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stituted by an array of radiating elements fed with relative powers and
phases specifically chosen to yield, through superposition effects, a
small electric field in a region close to the antenna and normally occu-
pied by biological tissues of the user of the device and thus reducing
the SAR within said region.
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ANTENNA FOR MOBILE RADIOCOMMUNICATIONS EQUIPMENT

DESCRIPTION

TECHNICAL FIELD

The present invention relates to a new category of antennas for mobile
5 radiocommunications devices characterized by a low fraction of the radiofrequency

power emitted for communication purposes which is dissipated within the tissues of the

user’s body when the equipment is employed near the body itself. A typical example is

that of hand-held mobile phones operating near the user’s head.

10 BACKGROUND ART
In the last years the market of radiofrequency communications devices, such as cellular
phones, has had an enormous development. Such wide use of radiofrequency devices
close to the human body has raised doubts and concerns about possible adverse effects on
health related to the exposure of delicate body tissues to the strong electromagnetic fields

15 generated by such devices. Furthermore, recent studies have shown that, on average,
about one-half of the power emitted by hand-held cellular phones is absorbed by the
tissues of the user’s head (see, for instance, the European Project COST 244), and so such

power is wasted from the point of view of radiocommunication.

20 Present technology has proposed various solutions to the above problem, such as
directional antennas realized by means of microstrip or slot antennas, or various kind of

absorbing or reflecting structures to reduce the emission in direction of the head.

The physical quantity commonly used to measure the amount of power dissipated within
25 lossy dielectric materials, such as human tissues, is the Specific Absorption Rate, SAR,

defined as:
SAR(Z) = o(®)p@E)" | E@) |,
where X is the position in which the SAR is evaluated, o(X) is electrical conductivity of

material in S/m, p(X) is the density of material in Kg/m?, | E(¥)| is the rms value of the

30 electric field strength in the material in V/m. International scientific and engineering
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associations have fixed limits and guidelines for the SAR values in the human body, see
for instance IEEE C95.1-1991 and CENELEC ES 59005.

DISCLOSURE OF THE INVENTION

The present invention represents an enhancement of the antenna design explicitly aimed
towards a substantial reduction of the SAR within biological tissues close to the antenna.
Such enhancement is achieved by introducing a new category of antennas (henceforth
indicated simply as ‘antenna’) characterized by the possibility of controlling and reducing
the electromagnetic field in a chosen region near the antenna itself. Such region will be
chosen so that it corresponds to a region occupied by biological tissues of the user during
the functioning in the intended or normal operating position of the radiocommunication
device on which the antenna is mounted. Other advantages of said antenna are the low
production cost, the possibility of working on multiple bands of frequencies, and its
small size and weight compatible requirements of small mobile radiocommunications
devices. Furthermore, since said antenna reduces the amount of power dissipated within
the user’s tissues, and therefore is not available for communications purposes, it has the
effect of allowing longer talk time or smaller and lighter batteries.

The antenna object of the present invention is characterized (Claim 1) by an array of two
or more radiating elements, not necessarily identical or of the same kind, and a feeding
network which feeds the radiating elements of the array with powers and phase shifts
chosen according to the principle illustrated below to the purpose of reducing the SAR
within a specified region occupied by biological tissues during the functioning in the

intended use position of the device on which said antenna is mounted. In general, if there
are N radiating elements forming an array, the total electric field E(%,f) at a given

frequency in a point X of the space and at the time ¢ is given by
—_ N -
EGH=YV®),F&),
n=1

where V(¢), are the voltages applied to the feeding gaps of the elements of the array,

}7‘(55),, are computable functions which depend on the geometry of the system only, and

can be called structure factors. Such structure factors account also of the mutual
interaction between the radiating elements and of the objects surrounding the array. A

similar expression holds for the magnetic field.
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Given the N structure factors, namely fixed the geometry of the array, of the device on
which the antenna is mounted and of the surrounding objects, and fixed the total radiated
power, it is always possible to find at least one combination of the N voltages
V),,....,V (), by varying independently magnitudes and phases, which minimizes the
rms value of the total electric (or magnetic) field in an arbitrary chosen point X of the

space.

In conventional antennas constituted by an array of elements said structure factors and
feed voltages are chosen in order to have the desired radiation pattern at large distance
from the antenna, namely to reduce the radiated electromagnetic field in the far-field
region in specified directions. On the contrary, in the antenna object of the present
invention the structure factors and the feed voltages are chosen in order to minimize or
reduce the SAR integrated over a chosen region, indicated as €, which is occupied by
user’s biological tissues in the intended use position of the device mounting said antenna.
Otherwise stated, in said antenna, given a certain geometry and the total radiated power,

the voltages are chosen so that the quantity
fo®p®™ |E® I av,
Q

is minimized or reduced. The structure factors of the array can be chosen to have a good
gain in the directions away from £ more useful for transmission. For instance, if said
antenna is mounted on a cellular phone whose intended use position is near the ear of the
user, said region € shall be chosen so that it corresponds to the part of the head closer to

the antenna.

The SAR reduction achievable by means of said antenna is much larger than that
achievable by means of a simple directional antenna which does not radiate in the
direction of the region € but without near-field control; in fact, the reactive near field for
a directional antenna can be relatively high even in directions corresponding to minima in

the far-field radiation pattern.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1) Antenna constituted by an array of two radiating elements each in dipolar

configuration and feeding circuit.
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FIG. 2) Antenna constituted by an array of two radiating elements each in monopolar
configuration over a ground plane and feeding circuit.

FIG. 3) Antenna constituted by an array of two radiating elements embedded in a
dielectric material.

FIG. 4) Antenna constituted by an array of two radiating elements mounted on a mobile
radiocommunication device in the intended use position near the user’s head. The shaded
zone represent a possible region in which the SAR is minimized.

FIG. 5) Computed radiation pattern in the horizontal plane for the antenna in FIG. 1.

BEST MODE OF CARRING OUT THE INVENTION

A particular mode of realizing the invention (Claim 4) consists of an antenna constituted
by an array of two radiating elements, not necessarily identical or of the same kind, with
the following characteristics:

a) substantially symmetric with respect to an axis.

b) when each element radiates in free space it shows a substantially omnidirectional
radiation pattern with maximum gain in a plane perpendicular to the symmetry axis of the
radiator itself.

Such requirements are satisfied, for instance, by dipoles, by monopoles over a ground
plane, by helices in the normal mode in monopolar or dipolar configuration (i.e. a dipole
in which the two branches are two helices), by conical elements in monopolar or dipolar
configuration, by dipoles and monopoles realized as elements printed on a substrate.

The elements of the array are disposed side-by-side, namely with the symmetry axis
paraliel to each other, and embedded in a dielectric medium, which can also be air. The

electrical properties of the material, its form and the characteristics of its surface change
said structure factors F (x),, n=12 , allowing to adjust the antenna characteristics. In

particular, the use of a material with relative dielectric constant £ greater than one allows
to reduce the dimensions of the array. Simple and convenient forms for the dielectric
material in which the array is embedded are that of a cylinder with elliptical section and

that of an ellipsoid.

The array of elements in dipolar configuration is illustrated in FIG. 1, the array of
elements in monopolar configuration is illustrated in FIG. 2. Elements indicated as 1E in

FIG.1. and 2E in FIG. 2 may correspond to metallic cylinders, helices, cones or other
4
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forms satisfying the above requirements. In the intended use position the symmetry axis
of the radiating elements is approximately parallel to plane tangent to the biological tissue
of the user, for instance the head; the plane defined by the two symmetry axis is

approximately perpendicular to said tangent plane, see FIG. 4.

The radiating elements forming the array are fed with the voltages, or equivalently
powers, and the relative phase which minimize the SAR in the chosen region according to
the procedure described above. The region Q introduced above is chosen to correspond
to the part of the user’s biological tissues closer to the antenna in the intended use
position of the device on which the antenna is mounted. Said procedure can be
implemented by means of both calculations, analytical or numerical, and direct
measurements. For instance, if the antenna, to be mounted on a cellular phone, is formed
by an array of two A/2 thin dipoles in air and separated by A/10 at the frequency of
1800 MHz and if the user’s head is represented by a sphere of dielectric material with
£=44 and o =1 S/m distant 10 mm from the antenna, then a numerical calculation
based on the method of moments shows that the SAR within the sphere is minimized
provided that the power which feeds the dipole closer to the sphere is about -13 dB with
respect to that which feeds the other dipole, and its relative phase is about +30 degrees.
The same calculation shows that the reduction of the integrated SAR with respect to that
of a single A/2 dipole radiating the same power can be as large as 95%. Moreover, the
SAR reduction is effective over a bandwidth larger than 10% without changing feed
powers and phase shifts. The expected radiation pattern without the head is illustrated in
FIG. 5.

It should also be remarked that the directional emission does not have negative effects on
the transmission, since the power emitted towards the user would be absorbed by his/her

biological tissues in any case.

The array of radiating elements in the present example are fed by an electronic circuit

suitable to split the power in an unequal way between the two feeding lines and to

introduce a relative phase shift between the two resulting signals. The circuit is

schematically represented in FIG. 1 and FIG. 2, but it can be realized in many different

way. Conceptually, said circuit is composed by an unequal splitter (1R, 2R) of the signal

coming from the RF generator (1G, 2G), one or more phase shifters (1S, 2S), and the
5
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impedance matching circuits (1A, 2A). The above components can be realized by
means of both discrete components and transmission lines.

The feeding circuit can also be realized to achieve the SAR reduction over a larger
bandwidth or over two or more separated bands of frequency (dual-band and
multi-band): this can be done provided that in the feeding circuit the ratio of the signal
splitter and the relative phase shifts change as a function of the frequency or of the
operating band, for instance by means of variable power splitters, variable attenuators
and variable phase shifters. In the case of dual or multi-band functioning, in general, it
is sufficient to change the above parameters (i.e. ratio of the power splitting and phase
shifts) depending on the band, and keep parameters fixed within a given band.

INDUSTRIAL APPLICABILITY

The antenna object of the present invention is easily industrially realizable since it does
not require particular technologies for the realization neither of the array nor of the
feeding circuit. Furthermore, said antenna has a wide industrial applicability since it
represents a very effective solution for reducing the SAR in biological tissues of the
user of a mobile radiocommunication equipment and, therefore, potentially dangerous
effects of the electromagnetic field on user’s health.
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CLAIMS

1) Antenna for mobile radiocommunication devices characterized by an array of two or
more radiating elements fed by signals of relative powers and of relative phases
specifically chosen in order to minimize or reduce, through field superposition effects,
the SAR due to the emission of the antenna itself in a chosen region which, in the
intended use position of the device mounting said antenna, is occupied by biological
tissues of the user of the device.

2) Antenna for mobile radiocommunication devices characterized by an array of two or
more radiating elements as in Claim 1 in which the array is embedded in a dielectric
material.

3) Antenna for mobile radiocommunication devices characterized by an array of two or
more radiating elements as in Claim 1 or 2 in which the relative powers and of relative
phases are changed according to the operating frequency or band of frequencies in order
to minimize or reduce the SAR in the chosen region at that frequency or band of
frequencies.

4) Antenna for mobile radiocommunication devices as described the part “Best mode
for carring out the invention” and illustrated in FIG. 1 or FIG. 2 of drawings, namely
characterized by an array of two radiating elements, not necessarily identical or of the
same kind, each one being substantially symmetric with respect to an axis and, when
radiating in free space, showing a substantially omnidirectional radiation pattern with
maximum gain in a plane perpendicular to the symmetry axis of the radiator itself and
said elements forming the array are fed by signals of relative powers and of relative
phases specifically chosen in order to minimize or reduce, through field superposition
effects, the SAR due to the emission of the antenna itself in a chosen region which, in
the intended use position of the device mounting said antenna, is occupied by
biological tissues of the user of the device.

5) Antenna for mobile radiocommunication devices as in Claim 4 in which the array is
embedded in a dielectric material.

6) Antenna for mobile radiocommunication devices as in claim 4 in witch the array is
embedded in a dielectric matenial shaped like a prism with elliptical base or an
ellipsoid.
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7) Antenna for mobile radiocommunication devices as in Claim 4 or 5 or 6 in which the
relative powers and of relative phases are changed according to the operating frequency
or band of frequencies in order to minimize or reduce the SAR in the chosen region at
that frequency or band of frequencies.
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AMENDED CLAIMS
[received by the International Bureau on 26 October 2000 (26.10.00);
original claims 1-7 replaced by new claims 1-9 (2 pages)]

1) Antenna for mobile radiocommunication devices operating on multiple frequency
bands characterized by an array of two or more radiating elements in which the relative
powers and relative phases are changed according to the operating frequency or band of
frequencies in order to minimize or reduce the SAR due to the emission of the antenna
itself in a chosen region at that frequency or band of frequencies.

2) Antenna as in claim 1) characterized by an array of two radiating elements in which the
first of said elements is closer to the chosen low SAR region than the second and said
second element is a monofilar or bifilar short helical antenna and said first element is a
monofilar or bifilar linear wire antenna and the two elements are arranged along parallel
axis.

3) Antenna as in claim 1) or 2) in which the distance between the elements of the array is
smaller than A/10, where A is the larger of the operating wavelengths of the device.

4) Antenna for mobile radiocommunication devices operating in close proximity to the
user’s body characterized by an array of N22 radiating elements in which, in the intended
use position of the device, elements 1...N-1 are closer to the user’s body than element N
and in which the power feeding the array is divided between the N elements in such a way
that most of the power feeds said element N and amplitudes and phases of the powers
feeding said elements 1...N-1 are chosen in order to substantially cancel the currents
induced in themselves by the electromagnetic field generated by said element N during
the functioning of the device.

5) Antenna as in claim 4) with N=2 in which element 2 is a monofilar or bifilar short
helical antenna and element 1 is a monofilar or bifilar linear wire antenna and the two
elements are arranged along parallel axis.

6) Antenna as in claim 4) or 5) in which the distance between the two elements of the
array is smaller than A/10, where A is the larger of the operating wavelengths of the
device.

7) Antenna for mobile radiocommunication devices as in claim 1), operating in close
proximity to the user’s body, characterized by an array of N>2 radiating elements in
which the relative powers and the relative phases feeding the N-1 radiating elements
closer to the user’s body are changed according to the operating frequency or band of
frequencies in order to substantially cancel the current induced in themselves by the

9
AMENDED SHEET (ARTICLE 19)
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electromagnetic field generated by element N during the functioning of the device in all
operating frequency bands.

8) Antenna for mobile radiocommunication devices as in claim 1) or claim 4) operating
on separated frequency bands for transmitting and receiving in which the radiating
clements closer to the user’s body are characterized by a sharp resonance in
correspondence of the transmitting frequency band so that in the receiving band they
presents a high impedance mismatch with respect to the transmission line connecting
them to the transmitter/receiver electronic circuit of the device in order to reduce the
directivity of the antenna in the receiving band.

9) Antenna for mobile radiocommunication devices as in any of the preceding claims in
which the array is embedded in a dielectric material.

10
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