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(54) Title: A DUAL BAND ANTENNA

(57) Abstract

A dual band antenna for a so—called mobile telephone com-
prises a supply conductor (5) which is connected to the circuits of
the mobile telephone. The supply conductor (5) is galvanically con-
nected to a first antenna section (8) which is approximately planar
and has a number of loop-shaped conductor members (10). The
conductor members (10) are galvanically connected in series and are
disposed in sequence after one another in the longitudinal direction
(14) of the antenna. The conductor member (10) which is located
most distally from the supply conductor (5) is galvanically connected
to a second antenna section (9). The second antenna section (9) is
substantially straight and essentially parallel with the longitudinal di-
rection (14) of the antenna.
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A DUAL BAND ANTENNA

TECHNICAL FIELD

The present invention relates to a dual band antenna for a portable
radiocommunications apparatus, a so-called mobile telephone, and
comprises a supply conductor which is connected to the circuits of the
mobile telephone.

BACKGROUND ART

In the construction of portable radiocommunications apparatuses, so-called
mobile telephones, it is becoming increasingly common that these are
designed to be able to operate in two different frequency bands. As far as
Europe is concerned, this applies to the two frequency bands GSM on 890-
960 MHz and DCS on 1710-1880 MHz. For the United States, the bands
involved are, for instance, E-AMPS on 824-894 MHz and PCS on 1850-1990
MHz. Such a mobile telephone which operates in dual frequency bands
would in principle need four different antenna functions, in which one
antenna function is employed in each one of the frequency bands in the
stand-by position, so-called paging mode, of the apparatus and in which one
antenna function is employed in each one of the frequency bands in the
active state of the apparatus, the talk position. A first step in reducing the
physical dimensions of the antennae entails that dual band antennae are
employed. However, in the paging mode these have often been far too bulky
if they are to have the desired efficiency and band width.

PROBLEM STRUCTURE

The present invention has for its object to design the antenna intimated by
way of introduction such that it has superior efficiency in two frequency
bands, with extremely compact dimensions. In addition, the present
invention has for its object to design the antenna such that, without an
intermediate connection of an adaptation network, it can be directly
connected to the circuits of the mobile telephone and that it may be both
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simple and economical to manufacture and, when necessary, be cast in an
insulator so as to form a discrete unit.

SOLUTION

The objects forming the basis of the present invention will be attained if the
antenna intimated by way of introduction is characterized in that the supply
conductor is galvanically connected with or merges in a first antenna section
which is approximately planar and which includes a number of loop-shaped
conductor members which are mutually galvanically connected in series and
which are disposed in sequence after one another in the longitudinal
direction of the antenna, and that the loop-shaped conductor member
located most distally from the supply conductor is galvanicallty connected
with or merges in a second antenna section.

Further advantages will be attained if the antenna according to the present

invention is given one or more of the characterizing features as set forth in
appended Claims 2 to 12.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
The present invention will now be described in greater detail hereinbelow,
with particular reference to the accompanying Drawings. In the

accompanying Drawings:

Fig.1 schematically illustrates an upper portion of a mobile telephone
and its antenna arrangement;

Fig. 2 is a vertical plan view of an antenna included in the antenna
arrangement of Fig. 1;

Fig. 3 shows the antenna of Fig. 2 seen from the left in that Figure,
and

Fig. 4 is an electric skeleton diagram of the antenna of Figs. 2 and 3.
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DESCRIPTION OF PREFERRED EMBODIMENT

As will have been apparent from the foregoing introduction, the present
invention has for its object to realise a dual band antenna which has minimal
physical dimensions. It is particularly advantageous if the antenna can be
given a flat appearance so that it may be placed at the rear side of the mobile
telephone and as a result be spaced as far away as possible from the user's
head. In the following description, the expression "flat" or "approximately
planar” or similar expressions will be employed relating to the antenna and
components included therein. These expressions should not, however, be
interpreted literally, but are also taken to signify designs and constructions
which have a length, a width and a thickness and in which the thickness is
considerably less than the length, often as much as by a factor of ten or more,
while the width may amount to roughly half of the length.

In Fig. 1, reference numeral 1 relates to a part of a hood of a portable
radiocommunications apparatus, in daily parlance a mobile telephone,
which includes electric circuits for transmitting and receiving radio waves
within two different frequency bands. The broken lines at reference numeral
2 show the outer contour of a casing which at least partly encloses the
antenna unit according to the present invention. The antenna unit includes a
first antenna element 3 which is wholly enclosed inside the outer contour 2
and which is intended to function during stand-by position, paging mode.
The antenna unit further includes a second antenna element 4 which is
intended to function in the talk position and which is designed to be excited
or supplied by the first antenna element 3. In the illustrated embodiment, the
second antenna element 4 is designed as a rod antenna which is displaceable
in its longitudinal direction between a protracted, active position and an
inactive position largely retracted in the hood. The rod antenna 4 is long and
may be set to A/2 or A.

The detailed construction of one embodiment of the first antenna element 3
is apparent from Figs. 2 and 3 taken as whole. The antenna element has a
supply conductor 5 which is galvanically connected to the coaxial cable 6
which directly (without the interconnection of an adaptation network)
connects the antenna to the electric circuits of the mobile telephone. The
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coaxial cable 6 earths (grounds) the antenna in hood 1 of the mobile
telephone or in an electrically conductive chassis which is located inside the
hood and is illustrated by reference numeral 7.

The antenna includes a first antenna section 8 which is intended to function
in the higher of the two frequency bands in which the antenna is to operate,
and a second antenna section 9 which, together with the first antenna section
8, operates in the lower of the two frequency bands for which the antenna is
constructed.

It will be apparent from the Figures that the two antenna sections 8 and 9
together form a substantially planar or flat unit which, in the thickness
direction (at right angles to the plane of the paper in Fig. 2 and left to right in
Fig. 3) is of considerably lesser extent than that which applies in the
longitudinal direction 14 of the antenna and also in its width direction.
Preferably, the thickness is less than the length by of the order of magnitude
of a power of ten.

In the illustrated embodiment, the first antenna section 8 includes three
loop-shaped conductor members 10 disposed in sequence after one another
and which, as will be apparent from Fig. 2, may be substantially circular and
may be described as helical formations which comprise one turn and which
have but insignificant pitch. While the loop-shaped conductor members 10
are illustrated as being circular, it is not necessary to give them the form of a
perfect circle, but they may be elliptical, polygonal or an intermediate form
in between.

The loop-shaped conductor members 10 have, in the illustrated
embodiment, the same diameter and are disposed in line after one another,
seen in the longitudinal direction of the antenna, and also have their centre
points located on a straight line which is substantially parallel with the
longitudinal direction of the antenna.

Within each loop-shaped conductor member 10, there is an overlap zone 11
where the conductor 12 which, counting from the supply conductor 5, is
ingoing into the loop-shaped conductor member 10 and the outgoing
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conductor 13 which departs from it overlap or possibly intersect one
another. These ingoing and outgoing conductors are galvanically separate
and discrete from one another in that, as is apparent from Fig. 3, interspaces
18 are disposed between the closely adjacent conductors.

In terms of manufacture, the absence of galvanic contact between the
conductors within the overlap zones 11 may be achieved in that the antenna
element 3 is manufactured from a metal wire with an insulating layer.
Alternatively, the antenna element 3 may be produced with an inherent
pretensioning which will have as a result that closely adjacent conductors
within the overlap zones 11 strive away from one another. By casting in an
insulating plastic material, the conductors are fixed in the correct position.

In the lower overlap zone 11 illustrated in Fig. 2, the ingoing conductor has,
as will have been apparent from the foregoing, been given reference numeral
12, while the outgoing conductor has been given reference numeral 13.

Seen in the longitudinal direction of the antenna, which is illustrated by the
arrow 14, the loop-shaped conductor members 10 are spaced apart from one
another as shown at reference numeral 15. This spacing may amount to half
of the diameter of one loop-shaped conductor member but is preferably less
and may possibly approach zero. On the other hand, it cannot be negative,
which would imply that two loop-shaped conductor members 10 overlap
one another in the longitudinal direction 14 of the antenna. The spacing 15 is
equal throughout the entire length of the antenna.

The loop-shaped conductor member 10 which is located most distally from
the supply conductor 5 has its outgoing conductor 13, a slight distance from
the loop-shaped conductor member, bent transversely of the longitudinal
direction 14 of the antenna, so that there is thereby formed a transverse
conductor section 16. This is bent such that the straight conductor section 17
located after the bend will have a longitudinal direction which is
substantially parallel with the longitudinal direction 14 of the antenna.
Further, the orientation of the transverse conductor section 16 and the
conductor section 17 is such that both conductor sections lie substantially in
the same plane as the three loop-shaped conductor members 10. The second
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antenna section 9 consists of at least the longitudinal, straight conductor
section 17, but least certain parts of the transverse conductor section 16 may
also be included therein.

In Fig. 1, a first antenna element 3 has been shown with two loop-shaped
conductor members 10, while, in Figs. 2 and 3 an embodiment is shown with
three loop-shaped conductor members 10. According to the present
invention, it is possible to employ, in the antenna section 8, even four or
possibly five loop-shaped conductor members, as long as the wire length
which is consumed for producing the loop-shaped conductor member is
approximately the same in the same frequency. This implies that, in the
embodiment according to Fig. 1, which has two loop-shaped conductor
members, these will be of greater diameter than is the case in Fig. 2 where
three loop-shaped conductor members are provided. Hence, the wire length
is approximately the same if the setting frequencies are the same.
Correspondingly, an antenna section with four or five loop-shaped
conductor members would have a smaller diameter for these members and
at the same time have a greater length in the antenna section, counting in the
longitudinal direction 14.

What number of loop-shaped conductor members which is selected in each
individual case (in approximately the same material length in the employed
wire and in the same frequency) depends upon the characteristics the
antenna is to have. With a physically short antenna, the band width of the
antenna will be relatively slight, while it increases with the length of the
antenna (with the number of loop-shaped conductor members within
approximately the same material length). Further, the degree of efficiency
increases with an increasing length of the antenna, so that an antenna with
three or four loop-shaped conductor members may dispense with the
second, rod-shaped antenna element 4.

As was mentioned above, the first antenna element 3 connects directly to the
circuits of the mobile telephone without the employment of an intermediate
adapter network. This is possible, given that the antenna element 3 in itself
forms an adapter network with both capacitative and inductive components.
In Fig. 4, this is illustrated in that capacitances between closely adjacent wire
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portions are formed in the overlap zones 11. These adjacent wire portions
are shown at the arrows C in the Figure. Correspondingly, the loop-shaped
conductor members 10 form inductances which are illustrated by means of
the arrows L. As will be apparent from the lower section of Fig. 4, each loop-
shaped conductor member 10 may be represented by a capacitance C and an
inductance L which are coupled in parallel with each other. These groups,
which represent one loop-shaped conductor member 10 and which include a
capacitance and an inductance, are connected in series, in sequence after one
another and, in the end facing away from the coaxial cable 6 and the supply
conductor 5, are connected to the second antenna section 9.

As was intimated in the foregoing, the antenna element 3 may be cast in a
body of an electrically insulating material, for example plastic material, so
that the antenna element 3 thereby forms a discrete unit. As a result, the
different conductor members will also be fixed in relation to one another so
that no change of the electric properties of the antenna, for example arising
out of a change of the spacing 18 (Fig. 3) need be feared if the antenna were
to be subjected to mechanical action. Given that the employed plastic
material has a dielectricity constant which is greater than the dielectricity
constant of air, a reduction of the physical dimensions of the antenna
element will further be obtained.

In one practical embodiment of the antenna according to Figs. 2 and 3, the
antenna is intended for the GSM and DCS bands. The antenna is cast in a
plastic material displaying a dielectricity constant of the order of magnitude
of 2 to 2.5. The wire employed for producing the antenna has a diameter of 1
mm. The inner diameter of the loop-shaped conductor members is
approximately 4 mm, and the spacing 15 between them is approximately 0.5
mm, while the distance between the transverse conductor section 16 and the
uppermost loop-shaped conductor member is approximately 1 mm. The
length of the supply conductor 5 is approximately 2 mm counting up to the
upper side of the lower loop-shaped conductor member. Further, the
distance between the longitudinal conductor section 17 and the closely
adjacent loop-shaped conductor members is approximately 1 mm. Finally,
the distance 18 is approximately 0.2 mm, while coated wires 12 and 13 may
abut against one another.
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DESCRIPTION OF ALTERNATIVE EMBODIMENTS

In the foregoing, the antenna element 3 has been described as manufactured
from one-piece metal wire. However, the antenna element 3 could just as
well be manufactured with the aid of a double-sided circuit card, which thus
has an electrically conductive coating on its opposing sides. This would
imply in Fig. 2 that, for example, the supply conductor 5 and the upper half
of the lowermost loop-shaped conductor member 10 is produced on that
side of the circuit card turned to face the observer, while the lower half of the
lower loop-shaped conductor member is produced on the rear side of the
circuit card together with the upper half of the centremost loop-shaped
conductor member, as well as the conductor which interconnected the two
lower conductor members with one another. Conductor connections straight
through the circuit card interconnect conductive portions located on
opposing sides of the card.

Above, the loop-shaped conductor members 10 have been described as
being of equal size. In, for example, such situations where the outer form of
the antenna is limited or determined beforehand, deviations from this rule
may be made. Thus, the diameter may vary in the different loop-shaped
conductor members 10, for example reduce from the bottom of the antenna

- towards its top. Furthermore, the centre points of them may be disposed

along a curved line. Finally, the ingoing conductor 12 to the lower loop-
shaped conductor member 10 in Fig. 2 may extend an additional
approximately 1/4 of a turn in a counterclockwise direction so that the
supply conductor 5 will be located approximately centrally beneath the
antenna.

Concerning the longitudinal conductor 17, it is possible to cause it to make
an angle with the longitudinal direction 14. Further, it may be placed ahead
of (or behind) the loop-shaped conductor members 10 in Fig. 2, as well as
being placed to their left. In the latter case, a greater band width in the lower
frequency band is to be expected.

The present invention may be modified further without departing from the
scope of the appended Claims.
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WHAT IS CLAIMED IS:

L. A dual band antenna for a portable radiocommunications apparatus,
a so-called mobile telephone, comprising a supply conductor (5) which is
connected to the circuits of the mobile telephone, characterized in that the
supply conductor (5) is galvanically connected with or merges in a first
antenna section (8) which is approximately planar and which includes a
number of loop-shaped conductor members (10) which are mutually
galvanically connected in series and which are disposed in sequence after
one another in a longitudinal direction (14) of the antenna; and that the loop-
shaped conductor member located most distally from the supply conductor
is galvanically connected with or merges in a second antenna section (9).

2. The antenna as claimed in Claim 1, characterized in that the second
antenna section (9) includes a substantially straight conductor section (17)
which is substantially parallel with the longitudinal direction (14) and which
extends in a direction towards the supply conductor (5).

3. The antenna as claimed in any of Claims 1 or 2, characterized in that
the second antenna section (9) is located in approximately the same plane as
the first antenna section (8).

4, The antenna as claimed in any of Claims 1 to 3, characterized in that
the loop-shaped conductor members (10) are disposed in slight spaced apart
relationship (15) from one another counting in the longitudinal direction
(14).

5. The antenna as claimed in any of Claims 1 to 4, characterized in that
the loop-shaped conductor members (10) have approximately the same
configuration, with their centre point disposed along an approximately
straight line which is substantially parallel with the longitudinal direction
(14).

6.  The antenna as claimed in any of Claims 1 to 5, characterized in that
the loop-shaped conductor members (10) have overlap zones (11) where the
ingoing conductor (12) to the loop-shaped portion overlaps, possibly
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intersects, the outgoing conductor (13) therefrom; and that the ingoing and
outgoing conductors are galvanically discrete and separate from one another
within the overlap zone.

7. The antenna as claimed in any of Claims 1 to 6, characterized in that
the first antenna section (8) and the second antenna section (9) are of one
piece manufacture from a wire of metal or metal alloy.

8. The antenna as claimed in any of Claims 1 to 6, characterized in that
the first antenna section (8) and the second antenna section (9) are disposed
on a double sided circuit card, where the first antenna section (8) has
conductor portions on both sides of the circuit card.

9. The antenna as claimed in any of Claims 1 to 8, characterized in that
the first antenna section (8) is set to the higher of the two frequency bands
for which the antenna is intended to be operative.

10.  The antenna as claimed in any of Claims 1 to 9, characterized in that
the second antenna section (9) is set to cause the antenna in its entirety to
operate in the lower of the two frequency bands for which the antenna is
intended to be operative.

11.  The antenna as claimed in any of Claims 1 to 10, characterized in that
the supply conductor (5) is connected without adaptation network direct to
the circuits of the mobile telephone.

12. The antenna as claimed in any of Claims 1 to 11, characterized in that
it is disposed in the physical proximity of a rod antenna (4) for
inductive/ capacitative supply thereof.
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