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A telephone handset (1) has an omnidirectional antenna (2) and a non—-omnidirectional antenna (3), the latter being configured to
minimize radiation into the human head when in use. A proximity switch (6) to operate the antenna (2) or (3) appropriate to the operating

conditions, either hands free or hand held.
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Telephone with multiple antenna configuration

Mobile Communication is expanding at a very rapid pace and the
use of mobile telephone handsets for many forms of communication systems such
as cellular, cordless and satellite 1s gaining great public acceptance.

The performance of the antenna of a mobile telephone handset has
great impact on the quality of the RF link and the battery life. The greater the gain
of an antenna in a given direction the better the signal to noise ratio will be at the
recetver resulting in a more reliable RF link. This also means that a handset with
a better gain antenna can be used at distances from the base station greater than
the one with less antenna gain if all the other performance parameters are the
same. In fringe areas where the signal levels are low, the handset with the greater
gain will perform better in terms of maintaining the link.

Another important parameter that is being investigated more carefully
in recent years is the effect of the electromagnetic waves radiated from a mobile
handset when it is used in very close proximity to the human head. An
omnidirectional antenna used right next to the head will have a great portion of its
power absorbed into the head. This is an undesirable situation for two reasons:
firstly, the ideal requirement is that no power should be wasted in the antenna or
in any object in its close proximity. If much power is absorbed by the head then
there will be less power for radiating which will result in reduced communication
range. It is quite common that when a hand held is positioned next to the head its
gain can be reduced by as much as 10 dB in certain directions which could easily
more than halve the range that could otherwise have been possible to achieve.
Secondly, the effect of electromagnetic radiation from mobile hand terminals on
human health is a subject which is still being investigated very carefully.

Therefore the less the power radiated into the human body the better.
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The property of omnidirectionality for antennas is an important
requirement for a mobile handset as neither the user nor the handset has any
knowledge of the direction of the base station with which the mobile handset is
required to communicate. Whatever the oﬁéntation of the handset 1t will receive
identical power levels from the base station in all directions and conversely the
base station will receive identical power levels from the mobile handset
irrespective of its orientation. This requirement will easily be met by the use of
an omnidirectional antenna in the handset when the handset is free standing.
However, the same handset will lose this omnidirectional property when it is
placed next to the head. The head and the hand holding the handset will absorb
much of the power transmitted from the antenna distorting the radiation pattern of
the antenna significantly as shown in Figure 1.

Since any power radiated into the head will be significantly
absorbed by the head it would be advantageous to use during hand held operation
an antenna with a radiation pattern which minimises the radiation from the antenna
in the direction of the head. By concentrating power in the direction away from
the head it then becomes possible to increase the gain of the antenna in that
direction. Therefore the power is radiated more effectively in the direction away
from the head rather than being wasted in the head.

The present invention provides a telephone having two or more
antennae, each for receiving and/or transmitting electromagnetic signals, and
switch means operable to select an antenna or antennae combination to provide
directional transmission in order to reduce radiation into the head of the user.

Thus, a telephone according to the invention is able to operate in
a directional mode during hand held operation and omnidirectional mode during
hands free operation. In the directional mode radiation would be directed away
from the user’s head, eg. outwardly from the telephone speaker or microphone.

A micro strip patch antenna, with its characteristic D-shape

radiation pattern may be employed as a directional antenna. A telephone
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according to the invention may also include an omnidirectional antenna or
alternatively, omnidirectionality may be provided by an array of directional
antennae, such as “D-shape” antennae positioned back-to-back.

The switch means may be manually operable. For example, a
telephone according to the invention may have a manual switch for selecting the
appropriate antenna or antennae. As another example, the selection of the
appropriate antenna or antennae could be carried out in response to the operator
pressing a key or other manual switch on the telephone to initiate or receive a call.

Instead of being manually operable, the switch means may be
automatically operable. For example, a proximity sensor may be provided for
detecting the proximity of a human head. The appropriate antenna(e) would then
be selected according to a signal from the proximity switch.

Alternatively, a telephone according to the invention may be
equipped with means for detecting when it is transmitting voice messages (as
opposed to its regular update messages), with the switch means being responsive
to the detection means. Thus, directional coverage could be switched in when
voice messages were being transmitted. Of course, this might not be suitable for
a handset designed to transmit voice messages in "hands-free" operation.

Alternatively a telephone according to the invention may switch
to directional operation either in response to the establishment of a call (two-way
communication) or in response to the user requesting a call (dialling a number).

It is possible to select the directional pattern only at certain times
whilst the telephone 1s in conversation mode. During a call, a mobile telephone
handset receives and transmits signals in a rapid series of consecutive receive and
transmit windows, whereby reception and transmission do not occur
simultaneously. It may be desirable to select the directional radiation pattern only
during transmit windows, and the omnidirectional pattern during receive windows.
The resulting advantage is that the omnidirectional response during receive

windows improves the reception of the signal, but without unduly increasing the
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Jevel of radiation in the direction of the user’s head, since the received signals are
considerably weaker in power than the transmitted signals which originate at the
handset itself.

It follows from the foregoing that a telephone according to the
invention may be arranged to operate in directional mode whenever a signal of any
kind is being transmitted.

The expression “directional antenna" is intended to encompass
any antenna with a null in its radiation pattern.

To summarise the foregoing, the use of antennas with a null in
their radiation pattern can be utilised constructively for the dual purpose of
minimising radiation into the head and also for maximising radiation in other
directions.

While being converted into a constructive use for talk position,
the loss of omnidirectionality is not desirable when the handset is freestanding.
The requirement for the handset antenna when it is in freestanding position is as
omnidirectional as possible. This requirement can be achieved by having a range
of switchable antennae. An antenna or an antenna combination with directional
characteristics would be used when the handset is in talk position and the antenna
or a combination of antennae with omnidirectional characteristics would be used
when the handset is freestanding. Switching between the antennas can be realised,
as noted above, by means of a proximity switch capable of sensing when the
handset is placed next to the head. The switch would switch the omnidirectional
antenna into use when the handset is moved away from the head.

It will be appreciated that the expression “telephone handset” as
used herein encompasses any communication device which is intended to be hand-
held.

An embodiment of the invention will now be described by way

of example only and with reference to the accompanying drawings in which:
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Figure 1 is a diagram comparing handset antenna radiation
patterns in free space and in talk positions;

Figure 2 is a block diagram of a switchable antenna arrangement
suitable for use in a telephone handset according to the invention;

Figures 3a and 3b illustrate a circuit board suitable for use in a
telephone handset according to the invention in plan and side elevation
respectively; and

Figure 4 is a block diagram of an alternative switchable antenna
arrangement suitable for use in a telephone handset according to the invention.

Figure 1 has been briefly described above. The dotted line
indicates the omnidirectional radiation typical when a telephone 1 is in free space
and the solid line indicates the distorted radiation pattern which occurs when the
telephone is held next to the head.

Figure 2 shows the telephone handset 1 having an omnidirectional
antenna 2 and a directional or non-omnidirectional antenna 3 . The
omnidirectional antenna may be an extendable antenna on the outside of the
handset housing or, as indicated by the dotted lines, an internal antenna within the
housing. Also within the housing of the handset 1, as well as the usual electronic
circuitry, is a proximity sensor 4 which sends a control signal along line 5 to a
switch 6. The operation of sensor 4 and switch 6 is such that when an adjacent
object (e.g. a head) is detected by the sensor, the antenna 3 is operational and
when no adjacent object is detected by sensor 4 the antenna 2 is operational.

The sensor 4 effectively generates a control signal which indicates
whether the handset is next to the head or free-standing. This control signal is
used to select the suitable antenna by means of the switch 6; the omnidirectional
antenna for free-standing position and the directional antenna for talk position.
The switch 6 is a low loss RF switch.

The omnidirectional antenna can be any of the standard

omnidirectional antennae in common use. Retractable whip antennas and fixed
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helical antennas are two of the most commonly used antennae.

The directional antenna can be designed as a micro strip patch
antenna. These antennas are also commercially available in small sizes suitable
for use in small mobile handsets. As they have a D-shape radiation pattern the
antenna gain can be greater than that achievable from a standard dipole antenna.

The micro strip patch antennas can be quite small to fit inside a
handset. It is also feasible to combine two or three of these antennas to generate
an omnidirectional pattern. The advantage of such a configuration would be
increased gain over a dipole antenna and small size.

Figures 3a and 3b show a circuit board 21 for use in the telephone
handset, in which two back-to-back disc antennae 22, 23 are provided, one on
each side of the circuit board. In this case, each disc antenna has a hemispherical,
known as “D-shape” radiation pattern, and so the two antennae can be used in
combination to achieve an omnidirectional pattern. When only one antenna 1s
selected, a D-shape, hemispherical radiation pattern is achieved. Alternatively,
two micro strip antennae can be printed on the circuit board and used in the same
back-to-back configuration.

In this example the antennae are located adjacent the telephone
microphone, not shown, away from the keymat 20. The antenna used in the
directional mode of communication is the one on the opposite side of the board to
the speaker and microphone.

Figure 4 illustrates a switchable antenna arrangement suitable for
use with the back-to-back antenna configuration shown in Figure 3. Each of the
two antennae 22, 23 is selected by means of a switch 24, 25. In order to achieve
an omnidirectional pattern, for example when the telephone is in idle mode in
between calls, both switches 24, 25 may be closed.

In order to achieve a directional pattern, the switch 24
corresponding to the antenna 22 which is situated, in use, nearest the user’s head,

is opened, and the other switch 25 closed. In this way, only the antenna facing
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away from the user’s head is selected, and a D-shaped radiation pattern is
generated, whereby electromagnetic radiation is directed away from the head.
This directional radiation pattern may be selected in response to
the telephone entering conversation mode (i.e. when a call is made or received).
In the example illustrated in Figure 4, the switches 24 and 25 are
controlled in response to receive and transmit control lines 26, 27 respectively.
The switches are connected via matching circuit 28 and duplexer 29 to the low
noise receive amplifier 30 and transmitter 31. Thus, when transmitter 31 is
operational, switch 25 is closed and switch 24 is open whereby only antenna 23

is operational during transmission of signals.

It will be appreciated from the foregoing that non-omnidirectional
antennae, either singly or in combination, can be used to minimize the SAR
(Specific Absorption Rate) in the body and also to maximize the antenna
efficiency, whilst omnidirectional coverage using one omnidirectional antenna or
a combination of non-omnidirectional antennae in freestanding operation can
maximize the radio coverage of the handset so that it has equal ability to
communication with any of the surrounding base stations irrespective of its

orientation.
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CLAIMS

1. A telephone having two or more antennae, each for receiving
and/or transmitting electromagnetic signals, and switch means operable to select
an antenna or antennae combination to provide directional transmission to reduce

radiation towards the user’s head.

2. A telephone as claimed in claim 1, including at least one micro

strip patch antenna as a non-omnidirectional antenna.

3. A telephone as claimed in any preceding claim including an

omnidirectional antenna.

4. A telephone as claimed in any preceding claim in which two or
more antennae are used in combination to generate an omnidirectional

transmission and/or reception pattern.

5. A telephone as claimed in claim 4 in which two directional

antennae are positioned back-to-back.

6. A telephone as claimed in any preceding claim in which the

switch means is manually operable.

7. A telephone as claimed in any preceding claim in which the
switch means are operable to select directional transmission when the user’s head

is in close proximity to the telephone.

8. A telephone as claimed in any preceding claim in which the

switch means includes a proximity sensor for detecting the proximity of a human
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head.

9. A telephone as claimed in any of claims 1 to 5, in which the
switch means are operable to select directional transmission in response to the

establishment of a call.

10. A telephone as claimed in any preceding claim in which the
switch means are operable to provide directional transmission and omnidirectional

reception of signals.
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