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PIEZOELECTRIC TRANSFORMER DRIVE 
METHOD AND DRIVE CIRCUIT 

TECHNICAL FIELD 

0001. The present invention relates to a driving method 
and a driving circuit of a piezoelectric transformer which 
transforms AC voltage by utilizing a resonance phenomenon 
of a piezoelectric vibrator. 

BACKGROUND ART 

0002 A piezoelectric transformer (solid former) is con 
figured to input low Voltage and output high Voltage by 
utilizing a resonance phenomenon of a piezoelectric vibrator 
(see, for example, Patent Document 1). A characteristic of a 
piezoelectric transformer is that the energy density of a 
piezoelectric vibrator is higher comparing with an electro 
magnetic type. Therefore, the size can be reduced, whereby 
piezoelectric transformers are used for cold-cathode tube 
lighting, liquid crystal backlight lighting, a small AC 
adapter, a small high-voltage power source, and the like. 
0003 FIG. 8 shows a piezoelectric transformer, in which 
FIG. 81 is a perspective view, FIG. 82) is a side view, and 
FIG. 83) is an equivalent circuit diagram. Hereinafter, 
explanation will be given based on these Figs. 
0004. A piezoelectric transformer 10 includes primary 
electrodes 12 and 13 and a secondary electrode 14 on a 
piezoelectric vibrator 11, and the primary side is polarized in 
a thickness direction (arrow 15) and the secondary side is 
polarized in a length direction (arrow 16). The primary 
electrodes 12 and 13 are opposite each other sandwiching 
the piezoelectric vibrator 11. The piezoelectric vibrator 11 is 
in a plate shape (rectangular parallelepiped shape) having 
the length L, the width W and the thickness t. In the length 
direction of the piezoelectric vibrator 11, the primary elec 
trodes 12 and 13 are provided from one end to L/2 in a width 
direction, and the secondary electrode 14 is provided in a 
thickness direction on the other end. When the voltage of a 
natural resonance frequency fr determined by the length 
dimension is inputted into the primary side of the piezo 
electric transformer, intense mechanical vibration is caused 
in the piezoelectric transformer due to the inverse piezo 
electric effect of the piezoelectric transformer, and with the 
piezoelectric effect thereof, an intense Voltage Vo appropri 
ate to the vibration is outputted to the secondary side. 
0005 The distribution of displacement and stress at the 
time of driving the piezoelectric transformer 10 is shown in 
FIG. 82). Parts holding the piezoelectric vibrator 11 are 
nodes located at positions which are 4 of the length from 
both ends in the case of mode. An equivalent circuit in the 
vicinity of the resonance frequency fr of the piezoelectric 
transformer 10 can be written as shown in FIG. 83). 
0006 Patent Document 1) 
0007 Japanese Patent Application Laid-open No. 
8-32134 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0008 FIG. 9 shows a driving circuit of a conventional 
piezoelectric transformer, in which FIG.91) is a functional 
block diagram, and FIG. 92 shows an output waveform of 
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a rectangle wave oscillator. Hereinafter, explanation will be 
given based on FIGS. 8 and 9. 
0009. A driving circuit 90 basically consists of a rect 
angle wave oscillator 91 and a lowpass filter 92. The lowpass 
filter 92 removes harmonic components included in the 
rectangle wave Voltage outputted from the rectangle wave 
oscillator 91 to thereby apply a waveform close to a sine 
wave to the piezoelectric transformer 10. 
0010 Fourier series of a rectangle wave (or may be called 
a square wave) shown in FIG. 92) is given by the following 
formula 2). 

(4Vpf) sin (ot--(/3)sin 3Got--(1/3)sin 5Got--... + 1/(2n+ 
1)}sin(2n+1)Got-- . . . 2 

0011. As obvious from the formula 2), harmonic waves 
other than the fundamental wave included in the rectangle 
wave are removed, so the cutoff frequency of the lowpass 
filter 92 is generally set to the third harmonic wave. Since 
Such a low cutoff frequency is required to be set, the 
inductance of the lowpass filter 92 must be large. However, 
there is a problem that an inductor having a large inductance 
is large in its dimensions, heavy and expensive. 

0012 Further, from the formula 2), the fundamental 
wave is shown as (4Vp/t)sin (ot. Therefore, in order to 
change the amplitude of the fundamental wave, a DC-DC 
converter for causing the voltage Vp to be variable is 
needed, which makes the configuration complicated. 

0013 In view of the above, an object of the present 
invention is to provide a driving method and a driving circuit 
of a piezoelectric transformer, capable of reducing the 
inductance of a lowpass filter and also changing the ampli 
tude of the fundamental wave without using a DC-DC 
converter. 

Means for Solving the Problems 

0014) A driving method of a piezoelectric transformer 
according to the present invention is to apply the Voltage of 
a discontinuous rectangle wave to primary electrodes of the 
piezoelectric transformer. A driving circuit of a piezoelectric 
transformer according to the present invention is one having 
a discontinuous rectangle wave oscillator which outputs the 
Voltage of a discontinuous rectangle wave which is applied 
to primary electrodes of the piezoelectric transformer. 
0015. A discontinuous rectangle wave used herein has the 
following characteristics 1 to 3. 1. It consists of a 
potential Vo, a potential V which is higher than the poten 
tial Vo, and a potential V, which is lower than the potential 
Vo. 2) Assuming one cycle is T, the discontinuous rectangle 
wave has a such configuration that a potential from a time 0 
to a time Ø is the potential Vo, from the time Ø to a time 
(T/6-o) is the potential V, from the time (T/6-9) to a time 
(T/3+9) is the potential Vo, from the time (T/3+9) to a time 
(T/2-0) is the potential V, from the time (T/2-0) to a time 
(T/2+9) is the potential Vo, from the time (T/2+9) to a time 
(2T/3-0) is the potential V, from the time (2T/3-0) to a 
time (5T/6+9) is the potential Vo, from the time (5T/6+9) to 
a time (T-e) is the potential V, and from the time (T-e) to 
a time T is the potential Vo. 3 The phase difference Ø is 
Osos T/12. 

0016. It is preferable that a discontinuous rectangle wave 
used herein has the following characteristics 1 to 3.1 
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It consists of a potential 0, a potential +1 which is higher by 
a certain Voltage than the potential 0, and a potential -1 
which is lower by a certain voltage than the voltage 0.2 
Assuming one cycle is T, the discontinuous rectangle wave 
has a Such configuration that a potential from a time 0 to a 
time Ø is the potential 0, from the time a to a time (T/6-0) 
is the potential + 1, from the time (T/6-0) to a time (T/3+8) 
is the potential 0, from the time (T/3+9) to a time (T/2-e) is 
the potential -1, from the time (T/2-8) to a time (T/2+9) is 
the potential 0, from the time (T/2+9) to a time (2T/3-o) is 
the potential -1, from the time (2T/3-0) to a time (5T/6+8) 
is the potential 0, from the time (5T/6+9) to a time (T-e) is 
the potential +1, and from the time (T-e) to a time T is the 
potential 0.3 The phase difference Ø is Osos T/12. 
0017. As obvious from the formula 2), assuming the 
coefficient of the fundamental wave is 1, a rectangle wave 
(conventional art) consists of the fundamental wave 
(/3)third harmonic wave+(/s)fifth harmonic wave-- . . . . 
That is, in a rectangle wave, the third harmonic wave 
occupies the most among the harmonic waves. Thereby, a 
lowpass filter in which the third harmonic wave is the cutoff 
frequency is required. 

0018. On the other hand, a discontinuous rectangle wave 
(present invention) does not include the third harmonic wave 
as described later, so the inductance of the lowpass filter can 
be small. For example, the inductance of the lowpass filter 
in which the fifth harmonic wave is the cutoff frequency is 
sufficient. Further, as described later, the amplitude of the 
fundamental wave can be changed by varying the phase 
difference Ø, whereby a DC-DC converter is not required. 
Note that assuming the coefficient of the fundamental wave 
is 1, a discontinuous rectangle wave when Ø is 0 is so 
configured as the fundamental wave--(-/s)fifth harmonic 
wave--(/7)Seventh harmonic wave-- . . . . 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 shows an embodiment of a driving circuit of 
a piezoelectric transformer according to the present inven 
tion, in which FIG. 11 is a functional block diagram, and 
FIG. 12 shows an output waveform of a discontinuous 
rectangle wave oscillator. 
0020 FIG. 2 is a graph showing the relationship between 
the phase difference and the coefficient of the fundamental 
wave in the driving circuit of FIG. 1. 
0021 FIG. 3 is a graph showing harmonic components of 
a rectangle wave (conventional art) and a discontinuous 
rectangle wave (present invention). 

0022 FIG. 4 is a circuit diagram showing an example of 
an oscillating unit in the driving circuit of FIG. 1. 

0023 FIG. 5 is a timing chart (No. 1) showing respective 
output signals in the oscillating unit of FIG. 4. 

0024 FIG. 6 is a timing chart (No. 2) showing respective 
output signals in the oscillating unit of FIG. 4. 

0.025 FIG. 7 is a circuit diagram showing an example of 
a driving unit in the driving circuit of FIG. 1. 

0026 FIG. 8 shows a piezoelectric transformer, in which 
FIG. 81 is a perspective view, FIG. 82) is a side view, and 
FIG. 83) is an equivalent circuit diagram. 
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0027 FIG. 9 shows a driving circuit of a conventional 
piezoelectric transformer, in which FIG.91) is a functional 
block diagram, and FIG. 92 shows an output waveform of 
a rectangle wave oscillator. 
0028. Hereinafter, as for a driving method and a driving 
circuit of a piezoelectric transformer according to the 
present invention, embodiments thereof will be explained 
with reference to the drawings. Since the driving method 
according to the present invention is used for the driving 
circuit according to the present invention, it will be 
explained together with the explanation about an embodi 
ment of the driving circuit according to the present inven 
tion. 

0029 FIG. 1 shows an embodiment of a driving circuit of 
a piezoelectric transformer according to the present inven 
tion, in which FIG. 11 is a functional bock diagram, and 
FIG. 12 shows an output waveform of a discontinuous 
rectangle wave oscillator. FIG. 2 is a graph showing the 
relationship between the phase difference and the coefficient 
of the fundamental wave in the driving circuit of FIG. 1. 
FIG. 3 is a graph showing harmonic components of exem 
plary rectangle wave (conventional art) and discontinuous 
rectangle wave (present invention). Hereinafter, explanation 
will be given based on FIGS. 1 to 3. Since the piezoelectric 
transformer is the same as that of the conventional art, the 
explanation is omitted. 
0030. As shown in FIG. 11), a driving circuit 20 of the 
present embodiment consists of a discontinuous rectangle 
wave oscillator 21 and a lowpass filter 22. The lowpass filter 
22 is provided between the rectangle wave oscillator 21 and 
the piezoelectric transformer 10. The lowpass filter 22 
removes harmonic components included in the discontinu 
ous rectangle wave Voltage outputted from the discontinuous 
rectangle wave oscillator 21 to thereby apply a waveform 
close to a sine wave to the piezoelectric transformer 10. Note 
that the discontinuous rectangle wave oscillator 21 includes 
an oscillating unit (FIG. 4) for outputting discontinuous 
rectangle wave generation signals, and a driving unit (FIG. 
7) for applying Voltage generated by a discontinuous rect 
angle wave based on the discontinuous rectangle wave 
generation signals to primary electrodes of the piezoelectric 
transformer 10. 

0031. The driving method of a piezoelectric transformer 
according to the present invention is characterized in that, as 
the basic configuration, in a pulse generating step, the 
driving pulse of the fundamental wave is generated by 
alternating the polarities of rectangle pulses 100a, 100b, 
101d and 101e, in a double-humped shape, forming a unit, 
and then in a Voltage applying step, a Voltage based on the 
driving pulse of the fundamental wave generated in the pulse 
generating step is applied to primary electrodes of the 
piezoelectric transformer 10. Note that the driving pulse in 
which the amplitude is changed may be generated by 
varying the phase difference (e) with respect to the funda 
mental wave. Further, frequency components not less than 
the fifth harmonic wave, included in the driving pulse, may 
be filtered. 

0032. A driving circuit of a piezoelectric transformer for 
carrying out the driving method of a piezoelectric trans 
former according to the present invention includes an oscil 
lating unit (FIG. 4) and a driving unit (FIG. 7). 
0033. As shown in FIG. 12), the oscillating unit (FIG. 4) 
generates the driving pulse of the fundamental wave by 
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alternating the polarities of the rectangle pulses 100a and 
100b, and 100d and 100e, in a double-humped shape, 
forming a unit. Note that the oscillating unit (FIG. 4) has a 
function of generating the driving pulse in which the ampli 
tude is changed by varying the phase difference (o) with 
respect to the fundamental wave. 
0034 Based on FIG. 12), the rectangle pulses 100a and 
100b, and 100d and 100e, in a double-humped shape, 
constituting the driving pulse of the fundamental wave will 
be explained. The rectangle pulses 100a, 100b, 100d and 
100e are double-humped shaped, and the rectangle pulses 
100a and 100b and the rectangle pulses 100d and 100e are 
different in their polarities. That is, the polarity of the 
rectangle pulses 100a and 100b show positive, and the 
rectangle pulses 100d and 100e show negative. The rect 
angle pulses 10a and 10b, in a double-humped shape, have 
a Voltage value of +Vp, and the Voltage value of a rectangle 
pulse 100c between the rectangle pulses 100a and 100b, in 
a double-humped shape, is 0. On the other hand, the rect 
angle pulses 100d and 100e, in a double-humped shape, 
have the voltage value of -Vp, and the voltage value of a 
rectangle pulse 100f between the rectangle pulses 100d and 
100e, in a double-humped shape, is 0. 
0035. The driving unit (FIG. 7) applies a voltage based on 
the driving pulse of the fundamental wave generated in the 
oscillating unit (FIG. 4) to primary electrodes of the piezo 
electric transformer 10. Note that the lowpass filter 22 for 
filtering frequency components not less than the fifth har 
monic wave included in the driving pulse may be provided. 
0.036 Further, the driving pulse as a discontinuous rect 
angle wave will be explained in detail. As shown in FIG. 
12, a discontinuous rectangle wave (driving pulse) used 
here has the characteristics shown in 1 to 3 below. 1). It 
consists of potentials Vp, 0, -Vp. 2). Assuming one cycle 
is T, it has such a configuration that the potential from a time 
0 to a time Ø is a potential 0, from the time a to a time 
(T/6-9) is a potential Vp, from the time (T/6-8) to a time 
(T/3+9) is a potential 0, from the time (T/3+9) to a time 
(T/2-e) is a potential -Vp, from the time (T/2-0) to a time 
(T/2+9) is a potential 0, from the time (T/2+9) to a time 
(2T/3-0) is a potential-Vp, from the time (2T/3-0) to a time 
(5T/6+9) is a potential 0, from the time (5T/6+9) to a time 
(T-e) is a potential Vp, and from the time (T-e) to a time 
T is a potential 0.3). Ø is 0<e<T/12. As described above, the 
driving circuit 20 uses the driving method according to the 
present invention. 
0037 Next, the discontinuous rectangle wave shown in 
FIG. 12 is expressed in a function y(t) of the time (t), and 
is developed into the Fourier series. If ()=2L/T, y(t) is shown 
as follows: 

y(t)=bo+X, b, cos not+X, a sin not (1) 

0038 Here, as shown in FIG. 12), since y(t+T/2)=-y(t) 
is established, y(t) is a symmetrical wave. Therefore, b is 0. 
and n is an odd number only, and integration may be from 
0 to T/2. Further, since y(t)=-y(t) is established, y(t) is an 
even function, whereby the term of sin does not exist in the 
equation (1). That is, a is 0. 
0039. Therefore, y(t) can be shown as follows: 

y(t)=X-1 b, cos not (2) 

0040. Next, the coefficient b, in the equation (2) is 
calculated. 
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T2 (3) b = 2/ ? y(t)coSnoidt III, 
If 3-d I-d 2/ (? Vpcosmoot dit- ? Voconoid) i 2.2+d 

2Vp/ (n)(sinot (sincut: '...) 
sin(n f3 - nd) - Sinnds - sin 

2Vp/ - || (n -nd) -- sin(2n f3 + nd) } 

0041. From the equation (3), b, b. bs, ... are derived as 
follows. 

sin? f3 - (b) - sincis- (4) 

b1 = 2ve/ { sin(-) + sin(2/3+d) } 
4Vp/ (sin? f3 - (b) sind 

0042 . sin(IL-9)=sin 0. 

0043 sin(2L/3+0)=sin{L-(L/3-0)}=sin(L/3-0) 

sin(-36) – sin38- (5) 
sin(3-3b)+ sin(2-38) 

= 2Vp/ (3) sin3d - sin3j - sin3j + sin3(i)} 
= 0 

b3 = aw II: 

(5) 

=2Ve/s|| 

II) 

0044 By assigning the equations (3) through (6) to the 
equation (2), the following equation is established: 

& (7) 
y(t) = X. b,coSnot 

=l 

sin f3 - d - sinciscoscot - 4Wpf (57) = 4 Vp / (sin(II/3 - ) - sini) 
(cos( f6+ 5.) 2sin5(b)cos5.of -- ... 
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-continued 

w/|| (sin(II/3- ) - sind)cosot - 4/5 
{cost f6+ 5(b) 2sins.)cos5cot -- ... 

0045. As obvious from the equation (7), the harmonic 
components of y(t) always consist of the fifth harmonic 
wave or more, which do not include the third harmonic 
wave, irrespective of the value of Ø. Accordingly, the cutoff 
frequency of the lowpass filter 22 is sufficient to be set to the 
fifth harmonic wave. In this way, since a relatively high 
cutoff frequency can be set, the inductance of the lowpass 
filter 22 may be small. Therefore, as an inductor, one which 
is Small, light and inexpensive may be used. Depending on 
the case, the lowpass filter 22 itself may be omitted. In such 
a case, the driving circuit 20 consists solely of the discon 
tinuous rectangle wave oscillator 21, that is, it includes an 
oscillating unit (FIG. 4) and a driving unit (FIG. 7) only. 
0046. Further, as obvious from the equation (4), the 
coefficient b (that is, amplitude) of the fundamental wave 
can be changed by varying the phase difference Ø. Therefore, 
a DC-DC converter for making the voltage Vp variable 
becomes unnecessary. The relationship between the phase 
difference Q and the coefficient b can be shown as follows, 
from the equation (4): 

bi = 4Vp/{sin(II/3 - ) - sing) (8) 
= 4\p/{2cos(/6)sin/6-8) 
= (4v. 3Vp / sin(II/6-8) 

0047 The relationship of the equation (8) is shown in 
FIG. 2. As obvious from FIG. 2, as the phase difference Ø 
increases in a range between 0 and n/6, the coefficient b of 
the fundamental wave decreases almost linearly. Note that in 
FIG. 2, the following line 

b'=(12v3 Vp/at’)(J/6-a) (9) 
is indicated for comparison. 
0.048. Further, in the case of Ø=0, from the equation (7). 
y(t) is given by the following equation: 

4{sin f3 - sin()}coscot - 4/5 (1) 
y(t) = Vp / 

{cos f6 - 2sinocos5.of -- ... 

Vp/ |2v3coscot- 2v3/5cos5.of + ... 

(vivo II) coscot - (1/5)cos5.ot + (1f 7) 
cost of +...+ (1 ? 11)cos11 (of +... 

At this time, the coefficient b of the fundamental wave 
becomes the maximum value 2v3Vp/L. Relating to the 
discontinuous rectangle wave shown by the equation 1 and 
the rectangle wave shown by the aforementioned formula 
2), harmonic components are shown in FIG. 3. 
0049 FIG. 4 is a circuit diagram showing an example of 
an oscillating unit in the driving circuit of FIG. 1. Herein 
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after, explanation will be given based on this Fig. Note that 
“H level means a high level, that is, a high voltage level 
(VDD), and “L level” means a low level, that is, a low 
voltage level (O). 
0050. The oscillating unit 30 includes a triangle wave 
generating circuit 31, a variable resistor 32, an inverting 
amplifier 33, comparators 34a and 34b, inverters 35a and 
35b, ring counters 361 to 364, differentiating circuits 371a 
to 374b, OR gates 381 to 384, and RSS-FFs (flip-flop) 39a 
and 39b. The oscillating unit 30 outputs discontinuous 
rectangle wave generation signals V+ and V-. 
0051. The triangle wave generating circuit 31 is com 
posed of a rectangle wave oscillator and an integrating 
circuit for example, and outputs a triangle wave Voltage Vt1 
to the inverting amplifier 33 and to a positive input terminal 
of the comparator 34a. The variable resistor 32 is, for 
example, a so-called “volume'. In the case of Volume, a 
knob is turned manually, whereby an arbitral resistance 
value is set. Then, a Voltage corresponding to the resistance 
value is outputted to negative input terminals of the com 
parators 34a and 34b as a reference voltage Vr. The inverting 
amplifier 33 is composed of an operational amplifier 331 and 
resistors 332 and 333, and inverts the triangle wave voltage 
Vt1 and outputs it as a triangle wave Voltage Vt2 to a 
positive input terminal of the comparator 34b. 
0052 The comparator 34a compares the reference volt 
age Vr with the triangle wave voltage Vt1, and outputs an H 
level signal when Vrs Vt1, and outputs an L level signal 
when Vrd-Vt1. The comparator 34b compares the reference 
voltage Vr with the triangle wave voltage Vt2, and outputs 
an H level signal when Vrs Vt2, and outputs an L level 
signal when Vrd Vt2. An output signal of the comparator 34a 
serves as a clock pulse CP1 directly, and also becomes a 
clock pulse CP2 by being inverted by the inverter 35a. 
Similarly, an output signal from the comparator 34b serves 
as a clock pulse CP3 directly, and also becomes a clock pulse 
CP4 by being inverted by the inverter 35b. 
0053. The ring counter 361 includes an input terminal 
CLK1 to which the clock pulse CP1 is inputted, and three 
output terminals Q11 to Q13 from which H level signals are 
outputted sequentially each time the clock pulse CP1 is 
inputted. The configuration of the ring counters 362 to 364 
is similar to the ring counter 361. Further, the ring counters 
361 to 364 are provided with reset terminals (not shown) for 
obtaining synchronization (or setting an initial value). The 
differentiating circuits 371a to 374b are composed of capaci 
tors and resistors for example, and convert output signals of 
the ring counters 361 to 364 to trigger signals of shorter 
pulse width, and output them to the OR gates 381 to 384. 
0054 The input terminals of the OR gate 381 are con 
nected with an output terminal Q11 of the ring counter 361 
and an output terminal Q31 of the ring counter 363. The 
input terminals of the OR gate 382 are connected with an 
output terminal Q21 of the ring counter 362 and an output 
terminal Q41 of the ring counter 364. The input terminals of 
the OR gate 383 are connected with an output terminal Q13 
of the ring counter 361 and an output terminal Q32 of the 
ring counter 363. The input terminals of the OR gate 384 are 
connected with an output terminal Q23 of the ring counter 
362 and an output terminal Q42 of the ring counter 364. 
0055. The RSS-FF 39a includes an input terminal Sa for 
setting connected with the output terminal of the OR gate 
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381, an input terminal Ra for resetting connected with the 
output terminal of the OR gate 382, and an output terminal 
Qa for outputting discontinuous rectangle wave generation 
signals V+. The RSS-FF 39b includes an input terminal Sb 
for setting connected with the output terminal of the OR gate 
383, an input terminal Rb for resetting connected with the 
output terminal of the OR gate 384, and an output terminal 
Qb for outputting discontinuous rectangle wave generation 
signals V-. Note that in a general RS-FF, it is prohibited that 
both of a set input S and a reset input R become “1”. On the 
other hand, in the RSS-FF, when both of a set input S and 
a reset input R become “1”, the set input S is given priority, 
and “1” is outputted. 
0056 FIGS. 5 and 6 are timing charts showing respective 
output signals in the oscillating unit of FIG. 4. Hereinafter, 
operation of the oscillating unit will be explained based on 
FIGS. 4 to 6. 

0057 The variable resistor 32 is applied with a power 
supply voltage VDD, and the reference voltage Vr is set to 
change from VDD/2 to VDD. On the other hand, the triangle 
wave voltage Vt1 is set to repeat from the minimum value 
0 to the maximum value VDD cyclically, with T/3 being set 
as one cycle. Therefore, corresponding to the reference 
voltage Vr being changed from VDD/2 to VDD, the pulse 
width of the clock pulses CP1 to CP4 changes from T/6 to 
0. That is, the phase difference a varies from T/12 to 0. 
0058. The ring counters 361 to 364 and RSS-FFs 39a and 
39b perform positive edge operation. First, in the ring 
counter 361, when the clock pulse CP1 is inputted continu 
ously from the input terminal CLK1, H level signals are 
outputted sequentially from the output terminals Q11 to 
Q13. In the ring counter 362, when the clock pulse CP2 is 
inputted continuously from the input terminal CLK2, H 
level signals are outputted sequentially from the output 
terminals Q21 to Q23. In the ring counter 363, when the 
clock pulse CP3 is inputted continuously from the input 
terminal CLK3, H level signals are outputted sequentially 
from the output terminals Q31 to Q33. In the ring counter 
364, when the clock pulse CP4 is inputted continuously from 
the input terminal CLK4, H level signals are outputted 
sequentially from the output terminals Q41 to Q43. 
0059) The RSS-FF 39a outputs discontinuous rectangle 
wave generation signals V+ of the H level during a period 
from the time that an H level signal is outputted from the 
output terminal Q11 to the time that an H level signal is 
outputted from the output terminal Q21, and during a period 
from the time that an H level signal is outputted from the 
output terminal Q31 to the time that an H level signal is 
outputted from the output terminal Q41. The RSS-FF 39b 
outputs discontinuous rectangle wave generation signals V 
of the H level during a period from the time that an H level 
signal is outputted from the output terminal Q32 to the time 
that an H level signal is outputted from the output terminal 
Q42, and during a period from the time that an H level signal 
is outputted from the output terminal Q13 to the time that an 
H level signal is outputted from the output terminal Q23. 
0060) Note that when the phase difference o=0, in the 
RSS-FF 39a, H level signals are inputted simultaneously 
into the input terminal Sa for setting and the input terminal 
Ra for resetting. At this time, the RSS-FF39a gives priority 
to the H level signal of the input terminal Sa for setting to 
thereby output discontinuous rectangle wave generation 
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signals V+ of the H level. Thereby, adjacent two discon 
tinuous rectangle wave generation signals V+ of the H level 
becomes one without being interrupted. The operation of the 
RSS-FF 39b is similar to this one. 

0061 FIG. 7 is a circuit diagram showing an example of 
a driving unit in the driving circuit of FIG. 1. Hereinafter, 
explanation will be given based on this Fig. 
0062) A driving unit 40 of the present invention consists 
of a so-called H-type bridge circuit including transistors 41 
and 42 of P-channel power MOS and transistor 43 and 44 of 
N-channel power MOS. Based on discontinuous rectangle 
wave generation signals V+ and V-, the discontinuous 
rectangle wave voltage Vs is applied to the first electrodes 
12 and 13 of the piezoelectric transformer 10. The lowpass 
filter 22 consisting of the inductor 23 is interposed between 
the driving unit 40 and the piezoelectric transformer 10. To 
the output side of the piezoelectric transformer 10, a load 50 
is connected. 

0063 Gates of the transistors 41 and 43 are applied with 
discontinuous rectangle wave generation signals V+, and 
gates of the transistors 42 and 44 are applied with discon 
tinuous rectangle wave generation signals V-. Therefore, 
when the discontinuous rectangle wave generation signals 
V+ are in the H level, the transistor 41 becomes off and the 
transistor 43 becomes on. In contrast, when the discontinu 
ous rectangle wave generation signals V+ are in the L level. 
the transistor 41 becomes on and the transistor 43 becomes 
off. Similarly, when the discontinuous rectangle wave gen 
eration signals V- are in the H level, the transistor 42 
becomes off and the transistor 44 becomes on. In contrast, 
when the discontinuous rectangle wave generation signals 
V- are in the L level, the transistor 42 becomes on and the 
transistor 44 becomes off. 

0064. Therefore, when both discontinuous rectangle 
wave generation signals V+ and V- are in the L level, both 
transistors 43 and 44 become off, whereby the voltage 
applied to the primary electrodes 12 and 13 is 0. When the 
discontinuous rectangle wave generation signals V+ are in 
the H level and the discontinuous rectangle wave generation 
signals V- are in the L level, the transistors 42 and 43 
become on and the transistors 41 and 44 become off, 
whereby the voltage applied to the primary electrodes 12 
and 13 is Vp. In contrast, when the discontinuous rectangle 
wave generation signals V+ are in the L level and the 
discontinuous rectangle wave generation signals V- are in 
the H level, the transistors 42 and 43 become off and the 
transistors 41 and 44 become on, whereby the voltage 
applied to the primary electrodes 12 and 13 is -Vp. There 
fore, the voltage applied to the primary electrodes 12 and 13 
based on the discontinuous rectangle wave generation sig 
nals V+ and V- becomes a discontinuous rectangle wave 
voltage Vs as shown in FIG. 6. 
0065 Needless to say, the present invention is not limited 
to the above-described embodiment. For example, an oscil 
lating unit and a driving unit may have other circuit con 
figurations. 

Availability of the Invention 

0066. According to the driving method and the driving 
circuit of a piezoelectric transformer of the present inven 
tion, by applying specific discontinuous rectangle wave 
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Voltage to primary electrodes of the piezoelectric trans 
former, it is possible to eliminate the third harmonic wave 
outputted to the piezoelectric transformer. Thereby, reduc 
tion in size, reduction in weight, and reduction in price of the 
lowpass filter, or omission thereof can be achieved. Further, 
the amplitude of the fundamental wave can be varied by 
changing the phase difference Ø of the discontinuous rect 
angle wave, whereby a DC-DC converter is not required. In 
other words, the inductance of a lowpass filter can be 
reduced, and also the amplitude of the fundamental wave 
can be changed without using a DC-DC converter. 
What is claimed is: 

1. A driving method of a piezoelectric transformer for 
applying Voltage of a discontinuous rectangle wave, com 
posed of a potential Vo, a potential V which is higher than 
the potential Vo and a potential V, which is lower than the 
Voltage Vo, to a primary electrode of the piezoelectric 
transformer, wherein 

assuming one cycle is T, the discontinuous rectangle wave 
has such a configuration that a potential from a time 0 
to a time Ø is the potential Vo, from the time Ø to a time 
(T/6-0) is the potential V, from the time (T/6-0) to a 
time (T/3+9) is the potential Vo, from the time (T/3+9) 
to a time (T/2-0) is the potential V, from the time 
(T/2-0) to a time (T/2+9) is the potential Vo, from the 
time (T/2+9) to a time (2T/3-0) is the potential V, 
from the time (2T/3-0) to a time (5T/6+8) is the 
potential Vo, from the time (5T/6+9) to a time (T-e) is 
the potential V, and from the time (T-e) to a time T 
is the potential Vo, and 

a phase difference Ø is OsosT/12. 
2. A driving method of a piezoelectric transformer for 

applying Voltage of a discontinuous rectangle wave, com 
posed of a potential 0, a potential +1 which is higher by a 
certain voltage than the potential 0 and a potential -1 which 
is lower by a certain Voltage than the Voltage 0, to a primary 
electrode of the piezoelectric transformer, wherein 

assuming one cycle is T, the discontinuous rectangle wave 
has such a configuration that a potential from a time 0 
to a time Ø is the potential 0, from the time a to a time 
(T/6-o) is the potential +1, from the time (T/6-8) to a 
time (T/3+9) is the potential 0, from the time (T/3+9) 
to a time (T/2-9) is the potential -1, from the time 
(T/2-0) to a time (T/2+9) is the potential 0, from the 
time (T/2+9) to a time (2T/3-9) is the potential -1, 
from the time (2T/3-0) to a time (5T/6+8) is the 
potential 0, from the time (5T/6+8) to a time (T-e) is 
the potential +1, and from the time (T-e) to a time T is 
the potential 0, and 

a phase difference Ø is OsosT/12. 
3. The driving method of the piezoelectric transformer as 

claimed in claim 1, wherein a frequency component not less 
than a fifth harmonic wave, included in the discontinuous 
rectangle wave, is removed by using a lowpass filter, and 
then the discontinuous rectangle wave is applied to the 
primary electrode of the piezoelectric transformer. 

4. The driving method of the piezoelectric transformer as 
claimed in claim 2, wherein a frequency component not less 
than a fifth harmonic wave, included in the discontinuous 
rectangle wave, is removed by using a lowpass filter, and 
then the discontinuous rectangle wave is applied to the 
primary electrode of the piezoelectric transformer. 
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5. A driving circuit of a piezoelectric transformer, com 
prising a discontinuous rectangle wave oscillator for out 
putting Voltage of a discontinuous rectangle wave which is 
applied to a primary electrode of the piezoelectric trans 
former, wherein 

the discontinuous rectangle wave is composed of a poten 
tial Vo, a potential V which is higher than the potential 
Vo and a potential V, which is lower than the voltage 
Vo, and 

assuming one cycle is T, the discontinuous rectangle wave 
has such a configuration that a potential from a time 0 
to a time Ø is the potential Vo, from the time Ø to a time 
(T/6-o) is the potential V, from the time (T/6-9) to a 
time (T/3+9) is the potential Vo, from the time (T/3+9) 
to a time (T/2-o) is the potential V, from the time 
(T/2-0) to a time (T/2+o) is the potential V, from the 
time (T/2+9) to a time (2T/3-0) is the potential V, 
from the time (2T/3-0) to a time (5T/6+8) is the 
potential Vo, from the time (5T/6+9) to a time (T-e) is 
the potential V, and from the time (T-e) to a time T 
is the potential Vo, and 

a phase difference Ø is Osos T/12. 
6. A driving circuit of a piezoelectric transformer, com 

prising a discontinuous rectangle wave oscillator for out 
putting Voltage of a discontinuous rectangle wave which is 
applied to a primary electrode of the piezoelectric trans 
former, wherein 

the discontinuous rectangle wave is composed of a poten 
tial 0, a potential +1 which is higher by a certain Voltage 
than the potential 0 and a potential -1 which is lower 
by a certain Voltage than the Voltage 0, and 

assuming one cycle is T, the discontinuous rectangle wave 
has such a configuration that a potential from a time 0 
to a time Ø is the potential 0, from the time a to a time 
(T/6-o) is the potential +1, from the time (T/6-8) to a 
time (T/3+9) is the potential 0, from the time (T/3+9) 
to a time (T/2-e) is the potential -1, from the time 
(T/2-0) to a time (T/2+9) is the potential 0, from the 
time (T/2+9) to a time (2T/3-9) is the potential -1, 
from the time (2T/3-0) to a time (5T/6+8) is the 
potential 0, from the time (5T/6+8) to a time (T-e) is 
the potential +1, and from the time (T-e) to a time T is 
the potential 0, and 

a phase difference Ø is Osos T/12. 
7. The driving circuit of the piezoelectric transformer as 

claimed in claim 5, further comprising a lowpass filter, 
interposed between the rectangle wave oscillator and the 
piezoelectric transformer, for removing a frequency compo 
nent not less than a fifth harmonic wave, included in the 
discontinuous rectangle wave outputted from the rectangle 
wave oscillator, and then outputting the discontinuous rect 
angle wave to the piezoelectric transformer. 

8. The driving circuit of the piezoelectric transformer as 
claimed in claim 6, further comprising a lowpass filter, 
interposed between the rectangle wave oscillator and the 
piezoelectric transformer, for removing a frequency compo 
nent not less than a fifth harmonic wave, included in the 
discontinuous rectangle wave outputted from the rectangle 
wave oscillator, and then outputting the discontinuous rect 
angle wave to the piezoelectric transformer. 
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9. A driving method of a piezoelectric transformer com 
prising: 

a pulse generating step for generating a driving pulse of 
a fundamental wave by alternating polarities of rect 
angle pulses, in a double-humped shape, which form a 
unit; and 

a Voltage applying step for applying Voltage based on the 
driving pulse of the fundamental wave generated in the 
pulse generating step to a primary electrode of the 
piezoelectric transformer. 

10. The driving method of the piezoelectric transformer as 
claimed in claim 9, wherein the driving pulse in which 
amplitude is changed is generated by varying a phase 
difference with respect to the fundamental wave. 

11. The driving method of the piezoelectric transformer as 
claimed in claim 9, wherein a frequency component not less 
than a fifth harmonic wave, included in the driving pulse, is 
filtered. 

12. A driving circuit of a piezoelectric transformer com 
prising: 

an oscillating unit; and 
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a driving unit, wherein 

the oscillating unit generates a driving pulse of a funda 
mental wave by alternating polarities of rectangle 
pulses, in a double-humped shape, which forms a unit, 
and 

the driving unit applies a Voltage based on the driving 
pulse of the fundamental wave generated by the oscil 
lating unit to a primary electrode of the piezoelectric 
transformer. 

13. The driving circuit of the piezoelectric transformer as 
claimed in claim 12, wherein the oscillating unit has a 
function of generating the driving pulse in which the ampli 
tude is changed by varying the phase difference with respect 
to the fundamental wave. 

14. The driving circuit of a piezoelectric transformer as 
claimed in claim 12, comprising a lowpass filter for filtering 
a frequency component not less than a fifth harmonic wave 
included in the driving pulse. 


