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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a multilayer
printed circuit board, PCB, having an antenna element,
and to a manufacturing method of a multilayer PCB an-
tenna element.

BACKGROUND ART

[0002] Printed circuit boards (PCBs) having multiple
layers and including one or more antenna elements for
transmitting and receiving an RF signal are known in the
art. A PCB having RF functions, for example a PCB of a
mobile device such as a mobile phone, smartphone etc.,
typically has severe space constrictions due to a high
demand for miniaturization. That is, a typical PCB with
RF functions is already crowded. The PCB components
such as surface mounted device components (SMD) and
the like are typically arranged on a planar surface, i.e. on
the topmost layer or in between the layers. Providing an
antenna element at such a location reduces the space
available for the other PCB components.

[0003] Conventionally, mobile antennas up to reso-
nance frequencies or usable frequencies of around 6
GHz had been integrated on a surface of the PCB, such
as an outer surface of a topmost or bottommost layer of
the multilayer PCB or - rarely - in between the layers. For
example, such conventional antennas in the range of up
to 6 GHz were directly printed onto the layer surface.
With the advent of the fifth generation mobile communi-
cation standards (5G), millimeter wave antennas have
to be integrated into the already crowded device PCB.
[0004] While in the case of higher communication fre-
quency such as 30 GHz (corresponding to a wavelength
of the transmitted or received electromagnetic wave of
about 10 mm in free space) such a millimeter wave an-
tenna tends to be smaller, the radiation properties (trans-
mitting/receiving efficiencies) are comparatively poor
when the millimeter wave antenna is arranged on the
PCB layer. Also, as frequency increases, it is advanta-
geous or even required that some RF PCB components
other than the antenna are shielded on the PCB layers
and at the PCB edge.

[0005] Document WO 2017/194096 A1 describes an
antenna formed on a multilayer PCB edge, the antenna
comprising an antenna patch and a feeding patch. In this
conventional technique, the antenna patch is formed of
multiple conductive strips each arranged on a different
layer of the multilayer PCB, which requires a high amount
of work for obtaining this conventional structure and is
prone to undesired variations of the radiation properties
due to the multi-element configuration.

[0006] In an alternative configuration, document WO
2017/194096 A1 also describes adipole structure formed
on an edge of the multilayer PCB. A dipole needs to be
fed through a matching network such as a balun, which

10

15

20

25

30

35

40

45

50

55

requires additional space.

[0007] Document EP 3 051 628 A1 describes a multi-
layer circuit board having a plurality of vertical intercon-
nect access (VIA) holes formed in the multiple layers and
arranged in a horizontal direction. The VIA holes line up
with a plurality of VIA holes in another layer, whereby a
grid-type radiation member is formed. In other words:
The VIA hole antenna elements that form the resulting
grid-type radiation member are disposed as a grid-array
that, as a whole, act as an RF patch. That is, a plurality
of VIA hole antenna elements act together in transmitting
or receiving an electromagnetic wave by means of the
grid-array. Due to the fact that this conventional tech-
nique uses a plurality of VIA holes, a large amount of
space is required.

[0008] Moreover, in the conventional technology of
e.g. documents WO 2017/194096 A1 or EP 3 051 628
A1, a large amount of structure elements are provided
that participate in the radiation of an electromagnetic
wave. These approaches need a comparatively exact
positioning during the manufacturing process. Even if the
corresponding manufacturing process satisfies the ac-
curacy demands, there is still a high risk of a development
of defects, such as cracks or other damages, in the PCB
because the structure elements are located extremely
near to one another.

[0009] Thereisademand foraPCB havinganantenna
structure or antenna element in which the above draw-
backs are atleast partially addressed. In particular, there
is a need for a PCB having an antenna structure or an-
tenna element that is comparatively simple and small.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present disclo-
sure, a multilayer printed circuit board (PCB) according
to claim 1 is provided. The PCB comprises a plurality of
layers. The plurality of layers are stacked in a stacking
direction and extending in a planar direction up to an
edge of the PCB. The PCB further comprises an antenna
element formed along the edge. The PCB further com-
prises an RF feeding structure electrically connected to
the antenna element. The PCB further comprises a me-
tallic ground structure, wherein the antenna element is
electrically connected to the ground structure. The an-
tenna element is formed as a resonant structure. In em-
bodiments, the antenna element is formed as a single
resonant structure. In other embodiments, the antenna
element is formed as a multi-element resonant structure.
[0011] Typically, feeding is made by a galvanic con-
nection between the RF feeding structure and the anten-
na element. In an alternative embodiment, feeding is
made by capacitive coupling between the RF feeding
structure and the antenna element. According to another
aspect of the present disclosure, a manufacturing meth-
od of an antenna element of or for a multilayer printed
circuit board (PCB) according to claim 10 is disclosed.
The method comprises providing a PCB having a plurality
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oflayers, the plurality of layers being stacked in a stacking
direction and extending in a planar direction up to an
edge of the PCB, wherein the layers comprise an RF
feeding structure extending up to the edge and a short-
circuit conductor extending up to the edge. The method
further comprises metallizing at least a part of the edge
to obtain a metallization. The method further comprises
removing parts of the metallization to obtain the antenna
element such that the antenna element is connected to
the RF feeding line and such that the antenna element
is connected, via the short-circuit conductor, to a metallic
ground structure to affect an RF input impedance of the
antenna element. Typically, in the method, the antenna
element is obtained as a single resonant structure.
[0012] Inembodiments, the PCB, as described herein,
is used in a fixed, or stationary, RF communications de-
vice. Examples of a fixed RF communications device in-
clude, without limitation, a computer such as a personal
computer, an industrial robot etc. In alternative embodi-
ments, the PCB, as described herein, is used in a mobile
RF communications device. Examples of a mobile RF
communications device include, without limitation, a mo-
bile phone or smartphone, an automotive control unit (car
ICU) etc.

[0013] A single resonant structure, as used herein, is
considered a structure that is different from e.g. an an-
tenna array. In more detail, an antenna array comprises
a plurality of emitting elements whose emitted electro-
magnetic waves interact with each other, e.g. in a way
that a constructive or destructive interference occurs. In
this connection, a single resonant structure is considered
to emit an electromagnetic wave substantially without
any electromagnetic interaction such as constructive in-
terference or destructive interference with neighboring
like structures. Particularly, a single resonant structure
is, as to its RF usage or configuration, a non-periodical
structure or a non-array structure.

[0014] A single-resonant structure may prove advan-
tageous in that it occupies a comparatively small amount
of space, evenin the edge area of the PCB. As the single-
resonant structure is comparatively narrow, areasonable
amountof space is available onthe edge, e.g. forashield-
ing metallization or the like on the edge in areas other
than that of the antenna element.

[0015] A multi-element resonant structure, as used
herein, may be formed of a plurality of such single-reso-
nant structures. In other words: The single resonant
structure may be replicated, in or on the PCB, to create
an array of antenna elements. Further motivation for rep-
lication of the single resonant structure may be to imple-
ment antenna diversity structures and/or MIMO struc-
tures.

[0016] Furtheraspects and features are apparent from
the dependent claims.

[0017] In embodiments, the antenna element of the
multilayer PCB extends substantially over the entirety of
layers in the stacking direction of the layers. Forexample,
when a PCB is formed of a plurality of layers including a
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topmost layer and a bottommost layer, each layer being
a substantially flat, sheet-like element, and the stacking
direction is defined as substantially orthogonal to the re-
spective mounting surfaces of the sheet-like elements,
the antenna element may extend from substantially the
topmost layer to substantially the bottommost layer in a
uniform manner, i.e. one-piece configuration, or - in other
words - without any interruptions in the stacking direction.
[0018] In embodiments, the antenna element is a mo-
nopole sheet element, or monopole patch element. The
monopole sheet element is formed in a substantially uni-
form manner. For example, the monopole sheet element
has a uniform one-piece configuration, i.e. itextends sub-
stantially devoid of any interruptions or variations in the
stacking direction.

[0019] In embodiments, the antenna element is a mo-
nopole vertical interconnect access (VIA). The VIA an-
tenna element is electromagnetically exposed on the
edge, i.e. it is free from any shielding material such as
metal, atleastin anintended, or predetermined, direction
of radiation. Typically, the VIA antenna element is ob-
tained by providing a VIA through the plurality of layers,
preferably through the entirety of layers, and cutting the
PCB along the stacking direction and penetrating the VIA.
In this way, the VIA is given a semitubular shape that
extends substantially in the stacking direction. In other
words: According to this embodiment, the VIAis cut open
such that the inner structure of the resultant semitube is
exposed on the edge.

[0020] In embodiments, the antenna element further
comprises a tuning structure. The tuning structure s elec-
trically connected to the antenna element. For example,
the tuning structure is part of the antenna element. In
particular, the tuning structure is effective when used with
aVIAserving as the antenna element, as described here-
in. The tuning structure has a width in a width variation
direction. The width variation direction is substantially
perpendicular to the stacking direction, and the width var-
iation direction is substantially perpendicular to the planar
direction. The width of the tuning structure is different
from the width of the antenna element, particularly the
VIA. Particularly, the tuning structure is broader than the
semitubular via such as to allow for an impedance match-
ing and/or frequency tuning of the antenna element. The
tuning structure may be formed as a tuning ring.

[0021] In embodiments, the antenna element is elec-
trically connected to the ground structure via a short-cir-
cuit conductor. The short-circuit conductor and the
ground structure are configured such that they affect an
RF inputimpedance of the antenna element. In particular,
the RF input impedance of the antenna element can be
tuned, or affected, by proper dimensioning of the short-
circuit conductor and the ground structure. In an exam-
ple, the ground structure is at least partially arranged on
the same edge as the antenna element, yet sufficiently
spaced apart from the antenna element to allow for an
appropriate radiation of electromagnetic waves by the
antenna element.
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[0022] In embodiments pertaining to the manufactur-
ing method, in the removing of parts of the metallization,
the method further comprises a tuning of the antenna
element to a desired resonance frequency. For example,
the parts of the metallization to be removed may be cho-
sen such that the resulting (remaining) antenna element
has predetermined dimensions depending on the desired
operating frequency or resonance frequency, e.g. dimen-
sions in the width direction. Additionally or alternatively,
in embodiments pertaining to the manufacturing method,
in the removing of parts of the metallization, the method
further comprises an adaption of an RF inputimpedance
of the antenna element. For example, the parts of the
metallization to be removed may be chosen such that a
resulting short-circuit conductor or parts thereof, con-
necting the antenna element to the ground structure, has
predetermined dimensions depending on the RF input
impedance.

[0023] In embodiments pertaining to the manufactur-
ing method, in the removing of parts of the metallization,
the method further comprises a shaping of a monopole
sheet element that extends in a substantially uniform
manner in the stacking direction.

[0024] In embodiments pertaining to the manufactur-
ing method, in the removing of parts of the metallization,
the method further comprises exposing a VIA atthe edge.
Exposing the VIA, as used herein, relates to electromag-
netically exposing the VIA, such that it is substantially
free from any shielding material such as metal, at least
in an intended, or predetermined, direction of radiation.
[0025] In embodiments pertaining to the manufactur-
ing method in which the VIA is exposed at the edge, the
method further comprises cutting the VIA open such that
it has a substantially semitubular shape in the stacking
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In the following, embodiments of the present
disclosure are described with reference to the drawings
in which:

Fig. 1 shows a schematic perspective view of a mul-
tilayer printed circuit board, PCB, according to an
embodiment;

Fig. 2 shows a partial schematic perspective view of
a PCB according to an embodiment that is cut open
on parts of the edge thereof for illustration purposes;

Fig. 3 shows another partial schematic perspective
view of a PCB according to an embodiment;

Fig. 4 shows a partial schematic perspective view of
a PCB according to an embodiment;

Fig. 5 shows another partial schematic perspective
view of a PCB according to an embodiment; and
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Fig. 6 shows yet another partial schematic perspec-
tive view of a PCB according to an embodiment.

DETAILED DESCRIPTION

[0027] Fig. 1 is a schematic perspective illustration of
a multilayer printed circuit board, PCB, according to an
embodiment. The PCB of the first embodiment is desig-
nated with reference numeral 100. Fig. 2 is a partial sche-
matic perspective illustration of the PCB 100 that is
shown in a cut-open manner for illustration and the ease
of explanation. Fig. 3 shows a part of the PCB 100 in a
perspective illustration. It is noted that throughout Figs.
1-3, single particular elements may be disposed at dif-
ferent locations, such as a feeding structure 155 (to be
described later in detail) being disposed in an intermedi-
ate layer in Fig. 2, and disposed on a top layer in Fig. 3.
Yet, the views of Figs. 1-3 are comparable in principle,
and thus, the first embodiment is described in the follow-
ing with common reference to Figs. 1-3.

[0028] The PCB 100 comprises a plurality of metallic
layers, or sheets, 101, 102, 103, 104 that are stacked in
a stacking direction S and separated by layers of non-
conducting (dielectric) material. It is noted that the
number of layers is not limited to four as in the present
example, and that it may be a number different from four.
The layers 101, 102, 103, 104 are substantially planar
sheets that extend in a planar direction P.

[0029] The PCB 100 further comprises an antenna el-
ement 150 that is formed along an edge 110 of the PCB
100, i.e. an edge - or front surface - that is formed by
some or all of the layers 101, 102, 103, 104. The edge
or front surface is typically a real surface or virtual surface
that is formed on a narrow side of the PCB 100, i.e. sub-
stantially perpendicular to the planes that are formed by
each of the layers 101, 102, 103, 104. The antenna ele-
ment 150 can be fed with an electromagnetic signal to
be emitted via an RF feeding structure 155. The RF feed-
ing structure 155 is electrically connected to the antenna
element. For example, a resonating circuit such as a
transmitting circuit (not shown) is mounted in or on the
PCB 100 and has an RF output thereof connected to the
RF feeding structure 155.

[0030] An electromagnetically effective dimension of
the antenna element 150 is configured such that the an-
tenna element 150 resonates at or in the range of a pre-
determined frequency, or operating frequency. The op-
erating frequency is for example a frequency above 15
GHz, typically above 20 GHz and preferably at about 30
GHz.

[0031] The PCB 100 further comprises a metallic
ground structure 160. The metallic ground structure 160
is electrically connected to the antenna element 150 via
a short-circuit conductor 165. The short-circuit conductor
165, and the metallic ground structure 160, help to tune
an RF impedance of the antenna element 150 to a de-
sired value. Typically, the short-circuit conductor has a
length less than an effective wavelength of the antenna



7 EP 3 793 023 A1 8

element 150, such as a length shorter than a quarter
wavelength of the operating frequency.

[0032] The antenna element 150 is configured as a
single resonant structure, i.e. a non-periodical structure.
In other words: The PCB is devoid of another antenna
element that is to be fed with an RF signal related to an
RF signal used on the RF feeding structure 155 such that
the another antenna element and the antenna element
150 act together such that a constructive or destructive
interference occurs. In yet another way: The antenna el-
ement 150 is not necessarily part of any antenna array.
[0033] In further embodiments, multiple antenna ele-
ments 150 along the (same) edge 110 can be connected
with one another to form different RF structures such as
an array. In yet further embodiments, multiple antenna
elements 150 along the same edge 110 or on the edge
110 and on edges different from the edge 110 can be
connected with one another to form a diversity structure
and/or a MIMO structure.

[0034] Typically, the antenna element 150 is a sheet-
like element formed of a single physical structure, such
as a single metallization. In particular, the antenna ele-
ment 150 is typically formed as one piece, unlike a mesh
arrangement of antenna parts.

[0035] In a corresponding manufacturing method of
producing the antenna element 150 of the embodiment
shown in Figs. 1-3, a multilayer PCB 100 is provided that
has an arbitrary number of dielectric and/or metallic lay-
ers 101, 102, 103, 104. A side surface on the edge 101,
typically the whole contour, of the PCB 100 is metallized.
A conducting patch is milled out of the side metallization,
the conducting patch to become the antenna element
150. The patch size is tuned, at least in width and pref-
erably inwidth and length, to resonate ata predetermined
frequency, or operating frequency. The operating fre-
quency is for example a frequency above 15 GHz, typi-
cally above 20 GHz and preferably at about 30 GHz. In
other words: The patch is tuned to become a millimeter-
wave antenna.

[0036] The RF feeding structure 155 is present in or
on any of the layers 101, 102, 103, 104. For example and
without limitation, as shown in Fig. 2, the RF feeding
structure 155 is printed in layer 102 of the PCB 100. The
RF feeding structure 155 extends up to the edge 110 to
be electrically connected to a region of the antenna ele-
ment 150 (afeeding region), e.g. by means of the contour
metallization process and the subsequent partial removal
of the metallization.

[0037] Likewise, the short-circuit conductor 165 is
presentin or on any of the layers 101, 102, 103, 104. For
example and without limitation, as shown in Fig. 2, the
short-circuit conductor 165 is printed on layer 101 of the
PCB 100. The short-circuit conductor 165 extends up to
the edge 110 to be electrically connected to a region of
the antenna element 150 (a tuning region), e.g. by means
of the contour metallization process and the subsequent
partial removal of the metallization.

[0038] The short-circuit conductor 165, or shorting
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strip, and the RF feeding structure 155, or feeding line,
are provided for electrically coupling the antenna element
150, or antenna patch, to components of the PCB 100.
The antenna element 150 itself is electromagnetically ex-
posed from the edge 110, i.e. the PCB 100 is configured
and the antenna element 150 is arranged such that a
transmission or a reception of an electromagnetic wave
from/to the antenna element 150 in a direction away from
the edge 110 or towards the edge 110 is possible. As
apparent e.g. from Fig. 1 or Fig. 3, the antenna element
150 being electromagnetically exposed from the edge
110 does not exclude the presence of any material that
is comparatively uncritical for any such transmission or
reception, such as a substrate material 180 disposed on
or along the edge 110.

[0039] The metallic ground structure 160 may e.g. be
agroundplane formed on one of the layers, such as, with-
out limitation, a topmost layer 101 or a bottommost layer
104 of the PCB 100. In Fig. 1, a groundplane is formed
on the topmost layer 101 without any limitation intended.
In Fig. 3, a metallic ground structure 160 that may have
an electrical connection to the groundplane is formed on
the edge 110 side of the PCB, while a clearance or dis-
tance is kept from the antenna element 150 in order to
suppress a negative impact on the radiation character-
istics of the antenna element 150.

[0040] Asapparente.g.fromFigs.2and 3, oneormore
vertical interconnect access elements 190, VIAs, may be
present that allow for a signal interconnection between
thelayers 101, 102, 103, 104. However, none of the VIAs
190 in the embodiment of Figs. 1-3 is specifically de-
signed to participate in a transmission or reception of an
electromagnetic wave by the antenna element 150.
[0041] Fig. 4 is a schematic perspective illustration of
a multilayer printed circuit board, PCB, according to an-
other embodiment. The PCB of the second embodiment
is designated with reference numeral 200. Fig. 5 is a par-
tial schematic perspective illustration of an alternative
configuration of the PCB 200 in the embodiment of Fig.4.
The alternative configuration shown in Fig. 5 differs in
that the RF feeding structure 255 and the short-circuit
conductor 265 are disposed in a layer of the PCB 200
different from that in Fig. 5. Fig. 6 shows a part of the
PCB 200 of Figs. 5 in a different perspective illustration.
The second embodiment in the configuration of Fig. 4
and in the alternative configuration of Figs. 5 and 6 is
described in the following commonly with reference to
Figs. 4-6.

[0042] The PCB 200 comprises a plurality of layers, or
sheets, 201, 202, 203 that are stacked in a stacking di-
rection S. Itis noted thatthe number of layers is not limited
to three as in the present example, and that it may be a
number different from three. The layers 201, 202, 203
are substantially planar sheets that extend in a planar
direction P, and may be dielectric or metallic sheets, or
a combination thereof.

[0043] The PCB 200 further comprises an antenna el-
ement 250 that is formed along an edge 210 of the PCB
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200, i.e. an edge - or front surface - that is formed by
some or all of the layers 201, 202, 203. The edge 210 or
front surface is typically a real surface or virtual surface
that is formed on a narrow side of the PCB 200, i.e. sub-
stantially perpendicular to the planes that are formed by
each of the layers 201, 202, 203. The antenna element
250 can be fed with an electromagnetic signal to be emit-
ted via an RF feeding structure 255. The RF feeding
structure 255 is electrically connected to the antenna el-
ement 250. For example, a resonating circuit such as a
transmitting circuit (not shown) is mounted in or on the
PCB 200 and has an RF output thereof connected to the
RF feeding structure 255.

[0044] An electromagnetically effective dimension of
the antenna element 250 is configured such that the an-
tenna element 250 resonates at or in the range of a pre-
determined frequency, or operating frequency. The op-
erating frequency is for example a frequency above 15
GHz, typically above 20 GHz and preferably at about 30
GHz.

[0045] The PCB 200 further comprises a metallic
ground structure 260. The metallic ground structure 260
is electrically connected to the antenna element 250 via
a short-circuit conductor 265. The short-circuit conductor
265, and the metallic ground structure 260, help to tune
an RF impedance of the antenna element 250 to a de-
sired value.

[0046] The antennaelement250isconfigured as s sin-
gle resonant structure, i.e. a non-periodical structure. In
other words: The PCB 200 is devoid of another antenna
element that is to be fed with an RF signal related to an
RF signal used on the RF feeding structure 255 such that
the another antenna element and the antenna element
250 act together such that a constructive or destructive
interference occurs. In yet another way: The antenna el-
ement 250 is not part of any antenna array.

[0047] In further embodiments, multiple antenna ele-
ments 250 along the (same) edge 210 can be connected
with one another to form different RF structures such as
an array. In yet further embodiments, multiple antenna
elements 250 along the same edge 210 or on the edge
210 and on edges different from the edge 210 can be
connected with one another to form a diversity structure
and/or a MIMO structure.

[0048] In the present embodiment, the antenna ele-
ment 250 is formed of a vertical interconnect access, VIA,
that is cut open such that it exhibits a semitubular shape
which is electromagnetically exposed on the edge 210.
In other words: The antenna element 250, or radiating
element, has the shape of a part of a cylinder on the edge
210 of the PCB 200.

[0049] In a corresponding manufacturing method of
producing the antenna element 250 of the embodiment
shown in Figs. 4-6, a multilayer PCB 200 is provided that
has an arbitrary number of dielectric and/or metallic lay-
ers 201, 202, 203. A side surface on the edge 201, typ-
ically the whole contour, of the PCB 200 is metallized. In
the presentembodiment, the VIA for the antenna element
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250 is manufactured according to a commonly known
process; subsequently, the PCB 200 is cut open crossing
the VIA such that the antenna element 250 is obtained.
[0050] The RF feeding structure 255 is present in or
on any of the layers 201, 202, 203. For example and
without limitation, as shown in Fig. 5 or 6, the RF feeding
structure 255 is printed in layer 202 of the PCB 200. The
RF feeding structure 255 extends up to the edge 210 to
be electrically connected to a region of the antenna ele-
ment 250 (a feeding region), e.g. by means of the contour
metallization process and the subsequent partial removal
of the metallization.

[0051] Likewise, the short-circuit conductor 265 is
present in or on any of the layers 201, 202, 203. For
example and without limitation, as shown in Fig. 5, the
short-circuit conductor 265 is printed on layer 201 of the
PCB 200. In another example and without limitation, as
shown in Fig. 4, the short-circuit conductor 265 is printed
in layer 202 of the PCB 200. In yet another example and
without limitation, as shown in Fig. 6, the short-circuit
conductor 265 is formed as a part of metallic layer 203
of the PCB 200. The short-circuit conductor 265 extends
up to the edge 210 to be electrically connected to a region
of the antenna element 250 (a tuning region), e.g. by
means of the contour metallization process and the sub-
sequent partial removal of the metallization.

[0052] In the embodiment of Figs. 4-6, one or more
tuning elements (tuning rings) 270-1, 270-2 are provided.
These tuning elements, or metallic catch pads, may e.g.
be added in different layers of the PCB for impedance
matching and frequency tuning purposes.

[0053] The tuning elements 270-1, 270-2 are tuned
such that the antenna element 250 resonates at a pre-
determined frequency, or operating frequency. The op-
erating frequency is for example a frequency above 15
GHz, typically above 20 GHz and preferably at about 30
GHz. In other words: The VIA antenna element 250 is
tuned to become a millimeter-wave antenna resonating
at a predetermined (desired) frequency.

[0054] When manufacturing the VIAs 250, 290, includ-
ing the VIA antenna element 250, the width thereof is
typically limited due to restraints in the manufacturing
process. By providing the tuning elements 270-1, 270-2
in addition to the VIA antenna element 250, the capacity
thereof can be altered to become adesired value. In other
words: The VIA antenna element 250 is artificially re-
duced in electrically active length, which allows for an
effective tuning of the resonance frequency thereof.
[0055] The antenna element 250 itself is electromag-
netically exposed from the edge 210, i.e. the PCB 200 is
configured and the antenna element 250 is arranged
such that a transmission or a reception of an electromag-
netic wave from/to the antenna element 250 in a direction
away from the edge 210 or towards the edge 210 is pos-
sible. As apparent e.g. from Fig. 4, the antenna element
250 being electromagnetically exposed from the edge
210 does not exclude the presence of any material that
is comparatively uncritical for any such transmission or
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reception, such as a substrate material 280 disposed on
or along the edge 210.

[0056] As apparente.g. from Figs. 5 or 6, one or more
further vertical interconnect access elements 290, VIAs,
may be present that allow for a signal interconnection
between the layers 101, 102, 103, 104. However, none
of the VIAs 290 in the embodiment of Figs. 4-6 is specif-
ically designed to participate in a transmission or recep-
tion of an electromagnetic wave by the VIA antenna el-
ement 250. In other words: Signal transmission and/or
reception via willfully created electromagnetic radiation
is performed by the VIA antenna element 250, whereas
the further VIAs 290 serve the purpose of a signal inter-
connection between the layers 201, 202, 203 without any
particular involvement in a willful, or intended, radiation
process.

[0057] Itis notedthatwhile the above description refers
to specificembodiments, the skilled person will recognize
that the features described therein may be combined as
appropriate, and/or that one or more features thereof may
be altered or omitted as appropriate, without departing
from the gist of the present application whose scope is
defined by the claims.

Claims

1. A multilayer printed circuit board (100, 200), PCB,
comprising:

a plurality of layers, the plurality of layers (101,
102, 103, 104; 201, 202, 203) being stacked in
astacking direction (S) and extendingin a planar
direction (P) up to an edge (110, 210) of the PCB
(100, 200);

an antenna element (150, 250) formed along the
edge (110, 210);

an RF feeding structure (155, 255) electrically
connected to the antenna element (150, 250);
and

a metallic ground structure (160, 260), wherein
the antenna element (150, 250) is electrically
connected to the ground structure (160, 260),
wherein the antenna element (150, 250) is
formed as a single resonant structure or as a
multi-element resonant structure.

2. The multilayer PCB (100, 200) according to claim 1,
wherein the antenna element (150, 250) is formed
as a single resonant structure.

3. The multilayer PCB (100, 200) according to any one
of the preceding claims, wherein the antenna ele-
ment (150, 250) extends, in the stacking direction
(S), substantially over the entirety of layers (101,
102, 103, 104; 201, 202, 203).

4. The multilayer PCB (100) according to any one of
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10.

the preceding claims, wherein the antenna element
(150) is a monopole sheet element formed in a sub-
stantially uniform manner in the stacking direction

(S).

The multilayer PCB (200) according to any one of
claims 1 through 3, wherein the antenna element
(250) is a monopole vertical interconnect access,
VIA.

The multilayer PCB (200) according to claim 5,
wherein the monopole VIA antenna element (250)
has a semitubular shape extending substantially in
the stacking direction (S).

The multilayer PCB (200) according to any one of
claims 5 or 6, wherein the antenna element (250)
further comprises a tuning structure (270-1, 270-2)
having a width in a direction substantially perpendic-
ular to the stacking direction (S) and substantially
perpendicular to the planar direction (P) that is dif-
ferent from a width of the monopole VIA antenna
element (250), particularly broader than the width of
the monopole VIA antenna element (250).

The multilayer PCB (100, 200) according to any one
of the preceding claims, wherein the antenna ele-
ment (150, 250) is electrically connected to the
ground structure (160, 260) via a short-circuit con-
ductor (165, 265), the ground structure (160, 260)
and the short-circuit conductor being (165, 265) con-
figured to affect an RF input impedance of the an-
tenna element (150, 250).

The multilayer PCB (100, 200) according to any one
of the preceding claims, wherein the antenna ele-
ment (150, 250) is configured such as to be resonant
at a frequency above 15 GHz, typically above 20
GHz and preferably at about 30 GHz.

A manufacturing method of a multilayer printed cir-
cuit board, PCB, antenna element (150, 250), the
method comprising:

providing a PCB (100, 200) having a plurality of
layers (101, 102, 103, 104; 201, 202, 203), the
plurality of layers being stacked in a stacking
direction (S) and extending in a planar direction
(P) up to an edge (110, 210) of the PCB (100,
200), wherein the layers comprise an RF feeding
structure (155, 255) extending at least up to the
edge (110, 210) and a short-circuit conductor
(165, 265) extending atleastup tothe edge (110,
210);

metallizing at least a part of the edge (110, 210)
to obtain a metallization; and

removing parts of the metallization to obtain the
antenna element (150, 250) such that the an-
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tenna element (150, 250) is connected to the RF
feeding line (155, 255) and such that the anten-
na element (150, 250) is connected, via the
short-circuit conductor (165, 265), to a metallic
ground structure (160, 260) of the PCB (100) to
affect an RF input impedance of the antenna
element (150, 250).

The manufacturing method of claim 10, further com-
prising, in the removing of parts of the metallization,
a tuning of the antenna element to a desired reso-
nance frequency and/or an adaption of an RF input
impedance of the antenna element (150, 250).

The manufacturing method of any one of claims 10
or 11, wherein removing parts of the metallization to
obtain the antenna element (150) includes shaping
a monopole sheet element extending in a substan-
tially uniform manner in the stacking direction (S).

The manufacturing method of claim 10, wherein re-
moving parts of the metallization to obtain the anten-
na element (250) includes exposing a vertical inter-
connect access, VIA, at the edge (210).

The manufacturing method of claim 11, wherein the
VIA is cut open such as to have a semitubular shape
extending substantially in the stacking direction.

Use of a multilayer PCB (100, 200) according to any
one of claims 1 through 9 in an RF device, such as
a mobile RF communications device or a fixed RF
communications device.
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