
\ 

~ . 

Case 1249 

CONTROL CIRCUIT FOR A PIEZOELECTRIC VIBRATOR 

The present invention concerns a control circuit for 

a piezoelectric vibrator. Such a vibrator is in particular 

intended to equip an electronic watch having an acoustic 

alarm device. 

Control .circuits for a piezoelectric vibrator are 

already 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 in 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 voltage induced in the coil.is 

thus applied to the terminals of tpe 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 acoustical al~. Ln fact, the 

amount of energy which ~he coil 'may st.ock : is a i:function 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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this circuit becoming too large, so that it may be 

incorporated into a watch for example. 

This aim is obtained thanks to the specific features 

which presents the control circuit according to claim 1. 

The solution described by the invention consists in 

feeding the piezoelectric vibrator by two voltage supply 

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 l. ·re:presents 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 Tl, T2. Each transistor Tl, T2 is connected by 



3 

its emitter to the low voltage level of the voltage supply 

source 1 in such a way that a current may flow through 

each branch when a transistor is in its conducting, or on­

state. Of course, here also, the position of the series 

connection and the transistor may be inversed. In this 

case, the common terminal of the transistors will be the 

one connected to the high voltage -level instead of the 

terminal which is connected to the low 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 Tli T2 is controlled respectively by 

a periodic control signal Sl and S2 applied to its base. 

The signal S2 is dephased relative to signal Sl, for 

example by 180°, so that when transistor Tl goes into 

conductance by a control signal Sl, the other transistor 

T2 is held in its blocking or off-state by control signal 

S2. 

The control signals Sl 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 Tl 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 Tl goes into 

conductance thanks. to its control signal Sl, transistor T2 

~oes into the blocking state· under the action of its 

control signal S2, dephased relative to signal Sl. The 

induced voltage in coil 2' will thus be applied to the 

terminals of vibrator 4 to put it in excitation. On the 

other hand, a current flows· through coil 2 and diode 3 

from the continuous voltage supply 

through transistor Tl, and ·coil 2 

corresponding energy. 

source 1 passing 

thus stores the 
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Vibrator 4 is thus held under a continuous 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 maximum 

manner. 

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 Tl, 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 d is 

greater than if it were only excited in one direction. 

Advantageously, the control circuit according to the 

invention al.lows to obtain a two-tone alarm, similar to a 

police alarm, by using control signals Sl and 52 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 frequency 

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 
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the size of the piezoelectric vibrator and on the cavity 

in which it is placed. 
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1. Control circuit for a piezoelectric vibrator 

comprising : 

- a first branch comprising 

first switching means (Tl) arranged to be put 

into its blocking and into its conducting state following 

the reception of a first periodic control signal (Sl), 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 (Tl), 

characterized in that it further coroprises 

- 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 series 

connection being connected to said second switching means 

(T2) I 

said vibrator (4) being connected between said second 

terminals {B, B') in such a way that when said first 

switching means {Tl) 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 (Tl) 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 
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each having a base to which one of said first and second 

control signals (Sl,S2) is applied and each having a path 

collector-emitter connected to said second terminals 

(B1 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 (Sl) . 

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. 


