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(57) ABSTRACT

An antenna for a portable communication apparatus has a
radiator with first and second ends, the first end being
connected to radio circuitry in the portable communication
apparatus. The antenna also has a feedback conductor hav-
ing a first end that is connected to the second end of the
radiator. The feedback conductor extends along the radiator
in a first direction from the second end of the radiator
towards the first end of the radiator. A second end of the
feedback conductor extends along the radiator in a second
direction from the first end of the radiator towards the
second end of the radiator, for tuning the frequency of the
antenna.

8 Claims, 12 Drawing Sheets
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ANTENNA FOR A PORTABLE
COMMUNICATION APPARATUS, AND A
PORTABLE COMMUNICATION APPARATUS
COMPRISING SUCH AN ANTENNA

BACKGROUND

Generally speaking, the present invention relates to anten-
nas for portable communication apparatuses, such as mobile
telephones. More specifically, the invention relates to an
antenna of the type comprising a radiator having a first end
for connection to radio circuitry in the portable communi-
cation apparatus, and a second end.

A portable communication apparatus, such as a mobile
telephone, a cordless telephone, a portable digital assistant,
a communicator or a paging device, requires some form of
antenna in order to establish and maintain a wireless radi-
olink to another unit in a telecommunication system. A
widely used antenna in this field is a stub or helix antenna,
comprising a helically wound thin metal wire or ribbon,
which is embedded in a protective molding of dielectric
material, or is alternatively covered by a dielectric radome.
FIG. 24 illustrates a schematic mobile telephone 1 having
such a stub or helix antenna 2 mounted on the exterior of a
top surface of the apparatus housing of the mobile telephone.

FIG. 1 provides a schematic illustration of a miniaturized
end-fed halfwave helix antenna according to the prior art.
The antenna comprises a helical radiator 10 having a first
end 11, to which an impedance matching circuit 13 is
connected. The purpose of the impedance matching circuit
13 is to match the high input impedance (for instance about
200 ohm) of the end-fed halfwave helical radiator 10 to the
lower impedance (normally 50 ohm) of a coaxial connector
or coaxial cable, which in turn is coupled to radio circuitry
within the portable communication apparatus. The helical
radiator 10 has a free second end 12. When fed with an
electric signal at appropriate frequency(-ies) from the radio
circuitry of the portable communication apparatus through
the impedance matching circuit 13, the helical radiator 10
acts as a halfwave dipole antenna, as is schematically
illustrated by a current arrow I in FIG. 1.

SUMMARY

It is an object of the present invention to provide an
antenna with considerable flexibility in terms of bandwidth.
More specifically, an object of the present invention is to
provide an antenna, which in different embodiments may
operate as a single-band antenna, a multi-band antenna and
a super broadband antenna.

Another object of the present invention is to provide an
improved antenna gain in relation to previously known
antennas.

Yet another object of the invention is to eliminate the need
for a separate impedance matching circuit.

The above objects have been achieved through an antenna
according to the enclosed independent patent claim. More
specifically, the objects have been achieved by the provision
of a feedback conductor having a first end, which is con-
nected to the second or “free” end of the radiator. The
feedback conductor is arranged along the radiator in a
direction from the second end of the radiator towards the
first end or “feeding” end of the radiator. According to
different embodiments, by varying the design of the feed-
back conductor, the width and location of the frequency
range, the input impedance, and current distribution may all
be tuned as desired.
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Other objects, features and advantages of the present
invention will appear from the following detailed disclosure
of embodiments, from the attached drawings as well as from
the subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred and alternative embodiments of the present
invention will now be described in more detail, reference
being made to the accompanying drawings, in which:

FIG. 1 is a schematic illustration of a helix antenna
according to the prior art,

FIG. 2 is a schematic illustration, which will assist in
explaining the basic principle of the invention,

FIG. 3 illustrates a first embodiment of the invention,

FIG. 4 illustrates a second embodiment of the invention,

FIG. 5 illustrates a third embodiment of the invention,

FIG. 6 illustrates a fourth embodiment of the invention,

FIG. 7 illustrates a fifth embodiment of the invention,

FIG. 8 is a standing wave ratio (SWR) diagram for the
first embodiment shown in FIG. 3,

FIG. 9 is a diagram of the E plane of the antenna in FIG.
3 at 880 MHz,

FIG. 10 is a diagram of the H plane of the antenna in FIG.
3 at 880 MHz,

FIG. 11 is a diagram of the E plane of the antenna in FIG.
3 at 960 MHz,

FIG. 12 is a diagram of the H plane of the antenna in FIG.
3 at 960 MHz,

FIG. 13 is a standing wave ratio (SWR) diagram for the
fourth embodiment shown in FIG. 6,

FIG. 14 is a H plane diagram for the antenna shown in
FIG. 6 at 880 MHz,

FIG. 15 is an E plane diagram of the antenna shown in
FIG. 6 at 880 MHz,

FIG. 16 is a H plane diagram for the antenna shown in
FIG. 6 at 2110 MHz,

FIG. 17 is an E plane diagram of the antenna shown in
FIG. 6 at 2110 MHz,

FIG. 18 is a H plane diagram for the antenna shown in
FIG. 6 at 2400 MHz,

FIG. 19 is an E plane diagram of the antenna shown in
FIG. 6 at 2400 MHz,

FIG. 20 illustrates the transmission curve S;, (in the
central portion of the diagram shown in FIG. 20) as well as
the standing wave ratio curve (in the lower portion of the
diagram) between 0.3 MHz and 3000 MHz for the second
embodiment shown in FIG. 4,

FIG. 21 illustrates a corresponding transmission curve S ,
and standing wave ratio curve for an antenna like the one
shown in FIG. 4, where, however, the feedback conductor
has been removed,

FIG. 22 corresponds to FIG. 20 but covers a higher
frequency range from 3 MHz to 6000 MHz,

FIG. 23 corresponds to FIG. 21 but covers the higher
frequency range of FIG. 22, i.e. from 3 MHz to 6000 MHz,
and

FIG. 24 schematically illustrates a portable communica-
tion apparatus in the form of a mobile telephone.

Data in the diagrams shown in FIGS. 8-19 relate to the
input point of the antenna, whereas data in the diagrams
shown in FIGS. 20-23 relate to the input point of the
measurement equipment.
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DETAILED DESCRIPTION

This section will describe a novel feedback antenna,
which in different embodiments may be used for a single
frequency band, multiple frequency bands or for super
broadband applications (covering up to 2 octaves). In its
different embodiments, the antenna according to the inven-
tion may be realized as an end-fed miniaturized quarter-
wave-resonant radiator or as a halfwave-resonant radiator
having its center frequency in a desired lowest frequency
band.

First, reference is again made to FIG. 1, which illustrates
a known antenna design for a miniaturized end-fed halfwave
antenna, where a thin metal wire or ribbon is wound in a
helical shape so as to form a helical radiator or helix 10. As
previously mentioned, the impedance matching circuit 13 is
required in order to match the higher input impedance of the
end-fed halfwave dipole radiator 10 to the lower impedance
of a coaxial contact or a coaxial cable, which connects the
radiator 10 to radio circuitry in the portable communication
apparatus.

Referring now to FIG. 2, there is illustrated a theoretical
antenna design, where a thin metal wire or ribbon is formed,
in a first portion, as a helical radiator 20 having a first
feeding end 21 and a second end 22. In contrast to the known
antenna of FIG. 1, the helical radiator 20 continues, at its end
22, with a linear piece 23 of the thin metal wire or ribbon.
The length of the linear portion 23 equals one halfwave, as
is schematically illustrated in FIG. 2. As is generally known
per se, the conduction current equals O at the ends of a
metallic halfwave radiator. In a situation like in FIG. 2,
where the current is allowed to continue along the metal wire
or ribbon of the radiator after the zero crossing (at position
22 in FIG. 2), the phase of the current will change 180° at
the zero point of the current amplitude. In other words, the
current changes direction completely in the upper halfwave
as compared to the lower halfwave. Furthermore, if also the
spatial direction of the current is changed 180° by bending
the linear piece 23, so that it extends downwardly as in FIG.
3, this downwardly bent portion 33 (FIG. 3) of the thin metal
wire or strip will exhibit the same current direction as the
helical radiator 30. In other words the current paths in the
helical radiator 30 and the linear portion 33 will have the
same direction, as indicated in FIG. 3. Admittedly, according
the Lenz’ law, counter-currents will be generated between
these current paths due to the coupling between them;
however, thanks to the miniaturization of one of the half-
wave radiators and the substantially different design
between the two halfwave radiators, the current segments of
the two radiators will essentially be orthogonal in relation to
each other, wherein aforesaid coupling will be relatively
low.

Since the free end of a radiator is of great importance for
the phase and amplitude distribution of the radiator current,
one may not simply cut off the part of the linear halfwave
radiator 23/33, which a priori will extend below the helical
radiator 20/30 past the feeding end 21/31. However, the
current distribution of the remaining portion of the linear
halfwave radiator 23/33 may substantially be maintained, if
the lower portion of the linear radiator 33 is formed as an
inductive load in the form of an endcoil 34, as shown in FIG.
3. The end coil 34 will load the free end of the linear radiator
33 to an extent, so that the loaded radiator 33 will maintain
its halfwave resonance. The loading is increased further by
arranging the endcoil 34 around the outside of the lower
portion of the helical radiator 30 in a vicinity of the feeding
end 31 of the latter.
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To summarize the teachings this far, by providing a helical
radiator 20/30 with a linear feedback conductor 23/33,
which is connected to the second end 22/32 of the helical
radiator 20/30 and which extends downwardly along the
helical radiator 20/30 and ends at a position near the first end
21/31 of the helical radiator 20/30, it is possible to control
both the resonant frequencies of the antenna and its input
impedance. Available factors for tuning these parameters are
the detailed design of the helical radiator 30, the detailed
design of the linear feedback conductor 33, the detailed
design of the endcoil 34 and the exact position of the endcoil
34 with respect to the helical radiator 30. If the endcoil 34
of the feedback conductor 33 is placed at the bottom of the
helical radiator 30, as shown in FIG. 3, resonance may be
obtained at a plurality of frequency bands, which are rela-
tively close to each other. For instance, the center frequency
of the lowest frequency band may be at 900 MHz, followed
by a next frequency at either 1500 MHz or 1750 MHz.

If the endcoil 34 is instead moved closer to the center of
the helical radiator 30, the resonant frequency band of the
antenna is compressed and is also shifted to lower frequen-
cies, i.e. the resonant range of the lower frequency band is
shifted slightly in frequency, whereas higher frequency
bands are shifted slightly more in frequency.

Thus, if the antenna is dimensioned correctly, so that a
base frequency band (preferably the lowest frequency band)
is correctly located, it is possible to adjust the location of
other frequency bands, in which it is desired to use the
antenna.

In the design illustrated in FIG. 3 the antenna is provided
with its end coil load 34 at the lower end of the feedback
conductor 33. One reason for this is to provide feedback to
the helical radiator 30. Another reason is to shorten the
mechanical length of the antenna. Now, it is readily realized
that when the feedback conductor 33, including the endcoil
34, has an electrical length, which corresponds to one half of
a wavelength at a certain frequency, a zero current will be
obtained at the uppermost portion 32 of the antenna, i.e.
where the feedback conductor 33 is connected to the helical
radiator 30, even if the helical radiator 30 has another
electrical length than one half of a wavelength, for instance
a quarterwave length. Consequently, the halfwave-like cur-
rent distribution, which is indicated along the helical radia-
tor 30 in FIG. 3, is only one example of a possible current
distribution along the helical radiator 30. By providing the
endcoil 34 around the helical radiator 30 as in FIG. 3, a
feedback is obtained by means of which the input impedance
(i.e. current and voltage conditions) of the antenna may be
controlled. Thus, if the helical radiator is provided with an
electrical length, which corresponds to one half of the
wavelength, it is possible, thanks to the feedback in com-
bination with a correct dimensioning of the helical radiator
30, to reduce the input voltage and increase the input current
of'the end-fed halfwave dipole, thereby obtaining an antenna
input impedance, which is matched to a 50 ohm system.
Therefore, the impedance matching unit 13 of the previously
known antenna shown in FIG. 1 may be avoided, thereby
obviously providing a save in cost.

Moreover, thanks to the reduced input voltage of the
antenna, the feedback principle according to the present
invention will also reduce the coupling to the apparatus
housing or chassis of the portable communication apparatus.
As a consequence, an improved antenna gain is available.

FIGS. 8-12 represent graphical illustrations of results
from measurements, which have been performed for an
antenna according to FIG. 3. In the measurements, the length
of the antenna was 36 mm, and its maximum width was 7









