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[5 7] ABSTRACT 

In apparatus for driving a transducer including a pair 
of electrodes there are provided a resonance circuit 
comprised by an inductance and a capacitance con 
nected in parallel and connected across the input elec 
trodes of the transducer, and means for supplying a 
periodic pulse current of narrow width to the 
resonance circuit thereby driving the piezoelectric 
transducer by the energy delivered by the resonance 
circuit. 

6 Claims, 5 Drawing Figures 
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l 
APPARATUS FOR DRIVING PIEZOELECTRIC 

TRANSFORMERS 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for driving a 
piezoelectric transducer or transformer for generating 
a high voltage. 
As is well known in the art a piezoelectric transducer 

comprises a solid rod or annular ring of sintered lead 
titanate zirconate or the like and the rod or ring is pro 
vided with two polarized regions, one formed with 
input electrodes and the other an output electrode. An 
AC driving voltage of the same or approximately the 
same frequency as the mechanical resonance frequen 
cy of the rod or ring is impressed across input elec-v 
trodes to generate a high AC voltage at the output ter 
minal. ‘ 

Such a piezoelectric transducer can not generate the 
high voltage at a desired voltage step-up ratio unless it 
is driven by a driving voltage having the same or ap 
proximately the same frequency as its mechanical 
resonance frequency. Further, it is essential to use a 
driving voltage of rectangular waveform in order to in 
crease the voltage step-up ratio and to stabilize the 
frequency of the driving voltage in order to stabilize the 
voltage step-up ratio. For this reason, the driving ap 
paratus for the piezoelectric transducer are required to 
satisfy various requirements described above. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a new and 
improved driving apparatus for a piezoelectric trans 
ducer that can produce a nearly perfect rectangular 
wave. 

Another object of this invention is to provide a novel 
driving apparatus for a piezoelectric transducer ac 
cording to which the transducer can operate at a high 
voltage step-up ratio. 

Further object of this invention is to provide a novel 
apparatus for driving a piezoelectric transducer which 
is suitable to use as a high voltage generating device for 
a television receiver. 
According to this invention there is provided ap 

paratus for driving a piezoelectric transducer including 
a pair of input electrodes, said apparatus comprising a 
resonance circuit connected across the input elec 
trodes, and means for supplying a periodic pulse cur 
rent of narrow width to the resonance circuit, the 
resonance circuit including an inductance and a 
capacitance which are connected in parallel thereby 
driving the piezoelectric transducer by the energy 
delivered by the resonance circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings : 
FIG. 1 shows a connection diagram of one example 

of the apparatus for driving a piezoelectric transducer 
constructed according to the principle of this invention 

FIG. 2 shows waveforms of various elements shown 
in FIG. 1; 

FIG. 3 is a curve showing the relationship between 
the output voltage V0 and the frequency f} of the driv 
ing pulse utilized to drive the piezoelectric transducer 
shown in FIG. 1 ; 
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FIG. 4 shows a connection diagram of a modi?ed 

embodiment of this invention and 
FIG. 5 shows waveforms to explain a method of im 

proving the efficiency of transformation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 1 of the accompanying draw 
ing there is shown a piezoelectric transducer 1 includ 
ing a pair of input electrodes 11 and 12 applied to the 
opposite surfaces of one end of a ceramic rod and an 
output electrode 13 applied to the end surface of the 
other end. The driving voltage for the piezoelectric 
transducer 1 is generated by a resonance circuit 2 com 
prising an inductor 21 and a capacitor 22 connected in 
parallel therewith. One terminal of the resonance cir 
cuit 2 is connected to one input electrode 11 whereas 
the other terminal is connected to the other input elec 
trode 12 via a source of DC, a battery 3, for example. 
There is provided a switching element 4 which may be 
a vacuum tube or a transistor. In the example shown, a 
NPN type transistor is used with its collector electrode 
connected to the input terminal 11 of the piezoelectric 
transducer through a diode 5. In this example, the 
cathode electrode of diode 5 is connected to'the collec 
tor electrode of the transistor. Further, an input circuit 
network 6 comprising an impedance matching trans 
former, for example, is connected between a source of 
pulse 7 ( or a source of a horizontal synchronizing pulse 
signal where the piezoelectric transducer is used for a 
television receiver ) and the base and emitter elec 
trodes of the transistor 4. One of the output terminals 
of the input circuit network and the emitter electrode 
of the transistor are connected to the input electrode 
12 of the piezoelectric transducer. 
The high voltage appearing at the output voltage may 

be converted into a high voltage direct current by 
means of any type of recti?er. In this example, use is 
made of a voltage multiplying type recti?er vcircuit 8 
comprising capacitors 85, 86 and 87 and diodes 81 
through 84 which are connected as shown. The output 
of the recti?er circuit is impressed across a load 9 
which corresponds to the anode electrode of the 
cathode ray tube of a television receiver, for instance. 
By the reason described above, the piezoelectric 
transistor 1 is designed to have a mechanical resonance 
frequency which is the same or substantially the same 
as the repetitive frequency or its integer multiple of the 
horizontal synchronizing pulse signal supplied to the 
input of transistor 4. Where the horizontal synchroniz 
ing signal has a frequency of 15,73 ‘KI-I2, its third har 
monic equals above 47 KIIz and the fourth harmonic 
about 63 Kl-I,, and the particular resonance frequency 
of the piezoelectric transfonner which is to be matched 
with the frequency or its integer multiple of the 
horizontal synchronizing signal can be readily deter 
mined by the proper selection of the configuration or 
dimension of the piezoelectric transducer. The values 
of inductor 21 and capacitor 22 of the resonance cir 
cuit 2 are selected to cause the same to resonate at a 
frequency equal to or nearly equal to the mechanical 
resonance frequency of the piezoelectric transducer. 
This relationship among the frequencies of the 
piezoelectric transducer, resonance circuit and the 
horizontal synchronizing pulse signalis an important 
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factor in order to stably drive the piezoelectric trans 
ducer. The purpose of the diode 5 connected between 
the collector electrode of transistor 4 and the 
resonance circuit 2 is to prevent the oscillation current 
generated by resonance circuit 2 from being short cir 
cuited by the transistor, particularly by its base and col 
lector electrodes. 
The operation of the circuit will be considered 

hereunder with the aid of waveforms shown in FIG. 2. 
When a positive horizontal synchronizing pulse 

signal V, as shown in FIG. 2a is impressed upon the 
base electrode of transistor 4 from source 7 through 
input circuit network 6, the transistor is tuned ON to 
pass a saw tooth collector current I,_., as shown in FIG. 
2b, through a circuit including battery 3, inductor 21 of 
the resonance circuit 2, diode 5, collector-emitter elec 
trodes of transistor 4. This collector current rapidly 
decreases when the horizontal synchronizing pulse 
signal applied to the base electrode of transistor 4 dis 
appears. Then, the energy that has been stored in in 
ductor 11 is discharged through capacitor 22, thus 
creating an oscillation in the resonance circuit 2, the 
oscillation of course attenuating with time. In the 
absence of diode 5, the negative half cycles of the oscil 
lation are short circuited by the transistor, thus 
stopping oscillation. Thus, the diode 5 is effective to 
prevent this short circuiting and provides a damping ef 
fect when the transistor is driven. The resonance volt 
age V, having a sinusoidal waveform is applied across 
the input terminals 1 1 and 12 of the piezoelectric trans 
ducer l. The waveform of this driving voltage is shown 
by FIG. 2c. 
Upon receival of this resonance voltage V,, the 

piezoelectric transducer 1 will vibrate at its natural 
mechanical resonance frequency to produce a high 
voltage sine wave voltage at its output electrode 13 as 
shown in FIG. 2d. The output voltage is an extremely 
stable sine wave voltage because the driving voltage V, 
is derived from the resonance circuit 2. The output 
voltage is recti?ed by the recti?er network 8 and is 
then applied to load 9. . 
Summarizing the operation of the novel apparatus, a 

periodic pulse of a narrow‘ width, such as a horizontal 
synchronizing pulse signal, and having a frequency 
equal to or nearly equal to the mechanical resonance 
frequency of the piezoelectric transducer 1 is im 
pressed upon the transistor 4, energy will be stored in 
the inductor 21 of resonance circuit 2 while the 
transistor is conducting. During the period in which the 
pulse is not applied to the transistor the energy stored 
in inductor 21 is discharged through capacitor 22 thus 
creating a sine wave oscillation voltage which is applied 
across the input electrodes of the transducer. 

ln this-manner, storing of energy and an oscillation 
due to discharge there of are attenuately repeated in 
the resonance circuit 2 to intermittently apply the sine 
wave voltage across the input electrodes of the trans 
ducer, thus producing a stable and greatly stepped-up 
output voltage as shown in FIG. 2d at the output elec 
trode l3. 
. FIG. 3 shows a relationship between the frequency of 
synchronizing pulse and the output voltage V0 of the 
piezoelectric transducer driven by the driving ap 
paratus shown in FIG. 1. The curve plotted in FIG. 3 
shows that the output voltage reaches a maximum 
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4 
when the frequency f, of the synchronizing pulse sub 
stantiatly coincides with the mechanical resonance 
frequency of the piezoelectric transducer. 
The novel driving apparatus utilizing the resonance 

circuit described above is suitable for driving a 
piezoelectric transducer adapted to drive a large load. 

In some cases, in the circuit shown in FIG. 1, it is dif 
?cult to match the collector current I, ?owing through 
transistor 4 with the impedance at the driving end of 
the piezoelectric transducer. In such a case, it is ad 
vantageous to use a modi?ed driving circuit shown in 
FIG. 4 in which an inductor 24 of the resonance circuit 
2 is provided with an intermediate tap 23, which is con 
nected to the collector electrode of the transistor 4 
through diode 5. With this modi?ed circuit, it is possi 
ble to readily supply a sufficiently large driving power 
to the piezoelectric transducer 1. 

In each embodiment, the output power of the 
resonance circuit 2 increases when the inductance of 
the inductor is decreased and the capacitance of the 
capacitor is increased. However, the output power is 
limited by the maximum collector current of the 
transistor and the maximum current of diode 5. 

FIGS. 5a and 5b are waveforms to explain the 
method of improving the transforming ef?ciency of the 
novel apparatus. These curves show the phase relation 
ship between the driving pulse V, for transistor 4 and 
the output voltage V, from the resonance circuit 2. 
Upon application of the resonance voltage V, in the 
same direction as the collector voltage of the transistor 
4 as shown in FIG. 5a, transistor 4 will operate with a 
large collector loss thus decreasing the ef?ciency of 
transformation. If the width of the driving pulse V, were 
selected such that the pulse is impressed at an instant 
when the resonance voltage V, becomes zero- or nega 
tive with respect to the collector voltage of the 
transistor the ef?ciency of transformation will be im 
proved substantially. 

In addition to a television receiver, the novel driving 
apparatus can also be used for any piezoelectric trans 
ducer designed to generate a high voltage. 
While the invention has been shown and described in 

terms of some preferred embodiments thereof it will be 
clear that many changes and modi?cations can be 
made without departing from the true spirit and scope 
of the invention as defined in the appended claims. 
What is claimed is : 
1. Apparatus for driving a piezoelectric transformer 

including a pair of input electrodes, said apparatus 
comprising: a resonance circuit connected across said 
input electrodes, said resonance circuit including an in 
ductance and a capacitance which are connected in 
parallel and said resonance circuit having a resonance 
frequency equal to or substantially equal to the 
mechanical resonance frequency or its integer multiple 
of said piezoelectric transformer; means for supplying 
periodic current pulses to said resonance circuit at a. 
frequency equal to or substantially equal to said 
mechanical frequency of said transformer or an integer 
multiple thereof and at a frequency equal to or less 
than said frequency of said resonance circuit to cause 
said resonance circuit to resonate to drive said trans 
former, said pulse supplying means comprising a 
switching element having a control electrode and 
means for applying a periodic pulse current signal to 
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said control electrode to render said switching element 
periodically conductive at the frequency of said pulse 
supplying means; and a diode connected between said 
switching element and said resonance circuit to prevent 
said switching element from stopping oscillation of said 
resonance circuit when said switching element is not 
conducting. 

2. The apparatus according to claim 1 wherein said 
switching element comprises a transistor. 

3. The apparatus according to claim 1 including a 
source of DC to energize said resonance circuit and 
wherein said diode is connected between said switching 
element and said resonance circuit with a polarity for 
ward with respect to the polarity of said source. 

4. The apparatus according to claim 1 wherein said 
inductor of said resonance circuit is provided with an 
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6 
intermediate tap which is connected to said switching 
element through said diode. 

5. The apparatus according to claim 1 wherein said 
means for applying a periodic pulse current signal to 
the control electrode of said switching element is 
adapted to apply each pulse in said signal at a time 
when the output of said resonance circuit is zero or of a 
polarity opposite to that of said pulse. 

6. The apparatus as recited in claim 5 wherein said 
means for applying a periodic pulse current signal to 
the control electrode of said switching element controls 
the width of the pulses in said signal so that the pulses 
are applied at a time when the output of said resonance 
circuit is zero or of a polarity opposite to that of said 
pulse. 

* * * * * 


