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(67)  The disclosed system may include a support
structure that includes a ground plane that is connected
to an electrical ground. The system may also include an
antenna mounted to the support structure along with a
printed circuit board (PCB) that includes at least one an-
tenna feed configured to drive the antenna. The system
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provi-
sional Application No. 63/376,730, filed September 22,
2022, the disclosure of which is incorporated, in its en-
tirety, by this reference.

FIELD OF THE INVENTION

[0002] The present disclosure is generally directed to
methods and systems for controlling an antenna’s radi-
ation pattern.

INTRODUCTION

[0003] The radiation patternof an antennamay be con-
trolled by adding or removing other antennas from the
vicinity of specific antennas, by optimizing the position
of specific antennas within a mobile device, or using a
parasitic ground plane extension to improve the omnidi-
rectionality of the antenna’s radiation pattern. Modern
mobile electronic devices often include grounded outer
enclosures as well as printed circuit boards (PCBs) with
their own grounding systems. Such grounding systems
(or"ground planes") may provide an electrical return path
for multiple different electronic components including an-
tennas.

[0004] During operation, these antennas may be lim-
ited in how much power density they can radiate into the
surrounding environment in a given direction. For in-
stance, some governmental regulations may limit the
amountof gainfor antennas on a mobile electronic device
to 5 dBi. In some cases, adhering to these limits may be
achieved by reducing the antenna’s operating power
and/or reducing the antenna’s efficiency. This, however,
may lead to a reduction in total radiated power by the
antenna, and may ultimately degrade the antenna link’s
quality.

SUMMARY OF THE INVENTION

[0005] In accordance with the invention in a first as-
pect, a system comprises:

a support structure comprising a ground plane that
is connected to an electrical ground;

at least one antenna mounted to the support struc-
ture;

a printed circuit board (PCB) including at least one
antenna feed configured to drive the antenna; and
a parasitic ground plane extension electrically con-
nected to the ground plane, wherein the parasitic
ground plane extension includes one or more spe-
cific electrical characteristics that modify the anten-
na’s radiation pattern using a designed flow of
ground current.
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[0006] In some embodiments, the designed flow of
ground current is structured to direct the flow of ground
current in a manner that reduces directionality of the an-
tenna.

[0007] In some embodiments, the parasitic ground
plane extension is formed in a size that reduces direc-
tionality in the antenna.

[0008] In some embodiments, the parasitic ground
plane extension is formed in a shape that reduces direc-
tionality in the antenna.

[0009] In some embodiments, the parasitic ground
plane extension is positioned in a specific location within
the support structure, such that the position of the para-
sitic ground plane extension reduces directionality in the
antenna.

[0010] In some embodiments, the position of the par-
asitic ground plane extension within the support structure
is within a specified maximum distance from the location
of the antenna.

[0011] In some embodiments, the parasitic ground
plane extension is grounded to the support structure.
[0012] In some embodiments, one or more different
antennas within a specified minimum distance of the par-
asitic ground plane extension are removed from the sys-
tem.

[0013] In some embodiments, one or more different
antennas are added to the system within a specified max-
imum distance from the parasitic ground plane extension.
[0014] In some embodiments, the antenna is posi-
tioned substantially in the center of the support structure.
[0015] In some embodiments, the PCB has an electri-
cal ground, and the parasitic ground plane extension is
electrically connected to the electrical ground of the PCB.
[0016] In some embodiments, the parasitic ground
plane extension is electrically connected to the electrical
ground of the PCB and to the ground plane of the support
structure.

[0017] In accordance with the invention in a second
aspect, a mobile electronic device comprises:

a support structure comprising a ground plane that
is connected to an electrical ground;

at least one antenna mounted to the support struc-
ture;

a printed circuit board (PCB) including at least one
antenna feed configured to drive the antenna; and
a parasitic ground plane extension electrically con-
nected to the ground plane, wherein the parasitic
ground plane extension includes one or more spe-
cific electrical characteristics that modify the anten-
na’s radiation pattern using a designed flow of
ground current.

[0018] Forexample, the mobile electronic device of the
second aspect comprises a system of the first aspect,
and preferred features will be understood to apply inter-
changeably between the two aspects where technically
feasible.
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[0019] In some embodiments, the designed flow of
ground current is structured to direct the flow of ground
current in a manner that reduces directionality of the an-
tenna.

[0020] In some embodiments, the parasitic ground
plane extension is formed in a size that reduces direc-
tionality in the antenna, and wherein the size of the par-
asitic ground plane extension depends on an amount of
conductive material surrounding the antenna.

[0021] In some embodiments, the parasitic ground
plane extension is formed in a shape that reduces direc-
tionality in the antenna, and wherein the shape of the
parasitic ground plane extension depends on an amount
of conductive material surrounding the antenna.

[0022] In some embodiments, the parasitic ground
plane extension is positioned in a specific location within
the support structure, such that the position of the para-
sitic ground plane extension reduces directionality in the
antenna.

[0023] In some embodiments, the PCB has an electri-
cal ground, and the parasitic ground plane extension is
electrically connected to the electrical ground of the PCB.
[0024] In some embodiments, the parasitic ground
plane extension is electrically connected to the electrical
ground of the PCB and to the ground plane of the support
structure.

[0025] In accordance with the invention in a third as-
pect, a method of manufacturing comprises:

providing a support structure comprising a ground
plane that is connected to an electrical ground;
mounting at least one antenna to the support struc-
ture;

providing a printed circuit board (PCB) including at
least one antenna feed configured to drive the an-
tenna; and

electrically connecting a parasitic ground plane ex-
tension to the ground plane, wherein the parasitic
ground plane extension includes one or more spe-
cific electrical characteristics that modify the anten-
na’s radiation pattern using a designed flow of
ground current.

[0026] Features of possible embodiments of the third
aspect of the invention will be understood by analogy
with discussion of other aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings illustrate a
number of exemplary embodiments and are a part of the
specification. Together with the following description,
these drawings demonstrate and explain various princi-
ples of the present disclosure.

FIG. 1 illustrates an embodiment of a mobile elec-
tronic device establishing and implementing different
communication links between the mobile electronic
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device and other electronic devices.

FIG. 2 illustrates an embodiment of a portion of the
mobile electronic device that includes at least two
different antennas.

FIG. 3 illustrates an embodiment in which antennas
are positioned in the center of the mobile electronic
device to reduce gain.

FIGS. 4A-4Biillustrate directivity charts and radiation
patterns for specific antennas.

FIG. 5 illustrates an embodiment in which one or
more antennas are added to or removed from an
area near a specific type of antenna.

FIGS. 6A-6B illustrate directivity charts and radiation
patterns for specific antennas.

FIGS. 7A-7B illustrate embodiments in which a par-
asitic ground plane extension is implemented on a
mobile electronic device.

FIGS. 8A-8D illustrate efficiency, directivity, and gain
charts, as well as radiation patterns for a specific
type of antenna.

FIG. 9 is a flow diagram of an exemplary method for
manufacturing a mobile electronic device that in-
cludes one or more of the antenna architectures de-
scribed herein.

FIG. 10 is an illustration of exemplary augmented-
reality glasses that may be used in connection with
embodiments of this disclosure.

FIG. 11 is an illustration of an exemplary virtual-re-
ality headset that may be used in connection with
embodiments of this disclosure.

[0028] Throughout the drawings, identical reference
characters and descriptions indicate similar, but not nec-
essarily identical, elements. While the exemplary embod-
iments described herein are susceptible to various mod-
ifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
willbe described in detail herein. However, the exemplary
embodiments described herein are not intended to be
limited to the particular forms disclosed. Rather, the
present disclosure covers all modifications, equivalents,
and alternatives falling within the scope of the appended
claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0029] The present disclosure is generally directed to
methods and systems for controlling an antenna’s radi-
ation pattern. The antenna’s radiation pattern may be
controlled by adding or removing other antennas from
the vicinity of specific antennas, by optimizing the posi-
tion of specific antennas within a mobile device, or using
a parasitic ground plane extension to improve the omni-
directionality of the antenna’s radiation pattern. Modern
mobile electronic devices often include grounded outer
enclosures as well as printed circuit boards (PCBs) with
their own grounding systems. Such grounding systems
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(or"ground planes") may provide an electrical return path
for multiple different electronic components including an-
tennas.

[0030] During operation, these antennas may be lim-
ited in how much power density they can radiate into the
surrounding environment in a given direction. For in-
stance, some governmental regulations may limit the
amountof gainfor antennas on a mobile electronic device
to 5 dBi. In some cases, adhering to these limits may be
achieved by reducing the antenna’s operating power
and/or reducing the antenna’s efficiency. This, however,
may lead to a reduction in total radiated power by the
antenna, and may ultimately degrade the antenna link’s
quality.

[0031] The embodiments described herein may be
configured to retain total radiated power by the mobile
device antennas while reducing the directionality of the
antenna. Indeed, due to their design, some antennas
may radiate electromagnetic waves in a more directional
manner or in a more omnidirectional manner. If the an-
tennas are overly directional, they may surpass the gain
limit (e.g., 5 dBi) more easily than antennas that are more
omnidirectional. This issue may be compounded by the
fact that a mobile device may have multiple such anten-
nas radiating in tandem. Accordingly, at least some of
the embodiments described herein may implementa par-
asitic ground plane extension to modify and shape the
radiation patterns of one or more antennas on a given
mobile device to reduce that antenna’s directivity. By re-
ducing the antennas’ directivity, the embodiments herein
may cause the antennas described herein to be more
omnidirectional and may thereby ensure that the gain
limit is not exceeded in any given direction.

[0032] As will be described further below, antenna di-
rectivity may be reduced in multiple different ways. For
instance, in some cases, the directivity of an antenna in
a mobile device may be reduced by removing other an-
tennas around a specific antenna whose directivity is to
be controlled. For example, if other antennas are present
near the antenna that is to be controlled (e.g., a WiFi
antenna), the unintended radiation of those surrounding
antennas may constructively or destructively interfere
and may correspondingly increase or decrease directivity
of the controlled antenna (e.g., due to reflections). When
one or more of these surrounding antennas is added or
removed, the unintended radiation of the controlled an-
tenna may be lowered, thereby reducing directionality in
the controlled antenna and allowing the controlled anten-
na to operate at a higher power level if needed without
exceeding the gain limit.

[0033] Additionally or alternatively, antenna directivity
may be reduced by placing the antennas closer to the
center of the mobile electronic device, as opposed to
placing the antennas near the edges. In at least some
embodiments, the center (or substantially near the cent-
er) of the mobile device may provide lower directivity (and
thus gain) than the edges of the device. This may ensure
that the antenna or any combination of antennas (e.g.,
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WiFi, Bluetooth, global positioning system (GPS), cellu-
lar, ultrawideband (UWB) or other antennas) stays below
the effective isotropic radiated power (EIRP) or other
specified radiation limit. In some cases, the antenna or
group of antennas may be moved to different positions
at or near the center of the mobile device to provide an
optimal amount of gain for each specific antenna.
[0034] Still further, the embodiments herein may re-
duce directivity in antennas by adding a parasitic ground
plane extension to control the antennas’ radiation pat-
tern. The parasitic ground plane extension may be a sep-
arate mechanical component that is affixed to oris incor-
porated into the mobile electronic device. The parasitic
ground plane extension may be designed to modify or
shape the directionality of different antennas’ radiation
patterns. In some cases, a single parasitic ground plane
extension may be used, while in other cases, multiple
parasitic ground plane extensions may be used in the
same device. In some cases, the parasitic ground plane
extension may be grounded to at least one part of the
mobile device’s frame or support structure. By controlling
the directivity of each antenna, the embodiments herein
may allow for a higher radiated power while maintaining
EIRP or other specifications.

[0035] In some cases, the size, shape, and/or place-
ment of the parasitic ground plane extension may be spe-
cifically designed to control the shape of the radiation
pattern by controlling the flow of ground currents near
the antenna. This may ensure that the radiation pattern
is more omnidirectional in nature and that, in any given
direction, the gain limit is not exceeded. These embodi-
ments will be described further below with regard to FIGS.
1-11.

[0036] Features from any of the embodiments de-
scribed herein may be used in combination with one an-
otherin accordance with the general principles described
herein. These and other embodiments, features, and ad-
vantages will be more fully understood upon reading the
following detailed description in conjunction with the ac-
companying drawings and claims.

[0037] FIG. 1 illustrates an embodiment 100 of a mo-
bile electronic device. The mobile electronic device 101
may be designed to operate in conjunction with other
mobile or stationary electronic devices. These electronic
devices may include smartphones, smartwatches, virtual
reality (VR) head-mounted displays (HMDs), augmented
reality glasses, laptops, tablets, personal computers, in-
ternet of things (loT) devices (e.g., smart doorbells, re-
frigerators, coffee makers), or any other electronic de-
vices that are capable of wired or wireless communica-
tion. The mobile electronic device 101 may include dif-
ferent types of antennas to communicate on intralinks
(e.g., wireless communications between local devices)
or on interlinks (e.g., wireless communications between
remote devices including wireless connections to the in-
ternet). In some cases, the mobile electronic device 101
may include processors, controllers, or other processing
means to perform at least some amount of distributed
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processing for the local devices that are connected via
intralinks.

[0038] For example, the mobile electronic device 101
may provide processing capabilities for connected VR
HMDs (e.g., 1100 of FIG. 11) or artificial reality devices
(e.g., augmented reality glasses 1000 of FIG. 10) or
smartwatches. In such cases, the HMDs, glasses, or
smartwatches may turn over processing tasks to the mo-
bile electronic device 101 where those tasks will be proc-
essed. Upon completion of the tasks, the mobile elec-
tronic device 101 may then return the processed results
to the local devices. In this manner, the mobile electronic
device 101 may communicate with local electronic de-
vices, perform processing for those devices, and return
the results of the processing to those devices. Moreover,
the mobile electronic device 101 may connect to cellular,
global navigation satellite system (GNSS), or other re-
mote computer networks to retrieve information and pass
that information to the local devices. In this manner, the
mobile electronic device 101 may function as a process-
ing and/or communications hub for these local electronic
devices.

[0039] Insome cases, the local electronic devices may
include artificial reality devices. These artificial reality de-
vices may, themselves, include many different types of
electronic hardware. In some cases, for example, artifi-
cial reality devices may include head-mounted displays
that provide a virtual reality environment or augmented
reality glasses that provide an augmented reality envi-
ronment. In such cases, these HMDs may fully cover the
user’s eyes, and the user may be entirely enveloped in
the virtual environment. In other cases, artificial reality
devices may include augmented reality glasses or other
similar devices. In such cases, the augmented reality
glasses may allow the user to still see the world around
them, but may project virtual objects into the physical
world. As such, the wearer of the augmented reality
glasses may see real world objects as well as virtual ob-
jects that are projected onto the user’s eyes by the aug-
mented reality glasses. Smartphones, smartwatches,
and other mobile electronic devices may be used in con-
junction with these artificial reality devices and/or with
the mobile electronic device 101.

[0040] As noted above, the mobile electronic device
101 may include many types of antennas, sensors, and
other electronic components. These antennas may in-
clude WiFi antennas, Bluetooth antennas, global navi-
gation satellite system (GNSS) or global positioning sys-
tem (GPS) antennas, cellular antennas (e.g., 5G, 6G,
7G, etc.), Ultrawideband (UWB) antennas, near-field
communication (NFC) antennas, or other types of anten-
nas. The mobile electronic device 101 may also include
microphones, speakers, batteries, cameras, printed cir-
cuit boards (PCBs), touch sensors, buttons, insulating or
heat conducting materials for thermal management, si-
multaneous location and mapping (SLAM) sensors, or
other components.

[0041] In embodiment 100 of FIG. 1, the mobile elec-
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tronic device 101 may be in communication with other
local or remote electronic devices. As shown in FIG. 1,
the mobile electronic device 101 may communicate with
many different types of devices on many different types
of antennas or radios. These radios may establish intral-
inks and interlinks. As the terms are used herein, "intral-
inks" may refer to wireless communication links between
local devices that are within a few hundred feet of the
mobile electronic device 101. The term "interlinks" may
refer to wireless communication links between remote
devices that may be any distance from the mobile elec-
tronic device 101, including anywhere in the world or
space (e.g., links to satellites).

[0042] Interlinks may be established using cellular ra-
dios 102 (e.g., long term evolution (LTE), 5G, 6G, 7G,
etc.), FR1 frequency radios (e.g., 617MHz-7.125GHz,
see 501 of FIG. 5A), FR2 frequency radios (e.g.,
24.25-52.66GHz, see 502 of FIG. 5B), GNSS radios 103,
WiFi radios or other similar communications devices. In-
tralinks may be established using WiFi or line of sight
(LOS) radios (e.g., 60GHz radios) 104, Bluetooth radios
105 (e.g., to a pair of artificial reality glasses 106 or to a
smartwatch 107, etc.), near-field communication (NFC)
radios, or other antennas designed to operate over rel-
atively short distances (e.g., within 1-300 feet).

[0043] Insomeembodiments,forinstance,ifthe smart-
phone is incapable of making a cellular connection, the
smartphone may connect locally to the mobile electronic
device 101 using an intralink, and may use the mobile
electronic device’s interlink connections to communicate
with remote devices. At least in some cases, each of
these wireless connections may be established using dif-
ferent types of radios including WiFi, Bluetooth, NFC,
LOS, or other radios. Thus, the mobile electronic device
101 may be simultaneously communicating with multiple
different local and/or remote devices using multiple dif-
ferent types of radios. In some cases, the combined gain
of these antennas may be limited to a specified amount
(e.g., 5dBi). In such cases, the embodiments herein may
alter various characteristics of the mobile electronic de-
vice and/or its antennas to reduce gain and reduce di-
rectionality.

[0044] FIG. 2, for example, illustrates an embodiment
of a mobile electronic device 201 that may be similar to
or the same as mobile electronic device 101. The mobile
electronic device 201 may include various electronic and
mechanical components, including sensors such as im-
age sensor 202 and antennas such as 204 and 206. The
antennas 204 and 206 may be fed by antenna feeds 203
and 205, respectively. The antenna feeds may be elec-
trically connected to and controlled by a main logic board
208. The antenna feeds may include tuners, amplifiers,
impedance matching circuits, signal processors, or other
feed components. In some embodiments, the antennas
204 and 206 may be WiFi antennas that, in some cases,
are designed to operate simultaneously at the same fre-
quency. In such cases, the combined gain for the two
antennas may approach or exceed established limits.
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[0045] In the embodiments described herein, and as
will be explained further below, the gain and directionality
of these antennas may be reduced while still maintaining
a minimum level of operational efficiency by removing or
adding other antennas in the vicinity of these WiFi an-
tennas, by positioning one or both of the WiFi antennas
at the center of the mobile device, as opposed to place-
ment on the edges of the device, or by implementing a
parasitic element to control the radiation pattern of the
WiFi antennas. Here, it will be understood that while
many of the embodiments described herein involve WiFi
antennas, the principles disclosed herein may apply to
substantially any type of antenna operating at substan-
tially any frequency.

[0046] FIG. 3 illustrates an embodiment in which an-
tenna directivity may be reduced by placing antennas
closer to the center of a mobile electronic device 301. As
noted above, antenna directivity (and thus gain) may be
higher when the antennas are placed near the edges of
the mobile device 301. However, in some cases, gain
may be limited for a given antenna or group of two or
more antennas. In such cases, instead of placing the
antennas near the edges of the mobile device 301, one
or more of the device’s antennas 302 may be positioned
substantially in the center of the device. Because the
antennas in the center are surrounded by other compo-
nents that may introduce interference, the gain (and di-
rectionality) of such antennas may be reduced.

[0047] In some embodiments, the mobile electronic
device 301 may include a chassis or frame (alternatively
referred to as a "support structure" herein). The support
structure 308 may extend substantially the full length of
the mobile device. As such, the center of the support
structure 308 may be substantially the center of the mo-
bile device. In some embodiments, various antennas 302
may be positioned in the center of the mobile device 301.
In some cases, the antennas are moved from the edges
305 of the device to the center of the device. Other an-
tennas, such as antenna 304 may remain located on the
edge of the mobile device, fed by an antenna feed affixed
to the mobile device’s main logic board 303 that also
controls sensors (e.g., 306) or other components.
[0048] By strategically repositioning some of the mo-
bile device’s antennas to the center, those antennas may
experience more signal shaping by surrounding compo-
nents, leading to less gain and less directivity. This, in
turn, may allow those antennas to operate below estab-
lished EIRP or other limits. FIG. 4A illustrates an embod-
iment 400 of a chart 401 that shows example test results
for an edge-mounted antenna (402), for a baseline an-
tenna (403) and for a center-mounted antenna (404). As
can be seenin the chart 401, the edge-mounted antenna
may experience the highest levels of gain and directivity,
while the baseline antenna experiences less, and the
center-mounted antenna experiences the least amount
of gain and directivity.

[0049] These results carry over to FIG. 4B, whichiillus-
trates three antenna patterns for antennas operating at
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5.15GHz. Radiation pattern 411 in the middle illustrates
aradiation pattern of an edge-mounted antenna, showing
a directivity of 6.61dB. Radiation pattern 410 on the top
illustrates a radiation pattern of a baseline antenna,
showing a directivity of 4.87dB, while radiation pattern
412 on the bottom shows a radiation pattern of a center-
mounted antenna having a directivity of only 4.19dB.
Thus, as can be seen, the center-mounted antennas ex-
perienced a lower gain and a lower directivity, which may
allow the center-mounted antenna to continue operating,
even in cases where EIRP or other radiated power limits
place constraints on how the antennas are allowed to
operate.

[0050] FIG. 5 illustrates an embodiment of a mobile
electronic device 501 that may include different electronic
and mechanical components including an antenna 505,
an antennafeed 509, a camera 504, and potentially other
components. In some embodiments, the mobile device
501 may include antennas in the center of the device, or
potentially along the edges (e.g., 506). In some cases,
the directivity of an antenna in the mobile electronic de-
vice 501 may be reduced by removing other antennas
around a specific antenna whose directivity is to be con-
trolled.

[0051] Forexample,if otherantennas are present near
an antenna that is to be controlled (e.g., a WiFi antenna
508), the unintended radiation of those surrounding an-
tennas (e.g., at 502 or 503) may constructively or de-
structively interfere with the WiFiantenna 508. Moreover,
the surrounding antennas at 502 or 503 may correspond-
ingly increase or decrease directivity of the controlled
antenna (e.g., due to reflections). As such, one or more
ofthese surrounding antennas may be added orremoved
from the antenna architecture of the mobile device 501.
In this manner, the unintended radiation of the controlled
antenna may be reduced. This, in turn, may reduce di-
rectionality in the controlled antenna and allowing the
controlled antenna to operate at a higher power level if
needed without exceeding applicable gain limits (e.g.,
EIRP limits).

[0052] FIGS. 6A and 6B illustrate embodiments 600A
and 600B showing example test data in which the direc-
tivity of an antenna that is to be controlled is compared
to a baseline. In the example shown in chart 601, the
directivity of the antenna under control (602) is higher
than that of the baseline antenna (603). Thus, in this ex-
ample, the directivity of the antenna under control was
increased by removing nearby antennas. Similarly, radi-
ation pattern 604 of FIG. 6B shows a higher directivity
(6.61dB) at 5.15GHz than a baseline antenna (605)
(4.87dB) at the same frequency.

[0053] Other embodiments may demonstrate a de-
crease in directivity, for example, by adding nearby an-
tennas which would reshape the antenna radiation pat-
tern, thereby changing directivity. Either of the above-
described embodiments, including repositioning anten-
nas closer to the center of a mobile device or adding or
removing antennas next to an antenna under control
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(e.g., within a maximum or minimum distance from the
antenna under control), may be used in conjunction with
the parasitic ground plane extension embodiments de-
scribed below with regard to FIGS. 7A-9.

[0054] FIG. 7A illustrates an embodiment of a system
700thatmay include a support structure 701. The support
structure may have a ground plane 707 thatis connected
to an electrical ground (708). The system 700 may in-
clude various antennas including antenna 704 mounted
to the support structure 701. The system may further in-
clude a printed circuit board 703 that has an antenna
feed 702 configured to drive the antenna 704. The system
700 may also include a parasitic ground plane extension
706. The parasitic ground plane extension 706 may be
electrically connected to the ground plane 707 and may
include various specific electrical characteristics that
modify the antenna 704’s radiation pattern using a de-
signed flow of ground current.

[0055] The parasitic ground plane extension 706 may
be formed in different sizes and/or shapes, and may be
positioned in specific locations on the system 700 in order
to control the flow of ground currentin a specified manner.
Specifically, the parasitic ground plane extension 706
may be sized, shaped, positioned, or otherwise struc-
tured to direct the flow of ground currentin a manner that
reduces the directionality of the antenna 704 (or another
antenna). In one embodiment, the parasitic ground plane
extension 706 may be sized to include a larger surface
area. This larger surface area may draw more of the
ground current to the parasitic ground plane extension
706, thereby reshaping the radiation pattern of the an-
tenna and ultimately changing the directivity of the an-
tenna.

[0056] Still further, in some embodiments, the parasitic
ground plane extension 706 may be formed in a wide or
broad shape that draws more ground current to the par-
asitic ground plane extension 706 and, thus, may reduce
the directionality of the antenna. Conversely, in other em-
bodiments, the parasitic ground plane extension 706 may
be formed into a shape that is narrower and that draws
less ground current to the parasitic ground plane exten-
sion 706. Such embodiments may reduce the gain or
directionality of the antenna, but to a lesser degree.
[0057] In some cases, the parasitic ground plane ex-
tension 706 may be positioned in a specificlocation within
the support structure (e.g., near the antenna 704 or far-
ther from the antenna, or nearer to the ground plane or
farther from it, etc.). In such embodiments, for example,
if the parasitic ground plane extension 706 is positioned
closer to the antenna 704, the parasitic ground plane
extension 706 may reduce directionality in the antenna.
If the parasitic ground plane extension 706 is positioned
further from the antenna 704, the parasitic ground plane
extension 706 may still reduce directionality, but may do
so to a lesser extent. In some cases, a specified maxi-
mum distance may be established for the parasitic
ground plane extension 706 beyond which, the parasitic
ground plane extension begins to lose effectiveness. In
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such cases, the parasitic ground plane extension 706
may be positioned within that specified maximum dis-
tance from the location of the antenna.

[0058] In some embodiments, the parasitic ground
plane extension 706 may be grounded to the support
structure 701. In other embodiments, the parasitic ground
plane extension 706 may be electrically grounded to the
electrical ground of the PCB 703. Alternatively, in some
cases, the parasitic ground plane extension 706 may be
electrically connected to both the electrical ground of the
PCB 703 and to the ground plane of the support structure
701. Other grounding architectures may also be used
with the parasitic ground plane extension 706. As noted
above, the ground plane of the mobile device may have
ground currents flowing therethrough. The parasitic
ground plane extension 706 may be designed to change
the flow of those currents to shape the radiation pattern
of the antenna (e.g., a WiFi antenna).

[0059] Forinstance, largerorwiderdesigns may cause
the parasitic ground plane extension 706 to draw more
of the ground currents flowing through the ground plane.
Drawing away these currents may reduce directionality
in the associated antenna(s) more than would, for in-
stance, a smaller or narrower design parasitic ground
plane extension. Still further, the parasitic ground plane
extension 706 may be positioned closer to or further from
an antenna whose gain and/or directionality is to be con-
trolled. The combination of size, shape, and/or position
may greatly affect the degree to which the parasitic
ground plane extension 706 reduces the directionality
and gain of the associated antenna.

[0060] Such results are shown in embodiments 800A-
800D of FIGS. 8A-8D. Chart 801 of FIG. 8A, for example,
illustrates a total operational efficiency for antennas with
a parasitic element (e.g., 803) and without a parasitic
element (e.g., 802), with the antenna implementing the
parasitic element showing a total efficiency comparable
to embodiments where the parasitic element was not
used. This may ensure that the total radiated power re-
mains identical for both cases. Chart 805 of FIG. 8B il-
lustrates a substantial decrease in measured directivity
across a range of frequencies, with the baseline antenna
showninline 806, and the antenna with parasitic element
shown in line 807. Likewise, in FIG. 8C, chart 810 illus-
trates a notable decrease in gain when the antenna with
parasitic element (line 812) is compared to the baseline
antenna (line 811). Furthermore, the radiation patterns
815 and 816 of FIG. 8D illustrate a marked drop in direc-
tivity from 6.61dB in the baseline antenna (e.g., 815) to
4.41dB in the antenna implementing the parasitic ele-
ment (e.g., 816). Thus, as can be seen in these charts,
the parasitic ground plane extension element may pro-
vide measurable and notable differences over embodi-
ments in which such an element is not used.

[0061] FIG. 9 is a flow diagram of a method of manu-
facturing for providing, forming, creating, or otherwise
generating a mobile device that includes one or more of
the antenna architectures described herein. The steps
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shown in FIG. 9 may be performed by any suitable man-
ufacturing equipment, including 3D printers, and may be
controlled via computer-executable code and/or net-
worked computing systems. In one example, each of the
steps shown in FIG. 9 may represent an algorithm whose
structure includes and/or is represented by multiple sub-
steps, examples of which will be provided in greater detail
below.

[0062] The method of manufacturing 900 of FIG. 9 may
include, at step 910, providing a support structure (e.g.,
701 of FIG. 7) having a ground plane 707 thatis connect-
ed to an electrical ground 708. The method of manufac-
turing 900 may also include, at step 920, mounting at
least one antenna 704 to the support structure and, at
step 930, providing a printed circuit board 703 including
at least one antenna feed 702 configured to drive the
antenna. At step 940, the method of manufacturing 900
may include electrically connecting a parasitic ground
plane extension 706 to the ground plane. In such cases,
the parasitic ground plane extension 706 may include
one or more specific electrical characteristics that modify
the antenna’s radiation pattern using a designed flow of
ground current.

[0063] In some cases, the method of manufacturing
900 may be implemented to produce a mobile electronic
device. Such a mobile device may include a support
structure having a ground plane that is connected to an
electrical ground. The mobile device may also include at
least one antenna that is mounted to the support struc-
ture, along with a printed circuit board that includes an
antennafeed configured to drive the antenna. Still further,
the mobile device may include a parasitic ground plane
extension electrically connected to the ground plane. The
parasitic ground plane extension may include specific
electrical characteristics that modify the antenna’s radi-
ation pattern using a designed flow of ground current. In
addition to or as an alternative to the parasitic ground
plane extension, the embodiments described herein may
reduce directionality in an antenna or group of antennas
by moving one or more of the antennas to the center of
the device and/or by adding or removing antennas from
regions surrounding the antennas under control. In this
manner, the directivity of an antenna or group ofantennas
may be controlled to allow efficient operation while still
remaining below specified gain limits.

Example Embodiments

[0064] Example 1: A system may include a support
structure having a ground plane that is connected to an
electrical ground, at least one antenna mounted to the
support structure, a printed circuit board (PCB) including
atleastone antennafeed configured to drive the antenna,
and a parasitic ground plane extension electrically con-
nected to the ground plane, wherein the parasitic ground
plane extension includes one or more specific electrical
characteristics that modify the antenna’s radiation pat-
tern using a designed flow of ground current.
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[0065] Example 2: The system of Example 1, wherein
the designed flow of ground current s structured to direct
the flow of ground current in a manner that reduces di-
rectionality of the antenna.

[0066] Example 3: The system of Example 1 or Exam-
ple 2, wherein the parasitic ground plane extension is
formed in asize thatreduces directionality in the antenna.
[0067] Example 4: The system of any of Examples 1-3,
wherein the parasitic ground plane extension is formed
in a shape that reduces directionality in the antenna.
[0068] Example 5: The system of any of Examples 1-4,
wherein the parasitic ground plane extension is posi-
tioned in a specific location within the support structure,
such that the position of the parasitic ground plane ex-
tension reduces directionality in the antenna.

[0069] Example 6: The system of any of Examples 1-5,
wherein the position of the parasitic ground plane exten-
sion within the support structure is within a specified max-
imum distance from the location of the antenna.

[0070] Example 7: The system of any of Examples 1-6,
wherein the parasitic ground plane extensionis grounded
to the support structure.

[0071] Example 8: The system of any of Examples 1-7,
wherein one or more different antennas within a specified
minimum distance of the parasitic ground plane exten-
sion are removed from the system.

[0072] Example 9: The system of any of Examples 1-8,
wherein one or more different antennas are added to the
system within a specified maximum distance from the
parasitic ground plane extension.

[0073] Example 10: The system of any of Examples
1-9, wherein the antenna is positioned substantially in
the center of the support structure.

[0074] Example 11: The system of any of Examples
1-10, wherein the PCB has an electrical ground, and
wherein the parasitic ground plane extension is electri-
cally connected to the electrical ground of the PCB.
[0075] Example 12: The system of any of Examples
1-11, wherein the parasitic ground plane extension is
electrically connected to the electrical ground of the PCB
and to the ground plane of the support structure.
[0076] Example 13: A mobile electronic device may
include: a support structure having a ground plane that
is connected to an electrical ground, atleast one antenna
mounted to the support structure, a printed circuit board
(PCB) including at least one antenna feed configured to
drive the antenna, and a parasitic ground plane extension
electrically connected to the ground plane, wherein the
parasitic ground plane extension includes one or more
specific electrical characteristics that modify the anten-
na’s radiation pattern using a designed flow of ground
current.

[0077] Example 14: The mobile electronic device of
Example 13, wherein the designed flow of ground current
is structured to direct the flow of ground currentin a man-
ner that reduces directionality of the antenna.

[0078] Example 15: The mobile electronic device of
Example 13 or Example 14, wherein the parasitic ground
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plane extension is formed in a size that reduces direc-
tionality in the antenna, and wherein the size of the par-
asitic ground plane extension depends on an amount of
conductive material surrounding the antenna.

[0079] Example 16: The mobile electronic device of
any of Examples 13-15, wherein the parasitic ground
plane extension is formed in a shape that reduces direc-
tionality in the antenna, and wherein the shape of the
parasitic ground plane extension depends on an amount
of conductive material surrounding the antenna.

[0080] Example 17: The mobile electronic device of
any of Examples 13-16, wherein the parasitic ground
plane extension is positioned in a specific location within
the support structure, such that the position of the para-
sitic ground plane extension reduces directionality in the
antenna.

[0081] Example 18: The mobile electronic device of
any of Examples 13-17, wherein the PCB has an electri-
cal ground, and wherein the parasitic ground plane ex-
tension is electrically connected to the electrical ground
of the PCB.

[0082] Example 19: The mobile electronic device of
any of Examples 13-18, wherein the parasitic ground
plane extension is electrically connected to the electrical
ground of the PCB and to the ground plane of the support
structure.

[0083] Example 20: A method of manufacturing may
include providing a support structure having a ground
plane that is connected to an electrical ground, mounting
at least one antenna to the support structure, providing
a printed circuit board (PCB) including at least one an-
tenna feed configured to drive the antenna, and electri-
cally connecting a parasitic ground plane extension to
the ground plane, wherein the parasitic ground plane ex-
tension includes one or more specific electrical charac-
teristics that modify the antenna’s radiation pattern using
a designed flow of ground current.

[0084] Embodiments of the present disclosure may in-
clude or be implemented in conjunction with various
types of artificial-reality systems. Artificial reality is a form
of reality that has been adjusted in some manner before
presentation to a user, which may include, for example,
a virtual reality, an augmented reality, a mixed reality, a
hybrid reality, or some combination and/or derivative
thereof. Artificial-reality content may include completely
computer-generated content or computer-generated
content combined with captured (e.g., real-world) con-
tent. The artificial-reality content may include video, au-
dio, haptic feedback, or some combination thereof, any
of which may be presented in a single channel or in mul-
tiple channels (such as stereo video that produces a
three-dimensional (3D) effect to the viewer). Additionally,
in some embodiments, artificial reality may also be as-
sociated with applications, products, accessories, serv-
ices, or some combination thereof, that are used to, for
example, create content in an artificial reality and/or are
otherwise used in (e.g., to perform activities in) an artifi-
cial reality.
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[0085] Artificial-reality systems may be implemented
in a variety of different form factors and configurations.
Some artificial-reality systems may be designed to work
without near-eye displays (NEDs). Other artificial-reality
systems may include an NED that also provides visibility
into the real world (such as, e.g., augmented-reality sys-
tem 1000 in FIG. 10) or that visually immerses a user in
an artificial reality (such as, e.g., virtual-reality system
1100in FIG. 11). While some artificial-reality devices may
be self-contained systems, other artificial-reality devices
may communicate and/or coordinate with external devic-
es to provide an artificial-reality experience to a user.
Examples of such external devices include handheld
controllers, mobile devices, desktop computers, devices
worn by a user, devices worn by one or more other users,
and/or any other suitable external system.

[0086] Turning to FIG. 10, augmented-reality system
1000 may include an eyewear device 1002 with a frame
1010 configured to hold a left display device 1015(A) and
a right display device 1015(B) in front of a user’s eyes.
Display devices 1015(A) and 1015(B) may act together
or independently to present an image or series of images
to a user. While augmented-reality system 1000 includes
two displays, embodiments of this disclosure may be im-
plemented in augmented-reality systems with a single
NED or more than two NEDs.

[0087] In some embodiments, augmented-reality sys-
tem 1000 may include one or more sensors, such as
sensor 1040. Sensor 1040 may generate measurement
signals in response to motion of augmented-reality sys-
tem 1000 and may be located on substantially any portion
of frame 1010. Sensor 1040 may represent one or more
of a variety of different sensing mechanisms, such as a
position sensor, an inertial measurement unit (IMU), a
depth camera assembily, a structured light emitter and/or
detector, or any combination thereof. In some embodi-
ments, augmented-reality system 1000 may or may not
include sensor 1040 or may include more than one sen-
sor. In embodiments in which sensor 1040 includes an
IMU, the IMU may generate calibration data based on
measurement signals from sensor 1040. Examples of
sensor 1040 may include, without limitation, accelerom-
eters, gyroscopes, magnetometers, other suitable types
of sensors that detect motion, sensors used for error cor-
rection of the IMU, or some combination thereof.

[0088] In some examples, augmented-reality system
1000 may also include a microphone array with a plurality
of acoustic transducers 1020(A)-1020(J), referred to col-
lectively as acoustic transducers 1020. Acoustic trans-
ducers 1020 may represent transducers that detect air
pressure variations induced by sound waves. Each
acoustic transducer 1020 may be configured to detect
sound and convert the detected sound into an electronic
format (e.g., an analog or digital format). The microphone
array in FIG. 10 may include, for example, ten acoustic
transducers: 1020(A) and 1020(B), which may be de-
signed to be placed inside a corresponding ear of the
user, acoustic transducers 1020(C), 1020(D), 1020(E),
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1020(F), 1020(G), and 1020(H), which may be positioned
atvarious locations onframe 1010, and/or acoustic trans-
ducers 1020(1) and 1020(J), which may be positioned on
a corresponding neckband 1005.

[0089] In some embodiments, one or more of acoustic
transducers 1020(A)-(J) may be used as output trans-
ducers (e.g., speakers). For example, acoustic transduc-
ers 1020(A) and/or 1020(B) may be earbuds or any other
suitable type of headphone or speaker.

[0090] The configuration of acoustic transducers 1020
of the microphone array may vary. While augmented-
reality system 1000 is shown in FIG. 10 as having ten
acoustic transducers 1020, the number of acoustic trans-
ducers 1020 may be greater or less than ten. In some
embodiments, using higher numbers of acoustic trans-
ducers 1020 may increase the amount of audio informa-
tion collected and/or the sensitivity and accuracy of the
audio information. In contrast, using a lower number of
acoustic transducers 1020 may decrease the computing
power required by an associated controller 1050 to proc-
ess the collected audio information. In addition, the po-
sition of each acoustic transducer 1020 of the micro-
phone array may vary. For example, the position of an
acoustic transducer 1020 may include a defined position
on the user, a defined coordinate on frame 1010, an ori-
entation associated with each acoustic transducer 1020,
or some combination thereof.

[0091] Acoustictransducers 1020(A)and 1020(B) may
be positioned on different parts of the user’s ear, such
as behind the pinna, behind the tragus, and/or within the
auricle or fossa. Or, there may be additional acoustic
transducers 1020 on or surrounding the ear in addition
to acoustic transducers 1020 inside the ear canal. Having
an acoustic transducer 1020 positioned next to an ear
canal of a user may enable the microphone array to col-
lect information on how sounds arrive at the ear canal.
By positioning at least two of acoustic transducers 1020
on either side of a user’s head (e.g., as binaural micro-
phones), augmented-reality system 1000 may simulate
binaural hearing and capture a 3D stereo sound field
around about a user’s head. In some embodiments,
acoustic transducers 1020(A) and 1020(B) may be con-
nected to augmented-reality system 1000 via a wired
connection 1030, and in other embodiments acoustic
transducers 1020(A) and 1020(B) may be connected to
augmented-reality system 1000 via a wireless connec-
tion (e.g., a BLUETOOTH connection). In still other em-
bodiments, acoustic transducers 1020(A) and 1020(B)
may not be used at all in conjunction with augmented-
reality system 1000.

[0092] Acoustic transducers 1020 on frame 1010 may
be positioned in a variety of different ways, including
along the length of the temples, across the bridge, above
or below display devices 1015(A) and 1015(B), or some
combination thereof. Acoustic transducers 1020 may al-
so be oriented such that the microphone array is able to
detect sounds in a wide range of directions surrounding
the user wearing the augmented-reality system 1000. In
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some embodiments, an optimization process may be per-
formed during manufacturing of augmented-reality sys-
tem 1000 to determine relative positioning of each acous-
tic transducer 1020 in the microphone array.

[0093] In some examples, augmented-reality system
1000 may include or be connected to an external device
(e.g., a paired device), such as neckband 1005. Neck-
band 1005 generally represents any type or form of
paired device. Thus, the following discussion of neck-
band 1005 may also apply to various other paired devic-
es, such as charging cases, smart watches, smart
phones, wrist bands, other wearable devices, hand-held
controllers, tablet computers, laptop computers, other
external compute devices, etc.

[0094] As shown, neckband 1005 may be coupled to
eyewear device 1002 via one or more connectors. The
connectors may be wired or wireless and may include
electrical and/or non-electrical (e.g., structural) compo-
nents. In some cases, eyewear device 1002 and neck-
band 1005 may operate independently without any wired
or wireless connection between them. While FIG. 10 il-
lustrates the components of eyewear device 1002 and
neckband 1005 in example locations on eyewear device
1002 and neckband 1005, the components may be lo-
cated elsewhere and/or distributed differently on eye-
wear device 1002 and/or neckband 1005. In some em-
bodiments, the components of eyewear device 1002 and
neckband 1005 may be located on one or more additional
peripheral devices paired with eyewear device 1002,
neckband 1005, or some combination thereof.

[0095] Pairing external devices, such as neckband
1005, with augmented-reality eyewear devices may en-
able the eyewear devices to achieve the form factor of a
pair of glasses while still providing sufficient battery and
computation power for expanded capabilities. Some or
all of the battery power, computational resources, and/or
additional features of augmented-reality system 1000
may be provided by a paired device or shared between
a paired device and an eyewear device, thus reducing
the weight, heat profile, and form factor of the eyewear
device overall while still retaining desired functionality.
Forexample, neckband 1005 may allow components that
would otherwise be included on an eyewear device to be
included in neckband 1005 since users may tolerate a
heavier weight load on their shoulders than they would
tolerate on their heads. Neckband 1005 may also have
a larger surface area over which to diffuse and disperse
heat to the ambient environment. Thus, neckband 1005
may allow for greater battery and computation capacity
than might otherwise have been possible on a stand-
alone eyewear device. Since weight carried in neckband
1005 may be less invasive to a user than weight carried
in eyewear device 1002, a user may tolerate wearing a
lighter eyewear device and carrying or wearing the paired
device for greater lengths of time than a user would tol-
erate wearing aheavy standalone eyewear device, there-
by enabling users to more fully incorporate artificial-re-
ality environments into their day-to-day activities.



19 EP 4 343 964 A1 20

[0096] Neckband 1005 may be communicatively cou-
pled with eyewear device 1002 and/or to other devices.
These other devices may provide certain functions (e.g.,
tracking, localizing, depth mapping, processing, storage,
etc.) to augmented-reality system 1000. In the embodi-
ment of FIG. 10, neckband 1005 may include two acous-
tic transducers (e.g., 1020(1) and 1020(J)) that are part
of the microphone array (or potentially form their own
microphone subarray). Neckband 1005 may also include
a controller 1025 and a power source 1035.

[0097] Acoustic transducers 1020(I) and 1020(J) of
neckband 1005 may be configured to detect sound and
convert the detected sound into an electronic format (an-
alog or digital). In the embodiment of FIG. 10, acoustic
transducers 1020(l) and 1020(J) may be positioned on
neckband 1005, thereby increasing the distance be-
tween the neckband acoustic transducers 1020(1) and
1020(J) and other acoustic transducers 1020 positioned
on eyewear device 1002. In some cases, increasing the
distance between acoustic transducers 1020 of the mi-
crophone array may improve the accuracy of beamform-
ing performed via the microphone array. For example, if
asound is detected by acoustic transducers 1020(C) and
1020(D) and the distance between acoustic transducers
1020(C) and 1020(D) is greater than, e.g., the distance
between acoustic transducers 1020(D) and 1020(E), the
determined source location of the detected sound may
be more accurate than if the sound had been detected
by acoustic transducers 1020(D) and 1020(E).

[0098] Controller 1025 of neckband 1005 may process
information generated by the sensors on neckband 1005
and/or augmented-reality system 1000. For example,
controller 1025 may process information from the micro-
phone array that describes sounds detected by the mi-
crophone array. For each detected sound, controller
1025 may perform a direction-of-arrival (DOA) estimation
to estimate a direction from which the detected sound
arrived atthe microphone array. As the microphone array
detects sounds, controller 1025 may populate an audio
data set with the information. In embodiments in which
augmented-reality system 1000 includes an inertial
measurement unit, controller 1025 may compute all in-
ertial and spatial calculations from the IMU located on
eyewear device 1002. A connector may convey informa-
tion between augmented-reality system 1000 and neck-
band 1005 and between augmented-reality system 1000
and controller 1025. The information may be in the form
of optical data, electrical data, wireless data, or any other
transmittable data form. Moving the processing of infor-
mation generated by augmented-reality system 1000 to
neckband 1005 may reduce weight and heat in eyewear
device 1002, making it more comfortable to the user.
[0099] Powersource 1035 in neckband 1005 may pro-
vide power to eyewear device 1002 and/or to neckband
1005. Power source 1035 may include, without limitation,
lithium-ion batteries, lithium-polymer batteries, primary
lithium batteries, alkaline batteries, or any other form of
power storage. In some cases, power source 1035 may
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be a wired power source. Including power source 1035
on neckband 1005 instead of on eyewear device 1002
may help better distribute the weight and heat generated
by power source 1035.

[0100] As noted, some artificial-reality systems may,
instead of blending an artificial reality with actual reality,
substantially replace one or more of a user's sensory
perceptions of the real world with a virtual experience.
One example of this type of system is a head-worn dis-
play system, such as virtual-reality system 1100 in FIG.
11, that mostly or completely covers a user’s field of view.
Virtual-reality system 1100 may include a front rigid body
1102 and aband 1104 shaped to fitaround a user’s head.
Virtual-reality system 1100 may also include output audio
transducers 1106(A) and 1106(B). Furthermore, while
not shown in FIG. 11, front rigid body 1102 may include
one or more electronic elements, including one or more
electronic displays, one or more inertial measurement
units (IMUs), one or more tracking emitters or detectors,
and/or any other suitable device or system for creating
an artificial-reality experience.

[0101] Artificial-reality systems may include a variety
of types of visual feedback mechanisms. For example,
display devices in augmented-reality system 1000 and/or
virtual-reality system 1100 may include one or more liquid
crystal displays (LCDs), light emitting diode (LED) dis-
plays, microLED displays, organic LED (OLED) displays,
digital light project (DLP) micro-displays, liquid crystal on
silicon (LCoS) micro-displays, and/or any other suitable
type of display screen. These artificial-reality systems
may include a single display screen for both eyes or may
provide a display screen for each eye, which may allow
for additional flexibility for varifocal adjustments or for
correcting a user’s refractive error. Some of these artifi-
cial-reality systems may also include optical subsystems
having one or more lenses (e.g., concave or convex lens-
es, Fresnellenses, adjustable liquid lenses, etc.) through
which a user may view a display screen. These optical
subsystems may serve a variety of purposes, including
to collimate (e.g., make an object appear at a greater
distance than its physical distance), to magnify (e.g.,
make an object appear larger than its actual size), and/or
to relay (to, e.g., the viewer’s eyes) light. These optical
subsystems may be used in a non-pupil-forming archi-
tecture (such as a single lens configuration that directly
collimates light but results in so-called pincushion distor-
tion) and/or a pupil-forming architecture (such as a multi-
lens configuration that produces so-called barrel distor-
tion to nullify pincushion distortion).

[0102] In addition to or instead of using display
screens, some of the artificial-reality systems described
herein may include one or more projection systems. For
example, display devices in augmented-reality system
1000 and/or virtual-reality system 1100 may include mi-
croLED projectors that project light (using, e.g., a
waveguide) into display devices, such as clear combiner
lenses that allow ambient light to pass through. The dis-
play devices may refract the projected light toward a us-
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er’s pupil and may enable a user to simultaneously view
both artificial-reality content and the real world. The dis-
play devices may accomplish this using any of a variety
of different optical components, including waveguide
components (e.g., holographic, planar, diffractive, polar-
ized, and/or reflective waveguide elements), light-manip-
ulation surfaces and elements (such as diffractive, re-
flective, and refractive elements and gratings), coupling
elements, etc. Artificial-reality systems may also be con-
figured with any other suitable type or form of image pro-
jection system, such as retinal projectors used in virtual
retina displays.

[0103] The artificial-reality systems described herein
may also include various types of computer vision com-
ponents and subsystems. For example, augmented-re-
ality system 1000 and/or virtual-reality system 1100 may
include one or more optical sensors, such as two-dimen-
sional (2D) or 3D cameras, structured light transmitters
and detectors, time-of-flight depth sensors, single-beam
or sweeping laser rangefinders, 3D LiDAR sensors,
and/or any other suitable type or form of optical sensor.
An artificial-reality system may process data from one or
more of these sensors to identify a location of a user, to
map the real world, to provide a user with context about
real-world surroundings, and/or to perform a variety of
other functions.

[0104] The artificial-reality systems described herein
may also include one or more input and/or output audio
transducers. Outputaudio transducers may include voice
coil speakers, ribbon speakers, electrostatic speakers,
piezoelectric speakers, bone conduction transducers,
cartilage conduction transducers, tragus-vibration trans-
ducers, and/or any other suitable type or form of audio
transducer. Similarly, input audio transducers may in-
clude condenser microphones, dynamic microphones,
ribbon microphones, and/or any other type or form of
input transducer. In some embodiments, a single trans-
ducer may be used for both audio input and audio output.
[0105] In some embodiments, the artificial-reality sys-
tems described herein may also include tactile (i.e., hap-
tic) feedback systems, which may be incorporated into
headwear, gloves, body suits, handheld controllers, en-
vironmental devices (e.g., chairs, floormats, etc.), and/or
any other type of device or system. Haptic feedback sys-
tems may provide various types of cutaneous feedback,
including vibration, force, traction, texture, and/or tem-
perature. Haptic feedback systems may also provide var-
ious types of kinesthetic feedback, such as motion and
compliance. Haptic feedback may be implemented using
motors, piezoelectric actuators, fluidic systems, and/or a
variety of other types of feedback mechanisms. Haptic
feedback systems may be implemented independent of
other artificial-reality devices, within other artificial-reality
devices, and/or in conjunction with other artificial-reality
devices.

[0106] By providing haptic sensations, audible content,
and/or visual content, artificial-reality systems may cre-
ate an entire virtual experience or enhance a user’s real-
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world experience in a variety of contexts and environ-
ments. For instance, artificial-reality systems may assist
or extend a user’s perception, memory, or cognition with-
in a particular environment. Some systems may enhance
a user’s interactions with other people in the real world
or may enable more immersive interactions with other
people in a virtual world. Artificial-reality systems may
also be used for educational purposes (e.g., for teaching
or training in schools, hospitals, government organiza-
tions, military organizations, business enterprises, etc.),
entertainment purposes (e.g., for playing video games,
listening to music, watching video content, etc.), and/or
for accessibility purposes (e.g., as hearing aids, visual
aids, etc.). The embodiments disclosed herein may en-
able or enhance a user’s artificial-reality experience in
one or more of these contexts and environments and/or
in other contexts and environments.

[0107] As detailed above, the computing devices and
systems described and/or illustrated herein broadly rep-
resent any type or form of computing device or system
capable of executing computer-readable instructions,
such as those contained within the modules described
herein. Intheir most basic configuration, these computing
device(s) may each include at least one memory device
and at least one physical processor.

[0108] In some examples, the term "memory device"
generally refers to any type or form of volatile or non-
volatile storage device or medium capable of storing data
and/or computer-readable instructions. In one example,
a memory device may store, load, and/or maintain one
or more of the modules described herein. Examples of
memory devices include, without limitation, Random Ac-
cess Memory (RAM), Read Only Memory (ROM), flash
memory, Hard Disk Drives (HDDs), Solid-State Drives
(SSDs), optical disk drives, caches, variations or combi-
nations of one or more of the same, or any other suitable
storage memory.

[0109] In some examples, the term "physical proces-
sor" generally refers to any type or form of hardware-
implemented processing unit capable of interpreting
and/or executing computer-readable instructions. In one
example, a physical processor may access and/or modify
one or more modules stored in the above-described
memory device. Examples of physical processors in-
clude, without limitation, microprocessors, microcontrol-
lers, Central Processing Units (CPUs), Field-Program-
mable Gate Arrays (FPGAs) that implement softcore
processors, Application-Specific Integrated Circuits
(ASICs), portions of one or more of the same, variations
or combinations of one or more of the same, or any other
suitable physical processor.

[0110] Although illustrated as separate elements, the
modules described and/or illustrated herein may repre-
sent portions of a single module or application. In addi-
tion, in certain embodiments one or more of these mod-
ules may represent one or more software applications or
programs that, when executed by a computing device,
may cause the computing device to perform one or more
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tasks. For example, one or more of the modules de-
scribed and/or illustrated herein may represent modules
stored and configured to run on one or more of the com-
puting devices or systems described and/or illustrated
herein. One or more of these modules may also represent
all or portions of one or more special-purpose computers
configured to perform one or more tasks.

[0111] In addition, one or more of the modules de-
scribed herein may transform data, physical devices,
and/or representations of physical devices from one form
to another. Additionally or alternatively, one or more of
the modules recited herein may transform a processor,
volatile memory, non-volatile memory, and/or any other
portion of a physical computing device from one form to
another by executing on the computing device, storing
data on the computing device, and/or otherwise interact-
ing with the computing device.

[0112] In some embodiments, the term "computer-
readable medium" generally refers to any form of device,
carrier, or medium capable of storing or carrying compu-
ter-readable instructions. Examples of computer-reada-
ble media include, without limitation, transmission-type
media, such as carrier waves, and non-transitory-type
media, such as magnetic-storage media (e.g., hard disk
drives, tape drives, and floppy disks), optical-storage me-
dia (e.g., Compact Disks (CDs), Digital Video Disks
(DVDs), and BLU-RAY disks), electronic-storage media
(e.g., solid-state drives and flash media), and other dis-
tribution systems.

[0113] The process parameters and sequence of the
steps described and/orillustrated herein are given by way
of example only and can be varied as desired. For ex-
ample, while the steps illustrated and/or described herein
may be shown or discussed in a particular order, these
steps do not necessarily need to be performed in the
order illustrated or discussed. The various exemplary
methods described and/or illustrated herein may also
omit one or more of the steps described or illustrated
herein or include additional steps in addition to those dis-
closed.

[0114] The preceding description has been provided
to enable others skilled in the art to best utilize various
aspects of the exemplary embodiments disclosed herein.
This exemplary description is notintended to be exhaus-
tive or to be limited to any precise form disclosed. Many
modifications and variations are possible without depart-
ing from the spirit and scope of the present disclosure.
The embodiments disclosed herein should be consid-
ered in all respects illustrative and not restrictive. Refer-
ence should be made to the appended claims and their
equivalents in determining the scope of the present dis-
closure.

[0115] Unless otherwise noted, the terms "connected
to" and "coupled to" (and their derivatives), as used in
the specification and claims, are to be construed as per-
mitting both direct and indirect (i.e., via other elements
or components) connection. In addition, the terms "a" or
"an," as used in the specification and claims, are to be
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construed as meaning "at least one of." Finally, for ease
of use, the terms "including" and "having" (and their de-
rivatives), as used in the specification and claims, are
interchangeable with and have the same meaning as the
word "comprising."

Claims
1. A system comprising:

a support structure comprising a ground plane
that is connected to an electrical ground;

at least one antenna mounted to the support
structure;

a printed circuit board (PCB) including at least
one antenna feed configured to drive the anten-
na; and

a parasitic ground plane extension electrically
connected to the ground plane, wherein the par-
asitic ground plane extension includes one or
more specific electrical characteristics that mod-
ify the antenna’s radiation pattern using a de-
signed flow of ground current.

2. The system of claim 1, wherein the designed flow of
ground current is structured to direct the flow of
ground current in a manner that reduces direction-
ality of the antenna.

3. The system of claim 2, wherein the parasitic ground
plane extension is formed in a size that reduces di-
rectionality in the antenna.

4. The system of claim 2 or claim 3, wherein the para-
sitic ground plane extension is formed in a shape
that reduces directionality in the antenna.

5. The system of claim 2 or claim 3 or claim 4, wherein
the parasitic ground plane extension is positioned in
a specific location within the support structure, such
that the position of the parasitic ground plane exten-
sion reduces directionality in the antenna; and op-
tionally
wherein the position of the parasitic ground plane
extension within the support structure is within a
specified maximum distance from the location of the
antenna.

6. The system of any preceding claim, wherein the par-
asitic ground plane extension is grounded to the sup-
port structure.

7. The system of any preceding claim, wherein one or
more different antennas within a specified minimum
distance of the parasitic ground plane extension are
removed from the system.
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The system of any preceding claim, wherein one or
more different antennas are added to the system
within a specified maximum distance from the para-
sitic ground plane extension.

The system of any preceding claim, wherein the an-
tenna is positioned substantially in the center of the
support structure.

The system of any preceding claim wherein the PCB
has an electrical ground, and wherein the parasitic
ground plane extension is electrically connected to
the electrical ground of the PCB; and optionally
wherein the parasitic ground plane extension is elec-
trically connected to the electrical ground of the sup-
port structure.

A mobile electronic device comprising:

a support structure comprising a ground plane
that is connected to an electrical ground;

at least one antenna mounted to the support
structure;

a printed circuit board (PCB) including at least
one antenna feed configured to drive the anten-
na; and

a parasitic ground plane extension electrically
connected to the ground plane, wherein the par-
asitic ground plane extension includes one or
more specific electrical characteristics that mod-
ify the antenna’s radiation pattern using a de-
signed flow of ground current.

The mobile electronic device of claim 11, wherein
the designed flow of ground current is structured to
direct the flow of ground current in a manner that
reduces directionality of the antenna.

The mobile electronic device of claim 12, wherein
the parasitic ground plane extension is formed in a
size that reduces directionality in the antenna, and
wherein the size of the parasitic ground plane exten-
sion depends on an amount of conductive material
surrounding the antenna; and/ or

wherein the parasitic ground plane extension is
formed in a shape that reduces directionality in
the antenna, and wherein the shape of the par-
asitic ground plane extension depends on an
amount of conductive material surrounding the
antenna; and/ or

wherein the parasitic ground plane extension is
positioned in a specific location within the sup-
port structure, such that the position of the par-
asitic ground plane extension reduces direction-
ality in the antenna.

The mobile electronic device of one of claims 11 to
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13, wherein the PCB has an electrical ground, and
wherein the parasitic ground plane extension is elec-
trically connected to the electrical ground of the PCB;
and optionally,

wherein the parasitic ground plane extension is elec-
trically connected to the ground plane of the support
structure.

15. A method of manufacturing comprising:

providing a support structure comprising a
ground plane that is connected to an electrical
ground;

mounting at least one antenna to the support
structure;

providing a printed circuit board (PCB) including
atleast one antenna feed configured to drive the
antenna; and

electrically connecting a parasitic ground plane
extension to the ground plane, wherein the par-
asitic ground plane extension includes one or
more specific electrical characteristics that mod-
ify the antenna’s radiation pattern using a de-
signed flow of ground current.
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