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

(57) An triple band antenna device for a portable ra-
dio communication device comprises a ground plane
(10), a first radiating element divided into a first portion
(HB1) having a first resonance frequency corresponding
to the higher frequency band and a second portion (LB)
having a second resonance frequency corresponding to
the lower frequency band. A second radiating element
(30) comprises a radiating portion (HB2) having a third

resonance frequency corresponding to the third frequen-
cy band substantially higher than the lower frequency
band. The second portion (LB) of the first radiating ele-
ment is provided between the first portion (HB1) of the
first radiating element and the radiating portion (HB2) of
the second radiating element, thereby improving isola-
tion between the two radiating portions having high res-
onance frequencies.
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Description

FIELD OF INVENTION

[0001] The present invention relates generally to an-
tenna devices and more particularly to a controllable in-
ternal multi-band antenna device for use in portable radio
communication devices, such as in mobile phones. The
invention also relates to a portable radio communication
device comprising such an antenna device.

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] With increasing demand on multi-functionality
of portable radio communication devices complementary
antenna devices are increasingly being provided in mo-
bile phones, for example. One such example is when the
cellular antenna device conventionally provided in the
mobile phone and operating in frequency bands up to
1.9 GHz is complemented with an antenna device oper-
ating in a higher frequency band, such as an antenna
device operating in the Bluetooth band, i.e., around 2.4
GHz.
[0004] However, a problem arising when several radi-
ating antenna elements operating in different frequency
bands are provided in a relatively small device, such as
on the same antenna carrier in a mobile phone, is inter-
ference between the different radiating antenna ele-
ments, resulting in degraded performance and increased
losses.

SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide
an antenna device of the kind initially mentioned wherein
several radiating antenna elements are provided in a
small space while retaining adequate isolation between
the different radiating antenna elements.
[0006] The invention is based on the realization that
the provision of an antenna element resonating in
[0007] According to a first aspect of the present inven-
tion there is provided an antenna device as defined in
claim 1.
[0008] According to a second aspect of the present
invention there is provided a portable radio communica-
tion device comprising such an antenna device.
[0009] Further preferred embodiments are defined by
the dependent claims.
[0010] Thus there is provided a small sized antenna
device with adequate isolation between the different ra-
diating antenna elements.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig. 1 is a perspective view illustrating a first embod-
iment of an antenna device according to the inven-
tion;

Fig. 2 is a planar view of the antenna device illus-
trated in Fig. 1;

Fig. 2a is a frequency diagram for the antenna device
of Fig. 2; and

Figs. 3-6 are planar views illustrating different alter-
native embodiments of an antenna device according
to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0012] In the following, a detailed description of pre-
ferred embodiments of an antenna device according to
the invention will be given. In the description, for purposes
of explanation and not limitation, specific details are set
forth, such as particular hardware, applications, tech-
niques etc. in order to provide a thorough understanding
of the present invention. However, it will be apparent to
one skilled in the art that the present invention may be
utilized in other embodiments that depart from these spe-
cific details. In other instances, detailed descriptions of
well-known methods, apparatuses, and circuits are omit-
ted so as not to obscure the description of the present
invention with unnecessary details.
[0013] In fig. 1, there is shown an antenna device, gen-
erally designated 1, which is arranged for multi-band op-
eration The antenna device comprises a generally planar
ground plane 10 which can be part of a printed circuit
board in a portable radio communication device, such as
a mobile phone. A first generally planar rectangular ra-
diating element 20 is provided above and essentially par-
allel to the ground plane 10. This radiating element is
made of an electrically conductive material, such as a
sheet metal or a flex film provided on a dielectric carrier
(not shown), as is conventional. The first radiating ele-
ment 20 comprises a first feeding portion (F1) arranged
to be connected to RF circuitry (not shown) provided in
the communication device.
[0014] A first grounding portion G1 of the first radiating
element is connected to the ground plane 10.
[0015] The first radiating element 20 is divided by
means of an L-shaped slot 22 into a first portion HB1
having a first resonance frequency corresponding to a
first frequency band and a second portion LB having a
second resonance frequency corresponding to an sec-
ond frequency band substantially lower than the first fre-
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quency band. The upper and lower frequency bands can
be the GSM 1800 and GSM 900 band, respectively.
[0016] A planar second radiating element 30 compris-
ing a radiating portion HB2 is provided essentially verti-
cally along the front edge of the first radiating element
20. The second radiating element comprises a second
feeding portion F2 connectable to RF circuitry, such as
a Bluetooth circuit operating in a frequency band around
2.4 GHz. This second radiating element 30 thus has a
third resonance frequency corresponding to a third fre-
quency band substantially higher than the second fre-
quency band LB. The second radiating element 30 also
comprises a second grounding portion G2 connected to
the ground plane 10. Thus, the second radiating element
has first 30a and second 30b opposite end portions,
wherein the second feeding and grounding portions are
provided at the first end 30a.
[0017] From Figs. 1 and 2 it is evident that the second,
i.e., low frequency portion LB of the first radiating element
is provided between the first, i.e., high frequency portion
HB1 of the first radiating element and the radiating portion
HB2 of the second radiating element 30.
[0018] The high frequency band of the first radiating
element and the frequency band of the second radiating
element are relatively close to each other. It should also
be noted that the distance between the first end 30a of
second radiating element and the first portion HB1 of the
first radiating element 20 is shorter than the distance be-
tween the second end 30b of the second radiating ele-
ment and the first portion HB1 of the first radiating ele-
ment. This normally means the isolation between them
is low, i.e., the two frequency bands tend to disturb each
other. However, with the shown configuration, the isola-
tion between HB1 and HB2 remains high. It is believed
that the low band portion LB of the first radiating element
functions to improve the isolation between the two other
portions HB1 and HB2 due to the fact that the low band
portion resonates at a substantially lower frequency than
the other portions. By "substantially lower frequency" is
in this context meant approximately half the frequency
of the high frequency bands.
[0019] An exemplary frequency vs. attenuation dia-
gram for the antenna device of Figs. 1 and 2 is shown in
Fig. 2a, wherein the parameters S11, S21, and S22 are
shown.
[0020] In a second embodiment shown in Fig. 3, the
second antenna element 30 is provided along the short
right-hand side of the first radiating element 20. This sec-
ond embodiment is in all other aspects similar to the first
embodiment of the antenna device.
[0021] In this second embodiment the second portion
LB of the first radiating element 20 is entirely provided
between the first portion HB1 of the first radiating element
and the second radiating element HB2.
[0022] In a third embodiment shown in Fig. 4, the sec-
ond antenna element 30 is provided along the long upper
side of the first radiating element 20. This second em-
bodiment is in all other aspects similar to the first embod-

iment of the antenna device.
[0023] In a fourth embodiment shown in Fig. 5, the slot
22 has a different extension than in the previously de-
scribed embodiments. In this embodiment, the slot ex-
tends from the upper edge of the first radiating element
20, i.e., the edge at which the first feeding portion F1 and
the first grounding portion G1 are provided. However, the
slot still divides the first radiating element into a first por-
tion HB1 having a first resonance frequency correspond-
ing to a first frequency band and a second portion LB
having a second resonance frequency corresponding to
an second frequency band substantially lower than the
first frequency band.
[0024] The second radiating element 30 is provided
along the short right-hand edge of the first radiating ele-
ment 20. The feeding and grounding portions F2, G2 of
the second radiating element are provided at a first end
of the second radiating element 30 close to the lower
right corner of the first radiating element 20. A second
end of the second radiating element 30 opposite to the
first end is bent around the upper right corner of the first
radiating element. Thus, part of the second radiating el-
ement 30 is provided at the same side of the first radiating
element as the first feeding and grounding portions F1,
G1.
[0025] A fifth embodiment shown in Fig. 6 is similar to
the fourth embodiment shown in Fig. 5 with the exception
that the second feeding and grounding portions F2, G2
are provided at the second end of the second radiating
element 30.
[0026] Preferred embodiments of an antenna device
according to the invention have been described. Howev-
er, it will be appreciated that these can be varied within
the scope of the appended claims. Thus, the radiating
elements have been described as being essentially pla-
nar and generally rectangular. It will be appreciated that
the radiating elements can take any suitable shape, such
as being bent to conform to the casing of the portable
radio communication device in which the antenna device
is mounted.
[0027] The complementary radiating element 30 has
been described as a Bluetooth antenna element. It will
be appreciated that this radiating element can be provid-
ed for other applications as well as long as the frequency
band HB2 thereof is substantially higher than the fre-
quency band of the low band portion LB of the first radi-
ating element 20.

Claims

1. An antenna device for a portable radio communica-
tion device, wherein the antenna device is arranged
for operation in a first, a second, and a third frequen-
cy band, the antenna device comprising:

- a ground plane (10);
- a first radiating element (20) provided at a dis-
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tance from the ground plane,
- a first feeding portion (F1) connected to the
first radiating element;
- a first grounding portion (G1) connected to the
first radiating element;
- wherein the first radiating element is divided
into a first portion (HB1) having a first resonance
frequency corresponding to the first frequency
band and a second portion (LB) having a second
resonance frequency corresponding to the sec-
ond frequency band, wherein the second reso-
nance frequency is substantially lower than the
first resonance frequency; and
- a second radiating element (30) comprising a
radiating portion (HB2) having a third resonance
frequency corresponding to a third frequency
band, wherein the third resonance frequency is
substantially higher than the second resonance
frequency;
- a second feeding portion (F2) connected to the
second radiating element;
- a second grounding portion (G2) connected to
the second radiating element;

characterized in that

- the second portion (LB) of the first radiating
element is provided between the first portion
(HB1) of the first radiating element and the ra-
diating portion (HB2) of the second radiating el-
ement.

2. The antenna device according to claim 1, wherein
the second radiating element (30) is elongated and
has first and second opposite end portions, and
wherein the second feeding and grounding portions
are provided at the first end of the second radiating
element.

3. The antenna device according to claim 2, wherein
the distance between the first end (30a) of second
radiating element and the first portion (HB1) of the
first radiating element (20) is shorter than the dis-
tance between the second end (30b) of the second
radiating element and the first portion (HB1) of the
first radiating element (20).

4. The antenna device according to claim 1, wherein
the first feeding portion (F1), the first grounding por-
tion (G1), the second feeding portion (G2), and the
second grounding portion (G2) all are provided at
the same side of the first radiating element (20).

5. The antenna device according to claim 1, wherein
the second radiating element (30) is provided along
two adjacent edges of the first radiating element (20).

6. The antenna device according to any of claims 1-5,

wherein the first radiating element is divided into a
first portion (HB1) a second portion (LB) by means
of a slot (22).

7. The antenna device according to claim 6, wherein
the slot (22) is L-shaped.

8. The antenna device according to any of claims 1-7,
wherein the third resonance frequency is about 2.4
GHz.

9. The antenna device according to any of claims 1-8,
wherein the first resonance frequency is about 1900
MHz and the second resonance frequency is about
900 MHz.

10. A portable radio communication device comprising
an antenna device according to claim 1.
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