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SPECIFICATION

NOTIFYING DEVICE AND WIRELESS COMMUNICATIONS SYSTEM

INCORPORATING SAME

TECHNICAL FIELD

The present invention relates to notifying devices for

use in portable télephones, pagers and like wireless

communications systems for notifying the user of incoming

calls.

BACKGROUND ART

Conventionél portable telephones have incorporated
therein a sound generator (ringer) for notifying the user
of incoming calls with sound, i.e., with a vibration having
a frequency in the audible range and a vibration generator
for notifying the user of incoming calls with a vibration
perceivable by the human body and having a frequency, for
example, of up to hundreds of hertz. One of the two
generators is selectively usable according to the situation.

However, small devices such as portable telephones
have little or no excessive space for accommodating both
the sound generator and the vibration generator, and
therefore encounter the problem of becoming greater in size

if equipped with the two generators.



Lh

10

15

20

s SRR i,

A

2

Accordingly, the present-applicant has proposed a
portable telephone as shown in FIG. 9 (JP-A No. 14194/1998).
fhe proposed portable telephone comprises a flat case 11
having an antenna 1 and provided on the surface thereof
with a speech'receiving portion 12 for outputting the voice
of incoming speech, manual buttons 14 such as numerical
keys, a speech delivery portion 13 for inputting the voice
of outgoing speech, etc. Provided in a suitable portion of
the interior of the case 11 is a notifying unit 2 for
notifying the user of incoming calls with sound, vibration
or both sound and vibration.

The notifying unit 2 comprises a first vibrator
drivable with a first drive signal at a frequency in the
audible range for producing sound waves, a second vibrator
drivable with a second drive signal at a second freéuencf
(up to hundreds of hertz) lower than the first frequency
for producing a vibration, and a signal generator circuit
for producing the first drive signal and the second drive
signal. The first vibrator and the second vibrator are
housed in a common casing. The first vibrator comprises a
coil attached by a first diaphragm to the casing, while the
second vibrator comprises a magnet attached by a second
diaphragm to the casing. The magnet is formed with a

magnetic gap having the coil of the first vibrator
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accomﬁodated therein.

Stated more specifically with reference to FIG. 2, the
ﬁbtifying unit comprises as housed in a cylindrical casing
21 a first vibrator 4 for producing sound waves mainly and
a second vibrator 3 for producing vibration mainly. The
casing_Zl has a compact structure in its entirety and
comprises a hollow cylindrical body 22, an annular front
cover member 24 having a sound emitting aperture 25 and
attached to an open front side of the body 22, and an
annular rear cover member 23 attached to an open rear side
of the body 22. |

The first vibrator 4lcomprises a circular first
diaphragm 41 having its peripheral portion held between the
casing body 22 and the front cover member 24, and a coil 42
fixed to the rear side of the first diaphragm 41. ihe |
first vibrator 4 has a resonance frequency in an audible
range in excess of hundreds of hertz.

On the other hand, the second vibrator 3 comprises an
annular second diaphragm 34 having its peripheral portion
held between the casing bddy 22 and the rear cover member
23, an outer yoke 32 secured to the inner peripheral
portion of the second diaphragm 34, a permanent magnet 31
magnetized axially thereof (vertical directiqn) and fixed

to the front side of the outer yoke 32, and an inner yoke



o~
Y

10

15

20

Le

[¥)

4]

7}

4
33 fi#ed to the front side of-the magnet 31. The coil 42
of the first vibrator 4 is accommodated upwardly or
déwnwardly movably in an annular magnetic gap defined by
opposed faces of the outer yoke 32 and the inner yoke 33.
The second vibrator 3 has a low resonance frequency of
lower than hundreds of hertz.

FIG. 11 shows the vibration characteristics Cs of the
first vibrator 4 and the vibration characteristics Cv of
the second vibrator 3. The vibrators 4, 3 exhibit a peak
in amplitude at the resonance frequencies Fs, Fv,
respectively. |

Accordingly, great notification effects are available
by feeding a sound drive signal and a vibration drive
signal of these respective resonance frequencies Fs, Fv to
the coil 42 of the notifying unit 2. |

More specifically, a sound drive signal Ds of a
frequency (for exampie, about 2 kHz) in match with the
resonance frequency Fs as shown in FIG. 10, (a) is fed to
the coil 42 when notiﬁying with sound, and a vibration
drive signal Dv' of a frequency (for example, about 100 Hz)
in match with the resonance frequency Fv as shown in FIG.
10, (b) is fed to the coil 42 when notifying with vibration.

When the sound drive signal Ds is fed to the coil 42

of the notifying unit 2, the coil 42 produces an axial
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drive force by virtue of the ;elationship between the
maghetic lines of force extending through the magnetic gap
rédially thereof and the éircumferential current flowing
through the coil 42 according to the Fleming's left-hand
rule. Since the drive force acts at the frequency of the
resonance point, the first vibrator 4 resonates to generate
sound waves, while the second vibrator 3 remains almost
free of vibration because the resonance point thereof is
different. The generation of sound waves gives audio
notification of ‘an incoming call.

On the other.hand, when the viﬁration drive signal Dv'
is fed to the coil 42 of the notifying unit 2, the coil 42
similarly produces an axial drive force. Since the
resonance point of the first vibrator 4 differs from the
frequency of the drive force, the first vibrator 4 |
undergoes almost no vibration, but the second vibrator 3
which has a resonance point at the frequency of the drive
force is resonated by the reaction of the drive.force to
produce vibration. The vibration generated is perceived by
the human body, notifying the user of an incoming call.

With the notifying unit 2, the resonance frequencies
of the vibrators 4, 3 inevitably involve variations due to
tolerances for the specifications for determining the

resonance frequencies of the vibrators 4, 3, such as the
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confiéurations, dimensions, m;terials, etc. of the
diaphragms 41, 34, yokes 32, 33 and permanent magnet 31.
Fbr example, the thickness of the second diaphragm 34
constituting the second vibrator 3 has a tolerance of 120
um = 8 um. In the case where the resonance frequency Fv
is 100 Hz when the diaphragm thickness t is 120 um, the
variation in the resonance frequency is 100 Hz * 10 Hz
since the resonance frequency Fv is in proportion to the
thickness t raised to the index 1.5.

FIG. 12 shows vibration characteristics a in a solid
line as varied by dimensional tolefénces, etc. to vibration
characferistics b, ¢ in a broken line, respectively. If a
vibrator having the vibration characteristics b involving a
variation is driven at the resonance frequéncy of the
vibration characteristics a with no variation, ﬁo fesonanée
occurs, and the amplitude of the vibrator will greatly
decrease from a peak value Wp at the resonance point to a
value W'. Thus in the case where the notifying unit is
driven with a drive signal of given frequency without
considering the variation of the resonance frequency, there
arises the problem that variations occur also in the
amplitude of the vibrator, failing to produce a

satisfactory notifying effect.

Further portable telephones in recent years can be set
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in vaiious operation modes, f;r example, to display the
telephone number of the caller upon receiving an incoming
céll or to serve as a pager. In conformity with such a
wider variety of oéerational functions, there arises a need
for the notifying unit to give notification not only of
incoming calls but also of the various modes in which the
telephone is set.

Accordingly, a first object of the present invention
is to provide a notifying device which produces
satisfactory notifying effects despite the variation in
resonance frequency, and a wirelesé.communications system
incorporating the device.

A second object of the invention is to provide a
wireless communicafions system comprising a notifying
device adapted for different kinds of notifying opefations

including notification of incoming calls to give

satisfactory notifying effects despite the variation in

resonance frequency.
DISCLOSURE OF THE INVENTION

To fulfill the first object, the present invention
provides a notifying device comprising a vibrator to be
resonated by a drive signal fed thereto, and a signal
preparing ciréuit for feeding the drive signal to the

vibrator, the notifying device being characterized in that
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the signal preparing circuit érepares a drive signal
varying in frequency within a predetermined range including
the resonance frequency of the vibrator and feeds the drive
signal to the vibrator.

Even if the vibrator has a resonance frequency
involving a variation due to dimensional tolerances, etc.
of the vibrator, the drive signal repeatedly varies in
frequency within the predetermined range, so that resonance
occurs to give a great amplitude when the frequency of the
drive signal matches the true resonance frequency during
the variation. When the frequency ef the drive signal
thereafter becomes different from the true resonance
frequency, the vibrator undergoes no resonance and exhibits
a diminished amplitude, whereas.the amplitude increases
when the signal frequency matches the true resonance
frequency again. In this way, the amplitude of the
vibrator repeatedly increases to the amplitude of resonance
as a peak and decreases therefrom as the frequency of the
drive signal varies.

Stated more specifically, the variation in the
frequency of the drive signal corresponds to the variation
in the resonance frequency due to tolerances for the
specifications on which the resonance frequency is

dependent. The variation in the resonance frequency due to
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tolerénces for the specifications can be determined
experimentally, empirically or theoretically, and the
v;riation in the frequency of the drive signal can be
determined reasonably when made to correspond to the
variation thus determined.

The rescnance frequency of the vibrator is an actually
inaudible low frequency, for example, of up to hund;eds of
hertz, and the vibration of the vibrator at the resonance
frequency has an amplitude which is generally perceivable
by the human bodf, whereby a pérceivable notifying effect
can be obtained. |

The drive signal has an alternating waveform of pulses

or sine waves having a frequency which periodically varies

-preferably at 0.5 to 10 Hz, more preferably at 1.37 to 2.98

Hz, most preferably at 2.18 Hz. This periodically produces
resonance of highly perceivable effect.

The frequency of the drive signal further varies in
the form of triangular waves, sine waves or sawtooth waves.
Especially when the ﬁrequency of the drive signal is
varied in the form of sawtooth waves, resonance occurs with
a definite period in match with the period of the waves,
ensuring notification without discomfort. The frequency of
the drive signal need not always be varied continuously but

may be gradually increased or decreased stepwise.
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fhe present invention pr;vides a wireless
communications system comprising the notifying device of
the invention described for notifying the user of incoming
calls. The system produces a satisfactory notifying effect
even if the resonance frequency of the notifying device
involves a variation, thus giving reliable notification of
incoming calls.

With the notifying device and the wireless
communications system incorporating the device according to
the invention, périodic or nonperiodic occurrence of
resonance repeatedly increases the'émplitude of the
vibratér to the amplitude of resonance as a peak and
decreases the amplitude from the peak, affording effective
notification which is audible or perceivable by the human
body.

To fulfill the second object, the present invention
provides a wireless communications system which has
ihcorporated therein a notifying device for perforﬁing
different kinds of notifying operations including
notification of incoming calls, the notifying device
comprising a vibrator to be resonated by a drive signal fed
thereto, and a drive signal feed circuit for feeding the
drive signal to the vibrator. The drive signal feed

circuit comprises command signal preparing means for
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prepafing notification commané signals which are different
for different contents of notification in conformity with
tﬁe content, and drive signal preparing means operative in
response to the notification command signal to prepare a
drive signal which varies in frequency within a
predetermined range including the resonénce frequency of
the vibrator and which differs in the state of variation
for the different notification command sigﬁals and to feed
the drive signal to the vibrator.

Even if the vibrator has a resonance frequency
involving a variation due to dimenéional tolerances, etc.
of the.vibrator{ the drive signal repeatedly varies in
frequency within the predetermined range, so that resonance
occurs to give a great amplitude when the frequency of the
drive signal matches the true resonance frequency during
the variation. When the frequency of the drive signal
thereafter becomes different from the true resonance
frequency, the vibrator undergoes no resonance and exhibits
a diminished amplitude, whereas the amplitude increases
when thelsignal_frequency matches the true resonance
frequency again. In this way, the amplitude of the
vibrator repeatedly increases to the amplitude of resonance

as a peak and decreases therefrom as the frequency of the

drive signal varies.
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further in response to a; incoming call or in
accordance with other operation of the system, a specific
n&tification command signal is prepared for notifying the
use of the operation, and a drive signal is prepared with
reference to the command signal for driving the vibrator in
a different state of ﬁibration. Upon receiving a usual
incoming call, for example, a first drive signal is
prepared wherein the variation of the vibration frequency
continues, based on an incoming call notification command
signal. Upon rebéiving an incoming call from a specified
callér, on the other hand, a second-drive signal is
prepared which turns on and off with a predetermined period,
based on a caller notification command signal. When the
notifying device is d;iven with the first drive signal,
resonance occurs with a prédetermined period, whereés wheﬁ
the notifying device is driven with the second dfive signal,
resonance occurs intermittently periodically. This
difference in the mode of vibration enables the user to
identify the caller.

Further when an operation mode as a telephone is set,
a drive signal is prepared wherein the variation of the
frequency has a first period, based on a mode notification
command signal. When other operation mode, for examﬁle,

for the function of a pager is set, a drive signal is



10

15

20

14

«

13
prepared wherein the variation of the frequency has a
second period, based on a mode notification command signal

concerned. Consequently, the different operation modes

produce intermittently periodical resonance in different

states. This difference in the state of vibration enables

the user to identify the different operation modes.

Stated more specifically, the variation in the
frequency of the drive signal corresponds to the variation
in the resonance frequency due to tolerances for the
specifications on which the resonance frequency is
dependent. The variation in the résénance frequency due to
tolerances for the specifications can be determined
experimentally, empirically or theoretically, and .the
variation in the frequency of the drive signal can be
determined reasonably when made to correspond to the
variation thus determined.

For example, the resonance frequency of the vibrator
is lower than audible frequencies and is more specifically
a frequency of up to hundreds of hertz, and the vibration
of the vibrator at the resonance frequency has an amplitude
which is generally perceivable by the human body, whereby a
perceivable notifying effect can be obtained.

The drive signal has an alternating waveform of

pulses or sine waves and a frequency which periodically
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varieé at one to several hert;. This periodically
produces resonance with a period highly effective for
pérception by the human body. The frequency of the drive
signal further varies in the form of triangular waves, sine
waves or sawtooth waves. .Especially when the frequency of
the drive signal is varied in the form of sawtooth waves,
resonance occurs with a definite period in match with the
period of the waves, ensﬁring notification without
discomfort. The frequency of the drive signal need not
always be varied'continuously but'may be gradually
increased or decreased stepwise. -

With the wireless communications system according to
the invention, periodic or nonperiodic occurrence of
resonance, regardless of the variation in the resonance
frequency, repeatedly increases the amplitude of the
vibrator to the amplitude of resonance as a peak and
decreases the amplitude from the peak, giving effective
notification which is audible or perceivable by the human
body. Further differgnt states of vibration enable the
user to identify the contents of notification.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the circuit

construction of a portable telephone of first embodiment of

the invention.
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fIG. 2 is an enlarged vi;w in section of a notifying
unit.

FIG. 3 includes waveform diagrams showing the
relationship between the frequency of a drive signal and
the amplitude of a wvibrator.

FIG. 4 is a waveform diagram of the drive signal.

FIG. 5 includes waveform diagrams showing the
relationship between the frequency of a drive signal and
the amplitude of a vibrator as another example.

FIG. 6 is a waveform diagram showing variations in the
frequency of a drive signal as anoﬁher example.

FIG. 7 is a block diagram showing the construction of
an example of vibrating signal processing circuit.

FIG. 8 includes waveform diagrams showing the
operation of the vibrating signal processing circuit.

FIG. 9 is a perspective view showing the appearance of
a portable telephone embodying the invention.

FIG. 10 includes waveform diagrams showing a sound
drive signal and a vibration drive signal of a conventional
portable telephone.

FIG. 11 is a graph showing the vibration
characteristics of vibrators.

FIG. 12 is a diagram for illustrating a decrease in

amplitude due to variations in resonance frequency.
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fIG. 13 is a graph showi;g the result of an experiment
conducted for determining an optimum range of modulation
fiequencies.

FIG. 14 is a block diagram showing the circuit
construction of a portable telephone of second embodiment
of the invention.

FIG. 15 is a diagram showing the construction of an
example of modulation signal- generating circuit.

FIG. 16 includes waveform diagrams showing the
operation of theé modulation signal generating circuit.

FIG. 17 includes waveform diagfams showing two kinds
of modﬁlation signals for use in operation mode
identification.

FIG. 18 includes waveform diagrams showing three kinds
of modulation signals for use in operation mode
identification.

BEST MODE OF CARRYING OUT THE INVENTION

A detail description will be given below of two
embodiments of the invention as applied to the portable
telephone shown in FIG. 9.

First Embodiment

As shown in FIG. 9, the portable telephone of the
invention comprises a flat case 11 having an antenna 1 and

provided on the surface thereof with a speech receiving
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portién 12 incorporating a sP;aker, manual buttons 14 such
as numerical keys, a speech delivery portion 13
incorporating a microphone, etc. Provided in a suitable
portion of the interior of the case 11 is a notifying unit
2 for notifying the user of incoming calls with sound or
vibration.

As shown in FIG. 2, the notifying unit 2 comprises as
housed in a commoﬁ casing 21 a first vibrator 4 for
producing sound mainly and a second vibrator 3 for
producing vibration mainly. The casing 21 comprises a
hollow cylindrical body 22, an annﬁiar front cover member
24 having a sound emitting aperture 25 and attached to an
open front side of the body 22, and an annular rear cover

member 23 attached to an open rear side of the body 22.

The first vibrator 4 comprises a circular first

diaphragm 41 having its peripheral portion held between the

casing body 22 and the front cover member 24, and a coil 42
fixed to the rear side of the fifst diaphragm 41. The
first vibrator 4 has a resonance frequency in an audible
range in excess of hundreds of hertz.

On the other hand, the second vibrator 3 comprises an
annular second diaphragm 34 having its peripheral portion
held between fhe casing body 22 and the rear cover member

23, an outer yoke 32 secured to the inner peripheral
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portién of the second diaphra;m 34, a permanent magnet 31
magnetized éxially thereof (vertical direction) and fixed
ts the front side of the outer yoke 32, and an inner yoke
33 fixed to the frént side of the magnet 31. The coil 42
of the first vibrator 4 is accommodated upwardly or
downwardly movably in an ahnular magnetic gap defined by
opposed faces of the outer yoke 32 and the inner yoke 33.
The second vibrator 3 has a resonance frequency in an
actually inaudible frequency range, for example, of 50 Hz
to 300 H=z.

The first and second diaphragﬁs 41, 34 can be méde
from a known elastic material such as metal, rubber or
resin; When required, the second diaphragm 34 has cuts SO
as to obtain a great displacement.

FIG. 1 shows the construction of the main circuit of
the portable telephope having the notifying unit 2
described. The teléphone is so adapted that when pressed,
the manual button 14 enables the user to select
notification with sound or notification with vibration for
alerting the user to incoming calls. In conformity with
the selection thus made, an alert setting circuit 55 sets
the selected alerting method for a control circuit 54.

A sound signal preparing circuit 57 and a vibration

signal preparing circuit 5 are connected to the notifying
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unit é by way of a switch 59,-which is changed over under
the control of the control circuit 54.

Radio waves transmitted by the base station are
received by the antenna 1 at all times with a specified
period. The signal received is frequency-converted and
demodulated by a radio circuit 51 and then fed to a signal

processing circuit 52, which extracts a digital sound

signal and a control signal from the signal. The operation

- of the signal processing circuit 52 is controlled by the

control circuit 54.

The control signal obtained by.the signal processing
circuit 52 is fed to an incoming call detecting circuit 53,
whereby an incoming call is detected if any. On the other
hahd, the sound signal given by the circuit 52 is fed to an
unillustrated sound signal processing circuit and then |
output from the speaker as sound.

The sound signal preparing circuit 57 serves to
produce a sound drive signal Ds of audible frequency for
notification with sound. On the other hand, the vibration
signal preparing circuit 5, which produces a vibration
drive signal Dv having a low frequency of up to hundreds of
hertz for notification with vibration pérceivable by the
body, comprises a modulation signal generating circuit 56

and a vibration signal processing circuit 58. The
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constfuctions of these circui;s 56 and 58 will be described
léter in detail.

When an incoming call is detected by the detecting
circuit 53, the control circuit 54 changes over the switch
59 in accordance with the alert setting by the manual
button 14. In the case where the user is to be ﬁotified of

the incoming call with sound only, the switch 59 is changed

over for connection to the sound signal preparing circuit

~ 57 to feed the sound drive signal alone to the notifying

unit 2. When notification is to be given only with
vibration, the switch 59 is changed over for the vibration
signal preparing circuit 5 to feed the vibration drive
signal alone to the notifying unit 2.

With reference to FIG. 10, (a), the sound drive signal
Ds produced by the sound signal preparing circuit Sf is |
prepared from a pulse signal having a frequency of 2 kHz in
the audible range by rendering the signal intermittent at a
period of 16 Hz. The resulting intermittent pulses provide
a readily audible notifying sound which sounds like
"pulll...." The frequency of 2 kHz matches the resonance
frequency Fv of the vibration characteristics Cs shown in
FIG. 11.

On the other hand, the vibration drive signal Dv

prepared by the vibration signal preparing circuit 5 has a
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frequéncy periodically varyiné in the range, for example,
of 100 Hz * 10 Hz and centered about approximately 100 Hz
that is easily perceivable by the human body as a vibration
as shown in FIG. 4. The center frequency 100 Hz is in
match with the resonance freqﬁency Fv of the vibration
characteristics Cv shown in FIG. 11.

FIG. 3, (a) shows an example wherein the frequency F
of the vibration drive signal Dv is varied in the form of
triangular waves. The frequency F has a variation of *AF
= %10 Hz with a center frequency of Fm = 100 Hz. The
variation frequency (1/Tm) is in tﬁé range of 0.5 to 10 H=z.

The vériation *tAF of the frequency is determined in
accordance with the'variation of the resonance frequency of

the second vibrator 3 due to tolerances for the

specifications on which the resonance frequency is

dependent.

Suppose the resonance frequency of the second vibrator
3 involves no variation in this case. Resonance then
occurs when the freqqency F matches the center frequency Fm,
and an amplitude curve Wa indicated in a solid line in FIG.
3, (b) is obtained which has a peak amplitude Wp at the

resonance point.

Further suppose the resonance frequency of the second

vibrator 3 involves a variation due to dimensional
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tolerénces for the diaphragm,~etc. The true resonance
point will then be positioned, for example, at point P in
fIG. 3, (a). Even in this case, resonance occurs when the
frequency F of the drive signal passes this point P, and an
amplitude curve Wb is obtained which hés a peék amplitude
Wp at the resonance point as indicated in a broken line in
FIG. 3, (b).

Thus, by varying the frequency of the vibration drive
signal Dv over the range of Fm * AF, an amplitude can be
obtained which VAries to exhibit a peak Wp always at the
resonance point despite the variation of the resonance
frequency, consequently producing a satisfactory notifying
effect. This amplitude variation achieves an enhanced
notifying effect which is perceivable by the human body.

In the case where the second vibrator 3 is driven at-a
constant frequency Fm, on the other hand, no resonahce
occurs if the resonance frequency of the second vibrator 3
varies, and the amplitude of the second vibrator 3 has a
small value W' greatly decreased from the peak value Wp at
the resonance point as indicated in a two-dot chain line in
FIG. 3, (b), consequently failing to produce a satisfactory
notifying effect.

The frequency of the vibration drive signal Dv is

variable not only in the form of triangular waves but also
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in thé form of sine waves or ;awtooth waves. For example,
in the case where the frequency is varied in the form of
s;wtooth waves as shown in FIG. 5,'(a), suppose the
resonance frequency of the second vibrator 3 has no
variation. An amplitude curve Wa is then obtained which
has a peak amplitude Wp at the resonance point as indicated
in a solid line in FIG. 5, (b). Even if the resonance
frequency of the second vibrator 3 involves a wvariation, a
resonance curve Wb will be obtained which has a peak
amplitude Wp at the resonance point as indicated in a
broken line in FIG. 5, (b). Notifiéation without
discomfort is realized especially in this case since the
second vibrator 3 resonates at a definite period.

Altérnatively, the frequency of the vibration drive
signal Dv can be gradually increased or decreased sfepwisé
in minute frequency increments or decrements as shown in
FIG. 6. The same effect as above is available also in this
case.

According to the_present embodiment, the vibration
signal preparing circuit 5 comprises a modulation signal
generating circuit 56 and a vibration signal preparing
circuit 58 as shown in FIG. 1. The modulation signal
generating circuit 56 produces a modulation signal Sm for

modulating the frequency of the vibration drive signal.

—————

ect Has Been R
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The médulation signal is prep;red in the same waveform as
the frequency variation waveform of the vibration drive
signal shown in FIG. 3, (a) or FIG. 5, (a). Such a
modulation signal can be prepared by a signal generating
circuit already known.

On the other hand, the vibration signal processing
circuit 58 can be, for example, of the construction shown
in FIG. 7. The circuit 58 comprises a charging unit 6
composed of a capacitance element C and resistance elements
Rl1, R2, an RS—flip-flop circuit 63 connected to the output
terminal of the unit 6 via a first.éomparator 61 and a
second.comparator 62, and a discharge control transistor 64
and a T-flip-flop circuit 65 which are connected to the
output terminal of the circuit 63. The modulation signal
Sm is fed to an inversion input terminal of the first
comparator 61, and a reference voltage signal Vref to a
noninversion input terminal of the second comparator 62.

FIG. 8 shows the operation of the vibration signal
processing circuit 587 The charging unit 6 is charged by
being supplied with power, whereby a voltage signal Vo
output from the charging unit 6 is gradually increased.
Upon'the magnitude of the signal reaching the level of the
modulation signal Sm, the first comparator 61 feeds a set

signal to the RS-flip-flop circuit 63, turning on an output
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So of'the circuit 63. éonseq;ently, the transistor 64 is
brought into conduction, starting to discharge the charging
uhit 6.

When the voltagé signal Vo delivered from the charging
unit 6 thereafter lowers to the level of the reference
voltage signal Vref, the second comparator 62 is turned on
to feed a reset signal to the RS-flip-flop circuit 63 and
turn off the output of the circuit 63. As a result, the
transistor 64 is brought out of conduction for the charging
unit 6 to resumé'charging.

In this way, the charging unif-s is repeatedly charged
and discharged (FIG. 8, (a)), and the output So of the RS-
flip-flop circuit 63 is turned on and off repeatedly (FIG.
8, (b)). 1In this process, the output of the T-flip-flop
circuit 65 is switched from on to off, and from offlto on
as timed with the rise of the output So.

As a result, the T-flip-flop circuit 65 produces a
drive signal Dv which is turned on and off every time the
voltage signal Vo reaqhes the level of the modulation
signal Sm as shown in FIG. 8, (c¢). The modulation signal
Sm varies, for examplé, in the form of triangular waves,
whereby the period To of the drive signal Dv is also varied
in the form of triangular waves, so that a modulation drive

signal Dv is obtained as shown in FIG. 4.



10

15

20

26
fo check the variation f;equency having a period To of
the modulation drive signal Dv, i.e., the frequency of the
mﬁdulation signal Sm, for an optimum range, an experiment
was first conducted to examine the notifying effect
peréeived by three panelists (A, B, C). For the experiment,
a wireless communications system (pager) of the invention

was placed on the palm of each panelist, the modulation

frequency was then altered continuously, and the panelist

- was asked to report the feeling of the vibration as

perceived. The value to be reported was an optional wvalue
ranging from 0 representing no vibfétion as sensed to 100
representing a vibration as perceived with the highest-
sensitivity. Further in the experiment, the modulation
frequency was first explored which resulted in a vibration
as sensed with the evaluation of 100, and the modulation
frequency was thereafter altered gradually for the panelist
to make a report upon perceiving a change in the vibration
as sensed. FIG. 13 shows the result.

FIG. 13 reveals that all the three panelists perceived
the vibration with the highest sensitivity when the
modulation frequency was 1.5 to 2.5 Hz, and that the
sensitivity decreased as the frequency departed ffom this
range. Although the decrease in the sensitivity to the

vibration differs from person to person, the panelists were
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allke in the tendency of sens;t1v1ty variations as apparent
from the result. It is therefore thought that FIG. 13
shows the basic variation pattern of perception
characteristics. |

Next, an experiment was conducted with ten panelists
(a to j). The wireless communications'system (pager) of
the invention was placed on the palm of each panelist, the
variation frequency was then altered continucusly, and the
panelist was asked to report the modulation frequency
(optimum modulation frequency) at which the vibration was

perceived with the highest sensitivity. Table 1 shows the

result.
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Table 1

Panelist Optimum modulation frequency [Hz]

a 2.25
b 2.31
c 2.10
d 2.03
e 2.77
£ 2.11
g 2.29
h 1.85
i 1.83
" J 2.23
Ave * SD 2.177 + 0.268

Since the optimum modulation frequency slightly
differs from person to person as will be apparent from the
table, the average value of the listed values, Ave = 2.177
ﬁz, can_be used as a universal optimum modulation frequency.

Further the standard deviation SD of the optimum variation
frequencies listed in Table i is 0.268, so that if the
modulation frequency is set within a range (Ave % 3SD)
three times the standard deviation centered about the

average value Ave, i.e., within the range of 1.37 to 2.98

Hz, a very high notifying effect can be given to almost all

users.

* This Sheet Has Been Replaced
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Second Embodiment

A portable telephone embodying the invention has
ihcorporated therein a notifying unit which has the same
construction as the notifying unit 2 of the first
embodiment shown in FIG. 2.

FIG. 14 shows the main circuit construction of the
portable telephone of the present embodiment.

Throughout this circuit and the circuit of first

- embodiment shown in FIG. 1, like components are designated

by like reference numerals and will not be described
repeatedly.

The sound signal preparing circuit 57 serves to
produce a sound drive signal Ds of audible frequency for
notification with sound as in the first embodiment. On the
other hand, the vibration signal preparing circuit 5, which
produces a vibration drive signal Dv having a low frequency
of up to hundreds of hertz for notification with vibration
perceivable by the body, comprises a modulation signal
generating circuit 56_and a vibration signal processing
circuit 58. The constructions of these circuits 56 and 58
will be described later in detail.

An on/off switch 71 is interposed between the
vibration.signal preparing circuit 5 and the change-over

switch 59. The modulation signal generating circuit 56 and
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the oﬁ/off switch 71 have their operations controlled by a
control signal preparing circuit 72.

As shown in FIG. 14, the modulation signal generating
circuit 56 has a period change-over unit 7. A control
signal fed to this unit 7 from the control signal preparing
circuit 72 changes the period of the modulation signal Sm
to be fed to the vibration signal proceséing circuit 58.

FIG. 15 shows a specific example of construction of
the modulation signal generating circuit 56, and FIG 16,
(a) and (b) show the operation of the circuit 56. The
circuit 56 comprises first and secdﬁd comparators 73, 74, a
plurality of parameter selecting resistors R1l, R2, R3,
change-over switch S, feedback resistors Rb, Rc, capacitor
C, etc. The parameter selecting resistors R1l, R2, R3 and
change-over switch S constitute the period change—o&er unit
7. The switch S is changed over by the control signal fed
from the control signal preparing circuit 72. Consequently,
the slope (VB/CR) of the output voltage (modulation signal
Sm) of the second comparator 74 shown in FIG. 16, (b)
varies in accordance with the resistance value R of the
parameter selecting resistor. Further every time the
voltage E at point E in FIG. 15 increases from (E = Vcc -
VB) to (E = Véc + VB) as shown in FIG. 16, (a), the output

voltage of the second comparator 74 drops, giving a
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sawtoéth modulation signal Sm-as shown in FIG. 16, (b). In
this way, the period of the modulation signal Sm can be
cﬁanged to one of different periods.

The control signal preparing circuit 72 prepares a
change-over control signal for the switch S constituting
the period change-over unit 7 and an on/off control signal
for the on/off switch 71 in response to a mode notifying
command signal obtained from the control circuit 54.

For example, in the case where the system has
registered therein the telephone number(s) of specified one
or more than one callers, and when é call is received from
an unrégistered caller, the incoming call is detected by
the incoming call detecting circuit 53, whereupon the
control circuit 54 prepares a mode notifying command signal
for giving a command to notify the user of reception of the
call and feeds the command signal to the control signal
preparing circuit 72. The circuit 72 in turn controls the
period change-over unit 7 of the modulation signal
generatihg circuit 56( whereby a modulation signal of
sawtooth waves having a predetermined period TO is
generated as shown in FIG. 17, (a), and the on/off switch
71 is hela on at all times. A drive signal varying in
frequency in accordance with the modulation signal is fed

to the notifying unit 2. As a result, the notifying unit 2
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resonates with the period TO.
On the other hand, when a call is received from the

registered caller, the incoming call is detected by the

incoming call detecting circuit 53, whereupon the control

circuit 54 prepares a mode notifying command signal for

giving a command to notify the user of reception of the
call and feeds the command signal to the control signal
preparing circuit 72. The circuit 72 in turn controls the
period change-over unit 7 of the modulation signal
generating circuit 56, whereby a modulation signal of
sawtooth waves having a predetermiﬁéd period TO is
geperated as shown in FIG. 17, (a), and the on/off switch
71 is turned on and off at a predetermined period T1 as
shown in FIG. 17, (b). An intermittent drive signal with
on/off repetitions as shown in FIG. 17, (c) is fed-ﬁo the.
notifying unit 2. As a result, the notifying unit 2
resonates during the on-period of the drive signal and
ceases to resonate during the off-period thereof. This
enables ;he user to recognize the incoming call from the
registered persoﬂ.

In the case where the portable telephone has three
operation modes for use as such, a pager and tranceiver and
when the telephone is set in the operation mode of

telephone, the control signal preparing circuit 72 controls
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the périod change-over unit 7-of the modulation signal
generating circuit 56 in response to an incoming call,
whereby a modulation signal of sawtooth waves having a
predetermined period T2 is generated as shown in FIG. 18,
(a), and the on/off switch 71 is held on at all times. A
drive signal varying in.frequency in accordance with the
modulation signal is fed to the noﬁifying unit 2. As a
result, the notifying unit 2 resonates at the period T2.

On the other hand, when the telephone is set in the
operation mode of pager, the control signal preparing
circuit 72 controls the period chaﬁée—over unit 7 of the
modulation signal generating circuit 56, whereby a
modulation signal of sawtooth waves having a predetermined
period T3 is generated as shown in FIG. 18, (b), and the
on/off switch 71 is held on at all times. A drive éignal
varying in frequency in accordance with the modulation
signal is fed to the notifying unit 2. As a result, the
notifying unit 2 resonates at the period T3 which is
different from that of FIG. 18, (a)..

Further when the telephone is set in the operation
mode of tranceiver, the control signal preparing circuit 72
controls the period change-over unit 7 of the modulation
signal generating circuit 56, whereby a modulation signal

of sawtooth waves having a predetermined period T2 is



10

15

20

103

34

generéted as shown in FIG. 18: (a), and the on/off switch
71 is turned on and off at a predetermined period T4. A
dfive signal with on/off repetitions at the period T4 as
seen in FIG. 18, (c) is therefore fed to the notifying unit
2. Consequently, the notifying unit 2 resonates during the
on-period of the drive signal and ceases to resonate during
the off-period of thereof, intermittently resonating
periodically. |

Accordingly the different states of vibration
described enablé the user to recognize the incoming call in
the particular operation mode. |

The on/off switch 71 turned on and off by the control
signal preparing circuit 72, preferably as timed with the
rise and fall of the frequency variation of the modulation
signal as shown in FIGS. 17, (c) and 18, (c). |

As described above, with the portable telephone
according to the invention, periodic or nonperiodic
occurrence of resonance repeatedly increasés the amplitude
of the vibrator to the amplitude of resonance as a peak and
decreases the amplitude from the peak, giving effective |
notification which is audible or perceivable by the human
body. Moreover different states of vibration enable the

user to identify the contents of notification.

The device and system of the present invention are not
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limitéd to the foregoing emboéiments in construction but
can be modified variously within the technical scope set
férth in the appended claims. For example, fhe present
invention is not limited to the notifying unit 2 having
both a sound generator and a vibration generator in
combination but can be applied also to a notifying device
comprising a sound generator and a vibration generator as
separate components. Furthermore, the vibrator of the
notifying unit 2 is not limited to one utilizing a magnetic
force but can beé of any of various known constructions
utilizing resonance. For example, ane utilizing a
piezoeiectric element is usable.

According to the first embodiment, it is possible to
use a microcomputer for constituting the vibration signal
prepariné circuit 5 and to prepare a modulation drive
signal Dv like the one shown in FIG. 4 by software
processing. It is also possible to use a microcomputer for
providing the vibration signal preparing circuit 5 and the
on/off switch 71 and to prepare the drive signal by
software processing.

Further the contents of the notification to be made by
the different states of vibration according to the second
embodiment are not limited to the operation modes at the

time of receiving incoming calls; the user can be thus
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notified, for example, of a b;ttery voltage drop for
alerting and various functional operations. Furthermore,
tﬁe on/off control and on/off-period change-over of the
drive signal shown in FIG. 17, (a), (c), can be combined

with the change-over of variation period of the drive

signal shown in FIG. 18, (a), (b) for the notification of

many operations.



(¥}

10

15

20

so NN O

What is claimed is:

1. A notifying device comprising a vibrator to be
resonated by a drive signal fed thereto, and a signal
preparing circuit for feeding the drive signal to the
vibrator, the notifying device being characterized in that
the signal preparing circuit prepares a drive signal
varying in frequency within a predetermined range including
the resonance frequency of the vibrator and feeds the drive
signal to the vibrator.

2. A notifying device according to claim 1 wherein the
variation of the frequency of the drive'signal corresponds
to a variation in the resonance frequency of the vibrator
due to tolerances of specifications on which the resonance
frequency is dependent.

3. A notifying device according to claim 1 or 2
wherein the resonance frequency of the vibrator is a low
frequency of up to hundreds of hertz, and the vibration of
the vibrator has at the resonance frequency an amplitude
generally perceivable by the human body.

4. A notifying device according to any one of claims 1
to 3 wherein the drive signal has an alternating waveform
of rectangular waves or sine waves having a frequency

periodically varying at 0.5 to 10 Hz.
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5. A notifying device according to claim 4 wherein the
frequency of the drive signal periodically varies at 1.37
to 2.98 Hz.

6. A notifying device agcording to claim 5 wherein the
frequency of the drive signal periodically varies at 2.18
Hz.

7. A notifying device according to any one of claims 1
to 6 wherein the frequency of the drive signal varies in
the form of triangular waves, sine waves or sawtooth waves
having the definite range as the amplitude thereof.

8. A notifying device according to any one of claims 1
to 7 wherein the frequency of the drive signal gradually
increases or gradually decreases stepwise within the
definite range.

9. A notifying device according to any one of claims 1
to 8 wherein the vibrator comprises a casing, a diaphragm
having a fixed end on an inner peripheral wall of the
casing, a magnet attached to a free end of the diaphragm,
and a coil aisposed as opposed to the magnet, and the drive
signal is fed to the coil.

10. A wireless communicafions system cqﬁprising a
notifying device for notifying the user of incoming calls,

the notifying device comprising a vibrator to be resonated
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by a drive signal fed thereto, and a signal preparing
circuit for feeding the drive signal to the vibrator, the
wireless communications system being characterized in ﬁhat
the signal éreparing circuit prepares a drive signal
varying in frequency within a predetermined range including
the resonance frequency of the vibrator and feeds the drive
signal to the vibrator.

11. A wireless communicétioﬁs system having
incorporated therein a notifying device for performing
different kinds of notifying operations including
notification of incoming calls, the notifying device
comprising a vibrator to be resonated by a drive signal fed
thereto, and.a drive signal feed circuit for feeding the
drive signal to the vibrator, the wireless communications. -
system being characterized in that the drive signal feed
circuit comprises:

command signal preparing means for preparing notification
command signals which are different for different contents
of notification in conformity with the content, and

drive signal preparing means operative in response to the
notification command signal to prepare a dri&e signal which
varies in frequency within a determined range including the

resonance frequency of the vibrator and which differs in
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the state of variation for the different notification
command signals and to feed the drive signal to the .
vibrator.

12. A wireless communications system according to
claim 11 wherein the drive signal prepared by the drive
signal preparing means varies in frequency continuously in
conformity with the notification command signal or
intermittently at a specified period in conformity with the
notification command signal.

13. A wireless communications system according to
claim 11 wherein the drive signal prepared by the drive
signal preparing means varies in frequency at a specified
period in conformity with the notification command signal.

14. A wireless communications system according.to any
one of claims-ll to 13 wherein the variation of frequency
of the drive signal prepared by the drive signal preparing
meéns corresponds to a variation in the resonance frequency
of the vibrator due to tolerances for specifications which
govern the resonance frequency.

15. A wireless communications system according to any
one of claims 11 ﬁo 14 wherein fhe resonance frequency of
the vibrator is a low frequency of up to hundreds of hertz,

and the vibration of the vibrator at the resonance
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frequency has an amplitude generally perceivable by the
human body.

16. A wireless communications system according to any
one of claims 11 to 15 wherein the command signal preparing
means prepares an incoming call notifyiﬁg command signal
for notifying the user of an incoming call, a caller
notifying command signal for distinguishing callers, and/or
a mode notifying command sighal for notifying the user of
an operation mode of the system.

17. A wireless communications system according to any
one of claims 11 to 16 wherein the vibrator of the
notifying device comprises a casing, a diaphragm having a
fixed end on an inner peripheral wall of the casing, a
magnet attached to a free end of the diaphragm, and a coil

disposed as opposed to the magnet, and the drive signal is

fed to the coil.



