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(54) A radio communication unit and an antenna arrangement therefor

(57) A radio unit comprises an antenna arrange-
ment (200) capable of supporting multiple frequency
bands. The antenna arrangement (200) comprises a
first resonator (201) and a second resonator (207) tuned
to different frequency bands. The second resonator
(207) comprises a coupling section (209) which has a
transformer coupling to the first resonator (201) and
which effectively couples a signal between the first and
second resonator (201,207) The second radiator may
also in clude a radiating section (211) which effectively
transmits or receives the radio signal and a coupling
section (209). The first and second resonators
(201,207) are galvanically isolated from each other. A
radio frequency signal is fed to or taken from an antenna
connector (205) connected to the first resonator (201).
The coupling between the first resonator (201) and the
second resonator (207) provides a transformer effect for
transferring the signal between the resonators
(201,207).
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Description

Field of the invention

[0001] The invention relates to a radio unit and an an-
tenna arrangement therefor and in particular to an an-
tenna arrangement suitable for two or more frequency
ranges.

Background of the Invention

[0002] In the last century, radio transmission of mod-
ulated signals has become one of the must widespread
means for communication over distance. In recent
years, the use of radio communication has become
even more ubiquitous with the advent of e.g. wireless
local networks and mobile telephones.
[0003] A key parameter in radio communication sys-
tems is the design of the antennas which translate be-
tween electrical signals in wires and components and
electromagnetic waves which propagate through space.
The performance and efficiency of a radio communica-
tion system is heavily dependent on the performance of
the antennas and therefore much research into optimal
antenna structures have been carried out over the
years.
[0004] In recent years, the increased use of radio
communication for small portable radio units, such as
mobile phones, has led to increased research into an-
tenna structures suitable for this purpose. For example,
in order to obtain a low form factor for mobile phones,
significant research has been undertaking in order to de-
velop small antenna structures that operate efficiently.
[0005] In addition, the complexity of radio units tends
to increase and nowadays radio units typically serve
multiple purposes. For example, mobile phones capable
of operating on different frequency bands have become
commonplace. As another example, many mobile
phones are likely to in the near future have built in sat-
ellite location functionality based on the Global Position-
ing System (GPS).
[0006] Accordingly, it is currently desirable to develop
practical and efficient multi band or frequency antennas
which can operate in a plurality of different frequency
ranges. For example, for a combined portable radio
communication unit with a built in GPS receiver, it is de-
sirable to have a multi band antenna capable of efficient
reception at both around e.g. 400MHz and 1575 MHz.
[0007] Conventionally, multi band antennas for such
purposes are formed by implementing two or more de-
coupled resonators within a single housing and connect-
ing the antenna connector to both resonators. Typically,
a substantially helical coil antenna element is combined
with a straight quarterwave wire antenna element with
the endpoints electrically connected to each other and
the antenna connector. Thus, a transmit signal fed to the
antenna will be galvanically fed to both antenna ele-
ments although radiation will predominantly be from the

resonator tuned to the frequency of the transmit signal.
[0008] However, such a structure has a number of as-
sociated disadvantages.
[0009] Firstly, the resonators tend to be coupled due
to the close proximity and the small size of the structure.
Although the design process seeks to minimise this cou-
pling, it cannot be avoided and it furthermore limits the
design freedom of the antenna structure. Specifically, in
order to maintain low coupling, the antenna structure
typically comprises a substantially helical coil for the
lowest frequency combined with a straight wire resona-
tor for the higher frequency. A second substantially hel-
ical coil for the higher frequency would typically result in
too strong a coupling.
[0010] Accordingly, the size of the antenna arrange-
ment is relatively large which is particularly undesirable
for portable applications.
[0011] Furthermore, such antenna structures must be
designed very carefully in order to reduce coupling.
Therefore, the addition of a new or different frequency
range requires not only a new antenna element to be
designed but also a redesign of the entire antenna struc-
ture with specific consideration to minimising coupling.
Typically, a complete structural redesign is needed. Ac-
cordingly this is a very inflexible approach which re-
quires dedicated antenna structures for radio units de-
pending on the exact frequency bands that must be cov-
ered.
[0012] Also, due to the interdependence between the
different antenna elements, a complicated design proc-
ess is required. Specifically, any modifications to one
antenna element may affect the performance of other
antenna elements and this must be taken into account
in the design.
[0013] Hence, an improved antenna arrangement for
a radio unit would be advantageous and in particular an
antenna arrangement allowing for increased flexibility,
reduced size, facilitated redesign, simplified and re-
duced cost manufacturing, improved upgradeability
and/or improved performance would be advantageous.

Summary of the Invention

[0014] Accordingly, the Invention seeks to preferably
mitigate, alleviate or eliminate one or more of the above
mentioned disadvantages singly or in any combination.
[0015] According to a first aspect of the invention
there is provided an antenna arrangement comprising:
a first resonator having an associated first resonance
frequency; and a second resonator having an associat-
ed second resonance frequency and comprising a and
a coupling section coupled to the first resonator for cou-
pling a signal between the first and second resonator;
and wherein the first and second resonators are galvan-
ically isolated from each other and are coupled to each
other by a transformer coupling.
The second resonator may include a radiating section
additional to the coupling section.
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[0016] Thus, the invention may provide a multi band
antenna arrangement wherein the first resonator is suit-
able for receiving and/or transmitting radio signals in a
frequency range around the first resonance frequency
and the second resonator is suitable for receiving and/
or transmitting radio signals in a frequency range around
the second resonance frequency. The first resonator
may thus provide a first antenna element for a first fre-
quency range and the second resonator provides a sec-
ond antenna element for a second frequency range.
[0017] The coupling section of the second resonator
provides a relatively strong coupling to the first resona-
tor but may provide only a relatively weak radiating ef-
fect whereas the radiating section may provide a rela-
tively low coupling but a strong radiating effect. Specif-
ically, the radiating effect of the second resonator may
be substantially exclusively provided by the radiating
section and the coupling may be substantially exclusive-
ly provided by the coupling section.
[0018] The term 'radiating' is used as a common term
for both the receiving and transmitting antenna perform-
ance, i.e. the radiating section may be operable to gen-
erate an electromagnetic signal from an electrical cur-
rent as well as generate an electrical current from a re-
ceived electromagnetic signal. The coupling may thus
be from the first resonator to the second resonator or
from the second resonator to the first resonator.
[0019] The antenna arrangement uses a magnetic
coupling between the first and second resonator to
transfer signals to and from the second resonator similar
to a transformer coupling. Accordingly, the antenna ar-
rangement preferably has a strong magnetic coupling
between the first resonator and the coupling section of
the second resonator. Therefore, it is not necessary to
minimise coupling between the first and second resona-
tor and the antenna arrangement is much less sensitive
to the effect of one resonator on the other resonator.
[0020] Specifically, the invention may allow increased
design freedom and reduced interdependence between
the design of the first and second resonator. Specifically,
the second resonator may simply be located close to the
first resonator to achieve the desired coupling while not
significantly affecting the performance of the first reso-
nator. Thus, the galvanic isolation and reduced interde-
pendence between resonators allows an antenna ar-
rangement wherein additional frequency bands may be
covered by simply adding an additional resonator with-
out redesigning the first resonator. Thus, all that is re-
quired is the physical proximity between the first and
second resonator.
[0021] Hence, a simple, low cost antenna arrange-
ment may be provided which is flexible and allows for
easy upgradeability and/or facilitated re-design for new
frequency bands.
[0022] Furthermore, the reduced interdependence
between the first and second resonator provides in-
creased design freedom which for example may be
used to reduce the size of the antenna arrangement.

[0023] According to a feature of the invention, the an-
tenna arrangement comprises a first antenna housing
element comprising the first resonator and a second an-
tenna housing element comprising the second resona-
tor wherein the second antenna housing element is de-
tachable from the first antenna housing element.
[0024] This provides for a particularly advantageous
implementation. Specifically, this may provide for easy
manufacturing and a high degree of flexibility. For ex-
ample, different housing elements may be manufac-
tured individually comprising resonators for different fre-
quencies. A desired frequency performance of the an-
tenna arrangement may be achieved simply by combin-
ing the appropriate housing elements. Thus, a desirable
antenna arrangement may be implemented by simply
selecting and joining the appropriate building blocks in
the form of antenna housing elements comprising suit-
able resonators.
[0025] According to a different feature of the inven-
tion, the second antenna housing element is operable
to be substantially friction mounted on the first antenna
housing element.
[0026] This provides for a particularly simple and ef-
ficient way of implementing the antenna arrangement
which provides a high degree of flexibility.
[0027] According to a different feature of the inven-
tion, the second housing element provides galvanic iso-
lation of the second resonator.
[0028] Preferably the second housing element is
made out of an isolating material and the second reso-
nator is preferably completely contained in this material.
For example, the resonator may be enclosed in a sec-
ond antenna housing element by injection moulding.
The same approach may be used for the first resonator
and antenna housing element. This provides for an easy
to manufacture, robust and/or efficient implementation
providing the desired galvanic isolation.
[0029] According to a different feature of the inven-
tion, the first resonator comprises a substantially helical
coil. This is a particularly suitable implementation of the
first resonator which typically tends to reduce the size
of the antenna arrangement. The resonator may for ex-
ample be substantially formed by a helical coil or only
part of the resonator may be in the form of a substantially
helical coil.
[0030] According to a different feature of the inven-
tion, the radiating section comprises a substantially hel-
ical coil. This is a particularly suitable implementation of
the second resonator which typically tends to reduce the
size of the antenna arrangement. The radiating section
may for example be substantially formed by a helical coil
or only part of the radiating section may be in the form
of a substantially helical coil. Preferably, both the first
and second resonators comprise substantially helical
coils resulting in an antenna arrangement of small di-
mensions which is particularly suitable for a portable ra-
dio unit.
[0031] According to a different feature of the inven-
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tion, the second resonator is located inside the first res-
onator.
[0032] Specifically, the second antenna housing ele-
ment may simply be placed inside the first antenna
housing element. For example, if the first resonator is a
substantially helical coil, the second resonator may be
located within the substantially helical coil. This is a par-
ticularly practical implementation for many applications.
[0033] According to a different feature of the invention
the second resonator is located outside the first resona-
tor. Specifically, the second antenna housing element
may simply be placed around the first antenna housing
element. For example, if the second resonator is a sub-
stantially helical coil, the first resonator may be located
within the substantially helical coil. This is a particularly
practical implementation for many applications.
[0034] According to a different feature of the inven-
tion, the first resonance frequency is associated with a
cellular communication system frequency and the sec-
ond resonance frequency is associated with a Global
Positioning System (GPS) frequency. The invention
may provide a suitable antenna arrangement e.g. for a
combined cellular communication unit and GPS unit.
[0035] According to a different feature of the inven-
tion, the antenna arrangement further comprises a third
resonator having an associated third resonance fre-
quency; wherein the first, second and third resonator are
magnetically coupled and galvanically isolated from
each other.
[0036] The antenna arrangement is suitable for multi
band radio units and may easily be modified to provide
efficient antenna performance on three or more different
frequency bands.
[0037] According to a different feature of the inven-
tion, the antenna arrangement further comprises a mag-
netic element operable to increase the magnetic cou-
pling between the first and second resonator.
[0038] This may allow increased coupling which im-
proves performance and reduces losses associated
with the coupling of the first and second resonator. The
magnetic element may be particularly suitable for lower
frequencies where losses in magnetic elements tend to
be lower.
[0039] According to a different feature of the inven-
tion, the antenna arrangement comprises a single gal-
vanic antenna connector connected only to the first res-
onator. Preferably only one galvanic connection exists
for coupling the antenna to a receiver and/or transmitter.
[0040] According to a different feature of the inven-
tion, the coupling section is located towards an end of
the first resonator connected to the antenna connector.
This provides a particularly suitable implementation and
improves the coupling of the signal between the first and
second resonator.
[0041] According to a different feature of the inven-
tion, the coupling section and the radiating section is
formed by a single conductive wire. This provides for a
particularly simple, easy to manufacture and/or low cost

implementation.
[0042] The antenna arrangement may preferably be
comprised in a radio unit.
[0043] According to a different feature of the inven-
tion, the first resonator is galvanically coupled to a trans-
mitter for feeding a signal to the antenna arrangement,
and the antenna arrangement is operable predominant-
ly radiate frequencies of the signal in a first frequency
range around the first resonance frequency from the first
resonator and to predominantly radiate frequencies of
the signal in a second frequency range around the sec-
ond resonance frequency from the second resonator.
[0044] The antenna arrangement is suitable for oper-
ating as a transmit antenna. The magnetic coupling pro-
vides the signal energy of the second frequency range
to the second resonator from where it is effectively ra-
diated.
[0045] The signal fed to the antenna arrangement
does not necessarily contain energy in both the first and
second frequency ranges simultaneously although it
may do so. Specifically, the transmit signal may be a
dual band signal having simultaneous dual band trans-
missions or non-simultaneous dual band transmissions.
[0046] According to a different feature of the inven-
tion, the first resonator is galvanically coupled to a re-
ceiver and the radio signals in a first frequency range
around the first resonance frequency is predominantly
received by the first resonator and radio signals in a sec-
ond frequency range around the second resonance fre-
quency is predominantly received by the second reso-
nator.
[0047] The antenna arrangement is suitable for oper-
ating as a receive antenna. The magnetic coupling pro-
vides the signal energy of the second frequency range
from the second resonator to the receiver.
[0048] According to a different feature of the inven-
tion, the radio unit comprises a radio unit housing and
the first resonator is internal to the radio unit housing
and the second resonator is comprised in an antenna
housing element external to the radio unit housing.
[0049] This may provide for a simple way of upgrading
a single band receiver being designed with an internal
antenna. Specifically, the antenna functionality required
for supporting a second frequency band may simply be
achieved by adding an antenna housing element com-
prising the second resonator to the existing radio unit.
Thus, no redesign of the radio unit is required.
[0050] Preferably the radio unit is a portable radio
unit.
[0051] These and other aspects, features and advan-
tages of the invention will be apparent from and eluci-
dated with reference to the embodiment(s) described
hereinafter.

Brief Description of the Drawings

[0052] An embodiment of the invention will be de-
scribed, by way of example only, with reference to the
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drawings, in which

FIG. 1 illustrates an implementation of an antenna
arrangement for a two band radio unit in accord-
ance with prior art;

FIG. 2 illustrates an example of an antenna ar-
rangement in accordance with an embodiment of
the invention;

FIG. 3 illustrates an antenna arrangement compris-
ing antenna housing elements in accordance with
an embodiment of the invention; and

FIG. 4 illustrates a radio unit in accordance with an
embodiment of the invention.

Detailed Description of an Embodiment of the Invention

[0053] The following description focuses on an em-
bodiment of the invention applicable to a portable radio
unit comprising a cellular communication system radio
unit operating in the 400 MHz frequency band and a Glo-
bal Positioning System (GPS) receiver operating in the
1575 MHz frequency band.
However, it will be appreciated that the invention is not
limited to this application but may be applied to many
other radio communication applications.
[0054] Antennas for multiple frequency radios are re-
quired to have more than one resonance in order to ef-
ficiently accommodate several frequency ranges. This
is conventionally achieved by adding a second decou-
pled resonator within the antenna to provide coverage
for the second frequency band.
[0055] FIG. 1 illustrates an implementation of an an-
tenna arrangement for a two band radio unit in accord-
ance with the prior art. The antenna arrangement uses
two decoupled and connected resonators to provide fre-
quency coverage of the two distinct frequency bands
around 400MHz and 1575 MHz respectively.
[0056] The antenna arrangement 100 comprises a
first resonator 101 for covering the 400 MHz frequency
band. The first resonator is galvanically coupled to a
transceiver 103 though a suitable connector 105 and
transmission line. The first resonator is a helical coil in
order to reduce the size of the antenna arrangement.
[0057] In order to cover the 1575MHz band, a second
resonator 107 has been added. The second resonator
107 is also connected to the transceiver 103 through the
connector 105. Thus, the first and second resonators
101, 107 are electrically connected at one end. In order
to reduce the coupling between the antenna elements,
the second resonator is typically designed as a straight
quarter wave wire antenna since for example a helical
coil would result in a strong coupling to the first resonator
101. Specifically, the second resonator should be or-
thogonal to the first resonator and therefore the design
freedom for designing the second resonator is very lim-

ited.
[0058] Accordingly, a conventional multi band anten-
na arrangement is typically of an undesirable large size.
For example, to cover the frequency bands of 400MHz
and 1575 MHz an antenna arrangement having a length
of 5 cm is typically required.
[0059] Also, the addition of the second resonator 107
affects the performance of the first resonator 101 and
requires this to be retuned since both resonators are
coupled directly to the same feed. Additional resonance
with a third resonator would further require redesign and
retuning of all three resonators and typically a complete
structural redesign would be required.
[0060] FIG. 2 illustrates an example of an antenna ar-
rangement 200 in accordance with an embodiment of
the invention.
[0061] Similarly to the antenna arrangement 100 of
FIG. 1, the antenna arrangement 200 of FIG. 2 compris-
es a first resonator 201 which is connected to a trans-
ceiver 203 through a connector 205. The first resonator
203 is in the specific embodiment a helical coil having
a resonance frequency of around 400 MHz.
[0062] In addition, the antenna arrangement 200
comprises a second resonator 207 which is tuned to a
second resonance frequency of 1575 MHz. However, in
contrast to the antenna arrangement 100 of FIG. 1, the
second resonator 207 of FIG. 2 is not electrically con-
nected to the connector or to the transceiver 203. Rather
the first and second resonators 201, 207 are galvanical-
ly isolated from each other.
[0063] Furthermore, in contrast to the arrangement of
FIG. 1, the first and second resonators 201, 207 are not
orthogonal but are rather magnetically coupled to each
other. Specifically, the first and second resonators 201,
207 are magnetically coupled through a coupling sec-
tion 209 of the second resonator. Accordingly, a current
variant in one resonator will cause a magnetic field fluc-
tuation that will result in a varying current being induced
in the other resonator. Hence, the coupling between the
first and second resonators 201, 207 provides a trans-
former effect allowing for signals to be coupled from one
resonator to the other.
[0064] The second resonator 207 further comprises a
radiating section 211. The radiating section 211 and
coupling section is preferable made from a single wire.
For example, the coupling section 209 may be formed
by a tightly wound wire and the radiating section 211
may be formed by a straight section or a very loosely
wound section of the same wire.
[0065] When a signal is coupled to the coupling sec-
tion 209 of the second resonator 207, a current will be
induced. As this current flows in the radiating section
211, a strong electromagnetic signal will be transmitted.
Likewise, when receiving a signal, an electromagnetic
current will flow in the radiating section 211 and thus in
the coupling section 209 thereby resulting in the re-
ceived signal being coupled to the first resonator.
[0066] The first and second resonators 201, 207 are
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in the embodiment of FIG. 2 comprised in the same
housing and may for example be formed by injection
moulding techniques as is well known in the art.
[0067] The antenna arrangement 200 of FIG. 2 pro-
vides for an efficient antenna arrangement that may
conveniently be designed or modified for operation on
different frequencies. Specifically, as the first and sec-
ond resonator 201, 207 are strongly coupled, the reso-
nators 201, 207 are not designed to be orthogonal and
accordingly may be designed without this restriction.
[0068] Furthermore, as the first and second resona-
tors 201, 207 are not galvanically connected to each oth-
er and the transceiver, the interdependence between
the resonators is greatly reduced. Accordingly, the first
and second resonator may be individually designed
without consideration of the other resonator. Specifical-
ly, the embodiment provides for separate control over
the resonance frequencies of the first and second res-
onators 201, 207. The separation of the second resona-
tor into a coupling section and radiating section and the
therewith associated separation of functionality pro-
vides an increased design freedom and reduced inter-
dependence between the first and second resonator.
[0069] The first and second resonators 201, 207 may
for example both be designed fully or partially as sub-
stantially helical coils thereby resulting in the length of
the antenna arrangement 200 being substantially re-
duced. The antenna arrangement is therefore particu-
larly suitable for portable radio units. Furthermore, the
reduced interdependence results in modifications to one
resonator not requiring modifications to the other reso-
nator. Thus, the design and dimensioning is significantly
facilitated and the flexibility is increased allowing for
modifications to be introduced which only affect the res-
onator being modified.
[0070] Accordingly, in the antenna arrangement of
FIG. 2, transformer coupling of the different resonators
is utilised in order to achieve separate control over res-
onance frequencies (and thus the length) of the resona-
tors thereby making shorter antenna possible. Further-
more, by utilising the transformer principle, no galvanic
connection is required between resonators and an ad-
ditional resonance may easily be added.
[0071] As a specific example, the first resonator 201
may be a substantially helical coil and the second res-
onator 207 may be comprise a half wave wire having
approximately 1/3 wavelength of the wire formed as a
substantially helical coil situated within the substantially
helical coil of the first resonator 201. In this case, the
substantially helical coil will form the coupling section
and the remaining straight wire will form the radiating
section.
[0072] The first and second resonators may be com-
prised in different antenna housing elements which pref-
erably are detachable with respect to each other. FIG.
3 illustrates a cross section of an antenna arrangement
300 comprising antenna housing elements 301, 303 in
accordance with an embodiment of the invention. The

antenna arrangement 300 comprises a first antenna
housing element 301 comprising the first resonator and
a second antenna housing element 303 comprising the
second resonator. FIG. 3 illustrates a helical coil of the
first resonator and specifically shows the wire in cross
section when going into the figure 305 and coming out
of the figure 307.
[0073] FIG. 3 furthermore illustrates a second reso-
nator wire 309 having a length substantially equal to half
a wavelength of the resonance frequency of the second
resonator. Part of the second resonator wire 309 is
formed as a helical coil to reduce the length of the an-
tenna arrangement 300 and to provide the coupling sec-
tion. In the example of FIG. 3, the first resonator is com-
pletely enclosed in the first antenna housing element
301 and the second resonator is completely enclosed
in the second antenna housing element 303. The anten-
na housing elements 301, 303 are in the example made
of an electrically isolating material and thereby provide
galvanic isolation of the resonators. However, the first
resonator is electrically connected to an antenna con-
nector (not shown) for connection to a suitable radio
unit.
[0074] In the antenna arrangement of FIG. 3, the first
and second antenna housing element 301, 303 are sep-
arate elements that may be detached from each other.
Specifically, the first housing element 301 comprises an
inner bore 311 into which the second housing element
303 may be inserted. In some embodiments, the first
and second antenna housing elements 301, 303 may
be made from resilient materials allowing for a friction
fit between the antenna housing elements 301, 303.
However, in the illustrated embodiment, the bore 311 of
the first housing element 301 comprises a thread and
the external circumference of the second antenna hous-
ing element 303 comprises a complementary thread
thereby allowing the second antenna housing element
303 to be screwed into the first antenna housing element
301.
[0075] The structure of FIG. 3 provides for a very flex-
ible approach wherein an antenna arrangement may be
easily customised or modified. For example, manufac-
turing of a range of different antennas may be simplified
by manufacturing a number of antenna housing ele-
ments shaped as the first antenna housing element 301
and a number of antenna housing elements shaped as
the second antenna housing element 303. A given two
band antenna arrangement may then be implemented
simply be selecting two antenna housing elements hav-
ing the appropriate resonance frequencies and combin-
ing these. Furthermore, new frequency bands may eas-
ily be added to the range simply be manufacturing an
antenna housing element comprising a resonator suita-
ble for the new frequency band. This new antenna hous-
ing element may be used with all the existing antenna
housing elements without requiring any redesign.
[0076] In the example of FIG. 3, the second resonator
is located inside the first resonator, i.e. the second an-
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tenna housing element 303 is inserted into the first an-
tenna housing element 301. However, in other embod-
iments, it may be advantageous to locate the second
resonator outside the first resonator.
[0077] FIG. 4 illustrates a radio unit 400 in accordance
with an embodiment of the invention. In the example of
FIG. 4, the second resonator is located outside the first
resonator.
[0078] The radio unit 400 comprises a housing 401
forming the outer shell of the functionality of the radio
unit 400. A first antenna housing element 403 is at-
tached to the housing 401 or may be formed as an in-
tegral part of the housing 401. The first antenna housing
element 403 comprises a first resonator 405 tuned to a
first resonance frequency. The first resonator 405 is con-
nected to a transceiver 407 though a connector 409. A
radio unit 400 comprising these parts may be arranged
to operate on a first frequency band associated with the
first resonance frequency.
[0079] However, in some cases it may be advanta-
geous to modify a radio unit as described about to op-
erate on an additional second frequency band. The ra-
dio unit 400 may accordingly be modified by placing a
second antenna housing element 411 around the first
antenna housing element 403 as illustrated in FIG. 4.
The second antenna housing element 411 comprises a
second resonator 413 in the example in the form of a
partly substantially helical coil. The second resonator
413 is tuned to the second frequency band and is mag-
netically coupled to and galvanically isolated from the
first resonator as described above. Preferably, the sec-
ond antenna housing element 411 may be made from a
resilient material, such as a rubber material, and have
dimensions allowing it to tightly fit the first antenna hous-
ing element 403 thereby providing a friction fit of the sec-
ond antenna housing element 411 on the first antenna
housing element 403.
[0080] When transmitting in the first frequency band,
the transmit signal will predominantly be radiated by the
first resonator 405. However, when transmitting in the
second frequency band, the transmit signal will be pre-
dominantly transmitted from the second resonator 413
due to the magnetic coupling and tuning of the first and
second resonator. Likewise, when receiving in the first
frequency band, the received signal will predominantly
be from the first resonator 405. However, when receiv-
ing in the second frequency band, the received signal
will be predominantly be from the second resonator 413
due to the magnetic coupling and tuning of the first and
second resonator.
[0081] Thus, in this embodiment, a radio unit may
easily and simply be modified to operate on different fre-
quency bands. This may provide for a simplified and re-
duced cost manufacturing process where the same ra-
dio unit housing 401 may be reused for both single band
and multiple band radio units.
[0082] In some applications antenna resonators are
located internal to a radio unit housing in order to reduce

the form factor of the radio unit. The described antenna
arrangement is very suitable for providing an additional
frequency band to such a resonator as galvanic connec-
tion is not required. Thus, a second resonator having a
second resonance frequency may be included in an an-
tenna housing element which can be attached to the ex-
ternal of the radio unit housing thereby providing for ef-
ficient antenna performance at the second frequency.
[0083] In some applications, the magnetic coupling
between the first and second resonator may be in-
creased by including magnetic material that increases
the magnetic coupling between the resonators. For ex-
ample, if two helical coils are located coaxially, a mag-
netic element may be placed inside the inner helical coil.
However, as losses in magnetic materials typically rise
with increasing frequency, this approach is more advan-
tageous at lower frequencies. The magnetic material
may comprise a ferromagnetic material such as iron.
[0084] It will be appreciated that although the above
description has focused on antenna arrangements com-
prising two resonators at different frequencies, the dis-
closed principles also apply to larger number of resona-
tors. For example, a three band antenna arrangement
may be implemented by implementing three galvanical-
ly isolated and magnetically coupled resonators having
different resonance frequencies.
[0085] Although the present invention has been de-
scribed in connection with the preferred embodiment, it
is not intended to be limited to the specific form set forth
herein. Rather, the scope of the present invention is lim-
ited only by the accompanying claims. In the claims, the
term comprising does not exclude the presence of other
elements or steps. Furthermore, although individually
listed, a plurality of means, elements or method steps
may be implemented by e.g. a single unit or processor.
Additionally, although individual features may be includ-
ed in different claims, these may possibly be advanta-
geously combined, and the inclusion in different claims
does not imply that a combination of features is not fea-
sible and/or advantageous. In addition, singular refer-
ences do not exclude a plurality. Thus references to "a",
"an", "first", "second" etc do not preclude a plurality.

Claims

1. An antenna arrangement (200) comprising a first
resonator (201) having an associated first reso-
nance frequency and a second resonator (207) hav-
ing an associated second resonance frequency, the
second resonator having a coupling section (209)
for coupling a signal between the first resonator and
the second resonator, the first and second resona-
tors being galvanically isolated from each other,
wherein the coupling section of the second resona-
tor is coupled to the first resonator by a transformer
coupling.
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2. An antenna arrangement according to claim 1
wherein the transformer coupling includes a mag-
netic core material to increase coupling between
the first and second resonators.

3. An antenna arrangement according to claim 1 or
claim 2 wherein the second resonator includes a ra-
diating section additional to the coupling section.

4. An antenna arrangement as claimed in any one pre-
ceding claim, wherein the antenna arrangement
comprises a first antenna housing element compris-
ing the first resonator and a second antenna hous-
ing element comprising the second resonator and
wherein the second housing element is detachable
from the first antenna housing element.

5. An antenna arrangement as claimed in claim 4
wherein the second antenna housing element is op-
erable to be substantially friction mounted on the
first antenna housing element.

6. An antenna arrangement as claimed in claim 4 or
claim 5 wherein the second housing element pro-
vides galvanic isolation of the second resonator.

7. An antenna arrangement as claimed in any one pre-
ceding claim wherein the first resonator comprises
a substantially helical coil.

8. An antenna arrangement as claimed in any one pre-
ceding claim wherein the second resonator in-
cludes a radiating section which comprises a sub-
stantially straight or loosely wound wire.

9. An antenna arrangement as claimed in any one pre-
ceding claim wherein the second resonator is locat-
ed inside the first resonator.

10. An antenna arrangement as claimed in any one pre-
ceding claims 1 to 8 wherein the second resonator
is located outside the first resonator.

11. An antenna arrangement as claimed in any one pre-
ceding claim wherein the first resonance frequency
is a frequency associated with a cellular communi-
cation system frequency and the second resonance
frequency is associated with a Global Positioning
System (GPS) frequency.

12. An antenna arrangement as claimed in any one pre-
ceding claim and further comprising a third resona-
tor having an associated third resonance frequen-
cy; wherein the first, second and third resonators
are magnetically coupled and galvanically isolated
from each other.

13. An antenna arrangement as claimed in any previ-

ous claim comprising a single galvanic antenna
connector connected only to the first resonator.

14. An antenna arrangement as claimed in claim 13
wherein the coupling section is located toward an
end of the first resonator connected to the antenna
connector.

15. An antenna arrangement as claimed in claim 14
wherein the second resonator includes a coupling
section and a radiating section formed from a single
conductive wire.

16. A radio communication unit comprising an antenna
arrangement as claimed in any previous claim.

17. A radio communication unit as claimed in claim 16
wherein the first resonator is galvanically coupled
to a transmitter for feeding a signal to the antenna
arrangement, and the antenna arrangement is op-
erable to predominantly radiate frequencies of the
signal in a first frequency range around the first res-
onance frequency from the first resonator and to
predominantly radiate frequencies of the signal in a
second frequency range around the second reso-
nance frequency from the second resonator.

18. A radio communication unit as claimed in claim 16
or claim 17 wherein the first resonator is galvanical-
ly coupled to a receiver and wherein radio signals
in a first frequency range around the first resonance
frequency is predominantly received by the first res-
onator, and radio signals in a second frequency
range around the second resonance frequency is
predominantly received by the second resonator

19. A radio communication unit as claimed in claim 16
or claim 17 wherein the radio communication unit
includes a radio unit housing and the first resonator
is internal to the radio unit housing, and the second
resonator is included in an antenna housing ele-
ment external to the radio unit housing.

20. A radio communication unit as claimed in any one
of claims 15 to 19 wherein the radio unit is a portable
radio unit.
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