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(57) Abstract: A switchable patch antenna comprises a planar conductor having an aperture (hole) formed in the middle of the planar
conductor. Radiation of a sinusoidal signal is controlled by comparison of separate impedance values for two components that have
separate impedance values. Each of the two components have one end coupled together at the terminal positioned at a center of the
aperture and their other ends separately coupled to opposing edges of the aperture. A sinusoidal signal source is also coupled to the
terminal positioned at the aperture's center. Further, when the impedance values of both components are substantially equivalent, radi-
ation by the antenna of the provided signal and/or mutual coupling of other signals is disabled. Also, when an impedance value of one
of the two components is substantially greater than the other impedance value of the other component, the provided signal is radiated

and/or mutual coupling is enabled.
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SWITCHABLE PATCH ANTENNA
TECHNICAL FIELD

This antenna relates to a patch antenna, and in particular a patch antenna that is
switchable to turn off radiation of sinusoidal signals suitable, but not exclusively, for

telecommunication.
BACKGROUND

Patch (or microstrip) antennas typically include a flat metal sheet mounted over a larger
metal ground plane. The flat metal sheet usually has a rectangular shape, and the metal layers are
generally separated using a dielectric spacer. The flat metal sheet has a length and a width that
can be optimized to provide a desired input impedance and frequency response. Patch antennas
can be configured to provide linear or circular polarization. Patch antennas are popular because
of their simple design, low profile, light weight, and low cost. An exemplary patch antenna is

shown in Figures 1A and 1B.

Additionally, multiple patch antennas on the same printed circuit board may be employed
by high gain array antennas, phased array antennas, or holographic metasurface antennas
(HMA), in which a beam of radiated waveforms for a radio frequency (RF) signal or microwave
frequency signal may be electronically shaped and/or steered by large arrays of antennas. An
exemplary HMA antenna and a beam of radiated waveforms is shown in Figures 1C and 1D.
Historically, the individual antennas are located closely together to shape and steer a beam of
radiated waveforms for a provided sinusoidal signal. Unfortunately, signals may be mutually
coupled between the antennas because of their close proximity to each other. Improved designs
are constantly sought to improve performance and further reduce cost. In view of at least these

considerations, the novel inventions disclosed herein were created.

It is desired to address or alleviate one or more disadvantages or limitations of the prior
art, or to at least provide a useful alternative.
SUMMARY

One or more embodiments of the present invention an apparatus, comprising: an antenna

including: a planar conductor, wherein an aperture is formed in a middle portion of the planar
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conductor; a first component that is coupled between a terminal located at a center of the
aperture and a first terminal located at an edge of the aperture, wherein the first component
provides a first impedance value; a second component that is coupled between the center
terminal and a second terminal located at an opposing edge of the aperture, wherein the second
component provides a second impedance value; and a signal source that is configured to provide
a sinusoidal signal and is coupled to the center terminal, wherein when the first impedance value
is equal to the second impedance value, the sinusoidal signal is non-radiated by the antenna, and
wherein when the first impedance value or the second impedance value is greater than each

other, the sinusoidal signal is radiated by the antenna.

One or more embodiments of the present invention comprise a method for controlling
radiation of a sinusoidal signal, comprising: providing an antenna that includes a planar
conductor, wherein an aperture is formed in a middle portion of the planar conductor; providing
a first component that is coupled between a terminal located at a center of the aperture and a first
terminal located at an edge of the aperture, wherein the first component provides a first
impedance value; providing a second component that is coupled between the center terminal and
a second terminal located at an opposing edge of the aperture, wherein the second component
provides a second impedance value; and providing a signal source that provides a sinusoidal
signal and is coupled to the center terminal, wherein when the first impedance value is equal to
the second impedance value, the sinusoidal signal is non-radiated by the antenna, and wherein
when the first impedance value or the second impedance value is greater than each other, the

sinusoidal signal is radiated by the antenna.
BRIEF DESCRIPTION OF THE DRAWINGS
One or more embodiments of the present invention are hereinafter described, by way of

example only, with reference to the accompanying drawings in which:

FIGURE 1A illustrates an embodiment of a schematic side view of a patch antenna that

is known in the prior art;

FIGURE 1B shows an embodiment of a schematic top view of a patch antenna that is

known in the prior art;
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FIGURE 1C shows an embodiment of an exemplary surface scattering antenna with
multiple varactor elements arranged to propagate electromagnetic waveforms to form an

exemplary instance of Holographic Metasurface Antennas (HMA);

FIGURE 1D shows an embodiment of an exemplary beam of electromagnetic wave

forms generated by the Holographic Metasurface Antennas (HMA) shown in FIGURE 1C;

FIGURE 2A illustrates a schematic top view of an exemplary switchable patch antenna
that is arranged in a monopole mode of radiation, wherein two components having separate
variable impedances (Z1 and Z2) are coupled to each other and a signal source at a terminal

centered in a middle of an aperture;

FIGURE 2B shows a schematic side view of an exemplary switchable patch antenna,
wherein the separate variable impedance values (Z1 and Z2) of a first component and a second
component are substantially equivalent to each other and the antenna is not radiating a signal

provided by a signal source;

FIGURE 2C illustrates a schematic side view of an exemplary switchable patch antenna,
wherein a variable impedance value Z1 of the first component is substantially greater than a

variable impedance value Z2 of the second component so that a signal is radiated by the antenna;

FIGURE 2D shows a schematic side view of an exemplary switchable patch antenna,
wherein a variable impedance value Z?2 of the first component is substantially greater than a
variable impedance value Z1 of the second component so that a signal having a 180 degree

opposite phase to be radiated by the antenna;

FIGURE 2E illustrates a top view of an exemplary switchable patch antenna that is
arranged in a monopole mode of operation, wherein a first component provides a fixed
impedance value Z1 and a second component includes a switch S2 that provides a variable
impedance value that is either substantially equivalent to fixed impedance value Z1 when the
switch is conducting (closed) or the variable impedance value is substantially greater (infinity)

than fixed impedance value Z1 when the switch is non-conducting (open);

FIGURE 2F shows a schematic side view of an exemplary switchable patch antenna,
wherein a variable impedance value of the of the second component is substantially greater than
a fixed impedance value Z1 of the first component when switch S2 is non-conducting (open) and

a signal is radiated by the antenna;
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FIGURE 2G illustrates a schematic side view of an exemplary switchable patch antenna,
wherein switch S2 is conducting (closed) so that the variable impedance value of the second
component is substantially equal to a fixed impedance value Z1 of the first component and no

signal is radiated by the antenna;

FIGURE 2H shows a top view of an exemplary switchable patch antenna that is arranged
in a monopole mode of operation, wherein a first component has a switch S1 with a variable
impedance value and a second component includes switch S2 that also provides a variable
impedance value, wherein the variable impedance values of switch S1 and switch S2 are
substantially equivalent when they are both conducting, and wherein the variable impedance
value of either switch that is non-conducting is substantially greater than the variable impedance

value of the other switch that is conducting;

FIGURE 3A illustrates a schematic top view of an exemplary switchable patch antenna
that is arranged with a gap to provide a dipole mode of radiation, wherein a first component
provides a fixed impedance value Z1 and a second component includes a switch S2 that provides
a variable impedance value that is either substantially equivalent to fixed impedance value Z1
when switch S2 is conducting (closed) or the variable impedance value is substantially greater

(infinity) than the fixed impedance value Z1 when the switch is non-conducting (open);

FIGURE 3B shows a schematic side view of an exemplary switchable patch antenna that
is arranged in a dipole mode of radiation, wherein a variable impedance value of the of the
second component is substantially greater (infinity) than a fixed impedance value Z1 of the first

component when switch S2 is non-conducting (open) so that a signal is radiated by the antenna;

FIGURE 3C illustrates a schematic side view of an exemplary switchable patch antenna
that is arranged in a dipole mode of radiation, wherein the switch S2 is conducting (closed) and
the variable impedance value of the second component is substantially equal to a fixed

impedance value Z1 of the first component so that no signal is radiated by the antenna;

FIGURE 3D shows a schematic top view of an exemplary switchable patch antenna that
is arranged with a gap in a dipole mode of radiation, wherein a first component includes a switch
S1 that provides a variable impedance value and a second component includes a switch S2 that
provides a variable impedance value, wherein the variable impedance values of switch S1 and

switch S2 are substantially equivalent when they are both conducting (closed), and wherein the
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variable impedance value of either switch that is non-conducting (open) is substantially greater

than the variable impedance value of the other switch that is conducting (closed);

FIGURE 4 illustrates a flow chart showing the operation of a switchable patch antenna;

and

FIGURE 5 shows a schematic of an apparatus for controlling the radiation of a signal by

a switchable patch antenna in accordance with the one or more embodiments of the invention.

DESCRIPTION OF THE EMBODIMENTS

The present invention now will be described more fully hereinafter with reference to
the accompanying drawings, which form a part hereof, and which show, by way of illustration,
specific embodiments by which the invention may be practiced. This invention may, however,
be embodied in many different forms and should not be construed as limited to the embodiments
set forth herein; rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in the art. Among
other things, the present invention may be embodied as methods or devices. Accordingly, the
present invention may take the form of an entirely hardware embodiment, an entirely software
embodiment or an embodiment combining software and hardware aspects. The following

detailed description is, therefore, not to be taken in a limiting sense.

Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrase “in one
embodiment” as used herein does not necessarily refer to the same embodiment, though it may.
Similarly, the phrase “in another embodiment” as used herein does not necessarily refer to a
different embodiment, though it may. As used herein, the term “or” is an inclusive “or”
operator, and is equivalent to the term “and/or,” unless the context clearly dictates otherwise.
The term “based on” is not exclusive and allows for being based on additional factors not
described, unless the context clearly dictates otherwise. In addition, throughout the

"on

specification, the meaning of "a," "an," and "the" include plural references. The meaning of "in"

includes "in" and "on."
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The following briefly describes the embodiments of the invention in order to provide a
basic understanding of some aspects of the invention. This brief description is not intended as
an extensive overview. It is not intended to identify key or critical elements, or to delineate or
otherwise narrow the scope. Its purpose is merely to present some concepts in a simplified form

as a prelude to the more detailed description that is presented later.

Briefly stated, various embodiments are directed towards an antenna configured as a
switchable patch antenna. An exemplary switchable patch antenna comprises a planar conductor
having an aperture (hole) formed in the middle of the planar conductor. Radiation of a
sinusoidal signal is controlled by comparison of separate impedance values for two components
that have separate impedance values. Each of the two components have one end coupled
together at the terminal positioned at a center of the aperture and their other ends separately
coupled to opposing edges of the aperture. A sinusoidal signal source, e.g., an alternating
current (AC) signal source, is also coupled to the terminal positioned at the aperture’s center.
Further, when the impedance values of both components are substantially equivalent, radiation
by the antenna of the provided signal and/or mutual coupling of other signals is disabled. Also,
when an impedance value of one of the two components is substantially greater than the other
impedance value of the other component, the provided signal is radiated and/or mutual coupling
is enabled.

In one or more embodiments, a positive waveform of the signal is radiated towards the
component having an impedance value substantially less than another impedance value of the
other component. In this way, a phase of the radiated signal may be shifted 180 degrees based
on which of the two components provides an impedance value substantially less than the other
impedance value provided by the other component.

In one or more embodiments, a first component provides a fixed impedance value and the
second component provides a variable impedance value. Further, the variable impedance value
of the second component may be provided by one or more of an electronic switch, mechanical
switch, varactor, relay, or the like. In one or more embodiments, when a switch is conducting
(closed) its variable impedance value is relatively low, e.g., one ohm, and when the switch is
non-conducting (open) the variable impedance value may be infinity. Thus, when the non-
conducting switch’s variable impedance value is substantially greater (infinity) than the fixed

impedance value of the first component, a signal is radiated by the antenna. Conversely, the
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signal is non-radiated when the second component’s switch is conducting and it’s variable
impedance value is substantially equivalent to the fixed impedance value.

In one or more embodiments, a fixed impedance value may be provided for the first or
second component during manufacture of the switchable patch antenna, e.g., a metal wire,
metallic trace, extended segment of the planar surface, resistor, capacitor, inductor, or the like
that provides a known (fixed) impedance value between the centrally located terminal and
another terminal at an edge of the aperture. Further, in one or more embodiments, during
manufacture of the switchable patch antenna, a low level (conducting) of a variable impedance
value provided by one of the two components is selected to be substantially equivalent to a fixed
impedance value or a low level (conducting) of another variable impedance value provided by
the other of the two components. Additionally, a high level (non-conducting) of a variable
impedance value provided by one of the two components is selected to be substantially greater
than a fixed impedance value or the low level (conducting) of another variable impedance value
provided by the other of the two components.

In one or more embodiments, a direct current (DC) ground is coupled to one or more
portions of the planar conductor to help with impedance match, radiation patterns and be part of
a bias for one or more of the two components that provide a variable impedance value. Also, in
one or more embodiments, a shape of the aperture formed in the planar conductor can include
rectangular, square, triangular, circular, curved, elliptical, quadrilateral, polygon, or the like.

In one or more embodiments, a length of the aperture is one half of a wavelength
(lambda) of the signal. Also, in one or more embodiments, the signal comprises a radio
frequency signal, a microwave frequency signal, or the like. Further, the signal may be provided
by an electronic circuit, a signal generator, a waveguide, or the like coupled to the end of the
segment of the planar conductor within the aperture.

Additionally, in one or more embodiments, a holographic metasurface antennas (HMA)
is employed that uses a plurality of the switchable path antennas as scattering elements to radiate
a shaped and steered beam based on the provided AC signal. And any signal radiated by any of
the plurality of switchable patch antennas, or any other resonant structures, is not mutually
coupled to those switchable patch antennas that have their switch operating in a conduction state
(closed).

Also, in one or more embodiments, to further reduce mutual coupling between closely

located antennas, e.g., an array of antennas in an HMA, a distance between the planar

= s
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conductors of these antennas may be arranged to be no more than a length of the radiated
waveform of the provided signal divided by three and no less than a length of the waveform

divided by eleven.

An exemplary prior art embodiment of a schematic side view of a non-switchable patch
antenna is shown in FIGURE 1A. Further, an exemplary embodiment of schematic top view is
shown in FIGURE 1B. As shown, the patch antenna is well known in the prior art and consists
of a top planar (flat) sheet 113 or “patch” of conductive material such as metal, mounted over a
larger planar sheet of metal 114 that operates as a ground plane. These two planar conductors
are arranged to form a resonant part of a microstrip transmission line, and the top planar
conductor is arranged to have a length of approximately one-half of a length of a signal
waveform that the patch antenna is intended to radiate. A signal input to the top planar sheet
113 is offset from a center of the top planar sheet. Radiation of the signal waveforms is caused in
part by discontinuities at the truncated edge of the top planar conductor (patch). Also, since the
radiation occurs at the truncated edges of the top patch, the patch antenna acts slightly larger
than its physical dimensions. Thus, for a patch antenna to be resonant (capacitive load equal to
the inductive load), a length of the top planar conductor (patch) is typically arranged to be

slightly shorter than one-half of the wavelength of the radiated waveforms.

In some embodiments, when patch antennas are used at microwave frequencies, the
wavelengths of the signal are short enough that the physical size of the patch antenna can be
small enough to be included in portable wireless devices, such as mobile phones. Also, patch

antennas may be manufactured directly on the substrate of a printed circuit board.

In one or more embodiments, an HMA may use an arrangement of controllable elements
(antennas) to produce an object wave. Also, in one or more embodiments, the controllable
elements may employ individual electronic circuits, such as varactors, that have two or more
different states. In this way, an object wave can be modified by changing the states of the
electronic circuits for one or more of the controllable elements. A control function, such as a
hologram function, can be employed to define a current state of the individual controllable
elements for a particular object wave. In one or more embodiments, the hologram function can
be predetermined or dynamically created in real time in response to various inputs and/or

conditions. In one or more embodiments, a library of predetermined hologram functions may be

.



23 Sep 2024

2020226298

provided. In the one or more embodiments, any type of HMA can be used to that is capable of

producing the beams described herein.

Figure 1C illustrates one embodiment of a prior art HMA which takes the form of a
surface scattering antenna 100 (i.e., an HMA) that includes multiple scattering elements 102a,
102b that are distributed along a wave-propagating structure 104 or other arrangement through
which a reference wave 105 can be delivered to the scattering elements. The wave propagating
structure 104 may be, for example, a microstrip, a coplanar waveguide, a parallel plate
waveguide, a dielectric rod or slab, a closed or tubular waveguide, a substrate-integrated
waveguide, or any other structure capable of supporting the propagation of a reference wave 105
along or within the structure. A reference wave 105 is input to the wave-propagating structure
104. The scattering elements 102a, 102b may include scattering elements that are embedded
within, positioned on a surface of, or positioned within an evanescent proximity of, the wave-
propagation structure 104. Examples of such scattering elements include, but are not limited to,
those disclosed in U.S. Patents Nos. 9,385,435; 9,450,310; 9,711,852; 9,.806,414; 9,806,415;
9,806,416; and 9,812,779 and U.S. Patent Applications Publication Nos. 2017/0127295;
2017/0155193; and 2017/0187123, all of which are incorporated herein by reference in their

entirety. Also, any other suitable types or arrangement of scattering elements can be used.

The surface scattering antenna may also include at least one feed connector 106 that is
configured to couple the wave-propagation structure 104 to a feed structure 108 which is
coupled to a reference wave source (not shown). The feed structure 108 may be a transmission
line, a waveguide, or any other structure capable of providing an electromagnetic signal that may
be launched, via the feed connector 106, into the wave-propagating structure 104. The feed
connector 106 may be, for example, a coaxial-to-microstrip connector (e.g. an SMA-to-PCB

adapter), a coaxial-to-waveguide connector, a mode-matched transition section, etc.

The scattering elements 102a, 102b are adjustable scattering antennas having
electromagnetic properties that are adjustable in response to one or more external inputs.
Adjustable scattering elements can include elements that are adjustable in response to voltage
inputs (e.g. bias voltages for active elements (such as varactors, transistors, diodes) or for
elements that incorporate tunable dielectric materials (such as ferroelectrics or liquid crystals)),
current inputs (e.g. direct injection of charge carriers into active elements), optical inputs (e.g.
illumination of a photoactive material), field inputs (e.g. magnetic fields for elements that

_9 _
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include nonlinear magnetic materials), mechanical inputs (e.g. MEMS, actuators, hydraulics), or
the like. In the schematic example of Figure 1C, scattering elements that have been adjusted to a
first state having first electromagnetic properties are depicted as the first elements 102a, while
scattering elements that have been adjusted to a second state having second electromagnetic
properties are depicted as the second elements 102b. The depiction of scattering elements having
first and second states corresponding to first and second electromagnetic properties is not
intended to be limiting: embodiments may provide scattering elements that are discretely
adjustable to select from a discrete plurality of states corresponding to a discrete plurality of
different electromagnetic properties, or continuously adjustable to select from a continuum of

states corresponding to a continuum of different electromagnetic properties.

In the example of Figure 1C, the scattering elements 102a, 102b have first and second
couplings to the reference wave 105 that are functions of the first and second electromagnetic
properties, respectively. For example, the first and second couplings may be first and second
polarizabilities of the scattering elements at the frequency or frequency band of the reference
wave. On account of the first and second couplings, the first and second scattering elements
102a, 102b are responsive to the reference wave 105 to produce a plurality of scattered
electromagnetic waves having amplitudes that are functions of (e.g. are proportional to) the
respective first and second couplings. A superposition of the scattered electromagnetic waves
comprises an electromagnetic wave that is depicted, in this example, as an object wave 110 that

radiates from the surface scattering antenna 100.

Figure 1C illustrates a one-dimensional array of scattering elements 102a, 102b. It will
be understood that two- or three-dimensional arrays can also be used. In addition, these arrays
can have different shapes. Moreover, the array illustrated in Figure 1C is a regular array of
scattering elements 102a, 102b with equidistant spacing between adjacent scattering elements,
but it will be understood that other arrays may be irregular or may have different or variable
spacing between adjacent scattering elements. Also, Application Specific Integrated Circuit
(ASIC)109 is employed to control the operation of the row of scattering elements 102a and
102b. Further, controller 112 may be employed to control the operation of one or more ASICs

that control one or more rows in the array.

The array of scattering elements 102a, 102b can be used to produce a far-field beam
pattern that at least approximates a desired beam pattern by applying a modulation pattern (e.g.,

— 10 -
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a hologram function, H) to the scattering elements receiving the reference wave (Yrr) from a
reference wave source. Although the modulation pattern or hologram function is illustrated as
sinusoidal, it will be recognized non-sinusoidal functions (including non-repeating or irregular

functions) may also be used.

In at least some embodiments, the hologram function H (i.e., the modulation function) is
equal to the complex conjugate of the reference wave and the object wave, i.e., Wref Wob;. In at
least some embodiments, the surface scattering antenna may be adjusted to provide, for example,
a selected beam direction (e.g. beam steering), a selected beam width or shape (e.g. a fan or
pencil beam having a broad or narrow beam width), a selected arrangement of nulls (e.g. null
steering), a selected arrangement of multiple beams, a selected polarization state (e.g. linear,
circular, or elliptical polarization), a selected overall phase, or any combination thereof.
Alternatively, or additionally, embodiments of the surface scattering antenna may be adjusted to
provide a selected near field radiation profile, e.g. to provide near-field focusing or near-field

nulls.

Also, although not shown, embodiments of the invention are not limited to a varactor as a
control element that enables a scattering element to emit a signal. Rather, many different types
of control elements may be employed in this way. For example, one or more other embodiments
may instead employ Field Effect Transistors (FETs), Microelectromechanical Systems (MEMS),
Bipolar Junction Transistors (BSTs), or the like to enable scattering elements to turn on and turn
off emitting the signal. Additionally, FIGURE 1D shows an embodiment of an exemplary
beam of electromagnetic wave forms generated by the HMA shown in FIGURE 1C.

A generalized embodiment of the invention is shown in Figure 2A. Terminal 210 operates
as an input for a sinusoidal signal provided to patch antenna 200. Also, the patch antenna
operates as an impedance comparator between an impedance value Z1 for component 203 and
an impedance value Z2 for component 204. These components are coupled between terminals
(222 and 220) at opposing edges of aperture 208 and center terminal 210. In one or more
embodiments, at least one of the impedance values is variable to a high level and a low level
while the other impedance value is fixed at a low level. In one or more embodiments, one of
impedance values Z1 or Z2 is a fixed impedance value and the other is a variable impedance

value that can be switched from a low level substantially equivalent to the fixed impedance

11 -
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value and a high level that is substantially greater than the fixed impedance value. Also, in one
or more embodiments, both the impedance values Z1 and Z2 are variable impedance values.

As shown in Figure 2B, when the impedance value Z1 is approximately equal to the
impedance value Z2, the patch antenna does not radiate the sinusoidal signal and/or mutually
couple with other signals. Although not shown here, the same effect occurs when a switch
representing first component 203 is conducting (a short) which has substantially the same
impedance value as the short by another switch representing the second component 204 on the
other side of the patch antenna.

As shown in Figure 2D, when the impedance value Z1 is less than the impedance value
72, then the sinusoidal signal travels towards the impedance value Z1, and there is radiation of
the sinusoidal signal with a particular phase angle. Alternatively, as shown in Figure 2C, when
the impedance value Z1 is greater than the impedance value Z2, then the sinusoidal signal
travels towards the impedance value Z2, and there is radiation of the sinusoidal signal at a phase
angle that is 180 degrees offset from the radiation of the sinusoidal signal shown in Figure 2D.
This 180 degree phase angle offset may be used to optimize the radiation pattern of a phased
array antenna or HMA antenna.

Figure 2E illustrates a top view of an exemplary switchable patch antenna that is
arranged in a monopole mode of operation. A first component 201 is coupled to edge terminal
222 and center terminal 210 and provides a fixed impedance value Z1. Second component 205
is coupled between opposing edge terminal 220 and center terminal 210 and includes a switch
S2. Further, switch S2 provides a variable impedance value that is either substantially
equivalent to fixed impedance value Z1 when the switch is conducting (closed) or the variable
impedance value is substantially greater (infinity) than fixed impedance value Z1 when the
switch is non-conducting (open). An alternating current (AC) signal source provides a sinusoidal
signal at center terminal 210. Aperture 208 is formed in a substantially rectangular shape in a
middle of planar surface 202, which is manufactured from a conductive material, e.g., metal.
Also, a Direct Current (DC) source ground is coupled to planar surface 202.

In one or more embodiments, switch S2 may include one or more of an electronic switch,
a varactor, a relay, a fuse, a mechanical switch, and the like. Further, because the radiating
standing wave on the patch antenna has a virtual ground along the center axis of planar surface
202, the sinusoidal signal presented at center terminal 210 tries to connect to the patch antenna’s

offset from the center terminal 210 to edge terminal 222 when the variable impedance of switch
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S2 is substantially greater than fixed impedance value Z1, as discussed in regard to Figures 2A-
2D.

FIGURE 2F shows a schematic side view of an exemplary switchable patch antenna. In
this embodiment, a variable impedance value of switch S2 is substantially greater than a fixed
impedance value Z1 of first component 201 because switch S2 is non-conducting (open). This
large disparity in the impedance values of components 201 and 205 causes radiation of the

sinusoidal signal by switchable patch antenna 200.

FIGURE 2G illustrates a schematic side view of an exemplary switchable patch antenna.
In this embodiment, a variable impedance value of switch S2 for second component 205 is
substantially equal to a fixed impedance value Z1 of first component 201 and no signal is

radiated or mutually coupled by the antenna.

FIGURE 2H shows a top view of an exemplary switchable patch antenna that is arranged
in a monopole mode of operation, wherein a first component has a switch S1 with a variable
impedance value and a second component includes switch S2 that also provides a variable
impedance value, wherein the variable impedance values of switch S1 and switch S2 are
substantially equivalent when they are both conducting, and wherein the variable impedance
value of either switch that is non-conducting is substantially greater than the variable impedance
value of the other switch that is conducting. In this way, a phase angle of the sinusoidal signal
radiated by switchable patch antenna may be changed 180 degrees depending upon which of
switch S1 or switch S2 are conducting or non-conducting. As shown in Figures 2C and 2D, and

the corresponding text.

In one or more embodiments, switchable patch antenna 200 operates by being resonant at
a desired center frequency with a half wavelength sine wave voltage distribution across the patch
as shown in Figure 2C (206a and 206b), Figure 2D (206a’ and 206b’), and Figure 2F (206a’")
and 206b’”). Further, because the sinusoidal signal’s voltage passes thru zero Volts at a center
terminal of the aperture in the planar surface of the switchable patch antenna, there is no
sinusoidal current flow at the center terminal of the switchable patch antenna. Thus, the
switchable patch antenna may operate with both contiguous and non-contiguous metallization
across the center of the planar surface. Further, since the sinusoidal signal’s voltage is zero Volts
at the center terminal, the switchable patch antenna can also be mechanically shorted to ground

as mentioned above without affecting the operation of the antenna.
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So, in one or more embodiments, when the planar conductor is one contiguous region, the
switchable patch antenna operates in a monopole mode. However, in one or more other
embodiments, when the planar conductor includes two separate regions separated by a narrow
gap, the switchable patch antenna radiates a provided sinusoidal signal in a dipole mode of
operation. To provide the dipole mode of operation, the planar conductor of the switchable
patch antenna is arranged differently into two separate regions that are electrically (and
physically) connected to each other through the first component and second components. Also, a
width of the non-conductive gap is minimized to optimize a dipole mode of radiation for the
sinusoidal signal. The two components bridge the gap and electrically (and physically) connect
the two regions of the planar surface to each other. An exemplary embodiment of the switchable
patch antenna operating in a dipole mode is shown in Figures 3A and 3D.

FIGURE 3A illustrates a schematic top view of an exemplary switchable patch antenna
that is arranged with gap 301 between regions 302a and 302b to provide a dipole mode of
radiation. First component 308 provides a fixed impedance value Z1. Also, first component 308
is coupled between terminal 320 positioned in the center of a planar conductor that is formed by
region 302a and region 302b and further coupled to terminal 324 on an edge of a region 302a
that opens to aperture 304. Second component 306 includes a switch S2 that provides a variable
impedance value that is either substantially equivalent to fixed impedance value Z1 when switch
S2 is conducting (closed) or the variable impedance value is substantially greater (infinity) than
the fixed impedance value Z1 when the switch is non-conducting (open). Further, second
component 306 is coupled between center terminal 320 and terminal 322 on an edge of a region
302b that opens to aperture 304. Also, AC signal source is coupled to center terminal 320 and a
DC bias circuit is coupled to region 302b. The generalized operation of switchable patch antenna
300 in the dipole mode is substantially similar to the switchable patch antenna 200 in the
monopole mode as shown in Figure 2E. Additionally, in one or more embodiments, a width of
non-conductive gap 301 is minimized to optimize a dipole mode of radiation for the signal.

Also, a DC ground is coupled to region 302b.

FIGURE 3B illustrates an exemplary schematic side view of switchable patch antenna
300 operating in a dipole mode when switch S2, of second component 306, is non-conducting
(open). As shown, a signal is provided by a signal source to center terminal 320. The signal’s
peak positive waveform 310a and peak negative waveform 310b are shown at parallel and

opposing edges of first region 302a and second region 302b. The signal’s waveform oscillates
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between the opposing edges based on a particular frequency, such as microwave or radio

frequencies. Also, a DC ground is coupled to region 302b.

FIGURE 3C illustrates a schematic side view of an exemplary switchable patch antenna
300 that is arranged in a dipole mode of radiation, when switch S2, of second component 306, is
conducting (closed) and the variable impedance value of the second component is substantially
equal to a fixed impedance value Z1 of first component 308. Also, a DC ground is coupled to
region 302b. As shown, conduction of switch S2 effectively stops radiation of the provided

signal or any other mutually coupled signals provided by other antennas or resonant structures.

FIGURE 3D shows a schematic top view of an exemplary switchable patch antenna that
is arranged with a gap in a dipole mode of radiation. First component 307 includes switch S1
that provides a variable impedance value and second component 308 includes switch S2 that
provides another variable impedance value. The variable impedance values of switch S1 and
switch S2 are substantially equivalent when they are both conducting (closed). Also, the
variable impedance value of either switch (S1 or S2) that is non-conducting (open) is
substantially greater than the variable impedance value of the other switch (S1 or S2) that is
conducting (closed). In this way, a phase angle of the sinusoidal signal radiated by switchable
patch antenna 300 may be changed 180 degrees depending upon which of switch S1 or switch
S2 are conducting or non-conducting. As shown in Figures 2C and 2D, and the corresponding
text. Also, a DC ground is coupled to both region 302a and region 302b.FIGURE 4 shows a flow
chart for method 400 for operating a switchable patch antenna. Moving from a start block, the
process advances to block 402 where a switched component of the antenna is placed in a
conductive (closed state) to provide a variable impedance value that is substantially equivalent to
a fixed impedance value or a variable impedance value of another component. So long as the
switch remains in the conductive state, the antenna will not radiate any provided signal or
mutually couple another signal. At decision block 404, a determination is made as to whether to
employ the antenna to radiate a signal’s waveform. If no, the process loops back to block 402.
However, if the determination is yes, the process optionally moves to decision block 406 where
a determination is made as to wherein a phase angle of the provided signal should be shifted 180
degrees. If true, the process moves to block 410, where a switched component is selected to
provide the phase shift. Next, the process moves to block 410. Also, if the optional

determination at decision block 406 was false, the process would have moved directly to block
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410, where a selected switched component is placed in a non-conductive state (open) to provide
a variable impedance that is substantially greater than a fixed impedance value or a variable
impedance value of another component. The signal is radiated by the antenna and the process

loops back to decision block 404 and performs substantially the same actions.

FIGURE 5 shows a schematic illustration of an exemplary apparatus 500 that is
employed to operate switchable patch antenna 502. Variable impedance controller 506 is
employed to control a conductive and non-conductive state of a switched component included
with switchable patch antenna 502 (not shown) that disables or enables radiation of a provided
signal by the antenna. The signal is provided by signal source 504. Also, DC ground 508 is

coupled to switchable patch antenna 502.

It will be understood that each block of the flowchart illustrations, and combinations of
blocks in the flowchart illustrations, (or actions explained above with regard to one or more
systems or combinations of systems) can be implemented by computer program instructions.
These program instructions may be provided to a processor to produce a machine, such that the
instructions, which execute on the processor, create means for implementing the actions
specified in the flowchart block or blocks. The computer program instructions may be executed
by a processor to cause a series of operational steps to be performed by the processor to produce
a computer-implemented process such that the instructions, which execute on the processor to
provide steps for implementing the actions specified in the flowchart block or blocks. The
computer program instructions may also cause at least some of the operational steps shown in
the blocks of the flowcharts to be performed in parallel. Moreover, some of the steps may also
be performed across more than one processor, such as might arise in a multi-processor computer
system. In addition, one or more blocks or combinations of blocks in the flowchart illustration
may also be performed concurrently with other blocks or combinations of blocks, or even in a

different sequence than illustrated without departing from the scope or spirit of the invention.

Additionally, in one or more steps or blocks, may be implemented using embedded logic
hardware, such as, an Application Specific Integrated Circuit (ASIC), Field Programmable Gate
Array (FPGA), Programmable Array Logic (PAL), or the like, or combination thereof, instead of
a computer program. The embedded logic hardware may directly execute embedded logic to
perform actions some or all of the actions in the one or more steps or blocks. Also, in one or

more embodiments (not shown in the figures), some or all of the actions of one or more of the
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steps or blocks may be performed by a hardware microcontroller instead of a CPU. In one or
more embodiment, the microcontroller may directly execute its own embedded logic to perform
actions and access its own internal memory and its own external Input and Output Interfaces
(e.g., hardware pins and/or wireless transceivers) to perform actions, such as System On a Chip

(SOQ), or the like.

The above specification, examples, and data provide a complete description of the
manufacture and use of the invention. Since many embodiments of the invention can be made
without departing from the spirit and scope of the invention, the invention resides in the claims

hereinafter appended.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not

the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from
it), or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it)
or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.
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CLAIMS

The claims defining the invention are as follows :

1. An apparatus, comprising:
an antenna including:

a planar conductor, wherein an aperture is formed in a middle portion of
the planar conductor;

a first component that is coupled between a terminal located at a center of
the aperture and a first terminal located at an edge of the aperture, wherein the first component
provides a first impedance value;

a second component that is coupled between the center terminal and a
second terminal located at an opposing edge of the aperture, wherein the second component
provides a second impedance value; and

a signal source that is configured to provide a sinusoidal signal and is
coupled to the center terminal, wherein when the first impedance value is equal to the second
impedance value, the sinusoidal signal is non-radiated by the antenna, and wherein when the
first impedance value or the second impedance value is greater than each other, the sinusoidal

signal is radiated by the antenna.

2. The apparatus of Claim 1, further comprising a direct current (DC) ground that is

coupled to the planar conductor.

3. The apparatus of either of Claim 1 or 2, wherein the planar conductor further
comprises:

employing a first planar region and a second planar region to form the planar conductor,
wherein a non-conductive gap is disposed between opposing edges of the first planar region and
the second planar region, and wherein a width of the non-conductive gap is minimized to

provide a dipole mode for the antenna to radiate the sinusoidal signal.
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4. The apparatus of any one of Claims 1 to 3, wherein the aperture further comprises
a two-dimensional shape that is one of rectangular, square, triangular, circular, curved, elliptical,

quadrilateral, or polygon.

5. The apparatus of any one of Claims 1 to 4, wherein one or more of the first
component or the second component employs one of a switch, a varactor, or another variable

impedance device to provide a variable impedance value.

6. The apparatus of any one of Claims 1 to 5, wherein one of the first component or

the second component provides a fixed impedance value.

7. The apparatus of any one of Claims 1 to 6, wherein the signal further comprises a
frequency, wherein the signal frequency is one or more of a radio signal frequency or a

microwave signal frequency.

8. The apparatus of any one of Claims 1 to 7, wherein the apparatus is arranged as a
holographic metasurface antenna (HMA) that includes a plurality of the antennas as scattering

antennas to radiate a shaped and steered beam based on the provided signal.

9. The apparatus of any one of Claims 1 to 8, wherein the aperture further comprises

a length that is one half of a length of the wavelength of the signal.

10. A method for controlling radiation of a sinusoidal signal, comprising:

providing an antenna that includes a planar conductor, wherein an aperture is
formed in a middle portion of the planar conductor;

providing a first component that is coupled between a terminal located at a center
of the aperture and a first terminal located at an edge of the aperture, wherein the first
component provides a first impedance value;

providing a second component that is coupled between the center terminal and a
second terminal located at an opposing edge of the aperture, wherein the second component

provides a second impedance value; and
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providing a signal source that provides a sinusoidal signal and is coupled to the
center terminal, wherein when the first impedance value is equal to the second impedance value,
the sinusoidal signal is non-radiated by the antenna, and wherein when the first impedance value
or the second impedance value is greater than each other, the sinusoidal signal is radiated by the

antenna.

11. The method of Claim 10, further comprising providing a direct current (DC)

ground that is coupled to the planar conductor.

12. The method of either of Claim 10 or 11, wherein providing the planar conductor
further comprises:

employing a first planar region and a second planar region to form the planar conductor,
wherein a non-conductive gap is disposed between opposing edges of the first planar region and
the second planar region, and wherein a width of the non-conductive gap is minimized to

provide a dipole mode for the antenna to radiate the sinusoidal signal.

13. The method of any one of Claims 10 to 12, wherein providing the planar
conductor with the formed aperture further comprises forming a two-dimensional shape of the

aperture that is one of rectangular, square, triangular, circular, curved, elliptical, quadrilateral, or

polygon.

14. The method of any one of Claims 10 to 13, further comprising employing one or
more of the first component or the second component to use one of a switch, a varactor, or

another variable impedance device to provide a variable impedance value.

15. The method of any one of Claims 10 to 14, further comprising employing one of

the first component or the second component to provide a fixed impedance value.
16. The method of any one of Claims 10 to 15, wherein providing the signal further

comprises providing a frequency, wherein the signal frequency is one or more of a radio signal

frequency or a microwave signal frequency.
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17. The method of any one of Claims 10 to 16, further comprising a holographic
metasurface antenna (HMA) that includes a plurality of the antennas as scattering antennas to

radiate a shaped and steered beam based on the provided signal.

18. The method of any one of Claims 10 to 17, wherein the aperture further

comprises a length that is one half of a length of the wavelength of the signal.
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