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(57) Abstract: The disclosed technology is generally directed to a hybrid antenna module. In one example of the technology, an
apparatus comprises a first substrate that includes a first antenna module and a controller. The first antenna module includes: antenna
patches; floating patches; and switches. The controller is configured to cause the first antenna module to selectively operate in a first
mode and a second mode such that at least a portion of the antenna patches and at least a portion of the floating patches are switched
together via the switches in the second mode and not in the first mode, and in which a resonant antenna frequency of the first antenna
module is controlled at a first frequency in the first mode and at a second frequency in the second mode. The second frequency is
different from the first frequency.
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HYBRID ANTENNA ARRAY

BACKGROUND

[0001] A phased array antenna is an array of antennas which projects a beam of radio waves
that can be steered to point in different directions without moving the antennas. There are many
different types of phased array antennas.

[0002] An ultra-wideband (UWB) phased array antenna is a phased array of UWB antennas,
where a UWB antenna is an antenna with a fractional bandwidth greater than 0.2 and a
minimum bandwidth of 500 MHz. UWB antennas have many applications, including voice and
data transmission using digital pulses, allowing a very low-powered and relatively low-cost
signal to carry information at very high data rates within a restricted range.

[0003] A millimeter wave (mmWave) phased array antenna is a phased array of mmWave
antennas, where a mmWave antenna uses a spectrum in the band with wavelengths between 10
millimeters and 1 millimeter, and have many applications, such as high-speed, point-to-point
wireless local area networks (WLANSs) access, broadband access, and for a variety of services
on mobile and wireless networks, enabling higher data rates than at lower frequencies, such as
Wi-Fi.

SUMMARY OF THE DISCLOSURE

[0004] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended to be
used to limit the scope of the claimed subject matter.

[0005] Briefly stated, the disclosed technology is generally directed to a hybrid antenna
module. In one example of the technology, an apparatus comprises a first substrate that includes
a first antenna module and a controller. The first antenna module includes: a first plurality of
antenna patches; a first plurality of floating patches; and a first plurality of switches. The
controller is configured to cause the first antenna module to selectively operate in a first mode
and a second mode such that at least a portion of antenna patches in the first plurality of antenna
patches and at least a portion of the floating patches in the first plurality of floating patches are
switched together via the plurality of switches in the second mode and not in the first mode, and
in which a resonant antenna frequency of the first antenna module is controlled at a first
frequency in the first mode and at a second frequency in the second mode. The second frequency
is different from the first frequency.

[0006] Other aspects of and applications for the disclosed technology will be appreciated

upon reading and understanding the attached figures and description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Non-limiting and non-exhaustive examples of the present disclosure are described
with reference to the following drawings. In the drawings, like reference numerals refer to like
parts throughout the various figures unless otherwise specified. These drawings are not
necessarily drawn to scale.

[0008] For a better understanding of the present disclosure, reference will be made to the
following Detailed Description, which is to be read in association with the accompanying
drawings, in which:

[0009] FIG. 1 shows a block of an example device that includes one or more hybrid antenna
modules;

[0010] FIGs. 2A and 2B shows a block diagram of an example of a chassis and the hybrid
antenna module of FIG. 1 operate in a millimeter wave (mmWave) mode and an ultra-wideband
(UWB) mode respectively;

[0011] FIG. 3 is a flow diagram illustrating an example process for operation of a hybrid
antenna array; and

[0012] FIG. 4 is a block diagram illustrating one example of a suitable computing device,
according to aspects of the disclosed technology.

DETAILED DESCRIPTION

[0013] A device includes one or more hybrid antennas arrays. Each hybrid antenna array
effectively has two more antenna structures on one module that is on one substrate. The hybrid
antenna array is capable of acting in two or more different antenna modes, where the different
antenna modes may include, for example, a mmWave mode, a UWB mode, a 60 GHz antenna
mode, a Bluetooth mode, or another suitable antenna mode. For instance, in one example, a
mobile device has a hybrid antenna array that is capable of acting in mmWave mode and UWB
mode, rather than having one separate mmWave antenna module on one substrate and another
separate UWB antenna module on another substrate. Software logic in the device controls which
antenna mode the hybrid antenna array is operating in at any particular time.

[0014] For instance, a hybrid antenna array capable of operating in both mmWave mode and
UWB mode has a number of mmWave antenna patches, a number of floating patches, and a
number of switches. When the device is operating in mmWave mode, the switches are open, and
the mmWave antenna patches are not coupled to other patches by the switches. The mmWave
antenna patches operate as they would in a standard mmWave array, including being controlled
to operate at an appropriate resonant frequency for a mmWave array.

[0015] When the software logic causes the device to operate in UWB mode, the switches

close to form two or more UWB antennas, where each UWB antenna includes two of the
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mmWave antenna patches coupled together via one of the floating patches, where the floating
patches are coupled to the mmWave antenna patches via switches. The software logic controls
the hybrid antenna array to operate as a UWB antenna array, including being controlled to
operate at the appropriate resonant frequency for a UWB array.

Illustrative Systems

[0016] FIG. 1 shows an example of a device (100). FIG. 1 and the corresponding description
of FIG. 1 in the specification illustrate an example device for illustrative purposes that does not
limit the scope of the disclosure. Device 100 is described as follows in accordance with some
examples.

[0017] Device 100 includes outer layer 110, hybrid module 121, hybrid module 122, hybrid
module 123, controller 130, and chassis 140. Device 100 is a mobile device or other suitable
device that uses at least one antenna array. Each of hybrid modules 121-123 is a hybrid antenna
module that is capable of operating as an antenna array in two or more separate antenna modes.
Each of hybrid modules 121-123 is on a separate substrate from each other. Hybrid module 121
includes antenna array 101 and front-end 181. Some examples of hybrid modules 122 and 123
include similar components, but only hybrid module 121 is shown with an expanded view in
FIG. 1. Front-end 180 includes power amplifier(s) 181 and impedance tuner 189. Each of hybrid
modules 121-123 is capable of operating in two or more antenna modes, where the two or more
antenna modes include at least two of a mmWave mode, a UWB mode, a 60 GHz mode, a
Bluetooth mode, or another suitable antenna mode. Each hybrid module operates in exactly one
mode at any particular point in time but may change from one mode to another relatively
quickly in some instances.

[0018] Outer layer 110 is composed of glass or another suitable material, such as a suitable
plastic material. Outer layer 110 provides protection to hybrid modules 121-123 and possibly
other sensitive components while providing minimal inference with the antenna signals radiated
by hybrid modules 121-123. In some examples, for each of the hybrid modules 121-123, there is
a gap between outer layer 110 and the hybrid module, such as a 0.5-millimeter air gap between
outer layer 110 and the hybrid module. Chassis 140 provides protection and physical stability to
the various components in device 100. Controller 130 and various other electronic components
not shown in FIG. 1 are housed in chassis 140. Controller 130 controls hybrid modules 121-123,
including control of which antenna mode each of the hybrid modules 121-123 is in.

[0019] In some examples, controller 130 includes: one or more processors executing
software, a radio controller, and a radio front end. In some examples, the radio controller in
controller 130 includes digital logic. In some examples, the radio front end in controller 130

includes analog logic that provides control to hybrid modules 121-123. In some examples, the
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radio front end in controller 130 includes at least one application specific integrated circuit
(ASIC). The radio front end in controller 130 is capable of faster communication with hybrid
modules 121-123 than software executing in controller 130. In some examples, controller 130
uses protocol stacks for control of RF communications, communication higher up the protocol
stack is performed by software executing in controller 130, and communication lower in the
protocol stack is performed by the radio front end in controller 130. For instance, there may be
packet timing that occurs on the order of microseconds to milliseconds that is controlled by the
radio front end in controller 130. The radio controller and the radio front end in controller 130
provide a variety of different functions, including radio functions, radio control functions,
baseband processing functions, packet processing functions, and other suitable functions.
[0020] In some examples, the radio front end in controller 130 includes a separate module
for each antenna mode, such as one module for mmWave and one module for UWB. In some
examples, each radio controller in controller 130 also includes a separate module for each
antenna mode. In this way, in some examples, controller 130 effectively includes a separate
radio system/radio service for each antenna mode. For each antenna mode, the corresponding
radio service has its own understanding of the protocol and the timing associated with its radio
interface. When one of the hybrid modules changes operation from one antenna mode to
another, the corresponding radio services in controller 130 communicate with each other to
coordinate the change.

[0021] Although particular aspects of the architecture of controller 130 are discussed above
and below in accordance with particular examples, in other examples, the architecture of
controller 130 may differ from the discussion above and below in suitable ways. For instance,
some examples of controller 130 are arranged in different ways than discussed above and
discussed below. For instance, in some examples, controller 130 may be divided into separate
devices in separate locations that are in communication with each other. Also, in some
examples, some of the functionality discussed above and discussed below as being performed by
a particular sub-component of controller 130 may instead be performed by a different sub-
component of controller 130, or by a component outside of controller 130. For instance, in some
examples, some of the functionality discussed above and discussed below as being performed by
a particular sub-component of controller 130 may instead be integrated into the antennas of
hybrid modules 121-123.

[0022] Although FIG. 1 shows an example of device 100 with three hybrid modules, in
various examples, device 100 includes more or less than three hybrid modules. For instance, in
some examples, device 100 includes exactly one hybrid module. In some examples, device 100

may include many hybrid modules that collectively provide a 360-degree contour of antenna
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communication around the device, or some portion thereof. In some examples, device 100
includes one hybrid module on the top of device 100 and two or more other hybrid modules each
on a separate side of device 100.

[0023] FIGs. 2A and 2B show an example of hybrid antenna module 220 and chassis 240.
Hybrid antenna module 220 may be employed as an example of hybrid module 121, hybrid
module 122, or hybrid module 123 of FIG. 1. In some examples, hybrid antenna module 220 is
capable of selectively operating in mmWave mode and UWB mode. FIG. 2A shows an example
of hybrid antenna module 220 operating in mmWave mode. FIG. 2B shows an example of
hybrid antenna module 220 operating in UWB mode. In some examples, as illustrated in FIGs.
2A and 2B, hybrid antenna module 220 includes antenna patches 251-255, floating patches 261
and 262, switches 271-278, and antenna dielectric 280. Some examples of hybrid antenna
module 220 are as follows.

[0024] Antenna dielectric 280 is a suitable dielectric material. In some examples, antenna
dielectric 280 is a suitable low-loss plastic material having a loss tangent from about .002 to
about .003 and a dielectric from about 2 to about 4. Floating patches 261 and 262 are utilized in
UWB mode but are not utilized in mmWave mode. Switches 271-278 are open in mmWave
mode and closed during UWB mode. Each of the switches 271-278 may be any suitable switch.
For instance, in some examples, one or more of switches 271-278 may be a solid-state switch, a
microelectromechanical system (MEMS) switch, or other suitable switch. Examples of a solid-
state switch that may be used for one or more of switches 271-278 include a radiofrequency
(RF) silicon-on-insulator (SOI) complimentary-metal-oxide-semiconductor (CMOS) switch, a
Gallium Arsenide semiconductor switch, or another suitable solid-state switch. Each of the
antenna patches 251-255 is a mmWave patch antenna that is configured to operate together as a
phased array antenna. Floating patches 261 and 262 each act as a portion of an antenna in
antenna modes in which one of more of switches 271-278 are closed. Each of the floating
patches 261 and 262 is composed of copper or another suitable conductive material.

[0025] In some examples, one or more of the antenna patches (e.g., antenna patches 251-
255) include one or more antenna components. For instance, in some examples, as shown in
FIG. 2A and FIG. 2B, antenna patch 255 includes top patch layer 255A, patch element 255B, via
255C (not labeled in FIG. 2B), and via 255D. In some examples, top patch layer 255A and patch
element 255B are separated by a portion of antenna dielectric 280. In some examples, via 255C
and via 255D are ports that may be used to excite vertical and horizontal polarization, as
discussed in greater detail below. In other examples, vias 255C and 255D are vias that are
connected to suitable control signal(s), suitable inputs signal(s), ground(s), or the like.

[0026] During mmWave mode, antenna patches 251-255 function as mmWave antenna
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patches. Each of the antenna patches 251-255 has one port that is used to excite vertical
polarization during mmWave mode and another port that is used to excite horizontal polarization
during mmWave mode. During antenna mmWave mode, antenna patches 251-255 are controlled
to excite vertical polarization and horizontal polarization via the corresponding ports on antenna
patches 251-255. During mmWave mode, antenna patches 251-255 are controlled to radiate in
the 5G Frequency Range 2 (FR2) of 24.25 GHz to 52.6 GHz.

[0027] During UWB mode, switches 271-278 are closed. UWB requires larger antennas
than mmWave. Accordingly, in order to have a hybrid module that is capable of both mmWave
operations and UWB operation in one module on one substrate, in UWB mode, one UWB
antenna is formed by closing switches to form one UWB antenna out of two antenna patches and
one floating patch. More specifically, in the example of hybrid antenna module 220 illustrated in
FIGs. 2A and 2B, the closing of switches 271-274 causes floating patch 261 to be coupled
between antenna patches 251 and 252, so that antenna patches 251 and 252 are coupled to each
other via floating patch 261.

[0028] In this way, antenna patch 251, floating patch 261, and antenna patch 252 act
together as one UWB antenna. Similarly, the closing of switches 275-278 causes floating patch
262 to be coupled between antenna patches 254 and 255, so that antenna patches 254 and 255
are coupled to each other via floating patch 262. Antenna patch 254, floating patch 262, and
antenna patch 254 act together as one UWB antenna. In this way, the closing of switches 275-
278 causes the formation of two or more UWB antennas, where each UWB antenna is composed
of two antenna patches and one floating patch, coupled together by switches 275-278.

[0029] In the examples illustrated in FIGs. 2A and 2B, there are two UWB antennas formed,
which act together as a phased array antenna of two UWB antennas. During UWB mode, the
UWRB antennas are controlled at a resonant frequency in the range of 3.1 GHz to 10.6 GHz. For
instance, in some examples, the UWB antennas are controlled to resonate at a frequency of
about 7.98 GHz. In each UWB antenna, the floating patch provides a conduction path for the
input signal to go through during UWB mode.

[0030] FIGs. 2A and 2B show an example of hybrid antenna module 220 that includes five
antenna patches, two floating patches, and eight switches. However, various examples of hybrid
antenna module 220 may include more or less components than this. For instance, some
examples of hybrid antenna module 220 may include many more than five antenna patches.
Also, FIGs. 2A and 2B show an example of hybrid antenna module 220 that includes a one-by-
five array of antenna patches. In some examples, hybrid antenna 220 may instead include a
matrix array of antenna patches, such as a three-by-five array of antenna patches or a larger

array of antenna patches. One example of antenna module 220 includes include a one-by-five
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array of antenna patches and is about 28 millimeters by 4 millimeters in size. Some examples of
hybrid antenna module 220 with an array that is larger than one-by-five are correspondingly
larger in size. The size may also vary in various examples based on many factors other than the
number of patches, including, among other things, the precise technology used for the antennas.
[0031] FIGs. 2A and 2B show one particular example of hybrid antenna module 220 that is
capable of selectively operating in two or more antenna modes. In the example hybrid antenna
module 220 illustrated in FIGs. 2A and 2B, hybrid antenna module 220 is capable of selectively
operating in mmWave mode or UWB mode. However, in general, hybrid antenna module 220 is
capable in selectively operating among two or more different suitable antenna modes, where the
different suitable antenna modes include: a mmWave mode, a UWB mode, a 60 GHz mode, a
Bluetooth mode, or another suitable antenna mode.

[0032] Each of the hybrid antenna modules includes antenna patches, floating patches, and
switches. For the antenna mode that requires the shortest wavelength antennas among the
antenna mode used by the hybrid antenna module, the switches are open, and the antenna
patches are the antennas for that mode. For instance, in examples in which the antenna mode
that requires the smallest antennas among the antenna modes used by the hybrid antenna module
is mmWave mode, the antenna patches are mmWave patch antennas. For each other mode, at
least a portion of the switches are closed, and the antennas are formed so that each antenna is
composed of at least two antenna patches and at least one floating patch.

[0033] Also, for each other mode, the antennas in the hybrid patch are controlled to operate
at the resonant frequency that corresponds to the antenna mode that the hybrid antenna module
is currently operating in. Also, for each other mode, for each of the antennas that comprise two
or more antenna patches and one or more hybrid patches, the floating patch(es) provide a
conduction path for the input signal to go through during that mode. The number of patches
combined to form one antenna for each other mode depends on the size of the patches and the
size of the antenna required for that mode.

[0034] Control for the switches and the antennas come from a controller, such as controller
130 of FIG. 1. Although not shown in FIGs. 2A and 2B, in some examples, hybrid antenna
module 220 further includes one or more front ends, where each of the front ends includes one
or more power amplifiers. The controller determines how the antennas are to be controlled, and
the signals that go to the inputs of the antennas come from the output of the power amplifiers. In
some examples, in hybrid antenna module 220, each of the different antenna modes has its own
separate front end.

[0035] For instance, in some examples, hybrid antenna module 220 includes a mmWave

front-end for the mmWave antenna mode that includes power amplifiers, where the outputs of
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the power amplifier are coupled to the input ports of the antenna patches 271-275 for which
vertical polarization and horizontal polarization is excited. In some examples, hybrid antenna
module 220 has exactly one combined front end that acts as a front end for each of the antenna
modes, with the same set of power amplifiers being used for each of the antenna modes. In
different antenna modes, different output matching may be required for the power amplifiers. In
some examples, impedance tuning is used to adjust the output matching to provide different
output matching in different antenna modes.

[0036] Returning to FIG. 1, an example of such a combined front end is shown in hybrid
module 121. Front end 180 is a combined front end that is used for each of the antenna modes
that hybrid module 121 operates in. Power amplifier(s) 181 are used in each antenna mode that
hybrid module 121 operates in. Impedance tuner 189 adjusts the output matching to provide
different output matching in each of the different antenna modes.

[0037] For each hybrid module (e.g., 121, 122, and 123), controller 130 controls which
antenna mode the hybrid module is in at any particular time. In some examples, the
determination as to which antenna mode a hybrid module is in is determined by arbitration logic
in a software logic layer that executes in one or more processors in controller 130. In some
examples, some parameters of the arbitration logic are user configurable. For instance, in some
examples, a user is able to cause the arbitration logic to be configured to prioritize a particular
antenna mode. For instance, in some examples, a user is able to cause the arbitration logic to be
configured to prioritize mmWave mode over UWB mode or to prioritize UWB mode over
mmWave mode. A user may be able to cause the arbitration logic to prioritize or deprioritize one
or more antenna modes in different suitable ways in different examples.

[0038] In some examples, the arbitration logic causes the modes to be divided over time to
share the hybrid module, such as by allowing the hybrid module to be in mmWave mode for a
maximum time and then force the mode to be changed to UWB mode after the maximum time
has elapsed, then run in UWB mode for one or more bursts of time such as about 11 to 13
milliseconds for each burst, and then return to mmWave made after the bursts are finished.
[0039] Controller 130 may determine whether coverage in a particular antenna mode is too
weak for a particular hybrid module and may change the antenna mode if a mode running in a
particular module is determined to have weak coverage at that time. Some examples of device
100 use multiple hybrid modules in different locations, and some modules may have better
coverage than others based on their location. There are a number of different suitable criteria
that controller 130 may use in various examples to determine that coverage is weak,
performance is poor, or that there is an applicable related issue with a particular antenna mode

for a hybrid module and that therefore the antenna mode of that hybrid module should be
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changed. For example, the controller may evaluate the throughput to determine how good the
coverage for a particular antenna mode of a particular hybrid module. In some examples, if the
antenna mode is changed for a hybrid module because the hybrid module is determined to have
weak coverage for that antenna mode, controller 130 changes the antenna mode for that hybrid
module back to the previous antenna mode if it is determined that the coverage is no longer
weak.

[0040] In some examples, if controller 130 determines that coverage in a particular antenna
mode is too weak for a particular hybrid module, controller 130 changes the antenna mode in
that hybrid module to another antenna mode and does a handoff/transition to another hybrid
module. For instance, in some examples, a seamless transition is provided from one hybrid
module to another hybrid module so that a communications task being performed in one hybrid
module is stopped for that hybrid module and seamlessly continued at another hybrid module
from where that communications task left off. In this way, controller 130 performs a transition
from use of one hybrid module in performing part of a communications task to use of another
hybrid module in continuing that communications task. In some examples, when such a
transition is performed, there is no interruption from the perspective of the network. The job is
controlled by controller 130 both before and after the transition, but when the transition is
complete, the communications task that was being performed via one hybrid module is
continued via a different hybrid module.

[0041] Controller 130 controls the transition so that the transition occurs on packet
boundaries. The transition is a soft transition rather than a hard transition. In some examples,
when a transition occurs, the first hybrid module continues operation for a brief period of time,
the second hybrid module operates in the same mode as the first hybrid module for a brief period
of time so that there is a brief period of time in which both hybrid modules overlap, and then the
first hybrid module stops operating in that mode, completing the transition. For beginning the
operation of the second hybrid module in the same mode as the first hybrid module, controller
130 controls configuration the second hybrid module, then closes particular switches in the
second hybrid module to prepare for the radio interface to be used, and then causes the operation
to begin in the second hybrid module. In some examples in which multiple-input and multiple-
output (MIMO) is used in mobile device 100, controlling the configuration of the second hybrid
module includes controlling the allocation of MIMO resources to use the second hybrid module.
The configuration of the second hybrid module also includes controlling the second hybrid
module to configure the second hybrid module for its specific band of operation.

[0042] The transition occurs in a different manner depending on the whether the antenna

mode is one in which beamforming is used or not. In antenna modes in which beamforming is
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used, such as mmWave mode, the transition is coordinated with a base station to which the
hybrid module is transmitting. In antenna modes in which beamforming is not used, such as
UWB mode, the transition is not coordinated with the base station, but instead the transition
occurs within mobile device 100 itself. In examples in which the transition is coordinated with
the base station, as part of controlling the configuration, controller 130 coordinates with the base
station to determine when to perform the transition and to coordinate the beams in the transition
of one hybrid module to another hybrid module.

[0043] In examples in which the transition is coordinated with the base station, the second
hybrid module is locked onto a different beam than the first hybrid module. If the second hybrid
module has previously communicated with the base station, the base station may already have
the needed matrix information to change the beamforming over to the second hybrid module. If
instead the second hybrid module has not previously communicated with the base station, a new
beam search will be triggered for the second hybrid module.

[0044] By using one or more hybrid antenna modules (e.g., hybrid antenna module 121),
device 100 can achieve a space savings relative to using separate modules for each different type
of antenna array. For instance, using one hybrid module on one substrate that can selectively
operate in either nmWave mode or UWB mode has a space savings compared to using one
mmWave module that cannot operate as a UWB module on one substrate and another UWB
module that cannot operate as a mmWave module on a separate substrate. Such a hybrid module
can also allow for reduced internal routing, reduced transmission line losses, and less routing
losses relative to separate modules.

[0045] Use of hybrid antenna modules (e.g., hybrid antenna modules 121, 122, and 123)
enables more antenna functionality to be fit on device 100, allowing more radio connectivity
using a smaller footprint.

Tlustrative Processes

[0046] FIG. 3 is a diagram illustrating an example dataflow for a process (390) performed,
such as by controller 130 of FIG. 1. In some examples, process 390 proceeds as follows.
[0047] Step 391 occurs first. At step 391, a first antenna module is caused to operate in a
first mode. The first antenna module includes: a first plurality of antenna patches, a first
plurality of floating patches, and a first plurality of switches. A resonant antenna frequency of
the first antenna module is controlled at a first frequency in the first mode. As shown, step 392
occurs next. At step 392, the first antenna module is caused to change operation from the first
mode to a second mode, such that at least a portion of antenna patches in the first plurality of
antenna patches and at least a portion of the floating patches in the first plurality of floating

patches are switched together via the plurality of switches in the second mode and not in the first
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mode, and in which a resonant antenna frequency of the first antenna module is controlled at a
second frequency in the second mode. The second frequency is different from the first
frequency. As shown, step 393 occurs next. At step 393, the first antenna module is caused to
change operation from the second mode to the first mode. The process then advances to a return
block, where other processing is resumed.

Iustrative Computing Device

[0048] FIG. 4 is a diagram illustrating one example of computing device 400 in which
aspects of the technology may be practiced. Computing device 400 may be virtually any type of
general- or specific-purpose computing device. For example, computing device 400 may be a
user device such as a desktop computer, a laptop computer, a tablet computer, a display device,
a camera, a printer, or a smartphone. Likewise, computing device 400 may also be a server
device such as an application server computer, a virtual computing host computer, or a file
server computer. In some examples, computing device 400 is a mobile device that is an example
of mobile device 100 of FIG. 1 or mobile device 200 of FIG. 2. In some examples, the
components illustrated in FIG. 4 are contained within chassis 120 of device mobile device 100
of FIG. 2 or chassis 220 device 200 of FIG. 2. As illustrated in FIG. 4, computing device 400
may include processing circuit 410, operating memory 420, memory controller 430, bus 440,
data storage memory 450, input interface 460, output interface 470, and network adapter 480.
Each of these afore-listed components of computing device 400 includes at least one hardware
element.

[0049] Computing device 400 includes at least one processing circuit 410 configured to
execute instructions, such as instructions for implementing the herein-described workloads,
processes, and/or technology. Processing circuit 410 may include a microprocessor, a
microcontroller, a graphics processor, a coprocessor, a field-programmable gate array, a
programmable logic device, a signal processor, and/or any other circuit suitable for processing
data. The aforementioned instructions, along with other data (e.g., datasets, metadata, operating
system instructions, etc.), may be stored in operating memory 420 during run-time of computing
device 400. Operating memory 420 may also include any of a variety of data storage
devices/components, such as volatile memories, semi-volatile memories, random access
memories, static memories, caches, buffers, and/or other media used to store run-time
information. In one example, operating memory 420 does not retain information when
computing device 400 is powered off. Rather, computing device 400 may be configured to
transfer instructions from a non-volatile data storage component (e.g., data storage component
450) to operating memory 420 as part of a booting or other loading process. In some examples,

other forms of execution may be employed, such as execution directly from data storage
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component 450, e.g., eXecute In Place (XIP).

[0050] Operating memory 420 may include 4" generation double data rate (DDR4) memory,
3 generation double data rate (DDR3) memory, other dynamic random access memory
(DRAM), High Bandwidth Memory (HBM), Hybrid Memory Cube memory, 3D-stacked
memory, static random access memory (SRAM), magnetoresistive random access memory
(MRAM), pseudorandom random access memory (PSRAM), and/or other memory, and such
memory may comprise one or more memory circuits integrated onto a DIMM, SIMM,
SODIMM, Known Good Die (KGD), or other packaging. Such operating memory modules or
devices may be organized according to channels, ranks, and banks. For example, operating
memory devices may be coupled to processing circuit 410 via memory controller 430 in
channels. One example of computing device 400 may include one or two DIMMs per channel,
with one or two ranks per channel. Operating memory within a rank may operate with a shared
clock, and shared address and command bus. Also, an operating memory device may be
organized into several banks where a bank can be thought of as an array addressed by row and
column. Based on such an organization of operating memory, physical addresses within the
operating memory may be referred to by a tuple of channel, rank, bank, row, and column.
[0051] Despite the above discussion, operating memory 420 specifically does not include or
encompass communications media, any communications medium, or any signals per se.

[0052] Memory controller 430 is configured to interface processing circuit 410 to operating
memory 420. For example, memory controller 430 may be configured to interface commands,
addresses, and data between operating memory 420 and processing circuit 410. Memory
controller 430 may also be configured to abstract or otherwise manage certain aspects of
memory management from or for processing circuit 410. Although memory controller 430 is
illustrated as a single memory controller separate from processing circuit 410, in other examples,
multiple memory controllers may be employed, memory controller(s) may be integrated with
operating memory 420, and/or the like. Further, memory controller(s) may be integrated into
processing circuit 410. These and other variations are possible.

[0053] In computing device 400, data storage memory 450, input interface 460, output
interface 470, and network adapter 480 are interfaced to processing circuit 410 by bus 440.
Although FIG. 4 illustrates bus 440 as a single passive bus, other configurations, such as a
collection of buses, a collection of point-to-point links, an input/output controller, a bridge, other
interface circuitry, and/or any collection thereof may also be suitably employed for interfacing
data storage memory 450, input interface 460, output interface 470, and/or network adapter 480
to processing circuit 410.

[0054] In computing device 400, data storage memory 450 is employed for long-term non-
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volatile data storage. Data storage memory 450 may include any of a variety of non-volatile data
storage devices/components, such as non-volatile memories, disks, disk drives, hard drives,
solid-state drives, and/or any other media that can be used for the non-volatile storage of
information. However, data storage memory 450 specifically does not include or encompass
communications media, any communications medium, or any signals per se. In contrast to
operating memory 420, data storage memory 450 is employed by computing device 400 for non-
volatile long-term data storage, instead of for run-time data storage.

[0055] Also, computing device 400 may include or be coupled to any type of processor-
readable media such as processor-readable storage media (e.g., operating memory 420 and data
storage memory 450) and communication media (e.g., communication signals and radio waves).
While the term processor-readable storage media includes operating memory 420 and data
storage memory 450, the term "processor-readable storage media," throughout the specification
and the claims, whether used in the singular or the plural, is defined herein so that the term
"processor-readable storage media" specifically excludes and does not encompass
communications media, any communications medium, or any signals per se. However, the term
"processor-readable storage media" does encompass processor cache, Random Access Memory
(RAM), register memory, and/or the like.

[0056] Computing device 400 also includes input interface 460, which may be configured to
enable computing device 400 to receive input from users or from other devices. In addition,
computing device 400 includes output interface 470, which may be configured to provide output
from computing device 400. In one example, output interface 470 includes a frame buffer,
graphics processor, graphics processor or accelerator, and is configured to render displays for
presentation on a separate visual display device (such as a monitor, projector, virtual computing
client computer, etc.). In another example, output interface 470 includes a visual display device
and is configured to render and present displays for viewing. In yet another example, input
interface 460 and/or output interface 470 may include a universal asynchronous
receiver/transmitter (UART), a Serial Peripheral Interface (SPI), Inter-Integrated Circuit (12C), a
General-purpose input/output (GPIO), and/or the like. Moreover, input interface 460 and/or
output interface 470 may include or be interfaced to any number or type of peripherals.

[0057] In the illustrated example, computing device 400 is configured to communicate with
other computing devices or entities via network adapter 480. Network adapter 480 may include a
wired network adapter, e.g., an Ethernet adapter, a Token Ring adapter, or a Digital Subscriber
Line (DSL) adapter. Network adapter 480 may also include a wireless network adapter, for
example, a Wi-Fi adapter, a Bluetooth adapter, a ZigBee adapter, a Long-Term Evolution (LTE)
adapter, SigFox, LoRa, Powerline, or a 4G adapter.
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[0058] Although computing device 400 is illustrated with certain components configured in
a particular arrangement, these components and arrangements are merely one example of a
computing device in which the technology may be employed. In other examples, data storage
memory 450, input interface 460, output interface 470, or network adapter 480 may be directly
coupled to processing circuit 410 or be coupled to processing circuit 410 via an input/output
controller, a bridge, or other interface circuitry. Other variations of the technology are possible.
[0059] Some examples of computing device 400 include at least one memory (e.g.,
operating memory 420) having processor-executable code stored therein, and at least one
processor (e.g., processing unit 410) that is adapted to execute the processor-executable code,
wherein the processor-executable code includes processor-executable instructions that, in
response to execution, enables computing device 400 to perform actions, where the actions may
include, in some examples, actions for one or more processes described herein.

[0060] The above description provides specific details for a thorough understanding of, and
enabling description for, various examples of the technology. One skilled in the art will
understand that the technology may be practiced without many of these details. In some
instances, well-known structures and functions have not been shown or described in detail to
avoid unnecessarily obscuring the description of examples of the technology. It is intended that
the terminology used in this disclosure be interpreted in its broadest reasonable manner, even
though it is being used in conjunction with a detailed description of certain examples of the
technology. Although certain terms may be emphasized below, any terminology intended to be
interpreted in any restricted manner will be overtly and specifically defined as such in this
Detailed Description section. Throughout the specification and claims, the following terms take
at least the meanings explicitly associated herein, unless the context dictates otherwise. The
meanings identified below do not necessarily limit the terms, but merely provide illustrative
examples for the terms. For example, each of the terms "based on" and "based upon" is not
exclusive, and is equivalent to the term "based, at least in part, on," and includes the option of
being based on additional factors, some of which may not be described herein. As another
example, the term "via" is not exclusive, and is equivalent to the term "via, at least in part," and
includes the option of being via additional factors, some of which may not be described herein.
The meaning of "in" includes "in" and "on." The phrase "in one embodiment," or "in one
example," as used herein does not necessarily refer to the same embodiment or example,
although it may. Use of particular textual numeric designators does not imply the existence of
lesser-valued numerical designators. For example, reciting "a widget selected from the group
consisting of a third foo and a fourth bar" would not itself imply that there are at least three foo,

nor that there are at least four bar, elements. References in the singular are made merely for
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clarity of reading and include plural references unless plural references are specifically
excluded. The term "or" is an inclusive "or" operator unless specifically indicated otherwise. For
example, the phrases "A or B" means "A, B, or A and B." As used herein, the terms
"component" and "system" are intended to encompass hardware, software, or various
combinations of hardware and software. Thus, for example, a system or component may be a
process, a process executing on a computing device, the computing device, or a portion thereof.
The term "cloud" or "cloud computing" refers to shared pools of configurable computer system
resources and higher-level services over a wide-area network, typically the Internet. "Edge"
devices refer to devices that are not themselves part of the cloud but are devices that serve as an
entry point into enterprise or service provider core networks.

Conclusion

[0061] While the above Detailed Description describes certain examples of the technology,
and describes the best mode contemplated, no matter how detailed the above appears in text, the
technology can be practiced in many ways. Details may vary in implementation, while still
being encompassed by the technology described herein. As noted above, particular terminology
used when describing certain features or aspects of the technology should not be taken to imply
that the terminology is being redefined herein to be restricted to any specific characteristics,
features, or aspects with which that terminology is associated. In general, the terms used in the
following claims should not be construed to limit the technology to the specific examples
disclosed herein, unless the Detailed Description explicitly defines such terms. Accordingly, the
actual scope of the technology encompasses not only the disclosed examples, but also all

equivalent ways of practicing or implementing the technology.
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CLAIMS
1. An apparatus, comprising:
a first substrate that includes a first antenna module (220), wherein the first antenna
module (220) includes:
a first plurality of antenna patches (251-255);
a first plurality of floating patches (261-262); and
a first plurality of switches (271-278); and
a controller (130) that is configured to cause the first antenna module (220) to selectively
operate in a first mode and a second mode such that at least a portion of antenna patches (251-
255) in the first plurality of antenna patches (251-255) and at least a portion of the floating
patches (261-262) in the first plurality of floating patches (261-262) are switched together via
the plurality of switches (271-278) in the second mode and not in the first mode, and in which a
resonant antenna frequency of the first antenna module (220) is controlled at a first frequency in
the first mode and at a second frequency in the second mode, wherein the second frequency is
different from the first frequency.
2. The apparatus of claim 1, wherein at least one of the first mode or the second mode is at
least one of: a millimeter wave mode, an ultra-wideband mode, a 60 Gigahertz mode, or a
Bluetooth mode.
3. The apparatus of claim 1, wherein the first mode is a millimeter wave mode, and wherein
the second mode is an ultra-wideband mode.
4. The apparatus of claim 1, wherein:
the plurality of antenna patches (251-255) includes at least a first antenna patch (251), a
second antenna patch (252), a third antenna patch (254), and a fourth antenna patch (255);
the plurality of floating patches (261-262) includes at least a first floating patch (261)
and a second floating patch (262); and
wherein the at least the portion of antenna patches (251-255) in the first plurality of
antenna patches (251-255) and the at least a portion of the floating patches (261-262) in the first
plurality of floating patches (261-262) are switched together via the plurality of switches (271-
278) in the second mode such that, in the second mode, the first antenna module (220) has at
least a first antenna and a second antenna; wherein the first antenna includes the first antenna
patch (251), the second antenna patch (252), and the first floating patch (261) coupled between
the first antenna patch (251) and the second antenna patch (252); and wherein the second
antenna includes the third antenna patch (254), the fourth antenna patch (255), and the second
floating patch (262) coupled between the third antenna patch (254) and the fourth antenna patch
(255).
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S. A method (390), comprising:

causing (391) a first antenna module (220) to operate in a first mode, wherein the first
antenna module (220) includes: a first plurality of antenna patches (251-255), a first plurality of
floating patches (261-262), and a first plurality of switches (271-278); wherein a resonant
antenna frequency of the first antenna module (220) is controlled at a first frequency in the first
mode;

causing (392) the first antenna module (220) to change operation from the first mode to a
second mode, such that at least a portion of antenna patches (251-255) in the first plurality of
antenna patches (251-255) and at least a portion of the floating patches (261-262) in the first
plurality of floating patches (261-262) are switched together via the plurality of switches (271-
278) in the second mode and not in the first mode, and in which a resonant antenna frequency of
the first antenna module (220) is controlled at a second frequency in the second mode, wherein
the second frequency is different from the first frequency; and

causing (393) the first antenna module (220) to change operation from the second mode
to the first mode.
6. A processor-readable storage medium, having stored thereon processor-executable code
that, upon execution by at least one processor, enables actions, comprising:

causing a first antenna module (220) to operate in a first mode, such that a resonant
antenna frequency of the first antenna module (220) is controlled at a first frequency in the first
mode;

determining whether the first antenna module (220) should change operation from the
first mode to a second mode;

responsive to determining that the first antenna module (220) should change operation
from the first mode to the second mode, causing the first antenna module (220) to change
operation from the first mode to a second mode, such that the resonant antenna frequency of the
first antenna module (220) 1s controlled at a second frequency in the second mode, wherein the
second frequency is different from the first frequency;

determining whether the first antenna module (220) should change operation from the
second mode to the second mode; and

responsive to determining that the first antenna module (220) should change operation
from the second mode to the first mode, causing the first antenna module (220) to change
operation from the second mode to the first second mode.
7. The apparatus of claim 1, further comprising:

a second substrate that includes a second antenna module (122), wherein the controller

(130) is further configured cause the second antenna module (122) to selectively operate in the
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first mode and the second mode.

8. The apparatus of claim 7, wherein the controller (130) is further configured to perform a
transition from use of the first antenna module (220) in performing part of a first
communications task to use of the second antenna module (122) in continuing the first
communications task.

9. The apparatus of claim 7, further comprising:

a third substrate that includes a third antenna module (123), wherein the controller (130)
is further configured to cause the third antenna module (123) to selectively operate in the first
mode and the second mode.

10. The apparatus of claim 1, wherein the controller (130) is further configured to determine
which mode the first antenna module (220) should operate in based on arbitration logic, and
wherein the arbitration logic includes at least one parameter that is user-configurable.

11. The apparatus of claim 1, wherein the controller (130) is further configured to evaluate a
throughput of the first antenna module (220) while the first antenna module (220) is in the first
mode and to cause the first antenna module (220) change operation from the first mode to the
second mode based, at least in part, on the evaluated throughput of the first antenna module
(220).

12. The apparatus of claim 1, wherein the controller (130) is further configured to evaluate a
throughput of the first antenna module (220) while the first antenna module (220) is in the
second mode and to cause the first antenna module (220) change operation from the second
mode to the first mode based, at least in part, on the evaluated throughput of the first antenna
module (220).

13. The apparatus of claim 1, wherein the first antenna module (220) further includes a
hybrid front end (180) that includes an impedance tuner (189) and a plurality of power
amplifiers (181), wherein the hybrid front end (180) is arranged to provide first mode input
signals to at least some of the plurality of antenna patches (251-255) while the first antenna
module (220) is operating in the first mode, the hybrid front end (180) is arranged to provide
second mode input signal to at least some of the plurality of antenna patches (251-255) while the
first antenna module (220) 1s operating in the second mode, and wherein the impedance tuner
(189) is arranged to adjust output matching of the hybrid front end (180) based on which mode
the first antenna mode is operating in.

14. The method (390) of claim 5, wherein at least one of the first mode or the second mode
is at least one of: a millimeter wave mode, an ultra-wideband mode, a 60 gigahertz mode, or a
Bluetooth mode.

15. The method (390) of claim 5, wherein the first mode is a millimeter wave mode, and
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wherein the second mode is an ultra-wideband mode.

16. The method (390) of claim 5, wherein causing (392) the first antenna module (220) to
change operation from the first mode to the second mode is based on a first determination that is
made by arbitration logic, wherein causing (393) the first antenna module (220) to change
operation from the second mode to the first mode is based on a second determination that is
made by the arbitration logic, and wherein the arbitration logic includes at least one parameter
that is user-configurable.

17. The processor-readable storage medium of claim 6, wherein at least one of the first mode
or the second mode is at least one of: a millimeter wave mode, an ultra-wideband mode, a 60
gigahertz mode, or a Bluetooth mode.

18. The processor-readable storage medium of claim 6, wherein the first mode is a
millimeter wave mode, and wherein the second mode is an ultra-wideband mode.

19. The apparatus of claim 1, wherein the controller (130) is further configured to cause the
first antenna module (220) to selectively operate in a third mode such that at least a portion of
antenna patches (251-255) in the first plurality of antenna patches (251-255) and at least a
portion of the floating patches (261-262) in the first plurality of floating patches (261-262) are
switched together via the plurality of switches (271-278) in the third mode, and in which a
resonant antenna frequency of the first antenna module (220) is controlled at a third frequency in
the third mode, wherein the third frequency is different from the first frequency, and wherein the
third frequency is different from the second frequency.

20. The apparatus of claim 1, wherein the first plurality of antenna patches is arranged in a

matrix array.

19



PCT/US2024/031331

WO 2024/258596

1/4

)
(3
i
A

sessssscscad

N
-—

1] 32




PCT/US2024/031331

WO 2024/258596

2/4

g¢ 9ld
8/ 9.2 viz 2T
e, i g
VSSZ = N | 252
== i [~ ]
855 ——, m LB 0z | i ol
\_ — ) ° ) C
ovZ Y 08z \ &N \
JJz 292 SlT €/ Wr4
assz
V¢ 9id
55T | psz | =N
ﬁ nL
VESeT [N , €52 252 —. s
855 —, | L L a |
} fol ﬂ [ 0 O
\_ o ,L — ,L
ove d 292 08¢ 192
assz

066¢




PCT/US2024/031331

WO 2024/258596

3/4

06¢<

O E |

€6€

apouwl }sii 0} apow
puodsas wou} uonesado abueyds
0} 9|NpPoW BUUdUE dsShe’)

1

6

opow puooas 0} spowl
3s41) wod) uonesado abueys
0} 9|npow euudjue asne)

1

16€ )

apouw }si1} Ul 9jesado
0} 9|Npow euuajue asne)




PCT/US2024/031331

WO 2024/258596

4/4

v 'Old

oSy

aoInaq Bunndwo) 101depy YIoMaN
—~
aoepau| IndinQ 08y soepe| Indu)
S ~
0VA4 09
Alows|A
obelJois Aowsy
eleq BunesedO
—~
ocy
Jsjjonuo) [aiedlle}
AOWBA Buissaoold
—~ ~
oey (01374

ooy




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2024/031331

A. CLASSIFICATION OF SUBJECT MATTER
INV. H01Q9/04 H01019/00

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO01Q

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/225034 Al (SCHMIDT DOMINIK J [US]) 1-3,5,6,
27 September 2007 (2007-09-27) 14,15,
17,18,20
A abstract; figures 1-3,6 4,7-13,
paragraphs [0013] - [0028], [0043] - 16,19
[0061]
A US 2021/119346 Al (SUR SANJIBR [US] ET AL) 1-20
22 April 2021 (2021-04-22)
abstract; figures 2-4
paragraphs [0047] - [0050]
A US 6 501 427 Bl (LILLY JAMES D [US] ET AL) 1-20
31 December 2002 (2002-12-31)
abstract; figures 5,29,31
column 4, line 23 - column 9, line 65

I:‘ Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 August 2024

Date of mailing of the international search report

24/09/2024

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Hischelrath, Jens

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2024/031331
Patent document Publication Patent family Publication
cited in search report date member(s) date
Us 2007225034 Al 27-09-2007 uUs 2003219035 A1l 27-11-2003
uUs 2007225034 Al 27-09-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

