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Description
TECHNICAL FIELD

[0001] The presentdisclosure generally pertains to an
antenna structure and to an antenna structure manufac-
turing method.

TECHNICAL BACKGROUND

[0002] Generally, radar antenna structures are known.
System-in-package (SiP) may be considered as a current
trend for manufacturing antennas, which may provide for
more functionality into a smaller volume and for applica-
tions operating in millimeter-wave and sub-terahertz re-
gions.

[0003] Inknown SiP structures, a heterogeneous inte-
gration of integrated circuitry along with sensors, micro-
electromechanical components, passive devices, filters,
antennas, and the like may be present.

[0004] A high-resolution mm-wave SiP transceiver
may be able to transmit and receive mm-wave signals in
an efficient way, in case an adequate antenna gain is
provided and a radiation pattern/efficiency over an oper-
ating frequency range of the IC is aligned.

[0005] Although there exist techniques for producing
an antenna structure, it is generally desirable to provide
an antenna structure and an antenna structure manufac-
turing method.

SUMMARY

[0006] According to a first aspect, the disclosure pro-
vides an antenna structure comprising at least two an-
tennas arranged in an array, the antenna structure further
comprising:

an encapsulated cavity including:

at least two antenna elements at a top wall section
of the cavity, and

an electronic band gap (EBG) structure at a bottom
wall section of the cavity, the bottom wall section
being on an opposing side of the cavity with respect
to the top wall section.

[0007] According to a second aspect, the disclosure
provides an antenna structure manufacturing method for
providing an antenna structure including at least two an-
tennas arranged in an array, the method comprising:
providing an encapsulated cavity including:

at least two antenna elements at a top wall section
of the cavity, and

an electronic band gap (EBG) structure at a bottom
wall section of the cavity, the bottom wall section
being on an opposing side of the cavity with respect
to the top wall section.
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[0008] Further aspects are set forth in the dependent
claims, the drawings and the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments are explained by way of example
with respect to the accompanying drawings, in which:

Fig. 1a depicts a cross-sectional view of an antenna
structure according to the present disclosure;

Fig. 1b depicts a cross-sectional view of an antenna
structure according to the present disclosure includ-
ing a TX and an RX antenna;

Fig. 2a depicts an RF microstrip line/distribution net-
workincluding an IC signal routing and antenna feed
routing according to the present disclosure;

Fig. 2b depicts a top view of an aperture coupling
structure (with a bowtie shape) according to the
present disclosure;

Fig. 2c depicts a top view of EBG structures enclosed
in an air-cavity according to the present disclosure;

Fig. 2d depicts a top view of a patch antenna array
according to the present disclosure;

Fig. 2e depicts a top view of GND vias according to
the present disclosure;

Fig. 2f depicts a top view of EBG vias according to
the present disclosure;

Fig. 2g depicts a top view of an overlay of the ele-
ments of Figs. 2a to 2f; and

Fig. 3 depicts a block diagram of an embodiment of
an antenna array manufacturing method according
to the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Before a detailed description of the embodi-
ments starting with Fig. 1a is given, general explanations
are made.

[0011] As mentioned in the outset, antenna structures
are generally known. However, it has been recognized
thatfor operating frequencies above 100 GHz, a coupling
between more antennas may be too high, such that a
desired antenna gain may not be reached for known an-
tenna structures.

[0012] Moreover,ithas been recognized thatitmay be
desirable to suppress surface waves which may degrade
radiation characteristics of antennas.

[0013] According tothe presentdisclosure, wide band-
width, high gain, surface wave suppression within an an-
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tenna array and packed may be achieved by using air-
filled antennas on top of an EBG structure and integrating
afeeddistribution, radiating elements and embedded air-
filled cavities into a multilayer ceramic LTCC mm-wave
package. The EBG structures may be placed between
aperture coupling feeding and radiating antenna ele-
ments. 1TX x 1RX radar channels may be considered.
There may be separate cavities for TX and RX antenna
channels and within one common encapsulated (or em-
bedded) cavity (which may be sandwiched in a SiP), a
spacing between antennas may be A/2 (wherein A may
be a transmission/reception wavelength).

[0014] It has further been recognized that, among dif-
ferent packaging technologies available today, LTCC
(Low-Temperature-Co-Fired-Ceramics) technology
(multilayer substrate technology) may particularly be at-
tractive, firstly because all System-in-Package compo-
nents (conducting lines, vias, air cavities, fluidic chan-
nels, etc) can be stacked vertically and integrated in a
single, compact, three-dimensional (3D) LTCC module.
Secondly, the LTCC modules may be highly resistant
against thermal stress, mechanical stress, shock and vi-
bration.

[0015] A package based on a ceramic substrate may
provide for system reliability under harsh environmental
conditions, e.g., wide temperature range, humidity, cor-
rosive gases, etc. Fourthly, an LTCC-based SiP may ef-
ficiently dissipate heat generated by an IC by using ther-
mal vias.

[0016] According to the present disclosure, for the in-
tegration into an LTCC (Low-Temperature-Co-Fired-Ce-
ramics) package, air-filled mm-wave antennas on top of
mm-wave periodic structures may be provided. Dense
signal interconnect on the package may be achieved due
to transmission line routing on the high ceramic permit-
tivity substrate. Routing all RF signals from the RF chip
to the antennas may result in an optimal performance in
terms of loss and matching. A package may include a
transmit (TX) and receive (RX) antenna array. The trans-
mit and receive antenna arrays may be formed inside
separate air-filled cavities to reduce crosstalk between a
transmit path and a receive path.

[0017] In some embodiments, the antennas may be
arranged in a two-times-two half wavelength spacing in
air for the transmit and receive array. Such a configura-
tion may support different short-range applications like
vital sign detection, gesture recognition or multiple object
detection. High aperture efficiencies and clean radiation
patterns may be important to achieve high performance
radars with high unambiguousness.

[0018] For example, aperture shape and size may be
important parameters for aperture-coupled microstrip an-
tennas according to the present disclosure. A small ap-
erture (slot) located under the antenna patch may allow
coupling of the patch to the feed line which has may have
a form of an open-circuit stub. In such embodiments, a
stub termination may allow a (circuit) designer to match
an input impedance response of the aperture coupled
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patch and to control an amount of coupling to a patch
radiator. For maximum coupling, the feed line may need
to be placed perpendicular to a center of the slot.
[0019] An input impedance may be controlled by the
size, position, and shape of the aperture and openended
stub length. Since different shapes of the aperture may
have different coupling, it may be desirable to use an
aperture shape which has maximum coupling for the
smallest area to reduce back radiation. If the aperture
coupling is maximized, it may be possible to achieve
greater impedance bandwidth. Moreover, H and bowtie
shapes may be used in combination in order to reduce
sharp discontinuities and to make a field distribution in-
side the aperture more uniform.

[0020] Due to a common (air-filled) cavity, the antenna
array may show mutual coupling (i.e., different antennas
may be coupled with each other).

[0021] According to the present disclosure, an ap-
proach for eliminating such unwanted radiation inside the
air cavity is presented. Moreover, the air -filled antenna
which may be placed on top or above of an EBG periodic
structure may present an improved gain compared to
known coupled antennas.

[0022] EBG structures may show a unique band gap
characteristics at certain frequency ranges (preventing
the propagation of electromagnetic waves). They may
be based on periodical structures of densely packed pla-
nar conducting patches separated from a solid metal
plane by a dielectric layer.

[0023] In some embodiments, metallic pins (or vias)
are introduced to prevent electromagnetic waves from
traveling in the waveguide between the array and the
ground. Each unit cell (i.e., each periodic repetition) of
an antenna array, may basically behave as a microwave
resonant LC circuit. The plurality of resonant elements
may be parameterized to substantially block surface
wave propagation in the structure within a predetermined
frequency band gap.

[0024] According to the present disclosure, a mm-
wave aperture coupled antenna array may show a broad-
band behavior and a high gain (due to the air-filled an-
tenna cavity and the inclusion of the EBG structure below
the air-filled cavity).

[0025] Therefore, some embodiments pertaintoan an-
tenna structure including at least two antennas arranged
in an array, the antenna structure further including: an
encapsulated cavity including: at least two antenna ele-
ments at a top wall section of the cavity, and an electronic
band gap (EBG) structure at a bottom wall section of the
cavity, the bottom wall section being on an opposing side
of the cavity with respect to the top wall section.

[0026] The antenna structure may be provided for
transmission (TX) or reception antennas (RX). For ex-
ample, all antennas of the antenna structure may be TX
antennas or all antennas may be RX antennas. Also, in
some embodiments, a mixture of both antennas types
may be present in the antenna structure.

[0027] For example, the TX antennas and the RX an-
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tennas may structurally correspond, but may differin how
they are controlled, i.e., it may depend on their configu-
ration whether they are RX or TX antennas.

[0028] However, in some embodiments TX antennas
and RX antennas may structurally differ.

[0029] In some embodiments, the at least two anten-
nas may be provided in an array which may have any
shape, such as rectangular, circular, oval, or the like.
Moreover, if different antenna types are present in the
array, the antenna types may be arranged in a predeter-
mined pattern, for example.

[0030] Accordingly, some embodiments pertain to an
antenna array including an antenna structure as de-
scribed herein.

[0031] In some embodiments, the antenna structure
includes an encapsulated cavity, which may include at
least two antenna elements at a top wall section.
[0032] Forexample, the cavity may have a rectangular
cross-section (from a side view) and may be confined by
an upper layer, such that a top wall of the cavity may be
formed by the upper layer. Hence, at a top section (e.g.,
directly at the top wall), the at least two antenna elements
may be provided in the same cavity.

[0033] The antenna elements may be based on an
electrically conductive material such as to function as a
radiating part of the antenna, as generally known.
[0034] Moreover, at a bottom wall section of the cavity,
an electronic band gap (EBG) structure may be provided.
In the example mentioned above (rectangular cross-sec-
tion-shaped cavity), a bottom wall may be defined by a
lower layer and the bottom wall section may, forexample,
correspond to that wall.

[0035] Hence, in such embodiments, at least two an-
tenna elements and the EBG structure may lie within the
cavity and may be fixed at the cavity’s walls, without lim-
iting the present disclosure in that regard.

[0036] In some embodiments, the antenna structure
further includes: a circuitry layer below the encapsulated
cavity.

[0037] Forexample, the circuitry layer may include cir-

cuitry for controlling the at least two antenna elements
and may, for example, define a radiation characteristics,
as commonly known. Moreover, the lower layer, as men-
tioned above, may be included in the circuitry layer, such
that the EBG may be connected to the circuitry of the
circuitry layer.

[0038] The circuitry may be based on an integrated
circuit (IC), a processor (e.g., CPU (central processing
unit), GPU (graphics processing unit)), or the like. More-
over, corresponding wiring may be provided in the cir-
cuitry layer for connecting the IC (as an example) with
the EBG structure.

[0039] Moreover, the circuitry layer may include redis-
tribution elements which may further define the radiation
characteristics.

[0040] Hence, in some embodiments, the EBG struc-
ture is provided at an interface of the encapsulated cavity
and the circuitry layer.
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[0041] In some embodiments, the antenna further in-
cludes: a top layer above the encapsulated cavity, as
discussed herein.

[0042] Insome embodiments, the atleast two antenna
elements are provided at aninterface of the encapsulated
cavity and the top layer, as discussed herein.

[0043] However, it should be noted that the layered
structure, as described herein, is only used for explana-
tory purposes and should not be considered as binding
since any other way than layering for providing the cir-
cuitry, cavity, and antennas may be used.

[0044] Insome embodiments, the encapsulated cavity
is an air-filled cavity.

[0045] In some embodiments the EBG structure in-
cludes at least two decoupling elements, wherein each
decoupling elements is provided for each antenna, as
will be discussed further below.

[0046] In some embodiments, the EBG structure is
based on a bowtie-shape aperture ground plane, in other
words based on an aperture ground plane with bowtie-
shape slots.

[0047] In some embodiments, an aperture (slot) pat-
tern is provided in a bowtie-shape in a ground plane, e.g.,
for transferring the mm-waves from an IC to an antenna.
[0048] At least one layer above the ground plane, the
EBG may be provided. In some embodiments, the EBG
structure may be based on multiple unit cells, each unit
cell having a rectangular shape, and being connected to
the ground plane of the antenna by EBG vias.

[0049] It has been recognized that a bowtie shape or
an H-shape or a combined H-bowtie shape may result in
an EBG structure which provides optimal or best decou-
pling characteristics of the at least two antennas. Hence,
a coupling of the at least two antennas may be avoided
based on the shape of the EBG structure which is pro-
vided based on the H-/bowtie-shape of the aperture
ground plane. For example, the EBG structure may have
a mushroom with a rectangular patch on top.

[0050] The bowtie shape may, from a top view, be
based on four arms extending from a center point, as will
be discussed further below.

[0051] In some embodiments, the antenna structure
further includes: a plurality of layers, wherein the plurality
of layers is based on low-temperature co-fired ceramics.
[0052] In some embodiments, at least two antennas
are configured to operate in a range starting at 100 GHz.
[0053] Some embodiments pertain to an antenna
structure manufacturing method for providing an antenna
structure including at least two antennas arranged in an
array, the method including: providing an encapsulated
cavity including: at least two antenna elements at a top
wall section of the cavity, and an electronic band gap
(EBG) structure at a bottom wall section of the cavity, the
bottom wall section being on an opposing side of the
cavity with respect to the top wall section, as discussed
herein.

[0054] In some embodiments, the antenna structure
manufacturing method further includes: providing a cir-
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cuitry layer below the encapsulated cavity, as discussed
herein. In some embodiments, the antenna structure
manufacturing method further includes: providing the
EBG structure at an interface of the encapsulated cavity
and the circuitry layer, as discussed herein. In some em-
bodiments, the antenna structure manufacturing method
further includes: providing a top layer above the encap-
sulated cavity, as discussed herein. In some embodi-
ments, the antenna structure manufacturing method fur-
therincludes: providing the atleast two antenna elements
at an interface of the encapsulated cavity and the top
layer, as discussed herein. In some embodiments, the
encapsulated cavity is an air-filled cavity, as discussed
herein. In some embodiments, the antenna structure
manufacturing method further includes: providing a de-
coupling element for each antenna as part of the EBG
structure, as discussed herein. In some embodiments,
the antenna structure manufacturing method further in-
cludes: providing the EBG structure based on a bowtie-
shape aperture ground plane, as discussed herein. In
some embodiments, the antenna structure manufactur-
ing method furtherincludes: providing a plurality of layers
based on low-temperature co-fired ceramics, as dis-
cussed herein. In some embodiments, the antenna struc-
ture manufacturing method further includes: providing
the at least two antennas such that they are configured
to operate in a range starting at 100 GHz, as discussed
herein.

[0055] Returning to Fig. 1a, there is depicted a sche-
matic diagram of an antenna structure 1 according to the
present disclosure.

[0056] In this embodiment, the antenna structure 1 is
a packaged antenna array including a plurality of layers
which are manufactured based on low-temperature co-
fired ceramics (LTCC).

[0057] The antenna structure 1 includes a circuitry lay-
er 2, a cavity layer 3, and a top 4, which are stacked on
top of each other, i.e., in a stacking direction, the cavity
layer 3 is stacked on the circuitry layer 2 and the top layer
4 is stacked on the cavity layer 3.

[0058] Moreover, the circuitry layer 2 is includes three
further layers: an IC contacting layer 5, a first redistribu-
tion layer 6 and a second redistribution layer 7.

[0059] The IC contacts 8 provide a heat sink concept
to avoid overheating of the IC 9, i.e., the back-side of the
IC is thermally (hence, electrically) connected to the IC
contacts 8 to provide a heat transfer..

[0060] The IC 9is further electrically connected with a
firstredistribution layer 6, i.e., with a microstrip line, which
is further connected to a redistribution element 10 (in this
embodiment, a GROUND via), which is configured to re-
distribute a signal of the IC 9 to the second redistribution
layer 7 and to ground the circuitry. mm-wave signals
propagating along the microstrip lines are coupled via a
slot (having a bowtie-shape) to the second redistribution
layer 7. Moreover, the first redistribution layer 6 connects
the IC 9 to power, digital, and mm-wave pads. The sec-
ond redistribution layer 7 includes further redistribution
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elements (in this embodiment, an EBG via) which are
connected to decoupling elements 11 of an EBG struc-
ture, which are provided on a bottom wall of an air-filled
cavity 12.

[0061] On a top wall of the air-filled cavity 12, two an-
tennas 13 are provided, of which only one is shown due
to the cross-sectional view of Fig. 1. The antenna 13 is
provided as a patch antenna. However, generally, atleast
two antennas may be provided and thus, the present dis-
closure is not limited to two antennas. For example, an
array may include two-times-two antennas, two-times-
four antennas, four-times-four antennas, or the like.
[0062] The top wall of the air-filled cavity is defined due
to the top layer 4 which includes on two "sub"-layers 15
and 16, wherein the upmost layer is provided for mechan-
ical stability.

[0063] Moreover,the IC contactinglayer 5, and thereby
the IC 9, and the redistribution layer 6 are further con-
tacted with bumps 14 to further provide mechanical sta-
bility, without limiting the present disclosure in that re-
gard: for example, solder balls may be used. The bumps
14 are based on a ball grid array (BGA)

[0064] It should be noted that, in some embodiments,
it is sufficient to only provide layers 5, 6, 3, and 15 (to-
gether with an IC) to provide the functionality of the
present disclosure.

[0065] In this embodiment, each LTCC layer (i.e., the
layers 3, 6, 7, 15, 16) have a thickness of ninety-eight
micrometers, but the present disclosure is not limited to
any thickness of the respective layers. Also, different
thicknesses of the layers may be envisaged according
to the circumstances.

[0066] Fig. 1b depicts a cross-sectional view of an an-
tenna structure 100 according to the present disclosure,
which includes a TX antenna 101 and an RX antenna
102 which each have similar elements as already dis-
cussed under reference of Fig. 1a, such that a repetitive
description thereof is omitted.

[0067] As can be taken from Fig. 1b, the TX antenna
101 and the RX antenna 102 may share certain layers,
but the air-filled cavities are provided separately for each
antenna to reduce crosstalk between the transmit and
receive path. On each cavity, the corresponding EBG
structures prevent coupling between neighboring anten-
na elements.

[0068] Figs. 2a to 2f depicts cross-sectional top views
of different planes, as already discussed under reference
of Fig. 1a or 1b, of an antenna structure according to the
present disclosure.

[0069] Fig.2adepictsanRF (radiofrequency)package
signal routing structure 20 (including an IC signal routing
and antenna feed routing), wherein the package signal
routing structure 20 includes a power divider structure
21 configured to split a signal into four branches to feed,
for example, four antenna elements.

[0070] Fig. 2a shows a complete RF package signal
routing structure (including an IC signal routing and an-
tenna feed routing) as carried out by an interface layer
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between the LTCC package and the mm-wave IC.
[0071] Inthe presentembodiment, 1TX and 1RX radar
channels are considered, without limiting the present dis-
closure in that regard. To each channel, one feeding
microstrip line is connected. Moreover, for each branch,
the microstrip line is divided twice to feed 4 radiating el-
ements (arranged in a 2x2 matrix).

[0072] Fig. 2b depicts an aperture coupling structure
22. Fig. 2b represents the antenna and package ground
plane. For guiding the mm-waves from the feed network
to the radiating elements, aperture or slots (bow-tie
shape) are etched in the ground plane.

[0073] Fig. 2c depicts EBG structures 23 inside the
cavity. Fig. 2c represents the EBG unit cells embedded
in the air cavity for surface wave suppression. An antenna
package according to the present disclosure may include
atransmit and a receive antenna array. The transmit and
receive antenna arrays may be formed inside separate
air-filled cavities to reduce crosstalk between a transmit
path and receive path, as depicted in Fig. 2c.

[0074] Location of TX and RX cavities in Fig. 2c are
depicted by the rectangles which are placed around the
EBG patches.

[0075] Fig. 2d depicts the patch antenna array 24. Fig.
2d represent 2x2 antenna radiating elements connecting
to each TX or RX channels.

[0076] Fig. 2e depicts the GND vias 25 configured to
connect IC GND pads to a common ground which is com-
mon for the antenna(s) and the package.

[0077] Fig. 2f depicts the EBG vias 26 that connect the
mushroom type EBG unit cells to the ground plane.
[0078] Fig. 2g depicts a top view of an overlay 27 of
the elements of Figs. 2a to 2f.

[0079] Regarding Figs. 2a to 2g, the following general
remarks should be noted:

Figs. 2a to 2g show a an LTCC-based package concept
including the antenna array, as discussed under Fig. 1.
Feeding techniques may play a major role for an efficient
operation of each antenna.

[0080] This may help in improving gain, impedance
mismatch, efficiency, and directivity. The most common
techniques may be based on contacted or non-contacted
feeding.

[0081] For example, a non-contacting technique may
be aperture coupled feeding. The proposed aperture cou-
pled feed design of Figs. 2a to 2g may provide for a wide-
band behavior of each antenna, may improve return loss,
result in smaller chip size and a radiation performance
of the antenna may not be disrupted by the radiation of
the feeding networks.

[0082] Figs. 2ato 2g provide a type of multilayer feed-
ing mechanism that may isolate radiating elements and
the feed (low loss LTCC-based feeding networks on the
bottom side of the package may transfer the mm-waves
fromthe radar IC to the antennas). An aperture (slot) may
be placed in a ground plane which may be common to a
pair of dielectric substrates through which energy may
be coupled from one layer to another layer.
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[0083] A thickness of the substrates supporting the ra-
diating element and feeding networks may be chosen
independently to optimize the distinct electrical functions
of radiation and circuitry. For example, the substrate sup-
porting the radiating element should be relatively thick,
in order to improve the impedance bandwidth of an an-
tenna. In contrast, the feed should be designed on a rel-
atively thin substrate so that an associated EM (electro-
magnetic) field is tightly bound to the substrate, thereby
minimizing an undesired radiation and EM coupling. The
radiating element is shielded from the spurious feed ra-
diation due to the presence of an intermediate ground
plane, separating the two substrates.

[0084] Fig. 3 depicts an antenna structure manufactur-
ing method 30 according to the present disclosure in a
block diagram.

[0085] At 31, a plurality of layers is provided based on
LTCC, as discussed herein.

[0086] At 32, acircuitry layer is provided, as discussed
herein.

[0087] At 33, a cavity is provided above the circuitry
layer, as discussed herein.

[0088] At 34, an EBG structure including decoupling
elements is provided on a bottom wall of the cavity, as
discussed herein.

[0089] At 35, a top layer is provided above the cavity
as discussed herein, including at least two antennas,
such that they are provided at a top wall of the cavity, 36,
as discussed herein.

[0090] It should be recognized that the embodiments
describe methods with an exemplary ordering of method
steps. The specific ordering of method steps is however
given for illustrative purposes only and should not be con-
strued as binding. For example the ordering of 32 and
33 in the embodiment of Fig. 3 may be exchanged. Also,
the ordering of 33, 34 and 32 in the embodiment of Fig.
3 may be exchanged. Further, also the ordering of 35
and 36 in the embodiment of Fig. 3 may be exchanged.
Other changes of the ordering of method steps may be
apparent to the skilled person.

[0091] It should be noted that the present disclosure
may have at least the following effects (also in addition
to the effects as described above):

- In package air-filled antennas on top of in package
EBG periodic structures may be provided

- AJ2 antenna spacing in one common encapsulated
cavity may be achieved.

- EBG structures may be placed between aperture
coupling feeding and radiating antenna elements.

- A multilayer ceramic package with embedded cavi-
ties and patches may be provided

- Separate cavities for TX and RX antenna channels
elements may be envisaged
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- Heat generated by the IC may be dissipated by at-
taching the IC to a large metal pad, backed by mul-
tiple thermal vias

- A multi-layer wafer package (LTCC ceramic pack-
age with multiple redistribution layers, RDLs for an-
tenna and RF signal lines) with vertically and hori-
zontally stacked elements may be provided.

- The band-gap features of EBG structures may be
useful in suppressing surface waves. The surface
waves may reduce the antenna efficiency and gain
since they may propagate along a ground plane in-
stead of radiating into free space. A diffraction of
surface waves may raise mutual coupling levels in
array designs, increase the back lobe radiation,
which may deteriorate the signal to noise ratio, re-
sulting in blind scanning angles in phased array sys-
tems, for example.

- Interaction between the mm-wave antenna and
feeding network/mm-wave IC may be minimized due
EBG shielding capability.

- Different type of EBG unit cells may be provided,
such as mushroom type EBG, uni-planar EBG, po-
larization dependent EBG, compact spiral EBG,
stacked EBG, miniaturized EBG, interdigital capac-
itor EBG.

- A dense integration may be achieved due to small
antenna and interconnect footprint.

- Awideband antenna integration in a LTCC package
may be achieved

- A high gain antenna may be provided due to the
trench edge (air-filled cavity) into the LTCC and low
loss interconnect.

- The (highly) compact antenna design may ensure
that the antenna array may be arranged in a half
wavelength array configuration (support grating free
antenna array operation).

[0092] The present disclosure may be at least applied
in the context of the following technology, without limiting

the present disclosure in that regard:

- optical cameras, security cameras, TVs, game con-
soles

- industrial sensors, e.g., for distance detection (e.g.,
radar)

- radar based motion detection, vital sign detection

- communication devices (e.g. 60 GHz (or more or
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less) short range, wireless backhaul)

[0093] Allunits and entities described in this specifica-
tion and claimed in the appended claims can, if not stated
otherwise, be implemented as integrated circuit logic, for
example on a chip, and functionality provided by such
units and entities can, if not stated otherwise, be imple-
mented by software.

[0094] In so far as the embodiments of the disclosure
described above are implemented, at least in part, using
software-controlled data processing apparatus, it will be
appreciated thata computer program providing such soft-
ware control and a transmission, storage or other medi-
um by which such a computer program is provided are
envisaged as aspects of the present disclosure.

[0095] Note that the present technology can also be
configured as described below.

(1) An antenna structure comprising at least two an-
tennas arranged in an array, the antenna structure
further comprising:

an encapsulated cavity including:

at least two antenna elements at a top wall sec-
tion of the cavity, and

an electronic band gap (EBG) structure at a bot-
tom wall section of the cavity, the bottom wall
section being on an opposing side of the cavity
with respect to the top wall section.

(2) The antenna structure of (1), further comprising:
a circuitry layer below the encapsulated cavity.

(3) The antenna structure of (2), wherein the EBG
structure is provided at an interface of the encapsu-
lated cavity and the circuitry layer.

(4) The antenna structure of anyone of (1) to (3),
further comprising:
a top layer above the encapsulated cavity.

(5) The antenna structure of (4), wherein the at least
two antenna elements are provided at an interface
of the encapsulated cavity and the top layer.

(6) The antenna structure of anyone of (1) to (5),
wherein the encapsulated cavity is an air-filled cavity.

(7) The antenna structure of anyone of (1) to (6),
wherein the EBG structure includes at least two de-
coupling elements, wherein each decoupling ele-
ments is provided for each antenna.

(8) The antenna structure of anyone of (1) to (7),
wherein the EBG structure is based on bowtie-shape

aperture ground plane.

(9) The antenna structure of anyone of (1) to (8),
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further comprising:
a plurality of layers, wherein the plurality of layers is
based on low-temperature co-fired ceramics.

(10) The antenna structure of anyone of (1) to (9),
wherein the at least two antennas are configured to
operate in a range starting at 100 GHz.

(11) An antenna structure manufacturing method for
providing an antenna structure including at least two
antennas arranged in an array, the method compris-
ing:

providing an encapsulated cavity including:

at least two antenna elements at a top wall sec-
tion of the cavity, and

an electronic band gap (EBG) structure at a bot-
tom wall section of the cavity, the bottom wall
section being on an opposing side of the cavity
with respect to the top wall section.

(12) The antenna structure manufacturing method
of (11), further comprising:

providing a circuitry layer below the encapsulated
cavity.

(13) The antenna structure manufacturing method
of (12), further comprising:

providing the EBG structure at an interface of the
encapsulated cavity and the circuitry layer.

(14) The antenna structure manufacturing method
of anyone of (11) to (13), further comprising:
providing a top layer above the encapsulated cavity.

(15) The antenna structure manufacturing method
of (14), further comprising:

providing the at least two antenna elements at an
interface of the encapsulated cavity and the top lay-
er.

(16) The antenna structure manufacturing method
of anyone of (11) to (15), wherein the encapsulated
cavity is an air-filled cavity.

(17) The antenna structure manufacturing method
of anyone of (11) to (16), further comprising:
providing a decoupling element for each antenna as
part of the EBG structure.

(18) The antenna structure manufacturing method
of anyone of (11) to (17), further comprising:
providing the EBG structure based on a bowtie-
shape aperture ground plane.

(19) The antenna structure manufacturing method
of anyone of (11) to (18), further comprising:
providing a plurality of layers based on low-temper-
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ature co-fired ceramics.

(20) The antenna structure manufacturing method
of anyone of (11) to (19), further comprising:
providing the at least two antennas such that they
are configured to operate in a range starting at 100
GHz.

Claims

An antenna structure comprising at least two anten-
nas arranged in an array, the antenna structure fur-
ther comprising:

an encapsulated cavity including:

at least two antenna elements at a top wall sec-
tion of the cavity, and

an electronic band gap (EBG) structure at a bot-
tom wall section of the cavity, the bottom wall
section being on an opposing side of the cavity
with respect to the top wall section.

The antenna structure of claim 1, further comprising:
a circuitry layer below the encapsulated cavity.

The antenna structure of claim 2, wherein the EBG
structure is provided at an interface of the encapsu-
lated cavity and the circuitry layer.

The antenna structure of anyone of claims 1 to 3,
further comprising:
a top layer above the encapsulated cavity.

The antenna structure of claim 4, wherein the at least
two antenna elements are provided at an interface
of the encapsulated cavity and the top layer.

The antenna structure of anyone of claims 1 to 5,

wherein the encapsulated cavity is an air-filled
cavity; and or

wherein the EBG structure includes at least two
decoupling elements, wherein each decoupling
elements is provided for each antenna.

The antenna structure of anyone of claims 1 to 6,
wherein the EBG structure is based on bowtie-shape
aperture ground plane.

The antenna structure of anyone of claims 1 to 7,
further comprising:

a plurality of layers, wherein the plurality of layers is
based on low-temperature co-fired ceramics.

The antenna structure of anyone of claims 1 to 8,
wherein the at least two antennas are configured to
operate in a range starting at 100 GHz.
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An antenna structure manufacturing method for pro-
viding an antenna structure including at least two
antennas arranged in an array, the method compris-
ing:

providing an encapsulated cavity including:

at least two antenna elements at a top wall sec-
tion of the cavity, and

an electronic band gap (EBG) structure at a bot-
tom wall section of the cavity, the bottom wall
section being on an opposing side of the cavity
with respect to the top wall section.

The antenna structure manufacturing method of
claim 10, further comprising:

providing a circuitry layer below the encapsulated
cavity.

The antenna structure manufacturing method of
claim 11, further comprising:

providing the EBG structure at an interface of the
encapsulated cavity and the circuitry layer.

The antenna structure manufacturing method of an-
yone of claims 10 to 12, further comprising:
providing a top layer above the encapsulated cavity.

The antenna structure manufacturing method of
claim 13, further comprising:

providing the at least two antenna elements at an
interface of the encapsulated cavity and the top lay-
er.

The antenna structure manufacturing method of an-
yone of claims 10 to 14,

wherein the encapsulated cavity is an air-filled
cavity; and or

wherein the method further comprises:
providing a decoupling element for each anten-
na as part of the EBG structure;

and/or

wherein the method further comprises:
providing the EBG structure based on a bowtie-
shape aperture ground plane; and/or wherein
the method further comprises:

providing a plurality of layers based on low-tem-
perature co-fired ceramics; and/or wherein the
method further comprises:

providing the at least two antennas such that
they are configured to operate in arange starting
at 100 GHz.
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