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(54) Title: INVERTED F-ANTENNAS AT A WIRELESS COMMUNICATION NODE

(57) Abstract: The present invention relates to
anode (1) in a wireless communication arrange-
ment (W), the node (1) comprising an antenna
arrangement (2) which in turn comprises a first
and second inverted F antenna (3, 4). The in-
verted F antennas (3, 4) comprise a correspond-
ing first and second feed connection (5, 9), first
and second ground connection (6, 10) and a
corresponding first and second radiating ele-
ment (7, 11) mainly extending from the respect-
ive ground connection (6, 10) along a corres-
ponding first and second longitudinal extension

(8, 12.) The inverted F antennas (3, 4) are ar-
ranged on, or in, a plane. Furthermore, the first
and second radiating elements(7, 11) are ex-
tending in opposite directions along their re-
spective longitudinal extensions (8, 12) from
the respective ground connections (6, 10), the
first longitudinal extension (8) and the second
longitudinal extension (12) being mutually par-
allel. The closest distance (14) between the first
radiating element (7) and the second radiating
element (11)exceeds 0,4*\ 0, where A O is the
wavelength for the centre frequency (f 0 ) of the
frequency band (f B ) for which the inverted F
antennas (3, 4) are intended.
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TITLE

Inverted F-antennas at a wireless communication node

TECHNICAL FIELD

The present invention relates to a node in a communication system. The node
comprises an antenna arrangement which in turn comprises a first inverted F
antenna and a second inverted F antenna. The first inverted F antenna comprises a
first feed connection, a first ground connection and a first radiating element mainly
extending from the first ground connection along a first longitudinal extension.
Correspondingly, the second inverted F antenna comprises a second feed
connection, a second ground connection and a second radiating element mainly
extending from the second ground connection along a second longitudinal extension.

The inverted F antennas are arranged on, or in, a plane.

BACKGROUND

Omni-directional antennas are often used for small cells such as so-called pico-cells
and indoor coverage. Such antennas are also used at user terminals such as laptops
and cell phones. The radiation pattern requirements will depend on which type of site
and the propagation scenario that the antenna is intended for.

Most common in this context are vertically polarized omni-directional dipole
antennas. When MIMO (Multiple Input Multiple Output) is introduced with several

radio channels, multiple uncorrelated antennas are needed.

An uncorrelated sector antenna can be accomplished by using for example a patch-
antenna with two orthogonal polarizations, vertical and horizontal. Orthogonal omni-
directional antennas are considerably more difficult to accomplish, in particular an
omni-directive, horizontally polarized wide band antenna. Most common is to use the
horizontal distance between vertically polarized antennas to get uncorrelated radio

channels.
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Vertically polarized antennas must be well separated, in the order of several
wavelengths, to achieve good multipath environment and therefore also good MIMO
performance in all directions of the horizontal plane. However, large separation is not
feasible when the antennas need to be integrated in small radio units and on low
frequency bands. Half wave dipoles and micro strip patch antennas, for example, are
relatively large, and a large separation between any two of these antennas becomes
difficult to integrate in a small radio unit.

It is therefore a desire to provide a node in a wireless communication system that
comprises an antenna arrangement that provides omni-directional coverage, an

enhanced MIMO performance and that occupies a relatively small space.

SUMMARY
It is an object of the present invention to provide a node with an antenna
arrangement that provides omni-directional coverage, an enhanced MIMO

performance and that occupies a relatively small space.

Said object is obtained by means of a node in a communication system. The node
comprises an antenna arrangement which in turn comprises a first inverted F
antenna and a second inverted F antenna. The first inverted F antenna comprises a
first feed connection, a first ground connection and a first radiating element mainly
extending from the first ground connection along a first longitudinal extension.
Correspondingly, the second inverted F antenna comprises a second feed
connection, a second ground connection and a second radiating element mainly
extending from the second ground connection along a second longitudinal extension.

The inverted F antennas are arranged on, or in, a plane.

The first radiating element and the second radiating element are extending in
opposite directions along their respective longitudinal extensions from the respective
ground connections, where the first longitudinal extension and the second
longitudinal extension are mutually parallel. The closest distance between the first
radiating element and the second radiating element exceeds 0,4*\o, where Aq is the
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wavelength for the centre frequency of the frequency band for which the inverted F

antennas are intended.
According to an example, the first inverted F antenna comprises a first upper
radiating element and the second inverted F antenna comprises a second upper

radiating element.

According to another example, the plane is in the form of an electrically conducting

ground plane positioned on a dielectric material.

According to another example, the antenna arrangement comprises planar inverted F
antennas and a partially surrounding ground plane, where the inverted F antennas
and the ground plane are arranged in a plane.

More examples are disclosed in the dependent claims.

A number of advantages are obtained by means of the present invention. For

example:

. Suitable for integration into small radio units.

. Low profile and no protruding items.

. Enables enhanced 2x2 MIMO performance.

. Suitable for multiband applications.

. Displays small visual antenna volume .

. Provides an omni-directional antenna radiation pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described more in detail with reference to the

appended drawings, where:

Figure 1 shows a schematic view of a node in a wireless communication system;

Figure 2  shows a schematic perspective side view of an antenna arrangement

according to a first example of the present invention;
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Figure 3  shows a schematic top view of an antenna arrangement according

Figure 2; and

Figure 4  shows a schematic top view of an antenna arrangement according to a

second example of the present invention.

DETAILED DESCRIPTION
With reference to Figure 1, there is a node 1 in a wireless communication
arrangement W. The node 1, which for example may be in the form of a pico station

or a user terminal, comprises an antenna arrangement 2.

With reference also to Figure 2 and Figure 3, showing a first example, the antenna
arrangement 2 comprises a first inverted F antenna 3 and a second inverted F
antenna 4. The first inverted F antenna 3 comprises a first feed connection 5, a first
ground connection 6 and a first radiating element 7 mainly extending from the first
ground connection 6 along a first longitudinal extension 8. Correspondingly, the
second inverted F antenna 4 comprises a second feed connection 9, a second
ground connection 10 and a second radiating element 11 mainly extending from the
second ground connection 10 along a second longitudinal extension 12. The inverted
F antennas 3, 4 are arranged on a plane 13, here in the form of an electrically
conducting ground plane positioned on a dielectric material 17.

The first inverted F antenna 3 comprises a first upper radiating element 15, running
parallel to the first radiating element 7 and being positioned farther away from the
ground plane 13 than the first radiating element 7. Correspondingly, the second
inverted F antenna 4 comprises a second upper radiating element 16, running
parallel to the second radiating element 11 and being positioned farther away from

the ground plane 13 than the second radiating element 11.

Each feed connection 5, 9 is running to, and electrically connecting, the
corresponding first radiating element 7 and second radiating element 11 through a
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corresponding aperture 18, 19 in the ground plane 13. In this way, the feed
connections 5, 9 are not short-circuited to the ground plane 13.

Each radiating element 7, 11, 15, 16 runs parallel to the ground plane 13 and is in the

form of a thin electrically conducting metal strip with a certain width.

According to the present invention, the first radiating elements 7, 15 and the second
radiating elements 11, 16 are extending in opposite directions along their respective
longitudinal extensions 8, 12 from the respective ground connections 6, 10, where
the first longitudinal extension 8 and the second longitudinal extension 12 are
mutually parallel. Furthermore, the closest distance 14 between the radiating
elements 7, 11 exceeds 0,4*Ao, where Ag is the wavelength for the centre frequency fo

of the frequency band fg for which the inverted F antennas 3, 4 are intended.

With reference to Figure 4, showing a second example, it is also conceivable that the
inverted F antennas are formed in one plane as etched structures, more commonly
known as planar inverted F antennas (PIFA:s). This form allows a relatively thin
structure. In Figure 4, there is an antenna arrangement 2’ which comprises a first
planar inverted F antenna 3’ and a second planar inverted F antenna 4’. The first
planar inverted F antenna 3’ comprises a first feed connection 5 with an
interconnecting first via 20, a first ground connection 6’ and a first radiating element
7" mainly extending along a first longitudinal extension 8'. Correspondingly, the
second planar inverted F antenna 4’ comprises a second feed connection 9" with an
interconnecting second via 21, a second ground connection 10’ and a second

radiating element 11’ mainly extending along a second longitudinal extension 12'.

The planar inverted F antennas 3’, 4’ are formed in a plane, having been etched from
an initial copper layer that now forms the planar inverted F antennas 3’, 4’ and a
partially surrounding ground plane 13’. The ground plane 13’ is as in the first example
positioned on a dielectric material 17°.

The first radiating element 7’ and the second radiating element 11’ of the planar
inverted F antennas 3’, 4’ are extending in opposite directions along their respective
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longitudinal extensions 8’, 12’ from the respective ground connections 6’, 10’. The
first longitudinal extension 8" and the second longitudinal extension 12" are mutually
parallel. Furthermore, the closest distance 14’ between the first radiating elements 7’
and the second radiating element 11’ exceeds 0,4*Ag, where Ao is the wavelength for
the centre frequency fy of the frequency band fg for which the planar inverted F

antennas 3’, 4’ are intended.

The interconnecting vias 20, 21 are further connected to a corresponding suitable

feeding device (not shown), such as a corresponding radio unit.

The present invention thus uses two inverted F antennas 3, 4 that are mounted in
opposite directions, i.e. one is rotated 180 degrees relative the other. The inverted F
antennas 3, 4 may be placed at a corner or an edge at the ground plane 13/dielectric
material 17. The separation between the inverted F antennas 3, 4 is such that the
closest distance 14 between the first radiating element 7 and the second radiating
element 11 exceeds 0,4*Ao, where Aq is the wavelength for the centre frequency fo of
the frequency band fg for which the planar inverted F antennas 3, 4 are intended. The
present invention thus lies in the inventors’ awareness of the advantages conferred
by means of the combination of two inverted F antennas 3, 4 that are mounted in
opposite directions, i.e. one is rotated 180 degrees relative the other, and of having a
closest distance 14 between the radiating elements 7, 11 that exceeds 0,4*Ag

according to the above.

By means of the arrangement above, the polarizations of the inverted F antennas 3,
4 become mutually orthogonal. For example, if the radiated power at the first feed
connection 5 has right hand circular polarization, the radiated power at the second

feed connection 9 has left hand circular polarization.

The inverted F antennas 3, 4 are oriented so that the antenna patterns are
uncorrelated and have a good gain balance in all directions of the horizontal plane.
This concept creates an omni-directional antenna with uncorrelated patterns and
hence good MIMO (Multiple Input Multiple Output) performance.
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Figure 2 and Figure 3 show two inverted F antennas 3, 4 mounted at the edges of a
ground plane 13 in a node 1. In a functional example, the inverted F antennas 3, 4
are mounted in a sink that will have an additional environmental cover. The inverted
F antennas 3, 4 are furthermore tuned to be operating at a relatively low centre
frequency such as 720 MHz, which is low in relation to the electrical size of the
ground plane 13. This is only one example, many other types of arrangements and

frequencies are of course conceivable.

In comparison, two dipoles would need to be mounted on top of the unit. These
would constitute protruding objects that would disturb mounting and/or handling of
the node itself.

An inverted F antenna is an inherently much smaller antenna element than for
example a half-wave dipole or a microstrip patch antenna. The resonant size of an
inverted F antenna is only one quarter of a wavelength, and it can be made very thin.

The present invention is not limited to the examples above, but may vary freely within
the scope of the appended claims. For example, the inverted F antennas 3, 4 are
shown as having equal design; this is not necessary, and they may have design
differences as long as the functionality is preserved.

Although each inverted F antenna 3, 4 has been shown to have two radiating
elements each, this is only by way of example. Each inverted F antenna 3, 4 may
comprises any number of radiating elements, but at least one which is connected to
feed connection. As an example, one inverted F antenna may have two radiating

elements and the other inverted F antenna may have one radiating element.

The inverted F antennas 3, 4 do not have to be positioned facing each other along
their respective longitudinal extensions 8, 12, but each inverted F antennas 3, 4 may
be suitably positioned along its longitudinal extension 8, 12.

Although the description above has related to a RBS in a wireless communications

system, the present invention may relate to any type of node 1 in a communication
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system 2, where communication either is wireless and/or via some type of wire such
as copper or fiber. The node may be constituted by a hand-held device or a base
station, for example a base station, a repeater device or a user terminal that is
communicating with another device. A user terminal may for example be in the form

of a cell phone, a laptop computer or a touch pad device.

The present invention applies to any F-shaped antenna, such as the previously
described planar inverted F-antenna (PIFA), and may be realized in various forms
and implementations. For example, the strips forming the inverted F antennas in the
first example may be made in any suitable conducting material, even metalized
plastic. A PIFA may have radiating elements that are meandered in order to occupy
less surface area.

The antenna arrangement 2 is arranged to be used in both transmission and
reception, normally having reciprocal radiation properties.

The inverted planar F antennas 3’, 4’ and the ground plane 13" may for example
either be etched from an initial copper layer that is positioned on a dielectric material
17°, or formed from sheet metal parts that are positioned on a carrier material, such
as a dielectric material 17°. Such sheet metal parts may be cut out from a larger

sheet of metal, for example by means of a laser cutting device.

Terms such as orthogonal and parallel are not to be interpreted as mathematical
exact, but within what is practically obtainable within this field of technology.
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CLAIMS

1. A node (1) in a wireless communication arrangement (W), the node (1)
comprising an antenna arrangement (2), the antenna arrangement (2) in turn
comprising a first inverted F antenna (3) and a second inverted F antenna (4), the
first inverted F antenna (3) comprising a first feed connection (5), a first ground
connection (6) and a first radiating element (7) mainly extending from the first ground
connection (6) along a first longitudinal extension (8), and the second inverted F
antenna (4) comprising a second feed connection (9), a second ground connection
(10) and a second radiating element (11) mainly extending from the second ground
connection (10) along a second longitudinal extension (12), the inverted F antennas
(3, 4) being arranged on, or in, a plane (13), characterized in that the first radiating
element (7) and the second radiating element (11) are extending in opposite
directions along their respective longitudinal extensions (8, 12) from the respective
ground connections (6, 10), the first longitudinal extension (8) and the second
longitudinal extension (12) being mutually parallel, where the closest distance (14)
between the first radiating element (7) and the second radiating element (11)
exceeds 0,4*A\g, where Ao is the wavelength for the centre frequency (fo) of the
frequency band (fg) for which the inverted F antennas (3, 4) are intended.

2. A node according to claim 1, characterized in that the first inverted F
antenna (3) comprises a first upper radiating element (15) and that the second
inverted F antenna (3) comprises a second upper radiating element (16).

3. A node according to any one of the claims 1 or 2, characterized in that

each radiating element runs parallel to the plane (13).

4. A node according to any one of the previous claims, characterized in
that the plane (13) is in the form of an electrically conducting ground plane positioned
on a dielectric material (17).
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5. A node according to claim 4, characterized in that each feed connection
(5, 9) is running to the corresponding radiating element (7, 11) through a
corresponding aperture (18, 19) in the ground plane (13).

6. A node according to claim 1, characterized in that the antenna
arrangement (2) comprises planar inverted F antennas (3’, 4') and a partially
surrounding ground plane (13’), where the inverted F antennas (3, 4’) and the

ground plane (13’) are arranged in a plane.

7. A node according to claim 6, characterized in that the inverted F
antennas (3', 4’) and the ground plane (13’) either are etched from an initial copper
layer that is positioned on a dielectric material (17°), or are formed from sheet metal
parts that are positioned on a carrier material.
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