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HIGH-POWERED WIDEBAND TAPERED SLOT ANTENNA
SYSTEMS AND METHODS

BACKGROUND
[0001] As is known in the art, high power microwave systems, such as those
capable of radiating at peak power levels of hundreds of megawatts or more, are
normally constructed around a single source of microwave power. In principle, such
sources can be used to power array antennas. A corporate feed network is needed
to divide and distribute power to each separate array element. However, high power
networks are usually constructed from waveguide, which can be heavy and occupy
significant volume within an array antenna. Furthermore, waveguide is dispersive
and can operate only over a limited bandwidth. It would, therefore, be desirable to
provide antenna elements and feeds capable of wideband operation with high power
signals. It would also be desirable to reduce the size and/or weight of an array

antenna.
SUMMARY

[0002] In accordance with one aspect of the concepts, systems and methods
described herein, a tapered slot antenna includes a first slot antenna element and a
second slot antenna element orthogonally disposed to and intersecting with the first
slot antenna element. A dielectric material is disposed over the pair of slot antenna
elements. Each slot antenna element is provided from a pair of generally fin-shaped
members with each fin-shaped member having a radio frequency (RF) signal port.
Each fin-shaped member can be fed from a different signal source to provide space
and weight savings within the tapered slot antenna.

[0003] With this particular arrangement, a tapered slot antenna capable of
operation at high RF powers and over a wide frequency bandwidth is provided. By
disposing a dielectric material about the pair of slot antenna elements, the power
levels at which electrical breakdown occurs between the fins of the slot antenna
elements is increased, thus making the tapered slot antenna suitable for use with
high power RF signals. The tapered slot antenna may be used to either transmit or

receive RF signals including high power RF signals. Stated differently, the tapered
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slot antenna may be used in either a receive path or a transmit path of an RF

system.

[0004] Since each fin-shaped member has an RF signal port, each slot antenna
element is provided having a pair of RF signal ports and thus each tapered slot
antenna is provided having four RF signal ports. In one embodiment, each RF signal

port is provided as an RF coaxial port.

[0005] Accordingly, when the tapered slot antenna is disposed in a transmit
signal path of an RF system, different RF signal sources may be coupled to different
ones of the RF signal ports of the tapered slot antenna. For example, a first RF
signal source may be coupled to a first two of the RF signal ports of the tapered slot
antenna and a second RF signal source may be coupled to a second two of the RF
signal ports of the tapered slot antenna. In this way, the first RF signal source
provides RF signals to a first two of the fin-shaped members which make up the
tapered slot antenna and the second RF signal source provides RF signals to a
second two of the fin-shaped members which make up the tapered slot antenna.
Thus, each fin-shaped member need not receive the same RF signal from the same
RF signal source (i.e. each fin-shaped member need not receive an RF signal

originated from a single, or even the same, RF signal source).

[00086] It should be appreciated that there are constraints on the signals feeding
various ones of the RF signal ports. Minimization of the reflected signal power at
each port requires that diagonally opposing ports be fed with signals of identical

frequency and 180 degrees out of phase.

[0007] For example, two diagonal pairs need not be driven at the same
frequency, however, so the tapered slot antenna can radiate two different
frequencies simultaneously. That is, if the two fins that comprise an antenna
element are fed with a relative phase of 180°, then the two antenna elements that
comprise a tapered slot pair can be driven at different frequencies within the

operating bandwidth of the tapered slot antenna.

[0008] In some embodiments, fin-shaped members positioned diagonally from
each other within the tapered slot antenna can be fed with RF signals having the
same frequency and 180° out of phase with respect to each other. Each pair of fin-

2
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shaped members positioned diagonally from each other within the tapered slot
antenna forms a slot antenna element. Thus, the tapered slot antenna can be
configured to radiate two different frequencies simultaneously by providing each slot
antenna element an RF signal at a different frequency within an operating bandwidth

of the tapered slot antenna.

[0009] For example, the tapered slot antenna may include two pairs of fin-
shaped members positioned diagonally from each other within the tapered slot
antenna (thus four fins) with each pair of diagonally positioned fin-shaped members
forming a slot antenna element. Each pair of fin-shaped members can be provided
RF signals having a relative phase of 180°. Thus, a first pair of fin-shaped members
can be provided RF signals having a first frequency and 180° out of phase with
respect to each other and a second pair of fin-shaped members can be provided RF
signals having a second frequency and 180° out of phase with respect to each other.
Thus, each slot antenna element within the tapered slot antenna can be provided an
RF signal at different frequencies within an operating bandwidth of the tapered slot

antenna.

[0010] It should, of course, be appreciated that while each RF signal port can be
driven by a separate RF signal source, proper operation (i.e., minimal reflected
power at each RF port) requires that the constraints regarding the RF signals
presented at each port in a diagonal pair (as discussed above) be satisfied. The
tapered slot antenna will not function at acceptable performance levels in most
applications if each RF port is driven by independent signals of arbitrary frequency

and/or phase.

[0011] For example, in an alternate embodiment, first, second, third, and fourth
different RF signal sources may be coupled to respective ones of first, second, third
and fourth RF signal ports of the tapered slot antenna. In such an embodiment, a
different RF signal source can provide signals to each of the different fin-shaped
members which make up the tapered slot antenna such that fin-shaped members
positioned diagonally from each other within the tapered slot antenna can be fed with
RF signals having the same frequency and 180° out of phase with respect to each
other. Thus, unique RF signals may be provided to each of the different fin-shaped

members and thus to each of the slot antenna elements. By adjusting the amplitude
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and phase of the signals provided to each of the different fin-shaped members, each
slot antenna element may radiate signals having any desired amplitude and phase

(i.e. the tapered slot antenna is provided having polarization diversity).

[0012] In one embodiment, each fin includes an individual coaxial feed input port.
The coaxial feed inputs may be coupled to a first ends of respective ones of
individual coaxial feeds lines (e.g. a coaxial cable). Second ends of the respective
coaxial feeds lines may be coupled to respective ones of output ports of different RF

signal sources.

[0013] In one embodiment, the signal sources may be provided as compact
coherent solid-state microwave sources capable of generating wideband pulses
having relatively high peak power levels. The coherent outputs of multiple solid-state
microwave sources can be used to drive the tapered slot antenna. Thus, the
structure described herein may result in significant size and weight savings

compared with prior art approaches.

[0014] Furthermore, the use of multiple signal sources to provide RF signals and
generate desired microwave power levels can reduce a peak power level presented
to individual antenna elements of the tapered slot antenna. This may increase the
peak power level with which the tapered slot antenna described herein can operate
above peak power levels achievable with prior art systems. In an embodiment, the
tapered slot antennas provided in accordance with the concepts described herein
are capable of operation in the ultra-high frequency (UHF) band and L-bands and
can radiate at peak power levels of tens of megawatts when each slot antenna
element is one-half wavelength on a side at the highest operating frequency. In
some embodiments, a peak power capacity can change (e.g., increase, decrease)
responsive to a change in frequency. For example, the peak power capacity
decreases with increasing frequency due to a decreasing size of the slot antenna
element (assuming each slot antenna element is one-half wavelength on a side at
the highest operating frequency).

[0015] In one embodiment, the dielectric is provided as a dielectric substrate
disposed at least between side-surfaces of at least some of the fin-shaped members.
In one embodiment, the dielectric is provided as a dielectric substrate disposed at

least between side-surfaces of each of the fin-shaped members. In one
4
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embodiment, the dielectric is provided as a dielectric substrate having openings
provided therein to accept one or more of the fin-shaped members (e.g., so as to
encapsulate the fin-shaped members). In one embodiment, a dielectric is provided
as a conformal coating disposed over the fin-shaped members. In short, the
dielectric material is selected having characteristics and shape which insulates those
regions of each antenna element at which may exist an electric field having an

electric field strength sufficient to initiate breakdown.

[00186] In one embodiment, a tapered slot antenna provided in accordance with
the concepts described herein is capable of operation over a frequency range of
about 750 MHz to about 1.25 GHz.

[0017] Concepts, systems and methods are provided herein for a high-powered
wideband tapered slot antenna that can be used in high-power and wideband
frequency operations. For example, and without limitation, in one embodiment, the
tapered slot antenna can be used for applications in the range of about 750 MHz to
about 1.25 GHz. The concepts described herein, however, may be used in tapered
slot antennas operating over any frequency range. In one embodiment, the tapered
slot antenna is provided from a pair of antenna elements and a dielectric material
disposed over the pair of antenna elements. In one embodiment, each of the
antenna elements include at least two generally fin-shaped members (hereinafter
“fins”) and a substrate disposed about each of the fins. Each fin includes an
individual coaxial feed input port. The coaxial feed inputs may be coupled to coaxial
feeds lines (e.g. a coaxial cable) such that each of the fins may be coupled to a
different signal source. With each fin coupled to a different coherent signal source,
each fin can receive power from a different source and thus receive unique input
signals. This allows each fin to radiate signals having a desired amplitude and

phase and thus the tapered slot antenna has polarization diversity.

[0018] In one embodiment, the signal sources may be provided as compact
coherent solid-state microwave sources capable of generating wideband pulses at
very high peak power levels. The coherent outputs of multiple solid-state microwave

sources can be used to drive the tapered slot antenna.

[0019] The use of multiple signal sources to generate desired microwave power

levels can reduce a peak power level presented to a power transmission/distribution
5
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network coupled to the tapered slot antenna. Thus, the structure described herein

may result in significant size and weight savings compared with prior art approaches.

[0020] The dielectric material disposed about each of the fins of the antenna
increases the magnitude of an electric field at which “breakdown” occurs. The
dielectric material may be provided as a substrate having a shape selected to
insulate those volumes of each antenna element where an electric field strength is
sufficient to initiate air breakdown. For example, at sufficiently high peak power
levels, the electric fields will ionize surrounding air, causing air breakdown. This
occurs at electric fields between 20 kV/cm and 30 kV/cm. The dielectric material
may have a dielectric strength that is greater than that of air (e.g., 200 kVV/cm or
higher compared to 20 - 30 kV/cm for air). The dielectric material can be applied to
the tapered slot antenna such that it fills cavities within the tapered slot antenna that
would otherwise comprise air. Thus, the dielectric material can protect the tapered
slot antenna against electric fields (e.g., between 20 kV/cm and 30 kV/cm) that can

ionize surrounding air.

[0021] In some embodiments, the dielectric material may encapsulate each of
the fins within the antenna elements and serve to reduce a vertical profile of the
antenna elements by reducing an effective wavelength within the dielectric material.
Thus, the tapered slot antenna is a wideband array element capable of radiating

wideband pulses of microwave radiation without electrical breakdown.

[0022] The tapered slot antenna may be provided from a pair of tapered slot
antenna elements, with each of the tapered slots antenna elements having two
independent coaxial feeds. The combination of two antennas and four feeds
facilitates polarization diversity. For example, by controlling a relative phase of one
or more of the four inputs, each element can be made to radiate horizontal or vertical
linear polarization, or right-hand or left-hand circular polarization. In some
embodiments, the polarization state can be changed substantially instantaneously
simply by modifying a relative input phase provided to one or more of the four

independent coaxial feeds.

[0023] The systems described herein may include one or more of the following

features independently or in combination with another feature.
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[0024] In accordance with a first aspect of the concepts, circuits, systems and
techniques described herein, an antenna system comprises a ground plane and a
first antenna element disposed over said ground plane. The first antenna element
comprises first and second fins spaced apart so as to provide a slot there between
and thereby form a first slot antenna element. Each of the first and second fins
having an input port and a shape selected such that the fin is responsive to
electromagnetic signals provided thereto. The antenna system further comprises a
second antenna element disposed over said ground plane. The second antenna
element comprising third and fourth fins, each of the third and fourth fins having an
input port and a shape selected such that the fin is responsive to electromagnetic
signals provided thereto. The first and second antenna elements are orthogonally
arranged with respect to each other such that a slot portion of each of the first and
second antenna elements intersect. The antenna system further comprises a first

substrate disposed about the first and second antenna elements.

[0025] The slot portion of the first antenna element is formed by a spacing
between the first and second fins and the slot portion of the second antenna element
is formed by a spacing between the third and fourth fins. In some embodiments, the

first and second antenna elements each comprise a tapered slot antenna.

[0026] Each of the first, second, third and fourth fins include a feed portion. The
feed portion comprises a circular transition from the feed portion to a radiating

portion of each of the first, second, third and fourth fins.

[0027] A second substrate may be disposed between each of the first, second,
third, and fourth fins and the ground plane. Each of the first, second, third, and fourth
fins comprise a feed slot and the second substrate is disposed in the feed slot. In
one illustrative embodiment, a length of the feed slot is approximately one quarter

wavelength at the center frequency.

[0028] In some embodiments, the input ports are coupled to coaxial transmission
lines. Each of the coaxial transmission lines includes an inner conductor that
extends through a hole formed in the ground plane and the second substrate. Each
of the first, second, third and fourth fins can be arranged to radiate at least one of
linear or circular polarization, based upon a relative phase applied to the respective

input ports through the coaxial transmission lines.
7
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[0029] In another aspect, an array of antenna elements comprises a ground
plane and a plurality of first antenna elements disposed over said ground plane.
Each of said first antenna element comprises first and second fins, each of the first
and second fins having an input port and a shape selected such that the fin is
responsive to electromagnetic signals provided thereto. The array further comprises
a plurality of second antenna element disposed over said ground plane. Each of
said second antenna element comprising third and fourth fins, each of the third and
fourth fins having an input port and a shape selected such that the fin is responsive
to electromagnetic signals provided thereto. In an embodiment, pairs of first and
second antenna elements are orthogonally arranged with respect to each other such
that a slot portion of each pair of the first and second antenna elements intersect.
The array further comprises a first substrate disposed about the plurality of first and

second antenna elements.

[0030] The pairs of first and second antenna elements can be organized in
regular spacing along a surface of the ground plane. The slot portion of the first
antenna element is formed by a spacing between the first and second fins and the
slot portion of the second antenna element is formed by a spacing between the third

and fourth fins.

[0031] Each of the first, second, third, and fourth fins include a feed portion. The
feed portion comprises a circular transition from the feed portion to a radiating
portion of each of the first, second, third, and fourth fins. A feed slot can be formed
between a bottom portion of each of the first, second, third, and fourth fins and the

ground plane, said feed slot having a second substrate disposed therein.

[0032] Each of the input ports can be coupled to an inner conductor of a coaxial
transmission line, and each of the inner conductors extends through holes formed in
the ground plane and the second substrate. The pairs of first and second antenna
elements can be arranged to radiate at least one of linear or circular polarization,
based upon a relative phase applied to the respective input ports through the coaxial

transmission lines.

[0033] The array may include a plurality of coaxial transmission lines with each
of the plurality of coaxial transmission lines having an inner conductor and an outer

conductor. Each inner conductor can be disposed through and spaced apart from
8
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the ground plane and coupled to a portion of at least one first, second, third or fourth
fin-shaped members and each outer conductor of the plurality of coaxial

transmission lines can be coupled to the ground plane.

[0034] In another aspect, a method for controlling a polarization of an antenna is
provided. The method comprises providing a first input signal to a first fin-shaped
member and a second input signal to a second fin-shaped member, each of said first
and second fin-shaped members arranged to form a first antenna element and
providing a third input signal to a third fin-shaped member and a fourth input signal to
a fourth fin-shaped member, each of said third and fourth fin-shaped members
arranged to form a second antenna element. The first and second antenna elements
are orthogonally arranged with respect to each other such that a slot portion of each
of the first and second antenna elements intersect and said first and second antenna
elements form a tapered slot antenna. The method further comprising modifying a
phase provided to at least one of the first, second, third or fourth input signals to
change a polarization of the tapered slot antenna such that the tapered slot antenna
radiates in at least one of a linear polarization or a circular polarization. It should be
appreciated that to realize polarization diversity (e.g., linear, circular) all four RF
inputs must receive RF signals having the same frequency. For example, each of
the first, second, third and fourth input signals may be provided at the same

frequency for polarization diversity.

[0035] The method may further comprise generating the circular polarization by
driving neighboring input ports of each of first, second, third, and fourth fin-shaped
members with input signals having a relative phase shift of 90°. In some
embodiments, the method further comprises generating at least one of a vertical
linear polarization or a horizontal linear polarization by driving neighboring input ports
of at least two of first, second, third and fourth fin-shaped members with input signals
having a relative phase of 180° with respect to the input signals provided to the other

two of first, second, third and fourth fin-shaped members.

[0036] In another aspect, an antenna system is provided having a ground plane
and a first antenna element disposed over the ground plane. The first antenna
element having first and second fin-shaped members disposed to form a first slot

antenna element. Each of the first and second fin-shaped members having an input

9
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port. The first and second fin-shaped members have a feed portion and a feed slot.
The feed portion includes a circular transition from the feed portion to a radiating
portion of each of the first and second fin shaped members. The feed slot is formed
between each of said first and second fin-shaped members and the ground plane. A
substrate can be disposed in the feed slot between the respective feed portions and

the ground plane.

[0037] In some embodiments, the antenna system further comprises a second
antenna element disposed over the ground plane. The second antenna element
having third and fourth fin-shaped members disposed to form a second slot antenna
element. Each of the third and fourth fin-shaped members having an input port. The
third and fourth fin-shaped members include the feed portion and the feed slot. The
feed portion having the circular transition from the feed portion to a radiating portion
of each of the third and fourth fin shaped members, and the feed slot is formed
between each of said third and fourth fin-shaped members and the ground plane.
The substrate may be disposed in the feed slot between the respective feed portions
and the ground plane. The first and second antenna elements can be orthogonally
arranged with respect to each other such that a slot portion of each of the first and

second antenna elements intersect.

[0038] It should be appreciated that elements of different embodiments described
herein may be combined to form other embodiments not specifically set forth above.
Various elements, which are described in the context of a single embodiment, may
also be provided separately or in suitable combination. Other embodiments, not

specifically described herein are also within the scope of the following claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The foregoing concepts and features may be more fully understood from
the following description of the drawings. The drawings aid in explaining and
understanding the disclosed technology. Since it is often impractical or impossible to
illustrate and describe every possible embodiment, the provided figures depict one or
more illustrative embodiments. Accordingly, the figures are not intended to limit the
scope of the concepts, systems and techniques described herein. Like numbers in

the figures denote like elements.

10
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[0040] FIG. 1 is an isometric view of a tapered slot antenna in the form of an

array unit cell.

[0041] FIG. 1A is a side view of a radiating fin of an antenna element having a

coaxial feed, a circular feed transition and an exponential taper.

[0042] FIG. 1B is a side view of a pair of radiating fins forming an antenna

element.

[0043] FIG. 1C is a top view of a tapered slot antenna in the form of an array unit

cell.

[0044] FIGs. 2-2C are bottom views of a tapered slot antenna in the form of an

array unit cell, illustrating input configurations for various radiated polarization states.
[0045] FIG. 3 is a view of an array of tapered slot antennas.
DETAILED DESCRIPTION

[0046] Now referring to FIGs. 1-1C, in which like elements are provided having
like reference designations throughout the several views, a tapered slot antenna 10
includes first and second antenna elements 12, 14. The first antenna element 12
includes first and second electrically conductive fin-shaped members (or more simply
“fins”) 12a, 12b spaced apart so as to form a first radiating slot 40a. Similarly, the
second antenna element 14 includes third and fourth electrically conductive fins 14a,
14b spaced apart so as to form a second radiating slot 40b. The first and second
antenna elements 12, 14 are orthogonally arranged with respect to each other and
intersect with the point of intersection corresponding to the first and second radiating
slots 40a, 40b.

[0047] A dielectric material 16 is disposed about first and second antenna
elements 12, 14. The dielectric material 16 encapsulates conductive fins 12a, 12b,
14a, 14b. The dielectric material 16 may be disposed such that it covers a unit cell
formed by first and second antenna elements 12, 14. In general, the dielectric
material 16 is provided having electrical characteristics and a shape selected so as
to occupy those regions of each antenna element 12, 14 at which may exist an

electric field having an electric field strength sufficient to initiate breakdown near or at

11
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conductive surfaces of the fins. It should be appreciated that a high electric field
could initiate breakdown in the air near a conductor surface without initiating an arc

between two conductors.

[0048] In the illustrative embodiment of Figs. 1-1C, for example, the dielectric
material is provided as a dielectric substrate 16 having a substantially square or
rectangular shape that is substantially the same size as the unit cell formed by first
and second antenna elements 12, 14. Substrate 16 is applied to or otherwise
disposed over first and second antenna elements 12, 14. In some embodiments, the
substrate 16 may be formed or otherwise disposed about fins 12a, 12b, 14a, 14b
such that first substrate 16 encases each of the first, second, third and fourth fins
12a, 12b, 143, 14b. An illustrative example of substrate 16 will be described in

greater detail below with respect to FIG. 1C.

[0049] The first and second antenna elements 12, 14 are disposed over a
surface 26a (here a first or top surface) of a ground plane 26 (Fig. 1A). A feed slot
24 (Fig. 1A) may be formed between a bottom portion of each of the first, second,
third and fourth fins 12a, 12b, 14a, 14b and ground plane 26. The feed slot 24 may
include a second substrate 25 (Fig. 1B) that separates a portion of each of the first,
second, third and fourth fins 12a, 12b, 14a, 14b and ground plane 26. For example,
second substrate 25 may be disposed over the surface 26a of ground plane 26 and
thus fill a space or cavity formed by feed slot 24 between the bottom portion of each
of the first, second, third and fourth fins 12a, 12b, 14a, 14b and ground plane 26.

[0050] Ground plane 26 and second substrate 25 may include one or more holes
23 to allow a connection between a coaxial transmission line 18 and each of first,
second, third and fourth fins 12a, 12b, 14a, 14b. For example, each of first, second,
third and fourth fins 12a, 12b, 14a, 14b include an individual input port 28a, 28b, 28c,
28d respectively. Each of the input ports 28a, 28b, 28c, 28d may be coupled to a
respective one of coaxial transmission lines 18a, 18b, 18c, 18d to provide an
individual feed to each of first, second, third and fourth fins 12a, 12b, 14a, 14b. In
some embodiments, the number of holes 23 formed in ground plane 26 and
substrate 25 corresponds to the number of fins 12a, 12b, 14a, 14b and thus, the
number of input ports 28a, 28b, 28c, 28d (here four).

12
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[0051] Coaxial transmission lines 18a, 18b, 18c, 18d may include an outer
conductor 21a, 21b, 21¢, 21d and an inner (or center) conductor 20a, 20b, 20c, 20d,
respectively. Outer conductors 21a, 21b, 21c, 21d may be in contact with ground
plane 26 and each of inner conductors 20a, 20b, 20c, 20d may extend through the
holes 23 formed in ground plane 26 and substrate 25 to electrically couple to a
respective one of input ports 28a, 28b, 28c, 28d. For example, and without
limitation, inner conductors 20a, 20b, 20c, 20d may couple to input ports 28a, 28b,
28c, 28d through a solder connection, a compression connection, or other

mechanical connection.

[0052] Now referring to FIG. 1A, fin 12a includes a taper 30, a feed portion 36
and a bottom portion 34. Feed portion 36 includes an input port 28 and a transition
32 that provides a transition from the feed portion 36 to taper 30. Transition 32 may
be a circular transition and taper 30 may be an exponential taper. In an
embodiment, fin 12a can be a singular representation of each one of fins 12a, 12b,
14a, 14b described above with respect to FIG. 1, thus each of fins 12a, 12b, 144,

14b may have the same or substantially similar properties and dimensions.

[0053] Fin 12a is disposed over ground plane 26. Second substrate 25 may be
disposed within a feed slot 24 formed between ground plane 26 and fin 12a. Feed
slot 24 can be formed under bottom portion 34 of fin 12a. In an embodiment, feed
slot 24 can be a cavity region formed between the bottom portion 34 and ground
plane 26. For example, and as illustrated in FIG. 1A, the bottom portion 34 of fin 12a
may include a first portion 34a that is coupled to ground plane 26, a second portion
34b that is substantially perpendicular to ground plane 26 and a third region 34c that
is parallel with ground plane 26 but disposed a distance equal to a length of second

portion 34b above ground plane 26.

[0054] Second substrate 25 can be disposed in feed slot 24 such that it fills the
cavity region formed by feed slot 24. For example, second substrate 25 can be
disposed over a top surface 26a of ground plane 26 and under bottom portion 34c.
Hole 23 can be formed in ground plane 26 and second substrate 25 to allow a

connection from coaxial transmission line 18 to input port 28 on fin 12a.

[0055] Coaxial transmission line 18 includes outer conductor 21 and inner

conductor 20. Inner conductor 20 can extend through hole 23 to couple with input
13
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port 28 on fin 12a. In some embodiments, a diameter of hole 23 formed in the
ground plane 26 and second substrate 25 can be equal to a diameter of an insulation
separating inner conductor 20 and outer conductor 21 within coaxial transmission
line 18. The insulation may include a dielectric material. The insulation may be the
same as first substrate 16 and/or second substrate 25. In some embodiments, the
insulation may be different from first substrate 16 and/or second substrate 25.
Coaxial transmission line 18 may provide an input signal (e.g., electromagnetic

signal) to fin 12a through inner conductor 20 and input port 28.

[0056] Input port 28 may be positioned at one end of bottom portion 34 such that
is it at a junction or a first end 24a of feed slot 24. The dimensions (e.g., length,
height) of feed slot 24 can be selected such that reflections from second portion 34b
at a second end 24b of feed slot 24 are in phase with the input signal provided at
input port 28. For example, the input signal can be received at input port 28. A first
portion of the input signal may travel along taper 30 and a second portion may travel
through feed slot 24. The second portion of input signal can travel through substrate
25 filling feed slot 24, reflect off a surface of second portion 34b, travel back through
substrate 25 and return in phase with another input signal provided at input port 28.
Thus, the returning second portion of the input signal can add in phase with a
subsequent different input signal provided at input port 28. In some embodiments, a
length of feed slot 24 is approximately equal to one quarter wavelength of a center

operation frequency.

[0057] A shape of fin 12a may be selected such that fin 12a is responsive to
electromagnetic signals provided at input port 30. For example, taper 30 may be an
exponential taper. A slope of taper 30 can be represented by the following equation:

X =X+ A(eP# %) — 1)
[0058] in which:

[0059] Xo, Zo are the coordinates of a point occurring at a junction between taper
30 and transition 32.
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[0060] A represents an amplitude of the exponential taper in units of length. It
should be appreciated that the amplitude can be selected such that it yields a

desired width of the tapered slot at the aperture.
[0061] b represents the growth rate in units of (length)-!.

[0062] Transition 32 has a radius R and has a center at a point (Xc, Zc) where:

R
Xe=Xo+ ——
T Vi a2
Ze =Zy+ AbR
T Vit a2
[0063] In an embodiment, a smooth transition (here circular) from transition 32 to

taper 30 prevents reflections and/or high peak fields values that might occur
otherwise. Thus, both the value and slope of the equations above defining the

transition 32 and taper 30 can be continuous at the junction (X0, Z0).

[0064] Fin 12a may be spaced across (e.g., diagonally) from a second fin to form
the first antenna element having a pair of generally diagonal fin-shaped members.
For example, and referring to FIG. 1B, which illustrates first and second fins 12a, 12b
without third and fourth fins 14a, 14b. In FIG. 1B, first and second fins 12a, 12b of
first antenna element 12 are spaced generally diagonally at a predetermined
distance from each other and a slot 40 is formed between them. In some
embodiments, first and second fins 12a, 12b are spaced such that they are not in

contact and are separated by a distance equal to slot 40.

[0065] First substrate 16 may be disposed over first and second fins 12a, 12b
(e.g., encasing them) and over slot 40. In an embodiment, breakdown-free operation
at high peak power levels can be facilitated by encapsulating high-field regions in
insulating material, here substrate 16. In some embodiments, first substrate 16 may
be used to fill slot 40 and be disposed over first and second fins 12a, 12b. In other
embodiments, a different substrate material may be used to fill slot 40 from the

substrate material that is disposed over first and second fins 12a, 12b.

[0066] First and second fins 12a, 12b of first antenna element 12 may be

grouped with third and fourth fins 14a, 14b of second antenna element 14 to form a
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unit cell 19. First and second antenna element 12, 14 may be disposed within unit
cell 19 such that they crisscross unit cell 19. For example, and now referring to FIG.
1C, a top view of tapered slot antenna 10 illustrates first and second antenna
elements 12, 14 arranged such that they are orthogonal with respect to each other
and their respective radiating slots 40 intersect within unit cell 19. First substrate 16
is disposed over each of first, second, third and fourth fins 12a, 12b, 14a, 14b and
slot 40.

[0067] First substrate 16 may be used to replace air (i.e., physically occupy
space which were previously air-filled) in high field regions within tapered slot
antenna 10. That is, the substrate simply replaces air in high-peak field regions with
a material having a greater dielectric strength. For example, first substrate 16 may
have a dielectric strength that is greater than that of air (e.g., 200 kV/cm or higher
compared to 20 - 30 kV/cm for air). First substrate 16 can be applied to tapered slot
antenna 10 such that it fills cavities within tapered slot antenna 10 that would
otherwise be air-filled. For example, the electromagnetic fields provided at each of
the input ports 28a, 28b, 28c, 28d can ionize when exposed to air and interfere with
the operation of tapered slot antenna 10. Thus, first substrate 16 may confine fields
having the potential for causing air breakdown within the first substrate 16. In some
embodiments, first substrate 16 may have a dielectric strength (i.e., a maximum
voltage required to produce a dielectric breakdown through substrate 16, measured

in Volts per unit thickness) that is higher than that of air.

[0068] First substrate 16 may be formed or otherwise disposed about the first
and second antenna elements 12, 14 such that first substrate 16 encases each of
the first, second, third and fourth fins 12a, 12b, 14a, 14b and slot 40. For example,
first substrate 16 may be applied directly to each of the first, second, third and fourth
fins 12a, 12b, 14a, 14b to form a layer over each of the respective fins 12a, 12b,
14a, 14b. Slot 40 may be filled with first substrate 16. Cavities 17a, 17b, 17¢, 17d
(e.g., voids and/or chambers of open air) may be formed between each of the first,
second, third and fourth fins 12a, 12b, 14a, 14b. In an embodiment, cavities 17a,
17b, 17¢, 17d may be formed from regions within unit cell 19 where first substrate 16
is not disposed. Thus, a shape of the first substrate 16 may be the same as or
substantially similar to the shape of the arrangement of first, second, third and fourth

fins 12a, 12b, 14a, 14b (here an X-shape).
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[0069] First substrate 16 and/or second substrate 25 may include a dielectric
material. For example, and without limitation, first substrate 16 and/or second
substrate 25 may be provided from one or a combination of materials including, but
not limited to: high-density polyethylene (HDPE), polypropylene,
polytetrafluoroethylene (PTFE) (e.g, Teflon), cyanate-ester resin (which is low loss
and may be convenient because it is a low-viscosity liquid prior to curing and can be
easily poured into a mold, other similar materials may also be used). In some
embodiments, the first and second substrates 16, 25 may be provided as the same
materials. In some embodiments, the first and second substrates 16, 25 may be
different materials.

[0070] In some embodiments, each of fins 12a, 12b, 14a, 14b may be formed
from a high-conductivity metal. For example, each of fins 12a, 12b, 14a, 14b may
include aluminum. In some embodiments, each of fins 12a, 12b, 14a, 14b fins can
be fabricated from polymers using an injection molding process. If it is critical for a
particular application that a weight of tapered slot antenna 10 is minimized, each of
fins 12a, 12b, 14a, 14b can be fabricated from any suitable lightweight material and
then coated with a layer having high electrical conductivity. For example, in
embodiments having polymer, each of fins 12a, 12b, 14a, 14b may be plated with a
high-conductive material such as but not limited to aluminum, copper, gold, or silver.
In an embodiment, a suitable lightweight material can be one having suitable

mechanical properties, such as density, tensile strength, etc.

[0071] In some embodiments, each of fins 12a, 12b, 14a, 14b fins may be
fabricated using an additive manufacturing technique such as Selective Laser
Sintering (SLS) from high-strength polymers such as carbon-loaded nylon (e.g.,
Nytek 1200 CF), polyether ether ketone (PEEK), or polyetherketoneketone (PEKK).
It should be appreciated that the dimensions and properties of tapered slot antenna
10 and each of first and second antenna elements 12, 14, and fins 12a, 12b, 14a,

14b can be scaled accordingly to meet requirements of a particular application.

[0072] The dimensions of unit cell 19 can be scaled accordingly to meet
requirements of a particular application. For example, in one embodiment, a width
and/or length of unit cell 19 may be one-half a wavelength of a highest operating

frequency of tapered slot antenna 10.
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[0073] Now referring to FIGs. 2-2C, in which like elements are provided having
like reference designations throughout the several views, an antenna system 50
includes first, second, third, and fourth fins 52a, 52b, 54a, 54b respectively. |In an
embodiment, first and second fins 52a, 52b form a first tapered slot antenna element
and third and fourth fins 54a, 54b form a second tapered slot antenna element. First,
second, third, and fourth fins 52a, 52b, 54a, 54b are arranged such that first and
second tapered slot antenna elements are orthogonal to each other. Thus, a

radiating slot 56 of each first and second tapered slot antenna elements intersect.

[0074] Each of first, second, third, and fourth fins 52a, 52b, 54a, 54b include an
individual input port 58a, 58b, 58c, 58d, respectively. Input ports 58a, 58b, 58c, 58d
can be coupled to a coaxial transmission line to receive an input signal. In an
embodiment, antenna system 50 may be configured as a power combiner as it can
combine a power received from each input signal. Each of the input signals can be
coherent and thus have the same frequency. In some embodiments, the input

signals may be radio-frequency (RF) signals.

[0075] A phase of the input signal applied to each of first, second, third, and
fourth fins 52a, 52b, 54a, 54b can be controlled to modify a polarization of antenna
system 50. Thus, in some embodiments, antenna system 50 includes up to four
different inputs to provide for polarization diversity capability. For example, antenna
system 50 can be configured for at least one of horizontal linear polarization, vertical
linear polarization, left-hand circular polarization or right-hand circular polarization.
The radiated polarization is determined by the phases applied to each of the inputs,

which are equal in amplitude.

[0076] For example, and as illustrated in FIG. 2, antenna system 50 can be
configured for vertical linear polarization when the input signal provided to third and
fourth input ports 58c, 58d are in phase and the input signals provided to first and
second input ports 58a, 58b have relative phases of 180° with respect to the input

signals provided to third and fourth input ports 58c, 58d.

[0077] In FIG. 2A, horizontal linear polarization can be realized by driving first
and fourth input ports 58a, 58d in phase while driving second and third input ports
58b, 58c with 180° relative phase shifts. For example, antenna system 50 can be

configured for horizontal linear polarization when the input signal provided to first and
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fourth input ports 58a, 58d are in phase and the input signals provided to second and
third input ports 58b, 58c have relative phases of 180° with respect to the input
signal provided to first and fourth input ports 58a, 58d. It should be appreciated that
a realized polarization of the antenna system 50 depends at least in part on the
orientation of the phase distribution between each of the input ports 58a, 58b, 58c,

58d relative to the direction of the polarization.

[0078] Circular polarization can be realized by driving neighboring input ports
with a relative phase shift of 90°. For example, and as illustrated in FIG. 2B, antenna
system 50 can be configured for right-hand circular polarization when the input signal
provided to fourth input port 58d is in phase (e.g., 0°), the input signal provided to
third input port 58c has a relative phase of 90° with respect to the input signal
provided to fourth input port 58d, the input signal provided to second input port 58b
has a relative phase of 180° with respect to the input signal provided to fourth input
port 58d, and the input signal provided to first input port 58a has a relative phase of
270° with respect to the input signal provided to fourth input port 58d.

[0079] Now referring to FIG. 2C, antenna system 50 can be configured for left-
hand circular polarization when the input signal provided to fourth input port 58d is in
phase (e.g., 0°), the input signal provided to first input port 58a has a relative phase
of 90° with respect to the input signal provided to fourth input port 58d, the input
signal provided to second input port 58b has a relative phase of 180° with respect to
the input signal provided to fourth input port 58d, and the input signal provided to
third input port 58c has a relative phase of 270° with respect to the input signal
provided to fourth input port 58d. It should be appreciated that FIGs. 2B-2C illustrate
exemplary embodiments, and that first, second, third and fourth ports 58a, 58b, 58c,
58d can be driven by input signals having different phase shifts from those discussed
above as along as neighboring input ports within a tapered slot antenna are driven

with a relative phase shift of 90° with respect to each other.

[0080] In an embodiment, an active impedance match can be established
between each of input ports 58a, 58b, 58c, 58d. For example, the active impedance
match does not change as a phase of an input signal provided to one or more of first,
second third and fourth fins 52a, 52b, 54a, 54b changes when fin-shaped members
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positioned diagonally from each other are fed with RF signals having the same

frequency and 180° out of phase with respect to each other.

[0081] Now referring to FIG. 3, an array antenna system 70 includes a ground
plane 72 and a plurality of first and second antenna elements 76, 78 coupled to a
first surface 72a of ground plane 72. Each first antenna element 76 includes a first
fin 76a and a second fin 76b and a first radiating slot is formed by a spacing between
the first and second fins 76a, 76b. Each second antenna element 78 includes a third
fin 78a and a fourth fin 78b and second radiating slot is formed by a spacing
between the third and fourth fins 78a, 78b.

[0082] In an embodiment, each pair of first and second antenna elements 76, 78
may be the same as or substantially similar to tapered slot antenna 10 described
above with respect to FIGs. 1-1C and antenna system 50 described above with
respect to FIGs. 2-2C. Thus, each of first and second antenna elements 76, 78 may
be the same as or substantially similar to first and second antenna elements 12, 14
described above with respect to FIG. 1. Each of first, second, third, and fourth fins
76a, 76b, 78a, 78b may be the same as or substantially similar to each of first,
second, third, and fourth fins 12a, 12b, 14a, 14b described above with respect to
FIG. 1 and each of first, second third and fourth fins 52a, 52b, 54a, 54b described
above with respect to FIGs. 2-2C. Thus, array 70 may include a plurality of tapered
slot antennas, such as tapered slot antenna 10 described above with respect to FIG.
1-1C. Or a plurality of antenna systems, such as antenna system 50 described

above with respect to FIGs. 2-2C.

[0083] For example, array 70 includes a plurality of pairs of first and second
antenna elements 76, 78 orthogonally arranged with respect to each other such that
their respective radiating slots intersect. Each pair of first and second antenna
elements 76, 78 provides at least part of a unit cell and the array is made up of a
plurality of unit cells 74a-74n within array 70. Unit cells 74a-74n may be organized in
a regular spacing along the first surface 72a of ground plane 72, thus a plurality of
pairs of first and second antenna elements 76, 78 are organized in a regular spacing

along the first surface 72a of ground plane 72.

[0084] A first substrate 82 is disposed about the plurality of first and second

antenna elements 76, 78 and their respective slots. How first substrate 82 is
20



WO 2018/106296 PCT/US2017/048371

disposed about array 70 may be determined based at least in part on a weight
requirement of array 70. For example, in some embodiments, first substrate 82 may
encase each fin of the plurality of pairs of first and second antenna elements 76, 78.
First substrate 82 may fill or otherwise cover each radiating slot within array 70.
Thus, first substrate 82 may be disposed such that cavities 88 may be formed
between each of the first, second, third and fourth fins 12a, 12b, 14a, 14b within
array 70. In some embodiments, first substrate 82 may be disposed such that it
covers array 70 (e.g., no cavities are formed). In an embodiment, array 70 having
cavities 88 formed may have a lower overall weight than an array having first

substrate 82 disposed such that it covers array 70.

[0085] The plurality of pairs of first and second antenna elements 76, 78 are
disposed over a surface 72a (here top) of a ground plane 72. A feed slot 86 may be
formed between a bottom portion of each of the first, second, third and fourth fins
76a, 76b, 78a, 78b in each pair of first and second antenna elements 76, 78 and
ground plane 72. The feed slot 86 may include a second substrate 84 that separates
the bottom portion of each of the first, second, third and fourth fins 76a, 76b, 78a,
78b and ground plane 72. For example, the second substrate 84 may be disposed
over the surface 72a of ground plane 72 and thus fill a cavity formed by feed slot 86
between the bottom portion of each of the first, second, third and fourth fins 76a,
76b, 78a, 78b and ground plane 72.

[0086] Within array 70, each first, second, third, and fourth fins 76a, 76b, 78a,
78b includes an individual input port 80. Thus, each until cell 72 in array 70 can be
provided up to four separate input signals with relationships as described above. For
example, it should be appreciated however that fins positioned diagonally from each
other within each unit cell 72 can be fed with RF signals having the same frequency
and 180° out of phase with respect to each other. For example, first and second fins
76a, 76b form the first antenna element 76 and third and fourth fins 78a, 78b form
the second antenna element 78. Thus, first and second fins 76a, 76b can be
provided RF signals having a first frequency and 180° out of phase with respect to
each other and third and fourth fins 78a, 78b can be provided RF signals having a
second frequency and 180° out of phase with respect to each other. Thus, each unit

cell 72 can be configured to radiate two different frequencies simultaneously by
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providing each of first and second antenna elements 76, 78 an RF signal at a

different frequency within an operating bandwidth of array 70.

[0087] The different input ports 80 allows for polarization diversity across array
70. For example, each of the plurality of pairs of first and second antenna elements
76, 78 can be configured for at least one of horizontal linear polarization, vertical
linear polarization, left-hand circular polarization or right-hand circular polarization.
In an embodiment, a phase of the input signal applied to each of first, second third
and fourth fins 76a, 76b, 78a, 78b within each pair of first and second antenna
elements 76, 78 can be controlled to modify a polarization of the respective pair of

first and second antenna elements 76, 78.

[0088] In an embodiment, an active impedance match can be established
between each input port 80 to first, second third and fourth fins 76a, 76b, 78a, 78b
within each pair of first and second antenna elements 76, 78. The active impedance
match does not change as a phase of an input signal provided to one or more of first,
second third and fourth fins 76a, 76b, 78a, 78b changes when fin-shaped members
positioned diagonally from each other are fed with RF signals having the same
frequency and 180° out of phase with respect to each other. Thus, in an
embodiment, array 70 achieves an active impedance match at each input port 80

over an entire operating bandwidth.

[0089] Active S-parameters at each input port 80 can be unaffected by changes

in the relative phases required to realize the different radiated polarizations. In some
embodiments, the properties and/or dimensions of each first, second third and fourth
fins 76a, 76b, 78a, 78b within each pair of first and second antenna elements 76, 78
in array 70 can be selected based at least in part of desired active S-parameter

performance.

[0090] It should be appreciated that the active impedance match discussed
above may refer to embodiments involving broadside beam steering (i.e., where the
direction of the beam is normal to the array). For example, this may result when all
the beam steering phases are set to zero. Thus, when the beam is steered, mutual
coupling between neighboring array elements can cause the active impedance
match to degrade (gradually, not abruptly). A person of ordinary skill in the art will

appreciate that the active impedance may degrade as the beam is steered away
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from the broadside direction, and that this degradation may limit the maximum beam

steering angles.

[0091] In some embodiments, the gain of array 70 may perform within pre-
determined limits. For example, the co and cross-polarized gain patterns of array 70
may be the same as or substantially similar to a uniform aperture having the same
dimensions as array of 70. Array 70 may demonstrate polarization purity, which
refers to the difference between co and cross-polarized gain. For example, in one
embodiment, the boresight co-polarized gain can exceed that of the cross-polarized
component of array 70 by a significant amount (e.g.,30 dB or more) at all operating

frequencies.

[0092] Array 70 can be a phased array formed using a plurality of unit cells 72
arranged in rows and columns, for example, with each unit cell 72 including a
tapered slot antenna. The phased array can generate a beam that can be steered
by applying progressive phase shifts across the rows and columns of unit cells 72
within array 70. The beam steering phases can be independent of phase changes
needed to implement polarization diversity (e.q., polarization diversity as discussed
above with respect to FIGs. 2-2C).

[0093] In some embodiments, a change in a phase for a particular array element
in a unit cell 72 (e.q., a tapered slot antenna) can be common to all four inputs of the
respective unit cell 72. Thus, the change in the phase can be common to an input
signal provided to each of first, second third and fourth fins 76a, 76b, 78a, 78b
forming the respective unit cell 72.

[0094] For example, in one embodiment, a unit cell 72 in row m and column n of
an M x N array 70 can have an input for each of first, second, third, and fourth fins
76a, 76b, 78a, 78b. The inputs can be numbered 1-4, for each of first, second, third,
and fourth fins 76a, 76b, 78a, 78b, respectively. The phase changes to set a desired
polarization applied to each of first, second, third, and fourth fins 76a, 76b, 78a, 78b
can be denoted by 61(m,n), 62(m,n), 63(m,n), and 64(m,n), respectively. Thus, to
steer the beam (e.g., in azimuth and elevation) generated by array 70, an additional
phase is required, one that is common to all four inputs of the (m,n)t" unit cell 72,

such that the total phases applied to the four inputs are as follows:
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©1(m,n) = 61(m,n) + (m,n),
©®2(m,n) = 62(m,n) + ®(m,n),
©3(m,n) = 63(m,n) + ©(m,n),
®4(m,n) = B4(m,n) + ®(m,n),

[0095] Where ®(m,n) is the beam-steering phases, which is a function of the
frequency, the array element spacing, and the beam-steering direction. Thus, each
of first, second, third, and fourth fins 76a, 76b, 78a, 78b can receive the same beam-

steering phase, ®(m,n).

[0096] A number of embodiments of the disclosure have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the disclosure. Elements of different
embodiments described herein may be combined to form other embodiments not
specifically set forth above. Other embodiments not specifically described herein are

also within the scope of the following claims.
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What is Claimed:
1. An antenna comprising:
a ground plane;

a first antenna element disposed over said ground plane, said first antenna
element comprising first and second fin-shaped members disposed to form a first
slot antenna element, each of the first and second fin-shaped members having an

input port;

a second antenna element disposed over said ground plane, said second
antenna element comprising third and fourth fin-shaped members disposed to form a
second slot antenna element, each of the third and fourth fin-shaped members

having an input port; and

said first and second antenna elements orthogonally arranged with respect to
each other such that a slot portion of each of the first and second antenna elements

intersect.

2. The antenna of claim 1, further comprising a dielectric material disposed

about the first and second antenna elements.

3. The antenna of claim 1, wherein the first and second antenna elements are

each provided as a tapered slot antenna.

4. The antenna of claim 1, wherein each of the first, second, third and fourth fins

include a feed portion.

5. The antenna of claim 4, wherein the feed portion comprises a circular
transition from the feed portion to a radiating portion of each of the first, second, third

and fourth fins.

6. The antenna of claim 1, further comprising a second substrate disposed

between each of the first, second, third, and fourth fins and the ground plane.

7. The antenna of claim 6, wherein each of the first, second, third, and fourth fins

comprise a feed slot and the second substrate is disposed in the feed slot.
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8. The antenna of claim 7, wherein a length of the feed slot is approximately

equal to one quarter wavelength at a center frequency.

9. The antenna of claim 6, wherein the input ports are coupled to coaxial

transmission lines.

10. The antenna of claim 9, wherein each of the coaxial transmission lines
includes an inner conductor that extends through a hole formed in the ground plane

and the second substrate.

11.  The antenna of claim 8, wherein each of the each of the first, second, third
and fourth fins are arranged to radiate at least one of linear or circular polarization,
based upon a relative phase applied to the respective input ports through the coaxial

transmission lines.
12.  An array antenna comprising:
a ground plane;

a plurality of first antenna elements disposed over said ground plane, each of
said first antenna elements disposed to form a first slot antenna element comprising
first and second fin-shaped members, each of the first and second fins having an

input port; and

a plurality of second antenna elements disposed over said ground plane, each
of said second antenna elements disposed to form a second slot antenna element

comprising third and fourth fins, each of the third and fourth fins having an input port;

wherein the first and second slot antenna elements are orthogonally arranged
with respect to each other such that a slot portion of each slot antenna element
intersects.

13.  The array of claim 12, further comprising a dielectric material disposed about

the first and second slot antenna elements.

14.  The array of claim 12, wherein the pairs of first and second slot antenna

elements are disposed in a regular spacing along a surface of the ground plane.
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15.  The array of claim 12, wherein the slot portion of the first antenna element is
formed by a spacing between the first and second fins and the slot portion of the

second antenna element is formed by a spacing between the third and fourth fins.

16.  The array of claim 12, wherein each of the first, second, third and fourth fins

include a feed portion.

17.  The array of claim 16, wherein the feed portion comprises a circular transition
from the feed portion to a radiating portion of each of the first, second, third and
fourth fins.

18. The array of claim 17, further comprising a feed slot formed between a bottom
portion of each of the first, second, third, and fourth fins and a surface of said ground

plane, said feed slot having a second substrate disposed therein.

19.  The array of claim 18, further comprising a plurality of coaxial transmission
lines, each of the plurality of coaxial transmission lines having an inner conductor
and an outer conductor and wherein each inner conductor is disposed through and
spaced apart from said ground plane and coupled to a portion of at least one first,
second, third or fourth fin-shaped members and each outer conductor of said

plurality of coaxial transmission lines is coupled to said ground plane.
20. A method for controlling a polarization of an antenna, the method comprising:

providing a first input signal to a first fin-shaped member and a second input
signal to a second fin-shaped member, each of said first and second fin-shaped

members arranged to form a first antenna element;

providing a third input signal to a third fin-shaped member and a fourth input
signal to a fourth fin-shaped member, each of said third and fourth fin-shaped
members arranged to form a second antenna element; said first and second antenna
elements orthogonally arranged with respect to each other such that a slot portion of
each of the first and second antenna elements intersect and said first and second

antenna elements form a tapered slot antenna; and

modifying a phase provided to at least one of the first, second, third or fourth

input signals to change a polarization of the tapered slot antenna such that the
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tapered slot antenna radiates in at least one of a linear polarization or a circular
polarization.

21.  The method of claim 20, further comprising generating the circular polarization
by driving neighboring input ports of each of first, second, third and fourth fin-shaped

members with input signals having a relative phase shift of 90°.

22.  The method of claim 20, further comprising generating at least one of a
vertical linear polarization or a horizontal linear polarization by driving neighboring
input ports of at least two of first, second, third and fourth fin-shaped members with
input signals having a relative phase of 180° with respect to the input signals

provided to the other two of first, second, third and fourth fin-shaped members.
23.  The method of claim 20, further comprising:

providing the first and second input signal at a first frequency and 180° out of
phase with respect to each other; and

providing the third and fourth input signals at a second frequency and 180°
out of phase with respect to each other such that the tapered slot antenna is

configured to operate at the first and second frequencies.
24.  An antenna comprising:
a ground plane;

a first antenna element disposed over said ground plane, said first antenna
element comprising first and second fin-shaped members disposed to form a first
slot antenna element, each of the first and second fin-shaped members having an

input port;

said first and second fin-shaped members having a feed portion and a feed
slot, said feed portion comprising a circular transition from the feed portion to a
radiating portion of each of the first and second fin shaped members, and said feed
slot is formed between each of said first and second fin-shaped members and the

ground plane; and

28



WO 2018/106296 PCT/US2017/048371

a substrate disposed in the feed slot between the respective feed portions and

the ground plane.

25.  The antenna of claim 24, further comprising a second antenna element
disposed over said ground plane, said second antenna element comprising third and
fourth fin-shaped members disposed to form a second slot antenna element, each of

the third and fourth fin-shaped members having an input port.

said third and fourth fin-shaped members having the feed portion and the feed
slot, said feed portion comprising the circular transition from the feed portion to a
radiating portion of each of the third and fourth fin shaped members, and said feed
slot is formed between each of said third and fourth fin-shaped members and the

ground plane; and

the substrate disposed in the feed slot between the respective feed portions

and the ground plane.

26. The antenna of claim 25, further comprising arranging said first and second
antenna elements orthogonally with respect to each other such that a slot portion of

each of the first and second antenna elements intersect.
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