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(57) ABSTRACT

An antenna system internal to a radio device, the system
comprising separate antennas and having separate operating
bands. The system is implemented as decentralized in a way
that each antenna is typically based on a small-sized chip
component (310; 320; 330; 340; 350; 360; 610), which are
located at suitable places on the circuit board (PCB) and
possibly on also another internal surface in the device. The
chip component comprises a ceramic substrate and at least
one radiating element. The operating band of an individual
antenna covers e.g. the frequency range used by a radio sys-
tem or only the transmitting or receiving band in that range. At
least one antenna is connected to an adjusting circuit with a
switch, by which the antenna’s operating band can be dis-
placed in a desired way. In this case the operating band covers
atatime a part of the frequency range used by one or two radio
systems. The antennas can be made small-sized, because a
relatively small bandwidth is sufficient for an individual
antenna, when there is a plurality of antennas. When the
bandwidth is small, a material with higher permittivity can be
chosen for the antenna than for an antenna having a wider
band, in which case the antenna dimensions can be made
correspondingly smaller. In addition, a good matching of the
antenna is achieved on the whole width of each radio system,
because the matching of a separate antenna having a relatively
narrow band is easier to arrange than that of a combined
multiband antenna.
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MULTIBAND ANTENNA SYSTEM AND
METHODS

PRIORITY AND RELATED APPLICATIONS

[0001] This application claims priority to International
PCT Application No. PCT/FI12006/050402 having an inter-
national filing date of Sep. 20, 2006, which claims priority to
Finland Patent Application No. 20055527 filed Oct. 3, 2005,
as well as Finland Patent Application No. 20055554 filed Oct.
14, 2005, each of the foregoing incorporated herein by refer-
ence in its entirety. This application is related to co-owned
and co-pending U.S. patent application Ser. No. 12/

filed contemporaneously herewith and entitled “Multiband
Antenna System And Methods” (Attorney docket No. LKP.
014A/0P101722), Ser. No. 12/009,009 filed Jan. 15, 2008
and entitled “Dual Antenna Apparatus And Methods”, Ser.
No. 11/544,173 filed Oct. 5, 2006 and entitled “Multi-Band
Antenna With a Common Resonant Feed Structure and Meth-
ods”, and co-owned and co-pending U.S. patent application
Ser. No. 11/603,511 filed Nov. 22, 2006 and entitled “Multi-
band Antenna Apparatus and Methods”, each also incorpo-
rated herein by reference in its entirety. This application is
also related to co-owned and co-pending U.S. patent applica-
tion Ser. Nos. 11/648,429 filed Dec. 28, 2006 and entitled
“Antenna, Component And Methods”, and 11/648,431 also
filed Dec. 28, 2006 and entitled “Chip Antenna Apparatus and
Methods”, both of which are incorporated herein by reference
in their entirety. This application is further related to U.S.
patent application Ser. Nos. 11/901,611 filed Sep. 17, 2007
entitled “Antenna Component and Methods”, 11/883,945
filed Aug. 6, 2007 entitled “Internal Monopole Antenna”,
11/801,894 filed May 10, 2007 entitled “Antenna Compo-
nent”, and 11/ entitled “Internal multiband antenna
and methods™ filed Dec. 28, 2007, each of the foregoing
incorporated by reference herein in its entirety.

COPYRIGHT

[0002] A portion of the disclosure of this patent document
contains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

[0003] The invention relates to an internal antenna system
of'aradio device with separate operating bands. The system is
intended for use especially in small-sized mobile stations.
[0004] In small-sized, mobile radio devices the antenna is
preferably placed inside the casing of the device for conve-
nience. This makes the design of the antenna a more demand-
ing task compared to an external antenna. Extra difficulties in
the design is caused when the radio device has to function in
a plurality of frequency ranges, the more the wider these
ranges or one of them are.

[0005] Internal antennas most often have a planar structure,
in which case they have a radiating plane and a parallel
ground plane at a certain distance from it. The radiating plane
is provided with a short-circuit and feed point of the antenna.
The short-circuit conductor belonging to the structure
extends from the short-circuit point to the ground plane, and
the feed conductor of the antenna extends from the feed point
to the antenna port of the device. For increasing the number of
operating bands of the antenna, the radiating plane can be
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divided into two or more branches of different length as seen
from the short-circuit point. The number of bands can also be
increased by a parasitic auxiliary element. As an alternative,
a parasitic element can be used for widening an operating
band by arranging the resonance frequency corresponding to
it relatively close to the resonance frequency corresponding
to a branch of the radiating plane.

[0006] In this description and the claims, the terms “radi-
ating plane”, “radiating element” and “radiator” mean an
antenna element, which can function as a part transmitting
radiofrequency electromagnetic waves, as a part receiving
them or as a part which both transmits and receives them.
Correspondingly, “feed conductor” means a conductor which
can also function as a receiving conductor.

[0007] The antennas of the kind described above have the
drawback that their characteristics are insufficient when the
number of radio systems in accordance with which the radio
device must function increases. The insufficiency appears e.g.
from that the matching of the antenna is poor in the band used
by one of the radio systems or in a part of at least one of such
bands. In addition, it is difficult to make sufficient isolation
between the antenna parts corresponding to different bands.
The drawbacks are emphasized when the antenna size has to
be compromised because of the lack of space. The size is
reduced by shortening the distance between the radiating
plane and the ground plane or by using dielectric material
between them, for example.

[0008] It is also possible to arrange two radiators in the
antenna structure so that they both have a feed conductor of
their own. This comes into question when the radio device has
a separate transmitter and receiver for some radio system.
FIG. 1 shows an example of such an antenna structure known
from the publication WO 02/078123. It comprises a ground
plane 101, a radiating plane 110, a parasitic element 113 of
the radiating plane and a segregated radiator 107. The radiat-
ing plane has a feed conductor 102 and a short-circuit con-
ductor, and it thus forms a PIFA (Planar Inverted F-Antenna)
together with the ground plane. The PIFA has two bands,
because the radiating plane is divided into a first 111 and a
second 112 branch as seen from the short-circuit and feed
point. The first branch functions as a radiator in the frequency
range of the GSM900 (Global System for Mobile communi-
cations) and the second branch in the range of the DCS
(Digital Cellular Standard) system. The parasitic element 113
is connected to the ground plane and it functions as a radiator
in the range of the PCS (Personal Communication Service)
system. The segregated radiator 107 has its own feed conduc-
tor 103 and short-circuit conductor. Together with the ground
plane it forms an IFA, which functions as a Bluetooth
antenna. The segregated radiator is located near the radiating
plane and its parasitic element so that the short-circuit and
feed conductors of the radiating plane, the short-circuit con-
ductor of the parasitic element and the short-circuit and feed
conductors of the segregated radiator are in a row in a rela-
tively small area compared to the dimensions of the antenna
structure. The support structure of the antenna elements is not
visible in the drawing.

[0009] The segregated radiator mentioned above, provided
with its own feed, is thus for the Bluetooth system. Such a
radiator can similarly be e.g. for the WCDMA (Wideband
Code Division Multiple Access) system. In general, the use of
a segregated radiator provided with its own feed reduces the
drawbacks mentioned above to such an extent that the match-
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ing can be made good at least in the frequency range of the
radio system for which the segregated radiator is provided.
[0010] Theuseofdielectric material for reducing the physi-
cal size of the antenna was mentioned above. FIG. 2 shows an
example of such aknown antenna. This comprises a dielectric
substrate 211, a radiator 212 and its feed element 213. The
radiator and the feed element are conductor strips on the
surface of the substrate. All three together form an antenna
component, which is mounted on the circuit board PCB of a
radio device.

SUMMARY OF THE INVENTION

[0011] In a first aspect of the invention, an antenna system
of a multiband radio device is disclosed. In one embodiment,
the antenna system is implemented in an internal and decen-
tralized way such that the device has a plurality of separate
antennas. Each antenna is typically based on a small-sized
chip component with a ceramic substrate and at least one
radiating element. The chip components are located at suit-
able places on the circuit board and possibly on also another
internal surface of the device. The operating band of an indi-
vidual antenna covers the frequency range used by one radio
system or only the transmitting or receiving band of that
range. At least one antenna is connected to an adjusting circuit
provided with a switch, by means of which circuit the antenna
operating band can be displaced in a desired way. In this case
the operating band covers at a time a part of the frequency
range used by one or two radio systems.

[0012] The exemplary embodiment of the invention has the
advantage that the size of the antennas can be made small.
This is due to that when there is a plurality of antennas, a
relatively small bandwidth is sufficient for an individual
antenna. When the bandwidth is small, a material with higher
permittivity can be chosen for the antenna than for an antenna
having a wider band, in which case the antenna dimensions
can be made correspondingly smaller. In addition, the inven-
tion has the advantage that a good matching is achieved on the
whole width of the band of each radio system. This is due to
that the matching of a separate antenna having a relatively
narrow band is easier to arrange than the matching of a com-
bined multiband antenna. The exemplary embodiment of the
invention further has the advantage that the number of the
necessary antennas can be decreased without compromising
the matching. For example, when the time division duplex is
used, the separate transmitting and receiving antennas can be
replaced with an antenna equipped with said adjusting circuit.
The operating band of this antenna is displaced from the
transmitting band to the receiving band and vice versa, as
needed. The matching and also the efficiency are in part
improved by the fact that in a decentralized system the anten-
nas can each be located in a place which is advantageous with
regard to its function. The exemplary embodiment of the
invention further has the advantage that the isolation between
the antennas is good. This is due to the sensible decentraliza-
tion of the antennas and the fact that a substrate with a rela-
tively high permittivity collapses the near field of the antenna.
[0013] In a second aspect of the invention, an adjusting
circuit for use with an antenna system of a radio device is
disclosed. In one embodiment, the adjusting circuit com-
prises: an input electrically coupled to an antenna component;
a filter circuit; a switching circuit; and a plurality of reactive
circuits each coupled to an end of the switching circuit.
[0014] Inone variant, the plurality of reactive circuits each
comprise a different operating band.
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[0015] In another variant, the number of the plurality of
reactive circuits is three.

[0016] In a further variant, each of the plurality of reactive
circuits is further coupled to ground.

[0017] Inyet another variant, the filter circuit is adapted to
attenuate at least a portion of harmonic frequency compo-
nents that develop within the switching circuit. The filter
circuit may further comprise for example electrostatic dis-
charge (ESD) protection.

[0018] Instill another variant, the positioning ofthe switch-
ing circuit is controlled by a control signal.

[0019] In another variant, at least one of the plurality of
reactive circuits comprises an inductive reactance. Alterna-
tively, at least one of the plurality of reactive circuits may
comprise a capacitive reactance.

[0020] In yet a further variant, each of the plurality of
reactive circuits comprises a trans-mission line coupled to
ground. Each of the transmission lines for the plurality of
reactive circuits may be of a differing length.

[0021] In another variant, each of the plurality of reactive
circuits is adapted for a plurality of separate operating appli-
cations. For example, the plurality of separate operating
applications are selected from the group consisting of: a
GSMB850 application; a GSM900 application; a GSM1800
application; a GSM 1900 application; and a WCDMA appli-
cation.

[0022] In athird aspect of the invention, a method of oper-
ating an antenna system of a radio device is disclosed. In one
embodiment, the antenna system comprises a ground plane,
an antenna and an adjusting circuit, and the method com-
prises: operating the antenna system in a first mode of opera-
tion; sending a control signal to the adjusting circuit, the
control signal switching an operating mode of the adjusting
circuit; and operating the antenna system in a second mode of
operation, the first and second modes of operation utilizing
the same antenna.

[0023] In one variant, the first and second modes of opera-
tion comprise the GSM850 and GSM900 modes of operation,
respectively.

[0024] In another variant, the first and second modes of
operation comprise the GSM1800 and GSM1900 modes of
operation, respectively.

[0025] Inyet another variant, the method further comprises
operating the antenna system in a third mode of operation, the
third mode of operation using the same antenna as the first and
second modes of operation.

[0026] Ina further variant, the first, second and third modes
of'operation comprise the GSM850 receiving band, GSM900
transmitting band and GSM900 receiving bands, respec-
tively.

[0027] In a fourth aspect of the invention, an antenna sys-
tem of a radio device is disclosed. In one embodiment, the
system comprises: a ground plane; at least two antennas each
comprising a radiating element, wherein each radiating ele-
ment comprises a conductor on a surface of a dielectric sub-
strate; wherein a distance along the ground plane between two
of'the radiating elements belonging to different antennas is at
least the combined length of these two radiating elements;
and wherein at least one antenna is connected to an adjusting
circuit.

[0028] In one variant, the adjusting circuit comprises: a
switching circuit; and a plurality of reactive circuits each
coupled to an end of the switching circuit.
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[0029] In another variant, at least one of the antennas is
disposed on a surface of an internal frame of the radio device.
[0030] In another embodiment, the system comprises a
ground plane and at least two antennas, each radiating ele-
ment of which is a conductor on a surface of a dielectric
substrate, and the system is characterized in that: a distance
along the ground plane between two radiating elements
belonging to different ones of the antennas is at least the
combined length of these radiators, and at least one of the
antennas is connected to an adjusting circuit adapted to dis-
place an operating band thereof.

[0031] In one variant, the substrate of an individual one of
the atleast two antennas and the atleast one radiating element
on the surface of the substrate constitute a unitary, chip-type
antenna component, and the antenna component is located on
a circuit board of the radio device.

[0032] In another variant, the antenna component is dis-
posed on a surface of an internal frame of the radio device.
[0033] In yet another variant, an operating band of at least
one of the at least two antennas comprises a frequency range
used by at least one radio system.

[0034] Ina further variant, an operating band of at least one
of'the at least two antennas comprises a transmitting band in
the frequency range used by a radio system, and an operating
band of another one of the at least two antennas comprises a
receiving band of the same frequency range.

[0035] Instill another variant, at least one of the at least two
antennas comprises an operating band of which includes the
receiving band of the frequency range used to implement a
spatial diversity function.

[0036] In yet another variant, the adjusting circuit com-
prises a switch and alternative reactive circuits adapted to
change a resonance frequency of at least one of the antennas
s0 as to displace an operating band of the at least one antenna.
The reactive circuits comprise for example planar transmis-
sion lines. The adjusting circuit may be connected galvani-
cally to a radiating element of one of the antennas.

[0037] In a further variant, the substrate of an individual
one of the at least two antennas comprises a part of an outer
casing of the radio device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 shows an example of a known multiband
antenna,
[0039] FIG. 2 shows an example of a known antenna com-

ponent using a dielectric substrate,

[0040] FIG. 3 shows an example of the placement of the
antennas in an antenna system according to the invention,
[0041] FIGS. 4a-e show examples of the composition of an
antenna system according to the invention,

[0042] FIG. 5 shows an example of an adjusting circuit, by
which the operating band of an antenna can be displaced,
[0043] FIG. 6a shows an example of an individual antenna
and its connection to the adjusting circuit,

[0044] FIG. 65 shows an example of the adjusting circuit of
the antenna in FIG. 6a,

[0045] FIG. 7 shows an example of displacement of the
operating band of an antenna suitable for the adjustable
antenna in FIG. 4e,

[0046] FIG. 8 shows anexample ofthe matching ofa pair of
antennas in the antenna system according to FIG. 3,

[0047] FIG. 9 shows an example of the efficiency of a pair
of antennas in the antenna system according to FIG. 3, and
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[0048] FIG. 10 shows another example of an arrangement,
by which the operating band of an antenna can be displaced.

DETAILED DESCRIPTION OF THE INVENTION

[0049] Reference is now made to the drawings wherein like
numerals refer to like parts throughout.
[0050] FIGS. 1 and 2 were already described in connection
with the prior art.
[0051] FIG. 3 shows an example of an antenna system
according to the invention as a layout drawing. There is a
radio device 300 with a circuit board PCB, plastic frame FRM
and casing CAS in the drawing. A large part of the surface of
the circuit board on the side visible in the drawing consists of
a conductive ground plane GND. In this example the antenna
system includes six antennas. Each one of'these comprises an
elongated antenna component with a ceramic substrate and
two radiating elements. The ground plane around the antenna
component is also considered to be a part of the antenna here.
In this example, the radiating elements of each antenna com-
ponent are of the same size so that they resonate on the same,
relatively narrow frequency range. The feed conductor of an
antenna is connected to one element, and the other element is
parasitic.
[0052] The first 310, the second 320, the third 330, the
fourth 340 and the fifth 350 antenna component are mounted
on the same side of the circuit board PCB, visible in the
drawing. The first antenna component 310 is located in the
middle of the first end of the circuit board, parallel with the
end. The second antenna component 320 is located in a corner
defined by the second end and the first long side of the circuit
board, parallel with the end. The third antenna component
330 is located near the corner defined by the second end and
the second long side of the circuit board, parallel with the long
side. The fourth antenna component 340 is located beside the
first long side of the circuit board parallel with it, slightly
closer to the first than the second end. The fifth antenna
component 350 is located beside the second long side of the
circuit board parallel with it, opposite to the fourth antenna
component. The sixth antenna component 360 is mounted on
the side surface of the frame FRM, which surface is perpen-
dicular to the plane of the circuit board. The antenna compo-
nents are located at places which are advantageous with
regard to the other RF parts and so that they do not much
interfere with each other.
[0053] FIG.3 also shows an example of the ground arrange-
ment of the antennas. The ground plane of the surface of the
circuit board has been removed from below and beside the
first antenna component 310 to a certain distance. However, a
narrow part of the ground plane extends to one or more points
of the radiators. In practice, the system has mainly antenna-
dedicated ground planes because of the decentralization of
the antenna components. This becomes evident from the fact
that the distance along the ground plane between two radia-
tors belonging to different antennas is at least the combined
length of these radiators.
[0054] The antennas according to FIG. 3 can be designed
e.g. as follows:
[0055] the antenna based on the component 310 is an
antenna for the GSM850 system;
[0056] the antenna based on the component 320 is an
antenna for the GSM900 system;
[0057] the antenna based on the component 330 is an
antenna for the GSM 1800 system;
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[0058] the antenna based on the component 340 is a
transmitting antenna for the WCDMA system;
[0059] the antenna based on the component 350 is a
receiving antenna for the WCDMA system;
[0060] the antenna based on the component 360 is an
antenna for the GSM1900 system.
[0061] FIGS. 4a-4e show examples of the composition of
the antenna system according to the invention as schematic
diagrams. In FIG. 4a there are three antennas. One of them is
shared between the GSM850 and GSM900 systems, the sec-
ond is shared between the GSM 1800 and GSM 1900 systems,
and the third is for the WCDMA system. In FI1G. 45, there are
six antennas for the same bands as above in the example
mentioned in the description of FIG. 3. So, one of them is for
the GSM850 system, the second for the GSM900, the third for
the GSM 1800, the fourth for the GSM1900, the fifth for the
transmitting side of the WCDMA system, and the sixth for the
receiving side of the WCDMA system, listed in the order of
FIG. 4b. In FIG. 4c there are twelve antennas. One of them is
for the transmitting side of the GSM850 system, and the
second and the third for the receiving side of the GSM850
system. The latter two are used to implement the space diver-
sity in the receiving. There is a corresponding group of three
antennas for the GSM900, GSM1800 and GSM 1900 system
as well. In FIG. 4d there is a separate antenna for both the
GSM850 and GSM900 system, like in FIG. 45. However, in
this case the antennas are connected to the same feed line.
After the separation of the transfer directions, the antennas
then become connected to the shared transmitter and the
shared receiver of these systems. In the same way also other
antennas, the operating bands of which are close to each
other, can be connected to a shared feed line.
[0062] In FIG. 4e there are two antennas, existing for the
GSM850 and GSM900 system, connected to the same feed
line, like in FIG. 44. In this case the operating band of one
antenna covers only the transmitting band of the GSM850
system. The other antenna is adjustable so that its operating
band can be set to cover either the receiving band of the
GSMB850 system, the transmitting band of the GSM900 sys-
tem or the receiving band ofthe GSM900 system. These three
bands are successive so that there are only relatively narrow
unused frequency ranges between them. Compared with FI1G.
4d, no saving regarding the number of the antennas is
achieved by the arrangement of F1G. 4e, but it has the advan-
tage that both antennas have a narrower band.
[0063] FIG. 5 presents as block diagram an example of an
adjusting circuit, by which the operating band of an antenna
can be set to different places. The number of the places is three
in this example. The adjusting circuit 580 is connected to an
antenna component 510 and the ground plane. Seen from the
antenna, the adjusting circuit includes first a filter FIL. Its
object is here to attenuate the harmonic frequency compo-
nents developing in the switch and to function as an ESD
(Electrostatic Discharge) protector of the switch. The filter
type is for example high-pass or bandpass one. The second
port of the filter is connected to the input of the switch SW,
which has three alternative outputs. Each output is coupled to
the ground through a different reactive circuit, the reactances
X, X, and X; of these circuits deviating from each other.
Thus the radiator(s) in the antenna component can be coupled
to the ground through three alternative reactances. In a simple
case the reactive circuit is a short-circuit with short conduc-
tors (very high reactance). Changing the reactance by con-
trolling the switch changes the resonance frequency/frequen-
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cies of the antenna and in that way the place of its operating
band. The switch is controlled by the signal C.

[0064] FIG. 6a shows an example of an individual antenna
and its connection to the adjusting circuit. A part of the circuit
board PCB of aradio device, on which board there is mounted
an antenna component 610, is seen in the figure. The antenna
component comprises a substrate 611, a first radiating ele-
ment 612 fed by the feed conductor 602 and a parasitic radi-
ating element 613. The radiating elements are located sym-
metrically so that each of them covers a part of the upper
surface of the substrate and one of the opposite end surfaces.
A relatively narrow slot is left over between the elements,
which slot extends diagonally from a corner to the opposite
corner of the substrate’s upper surface. Also in this example,
as already mentioned in the description of FIG. 3, the ground
plane of the surface of the circuit board has been removed
from below and beside the antenna component 610 to a cer-
tain distance. Such an arrangement increases the electric size
of the antenna compared to that the ground plane would
continue as wide to the area under the component. In that case
for example the height of an antenna component functioning
in a certain frequency range can be correspondingly reduced.
However, the ground plane extends both to the first radiator
612 and the parasitic radiator 613 at the ends of the antenna
component.

[0065] For the antenna adjusting, the antenna component
further comprises a strip conductor 614 extending along a
side surface of the substrate from the first radiator 612 to the
surface of the circuit board PCB. That strip conductor is then
galvanically connected to the first radiator in a control point
CP. The galvanic connection continues in this example
through a via to the opposite side of the circuit board, where
the adjusting circuit of the antenna in question is located.
[0066] FIG. 65 shows an example of the adjusting circuit of
the antenna in FIG. 6a. A part of the circuitboard PCB of F1G.
6a is seen from the reverse side in the drawing. The adjusting
circuit comprises a switch and three transmission lines. The
conductor coming from the control point CP is connected to
the input port of the switch SW through a blocking capacitor
BC, by which the direct current circuit from the switch con-
trol to the ground through the switch input is broken. The
switch has three alternative outputs, each of them being
coupled to a transmission line. The transmission lines are in
this example planar lines on the surface of the circuit board
PCB. Each line comprises a middle conductor and a ground
conductor on its both sides. The first transmission line 681 is
short-circuited at its tail end, the second transmission line 682
is open and the third transmission line 683 is short-circuited.
At the head end of each short-circuited line there is a similar
blocking capacitor as also on the input side of the switch. The
lengths of the transmission lines are respectively 32 mm, 25
mm and 11 mm, for instance. The transmission lines have
then the length less than a quarter wave at the frequencies of
order of one GHz. This means that the first and third trans-
mission lines represent capacitive reactances with different
values, and the second transmission line represents an induc-
tive reactance with a certain value. When the transmission
line connected to the switch input is replaced by controlling
the switch, the resonance frequency of the antenna and the
place of its operating band are changed.

[0067] Thereis no filter between the switch and the antenna
component in the example of FIG. 6. If desired, such a filter
is obtained for example by adding a coil between the ground
and the conductor coming from the control point CP. In this
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case the coil together with the capacitor BC forms a high-pass
filter for the ESD protection of the switch.

[0068] FIG. 7 shows an example of displacement of the
operating band of an antenna suitable for the adjustable
antenna in FIG. 4e. So the antenna has three alternative oper-
ating bands, and they are implemented by a structure accord-
ing to FIGS. 6a and 65. Curve 71 shows the reflection coef-
ficient S 11 as a function of frequency, when the antenna is
intended to function as the receiving antenna in the GSM850
system, the receiving band B1 of which is 869-894 MHz. It is
seen from the curve that the reflection coefficient is -7 dB or
better at this setting of the adjusting circuit. Thus the anten-
na’s operating band covers well the required range. Curve 72
shows the reflection coefficient as a function of frequency,
when the antenna is intended to function as the transmitting
antenna in the GSM900 system, the transmitting band B2 of
which is 890-915 MHz. It is seen from the curve that the
reflection coefficient is =7 dB or better also at this setting of
the adjusting circuit. Thus the antenna’s operating band cov-
ers well the required range. Curve 73 shows the reflection
coefficient as a function of frequency, when the antenna is
intended to function as the receiving antenna in the GSM900
system, the receiving band B3 of which is 935-960 MHz. It is
seen from the curve that the reflection coefficient is about -8
dB or better at this setting of the adjusting circuit. Thus the
antenna’s operating band covers well the required range.
[0069] FIG. 8 shows an example of the matching of the
antenna system according to FIG. 3 for the antennas corre-
sponding to the fourth 340 and the fifth 350 antenna compo-
nent, when these are designed to function as the transmitting
and receiving antennas of the WCDMA system. The substrate
of the antenna components is of a ceramics, and its dimen-
sions are 10-3-2 mm® (length, width, height). The matching
appears from the curve of the reflection coefficient S11 as a
function of frequency. It is seen from the curve that the reflec-
tion coefficient is —10 dB or better in the range of both the
transmitting and the receiving band. The matching of the
antenna pair is then good.

[0070] FIG. 9 shows a curve of the efficiency of the same
antenna pair to which FIG. 8 applies as a function of fre-
quency. It is seen that the efficiency is approx. 0.76 on an
average in the transmitting band and approx. 0.72 on the
receiving band. The efficiency of the antenna pair is then
excellent considering the small size of the antenna compo-
nents. The maximum gain of the transmitting antenna is
approx. 1.3 dB and the maximum gain of the receiving
antenna approx. 2.3 dB on an average as measured in free
space.

[0071] FIG. 10 shows another example of an arrangement,
by which the operating band of an antenna can be displaced.
A part of the circuit board PCB of a radio device, on which
board there is mounted an antenna component A10, is seen in
the figure. The antenna component comprises also in this
example a substrate All, a radiator A12 fed via the feed
conductor A02 and a parasitic radiator A13. The radiators are
located symmetrically so that each of them covers a part of the
upper surface of the substrate and one of the opposite end
surfaces. In addition, the antenna component comprises a
second parasitic element A14, which is located on one side
surface of the substrate so that it has an electromagnetic
coupling of equal strength to both radiators. The second para-
sitic element is connected by a conductive strip to the adjust-
ing circuit A80 on the circuit board PCB, which adjusting
circuit is presented as an integrated component in the figure.
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So the coupling of the adjusting circuit to the radiators is
electromagnetic in this example. The control of the adjusting
circuit takes place e.g. through a via in the circuit board, the
control being invisible in the figure.

[0072] A decentralized antenna system according to the
invention has been described above. As appears from the
examples described, the number and the location of the anten-
nas can vary greatly. An individual antenna can include also
only one radiating element. Some or all of the reactances of
the adjusting circuit can be naturally implemented by discrete
components, too. The adjusting circuit can also be based on
the use of capacitance diodes, in which case the adjustment
can be continuous instead of the step-wise one. The band ofan
adjustable antenna can also cover only a part of the transmit-
ting or receiving band of a system using a large frequency
range. The invention does not limit the method of manufac-
ture of individual antenna components. The manufacture can
take place for example by coating a piece of ceramics partly
with conductive material or by growing a metal layer on the
surface e.g. of silicon and removing a part of it by the tech-
nique used in the manufacture of semiconductor components.
An individual substrate can also be a part of the outer casing
of'a radio device. The inventive idea can be applied in differ-
ent ways within the scope defined by the independent claim 1.

1.-13. (canceled)

14. An adjusting circuit for use with an antenna system of
a radio device, said adjusting circuit comprising:

an input electrically coupled to an antenna component;

a filter circuit;

a switching circuit; and

aplurality of reactive circuits each coupled to an end of said

switching circuit.

15. The adjusting circuit of claim 14, wherein said plurality
of reactive circuits each comprise a different operating band.

16. The adjusting circuit of claim 15, wherein the number
of said plurality of reactive circuits is three.

17. The adjusting circuit of claim 14, wherein each of said
plurality of reactive circuits is further coupled to ground.

18. The adjusting circuit of claim 14, wherein said filter
circuit is adapted to attenuate at least a portion of harmonic
frequency components that develop within said switching
circuit.

19. The adjusting circuit of claim 18, wherein said filter
circuit further comprises electrostatic discharge (ESD) pro-
tection.

20. The adjusting circuit of claim 14, wherein the position-
ing of said switching circuit is controlled by a control signal.

21. The adjusting circuit of claim 14, wherein at least one
of said plurality of reactive circuits comprises an inductive
reactance.

22. The adjusting circuit of claim 21, wherein at least one
of said plurality of reactive circuits comprises a capacitive
reactance.

23. The adjusting circuit of claim 14, wherein each of said
plurality of reactive circuits comprises a transmission line
coupled to ground.

24. The adjusting circuit of claim 23, wherein each of said
transmission lines for said plurality of reactive circuits is of a
differing length.

25. The adjusting circuit of claim 14, wherein each of said
plurality of reactive circuits is adapted for a plurality of sepa-
rate operating applications.
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26. The adjusting circuit of claim 25, wherein said plurality
of separate operating applications are selected from the group
consisting of:

a GSMB850 application;

a GSM900 application;

a GSM1800 application;

a GSM1900 application; and

a WCDMA application.

27. A method of operating an antenna system of a radio
device, said antenna system comprising a ground plane, an
antenna and an adjusting circuit, said method comprising:

operating said antenna system in a first mode of operation;

sending a control signal to said adjusting circuit, said con-
trol signal switching an operating mode of said adjusting
circuit; and

operating said antenna system in a second mode of opera-

tion, said first and second modes of operation utilizing
the same antenna.

28. The method of claim 27, wherein said first and second
modes of operation comprise the GSM850 and GSM900
modes of operation, respectively.

29. The method of claim 27, wherein said first and second
modes of operation comprise the GSM1800 and GSM1900
modes of operation, respectively.

30. The method of claim 27, further comprising operating
said antenna system in a third mode of operation, said third
mode of operation using the same antenna as said first and
second modes of operation.

31. The method of claim 30, wherein said first, second and
third modes of operation comprise the GSM850 receiving
band, GSM900 transmitting band and GSM900 receiving
bands, respectively.

32. An antenna system of a radio device, said system com-
prising:

a ground plane;

at least two antennas each comprising a radiating element,

wherein each radiating element comprises a conductor
on a surface of a dielectric substrate;

wherein a distance along said ground plane between two of

said radiating elements belonging to different antennas
is at least the combined length of these two radiating
elements; and

wherein at least one antenna is connected to an adjusting

circuit.

33. The antenna system of claim 32, wherein said adjusting
circuit comprises:

a switching circuit; and

aplurality of reactive circuits each coupled to an end of said

switching circuit.

34. The antenna system of claim 32, wherein at least one of
the antennas is disposed on a surface of an internal frame of
the radio device.
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35. An antenna system of a radio device, which system
comprises a ground plane and at least two antennas, each
radiating element of which is a conductor on a surface of a
dielectric substrate, characterized in that:

a distance along said ground plane between two radiating
elements belonging to different ones of said antennas is
at least the combined length of these radiators, and

at least one of said antennas is connected to an adjusting
circuit adapted to displace an operating band thereof.

36. An antenna system according to claim 35, character-
ized in that the substrate of an individual one of said at least
two antennas and the at least one radiating element on the
surface of the substrate constitute a unitary, chip-type antenna
component.

37. An antenna system according to claim 36, character-
ized in that said antenna component is located on a circuit
board of the radio device.

38. An antenna system according to claim 36, character-
ized in that said antenna component is disposed on a surface
of an internal frame of the radio device.

39. An antenna system according to claim 35, character-
ized in that an operating band of at least one of said at least
two antennas comprises a frequency range used by at least
one radio system.

40. An antenna system according to claim 35, wherein an
operating band of at least one of said at least two antennas
comprises a transmitting band in the frequency range used by
a radio system, and an operating band of another one of said
at least two antennas comprises a receiving band of the same
frequency range.

41. An antenna system according to claim 40, wherein at
least one of said at least two antennas comprises an operating
band of which includes the receiving band of the frequency
range used to implement a spatial diversity function.

42. An antenna system according to claim 35, wherein said
adjusting circuit comprises a switch and alternative reactive
circuits adapted to change a resonance frequency of at least
one of the antennas so as to displace an operating band of the
at least one antenna.

43. An antenna system according to claim 42, character-
ized in that said reactive circuits comprise planar transmis-
sion lines.

44. An antenna system according to claim 35, character-
ized in that said adjusting circuit is connected galvanically to
a radiating element of one of said antennas.

45. An antenna system according to claim 35, character-
ized in that said substrate comprises a ceramic material.

46. An antenna system according to claim 35, character-
ized in that the substrate of an individual one of said at least
two antennas comprises a part of an outer casing of the radio
device.
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