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(54) Antenna device and portable radio communication device comprising such antenna device

(57) An antenna device for a portable radio commu-
nication device, preferably for the FM frequency range,�
comprises a radiating element (10), and an amplifier

stage. By providing the radiating element as a half-�loop
radiating element, the noise figure is essentially flat
across the entire operating frequency range, giving ad-
equate signal to noise ratio despite gain variances.
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Description

FIELD OF INVENTION

�[0001] The present invention relates generally to an-
tenna devices and more particularly to an antenna device
for use in a radio communication device, such as a mobile
phone, which is adapted for radio signals having a rela-
tively low frequency, such as radio signals in the FM
band.

BACKGROUND

�[0002] Internal antennas have been used for some
time in portable radio communication devices. There are
a number of advantages connected with using internal
antennas, of which can be mentioned that they are small
and light, making them suitable for applications wherein
size and weight are of importance, such as in mobile
phones.
�[0003] However, the application of internal antennas
in a mobile phone puts some constraints on the config-
uration of the antenna element. In particular, in a portable
radio communication device the space for an internal an-
tenna arrangement is limited. These constraints may
make it difficult to find a configuration of the antenna that
provides for a wide operating band. This is especially
true for antennas intended for use with radio signals of
relatively low frequencies as the desired physical length
of such antennas are large compared to antennas oper-
ating with relatively high frequencies.
�[0004] One specific application operating in a relatively
low frequency band is the FM radio application. The FM
band is defined as frequencies between 88-108 MHz in
Europe or between 76-110 MHz in the USA. Prior art
conventional antenna configurations, such as loop an-
tennas or monopole antennas, fitted within the casing of
a portable radio communication device will result in un-
satisfactory operation in that the antenna either has too
bad performance over a sufficiently wide frequency band
or sufficient performance over a too narrow frequency
band.
�[0005] Instead, a conventional FM antenna for porta-
ble radio communication devices is provided in the head-
set wire connected to the communication device. This
configuration with a relatively long wire permits an an-
tenna length that is sufficient also for low frequency ap-
plications. However, if no external antenna is permitted
this solution is obviously not feasible.
�[0006] Another problem is that in case a second an-
tenna, such as a GSM antenna, is provided in the same
communication device as the FM antenna, this second
antenna interferes with the operation of the FM antenna.

SUMMARY OF THE INVENTION

�[0007] An object of the present invention is to provide
an internal antenna device for use in a portable radio

communication device, which operates with sufficient
performance throughout a frequency band having a rel-
atively low frequency, such as the FM radio band.
�[0008] The invention is based on the realization that
an active internal antenna can be configured as a half-
loop antenna.
�[0009] According to the present invention there is pro-
vided an antenna device for a portable radio communi-
cation device adapted for receiving radio signals in at
least a first operating frequency band, said antenna de-
vice comprising a radiating element comprising a feeding
portion, and an amplifier stage connected to the feeding
portion of the radiating element and connectable to a
receiver device for radio signals, the antenna device be-
ing characterized in that the radiating element is a half-
loop radiating element.
�[0010] A portable radio communication device com-
prising such an antenna device is also provided.
�[0011] The antenna device according to the invention
provides operation with sufficient performance through-
out a frequency band having a relatively low frequency,
such as the FM radio band. By using a half-�loop antenna,
it has been found that the noise figure is essentially flat
across the entire operating frequency range, giving ad-
equate signal to noise ratio despite gain variances.
�[0012] In a preferred embodiment, the antenna device
comprises a printed circuit board provided with a ground
plane, wherein the feeding portion of the radiating ele-
ment is provided at or close to one end of the printed
circuit board and the end of the radiating element oppo-
site to the feeding portion is grounded at or close to the
other end of the printed circuit board. In this way the area
of the printed circuit board is used to a maximum.
�[0013] A capacitor is preferably connected between
the radiating element and ground relatively close to the
feeding portion of the radiating element. This capacitor,
which preferably has a value of 10-40 pF, increases
source resistance seen by the transistor of the amplifier,
thus matching noise and increasing stability. Also, since
the radiating element is essentially grounded at or close
to the ends of the printed circuit board where the E field
of a primary antenna device, such as a GSM antenna, is
large, cross- �talk from this primary antenna is minimized.
�[0014] Further preferred embodiments are defined in
the dependent claims.

BRIEF DESCRIPTION OF DRAWINGS

�[0015] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:�

FIG. 1 is a schematic diagram showing an antenna
device according to the invention connected to an
FM receiver circuit;

FIG. 2 is a diagram showing in more detail a first
embodiment of an antenna device according to the
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invention;

FIG. 3 is a diagram showing in more detail a second
embodiment of an antenna device according to the
invention;

FIG. 4 is a schematic view of a radiating element
configuration of an antenna device according to the
invention;

FIG. 5 is a schematic view of a multi- �turn radiating
element configuration of an antenna device accord-
ing to the invention;

FIG. 6 is a perspective partially cut- �away view of an
antenna device according to the invention mounted
in a portable radio communication device; and

FIG. 7 is a perspective partially cut- �away view of an
alternative antenna device according to the invention
mounted in a portable radio communication device.

DETAILED DESCRIPTION OF THE INVENTION

�[0016] In the following, a detailed description of pre-
ferred embodiments of an antenna device and a portable
radio communication device according to the invention
will be given.
�[0017] In the following description and claims, the term
radiating element is used. It is to be understood that this
term is intended to cover electrically conductive elements
arranged for receiving and/or transmitting radio signals.
�[0018] First with reference to FIG. 1, the general con-
figuration of an antenna device 1 according to the inven-
tion is shown. It comprises a radiating element 10 in the
form of a non-�resonant piece of electrically conductive
material. The radiating element is part of a half loop an-
tenna, as will be described in detail below.
�[0019] The radiating element has a feeding portion 11
connected to a shunt capacitor 20 arranged to resonate
with the radiating element, amplifier input and an optional
ESD protection circuit. The resonant frequency response
acts as a band pass filter for signals in the operating
frequency band. In the case of operation in the FM band,
the pass band is between 88-108 MHz in Europe or be-
tween 76-110 MHz in the USA.
�[0020] The function of the resonant frequency re-
sponse further acts as ESD protection circuit, effectively
blocking the major part of ESD pulse spectrum. The filter
also eliminates or at least reduces interference from elec-
tro magnetic interference (EMI) signals and possibly sig-
nals from other antennas provided in the same radio com-
munication device, such as cellular GSM antennas op-
erating at frequencies well above the FM antenna.
�[0021] An amplifier stage 30 is arranged after the shunt
capacitor 20 for amplifying signals received by the radi-
ating element 10.
�[0022] Signals received and amplified by the antenna

device 1 are supplied to an FM receiver circuit 40, which
could be a conventional circuit manufactured by Philips
Semiconductors and sold under the name HVQFN40.
The FM receiver circuit comprises an RF input 41, which
is connected to the amplifier 30.
�[0023] It is preferred that the shunt capacitor 20 and
amplifier stage 30 are provided relatively close to the
radiating element 10 in order to minimize parasitic effects
and interference from external sources.
�[0024] An implementation of the general idea ex-
pressed in FIG. 1 will now be described with reference
to FIG. 2.
�[0025] The amplifier stage 30 comprises a field effect
transistor (FET) 31 with the gate connected to the shunt
capacitor 20, the source connected directly to ground
and the drain connectable to the input 41 of the FM re-
ceiver circuit 40. There is also a load resistor 32 connect-
ed between the drain of the transistor 31 and the feed
voltage Vdd.
�[0026] In order for the antenna device 1 to operate, the
transistor preferably has a minimum noise figure below
1 dB and a gain above 15 dB in the operating frequency
band. Also, it is preferred that the transistor has a noise
resistance Rn of less than 10 Ohms in order to achieve
highest possible signal reception quality for arbitrary an-
tenna configurations. A further preferred characteristic
of the transistor is that the input capacitance is low, pref-
erably less than 3 pF, in order to obtain high input im-
pedance.
�[0027] An alternative implementation of the inventive
idea in the form of a second embodiment will now be
described with reference to FIG. 3. Like the above de-
scribed first embodiment, this antenna device comprises
a radiating element 10 having a feed portion 11, a shunt
capacitance, and amplifier stage 30. However, in this
second embodiment the shunt capacitance is adjustable,
i.e., implemented as a so-�called varactor 120, providing
a controllable antenna device. Furthermore, the amplifier
stage is a so- �called cascode amplifier 130. This cascode
amplifier comprises a field effect transistor 131 with the
gate connected to the radiating element and shunt ca-
pacitance, the source connected directly to ground and
the drain connected to the source of a second field effect
transistor 133. The gate of the second transistor 133 is
connected to ground via a capacitor 134. The drain of
the second transistor 133 is connectable to the input 41
of the FM receiver circuit 40. There is also a load resistor
132 connected between the drain of the second transistor
133 and the feed voltage Vdd.
�[0028] In this second embodiment, an FM transmitter
circuit 140 is connected to the radiating element via a
switch 141. This switch is necessary if the input imped-
ance ZTx of the transmitter circuit is much lower, such as
ten times lower than the input impedance ZRx of the am-
plifier 130 in front of the receiver circuit 40. However, this
switch 141 can be omitted if the input impedance ZTx of
the transmitter circuit is in the same order as the input
impedance ZRx of the amplifier 130.

3 4 



EP 1 973 196 A1

4

5

10

15

20

25

30

35

40

45

50

55

�[0029] By providing a transmitter circuit connected to
the radiating element 10, this radiating element can be
shared and thus function for both transmission and re-
ception. The transmitter circuit should preferably be con-
nected to the radiating element approximately at feed
portion 11.
�[0030] General layouts of the radiating element of an
antenna device according to the invention will now be
described with reference to FIGs. 4 and 5. A printed circuit
board (PCB) 310 is suitably arranged in a portable radio
communication device (not shown in these figures). A
ground plane 312 is provided on the PCB. A signal load,
corresponding to the above described amplifiers 30, 130,
is provided on this PCB, which is preferably a multi-�layer
PCB. The radiating element 10, which is preferably a
wire-�shaped electrical conductor, is connected to the am-
plifier at the feed portion 11, preferably at or close to one
end of the PCB. This conductor runs essentially parallel
to and at a distance h from the PCB 310 for most of its
length. The end or the conductor 10 opposite the end
connected to the signal source is connected to the ground
plane 312 provided on the PCB 310 at or close to the
other end of the PCB. This means that the radiating el-
ement, which forms a half loop, takes advantage of as
much space as possible since the loop area is important
for the antennas performance.
�[0031] A capacitor 20 is provided between the radiating
element and ground relatively close to the feeding portion
11. This capacitor, which preferably has a value of 10-40
pF, increases the source resistance seen by the transis-
tor of the amplifier, thus matching noise and increasing
stability.
�[0032] In an alternative embodiment, the conductor 10
is provided in more than one turn, in the example shown
in FIG. 5 in two turns. The conductor of the first half loop
is lead through a hole 314 in the PCB and to the lower
side thereof. On the lower side, the conductor runs along
the PCB, preferably in the form of a micro strip line 10a,
from one end of the PCB to the other. The conductor is
there lead through a second hole 316 in the PCB to the
upper side thereof, along the PCB at a distance thereof,
and is finally grounded at the second end of the PCB. In
this way, the radiation resistance, being proportional to
the number of loop turns squared, is increased, improving
the performance of the antenna.
�[0033] A ferrite inside the loop, schematically refer-
enced 14 can be used with both the embodiment of Fig.
4 and the one of Fig. 6 in order to improve the perform-
ance of the antenna device.
�[0034] A first preferred position of the antenna device
according to the invention as described above with ref-
erence to FIGs. 1-3 will now be described with reference
to FIG. 6, wherein the general outlines of the casing of a
portable radio communication device 300, such as a mo-
bile phone, is depicted. The casing is shown partially cut
away so as to not obscure the position of the antenna
device, which could be any of the devices described with
reference to FIGS 1-3.

�[0035] The PCB 310 is provided in the casing, having
the circuits (not shown) conventionally found in a mobile
phone. On the PCB there is also mounted the FM receiver
circuit 40. In the upper portion of the casing there is pro-
vided an antenna radiating element 320 for receiving and
transmitting RF signals for a cellular mobile phone sys-
tem, such as a GSM system.
�[0036] A battery package (not shown) is also provided
towards the back of the casing 300.
�[0037] The FM antenna radiating element 10 is pref-
erably placed so that it is connected to the FM circuit at
the end of the PCB opposite to the end where the radi-
ating element 320 is provided. The radiating element then
runs along a long side of the PCB until it reaches the
other end of the PCB, where it is grounded to the ground
plane 312 provided on the PCB 310.
�[0038] In order to make the antenna device less sen-
sitive to orientation, the radiating element 10 can be pro-
vided so that it also runs along a short side of the PCB,
see Fig. 6, before it is grounded to the ground plane 312
provided on the PCB.
�[0039] Preferred embodiments of an antenna device
according to the invention have been described. Howev-
er, the person skilled in the art realizes that these can be
varied within the scope of the appended claims without
departing from the inventive idea.
�[0040] It is realized that the shape and size of the an-
tenna device according to the invention can be varied
within the scope defined by the appended claims. Thus,
the exact antenna configurations can be varied so as to
correspond to the shape of the radio communication de-
vice, desired performance etc.
�[0041] The above-�described embodiments of an an-
tenna device according to the invention have been de-
scribed as antenna devices adapted for reception of radio
signals in the FM frequency band. However, other appli-
cations are also possible, such as use for digital video
broad-�casting (DVB) signals in the frequency range of
about 400-800 MHz.
�[0042] Although an antenna device for a portable radio
communication device has been described with refer-
ence to its use in a mobile phone, it will be appreciated
that the inventive idea is also applicable to other portable
radio communication devices, also devices that are port-
able but primarily intended for stationary use. Examples
thereof could be small clocks, such as travel alarm clocks,
TV receivers, or game consoles. Yet a possible applica-
tion of the antenna device according to the invention is
in personal digital assistants (PDAs), MP3 and CD play-
ers, FM radio receivers, and laptop computers. A further
application is in cars. Thus, the term portable radio com-
munication device should be construed in a broad sense.
�[0043] The embodiments described above with refer-
ence to FIGs. 6 and 7 include a GSM antenna. It will be
appreciated that this could be substituted for a different
antenna as long as its operating frequency is well above
that of the lower frequency band, such as the FM band.
A second antenna can also be omitted.
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�[0044] A FET has been described as the preferred
transistor type. It will be realized that other types of tran-
sistors, such as hetero-�junction bipolar transistors (HBT),
can be used as well.
�[0045] It will be appreciated that the Tx part can be
implemented also in the first embodiment shown in Fig.
2. It is likewise appreciated that the capacitor 20 of the
first embodiment can be replaced by a varactor.

Claims

1. An antenna device for a portable radio communica-
tion device adapted for receiving radio signals in at
least a first operating frequency band, said antenna
device comprising

- a radiating element (10) comprising a feeding
portion (11; 111), and
- an amplifier stage (30) connected to the feed-
ing portion of the radiating element and connect-
able to a receiver device for radio signals,

characterized in that

- the radiating element is a half- �loop radiating
element.

2. The antenna device according to claim 1, further
comprising a ground plane (312), wherein the feed-
ing portion (11) of the radiating element is provided
at or close to one end of the ground plane and the
end of the radiating element opposite to the feeding
portion is grounded at or close to the other end of
the ground plane.

3. The antenna device according to claim 2, comprising
a capacitor (20; 120) connected between the radiat-
ing element and the ground plane (312) relatively
close to the feeding portion (11).

4. The antenna device according to claim 3, wherein
the capacitor (20; 120) has a value of 10-40 pF.

5. The antenna device according to claim 3 or 4, where-
in the capacitor (120) has adjustable capacitance
value.

6. The antenna device according to any of claims 1-5,
wherein the ground plane (312) is provided on a print-
ed circuit board (310), and wherein the radiating el-
ement (10) runs along a long side of the printed circuit
board.

7. The antenna device according to claim 6, wherein
the radiating element (10) additionally runs along a
short side of the printed circuit board (310).

8. The antenna device according to any of claims 1-7,
wherein the radiating element (10) comprises a plu-
rality of turns.

9. The antenna device according to claim 8, wherein
part of the radiating element (10) is partly provided
as a micro strip line (10a).

10. The antenna device according to any of claims 1-9,
comprising a ferrite (14) inside the half-�loop of the
radiating element.

11. The antenna device according to any of claims 1-10,
wherein the radiating element (10) is connectable to
a transmitter circuit (40).

12. The antenna device according to any of claims 1-11,
wherein the first operating frequency band is the FM
band.

13. A portable radio communication device (300) com-
prising an antenna device according to claim 1.
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