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DESCRIPTION

[0001] The present invention relates to a piezoelectric power supply converter, and in
particular to a power supply converter capable of raising its output power by means of
piezoelectric elements.

[0002] Nowadays, more and more portable electronic devices are capable of providing
various advanced functions, for example, color screen, stereo audio, hyper links, such as
GPRS, wireless network, and Bluetooth, and photo & video recording, Contrast to the existing
voluminous and cumbersome portable electronic devices, what the consumers require is that,
product design has to be not only of compact size, thin profile, light weight, and easy to
operate, but the battery must also be able to provide power for enough long period of
operation. This requirement of customer has put circuit design engineer into a dilemma: it must
be able to provide much more power to the system and more sets of voltages, yet the space
occupied by the power supply equipment and the battery of the portable electronic device has
to be reduced steadily.

[0003] In order to fulfill all these technical requirements, a design engineer must adopt power
supply of higher efficiency, however, in a circuit of an ordinary power supply converter, an
ordinary capacitor is connected to an inductor in series or in parallel in realizing resonance
effect, however, in case that the voltage of an input signal to an ordinary capacitor is overly
large, that would cause pretty large leakage current, thus the efficiency of power transmission
is not quite satisfactory. In addition, the voltage endurance of the ordinary capacitor is not
sufficient, thus operation failure will result in the explosion of a capacitor, and that is liable to
lead to hazards of catching fire. Therefore, the functions and performance of convention power
supply converter is not quite satisfactory, and it has much room for improvement.

[0004] US 6 181 073 B1 discloses a piezoelectric illumination control circuit with the purpose
to provide for a tunable frequency source, i.e. for it being able to adjust the frequency. In a
respective circuit, a piezoelectric element is arranged on a secondary side of a transformer.

[0005] JP 08182310 A relates to a piezoelectric transformer with inputs thereof connected
with piezoelectric elements in parallel. A similar disclosure is found in DE 19827947 A.

[0006] WO 98/38667 A1 discloses a power transformer circuit with a resonator wherein a
power transformer is included in the power transformer circuit and a piezoelectric element
provides the function of a resonator (piezoelectric lithium niobate resonator operated in a
thickness-shear mode).

[0007] In view of the problems and shortcomings of the prior art, the present invention
provides a piezoelectric power supply converter, so as to overcome the problems of the prior
art.
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[0008] A major objective of the present invention is to provide a piezoelectric power supply
converter, wherein, simple structure piezoelectric elements are utilized in cooperation of an
ordinary transformer, for providing output power of several folds, hereby achieving the results
of large power output.

[0009] Another objective of the present invention is to provide a piezoelectric power supply
converter, wherein simple structure piezoelectric elements are utilized in replacing ordinary
capacitors. Since for a piezoelectric element, its leakage current is small, its voltage endurance
is high, without the danger of catching fire induced by overheat, thus its reliability is high, as
such, it can be used to solve the problem of fire hazard of the conventional power supply
converter due to its low voltage endurance and overheating as caused by the capacitor
contained therein. In addition, due to its compact size and thin package profie, the
piezoelectric elements have a very good advantage in market competition.

[0010] In order to achieve the above-mentioned objective, the present invention provides a
piezoelectric power supply converter utilized in converting an AC current into an AC current,
comprising: a transformer, at least a first piezoelectric element. Wherein, the transformer is
provided with a primary side and a secondary side, one end of the at least a first piezoelectric
element is connected to the primary side, with its other end used to receive a pulse voltage
and output the pulse voltage to the primary side, and the secondary side is used to output an
AC voltage to an external load in performing the operations required.

[0011] Further scope of the applicability of the present invention will become apparent from
the detailed description given hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating preferred embodiments of the present
invention, are given by way of illustration only, since various changes and modifications within
the scope of the present invention will become apparent to those skilled in the art from this
detailed description.

[0012] The related drawings in connection with the detailed description of the present
invention to be made later are described briefly as follows, in which:

Fig. 1 is a schematic diagram of a piezoelectric power supply converter used in half-bridge
input according to a first embodiment of the present invention;

Fig. 2(A) is a schematic diagram of a piezoelectric-oscillator according to a first embodiment of
the present invention;

Fig. 2(B) is an equivalent circuit of a piezoelectric-oscillator according to a first embodiment of
the present invention;

Fig.2(C) is an equivalent circuit of a piezoelectric-capacitor according to an embodiment of the
present invention;

Fig. 3 is a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to a second embodiment of the present invention;
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Fig.4 is a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to a third embodiment of the present invention;

Fig.5 is a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to a fourth embodiment of the present invention;

Fig.6 is a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to a fifth embodiment of the present invention;

Fig.7 is a schematic diagram of a piezoelectric power supply converter used in half-bridge
input according to a sixth embodiment of the present invention;

Fig.8 is a schematic diagram of a piezoelectric power supply converter used in half-bridge
input according to a seventh embodiment of the present invention;

Fig.9 is a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to an eighth embodiment of the present invention;

Fig.10(A) is an equivalent circuit of an insulating piezoelectric-oscillator according to an
embodiment of the present invention;

Fig.10(B) is cross section view of an insulating piezoelectric-oscillator according to an
embodiment of the present invention;

Fig.11 is schematic diagram of a piezoelectric power supply converter used in half-bridge input
according to a ninth embodiment of the present invention;

Fig.12 is a schematic diagram of a half-bridge AC to AC piezoelectric power supply converter
according to a ten embodiment of the present invention;

Fig.13 is a schematic diagram of a piezoelectric power supply converter used in full-bridge
input according to an eleventh embodiment of the present invention;

Fig.14 is a schematic diagram of a piezoelectric power supply converter used in full-bridge
input according to a twelfth embodiment of the present invention;

Fig.15 is a schematic diagram of a piezoelectric power supply converter used in full-bridge
input according to a thirteenth embodiment of the present invention;

Fig.16 is a schematic diagram of a piezoelectric power supply converter used in full-bridge
input according to a fourteenth embodiment of the present invention;

Fig.17 is a schematic diagram of a piezoelectric power supply converter used in full-bridge
input according to a fifteenth embodiment of the present invention;

Fig.18 is a schematic diagram of a piezoelectric power supply converter used in half-bridge
input according to a sixteenth embodiment of the present invention; and

Fig.19 is a schematic diagram of a piezoelectric power supply converter used in half-bridge
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input according to a seventeenth embodiment of the present invention.

[0013] The purpose, construction, features, functions and advantages of the present invention
can be appreciated and understood more thoroughly through the following detailed description
with reference to the attached drawings.

[0014] Firstly, refer to Fig. 1 for a schematic diagram of a piezoelectric power supply converter
used in half-bridge input according to a first embodiment of the present invention. As shown in
Fig. 1, the piezoelectric power supply converter includes: a transformer 11, at least a first
piezoelectric element and at least a second piezoelectric element. Wherein, the transformer 11
is provided with a primary side 111 and a secondary side 112. The primary side of the
transformer 11 is utilized as an inductor, and it is connected in series with the first piezoelectric
element to form a resonance circuit; while the intrinsic capacitance of the first piezoelectric
element is utilized as piezoelectric-oscillator 12, and that is used to replace a capacitor in a
conventional power supply converter. Wherein, the piezoelectric-oscillator 12 disclosed in the
present embodiment as shown in Fig. 2(A), is formed by a substrate 21 of circular plate shape
made of piezoelectric material. Of course, its shape can be square shape, rectangular shape,
or other geometric shapes; then, two conduction layers 22 and 23 of the same circular shape
made of silver paste, copper paste, or nickel paste are formed respectively on the whole or a
part of an upper surface and a lower surface of the substrate 21, so as to form two electrodes
of piezoelectric-oscillator 12 for guiding the current. Herein, refer to Fig. 2 (B) for an equivalent
circuit of the piezoelectric-oscillator 12. In this equivalent circuit is shown respectively an
equivalent resistor R, an equivalent inductor L, and an equivalent capacitor Ca representing
the mechanical characteristic, and a static capacitor Cb representing electrical characteristic. In
the present embodiment, the primary side 111 of the transformer 11 is used as an inductor to
form a half-bridge resonance circuit. As such, when the resonance circuit resonances, the
piezoelectric-oscillator 12 is used to store electrical energy and have piezoelectric
characteristics, thus being able to adjust power factor and then output the power. Since the
parasitic resistance of a piezoelectric element is smaller than that of an ordinary capacitor, thus
it is capable of achieving the effect of large output power. Wherein, the magnitude of a static
capacitor Cb representing electrical characteristic is determined by the dimension of the
piezoelectric plate; and the equivalent resistor R, the equivalent inductor L, and the equivalent
capacitor Ca representing mechanical characteristic are utilized in cooperation with and in
assisting the static capacitor Cb in raising the overall equivalent capacitance of the
piezoelectric plate. Since the branch of the equivalent resistor R, the equivalent inductor L, and
the equivalent capacitor Ca is derived from the structure oscillation, therefore, the smaller
distance between their operating frequency and their resonance frequency, the more effective
capacitance of the equivalent resistor R, the equivalent inductor L, and the equivalent capacitor
Ca can be obtained, and thus the larger entire equivalent capacitance of the piezoelectric
element can be raised as well. For an ordinary capacitor, it is only provided with characteristics
of static capacitor Cb, yet since a piezoelectric-oscillator 12 is aided by its piezoelectric
oscillation, thus it may achieve larger capacitance.
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[0015] When the value of the equivalent resistor R is very small, the L and Ca in the
equivalent circuit can be connected in series to form an equivalent capacitor having a

capacitance value of Ca/(1-w2*Ca*L), wherein, w represents an operation frequency (rad / s).
As such, the value Ca/(1-w?*Ca*L) is positive when a piezoelectric plate is oscillated at a

frequency less than its resonance frequency, and the value Ca/(1-w?*Ca*L) is negative when
the piezoelectric plate is oscillated at a frequency higher than its resonance frequency. That
means that the L and Ca formed by the oscillation of the piezoelectric structure are able to
provide an additional equivalent capacitor when they are oscillated at a frequency less than
their resonance frequency. Therefore, when a piezoelectric plate is operated at a frequency
less than its resonance frequency, the overall capacitance of a piezoelectric-oscillator 12 is a

sum of Ca/(1-w?*Ca*L) of L and Ca plus the capacitance of Cb. Since the more its operation

frequency gets closer to its resonance frequency, the larger the value of Ca/(1-w?*Ca*L) can
be obtained. As such, when the piezoelectric plate is operated near its resonance frequency, it
is able to obtain the largest possible capacitance. For the reasons mentioned above, a
piezoelectric-oscillator 12 is able to have a capacitance higher than that of an ordinary
capacitor, and a parasitic resistance of the piezoelectric element itself is lower that that of an
ordinary capacitor, as such, piezoelectric-oscillator 12 is capable of providing increased output
power of several folds, thus raising the energy conversion efficiency.

[0016] The second piezoelectric element is located on the secondary side 112 of the
transformer, the intrinsic capacitance of the second piezoelectric element is utilized as
piezoelectric-capacitor 13, and that is used to replace the capacitor in a conventional power
supply converter. Wherein, the piezoelectric-capacitor 13 disclosed in the present embodiment
as shown in Fig. 2(C) is a piezoelectric-capacitor 13 in an equivalent circuit. In this equivalent
circuit is shown an equivalent resistor R, an equivalent inductor L, an equivalent capacitor Ca,
and a static capacitor Cb. Piezoelectric-capacitor 13 is located in the DC output voltage, the
different between piezoelectric-capacitor 13 and piezoelectric-oscillator 12 is that piezoelectric-
capacitor 13 has polarity (positive and negativ).The difference between the piezoelectric-
capacitor 13 and an ordinary capacitor is that, in the present embodiment, for the piezoelectric-
oscillator 12 the piezoelectric-capacitor 13, their leakage currents are small, their voltage
endurances are high, without the danger of overheat caused catching fire, thus their reliability
is high, as such, they can be used to solve the problem of fire hazard of the conventional
power supply converter as resulted from its low voltage endurance and overheating as caused
by the capacitor contained therein. In addition, due to its compact size and thin profile, the
piezoelectric-oscillator 12 and the piezoelectric-capacitor 13 have very good advantage in
market competition.

[0017] The secondary side 112 of the transformer 11 is connected to two diodes D1 and D2,
and diode D1 and D2 are connected to a filter inductor 14 respectively. The second
piezoelectric element is connected to the filter inductor 14 to form an output filter rectifier
circuit. Since diode D1 and D2 have the characteristic of single direction electric conduction,
they can be used to convert AC voltage of alternatively varying direction and magnitude into
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DC voltage, as such, they are used for the purpose of rectifying current.

[0018] When the input voltage of the primary side 111 is positive, then the induced input
voltage of the secondary side 112 is also positive. When the input voltage is at its positive half
cycle, the upper end of the secondary side 112 of the transformer 11 is positive, and the lower
end is negative, then diode D1 is forward biased, thus current can flow from diode D1 to
piezoelectric-capacitor 13 via filter inductor 14 to proceed with charging of piezoelectric-
capacitor 13; however, at this time diode D2 is reverse biased, it is in an equivalent open circuit
state, thus there is no current flowing through. When the input voltage is at its negative half
cycle, the upper end of the secondary side 112 of the transformer 11 is negative, and the lower
end is positive, then diode D1 is reverse biased, thus there is no current flowing through,
however, at this time diode D2 is forward biased, thus current can flow from diode D2 to
piezoelectric-capacitor 13 via filter inductor 14 to proceed with charging of piezoelectric-
capacitor 13. Through the above-mentioned operations, piezoelectric-capacitor 13 can be
used to output DC voltage to an external load in performing the operations required.

[0019] Refer to Figs. 1 & 3 at the same time. Fig. 3 is a schematic diagram of a piezoelectric
power supply converter used in full-bridge input according to a second embodiment of the
present invention. The structure and operation of the second embodiment is the same as
those of the first embodiment in Fig. 1. Wherein, the similar parts will not be repeated here for
brevity. However, the difference is that, in the second embodiment, two first piezoelectric
elements are provided, and their intrinsic capacitance characteristics are utilized as a first
piezoelectric-oscillator 31 and a second piezoelectric-oscillator 32, and they are located at the
primary side 111 of transformer 11, and using the primary side of transformer 11 to form a full-
bridge resonance circuit. Piezoelectric-oscillators 31 and 32 are located at two ends of the
primary side 111. The first piezoelectric-oscillator 31 and the second piezoelectric-oscillator 32
are used to receive pulse voltage. When the resonance circuit resonances, the piezoelectric
effect it produces is used to raise the capacitance and output it to the primary side 111, in this
way, a raised power output can be achieved than utilizing a single piezoelectric-oscillator.

[0020] Refer to Figs. 3 & 4 at the same time. Fig. 4 is a schematic diagram of a piezoelectric
power supply converter used in full-bridge input according to a third embodiment of the present
invention. The structure and operation of the third embodiment is the same as those of the
second embodiment in Fig.3. Wherein, the similar parts will not be repeated here for brevity.
However, the difference is that, in the third embodiment, at least a center tap 41 is provided in
the transformer 11 and is located at the center of the secondary side 112, and the voltage
differences from the center tap 41 to the two ends are equal.

[0021] When the input voltage is at its positive half cycle, then diode D1 is forward biased,
thus current can flow from diode D1 to piezoelectric-capacitor 13 via a filter inductor 14 to
proceed with charging of piezoelectric-capacitor 13, and then current will return to the center
tap 41; however, at this time diode D2 is reverse biased, and it is in an equivalent open circuit
state, thus there is no current flowing through. When the input voltage is at its negative half
cycle, then diode D1 is reverse biased, thus there is no current flowing through, however, at
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this time diode D2 is forward biased, thus current can flow from diode D2 to the piezoelectric-
capacitor 13 via the filter inductor 14 to proceed with charging of the piezoelectric-capacitor 13,
and then current will return to the center tap 41, therefore, the polarity of voltage drop across
piezoelectric-capacitor 13 in the negative half cycle is the same as that in the positive half
cycle. Namely, it indicates that the currents flowing through piezoelectric-capacitor 13 are in the
same direction. Then, piezoelectric-capacitor 13 is used to output DC voltage to an external
load in performing the operations required.

[0022] Refer to Figs. 4 & 5 at the same time. Fig. 5 is a schematic diagram of a piezoelectric
power supply converter used in full-bridge input according to a fourth embodiment of the
present invention. The structure and operation of the fourth embodiment is the same as those
of the third embodiment in Fig.4. Wherein, the similar parts will not be repeated here for
brevity. However, the difference is that, in the fourth embodiment, a first resonance inductor 51
and a second resonance inductor 52 are provided and are connected in series respectively
with the first piezoelectric-oscillator 31 and the second piezoelectric-oscillator 32, hereby
forming a full-bridge resonance circuit located on the primary side 111 of the transformer 11.
The first piezoelectric-oscillator 31 and the second piezoelectric-oscillator 32 are used to
receive pulse voltage through the first resonance inductor 51 and a second resonance inductor
52 respectively. Since first resonance inductor 51 and a second resonance inductor 52 have
energy storage capability, therefore it can provide higher voltage to the first piezoelectric-
oscillator 31 and the second piezoelectric-oscillator 32. When the resonance circuit
resonances, the piezoelectric effect it produces is used to raise the capacitance, and it is
output to the primary side 111, and that is used to provide larger output power to an outside
load in performing the operations required. In addition, the transformer 11 can be designed to
be without having a center tap, refer to Fig. 6 for a schematic diagram of a piezoelectric power
supply converter used in full-bridge input according to a fifth embodiment of the present
invention. As shown in Fig. 6, two ends of the secondary side 112 of a transformer 11 are
connected respectively to diodes D1 and D2, that are used to transform AC voltage into DC
voltage, Then, piezoelectric-capacitor 13 is used to output DC voltage to an external load in
performing the operations required.

[0023] Refer to Figs. 5 & 7 at the same time. Fig. 7 is a schematic diagram of a piezoelectric
power supply converter used in full-bridge input according to a sixth embodiment of the
present invention. The structure and operation of the sixth embodiment is the same as those of
the fifth embodiment in Fig. 6. Wherein, the similar parts will not be repeated here for brevity.
However, the difference is that, in the sixth embodiment, a resonance inductor 51 is connected
to a piezoelectric-oscillator 31 in series to form a half-bridge resonance circuit, and that is
located on a primary side 111 of a transformer 11. When the resonance circuit resonances, the
piezoelectric effect it produces is used to raise the capacitance, and it is output to the primary
side 111, and that is used to provide smaller output power to an outside load in performing the
operations required. In addition, the transformer 11 can be designed to be without having a
center tap. Refer to Fig. 8 for a schematic diagram of a piezoelectric power supply converter
used in half-bridge input according to a seventh embodiment of the present invention. As
shown in Fig. 8, two ends of the secondary side 112 of a transformer 11 are connected
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respectively to diodes D1 and D2, that are used to transform AC voltage into DC voltage. Then,
piezoelectric-capacitor 13 is used to output a DC voltage to an external load in performing the
operations required.

[0024] Refer to Figs. 6 & 9 at the same time. Fig. 9 is a schematic diagram of a piezoelectric
power supply converter used in full-bridge input according to an eighth embodiment of the
present invention. The structure and operation of the eighth embodiment is the same as those
of the seventh embodiment in Fig. 6. Wherein, the similar parts will not be repeated here for
brevity. However, the difference is that, in the eighth embodiment, the first piezoelectric-
oscillator 31 and the second piezoelectric-oscillator 32 in Fig. 6 are merged into an insulating
piezoelectric-oscillator 91 for replacement. Of course, more piezoelectric-oscillators can be
merged to form an insulating piezoelectric-oscillator 91 depending on actual requirements.
Refer to Fig. 10A for an equivalent circuit of an insulating piezoelectric-oscillator 91 according
to an embodiment of the present invention, which is realized through merging two equivalent
circuits as shown in Fig. 2(B), and as such, produce a first input terminal 911, a second input
terminal 912, a first output terminal 913, and a second output terminal 914.

[0025] Subsequently, refer to Fig. 10(B) for a cross section view of an insulating piezoelectric-
oscillator according to an embodiment of the present invention. As shown in Fig. 10(B), the
insulating piezoelectric-oscillator 91 comprises: a substrate 92, at least a first upper electrode
93, at least a first lower electrode 94, at least a second upper electrode 95, at least a second
lower electrode 96. The substrate 92 is made of ceramic material, and having an upper
surface and a lower surface. The first upper electrode 93 is disposed on the upper surface of
the substrate 92, and the first lower electrode 94 is disposed on the lower surface of the
substrate 92, and is corresponding to the first upper electrode 93. The first input terminal 911
is used to receive a pulse voltage and transmits it to the first upper electrode 93, and the
capacitance is raised through an internal piezoelectric effect, then it is output from the first
lower electrode 94, and that is connected to the first output terminal 913. In other words, the
second input terminal 912 is used to receive a pulse voltage, and transmit it to the second
upper electrode 95 disposed on the upper surface of the substrate 92, and the second lower
electrode 96 is disposed on the lower surface of the substrate 92, and is corresponding to the
second upper electrode 95. The second input terminal 912 is used to receive a pulse voltage
and transmits it to the second upper electrode 95, and the capacitance is raised through an
internal piezoelectric effect, then it is output from the second lower electrode 96, and that is
connected to the second output terminal 914. Since the substrate between the first upper and
lower electrodes 93 and 94, and the substrate between the second upper and lower electrodes
95 and 96 are applied AC voltage and are polarized respectively, thus they have positive
polarity and negative polarity after polarization, and the center not polarized portion still keep
its property of ceramic material, thus it does not have polarity, and when AC voltage passes
through, it will indicate insulation state. Subsequently, in the present embodiment, a first
resonance inductor 51 and a second resonance inductor 52 are connected respectively to a
first input terminal 911 and a second input terminal 912 of an insulating piezoelectric-oscillator
91, hereby forming a full-bridge resonance circuit, and is located on a primary side 111 of a
transformer 11. Wherein, when the resonance circuit resonances, the first input terminal 911
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and the second input terminal 912 of the insulating piezoelectric-oscillator 91 will be connected
to the first resonance inductor 51 and the second resonance inductor 52, hereby producing
piezoelectric effect and raising the capacitance. The first output terminal 913 and the second
output terminal 914 of the insulating piezoelectric-oscillator 91 are connected to the two ends
of the primary side 111, so that the primary side 111 is provided with high AC voltage through
piezoelectric conversion, thus providing higher output power to an external load in performing
the operations required.

[0026] Moreover, refer to Fig.11 for a schematic diagram of a piezoelectric power supply
converter used in half-bridge input according to a ninth embodiment of the present invention,
wherein, a first resonance inductor 51 is connected to a an insulating piezoelectric-oscillator
91, hereby forming a full-bridge resonance circuit, and is located on a primary side 111 of a
transformer 11. Wherein, when the resonance circuit resonances, the insulating piezoelectric-
oscillator 91 is made to produce the piezoelectric effect to raise the capacitance and output it
to the primary side 111, and that is used to provide a smaller output power to an outside load in
performing the operations required.

[0027] In the embodiments mentioned above, only one voltage output to an outside load is
designed in performing the operations required, in case that the input voltage signal is much
more larger, then more than two outputs can be designed. In other words, more than two
center taps must be provided in cooperation with more than two filter-rectifier circuits, so as to
provide more than two voltage outputs to an outside load in performing the operations
required.

[0028] Refer to Fig. 12 for a schematic diagram of a half-bridge AC-to-AC piezoelectric power
supply converter according to a tenth embodiment of the present invention. The difference
between the tenth embodiment and the first embodiment of Fig. 1 is that, the present
embodiment is utilized in an AC-to-AC power supply converter; while the first embodiment in
Fig. 1 is utilized in an AC-to-DC power supply converter. Therefore, in the present
embodiment, the secondary side 112 of transformer 11 does not have to be provided with an
output filter-rectifier circuit in converting an AC voltage into a DC voltage. The AC-to-AC
piezoelectric power supply converter includes: a transformer 11 and at least a first piezoelectric
element. Wherein, in the present embodiment. the transformer 11 is provided with a primary
side 111 and a secondary side 112. The primary side of the transformer 11 is utilized as an
inductor, and it is connected in series with the first piezoelectric element to form a half-bridge
resonance circuit; while the intrinsic capacitance of the first piezoelectric element is utilized as
piezoelectric-oscillator 12, and that is used to replace a capacitor in a conventional power
supply converter. Wherein, the structure and equivalence circuit of the piezoelectric-oscillator
12 disclosed in the present embodiment are as shown in Figs. 2(A) & 2(B). In the present
embodiment, the primary side 111 of the transformer 11 is used as an inductor to form a half-
bridge resonance circuit. As such, when the resonance circuit resonances, the piezoelectric-
oscillator 12 is used to store electric energy and having piezoelectric characteristics, thus being
able to adjust power factor and then output the power thus obtained. For the piezoelectric-
oscillator 12, when it is applied a voltage it will deform to produce a reverse piezoelectric effect,
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while after deformation, it will produce a forward piezoelectric effect, and the conversion
between forward and reverse piezoelectric effects will produce positive charges, thus
amplifying the voltage and realizing the result of amplifying the voltage, hereby achieving the
effect of large power output. Wherein, the capacitance of mechanical characteristic Cb of the
equivalent capacitor in the equivalent circuit is about three times as that of its electric
characteristic Ca. Then by adding the capacitance of Ca and Cb, such that piezoelectric-
oscillator 12 could have high capacitance (Q=C*V), therefore, it is capable of providing
increased output power of several folds, thus raising the energy conversion efficiency.

[0029] Refer to Figs. 12 & 13 at the same time. Fig. 13 is a schematic diagram of a
piezoelectric power supply converter used in full-bridge input according to an eleventh
embodiment of the present invention. The structure and operation of the eleventh embodiment
is the same as those of the tenth embodiment in Fig. 12. Wherein, the similar parts will not be
repeated here for brevity. However, the difference is that, in the eleventh embodiment, two first
piezoelectric elements are provided, the intrinsic capacitance of the first piezoelectric element
is utilized as a first piezoelectric-oscillator 31 and a second piezoelectric-oscillator 32, and that
are located on the primary side 111 of the transformer 11, the primary side of the transformer
11 is utilized as an inductor to form a full-bridge resonance circuit. The first piezoelectric-
oscillator 31 and the second piezoelectric-oscillator 32 are connected respectively to both ends
of the primary side 111, and the first piezoelectric-oscillator 31 and the second piezoelectric-
oscillator 32 are utilized to receive pulse voltage. When the resonance circuit resonances, the
piezoelectric effect it produces is used to raise the capacitance, and it is output to the primary
side 111, thus being able to raise the output power further than using only a single
piezoelectric-oscillator.

[0030] Refer to Figs. 13 & 14 at the same time. Fig. 14 is a schematic diagram of a
piezoelectric power supply converter used in full-bridge input according to a twelfth
embodiment of the present invention. The structure and operation of the twelfth embodiment is
the same as those of the eleventh embodiment in Fig. 13. Wherein, the similar parts will not be
repeated here for brevity. However, the difference is that, at least a center tap 41 is provided in
the transformer 11, and that is located in the center of the secondary side 112, such that the
voltage differences to the two ends of the secondary side are equal, hereby producing two sets
of output voltages, that are used to provide an outside load with a greater output power. In
addition, refer to Fig. 15 for a schematic diagram of a piezoelectric power supply converter
used in half-bridge input according to a thirteenth embodiment of the present invention.
Wherein, at least a center tap 41 is provided in the transformer 11, and that is located in the
center of the secondary side 112, such that the voltage differences to the two ends of the
secondary side are equal, hereby producing two sets of output voltages, that are used to
provide an outside load with a smaller output power.

[0031] Refer to Figs. 14 & 16 at the same time. Fig. 16 is a schematic diagram of a
piezoelectric power supply converter used in full-bridge input according to a fourteenth
embodiment of the present invention. The structure and operation of the fourteenth
embodiment is the same as those of the twelfth embodiment in Fig. 14. Wherein, the similar
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parts will not be repeated here for brevity. However, the difference is that: in the fourteenth
embodiment, a first resonance inductor 51 and a second resonance inductor 52 are provided,
that correspond respectively to the first piezoelectric-oscillator 31 and the second piezoelectric-
oscillator 32 connected in series, hereby forming a full-bridge resonance circuit on the primary
side 111 of the transformer 11. The first piezoelectric-oscillator 31 and the second
piezoelectric-oscillator 32 are used to receive pulse voltage through the first resonance
inductor 51 and the second resonance inductor 52 respectively. Since first resonance inductor
51 and a second resonance inductor 52 have energy storage capability, therefore it can
provide higher voltage to the first piezoelectric-oscillator 31 and the second piezoelectric-
oscillator 32. When the resonance circuit resonances, the piezoelectric effect it produces is
used to raise the capacitance and it is output to the primary side 111, and that is used to
provide larger output power to an outside load in performing the operations required. In
addition, the transformer 11 can be designed to be without having a center tap, refer to Fig. 17
for a schematic diagram of a piezoelectric power supply converter used in full-bridge input
according to a fifteenth embodiment of the present invention. As shown in Fig. 17, the primary
side 111 of a transformer 11 is used to induce the secondary side 112, and AC voltage is
output from the secondary side 112, that are used to provide an outside load with a larger
output power in performing the operations required.

[0032] Refer to Figs. 15 & 18 at the same time. Fig. 18 is a schematic diagram of a
piezoelectric power supply converter used in full-bridge input according to a sixteenth
embodiment of the present invention. The structure and operation of the sixteenth embodiment
is the same as those of the thirteenth embodiment in Fig. 15. Wherein, the similar parts will not
be repeated here for brevity. However, the difference is that: in the sixth embodiment, a
resonance inductor 51 is connected to a piezoelectric-oscillator 31 in series to form a half-
bridge resonance circuit on a primary side 111 of a transformer 11. When the resonance circuit
resonances, the piezoelectric effect it produces is used to raise the capacitance, and it is
output to the primary side 111, and that is used to provide smaller output power to an outside
load in performing the operations required. In addition, the transformer 11 can be designed to
be without having a center tap. Refer to Fig. 19 for a schematic diagram of a piezoelectric
power supply converter used in half-bridge input according to a seventeenth embodiment of
the present invention. As shown in Fig. 19, the primary side 111 of a transformer 11 is used to
induce the secondary side 112, and AC voltage is output from the secondary side 112, that are
used to provide an outside load with a larger output power in performing the operations
required.

[0033] In the embodiments mentioned above, only one voltage output to an outside load is
designed in performing the operations required, in case that the input voltage signal is much
more larger, then more than two outputs can be designed. In other words, more than two
center taps are required, so as to provide more than two voltage outputs to an outside load in
performing the operations required.

[0034] The above detailed description of the preferred embodiment is intended to describe
more clearly the characteristics of the present invention. However, the preferred embodiments
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disclosed above are not intended to be any restrictions to the scope of the present invention.
Conversely, its purpose is to include the various changes and equivalent arrangements which
are within the scope of the appended claims.
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PATENTKRAV

1. Piezoelektrisk effektforsyningskonverter anvendt i en AC-til-AC konverter, omfat-

tende:

en transformator, forsynet med en primaerside (111) og en sekundeaerside (112);

i det mindste ét farste piezoelektrisk element (12; 31, 32; 91), med sin ene ende
forbundet med primeersiden (111) og med sin anden ende anvendt til at modtage
en impulsspaending og til at afgive denne til primaersiden (111), hvilken
sekundeerside (112) anvendes til at afgive AC-spaendingen til en ekstern belastning
til udferelse af kreevede operationer, hvor det fgrste piezoelektriske element (12;
31, 32; 91) er en piezoelektrisk oscillator eller en isolerende piezoelektrisk oscillator,
og hvor ét aekvivalentkredslgb for den piezoelekiriske oscillator omfatter en
akvivalent modstand R, en aekvivalent spole L og en aekvivalent kondensator Ca,
og en statisk kondensator Cb, og den akvivalente kapacitans for den piezoelektrisk

oscillator er udtrykt som:
Cal(1-0™*Ca*L)+Ch
hvor w er en driftfrekvens (rad/s).

2. Piezoelektrisk effektforsyningskonverter ifglge krav 1, hvor den piezoelektriske oscil-
lator (12; 31, 32) omfatter et substrat (21) og to ledningslag (22, 23), hvilket substrat er
forsynet med en gvre overflade og en nedre overflade, idet de to ledningslag (22, 23) er
udformede henholdsvis pa den gvre overflade og den nedre overflade, for dannelse af

to elektroder for den piezoelektriske oscillator (12, 31, 32; 91).

3. Piezoelektrisk effektforsyningskonverter ifglge krav 2, hvor en form af substratet (21)
er en rund form, en kvadratisk form, en rektangulaer form, eller andre geometriske for-

mer.

4. Piezoelektrisk effektforsyningskonverter ifglge krav 1, hvor

den isolerende piezoelektriske oscillator (91) omfatter: et substrat (92), i det mindste en
farste gvre elektrode (93), i det mindste en fgrste nedre elektrode (94), i det mindste en
anden gvre elektrode (95), i det mindste en anden nedre elektrode (96), idet substratet

(92) er fremstillet af keramisk materiale, og har en gvre overflade og en nedre overflade,
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idet den fagrste gvre elektrode (93) er placeret pa den gvre overflade af substratet (92),
og den fgrste nedre elektrode (94) er placeret pa den nedre overflade af substratet (92),
og korresponderer med den forste @gvre elektrode (93),

den anden @vre elektrode (95) er placeret pa den gvre overflade af substratet (92) og
den anden nedre elektrode (96) er placeret pa den nedre overflade af substratet (92),
og korresponderer med den anden @vre elektrode, hvor substratet (92) befinder sig
imellem den fgrste gvre og nedre elektrode, og substratet (92) befinder sig imellem den
anden gvre og nedre elektrode og hver iseer patrykkes impulsspaendingen og polarise-
res og nar der ikke er nogen indgangsspaending patrykt, vil den midterste ikke-pola-

riserede del have en isolationstilstand.

5. Piezoelektrisk effektforsyningskonverter ifglge krav 1, hvor
transformatoren er forsynet med i det mindste ét midterudtag (41), placeret i midten af
den sekundeere side (112), sdledes at spaendingsforskelle til begge ender af den

sekundeere side (112) er ens.

6. Piezoelektrisk effektforsyningskonverter ifglge krav 1, som yderligere omfatter:

en resonansspole (51) forbundet i serie med det forste piezoelektriske element (31,
32) for dannelse af et halv-bro resonanskredslab og er placeret pa primeersiden

(111) af transformatoren.

7. Piezoelektrisk effektforsyningskonverter ifglge krav 6, som yderligere omfatter:

to resonansspoler (51, 52) forbundet i serie med to tilsvarende farste piezoelek-
triske elementer (31, 32), for dannelse af et fuld-bro resonanskredslgb, og som er

placeret pa primaersiden (111) af transformatoren.

8. Piezoelektrisk effektforsyningskonverter ifglge ethvert af kravene 1 til 7, som yder-
ligere omfatter:

i det mindste et andet piezoelektrisk element (13), placeret pa sekundaersiden (112), og
som anvendes til afgivelse af en DC spaending til en ekstern belastning for udferelse af

kreevede operationer.

9. Piezoelektrisk effektforsyningskonverter ifglge krav 8, hvor det andet piezoelektriske

element (13) er en piezoelektrisk kondensator.
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10. Piezoelektrisk effektforsyningskonverter ifglge krav 9, hvor et aekvivalentkredslgb
for den piezoelektriske kondensator (13) omfatter en aekvivalentmodstand R, en aekvi-
valentspole L og en aekvivalentkondensator Ca, og en statisk kondensator Cb, og ack-

vivalentkapaciteten for den piezoelektriske kondensator er udtrykt som:
Ca/(1-0**Ca*L)+Cb
hvor w er en driftfrekvens (rad/s).
11. Piezoelektrisk effektforsyningskonverter ifglge krav 8, som yderligere omfatter:
to dioder (D1, D2) og en filterspole (14), idet én ende af filterspolen (14) er forbundet
med de to dioder (D1, D2), og den anden ende er forbundet med det andet piezo-

elektriske element (13) for dannelse af et filter-ensretterkredslgb, og som er pla-

ceret pa sekundaersiden (112) af transformatoren.
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