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WIRELESSLY RECONFIGURABLE ANTENNA
BACKGROUND

[0001] An antenna array is made up of two or more spatially separated antenna elements. The
antenna elements can be selected to produce a particular radiation pattern. Through constructive or
destructive interference of the radiation patterns of the individual antenna elements in the array, the
radiation pattern generated by the antenna array as a whole can be designed to provide high gain in
certain directions, where the total gain is higher than can be produced by a single antenna element.
Variables that can be used to adjust the radiation distribution pattern of the array include the spacing
of the array elements, and adjustment of the amplitude of the excitation of the antenna elements
and/or the phase shift between the antenna elements. However, a conventional reconfigurable antenna

array that permits adjustment of any of these variables is complex and expensive.

SUMMARY OF THE INVENTION

The present invention is defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Examples of a wirelessly reconfigurable antenna are illustrated in the figures. The

examples and figures are illustrative rather than limiting.

[0003] FIG. 1 shows an example of a waveguide antenna that can be adapted to be wirelessly

reconfigurable.

[0004] FIGS. 2A and 2B show example configurations of components that can be used to

wirelessly control when a waveguide antenna radiates.

[0005] FI1G. 3 shows an example wirelessly reconfigurable antenna array that has a single

input port and 30 antenna elements.

[0006] FIG. 4 shows a wirelessly transmitted signal that includes a control signal for

reconfiguring antenna array elements and data to be radiated by the antenna array.

[0007] FI1G. 5 is a flow diagram illustrating an example process of reconfiguring an antenna

array.



[0008] FIG. 6 is a flow diagram illustrating an example of a series of communications

between a controller and elements in an antenna array.

[0009] FIGS. 7A and 7B show example configurations of components that can be used
with a dipole antenna as an antenna array element to wirelessly control when the dipole antenna

radiates.

[0010] FIGS. 8A and 8B show examples of different antenna radiation patterns for a
handheld device.

[0011] FIG. 9 1s a flow diagram illustrating an example process of adjusting the radiation

pattern of a handheld device when used near a user.

[0012] FIGS. 10A and 10B show block diagrams of example components used for

reconfiguring an antenna array element.

[0013] FIG. 11 shows a block diagram of example components in a handheld device that

can adjust its radiation pattern based on proximity to a user.
DETAILED DESCRIPTION

[0014] Described in detail below is a system for wirelessly powering and wirelessly
activating a switch for controlling one or more antenna array elements. The system includes a
power harvester that obtains power from a wireless signal at the local antenna element. The
wireless signal includes a control signal with a command for setting the state of the switch and
data to be transmitted by the antenna array element. Power obtained by the power harvester is
provided to control circuitry that controls the switch coupled to the antenna array element. The
switch selectively places the antenna element in either a first mode where the array element
resonantly radiates the wireless signal or in a second mode where the array element is non-
resonant and ineffectively radiates the wireless signal. By individually configuring the state of
each individual antenna element in an antenna array, the collective radiation pattern of the

antenna array is reconfigurable.

[0015] Various aspects and examples of the invention will now be described. The

following description provides specific details for a thorough understanding and enabling
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description of these examples. One skilled in the art will understand, however, that the invention
may be practiced without many of these details. Additionally, some well-known structures or
functions may not be shown or described in detail, so as to avoid unnecessarily obscuring the

relevant description.

[0016] The terminology used in the description presented below is intended to be
interpreted in its broadest reasonable manner, even though it is being used in conjunction with a
detailed description of certain specific examples of the technology. Certain terms may even be
emphasized below; however, any terminology intended to be interpreted in any restricted manner

will be overtly and specifically defined as such in this Detailed Description section.

[0017] A basic radio frequency (RF) switch or modulator is a device that has two states,
for example, an on state and an off state. The RF switch can be used to create an RF connection
between two points along a transmission path, such as between an antenna and a transmitter.
Typically, an external power source is needed to operate an RF switch. However, the techniques
to be presented below permit the RF field itself to power the switch and also to command the

switch to turn on or off.
Slotted metal waveguide

[0018] In some implementations, a slotted metal waveguide can be used as an RF
antenna. FIG. 1 shows an example of a slotted waveguide antenna 110 with a rectangular cross-
section and having multiple slots 101-106 cut into the top surface 112. The waveguide antenna
110 guides an RF field that is fed into the waveguide antenna 110 through a waveguide port (not
shown), and the slots 101-106 are antennas that radiate the guided RF field from the waveguide
antenna 110. The specific layout of the slots 101-106 on the waveguide, such as the spacing and
the size of the slots, determines the radiation distribution pattern of the slotted waveguide

antenna 110.

[0019] The pattern of the slots in the waveguide can be reconfigured by using switches
that affect the radiative behavior of the slots. A switch 1s used to either short the metal slot or

leave the metal slot in an open position. If a slot in the metal waveguide 110 is shorted, then the
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slot no longer radiates, or radiates the RF field in an ineffective manner. However, if the slot is left in

an open position, the slot will resonantly radiate the RF field from the waveguide.

[0020] FIG. 2A shows a portion of a waveguide surface 112 of the RF waveguide 110 and
slot 101 cut in the waveguide surface 112. In the example configuration shown in FIG. 2A, the slot is
cut diagonally in the waveguide surface 112. However, the slot can be cut at any angle, depending on
the type of waveguide and the desired radiation characteristics, €.g., radiation pattern and polarization
of the entire array. A power harvester 222 is positioned across the slot 101, and a switch 224 is also
positioned across the slot 101 at a different location from the power harvester 222. The configuration

shown in FIG. 2A also applies to each of the other slots, 102-106, shown in FIG. 1.

[0021] The power harvester 222 obtains power from an RF field guided by the waveguide
110. Because the power harvester 222 is positioned at a different location from the switch 224 relative
to the slot 101, the power harvester 222 can access the guided RF field to obtain power regardless of
whether the switch 224 is open or closed. The harvested power provides power to a circuit 226 that
includes a memory with stored instructions for controlling the switch 224 (e.g. as with an RFID (radio
frequency identification) tag). If the circuit 226 is implemented as an integrated circuit (IC), very little
power is needed to run the IC 226, on the order of tens of microwatts. Thus, whenever RF power is
supplied to the waveguide 110, sufficient power will be available via the power harvester 222 to
activate the switch 224. The power harvester 222 may obtain sufficient power even if it is not located

at a position corresponding to a maximum amplitude for the guided RF mode.

[0022] The power harvester 222 is implemented by soldering a coaxial cable across the slot
101 and coupling the cable to one or a series of diodes, according to one aspect. In this aspect, an RF

field guided by the waveguide then generates a voltage across the diodes that can power the IC 226.

[0023] The switch 224 can be a PIN diode soldered across the slot 101. When voltage is
applied to the diode, the state of the switch 224 is changed, for example, from on to off or vice versa.
A first state of the switch, for example, the off state, may correspond to shading the slot so that the
slot ineffectively radiates, and a second state of the switch, for example, the on state, may correspond

to an open slot where the slot resonantly radiates the guided RF field. By shorting a



particular slot in the array of slots, the radiation distribution pattern of the waveguide antenna as

a whole can be significantly changed from when the slot radiates within the array.

[0024] Alternatively, the power harvester and switch can be implemented using a circuit

similar to the front-end of an RFID tag.

[0025] FIG. 3 shows an example antenna 310 having a single RF input port 320 through
which an RF signal is delivered, and having 30 antenna elements. The antenna 310 does not need
to be a metal waveguide antenna that uses slots as the antenna elements. As discussed below, the
antenna elements can be any type of antenna, such as patch antennas, dipole antennas and loop

antennas.

[0026] Each antenna element is assigned a unique identifier so that each antenna element
can be individually addressed by a control signal. While 30 antenna elements are shown, greater
or fewer antenna elements can be used. Further, while three rows of ten antenna elements are
shown, the antenna elements can be placed in any suitable configuration for generating desired

radiation patterns from the various antenna elements.

[0027] FIG. 5 1s a flow chart illustrating an example process for reconfiguring an antenna
array, where each antenna element in the array has a power harvester located at a different
position from the switch that controls the antenna element. At block 505, a control signal is
received with commands to reconfigure the antenna array elements. The control signal can be
embedded in the same signal used to transmit the user data. FIG. 4 shows an example of a
received signal 400 that includes a control component 410 and user data component 420. The
control component 410 includes the identifier of each antenna element and the state that the
corresponding switch should be placed in. For example, the control component 410 can
command the first IC to adjust the switch it controls to short the first slot antenna, the second IC
to adjust the switch it controls to leave the second slot antenna open, the third IC to adjust the
switch it controls to short the third slot antenna, etc. The user data component 420 is the data to
be transmitted or radiated by the antenna. Note that the same transmission signal first
reconfigures the antenna with the control component 410 and subsequently provides the user

data component 420.



[0028] Then at block 510, each antenna element harvests power from the RF field to
power the local IC. Next, at block 515, each IC controls the local switch for the local antenna
element based upon the received control signal. Once the individual antenna elements have been
reconfigured by the local ICs, at block 520, the antenna array radiates the user data in the

radiation distribution pattern of the reconfigured antenna.
Co-located power harvester and switch

[0029] In some implementations, the power harvester 222 and the switch 224 can also be
implemented in the IC 226 so that these elements are co-located. FIG. 2B shows a portion of the
waveguide surface 112 of RF waveguide 110 with a slot 101 cut diagonally in the waveguide
surface 112. The configuration shown in FIG. 2B also applies to each of the other slots, 102-106,
shown in FIG. 1. The IC 266 is positioned so that two pins of the IC 266 straddle the slot 101. In
this case, only if the switch is in a state resulting in an open slot, will the power harvester be able
to obtain power from the RF field to power the IC and the switch. If the switch is in a state
resulting in a shorted slot, then the power harvester will no longer be able to access the RF field.
Consequently, the IC will not receive any power and will not be able to reconfigure the switch to
produce an open slot, the condition under which the power harvester can again obtain power

from the guided RF field.

[0030] One solution is to store in the IC memory a default state for the switch
corresponding to an open slot and to use a capacitor to store energy to power the IC when no
power is being generated by the power harvester from the shorted slot. The size of the capacitor
can be selected to provide energy for a specific amount of time, for example, one minute or five
minutes. The larger the capacitor, the more energy is stored in the capacitor, and thus, the longer
the IC can operate before the power harvester needs to obtain more energy. During the time
period when the IC is powered by the capacitor, the slot can remain in a shorted state. Prior to
the end of this period, the IC commands the local switch to revert to the default state

corresponding to an open slot.

[0031] FIG. 6 is a flow chart illustrating an example communication process 600 between

an external user/controller 605 and components coupled to the antenna array elements 607 for



reconfiguring an antenna array with power harvesters that are co-located with switches

controlling the elements of the antenna array.

[0032] The controller 605 sends commands to the components coupled to the antenna
array elements 607. The actions of the controller 605 on the left and the components 607 on the
right are shown relative to each other as a function of time, with time increasing in the downward
direction in FIG. 6. Transmissions from the controller 605 to the components 607 coupled to the

antenna array elements are shown by the arrows crossing the center of FIG. 6.

[0033] At transmission 610, the controller 605 transmits an unmodulated carrier so that
the power harvesters in the antenna array can initially obtain power for running the ICs. At block

615, the power harvesters harvest power from the RF field of the unmodulated carrier.

[0034] Next, at transmission 620, the controller 605 transmits a signal to the ICs to set a
default state in memory for each of the switches, and the default state for the switches

correspond to an open slot. At block 625, the default state is set by the ICs.

[0035] Then the controller 605 transmits a control signal to reconfigure the antenna array
elements along with user data. The control signal includes different identifiers for each of the
antenna array elements and specifies a state to which the corresponding switch is to be set. At
block 635, the ICs in the array set the state of the respective switches as commanded by the
control signal. Then at block 640, the reconfigured antenna array radiates the transmission which
includes the user data. The components coupled to the antenna elements wait a predetermined
period of time corresponding to the amount of time the capacitors can power the ICs. Prior to the
end of the predetermined period of time, the ICs reset the respective switches to the stored

default state. The process repeats with the transmission 610.
Dipole antenna array

[0036] As another example, dipole antennas can be used as an antenna array element,
instead of slot antennas FIG. 7A shows an example configuration 700 of components used with
dipole antennas as the antenna array element, where the power harvester and the switch are not
co-located. Similar to the configuration with the slot antenna described above, a dipole antenna

706 can have a power harvester 702 positioned at a first location with respect to the dipole
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antenna 706 and a switch 704 positioned at a second location with respect to the dipole antenna
706. The power obtained by the power harvester 702 powers an IC 703 which activates the
switch 704. The power harvester 702 can be implemented in a similar manner as the power

harvester 222 used with the slot antenna.

[0037] The dipole antenna 706 is made up of two separate pieces. When the two pieces
are connected, they radiate as the dipole antenna 706. The switch 704 connects the two pieces of
the dipole antenna 706. When the switch 704 is closed, the two pieces are connected to form the
dipole antenna 706. When the switch 704 is open, the pieces are disconnected and do not radiate
effectively as a dipole antenna. The switch 704 is implemented in a similar manner as the switch
224 used with the slot antenna. The method of operating the dipole antenna with the power

harvester and switch at different positions is described by the flow chart of FIG. 5.

[0038] Also similar to the slot antenna, a co-located power harvester and switch,
implemented in an IC, can be used with the dipole antenna. FIG. 7B shows an example
configuration 750 of components used with a dipole antenna where the power harvester and the
switch are co-located and implemented in IC 753. IC 753 is positioned so that two pins of the IC
753 couple the two pieces of the dipole antenna 706. If the switch is open so that the full dipole
antenna is not formed, the power harvester cannot effectively obtain power. Only when the
switch is closed and the dipole antenna is formed, can the power harvester obtain sufficient
power to power the IC 753. The method of operating the dipole antenna 706 with a co-located
power harvester and switch is described by the flow chart of FIG. 6.

[0039] While the specific antenna array element examples of a slot antenna and a dipole
antenna have been discussed above, any type of antenna can be used as an antenna array element,
such as patch and loop antennas. The techniques discussed herein are also applicable to other
types of antenna array elements, and even to different types of antenna elements used in a single

antenna array.

[0040] FIGS. 10A and 10B show block diagrams of example components used for
reconfiguring an antenna array element 1040. The components 1005 can include a power

harvester 1010, control circuitry 1020, and at least one switch 1030. The power harvester 1010



obtains power from a wireless signal received at the antenna element 1040 to power the control

circuitry 1020. The power harvester can be a simple coaxial cable coupled to one or more diodes

[0041] The control circuitry 1020 can be a processor or logic circuitry that controls the
switch 1030 to selectively place the antenna element 1040 in an appropriate radiating or non-

radiating mode.

[0042] As shown in FIG. 10B, the control circuitry 1020 can include a memory 1024, a
processor 1026, and, optionally, a capacitor 1028. The processor 1026 processes the control
signal transmitted in the wireless signal and received by the antenna element 1040. The
processor 1026 then controls the switch 1030 responsive to the control signal. Instructions for the
processor may be stored in the memory 1024. The memory can also store a default state for the

switch 1030. The memory 1024 may be any combination of volatile and non-volatile memory.

[0043] The control circuitry 1020 can also include a capacitor 1028 for storing energy
harvested by the power harvester 1010.

Handheld device application

[0044] The above-described techniques can be used to reconfigure the antenna radiation
pattern for a handheld device, such as a mobile phone or a handheld radio frequency
identification (REID) tag reader, a moving vehicle, etc. Examples of antenna radiation patterns
emitted by these devices include an omni—directional radiation pattern and radiation in a forward
direction, where the antennas are designed to radiate into a large solid angle. With these types of
radiation patterns, the radiation is automatically directed toward a user's head and/or body when
the device is brought near the user's head during operation of the device. Thus, it would be

advantageous to redirect the radiation away from the user in this situation.

[0045] FIGS. 8A and 8B show examples of different antenna radiation patterns for a
handheld device. FIG. 8 A shows an example scenario where the device is held near the user's
head, and the radiation pattern of the antenna has not been reconfigured and is directed toward
the user's head. Depending upon the particular antenna radiation pattern, the radiation can also be
directed toward the user's body. FIG. 8B shows an example scenario where the antenna of the

handheld device has been reconfigured to radiate in a direction away from the user.
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[0046] A typical handheld device is designed to perform many functions while still
maintaining as compact a form as possible. One of those functions includes transmitting
information wirelessly via an antenna. Because there is very little unused space inside the
compact housing of the device, a typical device cannot accommodate a large reconfigurable
antenna array for adjusting the radiation pattem. In this case, one or more simple parasitic
antenna elements and/or one or more active antenna elements can be positioned in or on the
housing of the device near the fixed antenna to change the radiation pattern of the fixed antenna

when the device is moved next to the user's head and/or near the user's body.

[0047] A parasitic element can be made up of two disconnected short metal strips that are
individually non-resonant with the fixed antenna, and thus, unlikely to affect the radiation pattern
of the fixed antenna when disconnected. A switch is positioned between the two metal strips.
When the switch is in a first state, it causes the two metal strips to remain disconnected so that
the two non-resonant metal strips do not affect the radiation pattern of the antenna. When the
switch is in a second state, the switch shorts the two metal strips together so that the two strips
function as a single resonant passive element that changes the radiation pattern of the fixed

antenna. One or more parasitic elements can be used with the fixed antenna.

[0048] An active or driven antenna element can be a switched branch coupled to the high
impedance part of the fixed antenna, where the high impedance part 1s insensitive to whether
anything is coupled to it. When the switch connects the active antenna element to the fixed
antenna, the resulting radiation pattern from the combined antennas 1s different from the fixed
antenna radiating alone. One or more active antenna elements can be used with the fixed

antenna.

[0049] FIG. 9 is a flow chart illustrating an example process for reconfiguring a radiation
distribution pattern of an antenna in a handheld device to steer the antenna's radiation pattern
away from a user. The handheld device can include more than one antenna that radiate RF
energy at different frequencies. Each one of the antennas can have its own wirelessly
reconfigurable parasitic element for redirecting the radiation distribution pattern of the respective

antenna.

10
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[0050] At block 905, when the handheld device is operated in front of the user, the
handheld device antenna radiates energy in a default pattern, such as an omni-directional
radiation pattern or radiation in a forward direction, using one of the fixed antennas. In this
mode, the corresponding components of the parasitic element remain disconnected and non-

resonant with the fixed antenna.

[0051] Next, at decision block 910, the handheld device determines if the device is near
the users head or any part of the user's body. A user may bring the device closer to the user's
head if the user wants to see the screen better or to listen to an audio signal from the device. To
detect when the device is near the user's head, the handheld can include a proximity sensor on the
display surface of the device. Other types of sensors can also be used in addition to or instead of
the proximity sensor. The device can be considered to be proximate to the user if the distance
between the device and the user is less than a pre-defined threshold, for example, six inches. If
the device does not sense proximity to the user's head or body (block 910 — No), the process

remains at decision block 910.

[0052] As an example, if the device senses proximity to the user's head or body (block
910 — Yes), at block 915, the device controls a switch to reconfigure the separate metal strips as
a single parasitic antenna element for the fixed antenna that is being used by the device to
transmit information. Essentially, the parasitic element is switched on. Then at block 920, the
fixed antenna in conjunction with the parasitic element radiates the energy in a new pattern

designed to be directed away from the user's head and body.

[0053] Next, at decision block 925, the device uses its proximity sensor to determine
whether it is still near the user's head or body. If the device is still near the user's head or body
(block 925 — Yes), the process remains at decision block 925. If the device has been moved
away from the user (block 925 — No), at block 930 the device changes the switch setting so that
the two short metal strips of the parasitic antenna are no longer coupled and are no longer
resonant with the fixed antenna, thus rendering the components of the parasitic element
ineffective in modifying the radiation pattern from the default pattern. In this state, the parasitic
element can be considered to be switched off. At block 935, the fixed antenna again radiates in

the default radiation pattern, and the process returns to decision block 910.

11



050218

[0054] FIG. 11 shows a block diagram of example components in a handheld device that
can adjust its radiation pattern based on proximity to a user. The components 1100 can include a
fixed antenna 1110, one or more parasitic antenna elements 1120 and/or active antenna elements

1125, a switch 1130, a controller 1140, and a proximity sensor 1150.

[0056] The fixed antenna 1110 can be any type of antenna that transmits signals
wirelessly with a specific radiation pattern, for example, a slot antenna, dipole antenna, patch

antenna, pifa (planar inverted-F antenna), and helix antenna.

[0056] The parasitic antenna element 1120 has two sub-elements that when connected,
make the parasitic antenna element resonant with the fixed antenna 1110. And when the two sub-
elements are disconnected, neither sub-element 1s resonant with the fixed antenna 1110. The two
sub-elements can be straight metal strips placed end to end near each other. The switch 1130

connects and disconnects the two sub-elements of the parasitic antenna element 1120.

[0057] The active antenna element 1125 is a driven antenna element that can be switched

to connect to the fixed antenna 1110.

[0058] As an example, the proximity sensor 1150 can be any type of sensor that can
determine how far away the user's body and/or head is from the handheld device. The controller
1140 1s a processor or logic circuitry that may set the state of the switch to connect or disconnect
the two sub-elements of the parasitic antenna element 1120 depending upon the determination of

the proximity sensor 1150.

[0059] The above-described techniques can also be used in another application where the
power harvester and switch elements are used to wirelessly turn on and off electronic devices
without using additional power lines or control lines. For example, in this scenario, the switch is
used to turn the device on and off, while the power harvester obtains power from an antenna
element, and the antenna element receives remote commands for controlling the power to the
device. Alternatively or additionally, multiple switches can be controlled to manipulate different

functions of the device.
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Conclusion

[0060] Unless the context clearly requires otherwise, throughout the description and the

claims, the words "comprise," "comprising," and the like are to be construed in an inclusive
sense (1.e., to say, in the sense of "including, but not limited to"), as opposed to an exclusive or
exhaustive sense. As used herein, the terms "connected," "coupled," or any variant thereof means
any connection or coupling, either direct or indirect, between two or more elements. Such a
coupling or connection between the elements can be physical, logical, or a combination thereof.

Additionally, the words "herein," "above," "below," and words of similar import, when used in
this application, refer to this application as a whole and not to any particular portions of this
application. Where the context permits, words in the above Detailed Description using the
singular or plural number may also include the plural or singular number respectively. The word
"or," in reference to a list of two or more items, covers all of the following interpretations of the
word: any of the items in the list, all of the items in the list, and any combination of the items in

the list.

[0061] The above Detailed Description of examples of the invention is not intended to be
exhaustive or to limit the invention to the precise form disclosed above. While specific examples
for the invention are described above for illustrative purposes, various equivalent modifications
are possible within the scope of the invention, as those skilled in the relevant art will recognize.
While processes or blocks are presented in a given order in this application, alternative
implementations may perform routines having steps performed in a different order, or employ
systems having blocks in a different order. Some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide alternative or subcombinations. Also,
while processes or blocks are at times shown as being performed in series, these processes or
blocks may instead be performed or implemented in parallel, or may be performed at different
times. Further any specific numbers noted herein are only examples. It is understood that

alternative implementations may employ differing values or ranges.

13
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[0062] The various illustrations and teachings provided herein can also be applied to
systems other than the system described above. The elements and acts of the various examples

described above can be combined to provide further implementations of the invention.

[0063] Any patents and applications and other references noted above, including any that
may be listed in accompanying filing papers, are incorporated herein by reference. Aspects of the
invention can be modified, if necessary, to employ the systems, functions, and concepts included

in such references to provide further implementations of the invention.

[0064] These and other changes can be made to the invention in light of the above
Detailed Description. While the above description describes certain examples of the invention,
and describes the best mode contemplated, no matter how detailed the above appears in text, the
invention can be practiced in many ways. Details of the system may vary considerably in its
specific implementation, while still being encompassed by the invention disclosed herein. As
noted above, particular terminology used when describing certain features or aspects of the
invention should not be taken to imply that the terminology is being redefined herein to be
restricted to any specific characteristics, features, or aspects of the invention with which that

terminology is associated.
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CLAIMS

1. An apparatus that controls the radiation pattern of an antenna, the apparatus
comprising:
an antenna comprising a plurality of antenna elements that receive an RF
signal comprising a control command, each antenna element having;
a power harvester that obtains power from the RF signal received at the
antenna element;
a switch electrically connected to the power harvester, and powered by the
power obtained from the received RF signal;
wherein the RF signal comprising the control command toggles the
switch between an on state and an off state in order to change the radiation
pattern of the antenna such that:
when the switch is turned to the on state, the antenna element changes
the antenna's radiation pattern to resonantly radiate a wireless signal away
from the antenna,
when the switch is turned to the off state, the antenna element

ineffectively radiates the wireless signal away from the antenna.

2. The apparatus of claim 1, wherein the plurality of antenna elements form part of an
antenna array, wherein the power harvester and the switch are positioned at different

locations along each antenna element.
3. The apparatus of claim 1, further comprising:

a control circuit powered by the power harvester and configured to control the switch

responsive to the control command.
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4. The apparatus of claim 1, further comprising a capacitor for storing at least a portion of the
obtained power, and further wherein the power harvester, the control circuit, the switch, and
the capacitor are implemented in an integrated circuit, and the integrated circuit is positioned
relative to the antenna element such that the power harvester does not have access to the
received wireless signal to obtain power when the switch is off, and the capacitor powers the

integrated circuit when the switch is off.

5. The apparatus of claim 4, wherein after a predetermined period of time elapses after the
control circuit turns the switch off, the control circuit turns the switch on such that the power

harvester can access the received wireless signal to obtain power.

6. The apparatus of claim 1, wherein each antenna element is a slot in a slotted waveguide

operating between resonant and non-resonant operation by operation of the switch.

7. The apparatus of claim 1, wherein:

each switch has a unique identifier and is coupled to at least one coupled antenna
element of the plurality of antenna elements for radiation;

wherein each switch is addressable, via a wireless signal, using the unique identifier
of the switch, to turn the addressed switch on or off,

wherein when a given switch is on, the at least one coupled antenna element of the
plurality of antenna elements radiates resonantly, and when the given switch is off, the at

least one coupled antenna element of the plurality of antenna elements radiates non
resonantly, and

further wherein the multiple switches are powered wirelessly by the wireless signal.
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8. The apparatus of claim 7, wherein the wireless signal includes commands addressed to at

least some of the multiple switches, and data to be radiated by the antenna.

9. The apparatus of claim 7, further comprising:

multiple logic commands, wherein each logic command is coupled to one of the
switches and is configured to control the coupled switch responsive to the wireless signal;
and

multiple power modules, wherein each power module is coupled to one of the
switches and one of the logic commands, and each power module is configured to obtain
power from the wireless signal for powering the coupled switch and the coupled logic

command.

10. The apparatus of claim 9, wherein the antenna

further comprises multiple capacitors,

wherein each capacitor is coupled to one of the power modules and one of the logic
commands, and

wherein each capacitor is configured for storing at least a portion of the obtained
power,

wherein the power modules, the logic commands, the switches, and the capacitors are
implemented in an integrated circuit, and the integrated circuit is positioned relative to the
antenna element such that when the switch is on, the power modules can access the wireless
signal to obtain power, and

further wherein the capacitors power the logic commands when the switches are off.
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11. The apparatus of claim 7, wherein the plurality of antenna elements are slots in a slotted
waveguide operating between resonant and non-resonant operation by operation of the

switches.
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