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Description

TECHNICAL FIELD

[0001] Embodiments pertain to antennas and antenna
structures. Some embodiments pertain to antennas and
antenna structures for millimeter-wave communications.
Some embodiments pertain to wireless communication
devices (e.g., mobile devices and docking stations) that
use antennas and antenna structures for communication
of wireless signals. Some embodiments relate to devices
that operate in accordance with the Wireless Gigabit Al-
liance (WiGig) (e.g., IEEE 802.1 lad) protocol.

BACKGROUND

[0002] Antenna size and antenna performance are
some of the more challenging issues with wireless com-
munications, particularly wireless communications at mil-
limeter-wave wavelengths. High-speed wireless data
communication protocols such as the WiGig protocol uti-
lize a very broad bandwidth (e.g., up to 8GHz). This poses
a challenge on antenna designers who are already man-
aging to meet other requirements such as compact form
factor, high directivity, adaptive beam steering, low cost,
etc. Some of these requirements make it difficult for an
antenna to achieve a broad impedance bandwidth (i.e.,
the insertion loss bandwidth). For planar antennas print-
ed on a thin dielectric substrate (h « wavelength) of an
arbitrary shape, the bandwidth may be directly propor-
tional to the thickness of the substrate (h) and inversely
proportional to the dielectric constant (εΓ). A thicker sub-
strate, however, may result in an increase in overall an-
tenna volume and may also mean more complicated and
costly fabrication. This makes achieving a broad imped-
ance bandwidth, while at the same time meeting other
antenna performance, size and manufacturing goals, a
significant challenge.
[0003] Thus there are general needs for antennas and
antenna structures that can achieve a broad impedance
bandwidth while meeting other performance, size and
manufacturing goals. There are also general needs for
millimeter- wave antenna structures that can achieve a
broad impedance bandwidth and may be suitable for
communications in accordance with the WiGig protocol.
There are also general needs for wireless communication
devices that can communicate with improved perform-
ance at millimeter-wave frequencies.
[0004] GB2484704 A teaches a patch antenna struc-
ture, or a method of manufacturing a patch antenna,
which comprises two dielectric material layers with a plu-
rality of height controlled structures. A patch antenna is
formed on one surface of a first dielectric layer and a
ground layer with an aperture is formed on a surface of
a second dielectric layer. The patch and aperture are
aligned with each other with their respective surfaces fac-
ing one another when the dielectric layers are secured
to and separated from one another by the plurality of

height controlled structures. The said height controlled
structures comprise solder balls and connection pads,
where the solder balls have a core material with a higher
melting temperature than that of the surrounding solder
material. The solder balls serve to control the separation
of the first and second layers, thereby determining the
height of a void between those layers. A feed line maybe
arranged on or adjacent to the first or second surface of
the second dielectric layer.
[0005] US2007/296634 A1 teaches an aperture-cou-
pled antenna which has a first radiation electrode, a
ground area and a wave guide which is implemented to
supply energy to the antenna. The wave guide is ar-
ranged spaced apart from the ground area on a first side
of the ground area, and the first radiation electrode is
arranged spaced apart from the ground area on a second
side of the ground area. The ground area has an aperture
including a first slot in the ground area, a second slot in
the ground area and a third slot in the ground area. The
first slot and the second slot together form a slot in the
shape of a cross. The third slot passes through an inter-
section of the first slot and the second slot. The wave
guide and the radiation electrode are arranged such that
energy can be coupled from the wave guide through the
aperture to the patch.
[0006] EP2144329 A1 teaches a radio-frequency inte-
grated circuit chip package with N integrated aperture-
coupled patch antennas, N being at least one, which in-
cludes a cover portion with N generally planar patches,
and a main portion coupled to the cover portion. The main
portion in turn comprises at least one generally planar
ground plane spaced inwardly from the N generally pla-
nar patches and substantially parallel thereto. The
ground plane is formed with at least N coupling aperture
slots therein. The slots are substantially opposed to the
patches. The main portion also includes N feed lines
spaced inwardly from the N generally planar patches and
substantially parallel thereto, and at least one radio fre-
quency chip coupled to the feed lines and the ground
plane. The cover portion and the main portion coopera-
tively define an antenna cavity, with the N generally pla-
nar patches located in the antenna cavity.
US 2010/327068 A1 discloses an antenna structure com-
prising a radiating-element layer comprising patterned
conductive material disposed on a radiating-element di-
electric substrate, the patterned conductive material
comprising a patch antenna, a ground layer comprising
conductive material, and a feed-line layer comprising
conductive material, wherein the radiating-element die-
lectric substrate comprises a thru-hole between the ra-
diating-element layer and the ground layer, and wherein
the radiating-element layer further comprises a thru-hole
connected to the thru-hole of the radiating-element die-
lectric substrate, wherein the feed-line layer is disposed
adjacent to the ground layer opposite the radiating ele-
ment dielectric substrate.
US 2012/280380 A1 discloses an antenna structure com-
prising a radiating-element layer, comprising patterned
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conductive material disposed on a radiating-element di-
electric substrate, the patterned conductive material
comprising a plurality of patch antennas, a ground layer
comprising conductive material, and a feed-line layer
comprising conductive material, wherein the radiating-
element dielectric substrate comprises a plurality of thru-
holes between the radiating-element layer and the
ground layer, wherein the feed-line layer is disposed at
adjacent to the ground layer opposite the radiating-ele-
ment dielectric substrate.
The present invention provides an antenna structure ac-
cording to the single claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 illustrates an example stack-up of the layers
of an antenna structure in accordance with some em-
bodiments;

FIGs. 2A - E illustrate side views of some of the layers
of the antenna structure of FIG. 1 in accordance with
some embodiments;

FIG. 3 illustrates a side view of some of the layers
of the antenna structure of FIG. 1 in which the radi-
ating-element layer is printed on a non- conductive
chassis in accordance with some embodiments;

FIG. 4A illustrates a side view of some of the layers
of an antenna structure that includes a single cavity;

FIG. 4B illustrates a top/bottom view of the cavity of
the antenna structure of FIG. 4A;

FIG. 5A illustrates a side view of some of the layers
of an antenna structure that includes a plurality of
cavities in accordance with some embodiments;

FIG. 5B illustrates a top/bottom view of the cavities
of the antenna structure of FIG. 5 A in accordance
with some embodiments;

FIG. 6 illustrates three views of a radiating-element
dielectric substrate with thru-holes in accordance
with some embodiments;

FIG. 7A illustrates patterned conductive material of
the radiating- element layer in accordance with some
embodiments; and

FIG. 7B illustrates conductive material of the ground
layer in accordance with some embodiments.

DETAILED DESCRIPTION

[0008] The following description and the drawings suf-

ficiently illustrate specific embodiments to enable those
skilled in the art. to practice them. Other embodiments
may incorporate structural, logical, electrical, process,
and other changes. Portions and features of some em-
bodiments may be included in, or substituted for, those
of other embodiments.
[0009] FIG. 1 il lustrates an example stack-up of the
layers of an antenna structure 100 . Antenna structure
100 may include a radiating-eiement layer 102 compris-
ing a patterned conductive material, a ground layer 106
comprising conductive material disposed on a dielectric
substrate 108, and a feed-line layer 110 comprising con-
ductive material disposed on a dielectric substrate 1 12,
The antenna structure 100 may also include an air-gap
layer 104 disposed between the radiating-eiement layer
102 and the ground layer 106. In these examples, the
air-gap layer 104 may include a plurality of spacing ele-
ments to separate the radiating-eiement layer 102 and
the ground layer 106 by a predetermined distance to pro-
vide a gap. In some embodiments described in more de-
tail below, the air-gap layer 104 may comprise one or
more cavities. As il lustrated, the feed-line layer 110 may
be disposed adjacent to the ground layer 106 opposite
the air-gap layer 104.
[0010] The use of the air-gap layer 104 to separate the
radiating-element layer 102 and the ground layer 106
may help increase the impedance bandwidth of the an-
tenna structure 100. The use of air-gap layer 104 may
also help minimize the permittivity (εΓ∗ε0) which helps
minimize the thickness of the antenna structure 100 (i.e.,
in the z-direction). In some examples , up to an 8 GBz
impedance bandwidth at some millimeter-wave frequen-
cies (e.g., 57.4 GHz to 65.7GHz) may be achieved, al-
though the scope of the embodiments is not limited in
this respect.
[0011] Although air-gap layer 104 is referred to as an
’air-gap’ layer, the scope of it is not limited in this respect.
In some examples, the gap may be filled with any sub-
stance (gas, liquid or solid) to help reduce or minimize
the permittivity and increase the impedance bandwidth
of the antenna structure 100. In these examples, a die-
lectric constant of one or close to one is desirable. Sub-
stances that may be suitable for use in the gap may in-
clude air and other gases including inert gases, as well
as non-conductive low permittivity materials. In some ex-
amples, a vacuum may be provided in the gap.
[0012] In some examples, the separation between the
radiatmg- eiement layer 102 and the ground layer 106
may range from a little as 200um (microns) to as great
as 6G0um or more depending on the operating frequen-
cy. In some embodiments, the separation between the
radiating-element layer 102 and the ground layer 106
may be less than 0,08 wavelengths of a millimeter-wave
operating frequency (e.g., about 400um at 60GHz). In
some examples, the separation may be as great as 1
millimeter or more depending on the operating frequency.
[0013] In some examples, the ground layer 106 may
comprise conductive material disposed on a ground-lay-
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er dielectric substrate 108. The feed-line layer 110 may
comprise conductive material disposed on a feed-line di-
electric substrate 1 12.
[0014] In some WiGig examples, the radiating-element
layer 102, the ground layer 106, the feed-line layer 1 10,
and the air-gap layer 104 (as well as other layers) may
be arranged to operate as an antenna for communication
of millimeter-wave signals. The separation between the
radiating-element layer 102 and the ground layer 106
may be less than 0.08 wavelengths. In these examples,
the antenna structure 100 may be used for communica-
tion at millimeter-wave frequencies within one or more
of the WiGig channels.
[0015] Millimeter- wave frequencies may include op-
erating frequencies ranging from 30 GHz to up to 300
GHz.
[0016] In some examples, the patterned conductive
material of the radiating-element layer 102 may be dis-
posed on a radiating-element dielectric substrate 101 op-
posite the air-gap layer 104. In these examples, no sub-
strate is provided at the location of the air-gap layer 104
and a suitable dielectric material may be used to position
the conductive material of the radiating-element layer
102. The dielectric substrate 101 may be a thin dielectric
substrate (e.g., as thin as 60um if metal is provided on
both sides of the substrate and as thin as 200um - 400um
if metal is provided on one side of the substrate). In some
examples illustrated in FIG. 1, the radiating-element layer
102 may be referred to as layer zero (L0), the ground
layer 106 may be referred to as layer one (LI) and the
feed-line layer 1 10 may be referred to as layer two (L2).
The antenna structure 100 may also include other layers
including other dielectric substrates as illustrated in FIG.
1.
[0017] FIGs. 2A - E illustrate side views of some of the
layers of the antenna structure of FIG. 1 using different
types of spacing elements. As illustrated in FIG. 2A, the
spacing elements used to separate the radiating-element
layer 102 and the ground layer 106 by a predetermined
distance may comprise solder balls 204 A. In some of
these embodiments, the solder balls 204 A may be part
of a ball-grid array (BGA). The solder balls 204A may be
provided to separate the radiating-element layer 102 and
the ground layer 106 by a predetermined distance to pro-
vide a gap. The solder balls 204A may also be used to
help align the radiating-element layer 102 with the ground
layer 106. This is described in more detail below. In some
examples, some further characterization of the antenna
structure 100 may be performed to adjust the height of
the solder balls 204A after reflow to provide a predeter-
mined distance between the radiating-element layer 102
with the ground layer 106.
[0018] In some examples, the spacing elements may
also include spacers 204B (see FIG. 2B). In these exam-
ples, the spacers 204B may be used in addition to solder
balls 204A. In these BGA examples, the spacers 204B
may help control the gap during BGA reflow attach op-
erations. In these examples, the finished BGA height may

be close to that of the spacers 204B to provide the pre-
determined distance between the radiating-element lay-
er 102 and the ground layer 106. In some alternate ex-
amples, spacers 204B without solder balls 204A may be
used to separate the radiating-element layer 102 and the
ground layer 106.
[0019] In some of these examples, the solder balls 204
A may have a melting point temperature that is greater
than the reflow temperature of the solder used to attach
the solder balls 204 A to the boards (e.g., the radiating-
element layer 102 with the ground layer 106). In these
examples, the solder balls may hold their shape during
reflow to help maintain the gap height (i.e., the predeter-
mined distance between the radiating-element layer 102
with the ground layer 106). An example is illustrated in
FIG. 2C in which solder 203 may be used to attach the
solder balls 204D to the boards.
[0020] In some other example, the spacing elements
to separate the radiating-element layer 102 and the
ground layer 106 may comprise connectors 204C (see
FIGs. 2D and 2E). The connectors 204C may be ar-
ranged to align the radiating-element layer 102 and the
ground layer 106. In these examples, the connectors
204C may be used with spacers 204E to separate the
radiating- element layer 102 and the ground layer 106
by the predetermined distance to provide a gap. The use
of connectors 204C may allow the radiating-element lay-
er 102 and the ground layer 106 to self-align during as-
sembly.
[0021] In some examples, the connectors 204C may
extend through the boards (see FIG. 2D), while in other
examples, the connectors 204C may extend only part
way through the boards (see FIG. 2E). In some examples,
the connectors 204C may comprise pins. The pins may
be stake pins although this is not a requirement. In some
alternate examples, the pins may be soldered into a plat-
ed hole (not separately illustrated). In some other exam-
ples, the pins may be placed on a plated or non-plated
thru-hole (i.e., not soldered) and the radiating-element
layer 102 and the ground layer 106 maybe held together
by other means (e.g., solder balls, adhesive, etc.).
[0022] In some examples, the connectors 204C may
comprise a snap-fit or rivet-like device. In some exam-
ples, the connectors 204C may have a controlled standoff
height to provide the predetermined distance to separate
the radiating-element layer 102 and the ground layer 106.
[0023] FIG. 3 illustrates a side view of some of the lay-
ers of the antenna structure of FIG. 1 in which the radi-
ating-element layer is printed on a non- conductive chas-
sis 301. In these examples, the patterned conductive ma-
terial of the radiating-element layer 102 may be printed
on or disposed on a non-conductive chassis 301. The
non- conductive chassis 301 may be a docking station
chassis or a chassis of any mobile platform and would
serve as a dielectric substrate for the conductive material
of the radiating-element layer 102, although it is not lim-
ited in this respect.
[0024] FIG. 4A illustrates a side view of some of the
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layers of an antenna structure 400 that includes a single
cavity. FIG. 4B illustrates a top/bottom view of the cavity
of the antenna structure 400 of FIG. 4A.
[0025] FIG. 5A illustrates a side view of some of the
layers of an antenna structure 500 that includes a plurality
of cavities in accordance with some embodiments. FIG.
5B illustrates a top/bottom view of the cavities of the an-
tenna structure 500 of FIG. 5 A, in accordance with some
embodiments.
[0026] In the i examples illustrated in FIGs. 4A and 4B
and the embodiments illustrated in FIGs. 5 A. and 5B,
the antenna structures 400/500 may comprise a radiat-
ing-element layer 402/502 comprising patterned conduc-
tive material disposed on a radiating- element dielectric
substrate 404/504, a ground layer 406 comprising con-
ductive material, and a feed- line layer 410 comprising
conductive material. The radiating-element dielectric
substrate 404 may include one or more cavities 414/514
between the radiating-element layer 402 and the ground
layer 406. Accordingly, a gap may be provided between
the radiating-element layer 402/502 and the ground layer
406. In these embodiments, the feed-line layer 410 is
disposed adjacent to the ground layer 406 opposite the
radiating- element dielectric substrate 404.
[0027] The one or more cavities 414/514 between the
radiating-element layer 402/502 and the ground layer
406 may help increase the impedance bandwidth of the
antenna structure 400/500. The use of one or more cav-
ities 414/514 within the radiating-element dielectric sub-
strate 404/504 may help minimize the permittivity which
helps minimize the thickness of the antenna (in the z-
direetion). The use of one or more cavities 414/514 in a
non- conductive substrate 404/504 may effectively pro-
vide a gap between the radiating-element layer 402 and
the ground layer 406. The cavities 414/514 may be filled
with air or may be filled with almost any substance as
discussed above to help minimize the permittivity.
[0028] The ground layer 406 may comprise conductive
material disposed on a ground-layer dielectric substrate
408. The feed-line layer 410 may comprise conductive
material disposed on a feed-line dielectric substrate.
[0029] In single-cavity examples, the patterned con-
ductive material of the radiating-element layer 402 (FIG.
4A) may comprise a single patch associated with the sin-
gle cavity 414. In some single-cavity examples, the die-
lectric substrate 404 (see FIG. 4B) may be arranged to
provide a single larger cavity 414 between the radiating-
element layer 402 and the ground layer 406. Although
FIG. 4B illustrates a single large cavity 414, the cavity
414 may include structural elements, such as spacers.
[0030] In multi-cavity embodiments, the patterned con-
ductive material of the radiating-element layer 502 (FIG.
5 A) comprises a plurality of patches as described above,
each patch may be associated with one cavity 514. In
these multi-cavity embodiments, each cavity may be as-
sociated with a single patch (e.g., metal for a patch would
reside on top of or be provided over every cavity).
[0031] In some multi-cavity embodiments, the dielec-

tric substrate 504 (see FIG. 5B) may be arranged to pro-
vide a plurality of smaller cavities 514 between the radi-
ating-element layer 502 and the ground layer 406. Al-
though FIG. 5B illustrates a plurality of equal ly sized
square-shaped cavities within the radiating-element di-
electric substrate 504, this is not a requirement. In some
embodiments, the cavities 514 may be have other sized
and/or may be differently sized.
[0032] In some embodiments, the radiating-element
layer 402/502 (FIG. 4A or FIG. 5A) also comprises a plu-
rality of thru-holes. In these embodiments, small holes in
the radiating-element layer 402/502 (i.e., L0) may allow
any hot air that may be trapped during manufacturing to
be released. In some embodiments, small holes are pro-
vided in the radiating-element layer 402/502 when the
radiating-element dielectric substrate 404/504 compris-
es one or more cavities 414/514 (e.g., for release of hot
air).
[0033] FIG. 6 illustrates three views of a radiating-ele-
ment dielectric substrate 604 with thru-holes in accord-
ance with some other embodiments. In these embodi-
ments, the radiating-element dielectric substrate 604 has
a plurality of thru-holes 614. In these embodiments, the
radiating-element dielectric substrate 604 may be used
in place of the dielectric substrate 404 (FIGs, 4 A and
4B) of antenna structure 400 or may be used in place of
the dielectric substrate 504 (FIGs. 5 A and 5B) of antenna
structure 500. The thru- holes 614 may help increase the
impedance bandwidth of an antenna structure and help
minimize the permittivity. This may help minimize the
thickness of an antenna structure.
[0034] Reference number 604A illustrates an end view
of radiating- element dielectric substrate 604 (i.e., from
the end or edge), reference number 604B is a side view
of radiating-element dielectric substrate 604 sectioned
through the thru-holes 614, and reference number 604C
illustrates a top view of radiating-element dielectric sub-
strate 604,
[0035] In some embodiments in which the radiating-
element dielectric substrate 604 includes thru-holes 614,
the radiating-element layer (e.g., radiating-element layer
402/502 (FIG. 4A or FIG. 5A)) may also include a plurality
of thru-holes.
[0036] FIG. 7 A illustrates patterned conductive mate-
rial of the radiating- element layer. FIG. 7B illustrates
conductive material of the ground layer 106 in accord-
ance with some examples of FIG, 7A. In these examples,
the patterned conductive material of the radiating-ele-
ment layer may comprise a plurality of patches 702 (FIG.
7A) and the conductive material of the ground layer 106
may comprise a plurality of slots 704 (FIG. 7B). Each slot
704 may be devoid of conductive material may be aligned
with one of the patches 702 to provide a patch/slot set.
In these examples, the feed-line layer 1 10/410 (FIG. 1
or FIG. 4A/FIG. 5 A) may comprise one or more feed
lines to couple with the plurality of patches 702 through
one or more of the slots 704 in the ground layer 106 to
provide an aperture-coupled antenna configuration.
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[0037] In some examples, each patch/ slot set may
have a single feed line. In these examples, the slots 704
may operate as apertures allowing the feed lines to cou-
ple signals to and from the patches 702. In some of these
examples, the feed lines of the feed-line layer 110/410
may comprise microstrip feed lines to provide an aper-
ture-coupled microstrip antenna configuration. In some
phased-array examples, the phase excitation of each el-
ement or patch 702 may be controlled to provide an ap-
erture-coupled microstrip phased-array antenna config-
uration. In these examples, a microstrip feed line may
couple to a patch 702 through an aperture (e.g., slot 704)
in the ground plane (i.e., ground layer 106 of FIG. 1 or
ground layer 406 FIGs. 4A and 5A). In some of these
examples, each patch 702 by itself may operate as a
single antenna or a single element of an array antenna.
[0038] In examples, the patches 702 may be square,
circular, or rectangular or may have another shape based
on desired antenna characteristics. In some examples,
rather than patches 702, other conductive material pat-
terns may be used. Slots 704 may be square, circular or
bowtie-shaped, or may have another shape based on
the desired antenna characteristics. In some examples,
the conductive material of the radiating-element layer
and the slots may be arranged to provide a single feed
circularly polarized phased array antenna. A broadband
antenna may also be provided.
[0039] In some embodiments, the antenna structures
described herein may be arranged to provide one or more
directional or omnidirectional antennas, including, for ex-
ample, dipole antennas, monopole antennas, patch an-
tennas, loop antennas, microstrip antennas or other
types of antennas suitable for transmission of RF or mil-
limeter-wave signals. In some aperture-coupled embod-
iments, each aperture may be considered a separate an-
tenna. In some multiple-input multiple-output (MIMO)
embodiments, the antenna structure may be configured
to take advantage of spatial diversity and the different
channel characteristics in a MIMO channel.
[0040] In some examples, when solder balls 204A are
used as the spacing elements, the patterned conductive
material of the radiating-element layer may include a plu-
rality of solder-ball pads 706 that are electrically isolated
from the patches 702. Each of the pads 706 may be used
for attachment of one of the solder balls 204 A. to the
radiating-element dielectric layer (either layer 101 (FIG.
1) or the non-conductive chassis 301 (FIG. 3).
[0041] In some examples, the solder balls 204A, func-
tioning as spacing elements, may provide a mechanical
connection (but not an electrical connection) between
the ground layer 106 and the radiating-element layer
(FIG. 7A). In these examples, the spacing elements may
be evenly distributed to provide vertical alignment be-
tween the slots 704 and the patches 702 such that- each
slot 704 is centered below a corresponding patch 702.
Other alignment techniques previously described may
also be suitable for the alignment of these layers.
[0042] In some embodiments, a wireless communica-

tion device may be provided. The wireless communica-
tion device may be, for example, a mobile device or a
docking station, although the scope of these embodi-
ments is not limited in this respect. In these embodiments,
the wireless communication device may include a millim-
eter-wave transceiver and an antenna structure coupled
to the millimeter-wave transceiver. The antenna may be
arranged for communicating the millimeter-wave signals
with another device. Any of the embodiments of the an-
tenna structures described above may be suitable for
use in the wireless communication device. In some em-
bodiments, the millimeter-wave transceiver may be part
of a WiGig module, although this is not a requirement.
[0043] In some embodiments, the wireless communi-
cation device may be personal digital assistant (PDA), a
laptop or portable computer with wireless communication
capability, a web tablet, a wireless telephone, a smart-
phone, a wireless headset, a pager, an instant messag-
ing device, a digital camera, an access point, a television,
a medical device (e.g., a heart rate monitor, a blood pres-
sure monitor, etc.), or other device that may receive
and/or transmit information wirelessly. In some embodi-
ments, the wireless communication device may include
one or more of a keyboard, a display, a non- volatile mem-
ory port, multiple antennas, a graphics processor, an ap-
plication processor, speakers, and other mobile device
elements. The display may be a liquid-crystal display
(LCD) screen including a touch screen.
[0044] In these embodiments, when the wireless com-
munication device is a docking station, the antenna struc-
ture may be configured as an aperture- coupled antenna
for communicating circularly-polarized signals with a mo-
bile device that communicates signals having one of ver-
tical, horizontal or slanted polarizations. In these embod-
iments, since the antenna structure of the docking station
may be arranged to communicate circularly-polarized
signals, the docking station may be able to communicate
with mobile devices that communicate signals of various
pol arizations. In some of these embodiments, the an-
tenna of the docking station may be a highly-directional
phased-array antenna.
[0045] In some embodiments in which the wireless
communication device is a mobile device (e.g., a smart
phone or other portable device), the antenna structure
may provide an antenna for communicating signals hav-
ing one of vertical, horizontal or slanted polarizations,
although this is not a requirement. In some of these em-
bodiments, the mobile devi ce may be arranged to com-
municate with the docking station in accordance with a
WiGig protocol.

Claims

1. An antenna structure (400, 500) comprising:

a radiating element dielectric substrate (604)
and
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a radiating-element layer (402, 502) comprising
patterned conductive material, wherein the pat-
terned conductive material is disposed on the
radiating-element dielectric substrate (604), the
patterned conductive material comprising a plu-
rality of patch antennas;
a ground layer (406) comprising conductive ma-
terial; and
a feed-line layer (410) comprising conductive
material, wherein the feed-line layer (410) is dis-
posed adjacent the ground layer (406) opposite
the radiating-element dielectric substrate (604),
wherein the radiating-element dielectric sub-
strate (604) comprises a plurality of thru-holes
(614) between the radiating-element layer (402,
502) and the ground layer (406) and character-
ized in that the radiating-element layer (402;
502) further comprises a plurality of thru-holes
connected to the thru-holes (614) of the radiat-
ing-element dielectric substrate ((604).

Patentansprüche

1. Antennenstruktur (400, 500), umfassend:

ein dielektrisches Strahlerelementsubstrat
(604) und
eine Strahlerelementschicht (402, 502), die ein
strukturiertes leitfähiges Material umfasst, wo-
bei das strukturierte leitfähige Material auf dem
dielektrischen Strahlerelementsubstrat (604)
angeordnet ist, wobei das strukturierte leitfähige
Material mehrere Patch-Antennen umfasst;
eine Masseschicht (406), die leitfähiges Material
umfasst; und
eine Zuführungsleitungsschicht (410), die leitfä-
higes Material umfasst,
wobei die Zuführungsleitungsschicht (410) an-
grenzend an die Masseschicht (406) gegenüber
dem dielektrischen Strahlerelementsubstrat
(604) angeordnet ist,
wobei das dielektrische Strahlerelementsubst-
rat (604) mehrere Durchgangslöcher (614) zwi-
schen der Strahlerelementschicht (402, 502)
und der Masseschicht (406) umfasst, und da-
durch gekennzeichnet, dass
die Strahlerelementschicht (402; 502) ferner
mehrere Durchgangslöcher umfasst, die mit den
Durchgangslöchern (614) des dielektrischen
Strahlerelementsubstrats (604) verbunden
sind.

Revendications

1. Structure d’antenne (400, 500), comprenant :

un substrat diélectrique à éléments rayonnants
(604) et
une couche d’éléments rayonnants (402, 502)
comprenant un matériau conducteur à motifs, le
matériau conducteur à motifs étant disposé sur
le substrat diélectrique à éléments rayonnants
(604), le matériau conducteur à motifs compre-
nant une pluralité d’antennes à plaque ;
une couche de terre (406) comprenant un ma-
tériau conducteur ; et
une couche de ligne d’alimentation (410) com-
prenant un matériau conducteur,
la couche de ligne d’alimentation (410) étant dis-
posée à côté de la couche de terre (406) à l’op-
posé du substrat diélectrique à éléments rayon-
nants (604),
le substrat diélectrique à éléments rayonnants
(604) comprenant une pluralité de trous traver-
sants (614) entre la couche d’éléments rayon-
nants (402, 502) et la couche de terre (406), et
caractérisée en ce que
la couche d’éléments rayonnants (402 ; 502)
comprend en outre une pluralité de trous traver-
sants connectés aux trous traversants (614) du
substrat diélectrique à éléments rayonnants
(604) .

11 12 



EP 3 033 804 B1

8



EP 3 033 804 B1

9



EP 3 033 804 B1

10



EP 3 033 804 B1

11

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• GB 2484704 A [0004]
• US 2007296634 A1 [0005]
• EP 2144329 A1 [0006]

• US 2010327068 A1 [0006]
• US 2012280380 A1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

