatch antenna of claim 39, wherein said at least one set of
capacitive elements comprises at least one of:
a straight extended continuous structure;
an inwardly-bent extended continuous structure;
an outwardly-bent extended continuous structure;
a straight set of localized continuous structures;
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an inwardly-bent set of localized structures; and
an outwardly-bent set of localized structures.
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