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ABSTRACT

Methods and systems for applying chaige to a piezoelectric
element include and/or facilitate implementation ofprocesses
including cyclical multi-stage processes for: providing a
piezoelectric element with an accumulated chaige; providing
one or more chaige holding elements with a scavenged charge
from the piezoelectric element; substantially removing or
dischaiging a remaining charge from the piezoelectric ele
ment; and applying the scavenged chaige to the piezoelectric
element with an opposite polarity in relation to the polarity of
the remaining charge.
19 Claims, 8 Drawing Sheets
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METHODS AND SYSTEMS FOR APPLYING
CHARGE TO A PIEZOELECTRIC ELEMENT

charge associated with the piezoelectric transducer, provide
the one or more charge holding elements with a scavenged
charge from the piezoelectric transducer, substantially
remove or discharge a remaining charge from the piezoelec
tric transducer, and apply the scavenged charge to the piezo
electric transducer with an opposite polarity in relation to the
polarity of the remaining charge.
In an example embodiment, a pump includes: a pump body
configured to at least partially define a pumping chamber; a
piezoelectric element responsive to a drive signal for pump
ing fluid in the pumping chamber; and a pump driver config
ured to provide the drive signal, the pump driver including a
flyback boost circuit configured to develop an accumulated
charge associated with the piezoelectric element and also a
charge on one or more chaige holding elements, a charge
scavenging circuit configured to provide a chaige scavenged
from the piezoelectric element to the one or more charge
holding elements, a charge removing circuit configured to
substantially remove or discharge a remaining charge from
the piezoelectric element, and a chaige reclaiming circuit
configured to apply the scavenged charge to the piezoelectric
element with an opposite polarity in relation to the polarity of
the remaining charge.

CROSS-REFERENCE TO RELATED
APPLICATIONS

5

This application claims the benefit of U.S. Provisional
Application No. 61/589,736, filed on Jan. 23, 2012, which is
hereby incorporated by reference.
10

TECHNICAL FIELD
The present invention relates generally to piezoelectric
devices and, in particular, methods and systems for applying
charge to and recovering chaige from a piezoelectric element
or device.
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BACKGROUND ART
A piezoelectric element is a crystalline material which
produces an electric voltage when subjected to mechanical
pressure. In view of their various properties, piezoelectric
elements have been used as actuators in diaphragm displace
ment pumps. In general, piezoelectric actuators of the type
used in pumps require excitation by a regularly reversing
high-voltage field. Depending on the application, the excita
tion voltage may be anywhere from 25 to 1000 volts or more
and the frequency of field reversal may be anywhere from a
fraction of a cycle per second to thousands of cycles per
second. Typically, this excitation signal must be derived from
a relatively low-voltage source of 1.5-25 volts. See e.g., U.S.
Pat. No. 7,287,965 Β2, which is hereby incorporated by ref
erence.
It would be useful to be able to provide methods and
systems for applying charge to piezoelectric elements/devices that are more energy efficient. It would be useful to be
able to improve energy utilization by a piezoelectric pump or
device.

20

SUMMARY OF THE INVENTION
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In an example embodiment, a method for applying charge
to a piezoelectric element includes: imparting a scavenged
charge to one or more charge holding elements, said scav
enged charge being at least a portion of an accumulated
charge associated with a piezoelectric element; and coupling
a voltage source or reference and the one or more charge
holding elements to the piezoelectric element such that a
remaining charge on the piezoelectric element is removed and
the scavenged charge is applied to the piezoelectric element
with an opposite polarity in relation to the polarity of the
remaining charge.
In an example embodiment, a method for applying charge
to a piezoelectric element includes: providing a piezoelectric
element with an accumulated chaige; providing one or more
charge holding elements with a scavenged chaige from the
piezoelectric element; substantially removing or discharging
a remaining charge from the piezoelectric element; and
applying the scavenged charge to the piezoelectric element
with an opposite polarity in relation to the polarity of the
remaining charge.
In an example embodiment, a system including electronics
for producing a drive signal for a device having a piezoelec
tric transducer includes: a controller configured to generate
voltage pulses; and converter circuitry including one or more
charge holding elements, the converter circuitry being con
figured to use the voltage pulses to develop an accumulated

25

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is an illustration of a pump including a piezoelectric
element;
FIG. 2 is a diagram of a system including a drive circuit/
electronics for producing a drive signal for a piezoelectric
element or device;
FIG. 3 is a flow diagram of an example method for applying
charge to a piezoelectric element;
FIG. 4 is an electrical schematic showing an example
embodiment of a piezoelectric driver circuit;
FIG. 5 is a plot showing voltage and control input levels
during an example operation cycle implemented by the piezo
electric driver circuit of FIG. 4;
FIG. 6 shows a typical bipolar signal generated by the
present invention for driving the piezoelectric element; and
FIGS. 7-12 show a piezoelectric driver circuit at different
stages respectively during an example implementation of a
multi-stage process.
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The methodologies and technologies described herein gen
erally involve applying chaige to a piezoelectric element and
can include (and/or facilitate implementation of processes
including cyclical multi-stage processes for) one or more of,
for example: providing a piezoelectric element with an accu
mulated charge; providing one or more chaige holding ele
ments with a scavenged charge from the piezoelectric ele
ment; substantially removing or dischaiging a remaining
charge from the piezoelectric element; and applying the scav
enged charge to the piezoelectric element with an opposite
polarity in relation to the polarity of the remaining charge.
Referring to FIG. 1, a pump 100 includes a pump body 102
(e.g., configured to at least partially define a pumping cham
ber) and a drive circuit 104. Referring to FIG. 2, in an example
embodiment, a system 200 includes drive circuit/electronics
204 for producing a drive signal for a piezoelectric element or
device, a controller 210 (e.g., implemented utilizing one or
more microcontrollers), a converter circuit and piezoelectric
element/device 220, and a power source 230 configured as
shown.
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Referring to FIG. 3, in an example embodiment, a method
300 for applying charge to a piezoelectric element (or piezo
electric load) includes, at step 302, providing a piezoelectric
element with an accumulated chaige (e.g., utilizing pulses to
provide a piezoelectric element with an accumulated charge
and also a charge on one or more charge holding elements,
such as a capacitor or a second piezoelectric element). For
example, the accumulated charge is developed from (voltage)
pulses (e.g., unipolar DC voltage pulses) provided by a volt
age source (e.g., a DC voltage source or power supply, a fixed
or regulated voltage or potential). At step 304, one or more
charge holding elements are provided with a scavenged
charge (scavenged or otherwise obtained) from the piezoelec
tric element. At step 306, a remaining chaige (held by the
piezoelectric element) is substantially removed or discharged
from the piezoelectric element. For example, substantially
removing or discharging a remaining charge includes cou
pling a voltage source to a terminal (e.g., the positive termi
nal) of the piezoelectric element. At step 308, the scavenged
charge (held by the one or more charge holding elements) is
applied to the piezoelectric element (e.g., with an opposite
polarity in relation to the polarity of the remaining charge
previously held by the piezoelectric element). For example,
applying the scavenged chaige includes decoupling (e.g., dis
connecting) a terminal of the piezoelectric element (e.g., the
negative terminal) from an electrical ground, and coupling the
one or more charge holding elements to (said terminal of) the
piezoelectric element.
Referring to FIG. 4, in this example embodiment, a piezo
electric driver circuit 400 includes a flyback boost circuit 402
(Ql, Tl, Τ2, Dl, D2) configured to develop an accumulated
charge (on or) associated with the piezoelectric element and
also a charge on one or more charge holding elements (e.g.,
the flyback boost circuit including an inductor array config
ured such that different portions of the array are utilized for
transferring chaige to the piezoelectric element and Cl,
respectively). The capacitive element Cl can be provided, by
way of example and not of limitation, as a discrete capacitor,
a configuration of multiple (selectable) capacitive compo
nents, simulated capacitance(s), or a combination thereof. In
example embodiments (involving a dual channel pump, for
example), the one or more charge holding elements include a
second piezoelectric element or transducer. The piezoelectric
driver circuit 400 further includes a charge scavenging circuit
404 (SI—such as, for example, silicon-controlled rectifier
S602TS) (e.g., connected between the piezoelectric element
and the one or more charge holding elements) configured to
provide a charge scavenged (or otherwise obtained) from the
piezoelectric element to the one or more charge holding ele
ments (e.g., Cl or a second piezoelectric element or trans
ducer). In this example embodiment, the piezoelectric driver
circuit 400 includes a charge removing circuit 406 (Q2—such
as, for example, 100V plus N-channel MOSFET ZVN0545)
(e.g., connected to the positive terminal of the piezoelectric
element) configured to substantially remove or discharge a
remaining chaige from the piezoelectric element, and a
charge reclaiming circuit 408 (Q3, S2—such as, for example,
power MOSFET IRFR4615 and silicon-controlled rectifier
S602TS, respectively) (e.g., connected to the piezoelectric
element and the one or more charge holding elements) con
figured to apply the scavenged charge (held by the one or
more charge holding elements) to the piezoelectric element
(e.g., with an opposite polarity in relation to the polarity of the
remaining charge previously held by the piezoelectric ele
ment).
In an example implementation, the piezoelectric driver
circuit 400 is configured to drive a piezoelectric drug pump

(e.g., to drive the piezoelectric element to +285 volts and then
reverse polarity and drive the element to -75 volts), and the
power supply is +3 volts.
The flyback boost converter 400 is formed with transistor
Ql (such as, for example, power MOSFET IRFR4615), coils
Tl and Τ2 (such as, for example, dual winding inductors
DRQ73-221) and diodes Dl and D2 (such as, for example,
rectifier diodes MURS-160). Further switching and auxiliary
capacitor, Cl, are utilized to facilitate the scavenging of
energy (from the piezoelectric element) and reversal of polar
ity at the piezo.
In an example implementation, coils Tl and Τ2 have two
identical windings each, and a single coil exhibits 220 micro
henries of inductance. In this circuit one winding from each
coil is placed in parallel with a winding from the other coil.
This parallel pair is driven by Ql to store eneigy. The remain
ing two windings of the two coils are connected in series and
attached to the paralleled pair so that the whole inductive
array will exhibit three times the voltage seen across the
paralleled pair. Referring additionally to FIGS. 5 and 6, when
Ql is pulsed by drive line A it applies the 3 volt supply across
the paralleled pair of windings and current ramps up to 0.5
Amps. When line A drops Ql turns off and the flyback effect
forces current through diodes Dl and D2 to charge the piezo
element and Cl simultaneously. The current through the coils
provides the charge that is transferred to the piezo and Cl.
The high voltage flyback circuit provides the voltage suffi
cient to cause the charge transfer. While Dl is driven by the
whole inductor array, D2 is only driven by the paralleled
windings. As a consequence, and referring to FIG. 6 which
shows a bipolar signal 600 transitioning from a positive signal
602 to a negative signal 604, after 9 pulses the piezo will have
reached 285 volts and Cl will only have reached 95 volts.
During this time transistor Q2 will be off and Q3 will be on to
allow current through the piezo access to ground.
Once the piezo and the Cl are charged SCR SI will be
triggered by line Ε and charge from the piezo will be trans
ferred to Cl raising it to +190 volts. Next Q2 is turned on to
remove the remaining charge from the piezo. Q2 is connected
to the +3 volt supply, otherwise supply current would flow
through the coils, Dl and Q2 to ground. The next step is to
turn Q3 off and trigger S2 using a pulse from line D. This will
transfer charge from Cl to the opposite electrode of the piezo
from the one which had previously held a positive charge. The
resulting voltage should be +78 volts to produce a differential
across the piezo of -75 volts referenced to the original charge
of +285 volts. Finally transistor Q3 will be turned on to
dischaige the remaining charge on the piezo. Q2 will be
turned off and the system will be ready for the next cycle.
Thus, in an example embodiment, a pump includes a pump
body configured to at least partially define a pumping cham
ber, a piezoelectric element (e.g., a piezoelectric transducer or
actuator situated in the pump body or external to the body)
responsive to a drive signal for pumping fluid in the pumping
chamber, and a pump driver configured to provide the drive
signal (responsive to voltage pulses generated, for example,
by a microcontroller). The pump driver includes a flyback
boost circuit (Ql, Tl, Τ2, Dl, D2) configured to develop an
accumulated charge (on or) associated with the piezoelectric
element and also a charge on one or more charge holding
elements (e.g., the flyback boost circuit including an inductor
array configured such that different portions of the array are
utilized for transferring charge to the piezoelectric element
and Cl, respectively), a charge scavenging circuit (SI) (e.g.,
connected between the piezoelectric element and the one or
more charge holding elements) configured to provide a
charge scavenged (or otherwise obtained) from the piezoelec -
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trie element to the one or more charge holding elements (e.g.,
Cl), a chaige removing circuit (Q2) (e.g., connected to the
positive terminal of the piezoelectric element) configured to
substantially remove or discharge a remaining chaige from
the piezoelectric element, and a chaige reclaiming circuit
(Q3, S2) (e.g., connected to the piezoelectric element and the
one or more charge holding elements) configured to apply the
scavenged chaige (held by the one or more chaige holding
elements) to the piezoelectric element (e.g., with an opposite
polarity in relation to the polarity of the remaining charge
previously held by the piezoelectric element).
The pump driver is configured, for example, to provide the
drive signal responsive to voltage pulses (e.g., unipolar DC
voltage pulses). In example embodiments, the pump includes
a controller (e.g., microcontroller) configured to generate the
voltage pulses. The one or more charge holding elements
include, for example, a capacitor or a second piezoelectric
element. The flyback boost circuit includes, for example, an
inductor array configured such that different portions of the
array (or combinations thereof) are utilized for transferring
charge to the piezoelectric element and a capacitor (e.g., Cl),
respectively. The flyback boost circuit includes, for example,
an inductor array configured such that different portions of
the array (or combinations thereof) are utilized for transfer
ring charge to first and second piezoelectric elements, respec
tively. In example embodiments, the pump driver is config
ured to apply the scavenged charge to the piezoelectric
element with an opposite polarity in relation to the polarity of
the remaining charge (previously held by the piezoelectric
element). In example embodiments, the pump driver is con
figured such that capacitances of the piezoelectric element
and the one or more chaige holding elements (e.g., Cl) deter
mine how much charge is reclaimed (e.g., both at 2 nF; more
charge reclaimed if Cl is increased to, say, 20 nF while the
capacitance of the piezoelectric element remains 2 nF). In
example embodiments, the capacitance of a capacitor (e.g.,
Cl) is at least as large as the capacitance of the piezoelectric
element.
In example embodiments, the converter circuitry is config
ured to implement a multi-stage (e.g., two-stage) process
utilizing the one or more chaige holding elements (for
example, different elements of a capacitive bank are utilized
for different stages or portions of a multi-stage process).
FIGS. 7-12 show a piezoelectric driver circuit at different
stages respectively during an example multi-stage process
implemented as set forth below:
Pre/Post Fire
The Pre/Post Fire State is the idle state of the circuit. This is
the circuit configuration that is used in between pump
stroke events.
Stage 1
During Stage 1, switch A is closed, connecting the power
supply to ground through the inductance LI. The current
will develop to a desired level at which time the circuit
moves to Stage 2.
Stage 2
When switch A is opened, the physics of the circuit creates a
very high voltage at LI. This high voltage causes current to
flow through L2/D2 and onto the piezo ΡΖ as well as
through D1 onto the capacitor CAP.
Cycle Stage 1 and Stage 2
Each time the circuit is cycled through Stage 1 and Stage 2,
more and more chaige accumulates on the piezo ΡΖ and the
capacitor. Once the desired voltage has been accumulated
on the piezo ΡΖ, the circuit moves to Stage 3.

Stage 3
The chaige on the piezo ΡΖ is available for scavenging in
order to make the circuit more efficient. On Stage 3, the
positive terminal of the piezo is connected to the positive
terminal of the capacitor by closing switch Ε. Since the
piezo is charged to a much higher voltage than the capaci
tor, charge will flow from the piezo to the capacitor until the
charge on each component is equalized in proportion to
their respective capacitances.
Stage 4
During Stage 4 the remaining chaige on the positive terminal
of the piezo is removed by closing switch Β and thus
connecting the positive terminal of the pieze to the positive
supply. Note that the positive terminal of the piezo is not
connected to ground in this circuit topology because doing
so would create a path from the positive supply to ground
through L1/L2/D2, wasting battery current. By connecting
the piezo to the supply voltage instead, enough of the
charge will be removed to make the circuit work, however
the positive terminal of the piezo will not be at zero volts
but rather at the supply voltage. Other or alternative circuit
implementations (e.g., connecting the piezo to a different
voltage or reference) can also be utilized.
Stage 5
In order to reverse the polarity on the piezo from the high
positive voltage originally developed in Stage 2, the charge
that was scavenged in Stage 3 is now applied to the oppo
site terminal of the piezo. Note that switch C is opened to
disconnect the piezo terminal from ground and the terminal
is connected to the capacitor by closing switch D. The
piezo will be charged now in an opposite polarity from
Stage 2 to a somewhat lesser voltage.
Stage 6
Return to the Pre/Post Fire stage.
Thus, in an example embodiment, a system including elec
tronics for producing a drive signal (e.g., piezo driver) for a
device (e.g., a drug pump) having (or operatively connected
to) a piezoelectric transducer (e.g., a piezoelectric actuator
forming a part of the electronics and serving to shape a wave
form of the drive signal). The electronics include a controller
(e.g., microcontroller) configured to generate voltage pulses
and converter circuitry including one or more charge holding
elements (e.g., Cl). The converter circuitry is configured to
use the voltage pulses to develop an accumulated charge (on
or) associated with the piezoelectric transducer (and also a
charge on one or more charge holding elements), provide the
one or more charge holding elements (e.g., Cl) with a scav
enged charge (scavenged or otherwise obtained) from the
piezoelectric transducer, substantially remove or discharge a
remaining chaige from the piezoelectric transducer, and
apply the scavenged chaige (held by the one or more charge
holding elements) to the piezoelectric transducer (e.g., with
an opposite polarity in relation to the polarity ofthe remaining
charge previously held by the piezoelectric transducer).
In example embodiments, the controller is configured to
operate without sensed or other feedback from the converter
circuitry or the piezoelectric transducer. The converter cir
cuitry can include a buck-boost circuit configured to accumu
late charge developed from the voltage pulses (e.g., unipolar
DC voltage pulses) via flyback, and the one or more charge
holding elements can include a capacitor (e.g., Cl) or a sec
ond piezoelectric transducer connected (or electrically
coupled) to the buck-boost circuit.
In example embodiments, the converter circuitry is config
ured to develop the accumulated chaige from (unipolar) DC
voltage pulses (e.g., via flyback).
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In example embodiments, the converter circuitry is config
ured to couple a voltage source (e.g., 3 VDC) to the piezo
electric transducer (and the one or more charge holding ele
ments).
In example embodiments, the converter circuitry includes
inductive elements (e.g., two or more of which are connect in
series between the voltage source and the piezoelectric trans
ducer) . The inductive elements can be utilized to govern pulse
width (of the voltage pulses). In example implementations,
the inductive elements include matched inductive elements
and/or are non-magnetic. In example implementations, the
inductive elements include a paralleled pair and a series pair
of inductive elements (e.g., configured in series with a diode
(e.g., Dl) between the voltage source and the positive termi
nal of the piezoelectric transducer.
With reference to FIGS. 7-12, the converter circuitry
includes inductive elements (LI and L2) connected in a
series-aiding (boosting) configuration. The converter cir
cuitry can include a first diode (Dl) connected to the piezo
electric transducer and a second diode (D2) connected to the
capacitor or a second piezoelectric transducer.
In example embodiments, the converter circuitry includes
a chaige scavenging circuit (SI) connected between the
piezoelectric transducer and the one or more charge holding
elements (e.g., configured to provide charge from the piezo
electric transducer to the one or more charge holding ele
ments). In example embodiments, the converter circuitry
includes a charge removing circuit (Q2) connected to the
(positive terminal of the) piezoelectric transducer (e.g., con
figured to substantially remove or discharge a remaining
charge from the piezoelectric transducer). In example
embodiments, the converter circuitry includes a charge
reclaiming circuit (Q3, S2) connected to the piezoelectric
transducer and the one or more charge holding elements and
configured to apply the scavenged charge to the piezoelectric
transducer (e.g., with an opposite polarity in relation to the
polarity of the remaining charge previously held by the piezo
electric transducer). In example embodiments, the converter
circuitry is configured such that capacitances of the piezo
electric transducer and the one or more charge holding ele
ments (e.g., Cl) determine how much charge is reclaimed
(e.g., both at 2 nF; more chaige reclaimed if Cl is increased
to, say, 20 nF while the capacitance of the piezoelectric trans
ducer remains 2 nF). In example embodiments, the capaci
tance of a capacitor (e.g., Cl) is at least as large as the
capacitance of the piezoelectric transducer. In example
embodiments, the converter circuitry is configured to imple
ment a multi-stage (e.g., two-stage) process utilizing the one
or more charge holding elements (for example, different ele
ments of a capacitive bank are utilized for different stages or
portions of a multi-stage process).
Thus, in an example embodiment, a method for applying
charge to a piezoelectric element (or piezoelectric load)
includes: imparting a scavenged charge to one or more charge
holding elements (i.e., elements capable ofholding an electric
charge, such as a capacitive element), said scavenged charge
being at least a portion of a chaige (e.g., an accumulated
charge) (on or) associated with a piezoelectric element (or
piezoelectric load), and coupling a voltage source or refer
ence (e.g., a DC voltage source or power supply, a voltage
reference or level, fixed/regulated potential, or circuit
ground) and the one or more charge holding elements to the
piezoelectric element such that a (remaining) charge on the
piezoelectric element is removed (or discharged) (or substan
tially removed/discharged) and the scavenged chaige (held by
the one or more charge holding elements) is applied to the
piezoelectric element with an opposite polarity in relation to

the polarity of the remaining charge (previously held by the
piezoelectric element). The one or more charge holding ele
ments include, for example, a capacitor or a second piezo
electric element.
In example embodiments, the method further includes uti
lizing a sequence of pulses to provide the accumulated charge
(and also a charge on the one or more charge holding ele
ments). In example embodiments, the method further
includes utilizing additive electromotive forces to provide the
accumulated charge (and also a chaige on the one or more
charge holding elements).
In example embodiments, the method further includes uti
lizing pulses (e.g., a sequence of pulses) to provide the accu
mulated charge and also a charge on the one or more charge
holding elements. In example embodiments, the method fur
ther includes utilizing additive electromotive forces to pro
vide the accumulated charge and also a charge on the one or
more charge holding elements.
The accumulated charge is developed, for example, from
voltage pulses (e.g., unipolar DC voltage pulses) via flyback.
In example embodiments, the method further includes devel
oping the accumulated charge from (unipolar) DC voltage
pulses (e.g., via flyback). For example, developing the accu
mulated chaige includes coupling (e.g., inductively coupling)
the voltage source to the piezoelectric element (and the one or
more charge holding elements).
In example embodiments, the method further includes uti
lizing an inductive coupling to provide the charge (and also a
charge on the one or more charge holding elements). In
example embodiments, coupling a voltage source (or refer
ence voltage) (or circuit ground) and the one or more charge
holding elements to the piezoelectric element includes one or
more of, for example: providing charge from the piezoelectric
element to the one or more chaige holding elements, equal
izing charge as between the piezoelectric element and the one
or more charge holding elements (e.g., in proportion to their
respective capacitances), coupling the voltage source to a
terminal (e.g., the positive terminal) of the piezoelectric ele
ment to remove or dissipate charge accumulated orremaining
on the piezoelectric element, and decoupling (e.g., discon
necting) a terminal of the piezoelectric element (e.g., the
negative terminal) from an electrical ground, and coupling the
one or more charge holding elements to (said terminal of) the
piezoelectric element to apply the scavenged chaige to the
piezoelectric element.
Example implementations of the methodologies and tech
nologies herein involve various design requirements and
assumptions, theories of operation, and testing and imple
mentation particulars, such as, for example:
Design Requirements
Bipolar High Voltage Flyback Circuit capable of +285 V
and -75 V
Pump drive circuit capable of achieving 2 mJ/pL energy
efficiency or better
Design Assumptions:
Positive voltage (+285V) precedes negative voltage
(-75V)
Voltage supply is a stable 3V
Flyback clock sources derived from the CPU
10V Supply required to drive the FETs
Piezo Pump Load approximately 2 nF for benchtop emu
lation
Theory of Operation (FIGS. 4 and 5)
Stage 1: A flyback circuit driven by a clock makes/breaks
an inductive circuit to generate high voltage pulses. The
high voltage accumulates via a diode onto a storage
capacitor until +285V is reached.
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Stage 2: The +285V is applied to the piezo load. When the
pulse is over, the charge is scavenged back to another
storage capacitor resulting in a +70V charge.
Stage 3: A -70V pulse is applied to the piezo pump from
the scavenged charge capacitor by applying it in inverse
polarity.
Conclusion
The battery life curve is an important consideration to the
design.
CPU control of flyback clocks and drive signals can deter
mine pulse timing.
Although the present invention(s) has(have) been
described in terms of the example embodiments above,
numerous modifications and/or additions to the above-de
scribed embodiments would be readily apparent to one
skilled in the art. It is intended that the scope of the present
invention(s) extend to all such modifications and/or addi
tions.

8. The method of claim 1, further comprising:
developing the accumulated charge from DC voltage
pulses.
9. The method of claim 8, wherein developing the accumu
lated chaige includes coupling the voltage source to the
piezoelectric element.
10. The method of claim 1, further comprising:
utilizing an inductive coupling to provide the accumulated
charge.
11. The method of claim 1, wherein imparting a scavenged
charge includes providing charge from the piezoelectric ele
ment to the one or more charge holding elements.
12. The method of claim 1, wherein imparting a scavenged
charge includes equalizing the voltage across the piezoelec
tric element and the one or more chaige holding elements.
13. The method of claim 1, wherein coupling a voltage
source and the one or more charge holding elements to the
piezoelectric element includes coupling the voltage source to
a terminal of the piezoelectric element to remove or dissipate
charge accumulated or remaining on the piezoelectric ele
ment.
14. The method of claim 1, wherein coupling a voltage
source and the one or more charge holding elements to the
piezoelectric element includes decoupling a terminal of the
piezoelectric element from an electrical ground, and
coupling the one or more charge holding elements to the
piezoelectric element to apply the scavenged chaige to
the piezoelectric element.
15. A method for applying charge to a piezoelectric ele
ment, the method comprising:
providing a piezoelectric element with an accumulated
charge;
providing one or more charge holding elements with a
scavenged chaige from the piezoelectric element;
substantially removing or discharging a remaining charge
from the piezoelectric element; and
applying the scavenged charge to the piezoelectric element
with an opposite polarity in relation to the polarity of the
remaining charge.
16. The method of claim 15, wherein the one or more
charge holding elements include a capacitor or a second
piezoelectric element.
17. The method of claim 15, wherein the accumulated
charge is developed from pulses provided by a voltage source.
18. The method of claim 17, wherein substantially remov
ing or dischaiging a remaining charge includes coupling the
voltage source to a terminal of the piezoelectric element.
19. The method of claim 15, wherein applying the scav
enged charge includes decoupling a terminal ofthe piezoelec
tric element from an electrical ground, and coupling the one
ormore charge holding elements to the piezoelectric element.
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What is claimed is:
1. A method for applying charge to a piezoelectric element,
the method comprising:
imparting a scavenged charge to one or more charge hold
ing elements, said scavenged charge being at least a
portion of an accumulated charge associated with a
piezoelectric element; and
coupling a voltage source or reference and the one or more
charge holding elements to the piezoelectric element
such that a remaining charge on the piezoelectric ele
ment is removed and the scavenged chaige is applied to
the piezoelectric element with an opposite polarity in
relation to the polarity of the remaining chaige.
2. The method of claim 1, wherein the one or more charge
holding elements include a capacitor or a second piezoelec
tric element.
3. The method of claim 1, further comprising:
utilizing a sequence of pulses to provide the accumulated
charge.
4. The method of claim 1, further comprising:
utilizing additive electromotive forces to provide the accu
mulated charge.
5. The method of claim 1, further comprising:
utilizing pulses to provide the accumulated charge and also
a charge on the one or more charge holding elements.
6. The method of claim 1, further comprising:
utilizing additive electromotive forces to provide the accu
mulated charge and also a chaige on the one or more
charge holding elements.
7. The method of claim 1, wherein the accumulated charge
is developed from voltage pulses via the flyback effect.
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