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FIG. 8 CONVENTIONAL ART
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1

DRIVING CIRCUIT,
ELECTRO-MECHANICAL-ACOUSTIC
TRANSDUCER, AND PORTABLE TERMINAL
APPARATUS

2

efficient. Particularly, for a mobile information terminal
apparatus such as a portable telephone, whose driving
source is a battery, a strong desire exists to maximize the
efficiency of a transducer and thereby reduce the power

5 consumption thereof, so as to allow the apparatus to be used
BACKGROUND OF THE INVENTION for a long period of time.

1. Field of the Invention SUMMARY OF THE INVENTION

The present invention relates to an electro-mechanical-
acoustic transducer for generating a ringing tone or aringing 10 According to one aspect of this invention, there is pro-
vibration for a portable terminal apparatus such as a portable ~ vided a driving circuit for driving a vibrator having a
telephone, a pager or a PHS (personal handy phone set), and mechanical vibration system which resonates at a resonance
a method for driving the same. frequency. The driving circuit outputs to the vibrator at least

2. Description of the Related Art two signals of different frequencies which are included in a

Conventionally, a portable terminal apparatus such as a 15 frequency range including the resonance frequency. The
portable telephone, a pager or a PHS includes a plurality of vibrator has a function of converting an electric signal into
vibrators which are connected to an electric signal generator ~ at least one of a sound and a vibration.
so as 1o selectively generate a bell tone or a vibration for In one embodiment of the invention, the at least two
alerting the user of an incoming call. signals include a first signal having a frequency which is

There is a demand in the art to reduce the size and weight 20 lower than the resonance frequency and a second signal
of a portable terminal apparatus. For example, Japanese having a frequency which is higher than the resonance
Laid-Open Publication No. 8-275293 of Motorola, Inc., frequency.
discloses a portable telephone using a single unit electro- In one embodiment of the invention, the at least two
mechanical-acoustic transducer capable of generating a tone ~ signals include a first signal and a second signal. The driving
and a vibration. 25 circuit outputs to the vibrator a synthesized signal obtained

FIG. 32 illustrates a structure of such a conventional by adding together the first signal and the second signal.
electro-mechanical-acoustic transducer 3200. Referring to In one embodiment of the invention, the at least two
FIG. 32, a movable mass 1 is supported by a planar signals include a first signal and a second signal. The driving
nonlinear spring member 2. An electromagnetic coil 4 is circuit outputs to the vibrator a synthesized signal obtained
enclosed in a coil form 3. A permanent magnet 5 is fixed to 30 by adding together the first signal and the second signal
the periphery of the movable mass 1 opposite to the elec- while shifting a phase of the first signal and a phase of the
tromagnetic coil 4. Although not shown in FIG. 32, the  second signal from each other.
periphery of the coil form 3 is attached to a soundboard (e.g., In one embodiment of the invention, the at least two
a casing of a portable telephone). signals include a first signal and a second signal. At least one

In the electro-mechanical-acoustic transducer 3200, an 35 of the first signal and the second signal includes a sine wave
alternating magnetic field is generated in response to a drive signal.
signal applied to the electromagnetic coil 4, thereby pro- In one embodiment of the invention, the at least two
ducing an alternating excitation force between the electro- signals include a first signal and a second signal. At least one
magnetic coil 4 and the permanent magnet 5 thus vibrating of the first signal and the second signal includes a rectan-
the movable mass 1. This vibration is transmitted to the 40 gular wave signal.
soundboard, thereby providing a vibratory alert signal when In one embodiment of the invention, the driving circuit
the portable telephone receives an incoming call. The trans-  further includes a limiter for limiting a peak output voltage
ducer 3200 also generates an audible signal based on a of the synthesized signal.
similar principle. In order to obtain a large vibration force, In one embodiment of the invention, the synthesized
a planar nonlinear spring member is employed as the mem- 45 signal is a sine wave signal which is obtained by synthesiz-
ber 2 for supporting the movable mass 1. FIG. 33 is a graph ing together a plurality of groups of frequency signals, each
illustrating the relationship between the displacement and group including a first pair of adjacent frequency signals and
the frequency of a planar nonlinear spring member. It is a second pair of adjacent frequency signals, the first pair of
known in the art that a nonlinear spring member exhibits a adjacent frequency signals being synthesized together in
vibration characteristic called a “jumping phenomenon” 50 reverse phase, and the second pair of adjacent frequency
(see, for example, YOSHIHISA “Speaker,” Rikokenkyusha  signals being synthesized together in phase.

(March 1973). This is a phenomenon in which the displace- In one embodiment of the invention, the vibrator includes
ment of the nonlinear spring member changes from a magnetic circuit section and at least one suspension.
A—B—C—D when the frequency is increased, and from In one embodiment of the invention, the suspension
D—C—E—F—A when the frequency is decreased. 55 includes a linear suspension.

In the F-B frequency range, the displacement character- In one embodiment of the invention, the driving circuit is
istics are influenced by the direction of the applied fre- an electric signal generator for generating a frequency signal
quency signal (i.e., whether it is increased or decreased). for a vibration or an electric-acoustic signal for a sound.
Thus, a stable vibration cannot be obtained. In view of this, According to another aspect of this invention, there is
the conventional electro-mechanical-acoustic transducer 60 provided a driving circuit for driving a vibrator having a
3200 uses a drive signal which sweeps in the A-F frequency mechanical vibration system having predetermined vibra-
range, where the displacement characteristics are not influ- tion force vs frequency characteristics. The mechanical
enced by the direction of the frequency signal. Where the vibration system has different vibration force vs frequency
A-F frequency range is employed, the vibration force is characteristics for an increasing frequency sweep and for a
large at frequency F and very small at frequency A. There- 65 decreasing frequency sweep within a predetermined fre-

fore, the vibration output obtained while the frequency
signal sweeps across the A-F frequency range may not be

quency range. The predetermined frequency range is defined
between a lower limit frequency which represents a lowest
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frequency in the predetermined frequency range and an
upper limit frequency which represents a highest frequency
in the predetermined frequency range. The driving circuit
outputs to the vibrator a first signal having a frequency
within the frequency range and a second signal having a
frequency which is lower than the lower limit frequency.
The second signal is output to the vibrator concurrently with
or prior to the first signal. The vibrator has a function of
converting an electric signal into at least one of a sound and
a vibration.

In one embodiment of the invention, the vibrator includes
a magnetic circuit and at least one suspension.

In one embodiment of the invention, the suspension
includes a nonlinear suspension.

In one embodiment of the invention, the suspension has
stiffness S such that when the stiffness S is expressed by a
multidimensional function with respect to a displacement X,
an X? term of the multidimensional function has a non-zero
value.

In one embodiment of the invention, the driving circuit is
an electric signal generator for generating a frequency signal
for a vibration or an electric-acoustic signal for a sound.

In one embodiment of the invention, the second signal
includes a swept frequency signal whose frequency continu-
ously varies over time.

In one embodiment of the invention, the second signal
includes a plurality of point frequency signals.

In one embodiment of the invention, at least one of the
first signal and the second signal includes an increasing
signal whose frequency increases over time.

In one embodiment of the invention, the first signal
includes a swept frequency signal whose frequency continu-
ously varies over time. The first signal has a first turning
frequency at which the frequency of the first signal stops
increasing and starts decreasing and a second turning fre-
quency at which the frequency of the first signal stops
decreasing and starts increasing. The first turning frequency
is lower than the upper limit frequency. The second turning
frequency is higher than the lower limit frequency.

In one embodiment of the invention, the first signal
includes at least one point frequency signal.

In one embodiment of the invention, the driving circuit
outputs to the vibrator a synthesized signal obtained by
adding together the first signal and the second signal.

In one embodiment of the invention, the driving circuit
outputs to the vibrator a synthesized signal obtained by
adding together the first signal and the second signal while
shifting a phase of the first signal and a phase of the second
signal from each other.

In one embodiment of the invention, at least one of the
first signal and the second signal includes a sine wave signal.

In one embodiment of the invention, at least one of the
first signal and the second signal includes a rectangular wave
signal.

In one embodiment of the invention, the driving circuit
further includes a limiter for limiting a peak output voltage
of the synthesized signal.

In one embodiment of the invention, the synthesized
signal is a sine wave signal which is obtained by synthesiz-
ing together a plurality of groups of frequency signals, each
group including a first pair of adjacent frequency signals and
a second pair of adjacent frequency signals, the first pair of
adjacent frequency signals being synthesized together in
reverse phase, and the second pair of adjacent frequency
signals being synthesized together in phase.

According to still another aspect of this invention, there is
provided an electro-mechanical-acoustic transducer, includ-

10
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ing: a vibrator having a mechanical vibration system which
resonates at a resonance frequency; and a driving circuit for
driving the vibrator. The driving circuit outputs to the
vibrator at least two signals of different frequencies which
are included in a frequency range including the resonance
frequency.

In one embodiment of the invention, the at least two
signals include a first signal having a frequency which is
lower than the resonance frequency and a second signal
having a frequency which is higher than the resonance
frequency.

In one embodiment of the invention, the at least two
signals include a first signal having a frequency which is
lower than the resonance frequency and a second signal
having a frequency which is higher than the resonance
frequency. The driving circuit outputs to the vibrator a
synthesized signal obtained by adding together the first
signal and the second signal. The driving circuit selectively
changes the synthesized signal by changing at least one of a
frequency of the first signal, a frequency of the second
signal, a frequency interval between the frequency of the
first signal and the frequency of the second signal, a phase
of the first signal, a phase of the second signal, a voltage
level of the first signal, and a voltage level of the second
signal.

According to still another aspect of this invention, there is
provided an electro-mechanical-acoustic transducer, includ-
ing: a vibrator having a mechanical vibration system having
predetermined vibration force vs frequency characteristics;
and a driving circuit for driving the vibrator. The mechanical
vibration system has different vibration force vs frequency
characteristics for an increasing frequency sweep and for a
decreasing frequency sweep within a predetermined fre-
quency range. The predetermined frequency range is defined
between a lower limit frequency which represents a lowest
frequency in the predetermined frequency range and an
upper limit frequency which represents a highest frequency
in the predetermined frequency range. The driving circuit
outputs to the vibrator a first signal having a frequency
within the frequency range and a second signal having a
frequency which is lower than the lower limit frequency.
The second signal is output to the vibrator concurrently with
or prior to the first signal.

In one embodiment of the invention, the driving circuit
outputs to the vibrator a synthesized signal obtained by
adding together the first signal and the second signal. The
driving circuit selectively changes the synthesized signal by
changing at least one of a frequency of the first signal, a
frequency of the second signal, a frequency interval between
the frequency of the first signal and the frequency of the
second signal, a phase of the first signal, a phase of the
second signal, a voltage level of the first signal, and a
voltage level of the second signal.

According to still another aspect of this invention, there is
provided a portable terminal apparatus, including: a vibrator
having a mechanical vibration system which resonates at a
resonance frequency; an antenna for receiving an incoming
call signal; a reception signal processing section for pro-
cessing the incoming call signal so as to output an electric
signal to the vibrator; and a driving circuit for driving the
vibrator. The driving circuit outputs to the vibrator at least
two signals of different frequencies which are included in a
frequency range including the resonance frequency.

In one embodiment of the invention, the at least two
signals include a first signal having a frequency which is
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lower than the resonance frequency and a second signal
having a frequency which is higher than the resonance
frequency.

In one embodiment of the invention, the portable terminal

6

synthesizing together the electric signal output from the
reception signal processing section and the output from the
driving circuit.

In one embodiment of the invention, the portable terminal

apparatus further includes a switching section for connecting 5 apparatus .furth.er includes: a first SWItCh prov1dec.1 between
the vibrator to one of the driving circuit and the reception the reception signal processing section and the signal syn-
. . . & P thesis section; a second switch provided between the driving
signal processing section based on an output from the L . . . . .
T . . circuit and the signal synthesis section; and a third switch
reception signal processing section. provided between the signal synthesis section and the vibra-
In one embodiment of the invention, the portable terminal 1y tor.
apparatus further includes a signal synthesis section for In one embodiment of the invention, the driving circuit
synthesizing together the electric signal output from the  outputs to the vibrator a synthesized signal obtained by
re(.:eption. sigr}al processing section and the output from the adding together the first signal and the second signal. The
driving circuit. driving circuit selectively changes the synthesized signal by
In one embodiment of the invention, the portable terminal 15 changing at least one of a frequency of the first signal, a
apparatus further includes: a first switch provided between frequency of the second signal, a frequency interval between
the reception signal processing section and the signal syn- the frequency of the first signal and the frequency of the
thesis section; a second switch provided between the driving second signal, a phase of the first signal, a phase of the
circuit and the signal synthesis section; and a third switch second signal, a voltage level of the first signal, and a
provided between the signal synthesis section and the vibra- 20 voltage level of the second signal.
tor. In one embodiment of the invention, the driving circuit
In one embodiment of the invention, the first switch, the outputs to the vibrator a synthesized signal obtained by
second switch and the third switch operate based on a signal adding together the first signal and the second signal.
which is output from the reception signal processing section. In one embodiment of the invention, the driving circuit
In one embodiment of the invention, the at least two 25 outputs to the vibrator a synthesized signal 0!3'[2111'16(1 l?y
signals include a first signal having a frequency which is ad;llr'lg together the first 51gga1 and the sccond signal while
lower than the resonance frequency and a second signal shlftmg a phase of the first signal and a phase of the second
having a frequency which is higher than the resonance signal from cach‘ other. . .
frequency. The driving circuit outputs to the vibrator a In one embodiment of 1he 1nYent10n, at 1east one (.)f the
synthesized signal obtained by adding together the first 30 first signal and 1h.e second 51gne.11 1r1c11.1desasme wave signal.
signal and the second signal. The driving circuit selectively In one embodiment of 1he 1nyent10n, at least one of the
changes the synthesized signal by changing at least one of a ?i;s;:ignal and the second signal includes a rectangular wave
frequency of the first signal, a frequency of the second ) . . . . .
sigﬁal, ayfrequency inter\%al betweer? the E,requency of the Thus, the mvention .descrlbed herein makes Vp0551b1e the
first signal and the frequency of the second signal, a phase 35 advantage of providing an electro-mechanlcql-acm.lstlc
of the first signal, a phase of the second signal, a voltage tFansducer capable of providing a stable and efficient vibra-
level of the first signal, and a voltage level of the second tion output. . . .
signal. This and other advantagés of .thc present invention will
. . .. . . become apparent to those skilled in the art upon reading and
Acpordmg to still anoth er aspect of th.l S mvention, there S 40 understanding the following detailed description with refer-
proYlded a portab.le ter.mlngl apparatus, 1n§lud1ng: a V1br.at0r ence to the accompanying figures.
having a mechanical vibration system having predetermined
vibration force vs frequency characteristics; an antenna for BRIEF DESCRIPTION OF THE DRAWINGS
receiving an incoming call signal; a reception signal pro-
cessing section for processing the incoming call signal so as o FG, 1 is a block diagram illustrating the main part of an
to output an electric signal to the vibrator; and a driving electro-mechanical-acoustic  transducer according  to
circuit for driving the vibrator. The mechanical vibration Embodiment 1 of the present invention;
system has @fferen.t vibration force vs frequency charact.er- FIG. 2 is an exploded view illustrating an exemplary
istics for an increasing frequency sweep and for adecreasing  yibrator of the electro-mechanical-acoustic transducer
frequency sweep within a predetermined frequency range. . according to Embodiment 1 of the present invention;
The predetermined frequency range is defined between a FIG. 3A is a top view illustrating the vibrator according
lower limit frequency which represents a lowest frequency 14 Embodiment 1 of the present invention with a baffle being
in the predetetmmed frequency range and an upper limit removed;
frequency which represents a highest frequency in the FIG. 3B is a cross-sectional view illustrating the vibrator
predetermined frequency range. The driving circuit Outputs o yecording to Embodiment 1 of the present invention;
to the vibrator a first signal having a frequency within the FIG. 4 is a graph illustrating the relationship between the
frequency range and a second signal having a frequency  gisplacement and the applied force of a suspension of a
which is lower than the lower limit frequency. The second vibrator according to Embodiment 1 of the present inven-
signal is output to the vibrator concurrently with or prior to tion;
the first signal. 60  FIG. 5is a graph illustrating the relationship between the
In one embodiment of the invention, the portable terminal displacement and the stiffness of the suspension;
apparatus further includes a switching section for connecting FIG. 6 is a graph illustrating the relationship between the
the vibrator to one of the driving circuit and the reception vibration force and the frequency of a vibrator according to
signal processing section based on an output from the Embodiment 1 of the present invention,
reception signal processing section. 65 FIG. 7 is another graph illustrating the relationship

In one embodiment of the invention, the portable terminal
apparatus further includes a signal synthesis section for

between the vibration force and the frequency of the vibra-
tor;
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FIG. 8 is a graph illustrating the relationship between the
vibration force and the frequency of a conventional vibrator
using a linear suspension;

FIG. 9 is a graph illustrating the relationship between the

8

FIG. 24 is a graph illustrating the relationship between the
vibration force and the frequency for various linear suspen-
sions having different Q values according to Embodiment 2
of the present invention;

displacement and the stiffness of a second nonlinear sus- 5 FIG. 25A illustrates a waveform of a vibration force
pension according to Embodiment 1 of the present inven- according to Embodiment 2 of the present invention;
tion; FIG. 25B illustrates a waveform of a vibration force

FIG.10is a graph illustrating the rclationship between the according to Embodiment 2 of the present invention;
vibration force and the frequency of the vibrator according FIG. 25C illustrates a waveform of a vibration force
to Embodiment 1 of.the pre§ent iﬂVCHtiPH; ) 10 according to Embodiment 2 of the present invention;

FIG. 11 is a graph illustrating the relationship between the FIG. 26A illustrates a waveform of a voltage level accord-
vibration force and the frequency of the vibrator according ing to Embodiment 2 of the present invention;
to Embodiment 1 of the present invention, also illustrating FIG. 26B illustrates a waveform of a vibration force
input frequency points; according to Embodiment 2 of the present invention;

FIG. 12 is a graph illustrating the relationship between the 15 p1G. 27A illustrates a waveform of a voltage level accord-
vibration force and the frequency of the vibrator according ing to Embodiment 2 of the present invention;
to Embodiment 1 of the present mvention; . FIG. 27B illustrates a waveform of a vibration force

FIGS. 13A to 13D illustrate the input/output characteris- according to Embodiment 2 of the present invention;
tics obtained when a single frequency is input to the electro- FIG. 28 is a block diagram illustrating the main part of an
rnfecﬁ]anical-acc.)ustic tAransducer according to Embodiment 1 20 100 mechanical-acoustic  transducer  a ccording o
of the present invention; . : L

FIGS. 14A and 14B illustrate the input/output character- Enl;t;(édlr;;mis :fptg:sé);;s;r: lvnizsfui?lrlll,strating a portable
istics obtained when a synthesized frequency signal is input teleph(;ne according to Embodiment 4 of the present inven-
to the electro-mechanical-acoustic transducer according to tion, including the electro-mechanical-acoustic transducer
Embodiment 1 of the present invention; 25 ; . .

. . . L. . o of the present invention;

FIG. 15 is a graph illustrating variations in the vibration FIG. 30 is 2 block dia lustrating th . {of
force vs frequency characteristics of the vibrator according ’ . gram 1fustraung the matn part ot an
to Embodiment 1 of the present invention; electro-.mechamcal-acoustlc }ranscl.ucer according  to

. > . . Embodiment 4 of the present invention;

FIG. 16A illustrates a waveform of a synthesized signal . : . . .
obtained by adding together a plurality of frequency signals 30 FIG. 31is a b.IOCk dlagre}m illustrating the main part of an
in phase; electro-.mechamcal-acoustlc }ransdycer according to

FIG. 16B illustrates a waveform of a vibration force Embodlmept > of the prf:sent 1pveqtlon; .
obtained by the synthesized signal; FIG. 32. is a cross-sectional view 111ustr§t1ng a structure of

FIG. 17A illustrates a waveform of a synthesized signal a conventlgnal clectr.o-mech.amcal-acou#lc tr.ansducer; and
obtained by adding together a plurality of frequency signals 35 . FIG. 33 is a graph illustrating the relatlonshlp~ between the
while adjusting the phase thereof by the electro-mechanical- dlsplacgmcnt and t.he frequency of the conventional electro-
acoustic transducer according to Embodiment 1 of the mechanical-acoustic transducer.
present invention;

FIG. 17B illustrates a waveform of a vibration force DESCRIPTION OF THE PREFERRED
obtained by the synthesized signal; 40 EMBODIMENTS

FIG. 18A illustrates a waveform of a vibration force . . . . .
obtained by the electro-mechanical-acoustic transducer Various embodiments of the present invention will now be
according to Embodiment 1 of the present invention when described with reference to the accompanying drawings.
the vibration force vs frequency characteristics of the vibra- .
tor are shifted toward the low frequency side; 45 Embodiment 1

FIG. 18B illustrates a waveform of a vibration force
obtained by the electro-mechanical-acoustic transducer FIG. 1is a block diagram illustrating an electro-mechani-
according to Embodiment 1 of the present invention when cal-acoustic transducer 100 according to Embodiment 1 of
the vibration force vs frequency characteristics of the vibra-  the present invention. Referring to FIG. 1, the electro-
tor are shifted toward the high frequency side; 50 mechanical-acoustic transducer 100 includes a vibrator 6, an

FIG. 19 is a plan view illustrating a linear suspension electric signal generator 7 and a switch SW1 for turning
according to Embodiment 2 of the present invention; ON/OFF the electric signal generated.

FIG. 20 is a graph illustrating the relationship between the FIGS. 2, 3A and 3B illustrate an example structure of the
vibration force and the frequency of an electro-mechanical- ~ vibrator 6 used in the electro-mechanical-acoustic trans-
acoustic transducer using the linear suspension according to 55 ducer 100 of the present invention. FIG. 2 is an exploded
Embodiment 2 of the present invention; view, FIG. 3A is a plan view with the baffle being removed,

FIG. 21A llustrates a waveform of a voltage level accord- and FIG. 3B is a cross-sectional view.
ing to Embodiment 2 of the present invention; Referring to FIGS. 2, 3A and 3B, the vibrator 6 includes

FIG. 21B illustrates a waveform of a vibration force a magnetic circuit section 8 having a yoke, a magnet and a
according to Embodiment 2 of the present invention; 60 plate which are integrally formed, and an upper suspension

FIG. 22A illustrates a waveform of a vibration force 9 and a lower suspension 10 coupled to the magnetic circuit
according to Embodiment 2 of the present invention; section 8. The upper suspension 9 includes a pair of exten-

FIG. 22B illustrates a waveform of a vibration force sions 9a and 9b extending along opposite edges of the upper
according to Embodiment 2 of the present invention; suspension 9. The lower suspension 10 includes a pair of

FIG. 23 is a block diagram illustrating an electric signal 65 extensions 10a and 10b extending along opposite edges of

generator according to Embodiment 2 of the present inven-
tion;

the lower suspension 10. The extensions 9a and 95 extend in
a direction different from a direction in which the extensions
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10a and 10b extend. In this embodiment, the weight of the
magnetic circuit section 8 is 3 g.

The vibrator 6 further includes a plastic supporting mem-
ber 11 and a non-magnetic diaphragm 12 made of a titanium

10

force characteristics of the nonlinear suspensions 9 and 10.
The frequency range Wb is a frequency range in which the
suspensions 9 and 10 exhibit different vibration force char-
acteristics when the frequency is increasing and when the

material or a plastic. The plastic supporting member 11 5 frequency is decreasing. It appears that the vibration force
includes an upper aperture 1le, a lower aperture 11f, and generated by the vibrator 6 is maximized in the frequency
receptacles 11a, 11b, 11c and 114 for receiving the exten- range Wb. However, when a signal having a frequency of
sions 9a, 9b, 10a and 10b, respectively. The periphery of the 140 Hz, within the frequency range Wb, was solely applied
diaphragm 12 is received by a lower rim defining the lower to the vibrator 6, the vibration force corresponding to point
aperture 11f of the supporting member 11. A voice coil 13 is 10 g (which corresponds to 140 Hz) along the lower charac-
concentrically bonded to the diaphragm 12, with the upper teristic line for a decreasing frequency sweep was obtained,
edge thereof being inserted into a magnetic gap 8a of the and the intended vibration force corresponding to point h
magnetic circuit section 8 as shown in FIG. 3B, which is (which also corresponds to 140 Hz) along the upper char-
supported between the upper and lower suspensions 9 and acteristic line for an increasing frequency sweep was not
10. 15 obtained. When the frequency is decreased from the higher
The vibrator 6 further includes a baffle 14 attached to an limit frequency fH corresponding to point b to the lower
upper rim defining the upper aperture 11e of the supporting limit frequency fL. corresponding to point f, the vibration
member 11. The supporting member 11 includes an external force characteristic line between point f and point b for an
input terminal 11g which is connected to a lead wire of the increasing frequency sweep is not reproduced. In order to
voice coil 13. 20 stably ensure the characteristic line from point f to point b
Each of the upper and lower suspensions 9 and 10 is a along which a large vibration force is obtained, at least one
spring made of a stainless material or a beryllium alloy frequency which is lower than the lower limit frequency fLL
material. The size and shape of the suspensions 9 and 10 are of the frequency range Wb should be included in the input
designed so that the suspensions 9 and 10 have nonlinear signals to the vibrator 6.
stiffness characteristics with respect to the amount of ampli- 25  Referring to FIG. 7, it is more preferred that the frequency
tude displacement. In the illustrated example, each of the of the swept frequency signal increases from point i, which
extensions 9a, 9, 10a and 105 has a length of 8 mm, a width is lower than fL, to point h, which is within the frequency
of 1 mm and a thickness of 0.085 mm. range Wb, decreases from point h to point j, which is also
FIG. 4 is a graph illustrating the relationship between the within the frequency range Wb, and is thereafter repeatedly
displacement and the applied force of the upper and lower 30 swept between point h and point j (i.e., initially i—h, and
suspensions 9 and 10. This graph shows the force vs thereafter h—j—h—j—h— . . . ). In such a case, the
displacement characteristics which are obtained when a frequency of the input signal is swept within the frequency
force is applied upon the magnetic circuit section 8 with the range Wb, in which a large vibration force is obtained,
extensions 9a, 9b, 10a and 10b of the upper and lower thereby ensuring a larger vibration force.
suspensions 9 and 10 being fixed to each other and the 35 In the above-described examples, the frequency of the
magnetic circuit section 8 being concentrically interposed input signal is initially swept from point i to point h and is
therebetween. The horizontal axis of the graph represents the thereafter repeatedly decreased and increased. Alternatively,
displacement and the vertical axis thereof represents the the frequency of the input signal may be increased from
applied force. FIG. § is a graph illustrating the stiffness point 1 and then stopped at point h, thereafter continuously
characteristics of the suspensions 9 and 10 obtained from the 40 applying the input signal whose frequency is fixed at point
graph shown in FIG. 4, where the horizontal axis represents h. In such a case, the vibration force does not jump to point
the displacement and the vertical axis represents the stiff- g along the lower characteristic line for a decreasing fre-
ness. Each of the suspensions 9 and 10 exhibits nonlinear quency sweep, as in the case where the frequency corre-
characteristics in which the stiffness value increases as the sponding to point h or g is solely input, thereby maintaining
displacement increases. FIG. 6 is a graph illustrating the 45 a large vibration force. Therefore, it is possible to obtain a
vibration force characteristics of the vibrator 6 including large vibration force continuously by setting point h in the
such nonlinear suspensions 9 and 10 with respect to an input vicinity of the higher limit frequency fH of the frequency
frequency signal (the mass of the magnetic circuit section 8 range Wb.
is about 3 g). FIG. 6 illustrates the vibration force vs The stiffness characteristics of each suspension of the
frequency characteristics obtained when the frequency is 50 vibrator 6 are particularly important. FIG. 8 illustrates the
increased and decreased. When the frequency is continu- vibration force characteristics of a vibrator having a mag-
ously increased, the vibration force changes from netic circuit section which is supported by a suspension
a—=b—>c—=d. When the frequency is continuously decreased, without nonlinearity. With a linear suspension, the vibration
the vibration force changes from d—sc—se—f—a. This is force characteristics do not vary between an increasing
substantially the same jumping phenomenon of a nonlinear 55 frequency sweep and a decreasing frequency sweep. How-
suspension as described above in the prior art section with ever, the frequency with which a large vibration force is
reference to FIG. 33. obtained is limited to the resonant frequency f, of the
The operation of the electro-mechanical-acoustic trans- mechanical system which is determined based on the stiff-
ducer 100 including such a vibrator 6 will now be described. ness of the suspension and the mass of the magnetic circuit
Frequency signals generated by the electric signal gen- 60 section. With frequencies other than the resonant frequency
erator 7 are input to the vibrator 6 when the switch SW1 is f,,, the vibration force significantly decreases. Thus, in such
turned ON. At least one of the input frequency signals a case, it is necessary to provide a resonant frequency
include a frequency in a frequency range Wb which is detection means for matching the frequency of the drive
defined between a lower limit frequency (fL) and a higher signal with the resonant frequency f,. Otherwise, it is
limit frequency (fH). The lower limit frequency fL and the 65 necessary to precisely control the resonant frequency during

higher limit frequency fH respectively correspond to point f
and point b in the graph of FIG. 6 illustrating the vibration

the production process so that the resonant frequency of the
vibrator is matched with a predetermined driving frequency.
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With the vibration force characteristics of the nonlinear
suspension as illustrated in FIG. 6, a large vibration force is
obtained in a wide frequency band (f—b), but not a narrow
frequency band such as f, as in the case where a linear

12

In the above-described two examples, it is assumed that
the S, term is 0. However, also when the S, term is not 0, the
jumping phenomenon in which the vibration force charac-
teristics vary between an increasing frequency sweep and a

suspension is used. In order to obtain a large vibration force 5 decreasing frequency sweep occurs in substantially the same
in such a wide frequency band, the special nonlinear vibra- manner. This also applies to cases where the expression has
tion force characteristics of the suspension (e.g., 9 or 10) are a term of an even higher order.
preferred. For example, the vibration force-characteristics A nonlinear suspension in which the x* term has a
illustrated in FIG. 6 can be obtained as follows. The dis- non-zero value can be realized by stiffness characteristics in
placement (x) vs vibration force (F) characteristics illus- 10 which the amplitude is limited as the displacement
trated in FIG. 4 are represented by the following multidi- increases. Such nonlinearity can be realized easily by, for
mensional function. example, reducing the length of the suspension so as to limit
. the amplitude of the suspension or by employing a material
Expression 1 which has a small ductility.
F=S8,x+8,%+5:° 15 Moreover, with the electro-mechanical-acoustic trans-
. . ducer 100 of the present invention, the frequency signal
. .Mo?eover, the .dlsplacement () vs stiffness (S) charact.er- generated by the electric signal generator 7 and supplied to
istics 111‘ustrated in FIG. 5 are represented by the following the vibrator 6 is not limited to a continuously swept fre-
expression. quency signal. Alternatively, the frequency signal may be a
Expression 2 20 series of discrete point frequencies. The series of point
frequencies preferably include at least one frequency which
5=8,0S,08 507 is lower than the lower limit frequency fL of the frequency
For example, when S;, S, and S, in Expression 2 above range Wb as the initial input frequency. FIG. 11 illustrates an
are set as follows, example of such a series of point frequencies. The input
$,=503.6 25 frequency to the vibrator 6 starts from P1 and then changes
S.=0 from P2—-P3—-P4—P5. The frequency of the input signal
52_5 5410°. and may be stopped at the last frequency P5 and the fixed
3T > frequency P5 can be provided continuously thereafter. In
the displacement x is set to 1 mm, the values of the such a case, the vibrator 6 can continuously output a large
respective terms of Expression 2 are as shown in Table 1 30 vibration force. Alternatively, the input frequency may be
below. initially increased from P1—-P2—P3—P4—P5, and then
periodically increased and decreased within the frequency
TABLE 1 range Wb, e.g., P5—=P4—P3—P4—-P5. When the point
frequency is switched from an initial frequency to a maxi-
S4[N/m] S,x[N/m] S3x*[N/m] 35 mum frequency such frequencies are excessively spaced
503.6 0 550 apart from each other, e.g., P1—P5. Thus, a stable operation
may not be realized. Therefore, it is preferable to interpolate
such a frequency gap between the initial frequency and the
Thus, it can be seen that the nonlinear term (S,x°) is the maximum frequency with one or more point frequencies
factor which causes the vibration force characteristics 49 such as P3 within the frequency range Wb. However, this
between an increasing frequency sweep and a decreasing may not be necessary when an initial frequency and a
frequency sweep and which allows for a large vibration destination frequency (e.g., P2 and P3) are in the vicinity of
force to be obtained in a wide frequency band. the lower limit frequency fL, even if the initial frequency
Therefore, at least one of the suspensions 9 or 10 of the (P2) is lower than the lower limit frequency fL and the
vibrator 6 used in the supporting member 11 is preferably 45 destination frequency (P3) is within the frequency range
configured such that the x2 term has a non-zero value. Wb.
When S,, S, and S; are set as follows, As described above, the electro-mechanical-acoustic
S,=0 transducer 100 can efficiently provide a large vibration force
S,=0 over a wide frequency band due to the employment of the
$,=8.0x10°, 50 vibrator 6 which uses a nonlinear suspension.

While a waveform of the input signal is preferably a sine
so that the S, term and the S, term of the stiffness function wave, effects similar to those described above can be
of Expression 2 above are smaller than the S term, whereby expected with a rectangular wave input signal if the funda-
only the S; term substantially has a value, the obtained mental frequency thereof satisfies the above-described fre-
displacement vs stiffness characteristics are as illustrated in 55 quency conditions. In such a case, however, a higher har-
FIG. 9, and the obtained vibration force characteristics monic component is likely to be applied to the voice coil 13,
provided by the vibrator 6 are as illustrated in FIG. 10. As thereby generating an unnecessary tone when the vibrator 6
can be seen in FIG. 10, the frequency range f'-b' in which is vibrating. Therefore, it is preferable to insert a high-cut
the vibration force characteristics vary between an increas- filter 151 which cuts off a higher frequency band between
ing frequency sweep and a decreasing frequency sweep is 60 the electric signal generator 7 and the vibrator 6.
wider than that illustrated in FIGS. 6 and 7, and the gradient Where the input signal generated by the electric signal
of the vibration force characteristic line for an increasing generator 7 and supplied to the vibrator 6 is a voice or music
frequency sweep is less than that illustrated in FIGS. 6 and signal including a high frequency component, the diaphragm
7. Thus, the amount of change in the vibration force with 12 can vibrate and function as a speaker, thereby allowing
respect to a change in the frequency of the input signal is 65 for an acoustic reproduction. In such a case, if the lower

reduced, whereby it is possible to obtain a large vibration
force more stably.

limit frequency of the acoustic signal is set to be higher than
the lower limit frequency fL of the frequency range Wb, it
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is possible to produce a sound by vibrating only the dia-
phragm 12 without substantially vibrating the magnetic
circuit section 8. This is effective where it is preferred to
reproduce a vibration and a sound separately.

The frequency signal generated by the electric signal
generator 7 is preferably a synthesized signal obtained by
adding together a plurality of signals including at least one
frequency which is lower than the frequency range Wb.

The operation of the electro-mechanical-acoustic trans-
ducer 100 including the electric signal generator 7 for
generating such a frequency signal and the vibrator 6 having
a nonlinear suspension will now be described.

The frequency signal from the electric signal generator 7
is input to the vibrator 6. The frequency signal is a synthe-
sized signal obtained by adding together the frequency
corresponding to point t within the frequency range Wb
illustrated in FIG. 12 (in which the vibration force charac-
teristics of the nonlinear suspensions 9 and 10 vary between
an increasing frequency sweep and a decreasing frequency
sweep) and the frequency corresponding to point h which is
lower than the frequency range Wb.

FIGS. 13A to 13D illustrate the input waveform and the
output waveform obtained when frequencies fl1 and f2
(corresponding to points s and t, respectively) are individu-
ally input to the vibrator. FIG. 13A illustrates the waveform
of an input signal which has a frequency of 2 and has a peak
voltage amplitude which is about twice as high as that of the
other input signal having a frequency of f1 shown in FIG.
13C. FIG. 13B illustrates a vibration force waveform
obtained when a signal having the frequency f2 is input.
FIG. 13C illustrates the input signal having the frequency f1.
FIG. 13D illustrates a vibration force waveform obtained
when a signal having the frequency fl is input. The fre-
quency signal f2 corresponding to point g is a signal having
a frequency within the frequency range Wb. As described
above with reference to FIG. 12, a large vibration output is
obtained from the vibrator 6 by an increasing frequency
sweep. However, when frequency signal f2 is applied solely,
the vibration force is reduced to the value of point u along
the characteristic line for a decreasing frequency sweep. The
frequency fl corresponding to point s is a frequency lower
than the frequency range Wb. With the frequency fl, the
vibration force characteristics do not vary between an
increasing frequency sweep and a decreasing frequency
sweep. Therefore, even though the input frequency signal £1
has a peak voltage amplitude which is 2 of the peak voltage
amplitude of the input frequency signal f2, the obtained
output waveform (vibration force waveform) has a greater
amplitude than that obtained with the input frequency signal
f1, as can be seen in FIGS. 13B and 13D.

FIG. 14A illustrates the waveform of a synthesized input
signal obtained by adding together the above-described two
frequency signals f1 and f2. FIG. 14B illustrates the vibra-
tion force characteristics obtained when the synthesized
input signal illustrated in FIG. 14A is input to the vibrator 6.
The input waveform is an amplitude-modulated signal
whose amplitude peak value periodically increases and
decreases. The amplitude peak value of the output waveform
of the vibration force characteristics also increases and
decreases over time. It can be seen in FIG. 14B that the peak
amplitude value of the output waveform is a larger value as
compared to when a single frequency is solely used as
illustrated in FIGS. 13Ato 13D. Thus, it can be seen that the
vibration force corresponding to point t which is obtained
with the frequency 2 during an increasing frequency sweep
is obtained by using a signal obtained by synthesizing two
frequencies together.
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Where the electric signal generator 7 generates an acous-
tic signal such as a melody signal, a musical signal, or a
voice signal, the diaphragm 12 of the vibrator 6 to which the
voice coil 13 is bonded vibrates, thereby producing the
acoustic signal. In such a case, even when the low frequency
component of the acoustic signal is included in the fre-
quency range Wb, the generated vibration force is small.
Therefore, the vibratory alert function and the sound alert
function are substantially separated from each other. Both a
vibration signal and an acoustic signal can be input so as to
reproduce the vibration signal and the sound signal simul-
taneously. Thus, by adjusting the signal frequency band and
synthesizing together a plurality of signals, the vibrator 6
can function as a multiple function transducer capable of
reproducing a vibration signal and an acoustic signal.

The vibration force obtained from a frequency signal
within the frequency range Wb is greater than the vibration
force obtained from a frequency signal lower than the
frequency range Wb. Therefore, it is preferred in order to
reduce the power consumption that the input voltage level of
the lower frequency signal is minimized while ensuring a
stable vibration force output from a frequency signal within
the frequency range Wb. While two sine wave signals are
used as input frequency signals in this embodiment, three or
more sine wave signals may alternatively be used to achieve
similar effects. The voltage level of each input frequency
signal can be determined based on a principle similar to that
used in this embodiment. The input signal may alternatively
be a synthesized signal obtained by adding together two
rectangular wave signals if the fundamental frequency
thereof satisfies the above-described frequency conditions.
In such a case, however, a higher harmonic component
included in the signal is likely to introduce a distortion into
the signal reproduced from the diaphragm 12. Therefore, it
is preferable to insert a high-cut filter which cuts off a higher
frequency band in a stage preceding the vibrator 6.

FIG. 15 illustrates various vibration force vs frequency
characteristics I, M and H resulting from variations in the
mass production of the vibrator 6 having a nonlinear sus-
pension. While FIG. 15 only illustrates the characteristics
which are observed while continuously increasing the fre-
quency, the jumping phenomenon (a phenomenon in which
the characteristics vary between an increasing frequency
sweep and a decreasing frequency sweep) will similarly be
observed when the frequency is continuously decreased, as
illustrated in FIGS. 6 and 12.

The frequency signal generated by the electric signal
generator 7 is a synthesized signal obtained by adding
together a plurality of frequency signals P1-P8 while shift-
ing the phases of the signals with respect to one another. At
least one of the frequency signals P1-P8 has a frequency
which is lower than the frequency range Wb of the vibration
force characteristic line L which is shifted toward the low
frequency side, and at least one of the frequency signals
P1-P8 has a frequency which is higher than the frequency
range Wb of the vibration force characteristic line H which
is shifted toward the high frequency side.

The operation of the electro-mechanical-acoustic trans-
ducer 100 including the electric signal generator 7 for
generating a frequency signal as described above and the
vibrator 6 having a nonlinear suspension will now be
described.

The frequency signal from the electric signal generator 7
is input to the vibrator 6. The frequency signals used in this
example are a series of point frequencies P1-P8. The lowest
frequency is P1 which is lower than the frequency range Wb
of the vibration force characteristic line L which is shifted
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toward the low frequency side, and the highest frequency is
P8 which is higher than the frequency range Wb of the
vibration force characteristic line H which is shifted toward
the high frequency side. The other frequencies P2-P7 are
equally spaced from one another between P1 and PS8.

The effects of the present embodiment will now be
described. FIG. 16A illustrates the waveform of an electric
signal which is obtained by adding together eight point
frequencies in phase. The electric signal is input to the
vibrator 6 having the vibration vs frequency characteristics
M shown in FIG. 7. FIG. 16B illustrates the waveform of the
output vibration characteristics of the vibrator 6. The peak
amplitude of the electric signal periodically increases with a
period T16 (FIG. 16A) which is equal to the inverse number
of the frequency interval between the respective frequencies
(ie., 200 mS for a 5 Hz interval). Accordingly, the output
vibration waveform has a large peak amplitude at the
beginning of each period, but the vibration force attenuates
until the beginning of the next period.

While such a vibration waveform produces a periodically
increasing vibration force, a more preferred vibration wave-
form is one with which a large vibration force is maintained
over time.

FIG. 17A illustrates the waveform of an electric signal
which is obtained by adding together the eight point fre-
quencies P1-P8, with the lowest frequency P1 being in
reverse phase with the next frequency P2, P3 being in phase
with P4, PS5 being in reverse phase with P6, and P7 being in
phase with P8. FIG. 17B illustrates the waveform of the
output vibration characteristics obtained for the input elec-
tric signal. It can be seen in FIG. 17A that the period with
which the peak value of the voltage level increases is
reduced from that shown in FIG. 16 A. Accordingly, the peak
value of the output vibration waveform does not attenuate
after the beginning of each period as in FIG. 16B, but a
relatively large vibration output is continuously obtained.

FIGS. 18A and 18B illustrate the waveforms of the output
vibrations obtained when the synthesized signal is applied
respectively to the characteristic lines L. and H shown in
FIG. 15. Similar to the obtained waveform for the charac-
teristic line M shown in FIG. 17B, a large vibration output
is continuously produced. This indicates that a stable vibra-
tion output is ensured even when the vibration force char-
acteristics of the vibrator 6 vary.

Where the electric signal generator 7 generates an acous-
tic signal such as a melody signal, a musical signal, or a
voice signal, the diaphragm 12 of the vibrator 6 to which the
voice coil 13 is bonded vibrates, thereby producing the
acoustic signal. In such a case, even when the low frequency
component of the acoustic signal is included in the fre-
quency range Wb, the generated vibration force is small.
Therefore, the vibratory alert function and the sound alert
function are substantially separated from each other. Both a
vibration signal and an acoustic signal can be input so as to
reproduce the vibration signal and the sound signal simul-
tancously. Thus, by adjusting the signal frequency band and
synthesizing together a plurality of signals, the vibrator 6
can function as a multiple function transducer capable of
reproducing a vibration signal and a sound signal.

The input signal may alternatively be a synthesized signal
obtained by adding together a plurality of rectangular wave
signals if the fundamental frequency thereof satisfies the
above-described frequency conditions. In such a case, how-
ever, a higher harmonic component included in the signal is
likely to introduce a distortion into the signal reproduced
from the diaphragm 12. Therefore, it is preferable to insert
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the high-cut filter 151 which cuts off a higher frequency
band in a stage preceding the vibrator 6.

As described above, the electro-mechanical-acoustic
transducer 100 of the present embodiment may use the
vibrator 6 and the above-described synthesized signal,
which includes a plurality of groups of frequency signals,
each group including a first pair of adjacent frequency
signals and a second pair of adjacent frequency signals. The
first pair of adjacent frequency signals are synthesized
together in reverse phase, and the second pair of adjacent
frequency signals are synthesized together in phase. Thus, it
is ensured that even when the plurality of point frequencies
have a large interval, at least one of the frequencies is within
the frequency range Wb in which a large vibration force is
obtained because of the jumping phenomenon. Moreover,
the period with which the peak value of the voltage level of
the electric signal waveform increases is reduced, whereby
a large vibration force is continuously obtained. Moreover,
even when the vibration vs frequency characteristics of the
vibrator 6 vary, the frequency range of the point frequencies
can be set so as to include the frequency range in which a
large vibration force is produced, whereby it is possible to
always obtain a stable vibration output. Furthermore, a
vibration signal and a sound signal can be reproduced
selectively based on the frequency range of the signal to be
applied.

Embodiment 2

In Embodiment 1 described above, the vibrator 6 employs
a nonlinear suspension, with which a jumping phenomenon
occurs. Even when a linear suspension, with which a jump-
ing phenomenon does not occur, is used, a continuous
vibration output can be obtained by inputting a synthesized
signal which is obtained as in the case of a nonlinear
suspension from signals that are within a frequency band
including two frequencies on the higher and lower sides of
the resonance frequency. The resonance frequency charac-
teristics also vary with a linear suspension. However, it is
possible to obtain a stable vibration output, as in the case of
a nonlinear suspension, by employing a plurality of fre-
quency signals so as to cover all the frequencies resulting
from such variations.

FIG. 19 is a plan view illustrating a linear suspension 130.
The magnetic circuit section 8 is fixed to a central portion
132, and extensions 133a and 1335 are fixed to the support-
ing member 11. The linear suspension 130 exhibits a linear
force vs displacement characteristic line when the length L
of an arm 131 is sufficiently large.

FIG. 20 is a graph illustrating the relationship between the
vibration force and the frequency of the vibrator 6 employ-
ing the linear suspension 130. FIG. 20 illustrates three
characteristic lines I, II and III corresponding to different
resonance frequencies f01, f02 and 03, respectively. Since
the suspension 130 is a linear suspension, the jumping
phenomenon does not occur.

The variations in the resonance frequency shown in FIG.
20 indicate the variations in the characteristics of the vibra-
tor 6. Arrows P1-P8 are point frequency signals to be
applied. The point frequencies are selected to define a
frequency range which includes all the resonance frequen-
cies {01, f02 and f03 corresponding to the characteristic lines
I, II and III, respectively.

FIG. 21A illustrates the waveform of an input signal
obtained by synthesizing eight point frequencies while con-
trolling the phase thereof. Each FIGS. 21B, 22A and 22B
illustrates the waveform of the vibration force characteristics
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produced when such an input signal is input to linear
suspension 130. In this example, the weight of the magnetic
circuit section is 1.4 g, and the mechanical resonance system
including the linear suspension and the magnetic circuit

18

signal synthesized from eight or more point frequencies that
are distributed across a wide frequency band (e.g., at least
several hertz wide in the respective directions from the
resonance frequency). Therefore, with a linear suspension, it

section has resonance frequencies f01=125 Hz, {02=135 Hz 5 is preferable to optimally select the number of point fre-
and f03=145 Hz. The point frequencies P1-P8 range from quencies from which to synthesize the input signal based on
120 Hz to 155 Hz at 5 Hz intervals. P2 and P6 are in reverse the Q value. While the Q value depends upon the design of
phase with respect to the other point frequencies. the vibrator, one effective way to reduce the Q value is to
FIG. 23 illustrates an example of the electric signal employ a strong magnet in the magnetic circuit so as to
generator 7. Referring to FIG. 23, electric signal generator 10 increase the electromagnetic damping resistance of the voice
7 includes frequency signal generators 101 to 108, phase coil. Another effective way to reduce the Q value is to
controllers 110 to 117 and a signal adder 120. employ a vibration suppression material having a large
The synthesized signal to be applied to the vibrator 6 is internal loss of energy as the material of the suspension so
obtained from frequencies P1 to P8 as follows. First, the as to increase the mechanical resistance. However, when the
frequency signal generators 101 to 108 generate the follow- 15 electromagnetic damping resistance is increased, the size of
ing frequencies, respectively: fl1=120 Hz, f2=125 Hz, the magnetic circuit is also increased, whereby it is difficult
£3=130 Hz, f4=135 Hz, f5=140 Hz, f6=145 Hz, f7=150 Hz to realize a small vibrator. Moreover, when the mechanical
and f8=155 Hz. These frequency signals are input to the resistance is increased, the resonance level is suppressed,
phase controllers 110 to 117, respectively. The phase of the thereby requiring a large electric input for obtaining a large
frequency signals £2 and f6 is delayed by 180 degrees so as 20 vibration force, thereby reducing the efficiency of the vibra-
to be in reverse phase with respect to the other frequency tor. As described above, with a nonlinear suspension, the
signals, with the other frequency signals being all in phase. frequency range Wb in which a large vibration force can be
The frequency signals are synthesized together by the signal obtained is widened by the jumping phenomenon of the
adder 120, and the output from the signal adder 120 is suspension even when the electromagnetic damping resis-
provided to the vibrator 6. 25 tance is not large. Therefore, with a nonlinear suspension, as
FIG. 21A illustrates the waveform of the input signal compared to a linear suspension, it is possible to realize a
obtained by adding together the point frequencies P1-P8. vibrator which is small, yet capable of providing a large
FIG. 21B illustrates the waveform of the vibration force vibration force. However, the above-described signal of the
characteristics of the vibrator 6 (the resonance frequency present invention is effective irrespective of the linearity of
f01=135 Hz) when the above-described synthesized signal is 30 the suspension.
applied to the vibrator 6. FIGS. 22A and 22B illustrate the The vibration characteristics can easily be changed by
waveform of the vibration force characteristics of the vibra- changing the waveform of the input signal. Thus, it is
tor 6 for other resonance frequencies, i.e., f2=125 Hz and possible to alert the user of an incoming call with various
145 Hz, respectively. It can be seen that even when the vibrations, whereas various melodies are currently used as
resonance frequency of the vibrator 6 varies due to varia- 35 ringing tones. For example, it is possible to employ different
tions in the production process, the attachment to the device vibration modes for different callers.
to be vibrated, or the conditions under which it is used, a FIG. 26A illustrates the waveform of a voltage signal
stable vibration force can be obtained because the vibrator 6 including eight point signals arranged with 5 Hz intervals
is driven by the point frequencies covering a wide frequency which is to be input to the vibrator 6 using a non-linear
band. 40 suspension. FIG. 26B illustrates the waveform of the vibra-
The vibration force characteristics of the vibrator 6 vary tion force characteristics of the vibrator 6 in response to the
depending on the Q value of the mechanical resonance input signal as shown in FIG. 26A. FIG. 27A illustrates the
system including the suspension and the magnetic circuit waveform of a voltage signal to be input to the vibrator 6
section. FIG. 24 illustrates respective vibration force vs including eight point signals arranged with 4 Hz intervals.
frequency characteristics IV, V and VI of different linear 45 FIG. 27B illustrates the waveform of the vibration force
suspensions having different Q values, i.e., Q=5, Q=10 and characteristics of the vibrator 6 in response to the input
Q=20, respectively. The characteristics shown in FIG. 20 is signal as shown in FIG. 27A. As illustrated in the figures, the
for Q=20. FIGS. 25A to 25C each illustrate the waveform of vibration force characteristics can be changed by changing
the vibration force obtained when an eight-point signal is the interval between the point frequencies. Thus, various
applied to the vibrator 6 for different Q values, i.e., Q=5, 50 vibration modes can be switched to one another easily. The
Q=10 and Q=20, respectively. When the Q value is small, vibration mode can alternatively be changed based on the
the vibration force vs frequency characteristics are flattened. number of point frequencies, the phase of each point fre-
Therefore, it may be preferred to reduce the number of point quency signal, and the like.
frequencies (e.g., four points or two points for a Q value less The input signal is illustrated to be continuous. Alterna-
than or equal to 5), whereby it is possible to reduce the 55 tively, the input signal may be an interrupted signal. In such
variations in the voltage level of the synthesized signal, a case, the vibratory alert signal repeatedly vibrates and
thereby obtaining a large vibration force. When the Q value stops vibrating, which may be more clearly perceived by a
is equal to or greater than 10, the vibration force level will human user.
be high and the vibration force curve will be sharp in the
vicinity of the resonance frequency. Between the curve of 60 Embodiment 3
Q=20 and the curve of Q=30, for example, there is a
substantial difference in the vibration force level for a An electro-mechanical-acoustic transducer 200 according
frequency within a very narrow band near the resonance to Embodiment 3 of the present invention will now be
frequency. However, the vibration force level is substan- described with reference to FIG. 28. Elements of the electro-
tially the same for frequencies at least several hertzes away 65 mechanical-acoustic transducer 200 that are already

from the resonance frequency. Therefore, no substantial
difference in the vibration force level occurs when using a

described in Embodiment 1 will be provided with like
reference numerals and will not be further described below.
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As compared to Embodiment 1, the electro-mechanical-
acoustic transducer 200 includes an acoustic signal genera-
tor 12 in addition to the electric signal generator 7, so that
an electric signal from either one of the electric signal

20

the nonlinear suspension to vibrate, thereby vibrating the
portable telephone 300. Thus, the vibrator 6 functions as a
vibrator for generating a vibratory alert signal. When the
electric signal generator 16 generates a ringing tone, the

generator 7 or the acoustic signal generator 12 is selectively 5 vibrator 6 functions as a speaker for reproducing an acoustic
provided to the vibrator 6 via a switch SW2. signal. When the receiver (user) who has been notified by the
The electric signal generator 7 generates a swept fre- vibratory alert signal or the ringing tone of the incoming call
quency signal or a synthesized signal obtained from a turns ON the portable telephone 300, the portable telephone
plurality of point frequencies so as to provide stable vibra- 300 is ready to receive the call, the signal K from the
tions. Additionally, the electric signal generator 7 may be 10 reception signal processing section 15 causes the switch
capable of generating a voice signal or a music signal. SW3 to be connected to the reception signal processing
However, in such a case, the circuit configuration may be section 15. The signal from the reception signal processing
complicated. Embodiment 3 of the present invention section 15 is the caller voice signal. Then, the vibrator 6
addresses this problem by designing the electro-mechanical- functions as a receiver. Alternatively, the vibrator 6 may be
acoustic transducer 200 as follows. When a vibratory alert 15 a loud speaker for reproducing the caller’s voice which may
signal is reproduced, the switch SW2 is controlled so as to be separated from the portable terminal apparatus.
transmit a signal from the electric signal generator 7 there- As described above, with the portable telephone 300
through. When an acoustic signal such as the music signal or according to Embodiment 4 of the present invention, a swept
the voice signal is reproduced, the switch SW2 is controlled frequency signal or a synthesized signal obtained from a
S0 as to transmit a signal from the acoustic signal generator 20 plurality of point frequencies can be generated from the
12 therethrough. Thus, the vibratory alert function and the electric signal generator 16 and provided to the vibrator 6 so
sound alert function are separated from each other, while that it is possible to effectively use the large amount of
simplifying the circuit configuration. vibration from the vibrator 6. Therefore, it is possible to
The electric signal generator 7 may be a recording reduce the battery power consumption, which is an impor-
medium such as a semiconductor memory which is capable 25 tant issue with portable telephones.
of recording/reproducing an intended signal waveform, and In the example described above, a ringing tone is gener-
may alternatively be a DSP (digital signal processor). ated by the electric signal generator 16. Alternatively, a
ringing tone may be generated based on a signal from the
Embodiment 4 reception signal processing section 15. In such a case, the
30 reception signal processing section 15 generates a ringing
A portable terminal apparatus according to Embodiment 4 tone, a caller’s voice signal and a loud speaker sound signal.
of the present invention will now be described with refer-
ence to FIGS. 29 and 30. Elements of the portable terminal Embodiment 5
apparatus that are already described in Embodiment 1 will
be provided with like reference numerals and will not be 35  Aportable terminal apparatus according to Embodiment 5
further described below. FIG. 29 is a perspective view of the present invention will now be described with refer-
illustrating a portable telephone 300 which is an exemplary ence to FIG. 31.
portable terminal apparatus of the present invention which FIG. 31 is a block diagram illustrating the main part of a
includes the vibrator 6 described above in Embodiment 1. portable telephone 400 using the vibrator 6 described above
FIG. 30 is a block diagram illustrating the main part of the 40 in Embodiment 1. Although not shown in FIG. 31, the
portable telephone 300 which uses the vibrator 6 of Embodi- vibrator 6 is attached to the body of the portable telephone
ment 1. 400, as in Embodiment 4. Referring to FIG. 31, the portable
Referring to FIG. 29, the vibrator 6 is attached to an outer telephone 400 includes the antenna 14, the electric signal
casing 13 of the portable telephone 300. Referring to FIG. generator 16, a reception signal processing section 17, a
30, the portable telephone 300 includes an antenna 14, a 45 signal synthesis section 18. The portable telephone 400
reception signal processing section 15, an electric signal further includes a switch SW4 provided between the recep-
generator 16, and a switch SW3 for selectively transmitting tion signal processing section 17 and the signal synthesis
one of the electric signals from the reception signal process- section 18, a switch SW35 provided between the electric
ing section 15 and the electric signal generator 16 to the signal generator 16 and the signal synthesis section 18, and
vibrator 6. 50 aswitch SW6 provided between the signal synthesis section
Next, the operation of the portable telephone 300 will be 18 and the vibrator 6.
described. The antenna 14 receives an incoming call signal Next, the operation of the portable telephone 400 will be
from a transmitter of another portable telephone (not described. The antenna 14 receives an incoming call signal
shown). The incoming call signal includes a reception signal from a transmitter of another portable telephone (not
to alert the user of the incoming call, and a voice signal from 55 shown). The incoming call signal includes a reception signal
the caller. The reception signal processing section 15 pro- to alert the user of the incoming call, and a voice signal from
cesses the incoming call signal and generates a signal K in the caller. The reception signal processing section 17 pro-
response to the reception signal to alert the user of the cesses the incoming call signal and generates signals K1, K2
incoming call. When the signal K is generated, the switch and K3 in response to the reception signal to alert the user
SW3, which is normally turned OFF (i.e., not connected to 60 of the incoming call. When the signals K1, K2 and K3 are
either the reception signal processing section 15 or the generated, the switches SW4, SW5 and SW6 are turned
electric signal generator 16), is connected to either the ON/OFF in response to the signals K1, K2 and K3, respec-
reception signal processing section 15 or the electric signal tively.
generator 16. When the switch SW3 is connected to the When the signals K1, K2 and K3 are an OFF signal, an
electric signal generator 16, a frequency signal as described 65 ON signal and an ON signal, respectively, the switches

in Embodiment 1 is generated. This frequency signal causes
the magnetic circuit section of the vibrator 6 supported by

SW4, SWS and SW6 are accordingly turned OFF, ON and
ON, respectively, whereby a vibration signal from the elec-
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tric signal generator 16 is input to the signal synthesis
section 18, whereas the signal from the reception signal
processing section 17 is stopped by the switch SW4. Thus,
the signal synthesis section 18 applies the vibration signal

22

limited to the description as set forth herein, but rather that
the claims be broadly construed.

What is claimed is:

1. A driving circuit for driving a vibrator having a

from the electric signal generator 16 to the vibrator 6. 5 mechanical vibration system which resonates at a resonance
The vibration signal causes the magnetic circuit section of frequency, wherein:
the vibrator 6 supported by the nonlinear suspension to the driving circuit outputs to the vibrator a plurality of
vibrate, thereby vibrating the portable telephone 400. Thus, signals of different frequencies which are included in a
the vibrator 6 functions as a vibrator for generating a frequency range including the resonance frequency;
vibratory alert signal. 10 and
When the signals K1, K2 and K3 are an ON signal, an lhg vibrator has a function of converting an glectric signal
OFF signal and an ON signal, respectively, the switches info at least one of a sound and a vibration; and
SW4, SW5 and SW6 are accordingly turned ON, OFF and at least two of the plurality of signals, haV1ng frequencies
ON, respectively, whereby an acoustic signal from the near the resonance frequency that are different from
reception signal processing section 17 is input to the signal 15 one another, are output concurrently to produce the
synthesis section 18, whereas the signal from the electric vibration of the vibrator. . .
signal generator 16 is stopped by the switch SW5. Thus, the 2. A driving circuit according to claim 1, wherein the at
signal synthesis section 18 applies the acoustic signal from least two signals include a first signal having a frequency
the reception signal processing section 17 to the vibrator 6. which is lower than the resonance frequency and a second
In such a case, the vibrator 6 functions as a speaker for 20 signal having a frequency which is higher than the resonance
reproducing an acoustic signal. Specifically, the vibrator 6  frequency. . . .
functions as a ringing tone generator, a receiver or a loud 3. A driving circuit according to claim 1, wherein:
speaker. the at least two signals include a first signal and a second
When the signals K1, K2 and K3 are all an ON signal, the mgr{al} and. . . .
switches SW4, SW5 and SW6 are all turned ON, whereby 25 the .dr1V1r1g c1.rcu1t output's to the vibrator a sypthesmed
an acoustic signal from the reception signal processing legnal obt(;unied bly adding together the first signal and
section 17 and a vibration signal from the electric signal 4 Aeds.e con §1gni ) dine to claim 1. wherein:
generator 16 are simultaneously input to the signal synthesis h lrlvmg clreut alc;cpr lmdg N f‘f am 1, \IV c(riem' d
section 18, which then synthesizes the acoustic signal and the at eéSl two signals mclude a first signal and a secon
the vibration signal to provide a synthesized signal, which is 3 51gr1.al., and' . . .
applied to the vibrator 6. Thus, the vibrator 6 can produce the .dr1V1ng cireutt outputs 1o the vibrator a sypthesmed
both a vibration and a sound to alert the user of an incoming stllgnal obtgmc?d bi’ a(ilqing ;l(?fg?ther 1h; first sflgrﬁal gnd
call. Alternatively, when the user receives a call from a t'c second sighal while sh tmg. a phase of the first
second caller while taking with a first caller, the vibrator 6 SIgngl {md a.pha.se of the S ccond 81gnal from ea@h other.
can alert the user of the incoming call from the second caller 35 5. Adriving c1rc1.11t accprdmg o clalrn. L, wherein:
with a vibration. Such a vibration does not interfere with the the at lea'st two signals include a first signal and a second
voice of the first caller. Thus, it is possible to realize a signal, and . .
portable terminal apparatus capable of receiving a second at .leaSt one O.f the ﬁrst' signal and the sccond signal
call while the user is already on a call without deteriorating mdu.dés a sine wave s1gna1. . .
the sound quality during the call. 40 6. Adriving c1rc1.11t accprdmg to claqu 1, wherein:
In Embodiments 1—5 above. the vibrator 6 is an electro- the gt least two signals include a first signal and a second
b .
kinetic transducer which utilizes a magnetic force generated at Sllegansil’oiréd of the first signal and the second signal
ina Yoice coil inserted iqto a magl?etic field. Alternatively, includes a rectangular wave signal.
the V1br.a10r 6 may be ap1ezo§:lectr1c transducer, an electro- 45 7. A driving circuit according to claim 3, further com-
magnetic transdt.lccr, or the. like, as long as tl'le.transducer prising a limiter for limiting a peak output voltage of the
can provide nonlinear vibration force characteristics as those S . -
. ynthesized signal.
described above. 8. A driving circuit for driving a vibrator having a
As described above, the electro-mechanical-acoustic  mechanical vibration system which resonates at a resonance
transducer of the present invention includes a vibrator which 5o frequency, wherein:
includes a nonlinear suspension, so as to obtain a large the driving circuit outputs to the vibrator at least two
vibration force in a wide frequency band. Also when a linear signals of different frequencies which are included in a
suspension is used, a synthesized signal obtained by adding frequency range including the resonance frequency;
together a plurality of point frequencies can be input so that and
it is possible to eliminate substantial variations in the ss  the vibrator has a function of converting an electric signal
vibration force due to variations in the vibration character- into at least one of a sound and a vibration;
istics of the vibrator and to simplify the driving circuit the at least two signals include a first signal and a second
therefor, whereby a stable vibration force can always be signal;
obtained. Therefore, the electro-mechanical-acoustic trans- the driving circuit outputs to the vibrator a synthesized
ducer of the present invention can be used in a portable gy signal obtained by adding together the first signal and
telephone so as to reduce the power consumption while the second signal; and
simplifying the circuit configuration, thereby reducing the wherein the synthesized signal is a sine wave signal which
size and weight of the portable telephone. is obtained by synthesizing together a plurality of
Various other modifications will be apparent to and can be groups of frequency signals, each group including a
readily made by those skilled in the art without departing 65 first pair of adjacent frequency signals and a second

from the scope and spirit of this invention. Accordingly, it is
not intended that the scope of the claims appended hereto be

pair of adjacent frequency signals, the first pair of
adjacent frequency signals being synthesized together
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in reverse phase, and the second pair of adjacent
frequency signals being synthesized together in phase.

9. A driving circuit according to claim 1, wherein the
vibrator includes a magnetic circuit section and at least one

24

upper limit frequency which represents a highest fre-
quency in the predetermined frequency range;

the driving circuit outputs to the vibrator a first signal
having a frequency within the frequency range and a

suspension. 5 second signal having a frequency which is lower than
10. A driving circuit according to claim 9, wherein the the lower limit frequency;
suspension includes a linear suspension. the second signal is output to the vibrator concurrently
11. A driving circuit according to claim 1, wherein the with or prior to the first signal;
driving circuit is an electric signal generator for generating the vibrator has a function of converting an electric signal
a frequency signal for a vibration or an electric-acoustic 10 into at least one of a sound and a vibration;
signal for a sound. the first signal includes a swept frequency signal whose
12. A driving circuit for driving a vibrator having a frequency continuously varies over time;
mechanical vibration system having predetermined vibra- the first signal has a first turning frequency at which the
tion force vs frequency characteristics, wherein: frequency of the first signal stops increasing and starts
the mechanical vibration system has different vibration 15 decreasing and a second turning frequency at which the
force vs frequency characteristics for an increasing frequency of the first signal stops decreasing and starts
frequency sweep and for a decreasing frequency sweep increasing;
within a predetermined frequency range; the first turning frequency is lower than the upper limit
the predetermined frequency range is defined between a % frequency; and

lower limit frequency which represents a lowest fre-
quency in the predetermined frequency range and an
upper limit frequency which represents a highest fre-
quency in the predetermined frequency range;

the driving circuit outputs to the vibrator a first signal

having a frequency within the frequency range and a
second signal having a frequency which is lower than
the lower limit frequency;

the second signal is output to the vibrator concurrently

with or prior to the first signal;

the vibrator has a function of converting an electric signal

into at least one of a sound and a vibration; and

the first and second signals, having frequencies near the

resonance frequency that are different from one
another, produce the vibration of the vibrator.

13. A driving circuit according to claim 12, wherein the
vibrator includes a magnetic circuit and at least one suspen-
sion.

14. A driving circuit according to claim 13, wherein the
suspension includes a nonlinear suspension.

15. A driving circuit according to claim 13, wherein the
suspension has stiffness S such that when the stiffness S is
expressed by a multidimensional function with respect to a
displacement X, an X term of the multidimensional func-
tion has a non-zero value.

16. A driving circuit according to claim 12, wherein the
driving circuit is an electric signal generator for generating
a frequency signal for a vibration or an electric-acoustic
signal for a sound.

17. A driving circuit according to claim 12, wherein the
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the second turning frequency is higher than the lower

limit frequency.

21. A driving circuit according to claim 12, wherein the
first signal includes at least one point frequency signal.

22. A driving circuit according to claim 12, wherein the
driving circuit outputs to the vibrator a synthesized signal
obtained by adding together the first signal and the second
signal.

23. A driving circuit according to claim 12, wherein the
driving circuit outputs to the vibrator a synthesized signal
obtained by adding together the first signal and the second
signal while shifting a phase of the first signal and a phase
of the second signal from each other.

24. A driving circuit according to claim 12, wherein at
least one of the first signal and the second signal includes a
sine wave signal.

25. A driving circuit according to claim 12, wherein at
least one of the first signal and the second signal includes a
rectangular wave signal.

26. A driving circuit according to claim 22, further
comprising a limiter for limiting a peak output voltage of the
synthesized signal.

27. A driving circuit for driving a vibrator having a
mechanical vibration system having predetermined vibra-
tion force vs frequency characteristics, wherein:

the mechanical vibration system has different vibration

force vs frequency characteristics for an increasing
frequency sweep and for a decreasing frequency sweep
within a predetermined frequency range;

the predetermined frequency range is defined between a

50
second signal includes a swept frequency signal whose lower limit frequency which represents a lowest fre-
frequency continuously varies over time. quency in the predetermined frequency range and an

18. A driving circuit according to claim 12, wherein the upper limit frequency which represents a highest fre-
second signal includes a plurality of point frequency signals. quency in the predetermined frequency range;

19. A driving circuit according to claim 12, wherein at 55  the driving circuit outputs to the vibrator a first signal
least one of the first signal and the second signal includes an having a frequency within the frequency range and a
increasing signal whose frequency increases over time. second signal having a frequency which is lower than

20. A driving circuit for driving a vibrator having a the lower limit frequency;
mechanical vibration system having predetermined vibra- the second signal is output to the vibrator concurrently
tion force vs frequency characteristics, wherein: 60 with or prior to the first signal;

the mechanical vibration system has different vibration the vibrator has a function of converting an electric signal

force vs frequency characteristics for an increasing into at least one of a sound and a vibration;

frequency sweep and for a decreasing frequency sweep the driving circuit outputs to the vibrator a synthesized

within a predetermined frequency range; signal obtained by adding together the first signal and
the predetermined frequency range is defined between a 65 the second signal while shifting a phase of the first

lower limit frequency which represents a lowest fre-
quency in the predetermined frequency range and an

signal and a phase of the second signal from each other;
and
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the synthesized signal is a sine wave signal which is
obtained by synthesizing together a plurality of groups
of frequency signals, each group including a first pair
of adjacent frequency signals and a second pair of

26

32. An electromechanical-acoustic transducer according
to claim 31, wherein:

the driving circuit outputs to the vibrator a synthesized

signal obtained by adding together the first signal and

adjacent frequency signals, the first pair of adjacent 5 the second signal; and

frequency signals being synthesized together in reverse the driving circuit selectively changes the synthesized
phase, and the second pair of adjacent frequency sig- signal by changing at least one of a frequency of the
nals being synthesized together in phase. first signal, a frequency of the second signal, a fre-

28. An electro-mechanical-acoustic transducer, compris- quency interval between the frequency of the first
ing: 10 signal and the frequency of the second signal, a phase

a vibrator having a mechanical vibration system which of the first signal, a phase of the second signal, a

resonates at a resonance frequency; and voltage level of the first signal, and a voltage level of
a driving circuit for driving the vibrator, wherein: the second signal.
the driving circuit outputs to the vibrator a plurality of 33. A portable terminal apparatus, comprising:
signals of different frequencies which are included in a 15 a vibrator having a mechanical vibration system which
frequency range including the resonance frequency, resonates at a resonance frequency;
and an antenna for receiving an incoming call signal;

at least two of the plurality of signals, having frequencies a reception signal processing section for processing the
near the resonance frequency that are different from incoming call signal so as to output an electric signal to
one another, are output concurrently to produce the 20 the vibrator; and
vibration of the vibrator. a driving circuit for driving the vibrator, wherein:

29. An electro-mechanical-acoustic transducer according the driving circuit outputs to the vibrator a plurality of
to claim 28, wherein the at least two signals include a first signals of different frequencies which are included in a
signal having a frequency which is lower than the resonance frequency range including the resonance frequency,
frequency and a second signal having a frequency which is 25 and
higher than the resonance frequency. at least two of the plurality of signals, having frequencies

30. An electro-mechanical-acoustic transducer according near the resonance frequency that are different from
to claim 28, wherein: one another, are output concurrently to produce the

the at least two signals include a first signal having a vibration of the vibrator.

frequency which is lower than the resonance frequency 30  34. A portable terminal apparatus according to claim 33,
and a second signal having a frequency which is higher wherein the at least two signals include a first signal having
than the resonance frequency; a frequency which is lower than the resonance frequency
the driving circuit outputs to the vibrator a synthesized and a second signal having a frequency which is higher than
signal obtained by adding together the first signal and the resonance frequency.
the second signal; and 35  35. Aportable terminal apparatus according to claim 33,
the driving circuit selectively changes the synthesized further comprising a switching section for connecting the
signal by changing at least one of a frequency of the vibrator to one of the driving circuit and the reception signal
first signal, a frequency of the second signal, a fre- processing section based on an output from the reception
quency interval between the frequency of the first signal processing section.
signal and the frequency of the second signal, a phase 40  36. A portable terminal apparatus according to claim 33,
of the first signal, a phase of the second signal, a further comprising a signal synthesis section for synthesiz-
voltage level of the first signal, and a voltage level of ing together the electric signal output from the reception
the second signal. signal processing section and the output from the driving

31. An electro-mechanical-acoustic transducer, compris- circuit.
ing: 45 37. A portable terminal apparatus according to claim 36,

a vibrator having a mechanical vibration system having further comprising:

predetermined vibration force vs frequency character- a first switch provided between the reception signal
istics; and processing section and the signal synthesis section;

a driving circuit for driving the vibrator, wherein: a second switch provided between the driving circuit and

the mechanical vibration system has different vibration 50 the signal synthesis section; and

force vs frequency characteristics for an increasing a third switch provided between the signal synthesis

frequency sweep and for a decreasing frequency sweep section and the vibrator.

within a predetermined frequency range; 38. A portable terminal apparatus according to claim 37,
the predetermined frequency range is defined between a wherein the first switch, the second switch and the third

lower limit frequency which represents a lowest fre- 55 switch operate based on a signal which is output from the

quency in the predetermined frequency range and an reception signal processing section.

upper limit frequency which represents a highest fre- 39. A portable terminal apparatus according to claim 33,

quency in the predetermined frequency range; wherein:

the driving circuit outputs to the vibrator a first signal the at least two signals include a first signal having a

having a frequency within the frequency range and a 60 frequency which is lower than the resonance frequency
second signal having a frequency which is lower than and a second signal having a frequency which is higher
the lower limit frequency; and than the resonance frequency;

the second signal is output to the vibrator concurrently the driving circuit outputs to the vibrator a synthesized

with the first signal; and signal obtained by adding together the first signal and
the first and second signals, having frequencies near the 65 the second signal; and

resonance frequency that are different from one
another, produce the vibration of the vibrator.

the driving circuit selectively changes the synthesized
signal by changing at least one of a frequency of the
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first signal, a frequency of the second signal, a fre-
quency interval between the frequency of the first
signal and the frequency of the second signal, a phase
of the first signal, a phase of the second signal, a

28

46. A driving circuit according to claim 2, wherein:

the driving circuit outputs to the vibrator a synthesized
signal obtained by adding together the first signal and
the second signal while shifting a phase of the first

voltage level of the first signal, and a voltage level of 5 signal and a phase of the second signal from each other.
40th§ secor]lac} 51gna1: 1 s 47. A driving circuit according to claim 2, wherein:
i porta e.termma appa}ratus,' Comprising: . at least one of the first signal and the second signal
a vibrator having a mechanical vibration system having inelud . ional
predetermined vibration force vs frequency character- nciu CS a Sn.lc \yave s1gga ) . .
istics; 10 48. A driving circuit according to claim 2, wherein:
an antenna for receiving an incoming call signal; at ~least one of the first signal~ and the second signal
a reception signal processing section for processing the includes a rectangular wave signal.
incoming call signal so as to output an electric signal to 49. An electro-mechanical-acoustic transducer, compris-
the vibrator; and ing:
a driving circuit for driving the vibrator, wherein; 45 a vibrator having a mechanical vibration system which
the mechanical vibration system has different vibration resonates at a resonance frequency; and
force vs frequency characteristiqs for an increasing a driving circuit for driving the vibrator, wherein:
g?gﬁzn:y :Xjee?griﬁiefgrf?edilcerrfgslilfnﬁ:guency sweep the driving circuit outputs to the vibrator at least two
the predeterpmincd frequency ?angcyis degﬁlied between a signals of diffcrel?t freql.lencics which are included il? a
lower limit frequency which represents a lowest fre- 2° frequency range 1nc11.1d1ng the resonance frequency;
quency in the predetermined frequency range and an the at least two signals include a first signal and a second
upper limit frequency which represents a highest fre- signal;
quency in the predetermined frequency range; the driving circuit outputs to the vibrator a synthesized
the driving circuit outputs to the vibrator a first signal signal obtained by adding together the first signal and
having a frequency within the frequency range and a 25 the second signal; and
second sigqal.having a frequency which is lower than the synthesized signal is a sine wave signal which is
the lower !1m1t frcquency; and . obtained by synthesizing together a plurality of groups
the S‘e}f(irhld glg:la! 18 ;)utpgt to the vibrator concurrently of frequency signals, each group including a first pair
with the first signal; an . . of adjacent frequency signals and a second pair of
B csomance fequency that are: diflrem: fom one | (diacent frequency signals the fes par of adjacent
another, produce the vibration of the vibrator. fr; quencydsiinals belr(lig synthfs?ad to%efther 1 FEVEISe
41. A portable terminal apparatus according to claim 40, flalasS%eéiirrll g syzllslzgzré d Il)g;gre?h e: i]nacl:)f;lrellserequency S8
further comprising a switching section for connecting the . . ) .
- o S 50. An electro-mechanical-acoustic transducer, compris-
vibrator to one of the driving circuit and the reception signal 35 . ~
processing section based on an output from the reception g . . o .
signal processing section. a vibrator hqv1ng a me;hamcal vibration system having
42. A portable terminal apparatus according to claim 40, Prf.:determmed vibration force vs frequency character-
further comprising a signal synthesis section for synthesiz- istics; and
ing together the electric signal output from the reception 40 @ driving circuit for driving the vibrator, wherein:
signal processing section and the output from the driving the mechanical vibration system has different vibration
circuit. force vs frequency characteristics for an increasing
43. A portable terminal apparatus according to claim 42, frequency sweep and for a decreasing frequency sweep
further comprising: within a predetermined frequency range;
a first switch provided between the reception signal 45  the predetermined frequency range is defined between a
processing section and the signal synthesis section; lower limit frequency which represents a lowest fre-
a second switch provided between the driving circuit and quency in the predetermined frequency range and an
the signal synthesis section; and upper limit frequency which represents a highest fre-
a third switch provided between the signal synthesis quency in the predetermined frequency range;
section and the vibrator. 50 the driving circuit outputs to the vibrator a first signal
44. A portable terminal apparatus according to claim 40, having a frequency within the frequency range and a
wherein: second signal having a frequency which is lower than
the driving circuit outputs to the vibrator a synthesized the lower limit frequency;
signal obtained by adding together the first signal and the second signal is output to the vibrator concurrently
the §§c0nd §1ggal; and ) ) 5 with or prior to the first signal;
the .drlvllrll)g ci]rcult' seletctllvelty chanfgcs fthe synthcsfm[fld the first signal includes a swept frequency signal whose
signa changing at least one of a frequency of the - : s
ﬁit sigr}llal, a %rquuency of the second qsignai a fre- frequen.cy continuously Var?es over time; .
quency interval between the frequency of the first the first signal has a ﬁrstvturmng freguencyvat which the
signal and the frequency of the second signal, a phase 60 frequency of the first signal stops increasing and starts
of the first signal, a phase of the second signal, a decreasing and asecon_d turning frequency at which the
voltage level of the first signal, and a voltage level of frequency of the first signal stops decreasing and starts
the second signal. increasing;
45. A driving circuit according to claim 2, wherein: the first turning frequency is lower than the upper limit
the driving circuit outputs to the vibrator a synthesized 65 frequency; and

signal obtained by adding together the first signal and
the second signal.

the second turning frequency is higher than the lower
limit frequency.
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51. An electro-mechanical-acoustic transducer, compris-

ing;

a vibrator having a mechanical vibration system having
predetermined vibration force vs frequency character-

30

a driving circuit for driving, the vibrator, wherein:

the mechanical vibration system has different vibration
force vs frequency characteristics for an increasing
frequency sweep and, for a decreasing frequency sweep

istics; and 5 within a predetermined frequency range;
a driving circuit for driving the vibrator, wherein: the predetermined frequency range is defined between a
the mechanical vibration system has different vibration lower limit frequency which represents a lowest fre-
force vs frequency characteristics for an increasing quency in the predetermined frequency range and an
frequency sweep and for a decreasing frequency sweep upper limit frequency which represents a highest fre-
within a predetermined frequency range; 10 quency in the predetermined frequency range;
the predetermined frequency range is defined between a the driving circuit outputs to the vibrator a first signal
lower limit frequency which represents a lowest fre- having a frequency within the frequency range and a
quency in the predetermined frequency range and an second signal having a frequency which is lower than
upper limit frequency which represents a highest fre- the lower limit frequency;
quency in the predetermined frequency range; 15 the second signal is output to the vibrator concurrently
the driving circuit outputs to the vibrator a first signal with or prior to the first signal;
having a frequency within the frequency range and a the first signal includes a swept frequency signal whose
second signal having a frequency which is lower than frequency continuously varies over time;
the lower limit frequency; the first signal has a first turning frequency at which the
the second signal is output to the vibrator concurrently 20 frequency of the first signal stops increasing and starts
with or prior to the first signal; decreasing and a second turning frequency at which the
the driving circuit outputs to the vibrator a synthesized frequency of the first signal stops decreasing and starts
signal obtained by adding together the first signal and increasing;
the second signal while shifting a phase of the first the first turning frequency is lower than the upper limit
signal and a phase of the second signal from each other; 25 frequency; and
and the second turning frequency is higher than the lower
the synthesized signal is a sine wave signal which is limit frequency.
obtained by synthesizing together a plurality of groups 54. A portable terminal apparatus, comprising:
of frequency signals, each group including a first pair a vibrator having a mechanical vibration system having
of adjacent frequency signals and a second pair of 0 predetermined vibration force vs frequency character-
adjacent frequency signals, the first pair of adjacent istics;
frequency signals being synthesized together in reverse an antenna for receiving an incoming call signal;
phase, and the second pair of adjacent frequency sig- a reception signal processing section for processing the
nals being synthesized together in phase. 35 incoming call signal so as to output an electric signal to
52. A portable terminal apparatus, comprising: the vibrator; and
a vibrator having a mechanical vibration system which a driving circuit for driving the vibrator, wherein:
resonates at a resonance frequency; the mechanical vibration system has different vibration
an antenna for receiving an incoming call signal; force vs frequency characteristics for an increasing
a reception signal processing section for processing the 40 frequency sweep and for a decreasing frequency sweep
incoming call signal so as to output an electric signal to within a predetermined frequency range;
the vibrator; and the predetermined frequency range is defined between a
a driVing circuit for driVing the Vibrator, wherein: lower limit frequency which represents a lowest fre-
the driving circuit outputs to the vibrator at least two quency in the predetermined frequency range and an
signals of different frequencies which are included ina 44 upper limit frequency which represents a highest fre-
frequency range including the resonance frequency; quency in the predetermined frequency range;
the at least two signals include a first signal and a second the driving circuit outputs to the vibrator a first signal
signal; having a frequency within the frequency range and a
the driving circuit outputs to the vibrator a synthesized second signal having a frequency which is lower than
signal obtained by adding together the first signal and s the lower limit frequency;
the second signal; and the second signal is output to the vibrator concurrently
the synthesized signal is a sine wave signal which is with or prior to the first signal;
obtained by synthesizing together a plurality of groups the driving circuit outputs to the vibrator a synthesized
of frequency signals, each group including a first pair signal obtained by adding together the first signal and
of adjacent frequency signals and a second pair of 55 the second signal while shifting a phase of the first
adjacent frequency signals, the first pair of adjacent signal and a phase of the second signal from each other;
frequency signals being synthesized together in reverse and
phase, and the second pair of adjacent frequency sig- the synthesized signal is a sine wave signal which is
nals being synthesized together in phase. obtained by synthesizing together a plurality of groups
53. A portable terminal apparatus, comprising: 60 of frequency signals, each group including a first pair
a vibrator having a mechanical vibration system having of adjacent frequency signals and a second pair of
predetermined vibration force vs frequency character- adjacent frequency signals, the first pair of adjacent
istics; frequency signals being synthesized together in reverse
an antenna for receiving an incoming call signal; phase, and the second pair of adjacent frequency sig-
a reception signal processing section for processing the 65 nals being synthesized together in phase.

incoming call signal so as to output an electric signal to
the vibrator; and
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