WO 2004/008727 A1 ||| 000 00000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

22 January 2004 (22.01.2004)

(10) International Publication Number

WO 2004/008727 A1l

(51) International Patent Classification’: H04M 1/60, 1/03

(21) International Application Number:
PCT/EP2003/005647

(22) International Filing Date: 28 May 2003 (28.05.2003)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

02015948.9 17 July 2002 (17.07.2002) EP

(71) Applicant (for all designated States except US): SONY
ERICSSON MOBILE COMMUNICATIONS AB
[SE/SE]; Nya Vattentornet, S-221 88 Lund (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): LECHNER, Thomas
[DE/DE]; Schlehenring 115, 85551 Kirchheim (DE).

(74) Agent: K(")RBER, Martin; Mitscherlich & Partner, Son-
nenstrasse 33, 80331 Miinchen (DE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 7ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: ACOUSTIC SHOCK PROTECTION FOR A MOBILE TELECOMMUNICATION TERMINAL

05 L

) n

(57) Abstract: The present invention provides an acoustic
shock protection for a mobile telecommunication (10) terminal
by providing it with a first transducer (1) for generating an
acoustic signal supplied to an earpiece (3) of the mobile
telecommunication terminal (10) based on a first electric
signal, and a second transducer (2) for generating a high
sound pressure acoustic signal based on a second electric
signal, whereby a cancellation component of the first electric
signal provided at the first transducer (1) has a waveform
which is suited to at least partially cancel out the part of the
high sound pressure acoustic signal produced by the second
transducer (2) which leaks through the earpiece of the mobile
telecommunication terminal (10).
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Acoustic shock protection for a mobile telecommunication terminal

The present invention relates to a mobile telecommunication terminal equipped for
both, hands-free and handset mode. In particular, the present invention relates to a
reduction of a sound pressure emitted from an earpiece of a mobile telecommunication

terminal to a safe value.

Mobile telecommunication terminals which are equipped for both, hands-free and
handset mode like e.g. a mobile telephone, a personal digital assistant or the like, are
generally provided with two transducers, one for the earpiece and a separate one for the
hands-free mode. Both transducer transform an audio frequency signal supplied from a
voice band electronic circuit of the telecommunication device into a sound signal. The
transducers can be based on various conversion principles like for instance that of an
electrodynamic or that of an piezoelectric speaker. In the further course of this
description, the term speaker will be used as a synonym for the more general term
transducer if not specified otherwise.

The speaker used for the earpiece is commonly mounted in a cavity placed within the
case of mobile terminal. The cavity is acoustically connected to the earpiece by one or
more openings. The design of the earpiece adopts most commonly a so called 'leak
tolerant' method for achieving a low acoustic impedance. Thus, a negative effect of an
acoustic leak between an users auricle and the earpiece on the sound quality is largely
avoided. One common method to achieve leak tolerance is by adding so called leak
holes or load holes from the outer surface of the earpiece back to the cavity inside the

case of the mobile terminal.

The speaker used for the hands-free mode is usually operated at higher power levels
than the earpiece speaker due to the required radiated sound power. It is also mounted
inside the case of the mobile telecommunication terminal, e.g. on the back of the
casing. The cavity accommodating it provides a more or less closed back volume for an

effective acoustic radiation of low frequencies.

Preferably, acoustic designs are used with mobile telecommunication terminals which
are based on a shared use of just one big cavity inside the casing as a back cavity for
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both transducers. The sound pressure generated by the speaker for the hands-free mode
on the back side of it's membrane can thereby propagate through the openings of the
cavity to the earpiece or directly through the earpiece speaker by moving its membrane.

When listening to voice or audio data on a mobile telecommunication terminal in
handset mode, a user usually keeps his auricle in close contact to the earpiece of the
device. Sometimes it is even almost sealed to it. The mobile terminal may accidentally
still be in hands-free mode or start an alarm signal e.g. in order to indicate an incoming
call or a finer alarm and thus expose a users hearing to the high sound pressure
produced by the hands-free speaker. Due to the short distance to a users ear and the
high sound pressure immanent to the hands-free operation mode of the mobile
telecommunication device, the sound pressure on the user's ear could be uncomfortably

painful or even cause hearing damage.

The hearing reacts to such high sound pressure with temporary threshold shift, high
pitched noise (tinnitus) or instant damage. Even a temporary threshold shift can cause
permanent damage if it occurs frequently. The associated damage to the hearing is so

far irreparable.

It is therefore an object of the present invention to protect a user of a mobile
telecommunication terminal from any hearing damage caused by a hands-free
transducer, when holding it with its earpiece close to his ear.

The above object is achieved by the invention as defined in the independent claim.
Further developments are set forth in the dependent claims.

The object of the present invention is achieved in particular by a mobile
telecommunication terminal having a first transducer for generating an acoustic signal
supplied to an earpiece of the mobile telecommunication terminal based on a first
electric signal, and a second transducer for generating a high sound pressure acoustic
signal based on a second electric signal, whereby a cancellation component of the first
electric signal provided at the first transducer has a waveform which is suited to at least
partially cancel the part of the high sound pressure acoustic signal produced by the
second transducer which leaks into the earpiece of the mobile telecommunication

terminal .

A mobile telecommunication terminal in accordance with the present invention protects
a user from hearing damage caused by acoustic shock when accidentally using the
device being in hands-free or ringer mode in handset position close to his/her ear.
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The generation of the cancelling component of the first electric signal and the
generation of the second electric signal are suitably based on a common electric signal
for simplifying the voice band control circuitry.

The spectrum of the high sound pressure audio signal at the earpiece is generally
affected by the audio properties of the cavities and openings through which it
propagates. A filter for influencing the spectrum of the cancellation component of the
first electric signal is therefore used advantageously to appropriately adapt the spectrum
of the cancellation component.

As the sound signals produced by the first and by the second transducer are likely to be
out of phase at the point of being emitted from the earpiece of the mobile
telecommunication terminal, a phase shifter favourably shifts the phase of the
cancellation component of the first electric signal relative to the phase of the second

electric signal.

To achieve a good synchronisation of the cancellation component with the high pressure
audio signal from the second transducer, the first transducer is preferably connected to
the second transducer by means of passive components allowing crosstalk from the
second to the first transducer. The passive component is suitably formed by a resistor

and/or a capacitor and/or an inductance.

A crosstalk of the electric signal for the second transducer to the first transducer may
further be implemented controllably by connecting one contact of the first transducer to
ground potential via a resistor or a network consisting of resistor(s), capacitor(s) and/or
inducror(s) being shunt by a switch in such a way that the switch is in a closed state if
no electric signal is supplied to the second transducer and is in an open state otherwise.

Advantageously, the second transducer is driven by a separate power amplifier stage.
Hereby, the connection from the signal path of the first transducer to the second
transducer is advantageously branched at the input of the separate power amplifier
stage. Alternatively, the connection from the signal path of the first transducer to the
second transducer is advantageously branched at the output of the separate power
amplifier stage. Further advantageously, the first and second transducer are driven by
separate outputs of the voice band electronic circuit. Hereby, at least one of the
function units filter and phase shifter advantageously is a digital filter. Alternatively, at
least one of the function units filter and phase shifter advantageously processes time

discrete analog signals.
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For an economical implementation of the present invention, the use of electrodynamic

type transducers is preferred.

In the following description, the present invention is explained in more detail with

respect to special embodiments and in relation to the enclosed drawings, in which

Figure 1

Figure 2a

Figure 2b

Figure 3a

Figure 3b

Figure 4a

Figure 4b

Figure 5

Figure 6a

Figure 6b

Figure 7a

Figure 7b

shows a typical mobile telecommunication terminal for application of the

present invention,

shows an acoustic equivalent circuit of an earpiece arrangement
underlying the present invention,

shows the equivalent electric circuit according to the pV-analogy,

shows in a block diagram the principles of a first kind of an acoustic
shock protection according to the present invention,

shows in a block diagram the principles of a second kind of an acoustic
shock protection according to the present invention,

shows a circuit scheme of a first embodiment of the present invention,

shows a circuit scheme of a modified version of the embodiment of

Fig. 4a,
shows a circuit scheme of a second embodiment of the present invention,
shows a circuit scheme of a third embodiment of the present invention,

shows a circuit scheme of a modified version of the embodiment of
Fig. 6a,

shows a circuit scheme of a fourth embodiment of the present invention,

shows a circuit scheme of a modified version of the embodiment of
Fig. 7a,
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Figure 7c shows a circuit scheme of a further modified version of the embodiment
of Fig. 7a.

Figure 8a shows a circuit scheme of a fifth embodiment of the present invention,

Figure 8b shows a circuit scheme of a modified version of the embodiment of

Fig. 8a,

In the drawings, functionally equivalent elements are assigned equal reference

numerals.

A typical mobile telecommunication terminal 10 according to the present invention is
shown in Fig. 1. The terminal 10 comprises a casing 11 which might be equipped with
a flap 16. Control is achieved by use of a keyboard 12, having keys 13 and optionally
by a navigational control key 14 like e.g. a jog dial or the like. The navigational control
key enables a user to browse through data presented on the display 15 of the mobile
terminal 10. An earpiece 3 is provided on the mobile terminal 10 for allowing to listen
to voice and audio data received with the device.

The mobile terminal 10 is equipped with two speakers 1 and 2, which are mounted
inside the casing 11. The earpiece speaker 1 is generally mounted below the cap of the
earpiece 3. The earpiece speaker 1 forms in conjunction with the casing shell 11 and the
earpiece cap one or more cavities and/or enclosures which design define the acoustic
properties of the such formed earpiece speaker. The acoustic filter properties of the
earpiece are further formed by the openings from inner cavities to the earpiece cap and
by leak openings between the inner cavities and the surrounding of the earpiece cap.

The second speaker 2 used for hands-free operation of the mobile telecommunication
device 10 is also mounted inside the shell 11. The cavities for this hands-free speaker 2
are designed to provide a more or less closed back volume to avoid acoustic short
circuit, especially for low frequencies. Many designs use one back cavity shared by
both speakers, but even if not, the acoustic properties of the components used in a
mobile terminal 10 bring about an acoustic coupling between the earpiece 3 and the
hands-free speaker 2 when the latter generates a high sound pressure acoustic signal.

The acoustic coupling between the two speakers 1 and 2 can be described by means of
an acoustic equivalent circuit as shown in Fig. 2a. For a better understanding, Fig. 2b
shows the electric equivalent circuit according to the p-V analogy, where sound
pressure is represented by voltage, volume velocity by current, compliance by capacity,
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mass by inductance and friction by resistance. The earpiece transducer 1 operates as an
acoustic source which generates sound pressure in the earpiece cavity V,. The acoustic
wave propagates through the cavity V, and the opening O, with a mass and a friction
represented by R, and L, to the space V; between earpiece and the ear of the user.
Usually there is also a leak O, between the earpiece and the ear, which represents an
additional acoustic load. The sound is influenced in amplitude and phase by the
compliances of the cavities V, and V;, represented by C, and C;, and by mass and
friction of the openings O,, O,, and O,, represented by L,, L,, L;, R,, R,, and R;. The
sound pressure at the entrance of the user's ear corresponds to the voltage U, across C;.
There might also exist more cavities connected to the described cavities by more
openings, which change the acoustic behaviour quantitatively, but not in principle.

What has been described for the acoustic circuit of the earpiece above applies likewise
for the acoustic circuit of the hands-free transducer. The sound pressure generated by
the back side of the membrane of the speaker 2 inside one or more cavities V| inside the
mobile terminal 10 is changed in amplitude and phase by the masses, frictions, and
compliances along the propagation paths through the device, before it reaches the cavity
V, between the earpiece and the user's ear. As can be seen, the cavity V; between the
earpiece and the user's ear is acoustically linked to the cavity V, provided for the
hands-free speaker 2 described above. A considerable portion of the acoustic energy
generated by the hands-free transducer 2 will therefore propagate to the cavity V,
between the earpiece and the user's ear, exposing the user's ear to a high sound
pressure, which might be uncomfortable or even hazardous.

Another opening O, leads from Vj to the inner cavity V, of the mobile, which is usually
larger than V, and V;. This opening O, reduces the influence of O; on the generated
sound pressure, which is referred to as leak tolerant design. The acoustic load formed
by the user's ear is not shown here. Its influence in a leak tolerant design can be

neglected for the purpose of this explanation.

To exclude any potential health hazard, the present invention uses the earpiece speaker
for generating a sound pressure that is suited to cancel at least potentially the hazarding
sound signal formed by the portion of the sound wave generated by the hands-free
transducer which propagates through the earpiece.

The schematic circuit diagrams of Fig. 3a and Fig. 3b illustrate the principles used to
achieve an according hearing protection on a respective mobile telecommunication
terminal. The first principle 30 is based on the assumption, that the mobile terminal will
either be operated in handset or in hands-free mode. That means, that if the hands-free
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speaker 2 is active, no sound pressure is supposed to be emitted from the earpiece of
the mobile device 10. An electric audio frequency (AF) signal supplied from a port 31
of the voice band electronic circuit 4 can therefore be provided to the driving circuits of
both transducers simultaneously.

The AF-signal is amplified by a power amplifier 7 before being converted by the
handset transducer 2. A control port 8 at the power amplifier 7 enables a control of the
amplifiers gain through the control circuitry of the mobile device 10, particularly
turning off or turning on of the hands-free mode.

The earpiece speaker 1 converts the AF-signal from the voice band electronic circuit
without prior amplification. Additional frequency filters 5 and/or phase shifters 6 may
be used in the driving circuit for the earpiece speaker 1 to compensate for the changes
which the hazarding sound signal has undergone on its propagation path. Frequency
distribution and phase of the sound signal produced by the transducer 1 are adjusted to
generate a sound pressure wave of at least approximately the same waveform as the
hazarding sound signal but with an inverted phase. The decision if a respective
frequency filter 5 and/or a respective phase shifter have to be implemented in form of
an electric or electronic circuit in one or both of the driving circuits for the speakers
depends on the acoustic design of the propagation paths for both speakers. A phase
inversion can e.g. be realised acoustically by emitting one sound wave from the
backside of one speaker, while the other sound wave is emitted from the front side of
the respective other one, or by interchanging the two connection leads of one of the two

speakers.

The second principle 30a of the present invention is illustrated in Fig. 4a. Like for the
example 30 of Fig. 3a, the driving circuits of the earpiece as well as for the hands-free
speaker are supplied from the same port 31 of the voice band electronic circuit 4. But
additionally, the earpiece speaker gets a second AF-signal from a second port 32 of the
voice band electronic circuit 4 which is superimposed to the first signal originating from
port 31 by an adding means 9 located in the driving circuit of the earpiece transducer.
This layout allows to produce a cancellation component to annihilate the hazardous
interfering signal from the hands-free speaker independent of a generation of a wanted
signal destined for the earpiece only. The mobile terminal 10 can thus simultaneously

be in hands-free operation while still being safe to be used hands-on, e.g. when a user |
wants other people around him to follow the conversation but prefers to keep the mobile
close to his hear to obtain a better acoustic quality for himself. Also, when the hands-
free speaker 2 is used to produce ringing tones for signalling for instance a second
incoming call or an alarm, the second principle is the preferred solution. As the two
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modes of operation, i.e. the hands-free and the handset mode are used independent of
each other for this solution, the control of the operation mode is not performed by
means of the control port 8 but within the voice band electronic circuit 4 activating or
deactivating the respective AF-port 31 or 32.

Alternatively to the first and second principle introduced above, the audio signal for the
earpiece speaker 1 could also be derived digitally from the signal for the hands-free
speaker 2, and both signals could be output by separate outputs of the voice band
circuitry 4.

A first embodiment 40 of the present invention shown in Fig. 4a represents an
implementation of the first principle 30. The AF-signal supplied by just one output
port 31 of a voice band electronic circuit4 or audio band electronic circuit 4,
respectively, is provided to both, the earpiece transducer 1 and the power amplifier 7
for the hands-free transducer 2 simultaneously. The power amplifier may be designed to
compensate for any changes of the frequency distribution the hazardous sound signal
undergoes on its propagation path to the earpiece, but alternatively, an electronic filter
placed between port 31 and the earpiece speaker may be used instead. If the acoustic
design of the propagation paths does not yield the necessary relationship between phases
of the hazardous sound wave and the sound wave generated by the earpiece speaker 1, a
phase shifter has to placed in series with the mentioned frequency filter. A phase shift
of  can e.g. easily be achieved by changing the polarity of the earpiece or hands-free
speaker.

The power amplifier 7 is controlled by means of the control port 8 connected to a
logical driving circuit of the mobile telecommunication terminal 10. In the handset
operation mode, the power amplifier 7 is turned off. Acoustic signals will then only be
generated by the earpiece speaker 1. In hands-free operation mode or for using the
hands-free transducer to produce a ringing tone or the like, the power amplifier 7 is
turned on with a gain adjusted to ensure at least a partial cancellation of the sound
waves in the earpiece 3 of the mobile telecommunication terminal 10.

As it is not always desirable to limit the sound volume for the hands-free operation
mode, the earpiece speaker may be connected to the output port 31 of the voice band
electronic circuit via one or more resistors as shown e.g. in Fig. 4b. The resistors of
this implementation 40a of the first principle 30 form a load in the driving circuit of the
earpiece transducer 1 reducing the sound pressure generated by speaker 1. To allow a
user adjustable sound volume for the handset operation mode, the resistors may be
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carried out as variable resistors, e.g. implemented by transistors operated in the

proportional region.

A second embodiment 50 is shown in Fig. 5, which again represents an implementation
of the first principle 30 shown in Fig. 3a. Distinct from the first embodiment, one port
of the earpiece speaker is connected to ground potential via a resistor 41. The function
of this resistor 41 corresponds to that of the second implementation 40a of the first
embodiment. Likewise, it may be a resistor with a fixed value or a variable resistor
formed by an electronic device like described above. The resistor 41 is shunt by a
controllable switch 51, which is in closed state at a hands-on operation, and in an open
state at a hands-free operation of the mobile telecommunication terminal 10. Favourably
a bipolar or field effect transistor like shown in Fig. 5 is used as a switch. The base or
gate contact of the respective transistor or the control port 52 of a respective switch are
advantageously controlled by the same circuitry as the control port 8 of the power
amplifier 7.

A third embodiment 60 of the present invention is shown in Fig. 6a. It represents an
implementation of the second principle 30a. According to this embodiment, the earpiece
and the hands-free speaker are driven by separate outputs of a voice band electronic
circuit 4. A control circuit of the mobile terminal 10 activates the respective output
port 31 or 32, respectively, according to a user selection or system setting. When
switched off, the outputs of the audio band electronic circuit 4 at the ports 31 and 32
have a high impedance, so that none of the outputs form a load for the feeding circuitry
of the respective other output. This way the cancelling signal can be fed from the
output 32 of the voiceband circuitry belonging to the hands-free speaker. As the hands-
free speaker usually has a significantly lower impedance than the earpiece speaker, the
attenuation from output 31 via the resistors 41 to the hands-free speaker is much higher
preventing sound to be radiated from the hands free speaker in handset mode.

In order to generate a cancellation component of the sound signal produced with the
earpiece speaker 1, one or both terminals of the earpiece speaker are connected to the
feeding lines of the hands-free speaker 2 by resistors 41, which can be of constant or
adjustable value. The hands-free speaker 2 may be fed directly from the output port 32
of the audio band electronic circuit 4 as shown in Fig. 6a or alternatively hereto via a
power amplifier 7 placed between the output port 32 and the connection points of the
resistors 41 on the feeding lines for the transducer2 as shown in the
implementation 60a represented in Fig. 6b. Alternatively, the resistors 41 may also be
replaced by a network consisting of resistors, capacitors and/or inductors.
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The phase and frequency distribution of the cancellation component is adjusted for a
proper cancellation of the hazardous sound wave either by acoustic design or by
additional circuitry not shown in Figures 6a and 6b. The value of the resistors is made
to regulate the volume of the cancellation component for an optimised reduction of the
hazardous sound signal originating from the hands-free transducer 2.

Figures 7a, 7b and 7c show implementations of a fourth embodiment of the present
invention. A passive filter 5 is used to branch off a portion of the AF-signal provided at
port 32 of the voice band electronic circuit 4 to the earpiece speaker 1 for generating a
cancellation component. The filter is designed to modify at least the frequency
distribution of AF-signal as originating from port 32 of the voice band circuit for an
optimum cancellation of the hazardous sound wave with the such produced cancellation
component. The passive filter may further be laid out for modifying also the phase and
average amplitude of the AF-signal to optimise the cancellation result.

Like for the two variations of the third embodiment of the present invention, the hands-
free speaker 2 may be fed directly from the output port 32 of the audio band electronic
circuit 4 as shown in Fig. 7a or alternatively hereto via a power amplifier 7 placed
between the output port 32 and the connection points of the passive filter 5 on the
feeding lines for the transducer 2 as shown in the implementation 70a represented in
Fig. 7b. In this case the filter 5 might also be connected to the output of the power
amplifier 7, as shown in Fig. 7c. The filter is preferably built from passive
components, like e.g. resistors, capacitors and/or inductive devices, or the like.

Two variations of a fifth embodiment of the present invention are shown in Figures 8a
and 8b, respectively. Implementing the second principle 30a, each speaker is connected
to a separate output port of the voice band electronic circuit. These outputs 31 and 32
can be operated alternatively and simultaneously. The hands-free speaker 2 can either
be driven directly from port 32 of the voice band electronic circuit as shown in Fig. 8a
or via a power amplifier placed between the speaker 2 and the output port 32 which is
illustrated in Fig. 8b.

Gain and the frequency response of amplitude and phase of each AF-signal path of the
output ports are adjusted individually by a separate filter 5 and phase shifter 6 placed in
the audio path to the output ports 31 and 32 of the voice band electronic circuit 4. The
filtering and phase shifting may thereby be done in the digital, analog time discrete or
fully analog domain. The phases, gains and filter characteristics of both output lines are
hereby adjusted such that the cancellation component of the sound pressure wave
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generated on the earpiece transducer 1 is suited to cancel the hazardous sound signal
originating from the hands-free transducer 2 at least partially.
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Claims

1. A mobile telecommunication terminal (10) comprising

a first transducer (1) for generating an acoustic signal supplied to an earpiece 3 of the
mobile telecommunication terminal (14) based on a first electric signal, and a second
transducer for generating a high sound pressure acoustic signal based on a second
electric signal,

characterised in ,

that a cancellation component of the first electric signal provided at the first transducer
(1) has a waveform which is suited to at least partially cancel out the part of the high
sound pressure acoustic signal produced by the second transducer (2) which leaks into
the earpiece (3) of the mobile telecommunication terminal (10).

2. A mobile telecommunication terminal according to claim 1,

characterised in,
that the generation of the cancellation component of the first electric signal and the
generation of the second electric signal are based on a common electric signal.

3. A mobile telecommunication terminal according to claim 1 or 2,

characterised by
a filter (5) for influencing the spectrum of the cancellation component of the first

electric signal.

4. A mobile telecommunication terminal according to claim 1, 2 or 3,

characterised by
a phase shifter (6) for shifting the phase of the cancellation component of the first
electric signal relative to the phase of the second electric signal.

5. A mobile telecommunication terminal according to one of the claims 1 to 4,

characterised in,
that the first transducer (1) is connected to the second transducer (2) by means of

passive components.

6. A mobile telecommunication terminal according to claim 5,
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characterised in,
that a resistor (41) forms a passive component.

7. A mobile telecommunication terminal according to claim 5 or 6,
characterised in,
that a capacitor and/or an inductance forms a passive component.

8. A mobile telecommunication terminal according to one of the claims 5 to 8,
characterised in,

that one contact of the first transducer 1 is connected to ground potential via a resistor
(41) being shunt by a switch (51), whereby the switch is in a closed state if no electric
signal is supplied to the second transducer 2 and is in an open state otherwise.

9. A mobile telecommunication terminal according to one of the claims 1 to 7,

characterised in,
that the second transducer (2) is driven by a separate power amplifier stage (7).

10. A mobile telecommunication terminal according to claim 9,

characterised in,
that the connection from the signal path of the first transducer (1) to the second
transducer (2) is branched at the input of the separate power amplifier stage (7).

11. A mobile telecommunication terminal according to claim 9,

characterised in,
that the connection from the signal path of the first transducer (1) to the second

transducer (2) is branched at the output of the separate power amplifier stage (7).

12. A mobile telecommunication terminal according to one of the claims 1 to 4,

characterised in,
that the first and second transducer are driven by separate outputs (31, 32) of the voice

band electronic circuit (4).

13. A mobile communication terminal according to claim 12,

characterised in,
that at least one of the function units filter (5) and phase shifter (6) is a digital filter.

14. A mobile telecommunication terminal according to claim 12,

characterised in,
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that at least one of the function units filter (5) and phase shifter (6) processes time

discrete analog signals.

15. A mobile telecommunication terminal according to one of the claims 1 to 9,

5 characterised in,
that the first and/or second transducer (1; 2) is/are of an electrodynamic type.
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