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Description

FIELD OF INVENTION

[0001] The present invention relates generally to an-
tenna devices and more particularly to antenna devices
adapted for internal mounting in a portable communica-
tion device, such as a mobile phone, wherein the char-
acteristics are adjustable in a controlled way. The inven-
tion also relates to a communication device comprising
such an antenna device and a method of adjusting the
same.

BACKGROUND

[0002] Internal antennas have been used for some
time in portable radio communication devices. There are
a number of advantages connected with using internal
antennas, of which can be mentioned that they are small
and light, making them suitable for applications wherein
size and weight are of importance, such as in mobile
phones.

[0003] However, the application of internal antennas
in a mobile phone puts some constraints on the config-
uration of the antenna element, such as the dimensions
of the element, the exact location of feeding and ground-
ing portions etc. These constraints may make it difficult
to find the correct tuning and matching of the antenna.
This is especially true for so-called multi-band antennas,
such as double-band antennas, wherein the antenna is
adapted to operate in two or more spaced apart frequen-
cy bands. In a typical dual band phone, the lower fre-
quency band is centered on 900 MHz, the so-called GSM
900 band, whereas the upper frequency band is centered
around 1800 or 1900 MHz, the DCS and PCS band, re-
spectively. If the upper frequency band of the antenna
device is made wide enough, covering both the 1800 and
1900 MHz bands, a phone operating in three different
standard bands is obtained.

[0004] The European patent publication EP 1 003 240
A2 discloses a surface mount antenna comprising first
and second radiation electrodes separated by a gap.
Each electrode is connected to a grounded connection
electrode, providing a double resonance with two pass
bands. The two pass bands overlap slightly, effectively
creating a single-band antenna with one wide pass band
instead of a double-band antenna. No guidance of how
to obtain desired antenna characteristics is given.
[0005] The European patent publication EP 1 067 627
A1 discloses a dual band radio apparatus comprising a
first and a second antenna element, both connected to
aground plate. A capacitive couplingis provided between
the two antenna elements.

[0006] |EEE Transactions on Antennas and Propaga-
tion, Vol. 45, No. 10, October 1997, describes in an article
by Liu Z D et al. "Dual-Frequency Planar Inverted-F An-
tenna", pp 1451-1458 a dual-band antenna. An antenna
with a single-input port is described on page 1457, where
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it is indicated that the dual-band antenna can also work
with a single feed by electrically shorting the two radiating
elements using common short pins.

[0007] The Japanese patent publication JP11150415
discloses an antenna arrangement comprising two pla-
narinverted F antennas, each provided with afeed device
and a ground device. The geometrical configuration of
providing two co-planar radiating elements, one inside
of the other, simply solves the problem of providing two
single band PIFAs in a small space, together forming a
dual-band antenna.

[0008] The US patent 5,767,810 discloses microstrip
antennas having a grounded or ungrounded radiating el-
ement.

[0009] The Japanese patent publication
JP2000068736 discloses an antenna device comprising
a C-shaped antenna element.

[0010] Morever, EP 1128 466, which falls under Article
54(3) EPC, discloses another wide band antenna ar-
rangement.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide
an antenna device for a portable radio communication
device which overcomes the above mentioned problems
and wherein desired operating frequency bands can be
obtained in a well-defined way.

[0012] Another object is to provide a portable radio
communication device comprising such an antenna de-
vice.

[0013] Still another object is to provide a method of
adjusting the characteristics of an antenna device in a
controlled way.

[0014] The invention is based on the realization that
an antenna configuration having two element portions
spaced apart by a gap can be provided, wherein one
element portion is galvanically ungrounded and wherein
the length and the width of the gap determines the char-
acteristics of the antenna in a controlled way.

[0015] According to the present invention there is pro-
vided an antenna device as defined in appended claim 1.
[0016] According to the present invention there is also
provided a portable radio communication device as de-
fined in appended claim 13.

[0017] There is also provided a method of tuning an
antenna as defined in appended claim 14.

[0018] With the inventive antenna device the above
mentioned drawbacks of prior art are eliminated or at
least mitigated. The antenna device according to the
present invention as defined by the appended claims has
a configuration wherein the gap separating the two radi-
ating element portions can be adjusted in a controlled
way so as to obtain the desired characteristics.

[0019] The dependent claims define further preferred
embodiments of the inventive antenna device.
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BRIEF DESCRIPTION OF DRAWINGS

[0020] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Fig. 1 is an overall view of a mobile phone, partially
broken up, showing the positioning of a printed circuit
board and a basic antenna pattern according to the
invention;

Figs. 2a-5a show the basic antenna pattern with dif-
ferent parameters denoted;

figs. 2b-5b show different antenna patterns derived
from the basic antenna pattern shown in the respec-
tive figs. 2a-5a;

figs. 2c-5c show frequency diagrams associated with
the respective antenna patterns shown in figs. 2a,b-
5a,b,

Fig. 6 shows an alternative basic antenna pattern;

Fig. 7 shows an antenna pattern adapted for use with
an external connector;

Fig. 8 shows an antenna device with yet an alterna-
tive shape; and

Figs. 9 and 10 show frequency diagrams of an an-
tenna device adapted to operation in desired fre-

quency bands.

DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following, a detailed description of em-
bodiments of a connector device according to the inven-
tion will be given. In the description, for purposes of ex-
planation and not limitation, specific details are set forth,
such as particular hardware, applications, techniques
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 presentinvention may be utilized
in other embodiments that depart from these specific de-
tails. In other instances, detailed descriptions of well-
known methods, apparatuses, and circuits are omitted
so as not to obscure the description of the present inven-
tion with unnecessary details.

[0022] Also, when references are made hereinbelow
to directions, such as "left" or "right", these references
are to be taken in connection with what is shown in the
figures as exemplary embodiments and should not be
construed as limiting to the scope of protection.

[0023] In Fig. 1 there is shown a plan view, partially in
cross-section, of a mobile phone, generally designated
2. The mobile phone comprises a keypad 4 etc., as is
conventional. Inside the phone 2 there is provided a print-
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ed circuit board (PCB) 6 with an extension essentially
corresponding to the size of the phone. On the PCB 6
there are mounted electronic circuits etc. (not shown),
for the operation of the phone. These circuits will not be
discussed further except for the information that they
comprise RF circuitry for operation of an antenna, i.e.,
for transmitting and receiving radio frequency signals.
[0024] The PCB 6 also functions as a ground plane for
an internal antenna device, in the described embodiment
a modified PIFA (PIFA - Planar Inverted F Antenna) gen-
erally designated 8 and located in the upper portion of
the mobile phone 2. The antenna device comprises a
radiating element divided into two generally planar por-
tions, afirstinner element 10 and a second outer element
20. The radiating elements 10, 20 are made of some
suitable electrically conductive material, such as metal
sheet, steel plate or the like, or as a conductive flex film.
The elements 10, 20 are supported by a frame made of
a non-conductive material, such as a plastic (not shown).
By means of the frame, the radiating elements are posi-
tioned essentially parallel to the PCB 6 and on a prede-
termined distance therefrom, which is preferred with this
kind of antennas.

[0025] The inner radiating element 10 is connected to
a contact pin 12 having an extension essentially perpen-
dicular to the plane of the inner element 10 and being
electrically connected to the RF circuitry of the underlying
PCB 6. The pin 12, being for example of the type sold
under the Trademark PoGo, functions as a feeding por-
tion of the antenna. The contact pin 12 is located on the
edge of an opening or aperture 14 in the central part of
the radiating element portion 10, the function of which
aperture will be described below.

[0026] The second outer radiating element 20 is con-
nected to a grounding portion 22 extending essentially
perpendicularly thereto and being connected to a ground
device of the underlying PCB 6. The outer element 20
has a general shape resembling a "C" turned 90 degrees
counter-clockwise, as shown in the figures, thus essen-
tially surrounding the inner element 10.

[0027] An important feature is thus that one of the an-
tenna elements is connected to a feed device and the
other of the antenna elements is connected to a ground
device.

[0028] The inner and outer elements 10 and 20, re-
spectively, are essentially coplanar and are separated
by a non-conductive interspace or gap 30. As can be
seeninthefigure, the gap 30 surrounds the inner element
10 on three sides thereof and provides for a controlled
capacitive coupling between the inner and outer ele-
ments 10, 20. Due to the gap between the inner and outer
elements 10, 20 there are two distinct resonance fre-
quencies. By means of this arrangement, a dual-band
antenna is created and the capacitive coupling between
the radiating elements is used for determining the char-
acteristics of the antenna 8, as will be described in the
following and with reference to figs. 2a-c - 5a-c.

[0029] In figs. 2a, 2b, and 2c there is shown how the
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resonance frequency of the upper band of a dual-band
antenna can be adjusted in a controlled way. In its basic
shape, shown in Fig. 2a, the antenna 8 has a lower res-
onance frequency of about 900 MHz and an upper res-
onance frequency of about 1900 MHz, thus making it
suitable for use in a dual band mobile phone adapted for
the GSM 900 and PCS bands.

[0030] However, in order to fine-tune the upper band,
the shape of the inner radiating element 10 is adjusted
in a controlled way. In its basic shape, the inner radiating
element 10 is essentially rectangular with a heighth1 and
a width w1, see Fig. 2a. It is surrounded on three sides
by the gap 30. In Fig. 2a, the gap has been subdivided
into three portions, namely 30a to the left of the element
portion 10, 30b above the element portion 10 and 30c to
the right of the element portion 10. The three gap portions
30a-c have essentially the same width. The inner element
10 is shown with a first end portion 10a facing the gap
portion 30a, a second end portion 10c facing the gap
portion 30c and a portion 10b facing the gap portion 30b,
see Fig. 1.

[0031] Theantennacharacteristics are changed by de-
creasing the width w1 by increasing the width d1 of the
right gap portion 30c. More specifically, by increasing the
distance d1, the resonance frequency of the upper band
is lowered. In Fig. 2c there is shown a set of curves rep-
resenting the Voltage Standing Wave Ratio (VSWR) as
a function of frequency. The curves represent the differ-
ent characteristics when the width wl of the inner element
10 is adjusted from its original value, Fig. 2a, to approx-
imately half its original value, as is shown, in Fig. 2b.
[0032] Referring to Fig. 2c, to the left in the diagram
there is shown a set of almost identical curves, repre-
senting the lower frequency band. Thus, it can be seen
thatthe distance d1 has almost no influence on this band.
This is important in that it enables selective adjustment
of the upper frequency band.

[0033] Incontrast to the lower frequency band there is
a pronounced correlation between distance d1 and the
resonance frequency of the upper band. In the diagram
there is shown a set of nine different curves, the rightmost
of which representing the VSWR of the starting antenna,
i.e., with a small distance d1 (the original antenna shown
in Fig. 1), and the leftmost of which representing the
VSWR with a large distance d1, as shown in Fig. 2b. The
intermediate curves represent equally spaced distances
d1 between the small and large distances, some of which
corresponding to a size of the inner element 10 denoted
by dotted lines in Fig. 2a.

[0034] Itis striking how the resonance frequency of the
upper band correlates with the value of d1. However, the
VSWR for the resonance frequency remains essentially
unchanged. It is thus seen that an adjustment of the dis-
tance d1 provides for an easy and well-defined way to
adjust the characteristics of a dual-band antenna adapt-
ed for use with a mobile phone, for example.

[0035] Another advantage with an adjustment only re-
lating to the size of the inner element 10 is that the posi-
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tions of the feeding and grounding portions 12, 22 remain
unchanged. From a design and manufacturing point of
view this provides a solution wherein the contact points
ofthe underlying PCB 6 remain unchanged, i.e., the same
kind of PCB can be used for different phone models, for
example dual-band phones for GSM/DCS and
GSM/PCS.

[0036] A way to change the resonance frequency of
the lower band of the antenna device will now be de-
scribed with reference to figs. 3a-c. The procedure is sim-
ilar to that concerning the upper frequency band, i.e., the
size ofthe inner element 10is adjusted. However, instead
of removing part of the right hand portion of the inner
element, i.e., that closer to the grounding portion 22, part
of the left-hand portion of the inner element 10 is re-
moved. In other words, the width of the left gap portion
30ais changed, this distance being denoted d2 in figures
3a and 3b.

[0037] In Fig. 3c there are shown two sets of curves
for different values of d2, wherein one set relates to the
lower band and one set relates to the upper band. The
leftmost curve among the lower band curves is associ-
ated with the basic antenna pattern shown in Fig. 3a, i.e.,
the small original width d2. The other lower band curves
are associated with successively higher values ofd2, i.e.,
there is a direct correlation between the value of d2 and
the lower resonance frequency. The rightmost curve of
the lower band curves is associated with the antenna
pattern shown in Fig. 3b, wherein a large portion of the
inner radiating element 10 is removed as compared with
the basic pattern.

[0038] From Fig. 3c is also seen that the upper reso-
nance frequency remains virtually unchanged. This
means that by changing the value of d2 the lower fre-
quency band can be adjusted without affecting the upper
frequency band.

[0039] Yet another way of modifying the characteris-
tics of an antenna device in a controlled way will now be
explained with reference to figs. 4a-c. In Fig. 4a, there is
shown the basic antenna pattern with the effective width
of the upper gap portion 30b denoted by d3. In Fig. 4b,
a modified antenna pattern is shown, wherein part of the
inner element 10 has been removed as compared with
the basic pattern. The amount of inner element material
removed corresponds to the increase of the actual dis-
tance d3 as compared with Fig. 4a.

[0040] It is here seen that by changing the distance
d3, both resonances are affected and therefore an addi-
tional parameter to play with is created in order to match
the antenna in a controlled way.

[0041] It has been described above how the general
shape of the inner and outer radiating elements 10, 20
can be adjusted in order to obtain desired antenna char-
acteristics in a controlled way. Another way to change
the characteristics is to change the size of the aperture
14 as will be explained in the following and with reference
to figs. 5a-c.

[0042] A number of VSWR curves for the upper fre-
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quency band is shown in Fig. 5c, of which curves the
rightmost is associated with the basic antenna pattern
as shown in Fig. 5a. The leftmost curve of the upper
curves is associated with the antenna pattern shown in
Fig. 5b, wherein the aperture 14 has been enlarged as
compared to that of the basic pattern. The intermediate
curves falling between these two extreme cases repre-
sent the VSWR of apertures 14 having a size between
those shown in figs. 5a and 5b. Thus, by changing the
size of the aperture 14, the upper resonance frequency
can be changed in a controlled way. As in the embodi-
ment described with reference to figs 2a-c, the lower res-
onance frequency determining the lower frequency band
remains virtually unchanged, thereby allowing for a se-
lective adjustment of the upper frequency band.

[0043] Besides providing for an adjustment of the up-
per frequency band, the change of size of the aperture
14 can be used for impedance matching the antenna
device or to enable the use in this area of an external
connector or other element, such as a plastic part ex-
tending from the housing of the device in which the an-
tenna is provided. In Fig. 6 there is shown a plan view of
an alternative antenna pattern wherein the aperture in
the inner element 10 has been omitted. Thus, the contact
pin 12, shown in phantom in the figure, is attached to the
underside of the element 10 by means of riveting or the
like.

[0044] InFig. 7 there is shown an antenna pattern sim-
ilar to that shown in Fig. 5b. In addition to the antenna
elements 10, 20 there is shown a coaxial connector, gen-
erally designated 40, connected to the underlying PCB
6. The connector 40 is provided for connection of an ex-
ternal antenna device, such as an antenna provided on
the outside of a car in which a mobile phone is operated
by means of a so-called hands-free equipment. Thus the
aperture 14 provides for a compact solution for position-
ing an external connector, a typical size of which is a
diameter of six millimeters.

[0045] In the embodiments described with reference
to figs. 1-7, the inner element 10 has been shown with a
rectangular shape. However, many other shapes are vi-
able, such asthe one usedinthe antennadevice 8’ shown
in Fig. 8, wherein the inner rectangular element 10 of the
previous embodiments has been replaced with an inner
element 10’ with a lower straight edge and an upper
curved edge. An essentially uniform gap 30’ separates
the inner element 10’ from an outer element, denoted
20’, having an outer shape adapted to a mobile phone in
which it is mounted. The contour of the upper portion of
the mobile phone 2’ is denoted by a dotted line in Fig. 8.
As in the previous embodiments, the inner element 10’
comprises a feeding portion 12’ and the outer element
20’ comprises a grounding portion 22’.

[0046] Finally, in Figs.9and 10, there are shown curve
diagrams showing the characteristics for the antenna de-
vice according to the invention adapted for dual-band
operation in the 900/1800 MHz bands and the 900/1900
MHz bands, respectively. It is here seen, that desired
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characteristics can be achieved in a controlled way with
the inventive device.

[0047] Preferred embodiments of an antenna device
according to the invention have been described. The per-
son skilled in the art realizes that these could be varied
within the scope of the appended claims. Thus, the
shapes of the different parts shown in the figures can of
course be adapted to different needs.

[0048] Similar shapes and dimensions for the basic
antenna pattern have been shown in the figures. It will
be appreciated that these can be varied as long as the
general shape with aninnerradiating element with afeed-
ing portion is surrounded by an outer radiating element
with a grounding portion. Thus, the effective length and
width of the left and right gap portions 30a, 30c can be
adjusted by removing part of the outer element facing
the gap portion in question, thereby adjusting the reso-
nance frequencies of the device.

[0049] The grounding portion 22 has been shown with
a constant size throughout the figures. However, the size
of the grounding portion can be used as a parameter
when adjusting the characteristics of the antenna device.
[0050] Also the positioning of the feeding and ground-
ing portions 12, 22 are the same in all figures. However,
the distance between the feeding and grounding portions
can be used as a means for adjusting the resonance
frequencies of the antenna device. Also, the provision of
the grounding portion 22 to the right of the inner portion
10 can of course be replaced by it being positioned to
the left of the inner portion 10. In that case, the reference
in this description to "left" and "right" should be ex-
changed for each other.

[0051] Different ways of adjusting the upper and lower
frequency bands of a dual-band antenna have been ex-
plained. Although the differentways have been described
separately, it will be appreciated that more than one can
be applied simultaneously. Although the inner and outer
elements 10, 20 have been described and shown as gen-
erally planar, it will be appreciated that they can deviate
from the planar shape so as to be adapted to the outer
shape of the mobile phone in which they are provided,
for example.

[0052] Throughout this description, the term radiating
element has been used. It is to be understood that this
term covers any antenna element adapted to receive or
transmit electromagnetic waves.

[0053] When in this description there is referred to the
width of the gap 30, this refers to the distance between
the inner and outer elements 10 and 20 in the gap portion
in question. Also, when the length of a gap portion is
discussed, reference is made to the effective length of
the edge portion of the inner element 10 facing the gap
portion in question.

Claims

1. An antenna device for a portable radio communica-
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tion device (2) operable in at least an upper and a
lower frequency band, said antenna device compris-

ing:

- a first generally planar radiating element por-
tion (10;10’) having a feeding portion (12;12’)
connectable to a feed device of said radio com-
munication device (2;2’);

- a second generally planar radiating element
portion (20;20’) having a grounding portion (22;
22’) located on an outer edge of said second
radiating element portion (20:20’) and connect-
able to a ground device (6) of said radio com-
munication device, wherein said first and sec-
ond antenna element portions are essentially
coplanar and separated by a gap (30;30),
wherein said second radiating element portion
(20;20’) surrounds said first radiating element
portion (10;10’),

characterized in that

- said first radiating element portion (10;10’) is
galvanically ungrounded, and said second radi-
ating element portion (20;20’) is essentially C-
shaped.

The antenna device according to claim 1, wherein
said grounding portion (22) is located on an end por-
tion of said second radiating element portion (20).

The antenna device according to any of claims 1-2,
wherein said first radiating element portion (10) is
essentially rectangular.

The antenna device according to any of claims 1-3,
wherein

- said first radiating element portion (10) has a
first (10a), a second (10b), and a third (10c) edge
portion,

- said third edge portion (10c) is located closer
to said grounding portion (22) than said first
edge portion (10a) and said second edge portion
(10b) is located between said first and second
edge portions (10a, 10c), and

- said first edge portion (10a) faces a first gap
portion (30a), said second edge portion (10b)
faces a second gap portion (30b), and said third
edge portion (10c) faces a third gap portion (30c)
of said gap (30).

The antenna device according to claim 4, wherein
said gap portions (30a, 30b, 30c) are of essentially
equal width.

The antenna device according to claim 4, wherein
said first gap portion (30a) has a width (d2) exceed-
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10.

1.

12,

13.

14.

15.

16.

17.

ing the width of said second (30b) and third (30c)
gap portions.

The antenna device according to claim 4, wherein
said third gap portion (30c) has a width (d1) exceed-
ing the width of said first (30a) and second (30b) gap

portions. The antenna device according to claim 4,
wherein said second gap portion (30b) has a width
(d3) exceeding the width of said first (30a) and third
(30c) gap portions.

The antenna device according to any of claims 1-8,
wherein said first radiating element portion (10) com-
prises an aperture (14).

The antenna device according to claim 9, wherein
said feeding portion (12) is located on an edge of
said aperture (14).

The antenna device according to claim 9 or 10,
wherein said aperture is adapted to receive an ex-
ternal connector (40).

The antenna device according to claim 1, wherein
said first radiating element portion (10’) has a first,
generally straight side and a second curved side fac-
ing said gap (30’).

A portable radio communication device (2) having a
key pad (4) and a printed circuit board (6) with RF
circuitry,

characterized by

an antenna device according to any of claims 1-12.

A method for adjusting a resonance frequency of an
antenna device according to any of claims 1-12,
comprising the step of adjusting any of the length
and the width of said gap (30).

The method according to claim 14 for adjusting a
resonance frequency of an antenna device accord-
ing to claim 4, comprising the step of adjusting the
width of said first gap portion (30a), such as to adjust
said lower frequency band.

The method according to claim 14 for adjusting a
resonance frequency of an antenna device accord-
ing to claim 4, comprising the step of adjusting the
width of said third gap portion (30c), such as to adjust
said upper frequency band.

The method according to claim 14 for adjusting a
resonance frequency of an antenna device accord-
ing to claim 4, comprising the step of adjusting the
width of said second gap portion (30b), such as to
adjust both said upper and said lower frequency
bands.
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18. The method according to claim 14 for adjusting a

resonance frequency of an antenna device accord-
ing to any of claims 9-11, comprising the step of ad-
justing the size of said aperture (14), such as to ad-
just the lower frequency band and/or to match said
antenna device.

Patentanspriiche

1.

2,

3.

4,

Antennenvorrichtung fur eine tragbare Funkkommu-
nikationsvorrichtung (2), die in zumindest einem
oberen und einem unteren Frequenzband betriebs-
fahig ist, wobei die Antennenvorrichtung aufweist:

- einen ersten im Allgemeinen planar abstrah-
lenden Elementabschnitt (10; 10’) mit einem Zu-
fuhrungsteil (12; 12°), das mit einer Zufihrungs-
vorrichtung der Funkkommunikationsvorrich-
tung (2; 2’) verbindbar ist;

- einen zweiten im Allgemeinen planar abstrah-
lenden Elementabschnitt (20; 20’) mit einem Er-
dungsteil (22; 22’), das sich an einem dulReren
Rand des zweiten abstrahlenden Elementab-
schnitts (20; 20’) befindet und verbindbar ist mit
einer Erdungsvorrichtung (6) der Funkkommu-
nikationsvorrichtung, wobei die ersten und zwei-
ten Antennenelementabschnitte im Wesentli-
chen koplanar sind und durch einen Zwischen-
raum (30; 30’) getrennt sind, wobei der zweite
abstrahlende Elementabschnitt (20; 20’) den er-
sten abstrahlenden Elementabschnitt (10; 10’)
umgibt,

dadurch charakterisiert, dass

- der erste abstrahlende Elementabschnitt (10;
10’) galvanisch nicht geerdet ist und der zweite
abstrahlende Elementabschnitt (20; 20’) im We-
sentlichen eine C-Form hat.

Antennenvorrichtung gemaf Anspruch 1, wobei sich
der Erdungsteil (22) an einem Endteil des zweiten
abstrahlenden Elementabschnitts (20) befindet.

Antennenvorrichtung gemaR einem der Anspriiche
1-2, wobei der erste abstrahlende Elementabschnitt
(10) im Wesentlichen rechteckig ist.

Antennenvorrichtung gemaR einem der Anspriiche
1-3, wobei

- der erste abstrahlende Elementabschnitt (10)
einen ersten (10a), einen zweiten (10b) und ei-
nen dritten (10c) Randteil hat,

- sich der dritte Randteil (10c) ndher an dem
Erdungsteil (22) befindet als der erste Randteil
(10a) und sich der zweite Randteil (10b) zwi-

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

schen den ersten und zweiten Randteilen (10a,
10c) befindet, und

- der erste Randteil (10a) einem ersten Zwi-
schenraumteil (30a) gegeniiberliegt, der zweite
Randteil (10b) einem zweiten Zwischenraumteil
(30b) gegeniberliegt und der dritte Randteil
(10c) einem dritten Zwischenraumteil (30c) des
Zwischenraums (30) gegenuiberliegt.

Antennenvorrichtung gemafR Anspruch 4, wobei die
Zwischenraumteile (30a, 30b, 30c) im Wesentlichen
die gleiche Breite haben.

Antennenvorrichtung gemaR Anspruch 4, wobei der
erste Zwischenraumteil (30a) eine Breite (d2) hat,
welche die Breite des zweiten (30b) und des dritten
(30c) Zwischenraumteils Uberschreitet.

Antennenvorrichtung geman Anspruch 4, wobei der
dritte Zwischenraumteil (30c) eine Breite (d1) hat,
welche die Breite des ersten (30a) und des zweiten
(30b) Zwischenraumteils Uberschreitet.

Antennenvorrichtung geman Anspruch 4, wobei der
zweite Zwischenraumteil (30b) eine Breite (d3) hat,
welche die Breite des ersten (30a) und des dritten
(30c) Zwischenraumteils Uberschreitet.

Antennenvorrichtung gemafl einem der Anspriiche
1-8, wobei der erste abstrahlende Elementabschnitt
(10) eine Offnung (14) aufweist.

Antennenvorrichtung gemaf Anspruch 9, wobei sich
der der Zufiihrungsteil (12) an einem Rand dieser
Offnung (14) befindet.

Antennenvorrichtung gemaR Anspruch 9 oder 10,
wobei die Offnung ausgebildet ist, einen externen
Verbinder (40) aufzunehmen.

Antennenvorrichtung geman Anspruch 1, wobei der
erste abstrahlende Elementabschnitt (10’) eine erste
im Allgemeinen gerade Seite und eine zweite gebo-
gene Seite hat, die dem Zwischenraum (30’) gegen-
Uberliegt.

Tragbare Funkkommunikationsvorrichtung (2) mit
einer Tastatur (4) und einer Leiterplatte (6) mit HF-
Schaltungen,

charakterisiert durch

eine Antennenvorrichtung gemafl einem der An-
spriiche 1-12.

Verfahren zur Anpassung einer Resonanzfrequenz
einer Antennenvorrichtung gemafl einem der An-
spriiche 1-12, das den Schritt der Anpassung der
Lange und/oder der Breite des Zwischenraums (30)
aufweist.
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Verfahren gemaf Anspruch 14 zur Anpassung einer
Resonanzfrequenz einer Antennenvorrichtung ge-
man Anspruch 4, das den Schritt der Anpassung der
Breite des ersten Zwischenraumteils (30a) aufweist,
um so das untere Frequenzband anzupassen.

Verfahren gemaf Anspruch 14 zur Anpassung einer
Resonanzfrequenz einer Antennenvorrichtung ge-
maR Anspruch 4, das den Schritt der Anpassung der
Breite des dritten Zwischenraumteils (30c) aufweist,
um so das obere Frequenzband anzupassen.

Verfahren gemafR Anspruch 14 zur Anpassung einer
Resonanzfrequenz einer Antennenvorrichtung ge-
maRk Anspruch 4, das den Schritt der Anpassung der
Breite des zweiten Zwischenraumteils (30b) auf-
weist, um so sowohl das obere als auch das untere
Frequenzband anzupassen.

Verfahren gemafR Anspruch 14 zur Anpassung einer
Resonanzfrequenz einer Antennenvorrichtung ge-
maR einem der Anspriiche 9 - 11, das den Schritt
der Anpassung der GréRe der Offnung (14) aufweist,
um so das untere Frequenzband anzupassen und/
oder die Antennenvorrichtung abzustimmen.

Revendications

Un dispositif d’antenne pour un dispositif de commu-
nication radio (2) portable susceptible de fonctionner
en au moins une bande de fréquence supérieure et
une bande de fréquence inférieure, ledit dispositif
d’antenne comprenant :

- une premiére partie d’élément rayonnant (10;
10’) globalement plane, comprenant une partie
d’'alimentation (12 ; 12’) susceptible d’étre reliée
a un dispositif d’alimentation du dispositif de ra-
dio communication (2 ; 2°) ;

- une deuxiéme partie d’élément rayonnant (20 ;
20’) globalement plane, ayant une partie de mise
alamasse (22 ; 22’) située sur un bord extérieur
de ladite deuxiéme partie d’élément rayonnant
(20 ; 20’) et susceptible étre reliée au dispositif
de mise a la masse (6) dudit dispositif de radio
communication, dans lequel lesdites premiére
et deuxiéme parties d’élément d’antenne sont
sensiblement coplanaires et séparées par un in-
tervalle (30 ; 30’), dans lequel ladite deuxieme
partie d’élément rayonnant (20 ; 20’) entoure la-
dite premiére partie d’élément rayonnant (10 ;
10),

caractérisé en ce que

- ladite premiére partie d’élément rayonnant (10;
10’) est isolée galvaniquement de la masse, et
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- ladite deuxieme partie d’élément rayonnant
(20 ; 20’) est sensiblement en forme de C.

Ledispositif d’antenne selon larevendication 1, dans
lequel ladite partie de mise alamasse (22) est située
sur une partie d’extrémité de ladite deuxiéme partie
d’élément rayonnant (20).

Le dispositif d’antenne selon I'une quelconque des
revendications 1-2, dans lequel ladite premiére par-
tie d’élément rayonnant (10) est sensiblement rec-
tangulaire.

Le dispositif d’antenne selon I'une quelconque des
revendications 1 a 3, dans lequel

- ladite premiére partie d’élémentrayonnant (10)
présente une premiére (10a), une deuxiéme
(10b) et une troisieme (10c) partie de bord,

- ladite troisiéme partie de bord (10c) est située
plus pres de ladite partie de mise a la masse
(22) que ladite premiére partie de bord (10a) et
ladite deuxiéme partie de bord (10b) est située
entre lesdites premiére et deuxiéeme parties de
bord (10a, 10c), et

- ladite premiére partie de bord (10a) est placée
face a une premiére partie d’intervalle (30a), la-
dite deuxiéme partie de bord (10b) est placée
face a une deuxiéme partie d’intervalle (30b), et
ladite troisieme partie de bord (10c) est placée
face a une troisieme partie d’intervalle (30c) du-
dit intervalle (30).

Ledispositifd’antenne selon larevendication 4, dans
lequel lesdites parties d’intervalle (30a, 30b, 30c)
sont de largeur sensiblement identique.

Le dispositif d’'antenne selon larevendication 4, dans
lequel ladite premiére partie d’intervalle (30a) a une
largeur (d2) supérieure a la largeur desdites deuxie-
me (30b) et troisieme (30c) parties d’intervalle.

Le dispositif d’antenne selon larevendication 4, dans
lequel ladite troisieme partie d’intervalle (30c) a une
largeur (d1) supérieure a la largeur desdites premie-
re (30a) et deuxiéme (30b) parties d’intervalle.

Ledispositifd’antenne selon larevendication 4, dans
lequel ladite deuxieme partie d’intervalle (30b) pré-
sente une largeur (d3) supérieure a la largeur des-
dites premiere (30a) et troisieme (30c) parties d’in-
tervalle.

Le dispositif d’antenne selon I'une quelconque des
revendications 1 a 8, dans lequel ladite premiere par-
tie d’élément rayonnant (10) comprend une ouver-
ture (14).
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Le dispositif d’'antenne selon larevendication 9, dans
lequel ladite partie d’alimentation (12) est située sur
un bord de ladite ouverture (14).

Le dispositif d’antenne selon la revendication 8 ou
10, dans lequel ladite ouverture est adaptée pour
recevoir un connecteur externe (40).

Le dispositif d’antenne selon larevendication 1, dans
lequel ladite premiere partie d’élément rayonnant
(10’) présente un premier c6té globalement rectili-
gne et un deuxieme c6té incurvé placé face audit
intervalle (30°).

Un dispositif de radiocommunication (2) portable,
ayant un clavier a touches (4) et une carte a circuit
imprimé (6) munie d’une circuiterie RF,
caractérisé par

un dispositif d’antenne selon I'une quelconque des
revendications 1 a 12.

Un procédé d’ajustement d’'une fréquence de réso-
nance d’un dispositif d’antenne selon I'une quelcon-
que des revendications 1 a 12, comprenant I'étape
d’ajustement d’'une quelconque de la longueur et de
la largeur dudit intervalle (30).

Le procédé selon la revendication 14, pour ajuster
une fréquence de résonance d’un dispositif d’anten-
ne selon la revendication 4, comprenant I'étape
d’ajustement de la largeur de ladite premiére partie
d’intervalle (30a), de maniére a ajuster ladite bande
de fréquence inférieure.

Le procédé selon la revendication 14, pour ajuster
une fréquence de résonance d’un dispositif d’anten-
ne selon la revendication 4, comprenant I'étape
d’ajustement de la largeur de ladite troisieme partie
d’intervalle (30c), de maniere a ajuster ladite bande
de fréquence supérieure.

Le procédé selon la revendication 14, pour ajuster
une fréquence de résonance d’un dispositif d’anten-
ne selon la revendication 4, comprenant I'étape
d’ajustement de la largeur de ladite deuxiéme partie
d’intervalle (30b), de maniére a ajuster a la fois les-
dites bandes de fréquence supérieures et lesdites
bandes de fréquence inférieures.

Le procédé selon la revendication 14, pour ajuster
une fréquence de résonance d’un dispositif d’anten-
ne selon l'une quelconque des revendications 9 a
11, comprenant 'étape d’ajustement de la taille et
de ladite ouverture (14), de maniére a ajuster la ban-
de de fréquence inférieure et/ou a accorder ledit dis-
positif d’'antenne.

10

15

20

25

30

35

40

45

50

55

16



EP 1 360 738 B9 (W1B1)

\ 30 10b 30p
\\ } ‘

14 = o
14 N — |4 —-30c¢
1 2 \r—"' (NN 10C

. 10 11T~ 20
T
10a
6
\
4 —// l

Fig. 1

10



EP 1 360 738 B9 (W1B1)

.

——30¢c

™ Fig. 2a

11



EP 1 360 738 B9 (W1B1)

|| G s

Fig. 3b

Fig. 3a -

12



EP 1 360 738 B9 (W1B1)

30b 22

\
/ —.. K
! 1 ¥ 43
30al__—1 wi ——————

— 12
///” Fig. 4a 10c  30c
30b 22
J e e————
) _._r
[ l 0
20 'F:j__—
10 43 s
Fig. 4b 1di
| W T
\ WL I
\ W T
I W
. AW
?, Fig. 4a — W\ JlJI/]
A ) WA Fig. ab
Fig. 4a —]_\ Fig. #b W]
LAY \
Wi 1 1




EP 1 360 738 B9 (W1B1)

30b

308‘—»""‘

20
N
\
.
LA
J Hg. 5a
2
‘W 000 200 Wm 600 800 2000

14



EP 1 360 738 B9 (W1B1)

22

/ Fig. 6

Fig. 8

15



EP 1 360 738 B9 (W1B1)

33333333333
- -

..I/Tl
[LL//
g
m=eul
8
§
8
|
8
l’lll’.ll./[// m
8

88888888888

Fig. 10

16



EP 1 360 738 B9 (W1B1)
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 EP 1003240 A2 [0004] e US 5767810 A [0008]
« EP 1067627 A1[0005] * JP 2000068736 B [0009]
« JP 11150415 B [0007] « EP 1128466 A[0010]

Non-patent literature cited in the description
* LIUZD etal. Dual-Frequency Planar Inverted-F An-

tenna. IEEE Transactions on Antennas and Propa-
gation, October 1997, vol. 45 (10), 1451-1458 [0006]

17



	bibliography
	description
	claims
	drawings

