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Description

[0001] The object of the invention is an antenna struc-
ture defined in the preamble of claim 1, and an antenna
structure applicable in mobile stations operating on two
frequency ranges as set out in the preamble of claim 9.
[0002] The development of mobile station techniques
have brought and will bring to the marketplace new, ver-
satile models, in which new requirements are placed on
the antennas: the antenna must for instance operate on
two frequency ranges, such as the 900 MHz and 1.8
GHz ranges; the bandwidths must be relatively large;
the radiation and reception characteristics must be rath-
er good in different positions of the device and the an-
tenna, as well as in different locations regarding external
objects; and yet the antenna must be relatively small
and compact.
[0003] Figure 1 presents previously known antenna
structures operating on two frequency ranges.

1) Structures based on a helix:

- A double helix: Two helix elements 101 and 102
having different resonance frequencies are
placed within each other, in an interleaved fash-
ion or on top of each other. The elements have
either a common or a separate feed.

- A helix and a monopole: Within a helix element
103 there is placed a rod element 104 having
a different resonance frequency. The elements
have either a common or a separate feed.

Disadvantages of the structures based on helix el-
ements are the relatively high manufacturing costs
and clearly deteriorated characteristics, when the
antenna is located or turned close to the frame of
the device.

In a reference publication WO 96/38881 a mo-
nopole antenna is disclosed for an implementation
by a printed monopole structure as indicated there-
in. The antenna therein has a first printed circuid
board. That is said to have a first side and a second
side. A first monopole radiating element in the form
of a conductive trace is said to be formed on a side
of the first printed circuit board, and a second mo-
nopole radiating element in the form of a conductive
trace positioned adjacent to the first monopole ra-
diating element. The first monopole radiating ele-
ment is said to be resonant within a first frequency
band and the second monopole radiating element
is said to be resonant within a second frequency
band. It is further described that in order to have the
first and second radiating element to be resonant
within different frequency bands, the conductive
traces for each have different lengths. It is addition-
ally described that no direct electrical connection
exists between the monople radiating elements, but
the second radiating element dominates at a fre-

quency in which the second radiating element is ap-
proximately a half wavelength so that coupling with
the first radiating element occurs. The first and sec-
ond monopole radiating elements are formed on the
same side of the first printed circuit board, separate
sides of the first printed circuit board, or on separate
printed circuit boards.

2) Microstrip structures

- A double strip: A radiating strip 105 is on the
surface of a dielectric plate, and within it is an-
other strip 106 having a different resonance fre-
quency. The feed is made for instance to the
strip 105, and the strip 106 is parasitic. The
ground plane 107 is on the other surface 108
of the plate.

- A strip and a transmission line: On the surface
of a dielectric plate 111 there is a strip 109, and
a strip 110, functioning as a part of a short-
circuited transmission line. The transmission
line is dimensioned so that it radiates at one of
the two desired frequencies.

A disadvantage of the presented and other corre-
sponding microstrip structures is their relatively nar-
row bandwidth. An improvement can be achieved
by adding parasitic elements to the structure, but
then the structure's relatively large size will be a dis-
advantage.

3) Chip structures
Within a dielectric monolithic body 114 there are two
conductors 112 and 113 with a meander form, which
radiate at different frequencies. The disadvantage
of these structures is the relatively narrow band-
width.

[0004] In addition to the above presented structures
there are double band antennas based on a half-wave
dipole. Their disadvantage is a relatively large size.
[0005] The object of the invention is to reduce the
above mentioned disadvantages relating to prior art. An
antenna according to the invention is characterised in
what is presented in the independent claims 1 and 9.
Some preferred embodiments of the invention are pre-
sented in the dependent claims.
[0006] The basic idea of the invention is as follows:
on one side of a small dielectric plate, such as a printed
circuit board, there is a regularly or almost regularly re-
peating conductor pattern, which at one end is connect-
ed to a conductor for reception and the antenna feed.
On the opposite side of the plate, or within it, there is a
parasitically coupled conducting area which is formed
so that the structure has two resonance frequencies rel-
atively far away from each other.
[0007] The advantage of the invention is that the
bandwidths at each operating range will be wider than
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in prior known structures. This is important, particularly
when the device is used in different positions, and when
the pass-bands slightly shift, due to i.a. a shifted posi-
tion. A further advantage of the invention is that when
the antenna is short and flat, it is on one hand possible
to turn it into a protected position close to the frame of
the device, and on the other hand that its electrical char-
acteristics then remain adequate, because the distance
to the device frame is kept relatively large. A further ad-
vantage of the invention is that due to the flat form of
the antenna it can be placed at the back wall in mobile
phones, whereby the power (SAR) absorbed into the us-
er's head will be as low as possible. A further advantage
of the invention is that the costs of the antenna are rel-
atively low due to the simple structure.
[0008] The invention is described in detail below. In
the description reference is made to the enclosed draw-
ings, in which

Figure 1 shows dual band antennas according to
prior art;

Figure 2 shows a typical antenna according to the
invention;

Figure 3 shows the band characteristics of the an-
tenna according to the invention;

Figure 4 shows an antenna mounted in a mobile
station in different situations;

Figure 5 shows some variations of the antenna ac-
cording to the invention; and

Figure 6 shows a mobile communication means ac-
cording to the invention.

[0009] The structures of figure 1 were already de-
scribed above in connection with the description of prior
art. In figure 2 there is a structure according to the in-
vention, which includes a dielectric plate 21, a radiating
element 22 connected to the feed line 25 of the antenna,
and a radiating parasitic element 23. In this example the
dielectric plate is the dielectric layer of the printed circuit
board. The element 22 is a rectangular conductor pat-
tern of the meander type, which is formed on the other
side of the plate 21, for instance by etching. In this con-
nection meander means a line without branches and
where a certain basic form or its modification, or different
basic forms, are repeated in sequence in the same di-
rection. Examples of the meander pattern are shown in
figure 5. Below the element 22 is called a meander ele-
ment. A parasitic element means a conductor which is
galvanically isolated from the other conductors of the
system, but which has an electromagnetic coupling to
them. In this example a parasitic element 23 is a con-
ductor area formed by etching on the surface, which is
opposite regarding the meander element, and which is

electromagnetically coupled to the meander element.
The symbols affecting the characteristics of the antenna
are also marked in figure 2: the thickness d of the die-
lectric layer, the height h of the meander element 22, the
width w of the meander element, the height s of the re-
peating pattern in the meander element, the width w1 of
the conductor of the meander element, the height hp of
the parasitic element 23, the width wp of the parasitic
element, the height difference e1+e2 of the meander and
parasitic elements, of which e1 is at the upper end of the
structure and e2 at the bottom end. The height direction
means here and particularly in the claims the direction
of the largest dimension h of the meander element.
[0010] The structure of the figure 2 has two resonance
frequencies, of which the lower is determined mainly by
the meander element 22, and the upper mainly by the
parasitic element 23. Naturally the elements interact
and thus have an effect on both resonance frequencies.
The structure is characterised in that the resonance fre-
quencies are relatively far from each other; one can be
arranged for instance in the frequency range used by
the GSM network, and the other in the frequency range
used by a PCN network or satellite telephones. The
structure is particularly characterised in that the band-
widths both in the upper and the lower operating range
are relatively large. The planar parasitic element causes
namely a wide upper band and also acts on the lower
band in a way which makes it wider. The bandwidths
can be tuned by the dimensioning. When for instance
the upper band is desired to be as wide as possible, then
the parasitic element must be dimensioned as a wide
one, and it must be located downwards, so that the di-
mension e1 is relatively large. Wider bandwidths can al-
so be obtained, without changing the resonance fre-
quencies, by making the meander pattern with wider
spaces, or by increasing the dimension s, and by at the
same time increasing the heights h and hp of the radi-
ating elements. Thus there must be a compromise be-
tween the bandwidths and the antenna size. The char-
acteristics of the antenna are affected by the antenna
dimensions and also by the matter between the mean-
der and the parasitic elements: when the dielectric con-
stant of the dielectric plate increases the upper reso-
nance frequency decreases.
[0011] The band characteristics of an antenna are of-
ten examined by measuring its return loss Ar as a func-
tion of the frequency. The return loss means the ratio
between the energy supplied to the antenna and the en-
ergy returning from it. It is the absolute value of the in-
verse of the square of the reflection coefficient or the
parameter s11. The higher the return loss the larger part
of the energy supplied to the antenna will be radiated
into the environment, or the better the antenna operates.
In an ideal case the return loss is thus infinite. When the
return loss is 1, or 0 dB, the antenna will not radiate at
all; all energy fed into it will return to the feeding source.
The reception characteristics of the antenna follow the
transmission characteristics: the more effectively the
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antenna transmits on a certain frequency and into a cer-
tain direction, the more effectively it also will receive on
said frequency from said direction. The bandwidth of the
antenna can be defined in different ways: it can mean
the difference between those frequencies at which the
return loss has decreased 3 dB from its best value or
maximum value. Often the bandwidth is regarded as the
difference between those frequencies at which the value
of the return loss is 10 dB or 10. This corresponds to the
value 2 of the standing wave ratio SWR.
[0012] Figure 3 shows an example of the variation of
the return loss Ar of an antenna according to the inven-
tion as a function of the frequency in different operating
situations. The measurements results have been ob-
tained with the following dimensions of the antenna: h
= 29.3 mm; w = 5.4 mm; hp = 24.4 mm; wp = 5.4 mm;
e1 = 4.2 mm; e2 = 0 mm; s = 1.6 mm; w1 = 0.5 mm; and
d = 0.76 mm. The dielectric constant of the printed circuit
board is εr = 2.5. The measurement range in figure 3 is
from 800 MHz to 2.2 GHz. The thin unbroken curve 31
corresponds to the situation of figure 4a: the antenna is
out and pointing upwards, and there are no other objects
in the vicinity. The broad unbroken curve 32 corre-
sponds to the situation of figure 4b: a human head is
now adjacent to the mobile station. The dotted line 33
corresponds to the situation of figure 4c: the antenna is
out, but in an inclined position, such as in a multifunction
mobile station during normal operation. The line 34 of
dots and dashes corresponds to the situation of figure
4d: the antenna is turned into a protected position, such
as adjacent the frame of the mobile station. In the fol-
lowing the band limits are defined as frequencies, at
which the return loss is 8 dB = 6.3 (SWR ≈ 2.3), except
in the case of the turned antenna 34, where the band-
width is defined on the basis of the -3 dB points. The
curve 31 shows that when the mobile station is in a free
space the lower range is about 900 to 975 MHz and the
upper range about 1670 to 1940 MHz. The curve 32
shows that in the situation of a normal call the lower
range is about 880 to 975 MHz, and the upper range
about 1630 to 1920 MHz. The figure 33 shows that in
the operational position of a multifunction mobile station
the lower range is about 885 to 975 MHz and the upper
range about 1690 to 2100 MHz. Figure 34 shows that
when the antenna is turned the lower range is about 845
to 955 MHz and the upper range about 1625 to 1890
MHz. It is observed that the position of the ranges and
their widths depend on the position of the antenna and
on the environment, but that in all cases the ranges cov-
er the ranges used by the GSM and the PCN networks.
When the antenna is in the turned position the mean
return loss in the pass-band is of the order of 10 dB less
than in the normal position. Then the transmit power is
of course lower, but however, in most cases still suffi-
cient.
[0013] Above we described an antenna structure ac-
cording to the invention and its characteristics. The in-
vention is not limited to the above presented solutions.

For instance, the number and the form of the radiating
elements can vary. Figure 5 shows examples of some
possible variations. In figure 5a the meander element
comprises straight sections as in figure 2, but the angles
between the conductor sections differ from a straight an-
gle. Further the width of the pattern increases in the
downward direction. In figure 5b the meander element
comprises straight sections, but they form a triangular
wave pattern. In this example the parasitic element is
elliptical instead of a rectangle. In figure 5c the meander
element comprises circular arcs and straight lines. A
gap 51 has been formed in the parasitic element, where-
by the gap radiates on a third frequency range. An an-
tenna like this can then be dimensioned to operate on
the frequency ranges used by three systems. With the
same intention figure 5d has a second parasitic element
52 on the same side of the printed circuit board as the
feed conductor or the meander element. The material
of the dielectric plate can also vary: in addition to the
materials typically used in printed circuit boards it can
be for instance polytetrafluoroethylene (PTFE) or anoth-
er plastic. The radiating elements can be formed in the
surface of the dielectric plate also in some other way
than by etching, for instance by evaporation or by tooling
the conductor surfaces of the printed circuit board: a
conducting material can for instance be deposited on
the surface of the plate by evaporation or by a screen
printing method.
[0014] Figure 6 shows a block diagram of a digital mo-
bile communication means according to an advanta-
geous embodiment of the invention. The mobile com-
munication means comprises a microphone 301, key-
board 307, display 306, earpiece 314, antenna duplexer
or switch 308, and a control unit 305, which all are typical
components of conventional mobile communication
means. Further, the mobile communication means con-
tains typical transmission and receiver blocks 304, 311.
Transmission block 304 comprises functionality neces-
sary for speech and channel coding, encryption, and
modulation, and the necessary RF circuitry for amplifi-
cation of the signal for transmission. Receiver block 311
comprises the necessary amplifier circuits and function-
ality necessary for demodulating and decryption of the
signal, and removing channel and speech coding. The
signal produced by the microphone 301 is amplified in
the amplifier stage 302 and converted to digital form in
the A/D converter 303, whereafter the the signal is taken
to the transmitter block 304. The transmitter block en-
codes the digital signal and produces the modulated and
amplified RF-signal, whereafter the RF signal is taken
to the antenna 309 via the duplexer or switch 308. The
receiver block 311 demodulates the received signal and
removes the encryption and channel coding. The result-
ing speech signal is converted to analog form in the D/
A converter 312, the output signal of which is amplified
in the amplifier stage 313, whereafter the amplified sig-
nal is taken to the earpiece 314. The control unit 305
controls the functions of the mobile communication
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means, reads the commands given by the user via the
keypad 307 and displays messages to the user via the
display 307. The mobile communication means further
comprises an antenna structure 309. The antenna struc-
ture 309 preferably has a structure corresponding to
some of the previously described inventive antenna
structure or equivalent antenna structures.

Claims

1. An antenna, having a first operating band and a sec-
ond operating band, comprising a first element (22)
connected to its feed line and at least one parasitic
element (23) wherein

- the supporting structure for the first and para-
sitic elements (22, 23) is a dielectric plate (21),
the first and parasitic elements (22, 23) being
arranged on opposite sides of said dielectric
plate (21),

- said first element (22) is a meander element,
determining a first operating band, the width of
which is substantially determined by the dimen-
sions of said meander element,

characterised in that

- said parasitic element (23) is a planar conduc-
tor area, determining a second operating band
the width of which is substantially determined
by the dimensions of said parasitic element,
and

- said meander element (22) is electromagneti-
cally coupled to said parasitic element (23) for
broadening at least one of said operating
bands.

2. A structure according to claim 1, characterised in
that the width (w) of the meander element in a first
point in the height direction is different from its width
in a second point in the height direction.

3. A structure according to claim 1, characterised in
that the height (hp) of the parasitic element (23) is
less than the height (h) of the meander element
(22).

4. A structure according to claim 1, characterised in
that the width (wp) of the parasitic element (23) in
a first point in the height direction is different from
the width in a second point in the height direction.

5. A structure according to claim 1, characterised in
that the dielectric plate (21) is the dielectric part of
a printed circuit board.

6. A structure according to claim 5, characterised in

that the meander element (22) is a conductor area
on the first surface of said printed circuit board and
that the parasitic element (23) is a conductor area
on the second, opposite surface of said printed cir-
cuit board.

7. A structure according to claim 1, characterised in
that the parasitic element (23) has a radiating gap
(51).

8. A structure according to claim 1 which comprises a
first parasitic element and a second parasitic ele-
ment (52), characterised in that said second par-
asitic element (52) is conductor area on the same
side of the dielectric plate as the meander element.

9. A mobile station comprising an antenna, having a
first operating band and a second operating band,
comprising a first element (22) connected to its feed
line and at least one parasitic element (23) wherein

- the supporting structure for the first and para-
sitic elements (22, 23) is a dielectric plate (21),
the first and parasitic elements (22, 23) being
arranged on opposite sides of said dielectric
plate (21),

- said first element (22) is a meander element,
determining a first operating band, the width of
which is substantially determined by the dimen-
sions of said meander element,

characterised in that

- said parasitic element (23) is a planar conduc-
tor area, determining a second operating band
the width of which is substantially determined
by the dimensions of said parasitic element,
and

- said meander element (22) is electromagneti-
cally coupled to said parasitic element (23) for
broadening at least one of said operating
bands.

Patentansprüche

1. Antenne, die ein erstes Betriebsband und ein zwei-
tes Betriebsband besitzt und ein erstes Element
(22), das mit seiner Speiseleitung verbunden ist,
und wenigstens ein parasitäres Element (23) um-
fasst, wobei

- die Unterstützungsstruktur für das erste Ele-
ment (22) und für das parasitäre Element (23)
eine dielektrische Platte (21) ist und das erste
Element (22) und das parasitäre Element (23)
auf gegenüberliegenden Seiten der dielektri-
schen Platte (21) angeordnet sind,
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- wobei das erste Element (22) ein Mäanderele-
ment ist, das ein erstes Betriebsband bestimmt,
dessen Breite im Wesentlichen durch die Ab-
messungen des Mäanderelements bestimmt
ist,

dadurch gekennzeichnet, dass

- das parasitäre Element (23) ein ebener Leiter-
bereich ist, der ein zweites Betriebsband be-
stimmt, dessen Breite im Wesentlichen durch
die Abmessungen des parasitären Elements
bestimmt ist, und

- das Mäanderelement (22) mit dem parasitären
Element (23) elektromagnetisch gekoppelt ist,
um wenigstens eines der Betriebsbänder zu
verbreitern.

2. Struktur nach Anspruch 1, dadurch gekennzeich-
net, dass die Breite (w) des Mäanderelements an
einem ersten Punkt in Höhenrichtung von seiner
Breite an einem zweiten Punkt in Höhenrichtung
verschieden ist.

3. Struktur nach Anspruch 1, dadurch gekennzeich-
net, dass die Höhe (hp) des parasitären Elements
(23) niedriger als die Höhe (h) des Mäanderele-
ments (22) ist.

4. Struktur nach Anspruch 1, dadurch gekennzeich-
net, dass die Breite (wp) des parasitären Elements
(23) an einem ersten Punkt in Höhenrichtung von
der Breite an einem zweiten Punkt in Höhenrich-
tung verschieden ist.

5. Struktur nach Anspruch 1, dadurch, gekennzeich-
net, dass die dielektrische Platte (21) der dielektri-
sche Teil einer gedruckten Leiterplatte ist.

6. Struktur nach Anspruch 5, dadurch gekennzeich-
net, dass das Mäanderelement (22) ein Leiterbe-
reich auf der ersten Oberfläche der gedruckten Lei-
terplatte ist und dass das parasitäre Element (23)
ein Leiterbereich auf der zweiten, gegenüberliegen-
den Oberfläche der gedruckten Leiterplatte ist.

7. Struktur nach Anspruch 1, dadurch gekennzeich-
net, dass das parasitäre Element (23) einen Strah-
lerspalt (51) besitzt.

8. Struktur nach Anspruch 1, die ein erstes parasitäres
Element und ein zweites parasitäres Element (52)
umfasst, dadurch gekennzeichnet, dass das
zweite parasitäre Element (52) ein Leiterbereich ist,
der sich auf derselben Seite der dielektrischen Plat-
te wie das Mäanderelement befindet.

9. Mobilstation, die eine Antenne umfasst, die ein er-

stes Betriebsband und ein zweites Betriebsband
besitzt und ein erstes Element (22), das mit seiner
Speiseleitung verbunden ist, sowie wenigstens ein
parasitäres Element (23) aufweist, wobei

- die Unterstützungsstruktur des ersten Ele-
ments (22) und des parasitären Elements (23)
eine dielektrische Platte (21) ist, wobei das er-
ste Element (22) und das parasitäre Element
(23) auf gegenüberliegenden Seiten der dielek-
trischen Platte (21) angeordnet sind,

- das erste Element (22) ein Mäanderelement ist,
das ein erstes Betriebsband bestimmt, dessen
Breite im Wesentlichen durch die Abmessun-
gen des Mäanderelements bestimmt ist,

dadurch gekennzeichnet, dass

- das parasitäre Element (23) ein ebener Leiter-
bereich ist, der ein zweites Betriebsband be-
stimmt, dessen Breite im Wesentlichen durch
die Abmessungen des parasitären Elements
bestimmt ist, und

- das Mäanderelement (22) mit dem parasitären
Element (23) elektromagnetisch gekoppelt ist,
um wenigstens eines der Betriebsbänder zu
verbreitern.

Revendications

1. Antenne comportant une première bande d'exploi-
tation et une seconde bande d'exploitation, compre-
nant un premier élément (22) relié à sa ligne d'ali-
mentation et au moins un élément parasite (23),
dans laquelle

- la structure de support pour le premier élément
et l'élément parasite (22, 23) est une plaque de
diélectrique (21), le premier élément et l'élé-
ment parasite (22, 23) étant disposés sur les
faces opposées de ladite plaque de diélectri-
que (21),

- ledit premier élément (22) est un élément si-
nueux déterminant une première bande d'ex-
ploitation dont la largeur est déterminée sensi-
blement par les dimensions dudit élément si-
nueux,

caractérisée en ce que

- ledit élément parasite (23) est une zone d'un
conducteur plan, déterminant une seconde
bande d'exploitation dont la largeur est sensi-
blement déterminée par les dimensions dudit
élément parasite, et

- ledit élément sinueux (22) est couplé électro-
magnétiquement audit élément parasite (23)
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en vue d'élargir au moins l'une desdites bandes
d'exploitation.

2. Structure selon la revendication 1, caractérisée en
ce que la largeur (w) de l'élément sinueux à un pre-
mier point dans le sens de la hauteur est différente
de sa largeur à un second point dans le sens de la
hauteur.

3. Structure selon la revendication 1, caractérisée en
ce que la hauteur (hp) de l'élément parasite (23) est
inférieure à la hauteur (h) de l'élément sinueux (22).

4. Structure selon la revendication 1, caractérisée en
ce que la largeur (wp) de l'élément parasite (23) à
un premier point dans le sens de la hauteur est dif-
férente de la largeur à un second point dans le sens
de la hauteur.

5. Structure selon la revendication 1, caractérisée en
ce que la plaque de diélectrique (21) constitue la
partie de diélectrique d'une carte de circuit imprimé.

6. Structure selon la revendication 5, caractérisée en
ce que l'élément sinueux (22) est une zone de con-
ducteur sur la première surface de ladite carte de
circuit imprimé et en ce que l'élément parasite (23)
est une zone de conducteur sur la seconde surface
opposée de ladite carte de circuit imprimé.

7. Structure selon la revendication 1, caractérisée en
ce que l'élément parasite (23) présente une fente
de rayonnement (51).

8. Structure selon la revendication 1, qui comprend un
premier élément parasite et un second élément pa-
rasite (52), caractérisée en ce que ledit second dé-
ment parasite (52) est une zone de conducteur sur
la même face de la plaque de diélectrique que l'élé-
ment sinueux.

9. Station mobile comprenant une antenne, présen-
tant une première bande d'exploitation et une se-
conde bande d'exploitation, comprenant un premier
élément (22) relié à sa ligne d'alimentation et au
moins un élément parasite (23), dans laquelle

- la structure de support pour le premier élément
et l'élément parasite (22, 23) est une plaque de
diélectrique (21), le premier élément et l'élé-
ment parasite (22, 23) étant disposés sur des
faces opposées de ladite plaque de diélectri-
que (21),

- ledit premier élément (22) est un élément si-
nueux, déterminant une première bande d'ex-
ploitation, dont la largeur est sensiblement dé-
terminée par les dimensions dudit élément si-
nueux,

caractérisé en ce que

- ledit élément parasite (23) est une zone de con-
ducteur plan, déterminant une seconde bande
d'exploitation, dont la largeur est sensiblement
déterminée par les dimensions dudit élément
parasite, et

- ledit élément sinueux (22) est couplé electro-
magnétiquement audit élément parasite (23)
pour élargir au moins l'une desdites bandes
d'exploitation.
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