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(54) Mobile telephone and method for controlling the radiation sent into the body of a user

(57) The invention relates to a method to control the
radiation send into the body of an user of a mobile tele-
phone and mobile telephone using different antenna el-

ements. The antenna elements (5) have different radi-
ation patterns in the near field. A sending signal as being
applied variable to the first and second antenna ele-
ments (5).
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Description

Prior Art

[0001] The invention relates to a method for control-
ling the radiation pattern sent into the body of an user
of a mobile telephone and a mobile telephone using a
first and second antenna element. It is already known
to use antenna diversity by applying signals to different
antennas.

Advantage for the invention

[0002] The method and the mobile telephone accord-
ing to the invention have the advantage, that by using
two antennas with a different radiation pattern in the
near field, the concentration of the radiation in the body
of the user of a mobile telephone is influenced. It can
thereby be avoided to have single "hot spots" in the body
of the user where a considerable amount of energy of
the sending signal is lost. A potential health hazard of
an user of the mobile telephone is therefore reduced.
Further the total amount of radiation lost in the body of
an user is reduced by selecting for at least for a part of
the sending signal the antenna creating the minimum
absolute power loss in the body of the user.
[0003] Further improvements arise from the features
of dependant patent claims. The simplest way to vary
the signal at the two antenna elements is by using a
switch and directing the signal to either of the first or
second antenna elements. Further the signal can be
split by a power splitter. A very easy way for doing that
is between bursts of a burst structure of the signals. By
measuring the received signals over a sufficient long pe-
riod it is possible to determining the influence of the user
to the absolute power loss of the signals. It is then pos-
sible to detect which of the two antenna elements has
the minimum loss of energy in the body of the user.

Drawings

[0004] The invention is shown in the drawings and de-
scribed in greater detail in the following description. In
the drawings shows figure 1 the head of the user with a
mobile telephone, figure 2 to 4 different ways to vary the
signal at the first and second antenna elements, figure
5 and 6 an antenna arrangement with two antenna ele-
ments and figure 7 and 8 the switching of signals for the
antenna arrangement of figure 5 and 6.

Description

[0005] Figure 1 shows a head 104 of an user of a mo-
bile telephone. The mobile telephone has the reference
number 101 and is shown in a usual position when op-
erated. Normally the telephone is held near the head of
the user 104 and the mobile telephone 101 is pressed
against the ear of the user. In this operating position part

of the radio signal that is send from the mobile telephone
101 to a base station of the mobile telephone system is
radiated into the head of the user 104. These radio sig-
nals which are send into the head of the user are sus-
pected to have a negative effect to the health of the user.
It is therefore desirable to reduce the absolute amount
of radiation emitted into the body of the user. "Hot spots"
should be to avoided, that means areas, in which the
energy per volume is very high. This energy per volume
is often called "peak SAR" (Specific Absorption Rate)
that is defined as energy per unit volume. The SAR is
used in various standards of different national or multi-
national standardisation bodies all over the world. The
definition of the SAR changes with the different stand-
ards, but in general it is defined as absorbed energy per
volume. Very close to antennas in the so called near field
very high SAR values can occur, that are localized in
very small areas. This is shown in figure 1 where the
mobile telephone 101 has two antennas 5. Associated
to each of these antennas 5 there is inside the head of
the user 104 a hot spot 103. If the mobile telephone 101
has only one antenna 5 then there will be typically only
one "hot spot" 103 that is localized always at the same
region in the head 104.
[0006] Measurements of the user behaviour have
shown that the position of the mobile telephone stays
very much the same during a telephone call and that a
specific user has the tendency to hold the mobile tele-
phone always in the same way. When the mobile tele-
phone 101 has only one antenna 5 it is therefore very
likely that only small regions of the head of the user 104
is a subject to a larger amount of radiation every time
when the telephone is operating. The biological damage
is assumed to accumulate with the absolute amount of
radiation send into the tissue. This concentration can
significantly be reduced by using two antennas as
shown in figure 1 or even more antennas (3, 4, ... ). As
shown in figure 1 each antenna 5 can have a seperate
"hot spot" 103. The antennas 5 are made to have distinct
radiation patterns in the near field, that means in the
close vicinity of the antennas 5.
[0007] By using two or more antennas with a different
radiation pattern in the near field (close to the antenna)
the radiation pattern in the body of the user can be sig-
nificantly influenced simply by using only one of two an-
tennas 5 at the same time and switching the antennas
so that they are only operated half of the time. In a TDMA
system like GSM where the signals are sent in bursts,
a simple way to achieve this is to operate each of the
antennas 5 only every second burst. By this the radiation
pattern inside the head of the user 104 can be controlled
and the radiation load for a specific volume can be re-
duced. When having two antennas the SAR can be re-
duced up to 50 %, with three antennas up to 67 % etc.
Multiple antennas can therefore be used to reduce the
peak SAR inside the body of an user.
[0008] Further multiple antennas can be used to en-
hance the quality of the connection between the mobile
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telephone and the base station by controlling the radia-
tion pattern sent into the body of the user. As describe
earlier the behaviour of users of mobile telephones has
been investigated. The results show that users tend to
change their individual position of holding the mobile tel-
ephone very little. So the position of holding the tele-
phone during a telephone communication is very stabi-
le. Further the investigation of the user behavior showed
that there are significant differences between different
users, resulting in individual differences of up to 10 dB
in the received or send radion signal depending on the
individual user. There are users that absorb up to 10 dB
more of the radio signals than others. So the link quality
can vary up to 10 dB depending on which user is using
the telephone and how the telephone is hold in this spe-
cific telephone call. Depending on the individual pattern
how the user holds the telephone a larger or miner
amount of radiation is lost in the body of the user. Further
measurements showed that this loss of radiation in the
body of the user is the same for sending and receiving
so that users that showed very strong damping for re-
ception also showed strong damping for the sending of
radio signals. Multiple antennas can here be used to re-
duce the absolute amount of radiation absorbed by the
body of the user. Since there is a strong correlation be-
tween the sending and receiving loss, the received sig-
nals can therefore be used to decide which of the mul-
tiple antennas shows the best reception of the signals
for the specific user. This antenna is then also used for
sending signals. Then the loss of radiation in the body
of the user is reduced the using of this antenna also re-
duces the radiation load of the user. In systems where
the energy of the sending signal of mobile telephone 101
can be regulated as it is the case in GSM, not only the
radiation emitted into the body of the user is reduced,
but also the power consumption of the mobile telephone
because the mobile telephone can use a lower energy
level for sending. This is also the case if not only one of
the multiple antennas is selective for sending but if there
is fixed pattern or sequence in which the multiple anten-
nas are used for sending signals. Every time the anten-
na having the low loss characteristics is used the
amount of radiation in the body of the user is reduced.
[0009] The correlation of the body loss of the user for
the reception and the sending of signals was also found
when the sending and receiving of the signals is sepa-
rated in the frequency domain. When the users moves
with the mobile telephone there are large variations of
the received signal. At every point of time the received
signal depends on the frequency used and the actual
geometrical data of the sending channel between the
base station and the mobile station. If a plurality of sub-
sequent measurements are made it is therefore clear
that there are strong variations of the measurements.
The only thing that is the same over all measurements
is the individual behaviour of the user or the user de-
pendent attenuation of the received signals. Although
there is a strong variation of the signal a plurality of sub-

sequent measurements give a good idea which of the
multiple antennas is, with respect to the specific user, a
good antenna having the lowest body loss in the body
of the user. This antenna is also the antenna that shows
the minimum sending loss. This is even true for a system
like GSM and nearly all other mobile systems where the
sending and receiving signals have different frequency.
The measurement of the received signals must be com-
pared over a plurality of bursts, to insure that the user
influences on the signal is measured and not some short
time variation due to the variant geographical influenc-
es.
[0010] Figure 2 shows a first example how a first and
second antenna element 5 are operated according to
the invention. Reference no. 1 indicates a baseband
controller that supplies the data that are to be send with
the radio signal. Further the baseband controller 1 sup-
plies control information that are used to control all ele-
ments in the mobile station. The baseband controller 1
sends and receives information from the transceiver 2.
The transceiver 2 has the function to modulate the radio
frequency signals with the data supplied by the base-
band controller for sending this information over the ra-
dio interface. Further the transceiver has a function to
receive data send over the radio interface and to trans-
form this data into baseband data suppied to the base-
band controller 1. The transceiver is therefore used for
modulating or demodulating the data onto the radio fre-
quency. The output and input of the transceiver 2 are
connected to a switch 4. The switch 4 can established
a connection between the transceiver 2 and one of the
two antennas 5. If the antenna 4 is switched to the upper
antenna 5 of figure 2 then a connection is established
between this upper antenna 5 and the transceiver 2.
Then the transceiver 2 can send and receive radio sig-
nals to or from the upper antenna 5 as shown in figure
2. In figure 2 this is indicated by an arrow between the
switch 4 and the upper antenna 5. The switch 4 is con-
trolled by a control logic 3. The control logic 3 is control-
led by a signal from the baseband controller 1.
[0011] The switching arrangement as shown figure 2
works as following with the invention. For reducing the
SAR in the user the baseband controller 1 supplies a
switching signal to the control logic 3 that is operating
the switch 4. In the GSM system the messages are send
in bursts. Every burst the position of the switch 4 is
changed, thereby sending one burst to the upper anten-
na 5 and the next burst to the lower antenna 5. By this
switching of the bursts a reduction of the SAR is
achieved, because the power concentration that is very
high in the "hot spots" 103 is reduced by simply sending
energy in the two "hot spots" as shown in figure 1 only
every second burst.
[0012] Further the absolute absorbed power in the
body of the user is reduced compared to the worse of
the two antennas 5. Of cause by this method the abso-
lute power loss in the body of the user is not so good
compared to the situation where the best of the two an-
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tennas 5 is selected. A further reduction of the body loss
can therefore be achieved by selecting the antenna 5
that is the best antenna for the sending of signals. As
described earlier the situation changes very quickly
when the mobile station is moved. What remains a con-
stant influence is the influence of the user that is different
for the different antennas 5. By using a long time meas-
urement (long time means some seconds) the influence
of the specific user of the mobile telephone can be de-
termined and the one antenna that is less influenced by
the user can be selected for the sending of radio signals.
Then for the device as shown in figure 2 it is at every
point of time only possible to have one of the two anten-
nas 5 connected to the transceiver 2.
[0013] Figure 3 shows a different arrangement in
which a power splitter 6 is used instead of a switch. The
reference numbers 1, 2, 3 and 5 show the same ele-
ments as in figure 1. The control logic 3 supplies here a
control signal that indicates a fraction of the power of
the radio frequency signal to be directed to the upper
antenna 5 or the lower antenna 5. This power splitter 6
is therefore a variable power splitter so that the energy
of the send radio signal is divided on two antennas with
variable fraction. For example it is possible to send one
third of the energy in the upper antenna and two third of
the energy in the lower antenna. Depending on the en-
ergy supplied to the antenna elements 5 the respective
"hot spots" inside the head of the user 104 as shown in
figure 1 have a respective higher or lower energy. The
energy is thereby distributed over two "hot spots".
[0014] A different concept for a variable power splitter
is shown in figure 4. The reference numbers 1, 2, 3 and
5 indicate the same devices as described in figure 3. In
difference to figure 3 the control logic 3 supplies two sig-
nals that are used to control the amplification of ampli-
fiers 8. These amplifiers 8, that are associated to each
of the antennas 5, are thereby controlled by the control
logic 3. Between the transceiver 2 and amplifiers 8 is a
fixed energy splitter 7 that divides the radio signal ener-
gy in two more or less equal parts, which are then am-
plified by the amplifiers 8. The amplification of the am-
plifiers 8 is controlled by the control logic 3 so that the
signals strength at each of the antennas 5 can be con-
trolled. The fixed splitter 7 and the subsequent two am-
plifiers 8 are simply a different method of producing a
variable power splitting of the radio signal supplied by
the transceiver 2.
[0015] The following figures 5, 6, 7 and 8 show a spe-
cific antenna arrangement for the realisation of two an-
tennas for the invention.
[0016] Figure 5 shows a perspective view of the an-
tenna element. Figure 6 shows a view along line VI-VI
of figure 5. The antenna element of figures 5 and 6 com-
prises a conductive plate 11 that is located above and
substantially parallel to a ground plate 10. The ground
plate 10 is for example the backside of a mobile tele-
phone. Electrically connected to the conductive plate 11
is a first feed pin 14 and a second feed pin 15 and a first

ground pin 12 and a second ground pin 13.
[0017] The ground plate 10 is in general the backside
of a mobile telephone and is connected to a ground po-
tential. One example for the ground plate 10 and the
conductive plate 11 are, that the ground plate 10 is the
backside of a metal housing of a mobile telephone and
the conductive plate 11 is a metal plate. This metal plate
is then held above the ground plate 10 with the help of
the first and second feeding pins and the first and sec-
ond ground pin. Another example for the ground plate
10 and the conductive plate 11 is the used of insulating
bodies, for example plastic or ceramic materials with a
metall coating.
[0018] The first and second feed pins 14, 15 and the
first and second ground pins 12, 13 are made from a
conductive material, in general a metal and are electri-
cally connected to the conductive plate 11. The pins 12,
13, 14, 15 are electrically not directly connected to the
ground plate 10 but are connected to switches 21, 22,
that are shown in figure 7 and 8. Figure 7 and 8 show a
first switch 21 that has two output connections that are
connected to the first and second feeding pin 14, 15.
Further the switch 21 comprises two input connection,
a first input connection 23 for an antenna signal 23 and
a second input connection 24 for a control signal. The
antenna signal 23 is the radio signal, that has to be sent
over the antenna arrangement. Depending on the con-
trol signal 24, the switch 21 either directs the antenna
signal 23 to the first feed pin 14 or connects the antenna
signal 23 to the second feed pin 15. The connection of
the feeding pin 14 is shown in figure 7 and the connec-
tion of the feeding pin 15 is shown in figure 8. Further
figures 7 and 8 show a second switch 22. The second
switch 22 comprises an output connection that is con-
nected to the first ground pin 12 and a second output
connection is connected to the second ground pin 13.
Further the second switch 22 comprises an input 25 that
is connected to a ground potential 25, that is a same
ground potential as being applied to the ground plate
10. Further the second switch 22 comprises an input for
the control signal 24. Depending on the control signal
the second switch 22 connects the ground potential 25
either to the first ground pin 12 or the second ground pin
13. The connection of the ground potential 25 to the first
ground pin 12 is shown in figure 7. The connection of
the ground potential 25 to the second ground pin 13 is
shown in figure 8. By actuating the second switch 22 it
is possible to selectively connect one of the first or sec-
ond ground pins 12, 13 to the ground plate 10.
[0019] As shown in figure 7 and 8 the first switch 21
and the second switch 22 are operated simultaneously
by the control signal. If the first feeding pin 14 is con-
nected to the antenna signal 23 then the first ground pin
12 is connected to the ground potential 25 (figure 7). If
the second feeding pin 15 is connected to the antenna
signal 23 then the second ground pin 13 is connected
to the ground potential 25 (figure 8).
[0020] By using this type of antenna arrangement with
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this type of switches it is possible to realise two different
antennas having to different radiation patents in the near
field by using only one conductive plate 11 and one
ground plate 10. Dependent one which feed pin 14, 15
is connected to the antenna signal 23 and which ground
pin 12, 13 is electrically connected to the ground plate
10 a different antenna is realised. So a mobile station
comprising the type of antenna element as described in
the figures 5 to 8 has two antennas with different radia-
tion patents.
[0021] Further the concept for the embodiment of dif-
ferent antennas as described in the figures 5 to 8 can
also be extended to 3, 4, 5 antennas by using more than
two feed pins and more than two ground pins.
[0022] Although there is only one antenna arrange-
ment, depending on how the switches are operated,
there is a substantially difference in the radiation pattern
emitted from the antenna arrangement. It is therefore
possible to have antenna diversity with only one anten-
na arrangement. With antenna diversity the mobile tel-
ephone can send and receive radio signals with a dif-
ferent radiation pattern. The antenna arrangement of
firure 5 -9 can therfor be used to reduce the SAR and
the absolut power loss in the body of a user as described
with respect to the figures 1 -4.

Claims

1. Method for controlling the radiation send into the
body of an user (104) of a mobile telephone (101),
said telephone (101) comprising at least a first and
a second antenna element (5), said antenna ele-
ment (5) having different radiation patterns in the
near field of the antenna element (5), by variably
applying a sending signal to the first and second an-
tenna element (5).

2. Method of claim 1, characterized by, said sending
signal being switched to either the first or the sec-
ond antenna element (5).

3. Method according to claim 1, characterized by, said
sending signal being split and supplied with a vari-
able fraction of the sending energy to the first and
second antenna element (5) at the same time.

4. Method according to any proceeding claim, charac-
terized by, said sending signal having a burst struc-
ture and the sending signal being varied between
that burst.

5. Method according to any preceding claim, charac-
terized by, first measuring a received signal at first
and second antenna elements (5) and based on
said measurement determining the variation of the
sending signal at the first and second antenna ele-
ments (5).

6. Method according to claims 1 to 4, characterized
by, said sending signal being varied by a fixed se-
quence to the first and second antenna elements
(5).

7. Method for controlling the radiation send into the
body of an user (104) of a mobile telephone (101),
by first measuring the received signals at first and
second antenna elements (5) and based on said
measurement determining one of the first and sec-
ond antenna elements (5) for sending a signal.

8. Mobile telephone having a first and second antenna
element (5) having different radiation patterns in the
near field into the body of an user (104) when the
telephone is operated in a normal mode, said first
and second antenna elements (5) being supplied
with a sending signal in a variable sequence.

9. Mobile telephone according to claim 8, character-
ized by a switch (4) directing the signal to either the
first or the second antenna element (5).

10. Mobile telephone according to claim 8, character-
ized by an energy splitter directing a variable frac-
tion of the energy of the sending signal to said first
and second antenna element (5).

11. Mobile telephone according to claim 8 to 10, char-
acterized by a receiver capable of receiving signals
from that first and second antenna elements (5) and
based on said received signals from said first and
second antenna elements (5) determining the vari-
ation of the sending signals to the antenna elements
(5).

12. Mobile telephone having a first and second antenna
element (5) having different radiation patterns in the
near field into the body of an user (104) when the
telephone is operated in a normal mode, with a re-
ceiver capable of receiving signals from said first
and second antenna elements (5) and based on
said received signals from said first and second an-
tenna elements (5) selecting one of the first and
second antenna elements (5) for sending a signal.

13. Mobile telephone according to claim 8, 9, 11 and
12, characterized by, said first and second antenna
elements (5) being realised by a conductive plate
(11) obove a ground Plate (10), said conductive
plate (11) comprising different feed pins (14, 15),
and said variation being accomplished by supplying
the sending signal to the different feed pins (14, 15).
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