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ANTENNA ARRAY RADIATION SHIELDING

BACKGROUND

[0001] The present disclosure relates generally to antennas, and more specifically to systems

and methods for antenna array radiation shielding.

[0002] A component may be exposed to various forms of radiation, such as wave radiation,
clectromagnetic radiation, particle radiation, or other types of ionizing radiation while in
space. In some examples, the component may be contained in an enclosure that provides
shielding from incident radiation. However, some components, such as an array of antenna
clements (e.g., a patch antenna), may not support being shiclded in such a manner because
doing so would also prevent normal antenna operation (transmission and/or reception of
clectromagnetic signals). Thus, certain antennas may include an antenna array that is exposed

to incident radiation.

[0003] In some examples, antenna elements or ground elements of such an antenna array
may provide a degree of radiation shielding to other components of the antenna, such as a
substrate on which the antenna elements or ground elements are coupled. However, shielding
provided by such components of an antenna array may be incomplete or otherwise
insufficient for shiclding the other components of the antenna, as a result of gaps or other

discontinuities between such components of the antenna array.

SUMMARY

[0004] In accordance with aspects of the present disclosure, an antenna array may include
shielding elements that provide a degree of radiation shielding to other components of the

antenna array, such as a substrate of the antenna array.

[0005] For example, an antenna array in accordance with aspects of the present disclosure
may include a substrate, which in various examples may include a printed circuit board, a
semiconductor chip or wafer (e.g., a silicon (Si) chip or wafer, a silicon-germanium (SiGe)
chip or wafer), or other suitable substrate construction. In some examples, an antenna array
may be considered as including a plurality of antenna units. Each of the antenna units may
include an antenna element electrically coupled with a surface of the substrate. Each of the
antenna units may also include a ground element electrically coupled with the surface of the
substrate and positioned between the corresponding antenna element and the surface of the

substrate.
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[0006] Such an antenna array may also include a plurality of shielding elements disposed
between the surface of the substrate and the ground elements of the plurality of antenna units.
In some examples, each of the plurality of shielding elements may be coupled with no more
than one of the plurality of antenna units. For each of a plurality of gaps between ground
clements of adjacent antenna units, a projected area of a respective gap in a direction
perpendicular to the surface of the substrate, or perpendicular to the surface of a
representative substrate layer, may be incident on at least one of the plurality of shielding

elements.

[0007] In some examples, an antenna array may be considered as having a sequence of
layers, where the layers may refer to particularly constructed portions (e.g., layers of a
particular material, layers of a particular manufacturing step), or the layers may refer more
generally to a spatial description of related components that may or may not be associated
with a particular construction technique. For example, an antenna array in accordance with
the present disclosure may include an antenna element layer having a plurality of antenna
elements electrically coupled with a substrate. Such an antenna array may also include an
antenna ground layer between the antenna element layer (e.g., the plurality of antenna
clements) and the substrate. The antenna ground layer may include a plurality of ground
clements each corresponding to a respective one of the antenna elements, and each of the

ground elements may also be electrically coupled with the substrate.

[0008] Such an antenna array may also include a shielding layer between the antenna ground
layer and the substrate. The shielding layer may include a plurality of shielding elements
between the antenna ground layer and the substrate. The collective area of the shielding
clements may provide a degree of radiation shielding for other portions of the antenna array,
such as the substrate. For each of a plurality of gaps of the antenna ground layer, a projected
area of a respective gap in a direction perpendicular to the surface of the substrate, or
perpendicular to the surface of a representative substrate layer, may be incident on at least one
of the plurality of shielding elements. In some examples, each of the shiclding elements may

be coupled with no more than one of the plurality of ground elements.

[0009] The foregoing has outlined rather broadly the features of an example according to the
disclosure in order that the detailed description that follows may be better understood.
Additional features and advantages will be described hereinafter. The conception and specific
examples disclosed may be readily utilized as a basis for modifying or designing other
methods or apparatuses for carrying out the same purposes of the present disclosure. Such
equivalent constructions do not depart from the scope of the appended claims. Characteristics

of the concepts disclosed herein, both their organization and method of operation, together
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with associated advantages will be better understood from the following description when
considered in connection with the accompanying figures. Each of the figures is provided for
the purpose of illustration and description only, and not as a definition of the limits of the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A further understanding of the nature and advantages of the present disclosure may be
realized by reference to the following drawings. In the appended figures, similar components
or features may have the same reference label. Further, various components of the same type
may be distinguished by following the reference label by a dash and a second label that
distinguishes among the similar components. If only the first reference label is used in the
specification, the description is applicable to any one of the similar components having the

same first reference label irrespective of the second reference label.

[0011] FIG. 1 illustrates an example of an antenna assembly exposed to radiation, in

accordance with aspects of the present disclosure;

[0012] FIGs. 2A through 2D illustrate an example of an antenna atray, in accordance with

aspects of the present disclosure;

[0013] FIGs. 3A and 3B illustrate an example of an antenna array, in accordance with

aspects of the present disclosure;

[0014] FIGs. 4A and 4B illustrate examples of ground element couplings, in accordance with

aspects of the present disclosure.

DETAILED DESCRIPTION

[0015] Systems and methods are described for supporting radiation shielding of an antenna
array. For example, an antenna array in accordance with the present disclosure may include
shielding elements that provide a degree of radiation shielding to other components of the
antenna array, such as a substrate of the antenna array. In some examples, the shielding
clements may be positioned to overlap with one or more gaps between antenna elements, or
one or more gaps between ground elements (e.g., when viewed from a radiation source, when
viewed in a direction perpendicular to a substrate, when viewed in directions at a range of
angles from a direction perpendicular to a substrate). In other words, shielding elements of an
antenna array in accordance with aspects of the present disclosure may reflect, absorb, or

otherwise dissipate radiation that passes between antenna elements or ground elements before
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the radiation is incident on the other components of the antenna array, such as the substrate of

the antenna array.

[0016] This description provides examples, and is not intended to limit the scope,
applicability or configuration of embodiments of the principles described herein. Rather, the
following description will provide those skilled in the art with an enabling description for
implementing embodiments of the principles described herein. Various changes may be made

in the function and arrangement of elements.

[0017] Thus, various embodiments may omit, substitute, or add various procedures or
components as appropriate. For instance, it should be appreciated that the methods may be
performed in an order different than that described, and that various steps may be added,
omitted or combined. Also, aspects and elements described with respect to certain
embodiments may be combined in various other embodiments. It should also be appreciated
that the following systems, methods, devices, and software may individually or collectively
be components of a larger system, wherein other procedures may take precedence over or

otherwise modify their application.

[0018] FIG. 1 illustrates an example of an antenna assembly 110 exposed to radiation 120,
in accordance with aspects of the present disclosure. The radiation 120 may refer to radiation
emanating from a particular radiation source or may refer to radiation emanating from
multiple sources. Further, the radiation 120 may illustrate radiation that may be experienced
by the antenna assembly 110 over time, which may include radiation sources that change
position with respect to the antenna assembly 110 over time, or the antenna assembly 110
changing orientation with respect to one or more radiation sources over time, or a
combination thereof. In some examples, the radiation 120 may refer to radiation experienced
by the antenna assembly 110 in a space application (e.g., in an orbital application, in an
application outside of Earth’s atmosphere). The antenna assembly 110 may include an
antenna array 130 positioned in an enclosure 140. The antenna array 130 may include a
substrate 150 upon which a number of antenna elements 160 and a number of ground

elements 170 are coupled.

[0019] In various examples, the substrate 150 may include a printed circuit board (PCB), a
semiconductor chip or wafer (e.g., a silicon (Si) chip or wafer, a silicon-germanium (SiGe)
chip or wafer), or other suitable substrate construction. In some examples the substrate may
also include other integrated circuits (IC) or circuit components (e.g., subcomponents of the
substrate), which may support the operation of the antenna array 130. For example, the
substrate 150 may include various transistors, diodes, capacitors, inductors, amplifiers, phase

shifters, analog or digital signal processing components, or other components. In various
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examples one or more of such subcomponents of the substrate 150 may be formed integrally
as a portion of the substrate 150 (e.g., transistors of a semiconductor chip of the substrate 150)
or may be a component separately coupled with (e.g., adhered to, soldered to, mounted to) a

portion of the substrate 150 (e.g., an IC chip soldered to a PCB of the substrate 150).

[0020] Various portions of the substrate 150 may be susceptible to damage when exposed to
radiation 120, such as a radiation environment experienced when operating in space. In some
examples, portions of the substrate 150 may be designed to tolerate radiation 120, which may
be referred to as radiation hardening by design (RHBD). Although RHBD may enhance the
radiation tolerance of the substrate 150, RHBD may not make the substrate 150 impervious to
radiation exposure. In other words, despite the use of RHBD, circuit life and operability may

still be limited depending on the level of exposure.

[0021] In some applications, circuits that will be exposed to radiation 120 may be housed in
a metallic (e.g., aluminum or other metal) housing to protect the electronic circuits from
damaging radiation exposure. Placing circuits in a housing that entirely encloses the circuits
(e.g., box-level integration) can significantly reduce the level of radiation exposure when the
application allows for such enclosing. However, not all electronic circuit applications allow
placement within a shielded box for operation. In such a case the circuits may be exposed to
radiation 120, which may result in a limited operational life of the circuits or a lack of

functionality of the circuits exposed to radiation 120.

[0022] For example, the operation of the antenna array 130 may require that the antenna
elements 160 be exposed (e.g., not blocked by the enclosure 140) to support the transmission
and reception of signals. In other words, the enclosure 140 may have an opening or aperture
to permit the communication of signals via the antenna array 130. Thus, the antenna array 130
may not be entirely shielded by the enclosure 140, such that portions of the antenna array 130
may be exposed to radiation 120. In some antenna arrays, such as the antenna array 130
illustrated in FIG. 1, gaps 180 may be present between antenna elements 160, or between
ground elements 170, or both. In some examples, such as the example of antenna assembly
110, gaps 180 between adjacent antenna elements 160 and between adjacent ground elements
170 may be coincident (e.g., along a direction perpendicular to the substrate 150). In other
words, a gap 180 may exist between adjacent antenna elements 160 and between their

corresponding ground elements 170.

[0023] As illustrated in FIG. 1, radiation 120 may pass through the gaps 180, and
subsequently contact the substrate 150. Such radiation exposure through the gaps 180 may
cause damage to the substrate 150 or various subcomponents of the substrate 150. In

accordance with aspects of the present disclosure, shielding elements may be added to the
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antenna array 130 to improve radiation shielding of various components of the antenna array

130, which may improve the robustness of the antenna array 130 to radiation 120.

[0024] FIGs. 2A through 2D illustrate an example of an antenna array 130-a in accordance
with aspects of the present disclosure. The antenna array 130-a may be an example of an
antenna array 130 described with reference to FIG. 1. The antenna array 130-a is illustrated in
a first view in FIG. 2A, which may be referred to as a “top view” showing an X-Y plane from
along the Z direction, and in a second view in FIG 2B, which may be referred to as a “side
view” showing an X-Z plane from along the Y direction (e.g., a section view according to
section line A-A as seen in FIGs. 2A or 2C). Ground elements 170-a of the antenna array
130-a, and areas 185-a of gaps 180-a between the ground elements 170-a, are further
illustrated in a third view in FIG. 2C, which may also be referred to as a top view showing an
X-Y plane from along the Z direction, with other elements of the antenna array 130-a omitted
for clarity. The projections of the areas 185-a along the Z-direction (e.g., between the ground
elements 170-a and the substrate 150-a) are illustrated in a fourth view in FIG 2D, which may
also be referred to as a side view showing an X-Z plane from along the Y direction (e.g., a

section view according to section line A-A as seen in FIGs. 2A or 2C).

[0025] The antenna array 130-a may include a substrate 150-a upon which a plurality of
antenna elements 160-a and a plurality of ground elements 170-a are coupled. The substrate
150-a, the antenna elements 160-a, and the ground elements 170-a may be examples of the
corresponding components described with reference to FIG. 1. In some examples, the antenna
array 130-a may be disposed in an enclosure, such as enclosure 140 described with reference

to FIG. 1, where at least a portion of the antenna array 130-a is exposed to radiation 120-a.

[0026] The substrate 150-a may be formed from any material or combination of materials
that supports electrical coupling of the substrate 150-a with the antenna elements 160-a and
ground elements 170-a (e.g., via the surface 151-a of the substrate 150-a). In some examples,
the substrate 150-a may include a printed circuit board, which may be formed at least in part
from alternating layers of conductive material and insulating material such as alternating
layers of copper and epoxy-impregnated fiberglass. In some examples, the substrate 150-a
may include a semiconductor chip (e.g., a silicon chip, a silicon-germanium chip). The
substrate 150-a may include various circuit components that support aspects of the operation
of the antenna array 130-a, such as active elements, passive elements, or conductive portions
between subcomponents of the substrate 150-a, which may be integrally formed in the
substrate 150-a, or otherwise attached as part of the substrate 150-a (e.g., surface mounted,
embedded). Although illustrated as having a planar surface 151-a (e.g., a flat surface when

viewed in an X-Z plane), the surface 151-a may have other shapes such as cylindrical surface,
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a spherical surface, a hyperbolic surface, a stepped surface, a sawtooth surface, or any other

surface profile.

[0027] As described herein, the substrate 150-a, or various portions thereof (e.g., at least a
portion of the surface 151-a of the substrate 150-a, components beneath the surface 151-a of
the substrate 150-a), may be sensitive to radiation 120. According to various aspects, the
antenna array 130-a includes shielding elements 210 that shield portions of the substrate
150-a from radiation (e.g., radiation that is not otherwise shielded by an enclosure 140, or

other portions of the antenna array 130-a that provide a shielding functionality).

[0028] The antenna elements 160-a may be formed from a conductive material, such as
copper, silver, gold, or other conductive material or alloy. Adjacent antenna elements 160-a
may be separated from adjacent antenna elements 160-a by gaps between conductive
materials of the antenna elements 160-a, which may include voids, insulating material
portions, dielectric material portions, or combinations thereof. In some examples, an antenna
array 130 may lack a conductive path between the adjacent antenna elements 160. For
example, in the antenna array 130-a, adjacent antenna elements 160-a are not connected by a
conductive path between adjacent antenna elements 160-a (e.g., within an antenna layer 165).
In some examples, adjacent antenna elements 160-a may be physically separated from each

other (e.g., not physically coupled to each other within an antenna layer 165-a).

[0029] In the example of antenna array 130-a, each of the antenna elements 160-a may have
a generally square shape (e.g., in an X-Y plane), and may have rounded corners as illustrated.
Other examples of antenna elements 160 may have sharp (e.g., non-rounded) corners (e.g., in
an X-Y plane). Although the example of antenna array 130-a is illustrated as having antenna
elements 160-a with a generally square shape, other antenna arrays 130 in accordance with
the present disclosure may include antenna elements 160 having other shapes (e.g., in an X-Y
plane), such as circular antenna elements 160, elliptical antenna elements 160, rectangular
antenna elements 160, triangular antenna elements 160, trapezoidal antenna elements 160,
hexagonal antenna elements 160, and others. In some examples, an antenna element 160 may
have a top surface that is non-planar (e.g., having a surface opposite from the substrate that is

not flat when viewed in an X-Z plane or an X-Y plane).

[0030] In the example of antenna array 130-a, the antenna elements 160-a are arranged in a
square pattern (e.g., as arranged in an X-Y plane), where adjacent antenna elements 160-a are
distributed by a same distance in the X-direction and the Y-direction. For example, antenna
elements 160-a-1, 160-a-2, and 160-a-3 may be considered as part of a row of antenna
clements 160-a, and antenna elements 160-a-1, 160-a-4, and 160-a-7 may be considered as

part of a column of antenna elements 160-a. Although the example of antenna array 130-a is
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illustrated as having antenna elements 160-a arranged in a square pattern, other antenna arrays
130 in accordance with the present disclosure may include antenna elements 160 arranged in
other patterns, such as rectangular patterns, triangular patterns, trapezoidal patterns,

hexagonal patterns, and others.

[0031] In the example of antenna array 130-a, the antenna elements 160-a may be described
as forming a planar array. In the planar array of antenna array 130-a, a top surface of each of
the antenna elements 160 may be coplanar (e.g., having a same position in the Z-direction).
However, other antenna arrays 130 in accordance with the present disclosure may include
antenna elements 160 having different positions in the Z-direction (e.g., different heights,
different elevations, layered heights, staggered heights), which in some examples may also be
referred to as a planar array. Further, although the example of antenna array 130-a is
illustrated as a planar array, other antenna arrays 130 in accordance with the present
disclosure may include curved arrays, where positions of adjacent antenna elements 160 may
follow a circular, elliptical, hyperbolic, or other change in orientation or position in the Z-
direction along the X-direction, or along the Y-direction, along a direction between the X-

direction and the Y-direction, or a combination thereof.

[0032] The set of antenna elements 160-a-1 through 160-a-9 may be described as being
components of an antenna element layer 165-a, which may generally refer to a region in the
Z-direction where antenna elements 160-a are disposed relative to other described
components or layers. As used herein, the term “antenna element layer” may refer to a
relative region of antenna elements 160-a in the Z-direction for illustrative purposes. More
generally, in the example of antenna array 130-a, the set of antenna elements 160-a may be
located farther from the substrate in the Z-direction than the other illustrated components of
the antenna array 130-a. However, it should be understood that other components that are not
illustrated in the antenna array 130-a may be included in other antenna arrays 130 in
accordance with the present disclosure, and may be located nearer to, or farther from the
substrate 150-a than the antenna elements 160-a or the antenna element layer 165-a. In some
examples, the antenna element layer 165-a may include antenna elements 160-a that are
formed from a sheet of material (e.g., a sheet of copper), where regions of the sheet of
material are removed (e.g., etched, stamped, laser cut) such that the remaining portions of the
sheet of material form at least the set of antenna elements 160-a. Although described in the
context of a sheet of material for illustrative purposes, antenna elements 160-a may be formed
by other processes, such as 3-dimensional printing or other additive manufacturing, or various

combinations of additive and subtractive manufacturing.
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[0033] Each of the antenna elements 160-a may be electrically coupled with the substrate
150-a (e.g., electrically coupled with the surface 151-a of the substrate 150-a). In the example
of antenna array 130-a, each of the antenna elements 160-a may be associated with a
respective antenna feed 161-a (e.g., an antenna element feed), which may be an example of a
conductive antenna feed 161. For example, antenna element 160-a-1 may be associated with
an antenna feed 161-a-1, antenna element 160-a-2 may be associated with an antenna feed
161-a-2, antenna element 160-a-3 may be associated with an antenna feed 161-a-3, and so on.
The antenna feeds 161-a may be formed from a conductive material, such as copper, silver,
gold, or other conductive material or alloy, and may be formed of a same material as a

corresponding antenna element 160-a, or a different material.

[0034] In the example of antenna array 130-a, each of the conductive antenna feeds 161-a
may pass through other components disposed between a respective antenna element 160-a
and the substrate 150-a, such as passing through a ground element 170-a (e.g., a ground
element 170-a associated with the respective antenna element 160-a). Although antenna feeds
161-a are illustrated as being parallel to the Z-direction, other examples of antenna feeds 161
in accordance with the present disclosure may be oriented in a skewed direction (e.g., not
parallel to the Z-direction). Further, some examples of antenna feeds 161 in accordance with
the present disclosure may follow a nonlinear path between a corresponding antenna element
160 and a substrate 150, such as a curved path, a stepped path, and others, and may have a
non-uniform cross-section along the Z-direction (e.g., in an X-Y plane) or other direction. In
some antenna arrays 130, one or more antenna elements 160 may be associated with multiple
antenna feeds 161 (e.g., multiple antenna feeds 161 between a particular antenna element 160

and a substrate 150).

[0035] In some examples, a respective one of the antenna elements 160 may be conductively
coupled with its corresponding antenna feed 161. For example, an antenna element 160 and a
corresponding antenna feed 161 may be formed from a continuous conductive material or
formed from separate materials having an interface that otherwise supports the conduction of
clectrons (e.g., a soldered interface, a brazed interface, a welded interface). In some examples,
including those where an antenna element 160 and a corresponding antenna feed 161 are
made from a same material (e.g., a monolithic antenna element and feed), the use of the term
“layer” in an antenna element layer 165 may refer to an illustrative construct that refers to
those portions of the antenna element 160 or antenna feed 161 that fall within the illustrative
antenna element layer 165 (e.g., an active portion of respective antenna elements 160) in the

Z-direction.
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[0036] In the example of antenna array 130-a, respective ones of the antenna elements 160-a
are separated from their corresponding antenna feed 161-a by separations 162-a (e.g.,
separations 162-a-1 between antenna element 160-a-1 and its corresponding antenna feed
161-a-1). Separations 162 may refer to a non-conductive void or material discontinuity
between an antenna element 160 and an associated antenna feed. In some examples,
separations 162-a may support a capacitive coupling between antenna elements 160-a and
their corresponding antenna feeds 161-a. Such a capacitive coupling may permit the passage
of relatively high frequency signals across the separations 162-a, while mitigating effects of
DC or other offset (e.g., mitigating the effect of static or low-frequency voltage differences
between various ones of the antenna elements 160-a, acting as a passive high-pass filter).
Although the separations 162-a are illustrated as material gaps (e.g., voids, material
discontinuities), in some examples separations 162 may be filled with a substantially non-
conductive material such as a dielectric or other electrical insulator (e.g., in contrast with
electrically conductive materials of antenna elements 160 and antenna feeds 161). In some
examples, a combination an antenna element 160 and antenna feed 161 that are capacitively
coupled via a separation 162 may be referred to as, or otherwise include, a combination of an
antenna element 160, an antenna feed 161, and a capacitor electrically coupled in series

between the antenna element 160 and the antenna feed 161.

[0037] In the example of antenna array 130-a, antenna feeds 161-a are illustrated as having a
substantially smaller area in an X-Y plane at the separations 162-a than the area of the
corresponding antenna elements 160-a opposite the separations 162-a. In other examples of
antenna arrays 130 in accordance with the present disclosure, the areas of the antenna feeds
161 and the antenna elements 160 on opposite sides of separations 162 may be selected to
support particular capacitance, or other performance factors. For example, in some examples
an area in an X-Y plane of an antenna element 160 at one side of a separations 162 may be
substantially equal to an area in an X-Y plane of a corresponding antenna feed 161, which
may maximize capacitive coupling between the antenna element 160 and the corresponding
antenna feed 161 for a given antenna element size. Further, the distance between antenna
elements 160 and corresponding antenna feeds 161 (e.g., the size of the separations 162 in the
Z-direction) may also be selected to support particular capacitance, or other performance

factors.

[0038] In the example of antenna array 130-a, each of the antenna elements 160 may be
associated with a corresponding ground element 170-a. For example, antenna element 160-a-1
may be associated with ground element 170-a-1, antenna element 160-a-2 may be associated
with ground element 170-a-2, antenna element 160-a-3 may be associated with ground

element 170-a-3, and so on. Each of the ground elements 170-a may be electrically coupled

10
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with the substrate 150-a (e.g., with the surface 151-a of the substrate 150-a). As shown in the
example of antenna array 130-a, each of the ground elements 170-a may be disposed between
a corresponding antenna element 160-a and the substrate 150-a (e.g., at a position in the Z-
direction that is between a position of a corresponding antenna element 160-a in the Z-
direction and a position of the substrate 150-a in the Z-direction). The ground elements 170-a
may be formed from a conductive material, such as copper, silver, gold, or other conductive
material or alloy, which may be a same material as is used in the antenna elements 160-a, or

may be a different material from a material used in the antenna elements 160-a.

[0039] The set of ground elements 170-a-1 through 170-a-9 may be described as being
components of an antenna ground layer 175-a, which may generally refer to a region in the Z-
direction where ground elements 170-a are disposed relative to other described components.
In other words, as used herein, the term “antenna ground layer” may refer to a relative region
of ground elements 170-a in the Z-direction for illustrative purposes (e.g., a region along the
Z-direction between the antenna element layer 165-a and the substrate 150-a). More
generally, in the example of antenna array 130-a, the set of ground elements 170-a may be
located between (e.g., in the Z-direction) corresponding antenna elements 160-a and the
substrate 150-a. However, it should be understood that other components that are not
illustrated in the antenna array 130-a may be located between an antenna element 160-a and a
corresponding ground element 170-a, or located between a ground element 170-a and the

substrate 150-a.

[0040] In some examples, the antenna ground layer 175-a may include ground elements
170-a that are formed from a sheet of material (e.g., a sheet of copper), where regions of the
sheet of material are removed (e.g., etched, stamped, laser cut) such that the remaining
portions of the sheet of material form at least the set of ground elements 170-a. In some
examples, adjacent ground elements 170 may remain interconnected by ground element
couplings (not shown), which may include a material portion (e.g., a remaining portion of the
sheet of material) and a gap portion (e.g., a portion of the sheet of material removed by
etching, stamping, laser cutting, or other process). Although described in the context of a
sheet of material for illustrative purposes, components of an antenna ground layer 175 (e.g.,
ground elements 170 or ground element couplings) may be formed by other processes, such
as 3-dimensional printing or other additive manufacturing, or various combinations of
additive and subtractive manufacturing. In some examples, ground element couplings
between adjacent ground elements 170 may include a material portion having a thickness that
is less than a thickness of the coupled ground elements 170. In some examples, the

components of an antenna ground layer 175 (e.g., including the ground elements 170 and any
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ground element couplings) may collectively be referred to as a ground plane of an antenna

array 130.

[0041] In the example of antenna array 130-a, the area in an X-Y plane of a respective
ground element 170-a is greater than the area in an X-Y plane of a corresponding antenna
element 160-a. In other words, antenna array 130-a may be an example where, for each of the
antenna elements 160-a, a projection of the area (e.g., in an X-Y plane) of the respective
antenna element 160-a along a direction perpendicular to the surface of the substrate (e.g.,
along the Z-direction) overlaps an area of the ground element 170-a corresponding to the
respective antenna element 160-a. In the example of antenna array 130-a, the projected area or
the projected periphery (e.g., the outer perimeter, the outer extent, the outer dimension) of
each of the antenna elements 160-a along the Z-direction on the surface of a corresponding
ground element 170-a is entirely within the outer perimeter of the corresponding ground
element 170-a. In other examples of antenna arrays 130 in accordance with the present
disclosure, the projected area or the projected periphery of an antenna element 160 along the
Z-direction on the surface of a corresponding ground element 170 may be coincident with the
outer perimeter of the corresponding ground element 170 or may fall at least partially outside

the outer perimeter of the corresponding ground element 170.

[0042] The relationship of areas between an antenna element 160 and a corresponding
ground element 170 may be selected to support desired characteristics of the antenna array
130-a, such as particular transmission or reception performance, electrical characteristics,
mechanical characteristics, packaging considerations, and others. In some examples a
projection of the area or periphery of a respective antenna element 160 may be described as
“substantially overlapping” with an area or periphery of a ground element 170 corresponding
to the respective antenna element 160, where the phrase “substantially overlapping” may refer
to a degree of overlap between an antenna element 160 and a ground element 170 that
supports an ability of an antenna array 130 to transmit or receive signals via the respective

antenna element 160.

[0043] In the example of antenna array 130-a, each of the ground elements 170-a may be
associated with a respective ground feed 171-a (e.g., a ground element feed), which may be
an example of a conductive ground feed 171. For example, ground element 170-a-1 may be
associated with a ground feed 171-a-1, ground element 170-a-2 may be associated with a
ground feed 171-a-2, ground element 170-a-3 may be associated with a ground feed 171-a-3,
and so on. In some examples (e.g., where adjacent ground elements 170 are interconnected by
conductive ground element couplings, not shown), a first subset of one or more ground

elements 170 of an antenna array 130 may be associated with ground feeds 171, and a second
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subset of one or more ground elements 170 of the antenna array 130 may not be associated
with ground feeds 171. The ground feeds 171-a may be formed from a conductive material,
such as coppet, silver, gold, or other conductive material or alloy, and may be formed of a

same material as a corresponding ground element 170-a, or a different material.

[0044] Although ground feeds 171-a are illustrated as being parallel to the Z-direction, other
examples of antenna feeds 171 in accordance with the present disclosure may be aligned in a
skewed direction (e.g., not parallel to the Z-direction). Further, some examples of ground
feeds 171 in accordance with the present disclosure may follow a nonlinear path between a
corresponding ground element 170 and a substrate 150, such as a curved path, a stepped path,
and others, and may have a non-uniform cross-section along the Z-direction (e.g., in an X-Y
plane) or other direction. In some antenna arrays 130, one or more ground elements 170 may
be associated with multiple ground feeds 171 (e.g., multiple ground feeds 171 between a

particular antenna element 160 and a substrate 150).

[0045] In some examples, such as the example of antenna array 130-a, a respective one of
the ground elements 170 may be conductively coupled with its corresponding ground feed
171. For example, a ground element 170 and a corresponding ground feed 171 may be formed
from a continuously conductive material or formed from separate materials having an
interface that supports the conduction of electrons (e.g., a soldered interface, a brazed
interface, a welded interface). In some examples, including those where a ground element 170
and a corresponding ground feed 171 are made from a same material (e.g., a monolithic
ground element and feed), an antenna ground layer 175 may refer to an illustrative construct
that refers to those portions of the ground element 170 or ground feed 171 that fall within the
illustrative antenna ground layer 175 (e.g., an portion of respective ground elements 170 that
interact with antenna elements 160, a portion of respective ground elements 170 between
antenna elements 160 and shielding elements 210, a layer between an antenna element layer

165 and a shielding layer 215).

[0046] Various elements of the antenna array 130-a may be referred to in the context of
antenna units 190 that are configured to support transmission of signals via the antenna array
130-a, reception of signals via the antenna array 130-a, or both. For example, an antenna unit
190 may include at least an antenna element 160 and a corresponding ground element 170,
which collectively may be referred to as a radiating element or radiating element pair. For
example, as illustrated, a first antenna unit 190-a-1 may include the antenna element 160-a-1
and the ground element 170-a-1. Although only the illustrative boundary for the first antenna
unit 190-a-1 is shown, a second antenna unit may include the antenna element 160-a-2 and

the ground element 170-a-2. In some examples, an antenna unit may further be described as
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including a respective antenna feed 161, a respective ground feed 171, or both. For example,
the first antenna unit 190-a-1 may be considered include the antenna element 160-a-1, the

antenna feed 161-a-1, the ground element 170-a-1, and the ground feed 171-a-1.

[0047] Although the antenna array 130-a may support transmission and reception
functionality with the plurality of antenna elements 160-a being disposed above a continuous
ground plane (e.g., a continuous sheet of material in the antenna ground layer 175), a
continuous ground plane may have drawbacks in some applications. For example, a
continuous ground plane may be susceptible to surface waves, which may refer to a
mechanical or electromagnetic phenomenon at the surface of such a continuous ground plane
that impairs functioning of the antenna array 130. Further, in examples where an antenna
array 130 is made from materials having different coefficients of thermal expansion (CTE), a
continuous ground plane may be associated with adverse thermal stresses (e.g., stresses
induced by thermal expansion or thermal contraction) in one or more components of the
antenna array 130. For example, in an example of an antenna array 130 where the substrate
150 is made from a semiconductor chip (e.g., a silicon chip, a silicon-germanium chip) and a
continuous ground plane is made from a different conductive material (e.g., copper), changes
in operating temperature of the antenna array 130 may result in normal stress (e.g.,
compressive stress, tensile stress) in the substrate 150 or the continuous ground plane (e.g.,
normal stress in an X-Y plane), bending stress in components between the substrate 150 and
the continuous ground plane (e.g., bending stress in components such as ground feeds 171
about axes parallel to an X-Y plane), or shear stress at interfaces at the substrate 150 or the
continuous ground plane (e.g., shear stress in an X-Y plane at an interface between the

substrate 150 and antenna feeds 161 and/or ground feeds 171).

[0048] In some examples, such surface wave conditions or loading conditions may be
alleviated by mechanically isolating adjacent ground elements 170 by gaps 180-a between the
adjacent ground elements, such that adjacent ground elements 170 are not mechanically
coupled with each other (e.g., in an antenna ground layer 175). Such gaps 180 may break up
surface waves or may provide a stress relief functionality. For example, when formed from a
continuous layer of material, a plurality of ground elements 170 may be formed by removing
a portion (e.g., through the thickness of the continuous layer of material) of the continuous
layer of material around an entire periphery of respective ground elements 170. In examples
where material is removed in such a manner through the full thickness of the continuous layer
of material, adjacent ground elements 170 may therefore be isolated both mechanically and
electrically (e.g., in the antenna ground layer 175), as illustrated in the example of antenna
array 130-a. In other words, in some examples of an antenna array 130 in accordance with the

present disclosure, adjacent antenna units of the antenna array 130-a may be described as
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being isolated from each other except by their mechanical or electrical coupling via the

substrate 150-a.

[0049] In some examples, however, it may be preferable to support electrical continuity
within an antenna ground layer 175, rather than relying on electrical connections between
ground elements 170 via corresponding ground feeds 171 and a substrate 150. Thus, in some
examples, an antenna ground layer 175 may include ground element couplings (not shown)
between adjacent ground elements, which may provide electrical continuity between the
adjacent ground elements 170. In other words, some examples of an antenna array 130 in
accordance with the present disclosure may include a plurality of ground element couplings,
where each of the ground element couplings couple (e.g., electrically, mechanically) ground

elements 170 of adjacent antenna units.

[0050] In various examples such ground element couplings may include a material portion
and a gap portion (e.g., a gap, void, or discontinuity in material through the ground plane in
the Z-direction) or may include a material portion that has a thickness that is less than the
thickness of adjacent ground elements 170. More generally, in some antenna arrays 130,
ground elements 170 may be interconnected by couplings (e.g., regions of a ground plane,
regions of an antenna ground layer 175) that have a compliance that is greater than the ground
elements 170, which may provide both electrical continuity (e.g., conductivity) and a stress
relief functionality (e.g., between adjacent ground elements 170). Such a stress relief may
mitigate the buildup of stresses, such as those described above, by providing relatively

flexible movement between the ground elements 170.

[0051] One or more of the antenna elements 160-a or the ground elements 170-a may
provide a degree of radiation shielding to other components of the antenna array 130-a, such
as the substrate 150-a. For example, a material included in one or more of the antenna
elements 160-a or the ground elements 170-a may reflect, absorb, or otherwise dissipate
radiation 120-a before it is incident on the substrate 150-a (e.g., incident on the surface 151-a
of the substrate 150-a). However, some of the radiation 120-a may pass through gaps 180-a
between antenna elements 160-a or gaps 180-a between ground elements 170-a, or both,
which may leave certain areas of the surface 151-a more vulnerable to radiation. The shapes
and locations of such gaps 180 may be based on, for example, the shapes of antenna elements
160, the shapes of ground elements 170, the pattern or other arrangement of the antenna
elements 160 or ground elements 170, or the presence of relevant coupling elements,
including those shapes, patterns, arrangements, and coupling elements described herein. In

accordance with aspects of the present disclosure, shielding elements 210 may be included in
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the antenna array 130-a to further shield the substrate 150-a, or other components of the

antenna array 130-a, from radiation that may pass through such gaps 180.

[0052] The shielding elements 210 may be formed from a material that provides a degree of
radiation shielding along paths through gaps 180-a between adjacent antenna elements 160-a
or between adjacent ground elements 170-a. In some examples, shielding elements 210 may
be formed from a same material as antenna elements 160-a or ground elements 170-a (e.g., a
conductive material such as copper, silver, gold, or others). In some examples, a plurality of
ground elements 170 (e.g., a ground plane, an antenna ground layer 175) and a plurality of
shielding elements 210 (e.g., a shielding layer 215) may be a same material but may not have
gaps that overlap when viewed in an X-Y plane. In some examples, such a construction may
be referred to as a multi-layer ground plane which provides both an antenna ground plane
functionality and a distributed shielding functionality, and one or more of the layers of the
multi-layer ground plane may include gaps or gap portions (e.g., through a respective layer)
that further provide a stress relief functionality. The layers of such a multi-layer ground plane
may be separated (e.g., in the Z-direction) by a void in material, or by a material other than
the material used to provide ground plane conductivity of shielding (e.g., an electrical
insulator, a dielectric material). In some examples, shielding elements 210 may be formed
from a different material than antenna elements 160 or ground elements 170, which may be
selected for particular shielding properties. For example, one or more shielding elements 210

of an antenna array 130 may be formed from lead, tungsten, aluminum, or other material.

[0053] In some examples, like the materials described for antenna elements 160 or ground
elements 170, a material selected for shielding elements 210 may have a different coefficient
of thermal expansion than a substrate 150. Under such conditions, physically coupling
shielding elements 210 directly to the substrate 150 may lead to adverse stress conditions, for
example, such as those described above with reference to ground plane and substrate
materials. Therefore, in the example of antenna array 130-a, the shielding elements 210 may
not be directly coupled with the surface 151-a of the substrate 150-a, and instead may be
coupled with a ground feed 171-a of a particular antenna unit 190. To maintain the isolation
or stress relief between adjacent ground elements 170-a in some antenna arrays 130 (e.g.,
antenna array 130-a) each of the shielding elements 210 may be directly coupled with no
more than one of the antenna units 190 (e.g., no more than one ground feed 171-a or ground
feeds 171-a of no more than one of the antenna units 190). In other words, a shielding element
210 may be directly coupled with at most one antenna unit 190, which may refer to a
shielding element 210 being directly coupled with one antenna unit 190, or no antenna units
190. In examples where a shielding element 210 is directly coupled to one antenna unit, the

shielding element may be referred to as being coupled with one and only one antenna unit
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190, directly coupled with a single antenna unit 190, directly coupled with only one antenna
unit, and so on. In some examples (e.g. antenna array 130-a), a respective shielding element
210 may be coupled (e.g., directly coupled) with a single one of the antenna units 190 at a
location between the ground element 170 of the antenna unit 190 and the surface of the
substrate 150. Additionally or alternatively, the shielding element 210 may be coupled with

the ground element 170 of a respective antenna unit 190.

[0054] A direct coupling may refer to a mechanical coupling without intervening
components or regions. For example, a shielding element 210 being directly coupled with a
ground feed 171 may refer to a direct connection between the material of the shielding
element 210 and a material of the ground feed 171, which may refer to an illustrative
construct of a monolithically-formed shielding element 210 and a ground feed 171 without
material voids, or an interface between a shielding element 210 and a ground feed 171 being
at a full thickness (e.g., in the Z-direction) of a shielding element 210. In another example, a
shielding element 210 being directly coupled with an antenna unit 190 may refer to a
mechanical coupling that does not pass through a coupling element, such as a coupling
element having a compliance that is greater than a compliance of a shielding element 210. In
other words, a direct coupling between a shielding element 210 and an antenna unit 190 may
reflect a continuous interface between materials without voids or otherwise more-compliant

regions.

[0055] In some examples a shielding element 210 may be directly or indirectly coupled with
multiple antenna units. In some examples, a shielding element 210 may be coupled with at
least one of the plurality of antenna units via an indirect coupling, such as a mechanical or
clectrical coupling via a stress relief feature such as those described herein with reference to
adjacent ground elements 170. For example, an indirect coupling may provide electrical
continuity (e.g., conductivity) or a relatively light structural support (e.g., as compared with a
relatively strong structural support that may be provided by a direct coupling). In various
examples, shielding elements 210 that are indirectly coupled with antenna units 190 may or
may not be directly coupled with another antenna unit. In various examples, an antenna array
130 may include a plurality of shielding elements 210 that are directly coupled no more than
one antenna unit 190, and each of the respective shielding elements 210 may be indirectly
coupled with one or more antenna units 190, or not coupled with any other antenna units 190,

whether directly or indirectly.

[0056] The example of antenna array 130-a may include a first set of shielding elements
210-a associated with alternating ground elements 170-a (e.g., alternating antenna units) of a

described row or column. For example, a shielding element 210-a-1 may be associated with
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the ground element 170-a-1, and a shielding element 210-a-2 may be associated with the
ground element 170-a-3. Each of the shielding elements 210-a may provide radiation
shielding for gaps 180-a between the respective associated ground element 170-a and the
adjacent ground elements 170-a (e.g., the ground elements 170-a of adjacent antenna units).
For example, the shielding element 210-a-1 may provide radiation shielding for the gaps
180-a between the ground element 170-a-1 and ground elements 170-a-2 (e.g., gap 180-a-1),
170-a-4, and 170-a-5. In another example, the shielding element 210-a-2 may provide
radiation shielding for the gaps 180-a between the ground element 170-a-3 and ground
elements 170-a-2 (e.g., gap 180-a-2), 170-a-5, and 170-a-6. In other words, the shielding
elements 210-a may be referred to as extending under the gaps 180-a, or extending between
the gaps 180-a and the substrate 150-a. Although described with reference to gaps 180-a
between ground elements 170-a, radiation protection in accordance with the present
disclosure may similarly be described or implemented with reference to gaps 180-a between

antenna elements 160-a.

[0057] In some examples, an antenna array 130 may include shielding elements 210 at
different positions in the Z-direction, which in some examples may support an overlapping of
radiation shielding. In other words, an antenna array 130 may include one or more levels of
overlapping radiation shielding (e.g., metal), which may be formed overlying the maximum
radiation exposure areas (e.g., areas of the antenna array 130 viewed between adjacent
antenna elements 160, areas of the antenna array 130 viewed between adjacent ground

elements 170) of the substrate 150.

[0058] For example, as illustrated, the antenna array 130-a may also include a second set of
shielding elements 210-b associated with different ground elements 170-a than the first set of
shielding elements 210-a. A shielding element 210-b-1 may be associated with the ground
element 170-a-2, and a shielding element 210-b-2 may be associated with the ground element
170-a-8. Like the first set of shielding elements 210-a, each of the shielding elements 210-b
may provide radiation shielding for gaps between the respective associated ground element
170-a and the adjacent ground elements 170-a. For example, the shielding element 210-b-1
may provide radiation shielding for the gaps between the ground element 170-a-2 and ground
elements 170-a-1 (e.g., gap 180-a-1), 170-a-4, 170-a-5, 170-a-6, and 170-a-3 (e.g., gap
180-a-2). In another example, the shielding element 210-b-2 may provide radiation shielding
for the gaps 180-a between the ground element 170-a-8 and ground elements 170-a-2,
170-a-5, and 170-a-6.

[0059] Various shielding elements 210 may be arranged in different positions in the Z-

direction, which may be considered as sub-layers of the shielding layer 215-a. For example,

18



WO 2018/236902 PCT/US2018/038328

shielding elements 210-a may be on a first layer, shielding elements 210-b may be on second
layer (e.g., that is not coplanar with the first layer), shielding elements 210-c may be on a
third layer (e.g., that is not coplanar with the first layer or second layer), and shielding
elements 210-d (not shown, associated with ground element 170-a-5, for example) may be on
a fourth layer (e.g., that is not coplanar with the first layer, the second layer, or the third
layer). In other words, in the example of antenna array 130-a, radiation shielding is provided
for each of the gaps 180-a between antenna elements ground elements 170-a by at least two of
the shielding elements 210 (e.g., by two or more of a shielding element 210-a, a shielding
clement 210-b, a shielding element 210-c, or a shielding element 210-d, not shown, which
may be associated with the ground element 170-a-5). Other antenna arrays 130 may include
shielding elements 210 that are arranged with a different number of sub-layers of a shielding
layer 215, which may depend on how areas of the respective shielding elements 210 overlap
(e.g., when viewed along the Z-direction). In some examples, shielding elements 210
arranged in a single layer may have shapes that allow for overlap (e.g., as viewed along the Z-

direction), such as an angled shape or a stepped shape.

[0060] The plurality of shielding elements 210 may be described as being components of the
shielding layer 215-a, which may generally refer to a region in the Z-direction where
shielding elements 210 are disposed relative to other described components or layers. In other
words, as used herein, the term “shielding layer” may refer to a relative region of shielding
elements 210 in the Z-direction for illustrative purposes (e.g., between an antenna ground
layer 175-a and a substrate layer 155-a). More generally, in the example of antenna array
130-a, the plurality of shielding elements 210 may be located between (e.g., in the Z-
direction) ground elements 170-a and the substrate 150-a. However, it should be understood
that other components that are not illustrated in the antenna array 130-a may be located
between a ground element 170-a and a shielding element 210, or located between a shielding

element 210 and the substrate 150-a.

[0061] In some examples, a shielding layer 215 may include shielding elements 210 that are
formed from a sheet of material (e.g., a sheet of copper), where regions of the sheet of
material are removed (e.g., etched, stamped, laser cut) such that the remaining portions of the
sheet of material form at least the plurality of shielding elements 210. In some examples,
adjacent shielding elements 210 may remain interconnected by shielding element couplings
(not shown), which may include a material portion (e.g., a remaining portion of the sheet of
material) and a gap portion (e.g., a portion of the sheet of material removed by etching,
stamping, laser cutting, or other process). Although described in the context of a sheet of
material for illustrative purposes, components of a shielding layer 215 may be formed by

other processes, such as 3-dimensional printing or other additive manufacturing, or various
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combinations of additive and subtractive manufacturing. In some examples, shielding element
couplings between adjacent shielding elements 210 may include a material portion having a
thickness that is less than a thickness of the coupled shielding elements 210. In some
examples, the components of the shielding layer 215 (e.g., including the shielding elements
210 and any shielding element couplings) may collectively be referred to as a shielding plane

of an antenna array 130.

[0062] To provide radiation shielding, radiation 120-a that passes through gaps 180-a
between antenna elements 160-a or between ground elements 170-a may be incident on one
or more shielding elements 210. For example, radiation 120-a may be illustrative of a distant
radiation source that is aligned with the antenna in the Z-direction. Thus, radiation 120-a may
arrive at the antenna array 130-a along the Z-direction, and pass through gaps 180-a between
the antenna elements 160-a and the ground elements 170-a in the Z-direction. To provide
radiation protection for a particular gap 180-a (e.g., between antenna elements 160-a, between
ground elements 170-a) under these circumstances, a projected area of the particular gap
180-a in the Z-direction may be incident on at least one of the shielding elements 210 prior to
incidence on the substrate 150. In other words, when viewed from the top of the antenna array
130-a along the Z-direction (e.g., as in the first view 200), the substrate 150 may not be
visible (e.g., through shielding elements 210) between the antenna elements 160-a or between
the ground elements 170-a, because at least one shielding element 210 hides the substrate 150

from view.

[0063] For example, as illustrated in FIGs. 2C and 2D, gaps 180-a may be associated with a
particular area 185-a (e.g., as viewed in an X-Y plane from along a Z-direction in FIG. 2C).
As shown, the gap 180-a-1 between the ground element 170-a-1 and the ground element
170-a-2 may be associated with an area 185-a-1 between the ground element 170-a-1 and the
ground element 170-a-2, and gap 180-a-2 between the ground element 170-a-2 and the
ground element 170-a-3 may be associated with an area 185-a-2 between the ground element
170-a-2 and the ground element 170-a-3, and so on. A projection of the area 185-a-1 (e.g.,
along the Z direction, in a negative Z-direction from the gap 180-a-1) may be incident on the
shielding element 210-a-1 and on the shielding element 210-b-1 before being incident on the
substrate 150-a. In other words, a projection of the area 185-a-1 at a position of the shielding
element 210-a-1 in the Z-direction (e.g., at the top surface of the shielding element 210-a-1)
may be entirely within the outer perimeter of the shielding element 210-a-1, and a projection
of the area 185-a-1 at a position of the shielding element 210-b-1 in the Z-direction (e.g., at
the top surface of the shielding element 210-b-1) may be entirely within the outer perimeter of
the shielding element 210-b-1. Similarly, a projection of the area 185-a-2 (e.g., along the Z

direction, in a negative Z-direction from the gap 180-a-2) may be incident on the shielding

20



WO 2018/236902 PCT/US2018/038328

element 210-a-2 and on the shielding element 210-b-1 before being incident on the substrate
150-a. Although antenna array 130-a is described as having projected areas 185-a being
entirely within a perimeter of a shielding element 210, in other antenna arrays 130, radiation
shielding may be provided by having a projected area 185 being partially within a perimeter
of one shielding element 210 and partially within a perimeter of another shielding element
210.To provide the described radiation shielding, the relationship between gaps 180 and
shielding elements 210 may be defined in various ways. For example, in some examples the
areas 185 of gaps 180 may be projected along a direction perpendicular to an illustrative
surface of antenna elements 160 (e.g., the top surfaces of the antenna elements 160-a in the
example of antenna array 130-a), or along a direction perpendicular to an illustrative surface
of ground elements 170 (e.g., the top surfaces of the ground elements 170-a in the example of
antenna array 130-a). In some examples, the areas 185 of gaps 180 may be projected along a
direction that is aligned with a boresight of the antenna array 130. In some examples, the
areas 185 of gaps 180 may be projected along a direction perpendicular to a surface of a
substrate 150 (e.g., the surface 151-a of the substrate 150-a in the example of antenna array
130-a). In some examples, such as when a surface of a substrate 150 (e.g., a surface 151 upon
which antenna elements 160 or ground elements 170 are coupled) is irregular, areas 185 of
gaps 180 may be projected along a direction perpendicular to an illustrative boundary of the
substrate 150, such as a boundary of an illustrative substrate layer 155 (e.g., a top surface of
the substrate layer 155-a in the example of antenna array 130-a). Other component surfaces,
or illustrative layer surfaces, may be used to describe such projections for determining the
size and location of shielding elements 210. More generally, the described shielding may be
provided such that, when starting from a radiation source, an imaginary line passing through a
gap 180 between antenna elements 160 or between ground elements 170 would pass through
at least one shielding element 210 before reaching the substrate 150, or other component of

the antenna array 130 being shielded.

[0064] Although the example of antenna array 130-a is shown as being exposed to radiation
120-a illustrative of a distant or otherwise distributed radiation source, radiation 120 may
have multiple sources that project radiation from different directions with respect to an
antenna array 130. Further, an antenna array 130 may be moving with respect to sources of
radiation 120. Thus, while a simple projection of areas 185 in the Z-direction or other
direction may provide a minimum threshold amount of radiation shielding in some antenna
arrays 130, some antenna array 130 may further benefit from radiation protection that is
effective against radiation reaching the antenna array from different directions (e.g., in
contrast with the example of radiation 120-a that is illustrative of a distant radiation source

aligned in the Z-direction). To accommodate the different directions of incident radiation,
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projected areas 185 for defining sizes for shielding elements 210 may be expanded in various

ways.

[0065] For example, to determine the extents of a shielding element 210 required to provide
radiation shielding for a particular gap 180, a projected area 185 may be scaled based on a
distance between a gap 180 and the shielding element 210. Generally, when a shielding
element 210 is relatively close to a gap 180 (e.g., in the Z-direction), the projected area 185 of
a gap 180 may be associated with relatively little scaling. When a shielding element 210 is
relatively far from a gap 180 (e.g., in the Z-direction), the projected area 185 of a gap 180
may be associated with relatively more scaling. In some examples, such scaling may be based
on the angles of incidence for anticipated radiation, which may consider possible directions of
radiation sources, possible directions of radiation 120 that may not be otherwise blocked by

an enclosure 140, and other considerations.

[0066] In some examples, to determine the extents of a shielding element 210 required to
provide radiation shielding for a particular gap 180, a periphery of a projected area 185 may
be expanded outward (e.g., outward from the center of the projected area 185, perpendicular
to the perimeter of the projected area 185) by a particular distance. For example, when a
shielding element 210 is separated by from a gap 180 by a distance d, and radiation 120 may
be expected to arrive at an antenna array 130 at angles of +/-0 (e.g., with respect to the Z-
direction of antenna array 130-a), a periphery of projected areas 185 may be extended
outward (e.g., in an X-Y plane in the example of antenna array 130-a) by a distance of 6 = d
tan 0. Other methods for determining appropriate size and location of shielding elements 210
may be considered for different types of antenna arrays 130 or positioning of antenna arrays
130 in an enclosure 140. Further, the size and location of shielding elements 210 may be
determined based on other considerations such as mechanical properties, areas of a substrate

150 that are more or less sensitive to radiation, and others.

[0067] Although the layers of the antenna array 130-a (e.g., the antenna element layer 165-a,
the antenna ground layer 175-a, the shielding layer 215-a, the substrate layer 155-b) are
illustrated as being generally planar layers, one or more of the layers of an antenna array 130
in accordance with the present disclosure may have non-planar layers. For example, any one
or more of the layers of an antenna array 130 may include a cylindrical surface, a spherical
surface, a hyperbolic surface, a prismatic surface, or others. Further, adjacent layers may have
a same surface shape (e.g., when such surfaces are coincident) or different surface shapes
(e.g., when one layer has an illustrative surface that is irregular, and an adjacent layer has a
surface that is smooth). Various layer shapes, or combinations of layer shapes, may be used to

illustrate different groups of components that support the radiation shielding described herein.
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[0068] FIGs. 3A and 3B illustrate an example of an antenna array 130-b in accordance with
aspects of the present disclosure. The antenna array 130-b may be another example of an
antenna array 130 described with reference to FIG. 1. The antenna array 130-b is illustrated in
a first view in FIG. 3A, which may be referred to as a “top view” showing an X-Y plane from
along the Z direction, and in a second view in FIG. 3B, which may be referred to as a “side
view” showing an X-Z plane from along the Y direction (e.g., a section view according to
section line B-B as seen in the first view of FIG. 3A). The antenna array 130-b may include a
substrate 150-b upon which a plurality of antenna elements 160-b and a plurality of ground

elements 170-b are coupled.

[0069] The substrate 150-b, the antenna elements 160-b, and the ground elements 170-b may
be examples of the corresponding components described with reference to FIG. 1. For
example, the antenna array 130-b may be disposed in an enclosure, such as enclosure 140
described with reference to FIG. 1, where at least a portion of the antenna array 130-b is
exposed to radiation 120-b. Thus, in accordance with aspects of the present disclosure, the
antenna array 130-b may also include a plurality of shielding elements 210. The substrate
150-b, the antenna elements 160-b, the ground elements 170-b, and the shiclding elements
210 may be similar to the corresponding components of the antenna array 130-a described

with reference to FIG. 2.

[0070] In the example of antenna array 130-b, the antenna elements 160-b-1 through 160-b-9
are also arranged in a square pattern, and may be described as being components of an
antenna element layer 165-b. Each of the antenna elements 160-b may be electrically coupled
with the substrate 150-b via a respective antenna feed 161-b, where in the example of antenna
array 130-b, each of the antenna elements 160-b are conductively coupled with its
corresponding antenna feed 161-b. For example, an antenna element 160-b and a
corresponding antenna feed 161-b may be formed from a continuous conductive material or
formed from separate materials having an interface that otherwise supports the conduction of

clectrons (e.g., a soldered interface, a brazed interface, a welded interface).

[0071] Each of the antenna elements 160-b may be associated with a corresponding ground
element 170-b, where ground elements 170-b-4 through 170-b-9 are not labeled but are
associated with antenna elements 160-b-4 through 160-b-9, respectively. The set of ground
elements 170-b-1 through 170-b-9 may be described as being components of an antenna
ground layer 175-b. In the example of antenna array 130-b, a projected area of an antenna
element 160-b along the Z-direction on the surface of a corresponding ground element 170-b

is coincident with the outer perimeter of the corresponding ground element 170-b. Each of the
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ground elements 170-b may be electrically coupled with the substrate 150-b via a respective

ground feed 171-b.

[0072] In the example of antenna array 130-b, different ground elements 170-b may have a
different thickness (e.g., in the Z-direction). As illustrated, a thickness of the ground element
170-b-1 may be greater than a thickness of the ground element 170-b-2, which may be
considered when selecting locations or properties of shielding elements 210. For example, an
area of the substrate 150-b beneath the ground element 170-b-1 may be more shielded from
radiation than an area of the substrate 150-b beneath the ground element 170-b-2 (e.g., due to
the difference in thickness between ground elements 170-b-1 and 170-b-2), and thus may

require less shielding from shielding elements 210.

[0073] In the example of antenna array 130-b, certain adjacent ground elements 170-b may
be coupled via ground element couplings 310. For example, ground elements 170-b-1 and
170-b-2 may be coupled via ground element coupling 310-a-1, ground elements 170-b-2 and
170-b-3 may be coupled via ground element coupling 310-a-2, ground elements 170-b-1 and
170-b-4 may be coupled via ground element coupling 310-a-3, and so on. Although in the
example of antenna array 130-b ground element couplings 310-a are only illustrated between
adjacent ground elements 170-b of a shared row or a shared column, other antenna arrays 130
may include other configurations of ground element couplings 310. For example, a ground
element coupling 310 may be included between diagonally adjacent ground elements 170,
such as ground elements 170-b-1 and 170-b-5. Other configurations of ground element
couplings 310 may be considered in accordance with the present disclosure for different

patterns and locations of ground elements 170 in an antenna array 130.

[0074] In some examples, elements of the antenna ground layer 175-a (e.g., one or more
ground elements 170-b or ground element couplings 310-a) may include portions that are
formed from a sheet of material (e.g., a sheet of copper), where regions of the sheet of
material are removed (e.g., etched, stamped, laser cut) such that the remaining portions of the
sheet of material form at least the set of ground elements 170-a or the ground element
couplings 310, or both. For example, ground element couplings 310-a may include a material
portion (e.g., a remaining portion of the sheet of material) and a gap portion (e.g., a portion of
the sheet of material removed by etching, stamping, laser cutting, or other process).
Additionally or alternatively, ground element couplings 310-a may include a portion of the
sheet of material having a thickness that is less than a thickness of the sheet of material

remaining for coupled ground elements 170-a.

[0075] Although described in the context of a sheet of material for illustrative purposes,

components of the antenna ground layer 175-b (e.g., ground elements 170-b or ground
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element couplings 310-a, or both) may be formed by other processes, such as 3-dimensional
printing or other additive manufacturing, or various combinations of additive and subtractive
manufacturing. In some examples, the ground elements 170-b and the ground element
couplings 310-a may collectively be referred to as a ground plane of the antenna array 130-b.
In some examples, such as when ground elements 170-b and ground element couplings 310-a
are formed from a same base material (e.g., monolithically), separate reference to ground
elements 170 and ground element couplings 310 may be used for illustrative purposes only

and may refer to illustrative regions of an otherwise continuous component.

[0076] In the example of antenna array 130-b, the ground element couplings 310-a may
support electrical continuity between ground elements 170-b within the antenna ground layer
175-b, rather than relying on electrical connections between ground elements 170-b via
corresponding ground feeds 171-b and the substrate 150-b. In some examples, the ground
element couplings 310-a may also have a compliance that is greater than the coupled ground
elements 170-b, which may provide a stress relief functionality (e.g., between coupled ground
elements 170-b). Such a stress relief functionality may mitigate the buildup of stresses, such
as those described above, by providing relatively flexible movement between the coupled

ground elements 170-b.

[0077] In the example of antenna array 130-b, some of the radiation 120-b may pass through
gaps 180 between antenna elements 160-b, or gaps 180 between ground elements 170-b, or
gaps 180 through ground element couplings 310-a, or through relatively thin portions of
ground element couplings 310-a, or various combinations thereof, which may leave certain
areas of the surface 151-b more vulnerable to radiation. In accordance with aspects of the
present disclosure, shielding elements 210 may be included in the antenna array 130-b to
shield those portions of the substrate 150-b, or other components of the antenna array 130-b,

that are more vulnerable to radiation.

[0078] The example of antenna array 130-b may include a first set of shielding elements
210-e associated with alternating ground elements 170-b (e.g., alternating antenna units) of a
described row or column. For example, a shielding element 210-e-1 may be associated with
the ground element 170-b-1, and a shielding element 210-e-2 may be associated with the
ground element 170-b-3. Each of the shielding elements 210-a may provide radiation
shielding for gaps 180 between the respective associated ground element 170-a and the
adjacent ground elements 170-a (e.g., the ground elements 170-a of adjacent antenna units),
or for gaps 180 through ground element couplings 310-a associated with the respective
ground element 170-a, or for relatively thin portions of ground element couplings 310-a

associated with the respective ground element. For example, the shielding element 210-a-1
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may provide radiation shielding for the gaps 180 between the ground element 170-a-1 and
ground elements 170-a-2, 170-a-4, and 170-a-5, as well as radiation shielding for gaps 180
through ground element couplings 310-a-1 and 310-a-3 or relatively thin portions of ground

element couplings 310-a-1 and 310-a-3.

[0079] To provide radiation shielding, a portion of the radiation 120-b that passes through
gaps 180 or relatively thin portions of the antenna array 130-b (e.g., of the antenna element
layer 165-b or the antenna ground layer 175-b) may be incident on one or more shielding
elements 210. To provide protection from a relatively distant radiation source aligned along
the Z-direction, for example, a projected area 185 of the particular gap 180 or a projected area
of arelatively thin portion (e.g., of a ground element coupling 310) in the Z-direction may be

incident on at least one of the shielding elements 210 prior to incidence on the substrate 150.

[0080] While a simple projection of areas in the Z-direction may provide a minimum
threshold amount of radiation shielding for the antenna array 130-b, projected areas for
defining sizes for shielding elements 210 may be expanded in various ways to accommodate
the different directions of incident radiation. For example, to determine the extents of a
shielding element 210 required to provide radiation shielding for a particular gap 180 or
relatively thin portion (e.g., of a ground element coupling 310), a projected area may be
scaled based on a distance between a gap 180 or relatively thin portion and the shielding
element 210. In some examples, such scaling may be based on the angles of incidence for
anticipated radiation 120, which may consider possible directions of radiation sources,
possible directions of radiation 120 that may not be otherwise blocked by an enclosure 140,
and other considerations. In some examples, to determine the extents of a shielding element
210 required to provide radiation shielding for a particular gap 180 or relatively thin portion,
a periphery of a projected area may be expanded outward by a particular distance. Further, in
some examples, a projected area of a relatively thin portion (e.g., of a ground element
coupling 310) may be scaled with a relatively lower significance in comparison with a
projected area of a gap 180 (e.g., where a projected area of a relatively thin portion may
indicate a relatively less vulnerable area than a projected area 185 of a gap 180), because even
a relatively thin portion may provide some degree of radiation shielding. Other methods for

determining appropriate size and location of shielding elements 210 may be considered.

[0081] FIG. 4A illustrates an example of a ground element coupling 310-b in accordance
with aspects of the present disclosure. The ground element coupling 310-b may be an
example of ground element couplings 310-a of the antenna array 130-b described with
reference to FIG. 3. For example, ground element coupling 310-b may couple adjacent

ground elements 170-c-1 and 170-c-2. The ground element coupling 310-b is illustrated in a
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view that may be referred to as a “top view” showing an X-Y plane from along the Z

direction.

[0082] As shown in FIG. 4A, the ground element coupling 310-b may include a material
portion 410 and two gap portions 420-a and 420-b (e.g., gaps in the material of the ground
element coupling 310-b, gaps through the ground element coupling 310-b in a Z-direction).
The material portion 410 may support an electrical coupling between the ground elements
170-c-1 and 170-c-2. Further, the lack of material in the gap portions 420-a and 420-b may
support the ground element coupling 310-b having a compliance that is greater than the
ground elements 170-c-1 and 170-c-2. In other words, by having gap portions 420-a and
420-b, the ground element coupling 310-b may support relatively free movement of the
ground element 170-c-1 with respect to the ground element 170-c-2 (e.g., as compared with
the relatively constrained condition that would exist with a ground element coupling 310 that
did not have such gaps). Although shown as having an illustrative boundary that encloses gap
portions 420-a and 420-b, in some examples the term “ground element coupling” may also

refer to the material portion 410 (e.g., excluding gap portions 420-a and 420-b).

[0083] In accordance with aspects of the present disclosure, the ground element coupling
310-b may support a stress relief functionality between the ground elements 170-c-1 and
170-c-2. In some antenna arrays 130, such a stress relief features may facilitate the use of a
material in an antenna ground layer 175 that has a different coefficient of thermal expansion
than a substrate layer 155. In some examples, the use of a ground element coupling such as
the ground element coupling 310-b, or other configurations of a ground plane that include gap
portions 420, may cause portions of an antenna array 130 (e.g., a substrate 150) to be more

vulnerable to radiation 120.

[0084] In accordance with aspects of the present disclosure, shielding elements 210 may be
disposed between such gap portions 420 and vulnerable portions of the antenna array 130 to
provide a degree of radiation shielding. In some examples the gap portions 420-a and 420-b

may be considered to be examples of gaps 180, and may be associated with areas (e.g., areas
185) that may be projected to determine the positioning of shielding elements 210 to provide

adequate radiation shielding.

[0085] FIG. 4B illustrates an example of a ground element coupling 310-c in accordance
with aspects of the present disclosure. The ground element coupling 310-c may be an example
of ground element couplings 310-a of the antenna array 130-b described with reference to
FIG. 3, or an example of the ground element coupling 310-b described with reference to

FIG. 4A. For example, ground element coupling 310-c may couple adjacent ground elements
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170-d-1 and 170-d-2. The ground element coupling 310-c is illustrated in a view that may be

referred to as a “side view” showing an X-Z plane from along the Y direction.

[0086] As shown in FIG. 4B, the ground element coupling 310-c may include a relatively
thin material portion 430 and relatively thick material portions 440-a and 440-b (e.g., regions
adjacent to the ground elements 170-d-1 and 170-d-2). The material portions 430 and 440
may support an electrical coupling between the ground elements 170-d-1 and 170-d-2.
Further, the relatively thin material portion 430 may support the ground element coupling
310-c having a compliance that is greater than the ground elements 170-d-1 and 170-d-2. In
other words, by having a relatively thin material portion 430, the ground element coupling
310-c may support relatively free movement of the ground element 170-d-1 with respect to
the ground element 170-d-2 (e.g., as compared with the relatively constrained condition that
would exist with a ground element coupling 310 that did not have such a relatively thin

material portion).

[0087] In accordance with aspects of the present disclosure, the ground element coupling
310-c may support a stress relief functionality between the ground elements 170-d-1 and
170-d-2. In some antenna arrays 130, such a stress relief features may facilitate the use of a
material in an antenna ground layer 175 that has a different coefficient of thermal expansion
than a substrate layer 155. In some examples, the use of a ground element coupling 310 such
as the ground element coupling 310-b, or other configurations of a ground plane that include
relatively thin material portions, may cause portions of an antenna array 130 (e.g., a substrate
150) to be more vulnerable to radiation 120. In accordance with aspects of the present
disclosure, shielding elements 210 may be disposed between such relatively thin material
portions 430 and vulnerable portions of the antenna array 130 to provide a degree of radiation

shielding.

[0088] The detailed description set forth above in connection with the appended drawings
describes examples and does not represent the only examples that may be implemented or that
are within the scope of the claims. The term “example,” when used in this description, mean
“serving as an example, instance, or illustration,” and not “preferred” or “advantageous over
other examples.” The detailed description includes specific details for the purpose of
providing an understanding of the described techniques. These techniques, however, may be
practiced without these specific details. In some instances, well-known structures and
apparatuses are shown in block diagram form in order to avoid obscuring the concepts of the

described examples.

[0089] As used herein, including in the claims, the term “and/or,” when used in a list of two

or more items, means that any one of the listed items can be employed by itself, or any
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combination of two or more of the listed items can be employed. For example, if a
composition is described as containing components A, B, and/or C, the composition can
contain A alone; B alone; C alone; A and B in combination; A and C in combination; B and C
in combination; or A, B, and C in combination. Also, as used herein, including in the claims,
“or” as used in a list of items (for example, a list of items prefaced by a phrase such as “at
least one of” or “one or more of”’) indicates a disjunctive list such that, for example, a list of
“at least one of A, B, or C” means A or B or C or AB or AC or BC or ABC (i.e., A and B and
O).

[0090] As used herein, the phrase “based on” shall not be construed as a reference to a closed
set of conditions. For example, an exemplary step that is described as “based on condition A”
may be based on both a condition A and a condition B without departing from the scope of
the present disclosure. In other words, as used herein, the phrase “based on” shall be

construed in the same manner as the phrase “based at least in part on.”

[0091] The previous description of the disclosure is provided to enable a person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be applied to
other variations without departing from the scope of the disclosure. Thus, the disclosure is not
to be limited to the examples and designs described herein but is to be accorded the broadest

scope consistent with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:

1. An antenna array (130) comprising:
a substrate (150);
a plurality of antenna units (190), each of the plurality of antenna units
comprising:
an antenna element (160) electrically coupled with a surface (151) of
the substrate (150); and
a ground element (170) electrically coupled with the surface (151) of
the substrate (150), the ground element (170) disposed at least in part between the
antenna element (160) and the surface (151) of the substrate (150); and
a plurality of shielding elements (210) disposed between the surface (151) of
the substrate (150) and the ground elements (170) of the plurality of antenna units (190), each
of the plurality of shielding elements (210) directly coupled with no more than one of the
plurality of antenna units (190), wherein, for each of a plurality of gaps (180) between ground
elements (170) of adjacent antenna units (190), a projected area (185) of a respective gap
(180) in a direction perpendicular to the surface (151) of the substrate (150) is incident on at

least one of the plurality of shielding elements (210).

2. The antenna array (130) of claim 1, wherein, for at least one of the
plurality of shielding elements (210), a respective shielding element (210) is coupled with a
single one of the plurality of antenna units (190) at a location between the ground element
(170) of the single one of the plurality of antenna units (190) and the surface of the substrate
(150).

3. The antenna array (130) of claim 1 or 2, further comprising:

a plurality of ground element couplings (310), each of the plurality of ground
element couplings (310) coupling ground elements (170) of adjacent antenna units (190), and
each of the plurality of ground element couplings (310) having a compliance that is greater

than a compliance of the coupled ground elements (170) of the adjacent antenna units (190).

4. The antenna array (130) of claim 3, wherein, for at least one of the
plurality of ground element couplings (310), a respective ground element coupling (310)
comprises a conductive material portion (410) and a gap in the conductive material portion
(420) through the respective ground element coupling (310) along a direction perpendicular to

the surface of the substrate (150), wherein the plurality of gaps (180) between ground
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elements (170) of adjacent antenna units (190) comprises the gap in the conductive material

portion (420) through the at least one of the plurality of ground element couplings (310).

5. The antenna array (130) of claim 3, wherein, for at least one of the
plurality of ground element couplings (310), a respective ground element coupling (310)
comprises a conductive material portion (430) having a thickness that is less than a thickness
of the ground elements (170) of the adjacent antenna units (190) that are coupled by the

respective ground element coupling (310).

6. The antenna array (130) of any one of claims 1 through 5, wherein,
for at least one of the plurality of antenna units (190), a projection of the area of the antenna
element (160) of a respective antenna unit (190) along a direction perpendicular to the surface
(151) of the substrate (150) overlaps an area of the ground element (170) of the respective

antenna unit (190).

7. The antenna array (130) of any one of claims 1 through 6, wherein,
for at least one of the plurality of antenna units (190), the antenna element (160) of a
respective antenna unit (190) is electrically coupled with the surface (151) of the substrate
(150) via a conductive antenna feed (161) of the respective antenna unit (190), the conductive
antenna feed (161) of the respective antenna unit (190) passing through at least one of the
ground element (170) of the respective antenna unit (190) or one of the plurality of shielding
elements (210).

8. The antenna array (130) of claim 7, wherein, for the at least one of
the plurality of antenna units (190), the conductive antenna feed (161) of a respective antenna
unit (190) is capacitively coupled with the antenna element (160) of the respective antenna

unit (190).

9. The antenna array (130) of claim 7, wherein, for the at least one of
the plurality of antenna units (190), the conductive antenna feed (161) of a respective antenna
unit (190) is conductively coupled with the antenna element (160) of the respective antenna

unit (190).

10. The antenna array (130) of any one of claims 1 through 9, wherein a
material of at least one of the plurality of shielding elements (210) is the same as a material of

at least one ground element (170) of the plurality of antenna units (190).
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11. The antenna array (130) of any one of claims 1 through 9, wherein a
material of at least one of the plurality of shielding elements (210) is different from a material

of at least one ground element (170) of the plurality of antenna units (190).

12. The antenna array (130) of any one of claims 1 through 11, wherein

the substrate (150) comprises a printed circuit board.

13. The antenna array (130) of any one of claims 1 through 11, wherein

the substrate (150) comprises a semiconductor chip.

14. The antenna array (130) of any one of claims 1 through 11, wherein,
for at least one of the plurality of shielding elements (210), a respective shielding element
(210) is directly coupled with a single one of the plurality of antenna units (190), and the
respective shielding element (210) is indirectly coupled with at least one of the plurality of

antenna units (190) that is different from the single one of the plurality of antenna units (190).

15. An antenna array (130) comprising:

a substrate (150);

an antenna element layer (165) comprising a plurality of antenna elements
(160), each of the plurality of antenna elements (160) electrically coupled with the substrate
(150);

an antenna ground layer (175) disposed between the antenna element layer
(165) and the substrate (150), the antenna ground layer (175) comprising a plurality of ground
elements (170) each corresponding to a respective one of the plurality of antenna elements
(160), wherein each of the plurality of ground elements (170) is electrically coupled with the
substrate (150); and

a shielding layer (215) disposed between the antenna ground layer (175) and
the substrate (150), the shielding layer (215) comprising a plurality of shielding elements
(210) between the antenna ground layer (175) and the substrate (150), wherein each of the
plurality of shielding elements (210) is directly coupled with a ground element (170), a
ground feed (171), or both, as associated with no more than one of the plurality of ground
elements (170), and wherein, for each of a plurality of gaps (180) of the antenna ground layer
(175), a projected area (185) of a respective gap (180) in a direction perpendicular to the

substrate (150) is incident on at least one of the plurality of shielding elements (210).

16. The antenna array (130) of claim 15, wherein each of the plurality of

ground elements (170) is electrically coupled with at least one other of the plurality of ground
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elements (170) via a conductive ground element coupling (310) that is more compliant than

the electrically coupled ground elements (170).

17. The antenna array (130) of claim 16, wherein, for at least one of the
ground element couplings (310), a respective ground element coupling (310) comprises a gap
(410) in a material portion of the antenna ground layer (175) through the respective ground
element coupling (310) along a direction perpendicular to the substrate (150), wherein the
plurality of gaps (180) of the antenna ground layer (175) comprises the gap (410) in the
material portion of the antenna ground layer (175) of the for the at least one of the ground

element couplings (310).

18. The antenna array (130) of claim 16, wherein, for at least one of
ground element couplings (310), a respective ground element coupling (310) comprises a
material portion (430) of the antenna ground layer (175) having a thickness that is less than a
thickness of the ground elements (170) of the antenna ground layer (175) that are electrically

coupled by the respective ground element coupling (310).

19. The antenna array (130) of claim 16, wherein the plurality of ground
elements (170) and the ground element couplings (310) comprise a contiguous material

portion of the antenna ground layer.

20. The antenna array (130) of any one of claims 15 through 19, wherein,
for at least one of the plurality of antenna elements (160), a projection of the area of the
respective antenna element (160) along a direction perpendicular to the substrate (150)
overlaps an area of the corresponding ground element (170) of the antenna ground layer

(175).

21. The antenna array (130) of any one of claims 15 through 20, wherein,
for at least one of the plurality of antenna elements (160), the respective antenna element
(160) is electrically coupled with the substrate (150) via a conductive antenna feed (161), the
conductive antenna feed (161) passing through the antenna ground layer (175) and the
shielding layer (215).

22. The antenna array (130) of claim 21, wherein, for the at least one of
the plurality of antenna elements (160), the conductive antenna feed (161) for the respective

antenna element (160) is capacitively coupled with the respective antenna element (160).
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23. The antenna array (130) of claim 21, wherein, for the at least one of
the plurality of antenna elements (160), the conductive antenna feed (161) for the respective

antenna element (160) is conductively coupled with the respective antenna element (160).

24. The antenna array (130) of any one of claims 15 through 23, wherein
a material of at least one of the plurality of shielding elements (210) is the same as a material

of the antenna ground layer (175).

25. The antenna array (130) of any one of claims 15 through 23, wherein
a material of at least one of the plurality of shielding elements (210) is different from a

material of the antenna ground layer (175).

26. The antenna array (130) of any one of claims 15 through 23, wherein,
for at least one of the plurality of shielding elements (210), a respective shielding element
(210) is directly coupled with a ground element (170), a ground feed (171), or both, as
associated with a single one of the plurality of ground elements (170), and the respective
shielding element (210) is indirectly coupled with a ground element (170), a ground feed
(171), or both, as associated with at least one of the plurality of ground elements (170) that is

different from the single one of the plurality of ground elements (170).

34



000000000000000000000000000000




WO 2018/236902 PCT/US2018/038328

2/5

210-a-3 210-b-2 210-a-4 130-a
Y
X
210-c-1 210-c-1
H 4
Al IA
IR (Tt ¢ NS ¢ it / IS 4 15 » W 7 HHtti I ]
/ /
210-a-1 210-b-1 210-a-2
FIG. 2A
120-a
\ ] 1 ] 1 1 ] 1 ] 1 ]
1 ] 1 ] 1 1 ] 1 ] 1 ]
] 1 ] 1 1 ] 1 ] 1 ]
1 ] 1 ] 1 1 ] 1 ] 1 ]
Y Y Y Y Y Y Y Y Y Y Y
130-a
r/
190-a-
Z 160-a-1 160-a-3
16201, =TT kY
—d= |
X 170-;1-1:':\';_4 —
|
210-a-1 EW,« 1 |E
| FE Ul IF
161-a-1 L ’ Al P
-a- \:\; ::j 2 ;
171-a-1—:\£ ~ :: :: ..;
150-a 4E
151-a



WO 2018/236902 PCT/US2018/038328

3/5

130-a

FIG. 2C
180-a-1 180-a-2 130-2
j j
V4 160-a-1 160-a-2 160-a-3

\ 170-a-2 \
‘ L~ N | [ ]
X 170-a-1y [ _185-a<l _185-a:2 M ¢170-a-3

2n0a1 P AI\W ’ AI\ %,
|:5}‘.:5:5:5:5:5:5:§ Y
] g 2104a-2
¢ 1
4 -]
o/ ’
150-a 4 £ :
151_/a 210-b-1

FIG. 2D



WO 2018/236902 PCT/US2018/038328

4/5
210-¢-3 210-f-2 210-¢-4 r,BO'b
Y
310-a-10K%
160-b-5 EERRs
210-g-1
A
B
. __1
210-e-1 210-f-1 210-¢-2
120-b
] ] ] ] ] ] ] ] ] ] ]
] ] ] ] ] ] ] ] ] ] ]
i ' | ' | | ' | ' | ' 130-b
Y Y Y Y Y Y Y Y Y Y Y -
~
Z 160-b-1 160-b-2 160-b-3
\\ \\ \\ _______
I | N | Fies
X 170-b-1y | [310-a-14170-b-2y ¢310-a2 | [ ¢ 170-b-32222270 }
AN 2 /
/ :j ﬁ / ---czo:
ERPSEERERR % B BE [BEERREEE
¥ sl g 7|0l = boisp
210%-1 Al 504 210-e-2__
161-b-1-\g ¥ 9 | l[E4-161-b-3
171-b-1 T - . b- 4 -
b-1~J] ;2102 g 171-b-2 g ;/-171b3 ______
’ 155-b
150-b ﬁ.b‘ ————— }
151-b



PCT/US2018/038328

WO 2018/236902

575

N\
170-c-2

420-a

410

170-/0-1

FIG. 4A

440-a  440-b

430

\
170-d-2

170-d-1

L.

310-c

FIG. 4B



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/038328
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1Ql/00 HO1Q1/28 HO01Q21/06
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1Q

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

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

EPO-Internal, WPI Data, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 5 608 414 A (AMORE LEO J [US])

4 March 1997 (1997-03-04)

abstract; figures 5a-5c¢

column 5, line 34 - column 6, line 61

A WO 20127103821 A2 (HUAWEI TECH CO LTD
[CN]; PU TAO [CN]; HE PINGHUA [CN]; SUN
DEWEN [CN];) 9 August 2012 (2012-08-09)
abstract; figure 1

1-26

1-26

A US 2007/285316 Al (SAILY JUSSI [FI] ET AL)
13 December 2007 (2007-12-13)
abstract; figure 2

1-26

A US 2017/149120 Al (ZIMMERMAN MARTIN [US]
ET AL) 25 May 2017 (2017-05-25)
abstract; figures 1A, 1B, 2, 4
paragraph [0057] - paragraph [0071]

1-26

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

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

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"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

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

18 September 2018

Date of mailing of the international search report

28/09/2018

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

Vial, Antoine

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/038328
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5608414 A 04-03-1997 FR 2736213 Al 03-01-1997
GB 2302993 A 05-02-1997
US 5608414 A 04-03-1997
WO 2012103821 A2 09-08-2012 CN 102714345 A 03-10-2012
WO 2012103821 A2 09-08-2012
US 2007285316 Al 13-12-2007 CN 101501934 A 05-08-2009
EP 2036165 Al 18-03-2009
US 2007285316 Al 13-12-2007
WO 2007144738 Al 21-12-2007
US 2017149120 Al 25-05-2017 US 2012280882 Al 08-11-2012
US 2017149120 Al 25-05-2017
WO 2011026034 A2 03-03-2011

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




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

