Case 1249 COMT®OL CIRCU T FOR A Pl EZOELECTRI C VI BRATOR The present

I nvention concerns a control circuit for a piezoelectric vibrator. Such a
vibrator is in paqtnq@lgrcﬁ ended to equip an el ectronic watch having an
acoustic al arm device. Con | circuits for a piezoelectric vibrator are
al ready known, for exanple fron1Aner|can Patent US-A-4 232 241. '@g
docunent descrlbes such a circuit which conprises a branch conpr|5|ng a
coil and a diode connected in series, and a piezoelectric vibrator
connected in parallel Y ‘ * x gBRATORUI t. One
side of this parallel circuit |s connected to a voltage supply source,
whil e the other side of this parallel circuit is connected to a transistor,
which is itself al stheopneséntl finveheivnl tageezngphy contirod. ctlirichd tt for
transistor is g%ﬁa%&&%@&%@%&&0‘“§ué1&”£49ﬂo£4k%1{) NGk %‘}ttl%lar
transi stor, e Co e correspondi ng e romagn tlc ener gy
Wien t he transi@t@ﬂdﬁé Soosauip arhelkesteonic | wakck hheuingt AB peowsitdic
circuit, and theaval §agEcdnduced in the coil is thus applied to the
termnal's of the vibrator.so as to ex%lte the |latt wever, the sound

| evel which may be ©BREFREd St kRh Srcﬁ?d%??ZP§EFFﬁFP€dV?Hﬁ?#P?sa§e

di sadvant age wagready known, for example from American Patent
US-A~4 232 241. This document describes such a circuit
which comprises a branch comprising a coil and a diode

connected 1in series, and a piezoelectric vibrator
connected in parallel to the branch thus forming a
parallel circuit. One side of this parallel circuit is

- connected to a voltage supply source, while the other side
of this parallel circuit is connected to a transistor,
which is itself also connected to the voltage supply
source. While the transistor is conducting, a current
flows through the branch and the transistor, and the coil
stocks the corresponding electromagnetic energy. When the
transistor is blocking, the current flows through the
parallel circuit, and the wvoltage induced in the coil is
thus applied to the terminals of the vibrator so as to
excite the latter.

However, the sound level which may be obtained with
such a circuit is limited, which is a disadvantage when
using such.a circuit for an acoustlcal alarm In fact, the
amount of energy which the coil may stock" is a functlon of
its volume, i.e. the number of windings and the diameter
of the wire constituting the coil. As it is desirable to
incorporate the control circuit in a watch for example, it
will be understood that such a circuit may not be too
large.

‘The aim of the present invention is to provide a
solution to these problems by presenting a control circuit
for a piezoelectric vibrator which is of a simple
construction, which is not expensive, and which allows to
obtain a very high sound level, without the dimensions of
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using such a circuit for an acoustical alarm In fact, the anount of energy
which the coil may stock is a function of its volune, i.e. the nunber of

wi ndi ngs and the dianeter of the wire constituting the coil. As it is
desirable to incorporate the control circyt in a watch for exanple, it

wi |l be understood that such a circuit may not be too |large. The aimof the
present invention is to provide a solution to these problens by presenting
a control circuit for a piezoelectric vibrator which is of a sinple

construction, tMiisChelhigchdlt expeduivey 86d Withel |es thatobtidi mayVesy
hi gh sound level, with ua_th di mensions of this circuit becom ng too
| arge, so thaﬁnFPr98§ag§ |ﬁ§§?p%r@ﬁ2ﬁplﬁh§)%¥ €1 for exanple. This aimis
obt ai ned thanks toThlie speciilsi obtednede<hamksh tor edentspedief icofeaiuwes cui t
?CCOTO“ ng to gh3 érel@ﬁté.o Héigghlgxe&lfréi%il%y a@&%rh@}ﬁgnfzb()@l&%si“ s in
eedi ng the prezoelectric vibrator by tTwo voltage supp I nés, each one
conprising a coil.Ths selatipp deacrileditby €hq baveBFdopngensists cin
continual ly apdelddngX®He bidzde 1@ UM ¥Bratdr f BFt twbNeolitBgd! Qudy
excited lines, each one comprising a coil. In this way, the
vibrator can be held under tension continually and is
excited in a maximum way. In fact, the vibrator is excited
- in both directions relative to its rest position and it
thus has a displacement which is larger than the vibrator
of the prior art. It will thus be understood that, even if
the efficiency of the circuit is diminished, the sound
level will be much higher relative to a circuit of the
prior art. .

Other features and advantages of the invention will
appear more clearly when reading the following description
with reference to the annexed drawings, which are solely
given by way of example, and in which :

- Figure 1 represents schematically a control
circuit for a piezoelectric. vibrator according to the
invention, and - '

- figure 2 represents schematically the excitation
of the piezoelectric vibrator by the circuit of figure 1.

Figure 1 represents schematically a control circuit
of a piezoelectric vibrator according to the invention.

The circuit comprises a voltage supply source 1,
having for example a voltage of three volts, and supplying
two electrical branches. Each branch comprises a series
connection of a coil 2, 2' and a diode 3, 3', this
connection being connected by way of a first terminal A,
A' to the high voltage supply level of voltage supply
source 1. Of course, the position of coil 2 respectively
2' and diode 3 respectively 3', may be inversed. Each
connection is further connected, by the intermediary of a
second terminal B, B', to switching means, for example
transistors Tl1l, T2. Each transistor T1, T2 is connected by
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in both directions relative to its rest position and it thus has a

di spl acenent which is larger than the vibrator of the prior art. It wll

t hus be understood that, even if the efficiency of the circuit is

di m ni shed, the sound level will be nuch hjgher relative to a circuit of
the prior art. OQther features and advantadges of the invention wll appear
nore clearly when reading the foll ow ng description with reference to the
annexed draw ngs, which are solely given by way of exanple, and in which :

- Figure 1 rig{y es@iiter SOhemR! 16w k;ma.agenléoémbfcuhé *fr@lt&ge supply
pi ezoel ectric vibrator accordin I nvention

to th
represents scietHiTat| y™t I c&’x%t‘g?YoﬁhBF lahé:‘ﬁ%%arellga’r |f(}%'ﬁ b‘?rﬁ%‘f‘g%y
the circuit ofeddiglbmankch kilgur @ traapistentissthenaslcamdgceln@ntonlon-

ciroult of 2 Meaas! S6ErLEulbll bt Aeaudl ngd qpLbeci e Rhe TgLELLCUt

conprises a vl age suppl'y souf ce hav e a volta ree
volts, and suppsinnertiom @ndctqhecanrmmms mﬁctbebrm%ﬁrﬁéﬁprl sthis

series connectd iy Of e CObhmen eemfﬂélaoél eﬂe %raﬁsastt@x% GRANNEYd OtEhé’el ng
connected by way of a flrst t er m_nal elmigivolta e _sup | eve
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of vol tage suﬁﬂ%/ corneeted &° cfrhﬁslélg}t‘h¥° 5§9F| EGH chpptdads Sely
2' and di ode Fdwsitedl iwEiyh3is doyinketiedvaisathe Eb6W voltage level of

voltage supply source 1 .in the given example. A
piezoelectric vibrator 4 such as a piezoelectric membrane
is connected between the two terminals B, B'.

Each transistor Tl, T2 is controlled respectively by
a periodic control signal S] and S2 applied to its base.
The signal S2 is dephased relative to signal 81, for
example by 180°, so that when transistor Tl goes into
conductance by a control signal 81, the other transistor
T2 is held in its blocking or off-state by control signal
S2. .

The control signals S1 and S2 are for example pulse
signals, of which each leading edge changes the state of
transistor Tl and T2 respectively. When transistor T2 goes
into conductance, transistor T1 goes into the blocking
state, and an electric current flows through coil 2' and
diode 3' from the continuous voltage supply source 1
thereby passing through transistor T2, coil. 2' thus.
stocking the corresponding energy.

At the moment when transistor T1 goes into
conductance thanks to its control signal S1, transistor T2
goes into the blocking state under the action of its
control signal S2, dephased relative to signal S1. The
induced voltage in coil 2' will thus be applied to the
terminals of wvibrator 4 to put it in excitation. On the
other hand, a current flows through coil 2 and diode 3
from the continuous voltage supply source 1 passing
through transistor Tl1l, and -coil 2 thus stores the

corresponding energy.
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connection is further connected, by the internediary of a second term nal
B, B, to swtching neans, for exanple transistors T1, T2. Each transistor
T1, T2 is connected by 3its emtter to the |ow voltage | evel of the
vol tage supply source 1 in such a way tha a current may fl ow t hrough each
branch when a transistor is in its conducting, or on- state. O course,
here al so, the position of the series connection and the transistor may be
inversed. In this case, the common termnal of the transistors wll be the

one connected 10 tyfykl gy WOl ts’jl%ﬁdse @1# %td%%da%oh%?_nh%@ %htﬁ’g

connected to the | ow vol.tage |ev t age suég source |ven
exanpl e.- A pi'e®elrdured v%lzageroﬁ edthexs cé”-ﬂ-l 0@t ?renb?ﬁnléh?s

conneclt Fddbetﬁh@@dﬁzéﬂi@yt&\ﬁ ties r&ﬁ@xﬁ%mﬁg &t . tEQCholta?ég ﬁhQéhTi-s Iﬁpnsed
control |l ed respect y, a periodic,contr signal S1 an a

re base.  Thet S grRFatsr S SeBadipa ofs | Bheo rétpnancs) FrardiGe FE by
[err] so thattlwblenlbn:anmrst orthd'llguter Wil k obeucbanideady ia (aonnaxaimemgnal

S1, the otherptransistor T2 is held in its blocking or off-state by control

signal S2.
Figure 2 represents schematically such an excitation

of vibrator 4. The voltage applied by coil 2 excites
vibrator 4 in a first direction relative to its rest
position, for example, in an upper direction indicated by
the dotted line in figure 2. The voltage applied by coil
2' will then excite vibrator 4 in the other direction, for
example in a down direction as is also indicated in figure
2, at the moment of the changing of the 'states of
transistors T1l, T2 as has been explained hereabove.
Vibrator 4 is thus driven in alternance and vibrates in
both directions, in a way which is comparable to the
membrane of a loudspeaker, and its displacement 4 is
greater than if it were only excited in one direction.

Advantageously, the control circuit according to the
invention allows to obtain a two-tone alarm, similar to a
police alarm, by using control signals S1 and S2 which
have slightly different frequencies. Of course, it is also
possible to obtain a four-tone alarm with the circuit
according to the invention by using a sweeping fregquency
for the control signals in a manner which is known to the
skilled person.

As such, a circuit is obtained which may produce a
sound level which is much higher than obtained by the
circuit known from the prior art, without this circuit
becoming much larger.

The control circuit according to the invention may
also be advantageously used in a wristwatch having an
alarm device. The circuit according to the invention may
thus produce, with a watch battery, a sound level which is
around 110 dB at 10 cm, this naturally also depending on



The control signals S1 and S2 are for exanple pul se signals, of which each
| eadi ng edge changes the state of transistor Tl and T2 respectively. Wen
transi stor T2 goes into conductance, transistor Tl goes into the bl ocking
state, and an electric current flows throygh coil 2' and diode 3' fromthe
continuous voltage supply source 1 thereby passing through transistor T2,
coil 2' thus stocking the corresponding energy. At the nonment when
transistor T1 goes into conductance thanks to its control signal S1,
transistor T2t%%e§"z@ O Nend! 9Lkl g1 Sbek-£c UpdBratbe ashi oh @hd teawion) ! ol
signal S2, dep ase& relative to signal S1. The induced voltage in coil 2
will thus be appwhéghtdti ke PERFPAals of vibrator 4 to put it in
excitation. On the other hand, a current flows through coil 2 and diode 3
fromthe continuous voltage supply source 1 passing through transistor TI1,
and coil 2 thus stores the correspondi ng energy. 4 Vibrator 4 is thus
hel d under a conti nuous voltage by the induced voltage of either coil 2, or
coil 2°. If the frequency of the changing of the voltage which is applied



to vibrator 4 corresponds to the resonance frequency of the vibrator, the
latter will be excited in a maxi num manner. Figure 2 represents
schematically such an excitation of vibrator 4. The vol tage applied by coi
2 excites vibrator 4 in a first direction relative to its rest position,

for exanple, in an upper direction indica ed_b¥_Lh§_QQLLEQ*L%Q§ in figure
2. The voltage applied by coil 2' wll then excite vibrator I'n the other
direction, for exanple in a down direction asumuﬁ"ﬁmn ﬂ din figure
2, at the rmr@ggng the changing of the -stat g mﬂ' T1, T2 as

has been expl-al ned hereabove. Vibrator 4 isithus dritvef i A atternance and
vibrates in both directions, in a way which is conparable to the nenbrane

of a | oudspeaker, andddrit#bBPlcacRiEBt dokS A pdlefodldciici tvisrecr! ¥
excited in one direction. Advantageously, the control circuit according to

the inventi of AHOWE% ‘obtain a two-tone alarm simlar to a police alarm
by using cont+ @ fSimptallrasthrdmB2istihgh: have slightly different

frequencies. O course.s. it i -ROssihl e t t Qi our-tone alarm
with the circuit a.cco%d'lxlr?l'gt g%w?kéﬂllﬁge%{ | 5% bgﬁégi %ﬁj}g% e&epF%gri?er eﬁﬁéncy
for the contrigitaiifislkleekingeaméringe chts scondigting t$lakki fodlowdngon.

As such, a CigdlidedeptGrficted Warelh BBYiAIREWShiFrol signal (S1), and
- a first series connection of a coil (2) and a
diode (3), a first terminal (A) of said first series
connection being connected to a voltage supply source (1)
and a second terminal (B) of said first series connection
being connected to said first switching means (T1),
characterized in that it further comprises

- a second branch comprising :

- second switching means (T2) arranged to go into
its blocking and into its conducting state following the
reception of a second periodic control signal (S2), and

- a second series connection of a coil (2') and a
diode (3'), a first terminal (A') of said second series .
connection being connected to said voltage supply source
(1) and a second terminal (B') of said second sefies
connection being connected to said second switching means
(T2) ,
said vibrator (4) being connected between said second
terminals (B, B') in such a way that when said first
switching means (T1l) are in the blocking state, said
second switching (T2) are in the conducting state and are
electrically connected in series with said vibrator (4)
and with said first series connection (2,3), while when
said second switching means (T2) are in the blocking
state, said first switching means (T1l) are in the
conducting state and are electrically connected in series
with said vibrator (4) and with said second series
connection (2',3').

2. Circuit according to claim 1, characterized in
that said switching means, each comprises a transistor



sound | evel which is nuch hi gher than obtained by the circuit known from
the prior art, without this circuit becom ng nuch larger. The control

circuit accordingto—the—+tnventi+onr may al so be advantageously used in a
wri stwat ch havin | ce. The cir;uit according to the invention
may thus pr oduc-ezl'mllmlgi%ﬂﬁm@ﬁttery, a sound | evel which is around 110
dB at 10 cm this%s

dependi ng on 5 the size of the
pi ezoel ectric vibrator and on the cavity in which it is placed. 6 CLAI M5
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peri odi ¢ cont redlbéeghar-efmitteandconnected to said second terminals
(B, B'). '
3. Circuit according to claim 1 or 2, characterized
in that said second control signal (S2) is dephased by
180° with respect to said first control signal (S1).
4. Watch having an acoustic alarm device,
characterized in that it comprises a control circuit
according to any of the claim 1, 2 or 3.



1 "a first series connection of a COI| (2) and a diode (3), a first -
termnal (A) of said first series connecti.gn being connected to a voltage
supply source (1) and a second terminal (B)‘ofsaid first series connection
bei ng connected to said first switching neans (T1l), characterized in that

it further conprises - a second branch, zpnpr|5|ng . - second swtching
means (T2) arranged to go into its blocking and into its conducting state
- follow ng the receptlon of a:second periodic control signal (S2), and - a

(A") of said s ries cennection being connected to said voltage
supply source (1) Tand a second termnal (B') of /said second series
connection being connected t{o said second swi tching neans (T2), said

vi brator (4) being connected between said seconl termnals (B, B') in such
"a way that when said first gwitching neans (T1l)}{are in the bl ocking state,
said second switching (T2) gre in the conducting state and fre electrically
connected in series with saild vibrator (4) and WM th said fifst series
connection (2,3), while when paid second switg¢hirjg neans (TR) are in the

bl ocking state, said firstiswtching nmeans (T}) 4re_in the gonducting state

and are eIectric&[inggnneePej in series - 2

second series gé on of Acoil (2') and a djadde (3'), a first termna
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with said vibrator (4) and with said second series connection (2',3"). 2.
Crcuit according to claim1l, characterized in that said sw tching neans,
each conprises a transistor each’having a base to which one of said
first and second control signals (S1,S2) is applied and each having a path
collector-emtter connected to said second terminals (B, B ). 3. Crcuit
according to claim1l1l or 2, characterized in that said second control signa
(S2) is dephased by [err] with respegsdm®agai d first control signal (S1).
4. Watch having an acoustic alarm device, characterized in that it
conprises a control circuit according to any of the claiml1, 2 or 3.

CONTROL, CIRCUIT FOR A PIEZOELECTRIC VIBRATOR

The control circuit of the piezoelectric vibrator
éomprisés two branches, each comprising switching means
(T1, T2) arranged to go into a blocking state and a
conducting state following the reception of a control
signal, and a series connection of a coil (2,2') with a
diode (3,3'), a first terminal (A,A') of said series
connection being connected to a voltage supply source (1)
and a second terminal " (B,B') of said connection being
connected to said switching means (T1,T2).

The vibrator (4) is connected between said second
terminals (B,B') so as to be excited in alternmance in a
first direction, when said first switching means are in
the blocking state and at the same time the second
switching means are in the conducting state, and in a
second directién, when said second switching means are in
the blocking state while at the same time the first
switching means are in the conducting state. ’

Figure 1



