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(54)  In-built FM antenna

(57)  The presentinvention relates to a portable com-
munication device comprising a main unit (10) compris-
ing a radio circuit (30) for connection to an antenna ele-
ment, a ground plane (23), a loop antenna element (26)
connected to the radio circuit and the ground plane, and
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a tuning network between the radio circuit and the loop
antenna element. The loop antenna element is provided
at a distance (d) from the ground plane. This invention
allows the provision of an FM antenna within the main
unit that is less sensitive to changes in the surrounding
area.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the field of an-
tennas and more particularly to a portable communica-
tion device with an antenna provided inside the device.

DESCRIPTION OF RELATED ART

[0002] Cellular phones are today provided with more
and more functions. Examples of such functions are MP3
players and cameras.

[0003] Atthe same time the phones are getting smaller
and smaller. There are therefore continuing efforts by the
phone manufacturers to place devices providing this
functionality in a very limited space inside the device.
[0004] One function that has evolved recently is the
reception of radio stations, and then preferably FM radio.
The phone then includes a radio receiver, which can be
combined with the normal wireless network communica-
tion circuits of the phone. The problem that remains to
be solved is then that of the antenna.

[0005] Standard in-built phone antennas used in other
areas are normally quarter or half-wavelength antennas.
However, such antennas have too big dimensions for
being used as internal FM radio antennas. One such
known antenna is described in WO-02/27862. Here a
loop antenna element adapted for GPS signal reception
is described for use In a phone.

[0006] This has led to the practice of using an acces-
sory, such as a hands free set including an ear phone
connected to the system connector of the phone via a
long cord. This cord then functions as antenna. The sys-
tem connector then also normally has connections for
connection to charger, which is also an accessory. How-
ever, if a charger is connected to the phone at the same
time as another accessory is working as antenna, the
antenna Is short circuited and then no radio signals can
be received.

[0007] For that reason and other reasons, like for in-
stance removal of the need for extra devices and the
provision of a more aesthetic appearance, there have
been suggested FM antenna solutions that are provided
Inside the phone.

[0008] These are essentially so-called electrical dipole
solutions. In for Instance EP-1294046, there is provided
a meander antenna working as an FM antenna and in
WO-2004/0191233 there are provided two parallel con-
ductors working as an FM antenna inside a phone.
[0009] However the electrical dipole antenna is sensi-
tive to changes in the environment. If for Instance a user
is holding the phone close to his body, the performance
of such an antenna is affected in a negative way. An
electrical dipole antenna is furthermore sensitive to
changes in the size of the ground plane, which can occur
because of for instance the connection of accessories to
the phone. Also this change in size of the ground plane
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degrades the performance of the electrical dipole anten-
na.

[0010] There is thus a need for an improved inbuilt FM
antenna solution and especially one that is less sensitive
to changes in the surrounding area.

SUMMARY OF THE INVENTION

[0011] The presentinvention is directed towards solv-
ing the problem of providing a portable communication
device having a main unit with an improved inbuilt anten-
na, and especially one that is less sensitive to changes
in the surrounding area.

[0012] The object of the present invention is thus to
provide a portable communication device having a main
unit with an in-built antenna and especially one that is
less sensitive to changes in the surrounding area.
[0013] According to a first aspect of the present inven-
tion, this object Is achieved by a portable communication
device comprising:

a main unit comprising:

a radio circuit for connection to an antenna ele-
ment,

a ground plane,

a loop antenna element connected to the radio
circuit and the ground plane, and

a tuning network between the radio circuit and
the loop antenna element, wherein the loop an-
tenna elementis provided at a distance from the
ground plane.

[0014] A second aspect of the present invention is di-
rected towards a portable communication device includ-
ing the features of the first aspect, wherein the tuning
network is arranged to tune the antenna to a radio station
broadcast frequency range.

[0015] A third aspect of the present Invention is direct-
ed towards a portable communication device including
the features of the second aspect, wherein the frequency
range is the range of 88 to 108 MHz.

[0016] A fourth aspect of the present invention is di-
rected towards a portable communication device includ-
ing the features of the first aspect, further comprising an
electrical interface to auxiliary units, wherein the electri-
cal interface has a connection to the ground plane.
[0017] Afifth aspect of the presentinventionis directed
towards a portable communication device including the
features of the fourth aspect, further comprising at least
one auxiliary unit connectable to at least the connection
to the ground plane of the electrical interface.

[0018] A sixth aspect of the present invention Is direct-
ed towards a portable communication device Including
the features of the first aspect, wherein at least one ele-
ment of the device is provided inside the loop of the loop
antenna element.

[0019] A seventh aspect of the present invention is di-
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rected towards a portable communication device includ-
ing the features of the first aspect, wherein the loop an-
tenna element has an essentially rectangular shape.
[0020] An eighth aspect of the present invention is di-
rected towards a portable communication device includ-
ing the features of the first aspect, wherein the distance
between the loop antenna element and the ground plane
is at least about 5 mm.

[0021] A ninth aspect of the presentinvention is direct-
ed towards a portable communication device including
the features of the first aspect, wherein the cross section
of the loop antenna element has an area in the range of
0.1-10 mm2.

[0022] Atenthaspectof the presentinvention is direct-
ed towards a portable communication device incnding
the features of the ninth aspect, wherein the cross section
of the loop antenna element has a diameter of approxi-
mately 1 mm.

[0023] An eleventh aspect of the present invention is
directed towards a portable communication device in-
cluding the features of the first aspect, further comprising
a notch filter connected between the loop antenna ele-
ment and the tuning network.

[0024] A twelfth aspect of the present invention is di-
rected towards a portable communication device includ-
ing the features of the first aspect, in which it is a cellular
phone.

[0025] The invention has the following advantages. It
is not very sensitive to changes of the surrounding area,
like changes of the ground plane or objects being close
to the main unit. In fact an enlarged ground plane even
enhances the antenna efficiency. There is furthermore
no need to match any auxiliary units that are connected
to the main unit, which is otherwise needed when for
instance an ear phone cord is used as antenna. The loop
antenna elementis furthermore cheap to produce, occu-
pies little space, can be very thin and does not increase
the thickness of the main unit.

[0026] It should be emphasized that the term "com-
prises/comprising" when used in this specification is tak-
en to specify the presence of stated features, integers,
steps or components, but does not preclude the presence
or addition of one or more other features, integers, steps,
components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention will now be described in
more detail in relation to the enclosed drawings, in which:

fig. 1 schematically shows a front view of a cellular
phone according to the invention,

fig. 2 schematically shows a side view of a circuit
board inside the phone on which elements relevant
to the present invention are placed including an an-
tenna element,

fig. 3 schematically shows a front view of the circuit
board of fig. 2 together with relevant elements, and
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fig. 4 schematically shows different electrical ele-
ments inside the phone of fig. 1 for operating the
antenna according to the present invention together
with additional elements.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] A portable communication device according to
the invention will now be described in relation to a cellular
phone, which is a preferred variation of the invention.
The portable communication device can be based on an-
other type of device though, like a cordless phone, a PDA
or any other type of portable device communicating with
radio waves.

[0029] Fig. 1 schematically shows a front view of a cel-
lular phone 10, which is a main unit of the portable com-
munication device according to the invention. The phone
10 includes a keypad 12 and a display 14. The phone is
furthermore provided with an electrical interface to aux-
iliary units in the form of a system connector 16 to which
a first auxiliary unit In the form of an ear phone 18 is
connected. The ear phone 18 can be provided in a port-
able hands free device and then be combined with a mi-
crophone. The ear phone 18 is connected to the system
connector 16 via a cord. To the system connector 16
there is also connected a second auxiliary unit in the form
of a charger 20 for powering a battery of the phone 10.
The charger 20 is here depicted as being connected to
the phone via a cord. It can however also be connected
to it in some other way via for instance a desk stand,
which desk stand would then be directly connected to
the system connector 16.

[0030] In fig. 2 there is shown a side view of a circuit
board 22 Inside the phone 10, which includes some of
the elements of the present invention. On one side of the
circuit board 22 there Is provided a battery 24. This bat-
tery 24 powers the different electrical circuits and com-
ponents in the phone 10. Above the battery on a distance
d there Is provided a loop antenna element 26, which is
connected to the circuit board via interconnecting con-
nectors 28. The loop antenna element 26 Is provided a
distance d above the circuit board, which is at least 5
mm. Generally speaking, the higher above the board the
loop antenna element 26 can be placed, the better it is.
However, often the size limitations of the phone puts a
limit to the distance. On the opposite side of the board
there is provided a radio circuit 30 for reception of radio
signals. The radio circuit 30 can be provided in an ASIC
circuit which combines a number of functions, like for
instance mobile cellular radio communication functions
as well as FM radio reception functions. The board 22
also functions as a ground plane for the antenna. One
end of the loop antenna element 26 is connected to the
radio circuit 30 via a tuning network and another is con-
nected to ground 23.

[0031] Fig. 3 schematically discloses the loop antenna
element 26 and the battery 24 provided on the circuit
board 22. Also the system connector 16 is displayed.
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Here it can be seen that the loop antenna element 26 is
in the shape of a rectangle that encircles the battery 24.
The loop antenna element 26 preferably has a circular
cross section with an area in the range of 0.1 - 10 mm2.
The cross-section has furthermore preferably a diameter
of about 1 mm. It should however be reallsed that it can
have other shapes, like having a rectangular cross sec-
tion, and other diameters. The loop antenna element 26
is also preferably distanced from the battery 24 with about
1 mm. The positioning of the feeding point of the loop
antenna element is not limited to any of the two positions
indicated In fig. 3, but can be placed anywhere along the
loop.

[0032] Fig. 4 shows a block schematic of a number of
circuits connected to the loop antenna element 26. The
feeding end of the loop antenna element 26 is connected
to a notch filter 31. The notch filter 31 comprises an in-
ductor 33 in parallel with a first capacitor 35, the function
of the notch filter 31 will be described later. The notch
filter 31 is connected to a tuning network 32 that is based
on a CC circuit having a second capacitor 34 connected
to a third capacitor 36. One end of the second capacitor
36 is here connected to ground 22, while the other end
is connected to the second capacitor 34 and to an am-
plifier 38. The amplifier 38 is in turn connected to an im-
pedance matching circuit 40 comprising a capacitor 42.
The impedance matching circuit 40 Is furthermore con-
nected to the radio circuit 30. The radio circuit 30 is con-
nected to an ASIC circuit (not shown) providing demod-
ulation and sound and is also connected to the system
connector 16 via ground 22. The system connector 16
has three terminals 46, 48, 50, where a first 46 is con-
nected to ground and a second and a third 48 and 50 are
intended to be connected to conductors provided In the
cord of the ear phone for providing sound from the ASIC
circuit. The system connector 16 further comprises a
fourth and afifth terminal 52 and 54 that lead to the battery
24 via two conductors. These terminals 52 and 54 are
intended to get connected to a charger for allowing charg-
ing of the battery 24.

[0033] In normal operation of the phone for use of re-
ceiving of radio station signals, the loop antenna element
Is set to a radio station broadcast frequency range or
frequency band by the tuning network. This tuning net-
work can also be set to be tuned to different transmission
frequencies within the band. This network can be fixed
to the FM band, which is 88 - 108 MHz, but it is also
possible to let it be variable for instance by using a var-
iable capacitance in the CC circuit for allowing other radio
transmission frequencies. It is also possible to set the
antenna for reception of the specific frequencies used by
the radio stations. This is done by influencing the tuning
network, which can be controlled via the radio circuit. The
received signals are then amplified by the amplifier be-
fore being provided to the radio circuit, which can then
emit the sound either in a speaker in the device or in the
ear phone. Because of this there is no need for the loop
antenna element to have a size that is half of a wave-
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length of the transmission wavelength, which allows the
size reduction of the antenna element so that it fits into
the portable communication device. For best perform-
ance of the loop antenna element, there is always pro-
vided air between the loop antenna element and ground,
although at times some other elements might stretch Into
this area between loop antenna elementand ground. The
notch filter has the function of degrading the matching of
the tuning network at a certain frequency, which frequen-
cy is preferably the frequency of another antenna in the
phone provided for transmitting radio signals, like voice
communication signals according to a cellular phone
communication standard, for instance GSM. In this way
it Is ensured that such radio communication does not
Influence the FM radio reception too much.

[0034] The loop antenna element functions as a mag-
netic dipole antenna. This type of antenna is not as sen-
sitive to changes In the surrounding area, like changes
in the size of the ground plane or changes because of
objects being close to the antenna element, like the body
of the user of the phone. An electric dipole Is on the other
hand much sensitive to these changes of the surrounding
area. There is yet another advantage of the antenna so-
lution and that is that it is possible to have a charger and
ear phone connected to the system connector at the
same time, which is not possible when the cord of the
ear phone is used as an antenna. With this prior solution,
the connection between the battery and the charger
would short circuit the antenna, and no reception would
be possible.

[0035] As mentioned above, electric dipole antennas
are sensitive to changes of the ground plane used. How-
ever the magnetic dipole antenna is not. This means that
a connection of an ear phone and/or of a charger either
via a cord or a desk stand to the phone, which has the
consequence of enlarging the ground plane, does not
negatively Influence the efficiency of the loop antenna
element. In fact an enlarged ground plane even enhanc-
es the antenna efficiency. There is furthermore no need
to match any accessories that are connected to the sys-
tem connector, which is otherwise needed when the ac-
cessory is used as antenna. This means that radio re-
ception is better when the phone Is connected to a desk
stand, a charger or an ear phone via a cord. The antenna
is furthermore cheap to produce, occupies little space,
can be very thin and does not Increase the thickness of
the phone. It is furthermore possible to provide the
present loop antenna element round the battery, which
is a placing that an electrical dipole antenna cannot have.
[0036] The present invention can be varied in many
ways. It is possible to have the loop antenna element
have several other types of shapes including being of
meandering shape. The loop antenna element can fur-
thermore be provided as a thread, a trace etched onto a
flex film be moulded or be of pressed metal. It can also
be provided on the inside of the battery cover that is nor-
mally used for the battery. It can also be provided as a
pattern in the chassis of the phone. The invention was
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furthermore described in relation to the FM band, It is
possible also to apply the present invention to other radio
frequency bands, like VHF. The radio circuit need not be
provided on the opposite side of the circuit board com-
pared with the loop antenna element. It can just as well
be provided on the same side. In fact the radio circuit can
be placed anywhere on the circuit board The tuning net-
work is not limited to the tuning network described, It can
have more or fewer components and also for instance
include a capacitor the capacitance of which can be var-
ied. The tuning network can apart from being a CC net-
work also be an LC network or any suitable tuning net-
work. The Impedance matching network can furthermore
be omitted. It is furthermore possible to have other ele-
ments than the battery inside the loop. The portable com-
munication device can be provided as only the main unit,
which is here a phone, or both the main unit and at least
one additional unit, like the ear phone and/or the charger.
An auxiliary unit can furthermore be connected to one or
more of the terminals of the system connector, but pref-
erably always to the ground potential. The electrical in-
terface described above does not have to be provided In
the form of a system connector. Electrical interfaces can
justas well be provided as a separate charger connection
and ear phone jack, These electrical interfaces do fur-
thermore not have to be provided at the bottom of the
phone, but can be provided elsewhere on the phone.
[0037] The invention is therefore only to be limited by
the accompanying claims.

Claims
1. Portable communication device comprising:
a main unit (10) comprising:

a radio circuit (30) for connection to an an-
tenna element,

a ground plane (22),

a loop antenna element (26) connected to
the radio circuit and the ground plane, and
a tuning network (32) between the radio cir-
cuit and the loop antenna element,

wherein the loop antenna element is provided at a
distance (d) from the ground plane.

2. Device according to claim 1, wherein the tuning net-
work is arranged to tune the antenna to a radio sta-
tion broadcast frequency range.

3. Device according to claim 2, wherein the frequency
range is the range of 88 to 108 MHz.

4. Portable communication device according to any
previous claim, further comprising an electrical inter-
face (16) to auxiliary units (18, 20), wherein the elec-
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10.

11.

12.

trical Interface has a connection (46) to the ground
plane.

Portable communication device according to claim
4, further comprising at least one auxiliary unit (18,
20) connectable to at least the connection to the
ground plane of the electrical interface.

Portable communication device according to any
previous claim, wherein at least one element (24) of
the device is provided Inside the loop of the loop
antenna element.

Portable communication device according to any
previous claim, wherein the loop antenna element
has an essentially rectangular shape.

Portable communication device according to any
previous claim, wherein the distance between the
loop antenna element and the ground plane is at
least about 5 mm.

Portable communication device according to any
previous claim, wherein the cross section of the loop
antenna element has an area in the range of 0.1 -
10 mm?2.

Portable communication device according to claim
9, wherein the cross-section of the loop antenna el-
ement has a diameter of approximately 1 mm.

Portable communication device according to any
previous claim, further comprising a notch filter (31)
connected between the loop antenna element and
the tuning network.

Portable communication device according to any
previous claim, in which it is a cellular phone.
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