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(54) ANTENNA ELEMENT AND ANTENNA COMPRISING ANTENNA ELEMENTS

(57) An antenna element (1) is disclosed, comprising
an at least in part conductive carrier substrate (2), at least
one pair of first slots (3, 4, 5, 6) arranged in or on the
carrier substrate, each first slot (3, 4, 5, 6) of the at least
one pair of first slots (3, 4, 5, 6) having at least one as-
sociated feed point at the first slot (3, 4, 5, 6), the feed
point being arranged to be fed with radio frequency (RF)
signals such that RF waves are excited from the first slot
(3, 4, 5, 6). The antenna element (1) comprises at least
one pair of second slots (7, 8, 9, 10) arranged in or on
the carrier substrate (2), wherein each second slot (7, 8,
9, 10) of the at least one pair of second slots (7, 8, 9, 10)
acts as a passive (i.e. non-excited) slot. Each slot of the
at least one pair of first slots (3, 4, 5, 6) and the at least
one pair of second slots (7, 8, 9, 10) extends from a point

in or on the carrier substrate (2) to the boundary (14) of
the carrier substrate (2). The carrier substrate (2) com-
prises a first portion (11) and at least one second portion
(12, 13), each of the at least one second portion (12, 13)
including a part or portion of the boundary (14) of the
carrier substrate (2). The first portion (11) of the carrier
substrate (2) and each second portion (12, 13) of the
carrier substrate (2) are adjoining each other. The first
portion (11) of the carrier substrate (2) and each second
portion (12, 13) of the carrier substrate (2) are arranged
in relation to each other such that for each second portion
(12, 13) of the carrier substrate (2), the second portion
(12, 13) of the carrier substrate (2) forms an angle relative
to the first portion (11) of the carrier substrate (2).
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to the
field of antennas. Specifically, the present invention re-
lates to an antenna element and further to an antenna
comprising such antenna elements. The antenna may
for example be employed in an antenna unit or antenna
array.

BACKGROUND

[0002] Multi-band antenna systems are antenna sys-
tems which transmit or receive wireless signals in multi-
ple radio frequency bands. Such antenna systems may
for example be used in wireless communication systems
such as GSM, GPRS, EDGE, UMTS, HSPA, LTE and/or
WiMax. Such antenna systems may include a plurality
of antenna elements. The antenna elements may be
comprised in or constitute an antenna unit or antenna
array and may for example be in the form of discs or
plates, or disc-like or plate-like structures. The antenna
elements may for example be arranged to provide a de-
sired radiation pattern. A relatively wide bandwidth of
such an antenna may be desired in many applications.

SUMMARY

[0003] In view of the foregoing, a concern of the present
invention is to facilitate for providing an antenna or an-
tenna element having a relatively wide bandwidth with
respect to input impedance and radiation pattern.
[0004] A further concern of the present invention is to
facilitate for providing an antenna or antenna element
having a relatively small lateral size compared to the long-
est wavelength of operation.
[0005] To address at least one of these concerns and
other concerns, an antenna element in accordance with
the independent claim is provided. Preferred embodi-
ments are defined by the dependent claims.
[0006] According to a first aspect, an antenna element
is provided. The antenna element comprises an at least
in part conductive carrier substrate. The antenna element
comprises at least one pair of first slots arranged in or
on the carrier substrate. Each first slot of the at least one
pair of first slots has at least one associated feed point
at the first slot, wherein the feed point is arranged to be
fed with radio frequency (RF) signals such that RF waves
are excited from the first slot. The antenna element com-
prises at least one pair of second slots arranged in or on
the carrier substrate. Each second slot of the at least one
pair of second slots acts as a passive (i.e., non-excited)
slot. Each slot of the at least one pair of first slots and
the at least one pair of second slots extends from a point
in or on the carrier substrate to a boundary of the carrier
substrate. The carrier substrate comprises a first portion
and at least one second portion. Each of the at least one

second portion includes a part or portion of the carrier
substrate’s boundary. The first portion of the carrier sub-
strate and each second portion of the carrier substrate
are adjoining each other. The first portion of the carrier
substrate and each second portion of the carrier sub-
strate are arranged in relation to each other such that for
each second portion of the carrier substrate, the second
portion of the carrier substrate forms an angle relative to
the first portion of the carrier substrate. Each second slot
of the at least one pair of second slots extends on or in
one of the at least one second portion of the carrier sub-
strate.
[0007] The first portion and each second portion may
for example be perpendicular to each other, or substan-
tially perpendicular to each other. The first portion of the
carrier substrate and each second portion of the carrier
substrate may for example be formed from at least one
folded, bent and/or curved portion of the carrier substrate,
wherein the at least one folded, bent and/or curved por-
tion of the carrier substrate may be arranged so that for
each second portion of the carrier substrate, the second
portion of the carrier substrate forms an angle relative to
the first portion of the carrier substrate. Considering a
direction perpendicular or substantially perpendicular to
the first portion, each or any second portion may be ar-
ranged such that it is folded, bent and/or curved upward
or downward with respect to the first portion. The carrier
substrate may comprise at least one conductive layer
and at least one insulating layer. The at least one folded,
bent and/or curved portion of the carrier substrate may
be a portion of at least one conductive layer. Any insu-
lating layer which may be on or overlying the portion of
at least one conductive layer that is folded, bent and/or
curved may be arranged, e.g., deformed, for facilitating
the folding, bending and/or curving of the at least one
conductive layer. The carrier substrate may for example
comprise or be constituted by a printed circuit board
(PCB), in which case the non-conductive substrate of the
PCB may constitute the insulating layer(s) and may be
cut or milled, e.g., along a curve or line, while the con-
ductive part of the PCB may constitute the conductive
layer(s) and may be folded, bent and/or curved.
[0008] By way of the first portion and each second por-
tion being arranged in relation to each other such that for
each second portion, the second portion forms an angle
relative to the first portion, it may be facilitated to achieve
a structure of the antenna element such that it has a
relatively small extension along a direction perpendicular
to a surface normal of the first portion of the carrier sub-
strate. That direction may be referred to as a lateral di-
rection. Thus, the antenna element may have relatively
small lateral dimensions compared to its longest wave-
length of operation. Further, the first portion and the sec-
ond portion(s) may be planar, or substantially planar, or
flat or substantially flat.
[0009] By the carrier substrate having the first and sec-
ond portion(s) and with the first portion and each second
portion being arranged in relation to each other such that
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for each second portion, the second portion forms an
angle relative to the first portion, the first and second
portions can be considered as being integral parts of the
carrier substrate.
[0010] The first portion may be considered as a major
part of the carrier substrate, and the second portion(s)
may be considered as minor part(s) of the carrier sub-
strate.
[0011] In use of the antenna element, an RF signal
may be fed to the carrier substrate, wherein RF waves
may be excited from the slot(s) of the carrier substrate.
Generally, the input impedance, peak gain, radiation
beam width, etc. of an antenna element are dependent
on its dimensions. By way of at least the second slots
having a relatively small width, for example 0.25 mm or
less, it may be facilitated to achieve a relatively wide frac-
tional bandwidth over which the antenna element oper-
ates satisfactory, while still keeping the lateral size of the
antenna element small compared to the longest wave-
length of operation.
[0012] Each or any of the slots, e.g., each or any of the
first slots and the second slots, may for example be de-
fined as one or more elongated grooves or indentations,
or one or more elongated cutouts in the carrier substrate,
e.g., in one or more conductive layers of the carrier sub-
strate. In a case where the carrier substrate comprises
at least one conductive layer and at least one insulating
layer (for example, if the carrier substrate comprises a
PCB or the like), each or any of the slots may be formed
in one or more conductive layers of the carrier substrate
(and may be defined by one or more elongated cutouts,
for example), but possibly not in any insulating layer(s).
[0013] For each or any of the slots, e.g., each or any
of the first slots and the second slots, the width of the slot
may vary along at least a portion of the length of the slot,
or even along the entire length of the slot, or the width of
slot may be the same (or substantially the same) along
the entire (or substantially the entire) length of the slot.
In the context of the present application, the width of a
slot may be defined as an average width along at least
a part or portion of the length of the slot.
[0014] The feed points at the first slots may be ar-
ranged to be fed with RF signals and excite the first slots
such that the RF waves radiated from the antenna ele-
ment have wavelengths within a selected wavelength
range, which may have a certain center wavelength and
corresponding center frequency. A width of each or any
of the first slots may be a selected fraction of the center
wavelength. A width of each or any of the first slots may
for example be about 0.004 times the selected center
wavelength. A width of each or any of the first slots may
depend on the properties of the carrier substrate that is
employed, such as, for example, a permittivity of the car-
rier substrate. The carrier substrate is preferably con-
structed such that each or any of the second slots has a
relatively small width. Possibly, the carrier substrate may
be constructed such that each or any of the second slots
has (substantially) the smallest width that can be

achieved for the type of carrier substrate and/or the meth-
od or technique for manufacturing the carrier substrate
that is/are employed. Each or any of the second slots
may for example have a width of 0.25 mm or less. Con-
struction of the carrier substrate such that a width of each
or any of the second slots is as small as possible may
facilitate achieving a decreased lower wavelength limit
of operation.
[0015] As indicated in the foregoing, the carrier sub-
strate may for example comprise or be constituted by at
least one PCB. In alternative, or in addition, the carrier
substrate may comprise or be constituted by at least one
flexible circuit structure. The at least one flexible circuit
structure may for example comprise at least one flexible
foil.
[0016] In the context of the present application, by a
slot of an (or the) antenna element acting as a passive
slot (which alternatively may be referred to as the slot
being a passive slot), which, e.g., each second slot of
the at least one pair of second slots may do, it is meant
that the slot is not primarily excited. This may entail that
the slot acting as a passive slot (such as any of the second
slots) does not have at least one associated feed point
arranged at the slot, with the feed point being arranged
to be fed with RF signals. However, when another slot
of the antenna element, which is primarily excited, such
as any of the first slots (each of which may have at least
one associated feed point at the slot), is fed with RF sig-
nals, RF signals may be conveyed via conductive paths
and/or reactive electromagnetic fields towards the slot
acting as a passive slot, whereby the slot acting as a
passive slot may be secondarily excited with RF signals
by induced electromagnetic fields. This may apply to
each or any slot acting as a passive slot that may be
arranged in or on the carrier substrate.
[0017] The first and second slots of the carrier sub-
strate may be arranged in relation to the first portion of
the carrier substrate and the second portion(s) of the car-
rier substrate in different ways.
[0018] For example, each second slot of the at least
one pair of second slots may extend on or in one of the
at least one second portion of the carrier substrate over
to, and on or in, the first portion of the carrier substrate.
[0019] Possibly, each second slot of the at least one
pair of second slots may extend only on or in one of the
at least one second portion of the carrier substrate, but
not on or in the first portion of the carrier substrate.
[0020] Each first slot of the at least one pair of first slots
may extend on or in the first portion of the carrier sub-
strate. In alternative, or in addition, each first slot of the
at least one pair of first slots may extend on or in one of
the at least one second portion of the carrier substrate.
[0021] The antenna element may for example com-
prise at least two pairs of first slots and at least two pairs
of second slots. The arrangement of the first slots of the
pairs of first slots and the second slots of the pairs of
second slots in or on the carrier substrate, respectively,
may be mirror symmetric with respect to each of two mu-
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tually perpendicular symmetry planes through a center
point of the carrier substrate as seen from above. Such
a configuration of first slots and second slots in the an-
tenna element may facilitate for two orthogonal polariza-
tions in the far field region. The pairs of first slots in the
antenna element are fed independently of each other.
By arranging the first slots of the pairs of first slots and
the second slots of the pairs of second slots in or on the
carrier substrate, symmetrically with respect to each of
two mutually perpendicular symmetry planes through a
center point of the carrier substrate as seen from above,
isolation between the two orthogonal polarizations of the
antenna element may be increased. For each or any pair
of first slots in the antenna element, the first slots of the
pair of first slots may be fed with the same, or substantially
the same, phase values. Feeding the first slots of a pair
of first slots with the same, or substantially the same
phase values, may facilitate or allow for achieving con-
structive interference of RF waves excited from the first
slots of that pair of first slots, at least in a direction parallel
to or coinciding with the antenna element boresight
(which may be in a direction parallel to or coinciding with
a surface normal of the first portion of the carrier sub-
strate). Each or any pair of first slots may be fed by means
of a feed network, which may be configured to transport
RF signals to the feed points. The feed network will be
described further in the following.
[0022] The carrier substrate may for example comprise
at least one conductive layer and at least one insulating
layer. The at least one folded, bent and/or curved portion
of the carrier substrate may be arranged so that the at
least one conductive layer in the first portion of the carrier
substrate and the at least one conductive layer in each
second portion of the carrier substrate are galvanically
adjoined.
[0023] The first portion of the carrier substrate and
each second portion of the carrier substrate may be
formed from at least one portion of the carrier substrate
that is folded, bent and/or curved along at least one line
on the carrier substrate. Each of the at least one line may
be either straight or curved.
[0024] The carrier substrate may for example comprise
at least one conductive layer and at least one insulating
layer. Possibly, each slot of the at least one pair of first
slots and/or each slot of the at least one pair of second
slots may be formed in at least one conductive layer of
the carrier substrate, but not in any insulating layer of the
carrier substrate. Alternatively, each slot of the at least
one pair of first slots and/or each slot of the at least one
pair of second slots may be formed in at least one con-
ductive layer of the carrier substrate and in at least one
insulating layer of the carrier substrate. Particularly in
case a slot of the at least one pair of first slots and/or
each slot of the at least one pair of second slots is formed
in at least one conductive layer of the carrier substrate
and in at least one insulating layer of the carrier substrate,
the slot may be metallized to increase capacitance be-
tween opposite edges of the slot. For example, each slot

of the at least one pair of first slots and/or each slot of
the at least one pair of second slots may be metallized
to increase capacitance between opposite edges of the
slot. Metallizing a slot may entail coating a metal or a
conductive material on the two opposite edges of the slot.
This may decrease the lower frequency of operation of
the antenna element, or, alternatively, make it easier to
produce the carrier substrate for a given lower frequency
limit in case the width of the slot should be relatively small.
The slot’s width could be metallized along a portion of
the length of the slot, or even along the entire (or sub-
stantially the entire) length of the slot. The antenna ele-
ment may be configured such that the RF waves radiated
from the antenna element have wavelengths within a cer-
tain wavelength range. Metallizing one or more slot(s) of
the carrier substrate may facilitate achieving a decreased
lower limit of that wavelength range. In alternative, or in
addition, forming and metallizing a slot of the carrier sub-
strate may entail forming one or more vias or through-
holes in the carrier substrate, and metallizing the via(s)
or through-hole(s).
[0025] As mentioned previously, the carrier substrate
may for example comprise or be constituted by a PCB.
The non-conductive substrate(s) of the PCB may consti-
tute the insulating layer(s), and may for example be cut
or milled, e.g., along a curve or line, while the conductive
part(s) of the PCB may constitute the conductive layer(s).
[0026] In alternative or in addition, the carrier substrate
may comprise a plate, which for example may be made
of metal or another conductive material. Each or any slots
of the carrier substrate (e.g., the first slots and/or the
second slots) may for example be formed by means of
a laser cutting or milling process. A PCB might be at-
tached to the plate, e.g., by means of gluing or some
other similar adhesive technique, to facilitate feeding the
first slots (each of which may have at least one associated
feed point arranged at the slot) with RF signals. The PCB
attached to the plate may hence act as or be part of a
feed network for feeding the first slots.
[0027] As mentioned previously, the carrier substrate
may comprise at least one conductive layer and at least
one insulating layer. The antenna element may comprise
at least one pair of cavities or recesses in at least one
conductive layer of the carrier substrate. Each pair of
cavities or recesses may be associated with a pair of first
slots or a pair of second slots. Each slot of the pair of first
slots or the pair of second slots may extend from a bound-
ary of one of the pair of cavities or recesses in the carrier
substrate to the boundary of the carrier substrate.
[0028] For example, the antenna element may com-
prise at least two pairs of cavities or recesses. The ar-
rangement of the cavities or recesses of the pairs of cav-
ities or recesses may be mirror symmetric with respect
to each of two mutually perpendicular symmetry planes
through a center point of the carrier substrate as seen
from above.
[0029] Each or any cavity or recess of the at least one
pair of cavities or recesses may for example have a shape
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that as seen from above is circular, square, rectangular,
rhombic, rhomboidal, or parallelogrammatic. However,
other shapes are also possible. The shape of a cavity or
recess of the antenna element may be the same or dif-
ferent from the shape of one or more other cavities or
recesses of the antenna element.
[0030] The first portion of the carrier substrate and/or
each or any of the at least one second portion of the
carrier substrate may be planar, or substantially planar.
[0031] The carrier substrate may comprise a plurality
of second portions.
[0032] Each or any second slot of the at least one pair
of second slots (which act as passive slots) may for ex-
ample have a width that is 0.25 mm or less.
[0033] The feed points may be connected to a feed
network of the antenna element. The feed network may
be configured to transport RF signals to the feed points.
The antenna element may comprise at least one stub
connected to the feed network. Each or any of the at least
one stub may be connected at one end thereof (possibly
at only one end thereof) to the feed network and may
have one end that is not connected to the feed network
or any other component. The latter end may be referred
to as a free end. The free end of each or any of the at
least one stub may be open-circuited or short-circuited.
Each or any of the at least one stub may for example
comprise in principle any type(s) of transmission line(s).
[0034] The feed network may include all components
necessary to feed the antenna element with RF signals
having appropriate amplitude and phase values. The
feed network may for example include one or more co-
axial transmission lines, microstrip lines and/or other
types of transmission lines. A person skilled in the art will
recognize that the feed network may be implemented or
realized in different ways and detailed description of the
feed network herein is therefore omitted.
[0035] The antenna element may comprise at least one
at least in part conductive, parasitic patch, which may be
arranged at a distance from the carrier substrate. The
parasitic patch may be referred to as a parasitic element.
[0036] Each or any of the at least in part conductive
parasitic patch(es) may for example be arranged at a
distance from the carrier substrate by means of one or
more dielectric supports or the like, which may be ar-
ranged intermediate the carrier substrate and each or
any of the at least in part conductive parasitic patch(es).
[0037] Each or any of the at least in part conductive
parasitic patch(es) may be constituted by a solid body,
or it may be non-solid, e.g., having one or more holes,
slots, etc.
[0038] In case there are several parasitic patches, the
parasitic patches may for example be arranged (e.g.,
stacked) one above the other, with a selected distance
between different parasitic patches, and/or the parasitic
patches may be arranged side by side.
[0039] Each or any of the at least in part conductive
parasitic patch(es) may be relatively large, e.g., so as to
cover an antenna element arranged beneath it as seen

from above the patch(es), or relatively small, e.g., such
that an antenna element arranged beneath it is partly
visible as seen from above the patch(es).
[0040] Each or any of the at least in part conductive
parasitic patch(es) may have a shape that as seen from
above the patch(es) is for example circular, square, rec-
tangular, rhombic, rhomboidal, or parallelogrammatic. In
case there are several parasitic patches, at least some
parasitic patches may have different shape. Possibly, at
least some parasitic patches may have the same shape.
[0041] Each or any of the at least in part conductive
parasitic patch(es) may be planar, but this is not required,
and other shapes or curvatures of the parasitic patch(es)
are contemplated.
[0042] At least one of the at least one second portion
of the carrier substrate may comprise at least two differ-
ent portions. At least two of the different portions may be
adjoining each other and may be arranged at an angle
with respect to each other. The at least two of the different
portions may for example be formed from at least one
folded, bent and/or curved portion of the carrier substrate.
By way of such at least two different portions of a second
portion of the carrier substrate, it may be further facilitated
to achieve a structure of the antenna element such that
it has relatively small lateral dimensions compared to the
longest wavelength of operation.
[0043] According to a second aspect, an antenna is
provided. The antenna according to the second aspect
comprises a plurality of antenna elements according to
the first aspect, and at least one at least in part conductive
reflector. At least the carrier substrate of each of the an-
tenna elements is arranged at a distance from the at least
one reflector and at a distance from the other antenna
element(s). Thus, the carrier substrate of each of the an-
tenna elements may be arranged at a distance from the
carrier substrate of the other antenna element(s).
[0044] Possibly, at least some, or all, of the antenna
elements may be arranged at one side of the at least one
reflector. For example, the at least one reflector may have
a shape of a plate or disc, and at least some, or all, of
the antenna elements may be arranged at one side there-
of.
[0045] Possibly, at least some, or all, of the antenna
elements may be arranged at the same distance from
the at least one reflector. The antenna elements may for
example be arranged to form an array of antenna ele-
ments. The array of antenna elements may be regular or
irregular. The array of antenna elements must not nec-
essarily be linear, with the antenna elements being ar-
ranged in a succession along an axis (although it may
be), and may be confined in a plane. The at least one
reflector may define an acting ground plane for the an-
tenna elements. The at least one reflector may serve as
a reflecting structure for RF waves radiated from each or
any of the plurality of antenna elements.
[0046] As described in the foregoing, by way of the
configuration of the antenna element according to the
first aspect, it may be facilitated to achieve a relatively
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large fractional bandwidth over which the antenna ele-
ment operates satisfactory, while still keeping the lateral
size of the antenna element relatively small compared to
the longest wavelength of operation. This may facilitate
positioning the antenna elements in the antenna accord-
ing to the second aspect relatively close, while still
achieving a relatively large fractional bandwidth over
which the antenna according to the second aspect may
operate satisfactory. Thereby, the antenna according to
the second aspect may be made relatively compact in
size, and it may hence only require a relatively small
space for installing it in a desired or required space.
[0047] The plurality of antenna elements in the antenna
according to the second aspect may for example be ar-
ranged in an array, which for example may be linear (with
the antenna elements being arranged in a succession
along an axis), or two-dimensional (e.g., with the antenna
elements being arranged along two orthogonal axes).
The distances between adjacent antenna elements
along an axis in the array may for example be the same.
In a two-dimensional array, the distance between adja-
cent antenna elements along one of the two orthogonal
axes may be different from the distance between adja-
cent antenna elements along the other one of the axes.
[0048] According to a third aspect an antenna is pro-
vided. The antenna according to the third aspect com-
prises a plurality of antenna elements according to the
first aspect. At least the carrier substrate of each of the
antenna elements is arranged at a distance from the other
antenna element(s).
[0049] For each or any antenna element of the plurality
of antenna elements in the antenna according to the sec-
ond aspect or the third aspect, the feed points at the first
slots may be arranged to be fed with RF signals and
excite the first slots such that the RF waves radiated from
the antenna element have wavelengths within a selected
wavelength range. The selected wavelength range for
one antenna element may differ from the selected wave-
length range for at least one of the other antenna ele-
ment(s). In alternative, or in addition, a center operating
frequency of the selected wavelength range for one an-
tenna element may differ from a center operating fre-
quency of the selected wavelength range for at least one
of the other antenna element(s). Thus, the antenna ele-
ments in the antenna according to the second aspect or
the third aspect must not necessarily be the same with
respect to frequency/frequencies of RF waves radiated
therefrom (but they could be). For example, the antenna
could comprise a succession of antenna elements, where
each of the antenna elements is in accordance with the
first aspect. Every other antenna element in the succes-
sion could be configured such that the RF waves radiated
from the antenna element have wavelengths within a first
wavelength range, and each of the other antenna ele-
ments in the succession could be configured such that
the RF waves radiated from the antenna element have
wavelengths within a second wavelength range, different
from the first wavelength range. The second wavelength

range could for example be narrower than the first wave-
length range.
[0050] Some, or all, of the antenna elements of the
plurality of antenna elements in the antenna according
to the third aspect may for example be arranged one over
the other, e.g., so as to form a stack of antenna elements.
[0051] For example, the antenna according to the third
aspect may comprise at least a first antenna element and
a second antenna element, wherein the carrier substrate
of the second antenna element is arranged above the
carrier substrate of the first antenna element. The first
antenna element could be configured such that the RF
waves radiated from the first antenna element have
wavelengths within a first wavelength range, and the sec-
ond antenna element could be configured such that the
RF waves radiated from the second antenna element
have wavelengths within a second wavelength range,
different from the first wavelength range. The second
wavelength range could for example be narrower than
the first wavelength range. By providing such a first an-
tenna element and second antenna element in the an-
tenna according to the third aspect, the antenna accord-
ing to the third aspect may be comprised in or constitute
a dual-band antenna. Possibly, each of the first antenna
element and the second antenna element may comprise
an at least in part conductive parasitic patch (e.g., such
as described in the foregoing), which may be arranged
at a distance from the carrier substrate of the first antenna
element and the second antenna element. The parasitic
patch of the first antenna element may act as a reflector
for the second antenna element, or the carrier substrate
of the second antenna element. An at least in part con-
ductive reflector may be arranged beneath, and at a dis-
tance from, at least the carrier substrate of the first an-
tenna element.
[0052] Further objects and advantages of the present
invention are described in the following by means of ex-
emplifying embodiments. It is noted that the present in-
vention relates to all possible combinations of features
recited in the claims. Further features of, and advantages
with, the present invention will become apparent when
studying the appended claims and the description herein.
Those skilled in the art realize that different features of
the present invention can be combined to create embod-
iments other than those described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Exemplifying embodiments of the invention will
be described below with reference to the accompanying
drawings.

Figures 1 to 11 are schematic views of an antenna
element according to one or more embodiments of
the present invention.
Figures 12 to 15 are schematic views from the above
of a parasitic patch in accordance with one or more
embodiments of the present invention.
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Figures 16 to 18 are schematic views from the above
of a portion of a carrier substrate of an antenna ele-
ment in accordance with one or more embodiments
of the present invention.
Figures 19 and 20 are schematic perspective views
of an antenna according to one or more embodi-
ments of the present invention.
Figures 21 and 22 are schematic views of an antenna
element according to one or more embodiments of
the present invention.

[0054] All the figures are schematic, not necessarily to
scale, and generally only show parts which are necessary
in order to elucidate embodiments of the present inven-
tion, wherein other parts may be omitted or merely sug-
gested.

DETAILED DESCRIPTION

[0055] The present invention will now be described
hereinafter with reference to the accompanying draw-
ings, in which exemplifying embodiments of the present
invention are shown. The present invention may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments of the
present invention set forth herein; rather, these embod-
iments are provided by way of example so that this dis-
closure will convey the scope of the present invention to
those skilled in the art.
[0056] Figure 1 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
comprises an at least in part conductive carrier substrate
2. The carrier substrate 2 may for example comprise at
least one conductive layer and at least one insulating
layer. The carrier substrate 2 may for example comprise
or be constituted by a printed circuit board (PCB). In al-
ternative, or in addition, the carrier substrate 2 could for
example comprise or be constituted by at least one flex-
ible circuit structure, which for example may comprise
one or more flexible foils.
[0057] The antenna element 1 comprises at least one
pair of first slots arranged in or on the carrier substrate
2. In accordance with the embodiment of the present in-
vention illustrated in Figure 1, the antenna element 1
comprises two pairs of first slots, 3 and 6, and 4 and 5,
respectively, arranged in or on the carrier substrate 2.
The slots of each pair of first slots 3, 4, 5, 6 may be ar-
ranged opposite to each other, as illustrated in Figure 1
(or substantially opposite to each other).
[0058] Each first slot 3, 4, 5, 6 of the at least one pair
(e.g., two pairs) of first slots 3, 4, 5, 6 has at least one
associated feed point (not illustrated in Figure 1) ar-
ranged at the first slot 3, 4, 5, 6. The feed point(s) asso-
ciated with each first slot 3, 4, 5, 6 is/are arranged to be
fed with radio frequency (RF) signals such that RF waves
are excited from the first slot 3, 4, 5,6.
[0059] The antenna element 1 comprises at least one

pair of second slots arranged in or on the carrier substrate
2. In accordance with the embodiment of the present in-
vention illustrated in Figure 1, the antenna element 1
comprises two pairs of second slots, 7 and 10, and 8 and
9, respectively, arranged in or on the carrier substrate 2.
The slots of each pair of second slots may be arranged
opposite to each other, as illustrated in Figure 1 (or sub-
stantially opposite to each other).
[0060] Each second slot 7, 8, 9, 10 of the at least one
pair (e.g., two pairs) of second slots 7, 8, 9, 10 acts as a
passive (i.e., non-excited) slot. As illustrated in Figure 1,
each slot of the at least one pair (e.g., two pairs) of first
slots 3, 4, 5, 6 and the at least one pair (e.g., two pairs)
of second slots 7, 8, 9, 10 extends from a point in or on
the carrier substrate 2 to the boundary 14 of the carrier
substrate 2.
[0061] Each or any second slot 7, 8, 9, 10 of the at
least one pair of second slots (which act as passive slots)
may for example have a width that is 0.25 mm or less.
Each or any first slot 3, 4, 5, 6 of the at least one pair of
first slots may have a width that is larger than the width
of the second slots 7, 8, 9, 10.
[0062] In accordance with each of the illustrated em-
bodiments of the present invention, including those illus-
trated in Figures 1 to 8, the carrier substrate 2 comprises
at least one conductive layer and at least one insulating
layer. To that end, the carrier substrate 2 may for example
comprise one or more PCBs or the like. Each of the first
slots and the second slots of the carrier substrate 2 is
formed in one or more conductive layers of the carrier
substrate 2, but not in the insulating layer(s) of the carrier
substrate 2, and comprises an elongated cutout formed
in the conductive layer(s) of the carrier substrate 2. It is
to be understood that only the conductive layer(s) of the
carrier substrate 2 are depicted in most of the appended
figures, and that the insulating layer(s) of the carrier sub-
strate 2 is/are not depicted in most figures in order to
more clearly illustrate the arrangement of the first and
second slots in the carrier substrate 2. For example with
reference to Figures 1 to 7, the insulating layer(s) of the
carrier substrate 2 (which thus is/are not shown in those
figures) may overlie the depicted upper side of the con-
ductive layer of the carrier substrate 2. However, Figure
8, which will be further described in the following, depicts
the conductive layer(s) of the carrier substrate 2 as well
as the insulating layer(s) of the carrier substrate 2. It is
to be understood that each or any of the slots in the il-
lustrated embodiments of present invention could be ar-
ranged in one or more conductive layers of the carrier
substrate 2 and possibly in at least one insulating layer
of the carrier substrate 2. Particularly in a case wherein
one or more (or each) of the first slots and the second
slots comprises a slot in the carrier substrate 2 - formed
in at least one conductive layer of the carrier substrate 2
and in at least one insulating layer of the carrier substrate
2 - that or those slots may be metallized to increase ca-
pacitance between opposite edges of the slot(s).
[0063] The carrier substrate 2 comprises a first portion
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11 and at least one second portion 12, 13, wherein each
of the at least one second portion 12, 13 includes a part
or portion of the boundary 14 of the carrier substrate 2.
The first portion 11 of the carrier substrate 2 and each
second portion 12, 13 of the carrier substrate 2 are ad-
joining each other. The first portion 11 of the carrier sub-
strate 2 and each second portion 12, 13 of the carrier
substrate 2 are arranged in relation to each other such
that for each second portion 12, 13 of the carrier substrate
2, the second portion 12, 13 of the carrier substrate 2
forms an angle relative to the first portion 11 of the carrier
substrate 2.
[0064] With reference to Figure 1 as well as Figures 2
to 7, the insulating layer(s) of the carrier substrate 2
(which are not shown in the figures) may overlie the de-
picted conductive layer(s) of the carrier substrate 2 on
both the first portion 11 of the carrier substrate 2 and
each or any second portion 12, 13 of the carrier substrate
2. Since the first portion 11 of the carrier substrate 2 and
each second portion 12, 13 of the carrier substrate 2 are
arranged in relation to each other such that for each sec-
ond portion 12, 13 of the carrier substrate 2, the second
portion 12, 13 of the carrier substrate 2 forms an angle
relative to the first portion 11 of the carrier substrate 2,
the insulating layer(s) of the carrier substrate 2 may not
be planar.
[0065] In accordance with the embodiment of the
present invention illustrated in Figure 1, the carrier sub-
strate 2 comprises four second portions, two of which are
indicated by reference numerals 12 and 13, one of which
is partly visible at the left-hand side in Figure 1 but not
indicated by any reference numeral, and one of which is
not visible in Figure 1 (it is at the second slot 9). As illus-
trated in Figure 1, each of the second portions 12, 13 of
the carrier substrate 2 has a triangular shape. However,
it is to be understood that the second portions 12, 13 of
the carrier substrate 2 may have another or other shapes,
e.g. square or rectangular shapes.
[0066] In accordance with the embodiment of the
present invention illustrated in Figure 1, each second slot
7, 8, 9, 10 of the at least one pair of second slots 7, 8, 9,
10 may extend on or in one of the at least one second
portion 12, 13 of the carrier substrate 2. According to the
embodiment of the present invention illustrated in Figure
1, each of the second slots 7, 8, 9, 10 extends on or in a
respective one of the four second portions of the carrier
substrate 2.
[0067] Further in accordance with the embodiment of
the present invention illustrated in Figure 1, the arrange-
ment of the first slots 3, 4, 5, 6 of the pairs of first slots
3, 4, 5, 6 and the second slots 7, 8, 9, 10 of the pairs of
second slots 7, 8, 9, 10 in or on the carrier substrate,
respectively, is mirror-symmetric (as illustrated in Figure
1) with respect to each of two mutually perpendicular
planes through a center point of the carrier substrate 2
as seen from above the carrier substrate 2. In Figure 1,
the center point may be defined by the point on the carrier
substrate 2 where the first slots 3, 4, 5, 6 would meet if

they all would be extended towards the center of the car-
rier substrate 2.
[0068] The arrangement of the second parts 12, 13 of
the carrier substrate 2 may be mirror-symmetric, e.g.,
with respect to the above-mentioned symmetry planes,
such as illustrated in Figure 1.
[0069] It is to be understood that the antenna element
1 could comprise more than two pairs of first slots and
more than two pairs of second slots. The number of pairs
of first slots and the number of pairs of second slots may
be the same. Irrespective of the number of pairs of first
slots and the number of pairs of second slots, the ar-
rangement of the first slots of the pairs of first slots and
the second slots of the pairs of second slots in or on the
carrier substrate, respectively, is mirror-symmetric with
respect to each of two mutually perpendicular planes
through a center point of the carrier substrate 2 as seen
from above the carrier substrate 2.
[0070] As indicated in Figure 1, the first portion 11 of
the carrier substrate 2 and each second portion 12, 13
of the carrier substrate 2 may for example be formed from
at least one folded or bent portion of the carrier substrate
2. The folded or bent portion of the carrier substrate 2
may be arranged so that for each second portion 12, 13
of the carrier substrate 2, the second portion 12, 13 of
the carrier substrate 2 forms an angle relative to the first
portion 11 of the carrier substrate 2. In accordance with
the embodiment of the present invention illustrated in Fig-
ure 1, the folded or bent portion of the carrier substrate
2 may be arranged so that for each second portion 12,
13 of the carrier substrate 2, the second portion 12, 13
of the carrier substrate 2 forms an angle of 90 degrees,
or substantially 90 degrees, to the first portion 11 of the
carrier substrate 2 (cf. Figure 9). However, angles other
than 90 degrees are contemplated and may be employed
in different embodiments of the present invention (cf. Fig-
ure 10).
[0071] In accordance with the embodiment of the
present invention illustrated in Figure 1, the first portion
11 of the carrier substrate 2 and each of the second por-
tions 12, 13 of the carrier substrate 2 are planar (or sub-
stantially planar). However, it is to be understood that it
is not required that the first portion 11 of the carrier sub-
strate 2 and each of the second portions 12, 13 of the
carrier substrate 2 are planar, and that the first portion
11 and/or any of the second portions 12, 13 may be non-
planar, at least in part.
[0072] As mentioned in the foregoing, each first slot 3,
4, 5, 6 of the at least one pair (e.g., two pairs) of first slots
3, 4, 5, 6 has at least one associated feed point (not
illustrated in Figure 1). The feed points may be connected
to a feed network of the antenna element 1. The feed
network may be configured to transport RF signals to the
feed points. The feed network may include all compo-
nents necessary to feed the antenna element with RF
signals having appropriate amplitude and phase values.
The feed network may for example include one or more
coaxial lines, microstrip lines and/or other types of trans-
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mission lines. A person skilled in the art will recognize
that the feed network may be implemented or realized in
different ways and detailed description of the feed net-
work herein is therefore omitted. The feed network is not
depicted in Figure 1. Two examples of how (parts of) the
feed network may be implemented or realized in an an-
tenna element such as the antenna element illustrated
in Figure 1 are depicted in Figures 21 and 22, respec-
tively.
[0073] In accordance with the embodiment of the
present invention illustrated in Figure 1, the feed network
may comprise, or be connected to, two transmission lines
21, 22 such as coaxial lines. Possibly, the transmission
lines 21, 22 may be comprised in the antenna element
1. The transmission lines 21, 22 may be configured (e.g.,
arranged so that they have a sufficiently high rigidity)
such that they are capable of supporting the carrier sub-
strate 2, for example at a selected distance above an at
least in part conductive reflector (not shown in Figure 1;
cf. Figures 19 and 20). The transmission lines 21, 22 may
at least in part form a structure that may be arranged to
support the carrier substrate 2, for example at a selected
distance above an at least in part conductive reflector.
[0074] It is to be understood that the number of trans-
mission lines illustrated in Figure 1 is exemplifying, and
that there could be fewer or more transmission lines that
may be comprised in the antenna element 1 or the feed
network or that may be connected to the feed network.
In accordance with the embodiment of the present inven-
tion illustrated in Figure 1, there are two pairs of first slots
3, 4, 5, 6, wherein each of the first slots 3, 4, 5, 6 has at
least one associated feed point (not shown in Figure 1)
arranged to be fed with RF signals such that RF waves
are excited from the first slot 3, 4, 5, 6. Thus, in the illus-
trated embodiment, there are four first slots 3, 4, 5, 6
arranged in or on the carrier substrate 2, and two trans-
mission lines 21, 22. Each of the two transmission lines
21, 22 may transport RF signals to the respective feed
point(s) associated with two of the first slot 3, 4, 5, 6 such
that each of the transmission lines 21, 22 feeds two of
the four first slots 3, 4, 5, 6. In such a case, the RF signals
that are conveyed in each of the two transmission lines
21, 22 will generally have to be split for subsequent trans-
port to the respective ones of the two first slots 3, 4, 5, 6
of the four first slots 3, 4, 5, 6. Possibly, each of the first
slots 3, 4, 5, 6 may be fed by a separate transmission
line. For example in case there are four first slots 3, 4, 5,
6, such as in the illustrated embodiment, there may be
at least four transmission lines, and not only two as illus-
trated in Figure 1, where each of the transmission lines
may transport RF signals to the respective feed point(s)
associated with a respective one of the first slot 3, 4, 5,
6. Thus, there may possibly be as many transmission
lines as there is first slots, and each of the transmission
lines may feed a respective one of the first slots. This
applies to any of the embodiments of the present inven-
tion disclosed herein.
[0075] Figure 2 is a schematic perspective view of an

antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 2 is similar to the antenna element 1
illustrated in Figure 1, and the same reference numerals
in Figures 1 and 2 denote the same or similar compo-
nents, having the same or similar functions. The carrier
substrate 2 of the antenna element 1 illustrated in Figure
2 comprises at least one conductive layer and at least
one insulating layer. It is to be understood that only the
conductive layer(s) of the carrier substrate 2 are depicted
in Figure 2, and that the insulating layer(s) of the carrier
substrate 2 is/are not depicted in Figure 2 in order to
more clearly illustrate the arrangement of the first and
second slots in the carrier substrate 2. Compared to the
antenna element 1 illustrated in Figure 1, in the antenna
element 1 illustrated in Figure 2, the second portions 12,
13 of the carrier substrate 2 have a rectangular shape.
As in the embodiment of the present invention illustrated
in Figure 1, the arrangement of the second parts 12, 13
of the carrier substrate 2 are mirror-symmetric with re-
spect to the above-mentioned symmetry planes as de-
scribed in the foregoing with reference to Figure 1.
[0076] Just as the antenna element 1 illustrated in Fig-
ure 1, the antenna element 1 illustrated in Figure 2 may
comprise a feed network. Each feed point that may be
associated with each first slot 3, 4, 5, 6 of the at least one
pair (e.g., two pairs) of first slots 3, 4, 5, 6 may be con-
nected to the feed network. The feed network is not de-
picted in Figure 2. Two examples of how the feed network
may be implemented or realized in an antenna element
such as the antenna element illustrated in Figure 2 are
depicted in Figures 21 and 22.
[0077] In accordance with the embodiment of the
present invention illustrated in Figure 2, the feed network
may comprise, or be connected to, four transmission
lines 21, 22 such as coaxial lines (only two of the trans-
mission lines are indicated by reference numerals in Fig-
ure 2). Each of the transmission lines 21, 22 may trans-
port RF signals to the respective feed point(s) associated
with a respective one of the first slot 3, 4, 5, 6.
[0078] Figure 3 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 3 is similar to the antenna element 1
illustrated in Figure 1 or 2, and the same reference nu-
merals in Figure 1 or 2 and Figure 3 denote the same or
similar components, having the same or similar functions.
Figure 4 is a schematic view from above of the antenna
element 1 illustrated in Figure 3. The carrier substrate 2
of the antenna element 1 illustrated in Figures 3 and 4
comprises at least one conductive layer and at least one
insulating layer. Compared to the antenna element 1 il-
lustrated in Figure 1 or 2, the antenna element 1 illustrat-
ed in Figures 3 and 4 comprises two pairs of cavities 15,
16, 17, 18, e.g., cavities 16 and 18 and cavities 15 and
17, in at least a conductive layer (possibly in more than
one conductive layer) of the carrier substrate 2. Each pair
of cavities 15, 16, 17, 18 (e.g., cavities 16 and 18 and
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cavities 15 and 17) is associated with a pair of second
slots 7, 8, 9, 10 (e.g., the second slots 8 and 9 and the
second slots 7 and 10). Each slot of the pair of second
slots 7, 8, 9, 10 extends from a boundary of one of the
pair of cavities 15, 16, 17, 18 in the carrier substrate 2 to
the boundary 14 of the carrier substrate 2.
[0079] It is to be understood that only the conductive
layer(s) of the carrier substrate 2 are depicted in Figures
3 and 4, and that the insulating layer(s) of the carrier
substrate 2 is/are not depicted in Figures 3 and 4 in order
to more clearly illustrate the arrangement of the first and
second slots in the carrier substrate 2 and the cavities
15, 16, 17, 18.
[0080] It is to be understood that the antenna element
1 may comprise fewer or more than two pairs of cavities.
Further, in alternative or in addition, at least one pair of
cavities might be associated with a pair of first slots 3, 4,
5, 6 (e.g., the first slots 3 and 6, or the first slots 4 and
5). Each slot of the pair of first slots 3, 4, 5, 6 could extend
from a boundary of one of the pair of cavities or recesses
in the carrier substrate to the boundary 14 of the carrier
substrate 2 (this case is not shown in Figures 3 and 4).
Thus, in general, the antenna element 1 may comprise
at least one pair of cavities in at least a conductive layer
of the carrier substrate 2, where each pair of cavities may
be associated with a pair of first slots or a pair of second
slots. Each slot of the pair of first slots or the pair of second
slots may extend from a boundary of one of the pair of
cavities in the carrier substrate to the boundary 14 of the
carrier substrate 2.
[0081] The arrangement of the cavities or recesses of
the pairs of cavities or recesses may be symmetric, e.g.,
with respect to above-mentioned symmetry planes as
described in the foregoing with reference to Figure 1.
Thus, the arrangement of the cavities or recesses of the
pairs of cavities or recesses may be symmetric with re-
spect to each of two mutually perpendicular symmetry
planes through a center point of the carrier substrate 2,
as seen from above the carrier substrate 2. For example,
and in accordance with the embodiment of the present
invention illustrated in Figures 3 and 4, the arrangement
of the cavities 15, 16, 17, 18 of the pairs of cavities 15,
16, 17, 18, e.g., cavities 16 and 18 and cavities 15 and
17, are symmetric with respect to above-mentioned sym-
metry planes as described in the foregoing with reference
to Figure 1.
[0082] In accordance with the embodiment of the
present invention illustrated in Figures 3 and 4, each cav-
ity 15, 16, 17, 18 has a square shape as seen from above
the cavity 15, 16, 17, 18. However, another shape of each
or any cavity 15, 16, 17, 18 is possible, e.g., a circular,
rectangular, rhombic, rhomboidal, or parallelogrammatic
shape. In order to achieve two orthogonal polarizations
in the far field region of antenna element 1, the shape of
each or any of the cavities 15, 16, 17, 18 should be such
that the arrangement of the cavities of the pairs of cavities
is symmetric with respect to each of two mutually per-
pendicular symmetry planes through a center point of the

carrier substrate 2, as seen from above the carrier sub-
strate 2.
[0083] It is to be understood that although the cavities
15, 16, 17, 18 depicted in Figures 3 and 4 are located in
the first portion 11 of the carrier substrate 2, each or any
of the cavities 15, 16, 17, 18 could at least in part be
located in one of the second portions 12, 13 of the carrier
substrate 2. The arrangement/configuration of each or
any of the cavities 15, 16, 17, 18 should however pref-
erably be such that the arrangement of the cavities of the
pairs of cavities is symmetric with respect to each of two
mutually perpendicular symmetry planes through a cent-
er point of the carrier substrate 2, as seen from above
the carrier substrate 2, in order to achieve two orthogonal
polarizations in the far field region of antenna element 1.
[0084] Figure 5 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 5 is similar to the antenna element 1
illustrated in Figure 3, and the same reference numerals
in Figures 3 and 5 denote the same or similar compo-
nents, having the same or similar functions.
[0085] Compared to the antenna element 1 illustrated
in Figure 3, the carrier substrate 2 of the antenna element
1 illustrated in Figure 5 comprises third portions 23, 24,
wherein each of the third portions 23, 24 includes a part
or portion of the boundary 14 of the carrier substrate 2.
The first portion 11 of the carrier substrate 2 and each
third portion 23, 24 of the carrier substrate 2 are adjoining
each other. The first portion 11 of the carrier substrate 2
and each third portion 12, 13 of the carrier substrate 2
are arranged in relation to each other such that for each
third portion 23, 24, the third portion 23, 24 of the carrier
substrate 2 forms an angle relative to the first portion 11
of the carrier substrate 2. Each first slot 3, 4, 5, 6 of the
at least one pair of first slots 3, 4, 5, 6 extends on or in
one of the third portions 23, 24 of the carrier substrate 2.
[0086] In accordance with the embodiment of the
present invention illustrated in Figure 5, the carrier sub-
strate 2 comprises four third portions, two of which are
indicated by reference numerals 23 and 24, and two of
which are partly visible but not indicated by any reference
numerals in Figure 5 (at the first slots 3 and 5, respec-
tively). As illustrated in Figure 5, each of the third portions
23, 24 of the carrier substrate 2 may have a rectangular
shape. However, it is to be understood that the third por-
tions 23, 24 of the carrier substrate 2 may have another
or other shapes, e.g. square or triangular shapes.
[0087] By way of the third portions 23, 24 of the carrier
substrate 2, it may be facilitated to increase the length
of the first slots 3, 4, 5, 6, if desired or required to increase
the length thereof.
[0088] As in the embodiments of the present invention
illustrated in Figures 1 to 3, the arrangement of the sec-
ond parts 12, 13 of the carrier substrate 2 are symmetric,
e.g., with respect to above-mentioned symmetry planes
as described in the foregoing with reference to Figure 1.
It is to be understood that while the second portions 12,
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13 of the carrier substrate 2 have a triangular shape in
Figure 5, the second portions 12, 13 of the carrier sub-
strate 2 may have another or other shapes, e.g. square
shapes. In accordance with the embodiment of the
present invention illustrated in Figure 5, the arrangement
of the third parts 23, 24 of the carrier substrate 2 is also
symmetric, e.g., with respect to above-mentioned sym-
metry planes as described in the foregoing with reference
to Figure 1.
[0089] It is to be understood that the cavities 15, 16,
17, 18 may be omitted in the antenna element 1 illustrated
in Figure 5 (e.g., such as in the antenna element 1 illus-
trated in Figure 1).
[0090] Figure 6 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 6 is similar to the antenna element 1
illustrated in Figure 1 and has the same or similar com-
ponents, having the same or similar function, and refer-
ence numerals for the carrier substrate 2 and related
components are omitted in Figure 6. Compared to the
antenna element 1 illustrated in Figure 1, the antenna
element 1 illustrated in Figure 6 comprises a parasitic
patch 20 arranged at a distance from the carrier substrate
2.
[0091] Figure 7 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 7 is similar to the antenna element 1
illustrated in Figure 3 and has the same or similar com-
ponents, having the same or similar function, and refer-
ence numerals for the carrier substrate 2 and related
components are omitted in Figure 7. Compared to the
antenna element 1 illustrated in Figure 3, the antenna
element 1 illustrated in Figure 7 comprises a parasitic
patch 20 arranged at a distance from the carrier substrate
2.
[0092] With reference to Figure 6 and/or Figure 7, the
parasitic patch 20 may for example be arranged at a dis-
tance from the carrier substrate by means of one or more
dielectric supports or the like (not shown in Figures 6 and
7). The one or more dielectric supports or the like may
be arranged intermediate the carrier substrate and the
parasitic patch 20.
[0093] In accordance with the embodiments of the
present invention illustrated in Figures 6 and 7, the par-
asitic patch 20 is planar (or substantially planar), is con-
stituted by a solid body (having no hole(s) therein), and
has a square shape as seen from above the parasitic
patch 20. However, with reference to Figure 6 and/or
Figure 7, it is to be understood that the parasitic patch
20 may possibly be non-solid (e.g., having one or more
holes, slots, etc.), be non-planar, and/or may have a
shape that as seen from above the parasitic patch 20 is
different from a square (but instead for example circular);
cf. Figures 12 to 15. Also, with further reference to Figure
6 and/or Figure 7, the antenna element 1 may comprise
more than one parasitic patch. In case the antenna ele-

ment 1 would comprise several parasitic patches, the
parasitic patches may for example be arranged (e.g.,
stacked) one above the other, with a selected distance
between different parasitic patches, and/or the parasitic
patches may be arranged side by side.
[0094] Figure 8 is a schematic perspective view of an
antenna element 1 according to one or more embodi-
ments of the present invention. The antenna element 1
illustrated in Figure 8 is similar to the antenna element 1
illustrated in Figure 1, and the same reference numerals
in Figures 1 and 8 denote the same or similar compo-
nents, having the same or similar function. As described
in the foregoing, only the conductive layer(s) of the carrier
substrate 2 is/are depicted in, e.g., Figure 1, while the
insulating layer(s) of the carrier substrate 2 is/are not
shown in order to more clearly illustrate the arrangement
of the first and second slots in the carrier substrate 2.
Figure 8 illustrates also the insulating layer(s) of the car-
rier substrate 2, which insulating layer(s) is/are overlying
one side of the conductive layer(s) of the carrier substrate
2.
[0095] Figures 9 and 10 are schematic side views of
an antenna element according to one or more embodi-
ments of the present invention, each of which may be
configured in the same way or similarly to the antenna
element 1 illustrated in for example Figure 1 or Figure 2.
The same reference numerals in Figures 9 and 10 and
in Figure 1 or Figure 2 denote the same or similar com-
ponents, having the same or similar function. As de-
scribed in the foregoing, for example with reference to
Figure 1, the first portion 11 of the carrier substrate 2 and
each second portion 12, 13 of the carrier substrate 2 are
arranged in relation to each other such that for each sec-
ond portion 12, 13 of the carrier substrate 2, the second
portion 12, 13 of the carrier substrate 2 forms an angle
relative to the first portion 11 of the carrier substrate 2.
To that end, the first portion 11 of the carrier substrate 2
and each second portion 12, 13 of the carrier substrate
2 may for example be formed from at least one folded or
bent portion of the carrier substrate 2. The folded or bent
portion of the carrier substrate 2 may be arranged so that
for each second portion 12, 13 of the carrier substrate 2,
the second portion 12, 13 of the carrier substrate 2 forms
an angle relative to the first portion 11 of the carrier sub-
strate 2. For each second portion 12, 13 of the carrier
substrate 2, the second portion 12, 13 of the carrier sub-
strate 2 may for example form an angle of 90 degrees,
or substantially 90 degrees, relative to the first portion 11
of the carrier substrate 2. Such a case is illustrated in
Figure 9. However, angles other than 90 degrees are
contemplated and may be employed in different embod-
iments of the present invention. Such a case is illustrated
in Figure 10, where for each second portion 12, 13 of the
carrier substrate 2, the second portion 12, 13 of the carrier
substrate 2 forms an angle α, where α ≠ 90 degrees,
relative to the first portion 11 of the carrier substrate 2.
[0096] Figure 11 is a schematic side view of an antenna
element according to one or more embodiments of the
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present invention. The antenna element illustrated in Fig-
ure 11 is similar to the antenna element illustrated in Fig-
ure 9, and the same reference numerals in Figure 11 and
in Figure 9 denote the same or similar components, hav-
ing the same or similar function. Compared to the anten-
na element illustrated in Figure 9, in the antenna element
illustrated in Figure 11, the second portion 12 comprises
two different portions 12a, 12b, and the second portion
13 comprises two different portions 13a, 13b. The por-
tions 12a, 12b of the second portion 12 are adjoining
each other and arranged at an angle with respect to each
other. The angle at which the portions 12a, 12b of the
second portion 12 are arranged in relation to each other
may for example be 90 degrees, or substantially 90 de-
grees, as illustrated in Figure 11, but angles different from
90 degrees are possible. Similarly, the portions 13a, 13b
of the second portion 13 are adjoining each other and
arranged at an angle with respect to each other. The
angle at which the portions 13a, 13b of the second portion
13 are arranged in relation to each other may for example
be 90 degrees, or substantially 90 degrees, as illustrated
in Figure 11, but angles different from 90 degrees are
possible.
[0097] Possibly, each or any of the second portion 12
and the second portion 13 could comprise more than two
different portions, wherein each of the different portions
may be arranged at an angle with respect to at least one
other of the different portions. Generally, each or any of
the second portion 12 and the second portion 13 may
comprise at least two different portions, wherein at least
two of the different portions are adjoining each other and
arranged at an angle with respect to each other.
[0098] Figures 12 to 15 are schematic views from the
above of a parasitic patch 20 in accordance with one or
more embodiments of the present invention, illustrating
different possible shapes of the parasitic patch 20 as
seen from above the parasitic patch 20. As illustrated in
Figure 12, and in accordance with the embodiments of
the present invention illustrated in Figures 6 and 7, the
parasitic patch 20 may have a square (or substantially
square) shape as seen from above. As illustrated in Fig-
ure 14, the parasitic patch 20 may have a circular (or
substantially circular) shape as seen from above. The
parasitic patch may have one or more openings, or
through-holes. Two examples are illustrated in Figures
13 and 15, which illustrate that the parasitic patch 20 may
have a shape as seen from above as a square frame or
a circular ring, respectively, and hence that the parasitic
patch 20 may have a central opening.
[0099] Figures 16 to 18 are schematic views from
above of a portion of a carrier substrate of an antenna
element in accordance with one or more embodiments
of the present invention, illustrating different possible
shapes of a cavity 15 as described in the foregoing. Other
shapes than the ones illustrated in Figures 16 to 18 are
however possible. Even though the cavity is referenced
by the reference numeral 15 in Figures 16 to 18, it is to
be understood that any of the cavities 15, 16, 17, 18 de-

scribed in the foregoing may have a shape as illustrated
in any of Figures 16 to 18.
[0100] As illustrated in Figures 16 and 17, and in ac-
cordance with the embodiments of the present invention
shown in Figures 3 to 5 and 7, the cavity 15 may have a
square (or substantially square) shape as seen from
above. In accordance with the embodiment of the present
invention illustrated in Figure 16, a second slot 7 may be
extending from a boundary of the cavity 15 in the carrier
substrate 2.
[0101] As illustrated in Figure 18, the cavity 15 may
have a circular (or substantially circular) shape as seen
from above. In accordance with the embodiment of the
present invention illustrated in Figure 18, a second slot
7 may be extending from a boundary of the cavity 15 in
the carrier substrate 2.
[0102] As described in the foregoing with reference to
Figure 3, in alternative or in addition, a first slot could be
extending from a boundary of a cavity in the carrier sub-
strate. A cavity associated with a first slot could for ex-
ample have a shape as illustrated in any of Figures 16
to 18.
[0103] Figure 19 is a schematic perspective view of an
antenna 30 according to an embodiment of the present
invention. The antenna 30 comprises a plurality of an-
tenna elements 1 according to embodiments of the
present invention and an at least in part conductive re-
flector 31. According to the embodiment of the present
invention illustrated in Figure 19, each of the antenna
elements 1 is configured in accordance with the antenna
element 1 described with reference to Figure 1. It is how-
ever to be understood that each or any of the antenna
elements 1 could be configured in accordance with an-
other or other embodiments of the present invention.
While Figure 19 illustrates four antenna elements, it is to
be understood that the antenna 30 may comprise more
or fewer than four antenna elements. Each of the antenna
elements 1 - which in the context of the embodiment of
the present invention illustrated in Figure 19 should be
understood as including the carrier substrate 2 but not
including the transmission lines 21, 22 - is arranged at a
distance from the reflector 31 and at a distance from the
other antenna elements 1.
[0104] In accordance with the embodiment of the
present invention illustrated in Figure 19, the antenna
elements 1 are arranged in a succession, and the anten-
na elements 1 are further arranged in an array. In ac-
cordance with the embodiment of the present invention
illustrated in Figure 19, the antenna elements 1 are ar-
ranged in a succession along the x-axis of the coordinate
system (x,y,z) indicated in Figure 19. The array of anten-
na elements must not necessarily be linear, such as il-
lustrated in Figure 19.
[0105] The reflector 31 may define an acting ground
plane for the antenna elements 1. As illustrated in Figure
19, the reflector 31 may be plate-shaped, but this is not
required and other shapes of the reflector 31 are possible.
The reflector 31 may serve as a reflecting structure for
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RF waves radiated from each or any of the antenna el-
ements 1.
[0106] Figure 20 is a perspective view of an antenna
30 according to another embodiment of the present in-
vention. The same reference numerals in Figures 19 and
20 denote the same or similar components, having the
same or similar functions. The antenna elements 1 of the
antenna 30 illustrated in Figure 20 (only some of the an-
tenna elements are indicated by a reference numeral in
Figure 20) are also arranged in an array, but in a two-
dimensional array instead of a linear array as in Figure
19, with successions of antenna elements 1 parallel to
the x-axis and the y-axis of the coordinate system (x,y,z)
indicated in Figure 20. While Figure 20 illustrates four
times four antenna elements, it is to be understood that
the antenna 30 may comprise more or fewer than four
times four antenna elements. Generally, the array of an-
tenna elements may comprise n times m antenna ele-
ments, where n and m are integer numbers.
[0107] It is to be understood that Figures 19 and 20
are both schematic. In particular, the proportion between
the distance between the antenna elements 1 and the
lateral extension of the antenna elements 1 (e.g., along
the x-axis or γ-axis in the xy-plane, as defined by the
coordinate system (x,y,z) indicated in Figures 19 and 20)
in Figures 19 and 20 as well as the proportion between
the lateral extension of the antenna elements 1 and the
distance of the antenna elements 1 from the reflector 31
in Figures 19 and 20 are schematic only and for illustrat-
ing principles of one or more embodiments of the present
invention. Further, the distances between the antenna
elements 1 along the x-axis and/or y-axis in the xy-plane,
as defined by the coordinate system (x,y,z) indicated in
Figures 19 and 20, must not necessarily be the same
(but they could be), and at least some of the distances
may be different. Also, the antenna elements 1 in the
antenna 30 illustrated in any of Figures 19 and 20 must
not necessarily be the same with respect to frequency of
RF waves radiated therefrom (but they could be).
[0108] With reference to any of the embodiments of
the present invention illustrated in Figures 19 and 20, the
reflector 31 may possibly be provided with one or more
through-holes (not shown in Figures 19 and 20) through
which the transmission lines 21, 22 of one or more of the
antenna elements 1 may extend through. This may facil-
itate or allow for the transmission lines 21, 22 to be con-
nected to (part of) a feed network for the antenna 30 that
may be arranged beneath the reflector 31. The transmis-
sion lines 21, 22 may for example be constituted by or
comprise coaxial transmission lines. In such a case, for
one or more of the antenna elements 1, the outer con-
ductors of the coaxial transmission lines may be connect-
ed to the reflector 31, e.g., by means of soldering, at the
ends of the coaxial transmission lines which are closest
to the reflector 31.
[0109] Each of Figures 21 and 22 is a schematic per-
spective view of an antenna element 1 according to one
or more embodiments of the present invention. The an-

tenna element 1 illustrated in Figures 21 and 22 is iden-
tical to the antenna element 1 illustrated in Figure 1. In
Figures 21 and 22 two examples of how (part of) a feed
network 40 of the antenna element 1 may be realized are
depicted. Each feed point that may be associated with
each first slot of the at least one pair (e.g., two pairs) of
first slots may be connected to the feed network 40. As
illustrated in Figures 21 and 22, the feed network (or part
thereof) 40 crosses each first slot. In the antenna element
1 illustrated in Figure 21, the free ends of the parts of the
feed network 40 that have crossed the first slots may be
open-circuited. In the antenna element 1 illustrated in
Figure 22, the free ends of the parts of the feed network
40 that have crossed the first slots may be short-circuited,
e.g., by means of a metallized via connected to ground
(not shown in Figure 22).
[0110] It is to be understood that the (parts of the) feed
networks 40 illustrated in Figures 21 and 22 are exem-
plifying, and that the feed network may be realized in
other ways. For example, while the (parts of the) feed
networks 40 illustrated in Figures 21 and 22 employ
microstrip technology, the feed network could in addition
or in alternative employ stripline technology.
[0111] In conclusion, an antenna element is disclosed.
The antenna element comprises an at least in part con-
ductive carrier substrate. The antenna element compris-
es at least one pair of first slots arranged in or on the
carrier substrate. Each first slot of the at least one pair
of first slots has at least one associated feed point at the
first slot, wherein the feed point is arranged to be fed with
RF signals such that RF waves are excited from the first
slot. The antenna element comprises at least one pair of
second slots arranged in or on the carrier substrate. Each
second slot of the at least one pair of second slots acts
as a passive slot. Each slot of the at least one pair of first
slots and the at least one pair of second slots extends
from a point in or on the carrier substrate to a boundary
of the carrier substrate. The carrier substrate comprises
a first portion and at least one second portion. Each of
the at least one second portion includes a part or portion
of the carrier substrate’s boundary. The first portion of
the carrier substrate and each second portion of the car-
rier substrate are adjoining each other. The first portion
of the carrier substrate and each second portion of the
carrier substrate are arranged in relation to each other
such that for each second portion of the carrier substrate,
the second portion of the carrier substrate forms an angle
relative to the first portion of the carrier substrate. Each
second slot of the at least one pair of second slots may
extend on or in one of the at least one second portion of
the carrier substrate.
[0112] While the present invention has been illustrated
in the appended drawings and the foregoing description,
such illustration is to be considered illustrative or exem-
plifying and not restrictive; the present invention is not
limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the

23 24 



EP 3 934 023 A1

14

5

10

15

20

25

30

35

40

45

50

55

claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the appended
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality. The mere fact that certain meas-
ures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage. Any reference signs in the
claims should not be construed as limiting the scope.

Claims

1. An antenna element (1) comprising:

an at least in part conductive carrier substrate
(2);
at least one pair of first slots (3, 4, 5, 6) arranged
in or on the carrier substrate, each first slot of
the at least one pair of first slots having at least
one associated feed point at the first slot, the
feed point being arranged to be fed with radio
frequency, RF, signals such that RF waves are
excited from the first slot; and
at least one pair of second slots (7, 8, 9, 10)
arranged in or on the carrier substrate, each sec-
ond slot of the at least one pair of second slots
acting as a passive slot;
each slot of the at least one pair of first slots and
the at least one pair of second slots extending
from a point in or on the carrier substrate to a
boundary (14) of the carrier substrate;
wherein the carrier substrate comprises a first
portion (11) and at least one second portion (12,
13), each of the at least one second portion in-
cluding a part or portion of the carrier substrate’s
boundary, wherein the first portion of the carrier
substrate and each second portion of the carrier
substrate are adjoining each other, and wherein
the first portion of the carrier substrate and each
second portion of the carrier substrate are ar-
ranged in relation to each other such that for
each second portion of the carrier substrate, the
second portion of the carrier substrate forms an
angle relative to the first portion of the carrier
substrate, wherein each second slot of the at
least one pair of second slots extends on or in
one of the at least one second portion of the
carrier substrate.

2. An antenna element according to claim 1, wherein
each second slot of the at least one pair of second
slots extends on or in one of the at least one second
portion of the carrier substrate over to, and on or in,
the first portion of the carrier substrate.

3. An antenna element according to claim 1, wherein
each second slot of the at least one pair of second

slots extends only on or in one of the at least one
second portion of the carrier substrate, but not on or
in the first portion of the carrier substrate.

4. An antenna element according to any one of claims
1-3, wherein each first slot of the at least one pair of
first slots extends on or in the first portion of the car-
rier substrate.

5. An antenna element according to any one of claims
1-4, wherein each first slot of the at least one pair of
first slots extends on or in one of the at least one
second portion of the carrier substrate.

6. An antenna element according to any one of claims
1-5, wherein the antenna element comprises at least
two pairs of first slots and at least two pairs of second
slots, and wherein the arrangement of the first slots
of the pairs of first slots and the second slots of the
pairs of second slots in or on the carrier substrate,
respectively, is symmetric with respect to each of
two mutually perpendicular symmetry planes
through a center point of the carrier substrate as seen
from above the carrier substrate.

7. An antenna element according to any one of claims
1-6, wherein the carrier substrate comprises at least
one conductive layer and at least one insulating lay-
er, wherein each slot of the at least one pair of first
slots and/or each slot of the at least one pair of sec-
ond slots is formed in at least one conductive layer
of the carrier substrate and in at least one insulating
layer of the carrier substrate.

8. An antenna element according to claim 7, wherein
each slot of the at least one pair of first slots and/or
each slot of the at least one pair of second slots is
metallized in order to increase capacitance between
opposite edges of the slot.

9. An antenna element according to any one of claims
1-8, wherein the carrier substrate comprises at least
one conductive layer and at least one insulating lay-
er, and wherein the antenna element further com-
prises:
at least one pair of cavities or recesses (15, 16, 17,
18) in at least one conductive layer of the carrier
substrate, each pair of cavities or recesses being
associated with a pair of first slots or a pair of second
slots, wherein each slot of the pair of first slots or the
pair of second slots extends from a boundary of one
of the pair of cavities or recesses in the carrier sub-
strate to the boundary of the carrier substrate.

10. An antenna element according to claim 9, wherein
the antenna element comprises at least two pairs of
cavities or recesses, and wherein the arrangement
of the cavities or recesses of the pairs of cavities or
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recesses is symmetric with respect to each of two
mutually perpendicular symmetry planes through a
center point of the carrier substrate, as seen from
above the carrier substrate.

11. An antenna element according to any one of claims
1-10, wherein the feed points are connected to a
feed network of the antenna element, the feed net-
work being configured to transport RF signals to the
feed points, wherein the antenna element further
comprises at least one stub connected to the feed
network.

12. An antenna element according to any one of claims
1-11, further comprising:
at least one at least in part conductive parasitic patch
(20) arranged at a distance from the carrier sub-
strate.

13. An antenna element according to any one of claims
1-12, wherein at least one of the at least one second
portion (12, 13) of the carrier substrate comprises at
least two different portions (12a, 12b; 13a, 13b),
wherein at least two of the different portions are ad-
joining each other and are arranged to form an angle
with respect to each other.

14. An antenna (30) comprising:

a plurality of antenna elements (1) according to
any one of claims 1-13; and
at least one at least in part conductive reflector
(31);
wherein at least the carrier substrate (2) of each
of the antenna elements is arranged at a dis-
tance from the at least one reflector and at a
distance from the other antenna element(s).

15. An antenna according to claim 14, wherein, for each
antenna element of the plurality of antenna ele-
ments, the feed points at the first slots are arranged
to be fed with radio frequency, RF, signals and excite
the first slots such that the RF waves radiated from
the antenna element have wavelengths within a se-
lected wavelength range, wherein a center operating
frequency of the selected wavelength range for one
antenna element differs from a center operating fre-
quency of the selected wavelength range for at least
one of the other antenna element(s).
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