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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a circuit for
driving a liquid drop spraying or ejecting apparatus,
which may have a variety of uses, the apparatus treating
a liquid or operating by spraying or ejecting the liquid as
small liquid drops.

Description of Prior Art

[0002] A liquid drops spraying apparatus is generally
composed as shown in a longitudinal cross section of
FIG. 7. A piezoelectric or electrostrictive element 1 (pi-
ezoelectric / electrostrictive element) acts as pressuriz-
ing means for spraying liquid. The piezoelectric / elec-
trostrictive element 1 is provided on a wall face of a pres-
surizing chamber 2 for pressurizing liquid to be sprayed;
a liquid drops spraying nozzle 3 is provided at the tip
end of the pressurizing chamber; and an introducing
hole 5 for supplying liquid to the pressurizing chamber
2 is formed at its proximal end, thereby entirely consti-
tuting a liquid drops spraying unit 6. This liquid drops
supply unit 6 is concurrently formed in plurality, and an
introducing hole 5 for a plurality of the adjacent liquid
drops spraying units 6, 6,.. is coupled with a common
liquid supply path 7.

[0003] Adrive circuit for driving a liquid drops spraying
apparatus deforms the wall of the pressurizing chamber
2 by applying a predetermined voltage signal to the pi-
ezoelectric / electrostrictive element 1 and charging the
element. In this manner, the drive circuit generates a
pressure at the pressurizing chamber 2, and causes the
liquid supplied to the pressurizing chamber from the lig-
uid drops spraying nozzle 3. In addition, the drive circuit
causes power discharge and release deformation,
thereby restoring the deformation of the pressurizing
chamber 2, and causes liquid from the introducing hole
5 to the pressurizing chamber.

[0004] In the meantime, in the liquid drops spraying
apparatus, a large amount of liquid must be supplied ac-
cording to uses. In order to cope with such uses, the
apertures of the nozzle and introducing hole have been
increased in size.

Object of the Invention

[0005] If the aperture of the liquid drops spraying noz-
zle 3istoo large, however, an only small amount of liquid
can be sprayed. The introducing hole 5 is not a mere
path through which liquid is supplied to the pressurizing
chamber 2, and serves to prevent back flow even if pres-
surization is performed so as to spray a small amount
of liquid drops from the liquid spraying nozzle 3. Thus,
the aperture cannot be widened infinitely.
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[0006] Therefore, it is considered that a time interval
for applying a predetermined voltage signal to the pie-
zoelectric / electrostrictive element 1 nozzle 3 is short-
ened; the number of signal applications per unit time is
increased; and the number of supplies to the liquid drops
spraying apparatus is increased. In that case, if the time
interval for applying the voltage is shortened, there oc-
curs a new problem that a delay in liquid supply from the
introducing hole 5 to the pressurizing chamber 2 occurs,
and a large amount of liquid cannot be constantly sup-
plied.

[0007] In addition, the piezoelectric / electrostrictive
element acts as a capacitor. Charging / discharging is
repeated when spraying operation is repeated. Thus,
when an operating period is shortened, power con-
sumption is further increased, and a calorific value is
increased.

[0008] A technique to cope with the above increased
power consumption is described in Japanese Patent
Application Laid-open No. 10-107335 or Patent No.
2909150. A technique for shortening the application pe-
riod of a voltage signal per unit time is disclosed in Jap-
anese Patent Application Laid-open No. 8-300646. In
Japanese Patent Application Laid-open No. 10-107335,
there is disclosed an arrangement in which an external
capacitor is provided for power recollection, a coil that
is an inductance is interposed in a charge / discharge
circuit, and part of a discharge of the piezoelectric/ elec-
trostrictive element is effectively stored in the external
capacitor and utilized for next charge, thereby ensuring
power saving. In Patent No. 2909150, there is disclosed
an arrangement in which piezoelectric elements to be
driven at different timings are mutually utilized as power
recollecting means, thereby reducing power consump-
tion without additionally providing an external circuit.
[0009] However, in all of these arrangements, al-
though there is provided an advantageous effect on sav-
ing power consumption, a technique for constantly
spraying a large amount of liquid is not described. Thus,
a delay in liquid supply from the introducing hole to the
pressurizing chamber is not solved.

[0010] In addition, in Japanese Patent Application
Laid-open No. 8-300646, there is disclosed an arrange-
ment in which the rise of a drive voltage wavelength is
divided into two stages and/or three stages, the stability
of meniscus is improved, thereby suppressing an occur-
rence of a satellite. As a result of reducing a constant
during discharge when the waveform is divided into
three stages, the printing speed is increased, thereby
making it possible to increase an ink discharge quantity.
However, discharge start characteristics are not smooth
at the respective stages. Thus, the printing speed can-
not be significantly increased, and the discharge quan-
tity cannot be significantly increased.

[0011] In view of the foregoing problems, even in the
case where a large amount of liquid is sprayed, it is a
object of the present invention to provide a circuit for
driving a liquid drops spraying apparatus capable of
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smoothly supplying liquid to the pressurizing chamber.
SUMMARY OF THE INVENTION

[0012] According to a first aspect of the presentinven-
tion, the following is provided. A liquid drops spraying
apparatus comprising: a plurality of units for spraying a
small amount of liquid drops that comprises a liquid
drops spraying nozzle; a pressurizing chamber for pres-
surizing liquid to be sprayed from the nozzle; an intro-
ducing hole for supplying liquid to the pressurizing
chamber; and a piezoelectric / electrostrictive element
for operating the pressurizing chamber to be pressu-
rized, a liquid introducing hole of a plurality of the adja-
cent liquid drops spraying units being coupled with a
common liquid supply path, there is provided a liquid
drops spraying apparatus driving circuit for applying a
predetermined voltage signal to the piezoelectric / elec-
trostrictive element, thereby deforming the wall of the
pressurizing chamber, and discharging from the nozzle
the liquid to be supplied to the pressurizing chamber by
a pressure produced at the pressurizing chamber,
wherein a rate between an introducing hole diameter
and a nozzle hole diameter (introducing hole diameter /
nozzle hole diameter) is 0.6 or more and 1.6 or less; a
rate between a nozzle hole diameter and nozzle thick-
ness (nozzle hole diameter / nozzle thickness) is 0.2 or
more and 4 or less; an applied voltage signal supplies
a current to the piezoelectric / electrostrictive element
and charge power, and then, holds a final charge voltage
for a predetermined time after a current; discharging
with two or more kinds of constants during discharge is
then performed sequentially; a constant during first dis-
charging is greater than a constant during second dis-
charging; and the second discharging is started at a volt-
age that is 35% to 70% in a voltage difference between
the charging start voltage and the final charge voltage
when the charging start voltage is defined as a refer-
ence, whereby an inductance and a resistor are inter-
posed in at least one discharge circuit in series relevant
to the piezoelectric / electrostrictive element.

[0013] With this arrangement, in the case of an ar-
rangement in which liquid drops are sprayed during
charging of the piezoelectric / electrostrictive element,
when a charge is discharged, the constant during dis-
charging of the first discharge circuit is large, and thus,
the piezoelectric element, i.e., piezoelectric / electros-
trictive element can start deformation gently. In the case
where liquid drops are sprayed simultaneously from a
plurality of liquid drops spraying units, an operation for
introducing liquid into a plurality of pressure chambers
is reliably performed. Then, this operation goes to a suc-
tion operation in which a time required for discharging
a unit voltage value is short. Thus, liquid is supplied to
the pressurizing chamber smoothly and within a short
time, and an amount of liquid supply can be increased.
[0014] In addition, when the discharge start voltage is
35% or less, discharging with its large discharge con-
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stant, i.e., gentle suctioning dominates a majority of the
entire suctioning steps. Suctioning itself is reliably per-
formed, but a large amount of suctioning per unit time
cannot be provided. As aresult, the spraying period can-
not be shortened, and a large amount of spray cannot
be ensured. In addition, if the time constant of the first
discharging is comparatively small in a range which is
greater than the time constant during the second dis-
charging so as to provide the suction quantity per unit
time, unstable suctioning starts, resulting in a spray
fault. In addition, when the voltage is 70% or more, dis-
charging with its large discharge constant, i.e., gentle
suction rate is too small to smoothly start liquid suction-
ing. Then, a suction quantity of liquid from a liquid intro-
ducing hole to a liquid pressurizing chamber after dis-
charge is decreased, the entrapment of air bubbles from
the liquid spraying nozzle occurs, resulting in unstable
spraying.

[0015] Further, when spraying is done in the above
drive waveform, a large rate between the nozzle and the
introducing hole (introducing hole diameter/ nozzle hole
diameter) is preferable in consideration of suctioning.
However, a rate of which the pressure during spraying
escapes to the introducing hole side is large, and the
spraying force is shortened. Alternatively, if the above
rate is small, it causes shortage of the quantity of liquid
supply against the spray quantity. Thus, a rate between
the introducing hole diameter and the nozzle hole diam-
eter (introducing hole diameter / nozzle hole diameter)
is preferably 0.6 to 1.6.

[0016] Furthermore, a rate between the nozzle hole
diameter and nozzle thickness (nozzle hole diameter /
nozzle thickness) is preferably 0.2 or more and 4 or less.
When the rate is 4 or less, the residue vibration of the
liquid levelimmediately after spraying can be converged
speedily by a contact resistance between the liquids on
the nozzle wall face. Still furthermore, air bubbles can
be prevented from entry into the pressurizing chamber
with the pressure change in the pressurizing chamber
during discharge, and the spray stability can be im-
proved. As a result, spraying can be done at a short pe-
riod of time, and the spray quantity can be increased. In
addition, when the rate is 0.2 or more, there can be pre-
vented a spray fault generated due to the shortage of
the spraying force with a large contact resistance of the
liquid on the nozzle wall face.

[0017] Yet furthermore, a rate between the introduc-
ing hole and the nozzle hole, a rate between the nozzle
hole and the nozzle thickness, and a discharge voltage
rate are met simultaneously, the spray fault due to air
bubble entry is prevented, whereby a large amount of
spray can be ensured.

[0018] According to a second aspect of the present
invention, as in the first aspect, there is provided a circuit
for driving a liquid drops spraying apparatus, wherein a
time (t4) from a time when discharging is started at a
second discharge constant to a time when a next pre-
determined voltage signal is applied to a piezoelectric /
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electrostrictive element is 1/4 or more and 20 times or
less of a specific vibration period (To) when liquid is sup-
plied to a flow path in a structure composed of a liquid
spraying nozzle; a pressurizing chamber for pressuriz-
ing the liquid discharged from the nozzle; an introducing
hole for supplying liquid to the pressurizing chamber;
and a piezoelectric / electrostrictive element for operat-
ing the pressurizing chamber to be pressurized; and a
rate (t3 / t4) between a time (t3) when discharging is
effected at a first discharge constant and a time (t4) is
0.1 or more and 20 or less.

[0019] With this arrangement, when the time (t4) from
a time when the piezoelectric / electrostrictive element
starts discharging at the second discharge constant to
a time when the next predetermined voltage signal is
applied is 1/4 or less of the specific vibration period (To),
a suction speed of liquid from the liquid introducing hole
to the liquid pressurizing chamber after spraying is too
fast. Even if suctioning is started at the first charging
without any fault, liquid supply from the introducing hole
is too late when suctioning is effected during the second
discharging. Thus, air bubbles enter the pressurizing
chamber from the liquid drops spraying nozzle, resulting
in a spray fault. In addition, when the rate is 20 times or
more of To, a large amount of suction per unit time can-
not be provided. As a result, the spray period cannot be
shortened, and a large amount of spray cannot be en-
sured.

[0020] Further, when a rate between a time (t3) when
discharging is effected at the first discharge constant to
a time (t4) when a predetermined voltage signal is ap-
plied to the next piezoelectric / electrostrictive element
is 0,1 or less, the rate of the first discharging with its
large time constant is small. Thus the rate of the liquid
suction quantity during the first discharging to the entire
suction quantity decreases, suctioning is too late during
the second discharge suctioning. Then, air bubbles en-
ter the pressurizing chamber from the liquid drops
spraying nozzle, causing a spray fault. In addition, when
the above rate is 20 or less, a large amount of suction
quantity per unit time cannot be provided. As a result,
the spray period cannot be shortened, and a large
amount of spray cannot be ensured.

[0021] According to a third aspect of the present in-
vention, as in the first and second aspects thereof, in
addition to a discharge circuit, an inductance and a re-
sistor are interposed in series relevant to the charge cir-
cuit.

[0022] With this arrangement, the voltage / time gra-
dient during spraying is made linear, and the stability of
liquid spraying is improved.

[0023] According to a fourth aspect of the present in-
vention, in a liquid drops spraying apparatus compris-
ing: a liquid drops spraying nozzle; a pressure chamber
for pressurizing liquid discharged from the nozzle; and
a piezoelectric / electrostrictive element for operating
the pressure chamber to be pressurized, a liquid intro-
ducing hole of a plurality of the adjacent liquid drops
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spraying units being coupled with a common liquid sup-
ply path, there is provided a circuit for driving a liquid
drops spraying apparatus for repeatedly applying a dif-
ferent voltage signal to the piezoelectric / electrostrictive
element to which a predetermined voltage signal is ap-
plied, thereby changing the wall of the pressurizing
chamber and discharging from the nozzle the liquid sup-
plied to the pressurizing chamber with a pressure gen-
erated in the pressurizing chamber, wherein a rate be-
tween an introducing hole and a nozzle hole diameter
(introducing hole diameter / nozzle hole diameter) is 0.6
or more and 1.6 or less; a rate between a nozzle hole
diameter and nozzle thickness (introducing hole diam-
eter / nozzle thickness) is 0.2 or more and 4 or less; the
different applied voltage signal discharges a current
from the piezoelectric / electrostrictive element to which
the discharge start voltage is applied, and then, holds
the final discharge voltage for a predetermined time;
charging with two or more kinds of charge constants is
then performed sequentially; and second charging is
started at a voltage that is 30% to 65% of a voltage dif-
ference between the final discharge voltage and the dis-
charge start voltage when the final discharge voltage is
defined as a standard; and an inductance and a resistor
are interposed in series relevant to the piezoelectric /
electrostrictive element in at least one charge circuit.
[0024] With this arrangement, in the case where liquid
drops are sprayed during discharge of the piezoelectric
/ electrostrictive element, a time constant is large when
first charging of the charge circuit is started. Thus, the
piezoelectric element, i.e., the piezoelectric / electros-
trictive element can start deformation gently. In the case
where liquid drops are sprayed from a plurality of liquid
drops spraying units simultaneously, an operation for in-
troducing liquid to a plurality of pressure chambers are
reliably performed. Then, this operation goes to a suc-
tion operation in which a time required to charge a unit
voltage value is short. Thus, liquid supply to the pres-
sure chambers can be performed smoothly and within
a short time, and the liquid supply quantity can be in-
creased.

[0025] When the final discharge voltage is 65% or
more, charging with its large charge constant, i.e., gen-
tle suctioning dominates a majority of the entire suction-
ing steps, and suctioning is reliably performed. Howev-
er, a large amount of suctioning per unit time cannot be
provided. As a result, the spraying period cannot be
shortened. Therefore, a large amount of splay cannot
be ensured. If the first charging constant is comparative-
ly smaller within the range that is greater than the sec-
ond time constant so as to provide the suction quantity
per unit time, unstable suctioning is started, resulting in
a spray fault. In addition, when the voltage is 30% or
less, a rate of charging with its charge constant, i.e.,
gentle suctioning is too small to perform liquid suctioning
start speedily, unstable spraying occurs.

[0026] Further, when spraying is performed in the
drive waveform, a large rate between the introducing
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hole diameter and the nozzle hole diameter (introducing
hole diameter / nozzle hole diameter) is preferable in
view of suctioning. However, a rate at which the spraying
pressure escapes to the introducing hole side, the
spraying force becomes short. Alternatively, if the rate
is small, it causes the shortage of quantity of liquid sup-
ply to the spray quantity. Thus, a rate between the intro-
ducing hole diameter and the nozzle hole diameter (in-
troducing hole diameter / nozzle hole diameter) is pref-
erably 0.6 to 1.6.

[0027] Further, the rate between the introducing hole
and the nozzle hole, the rate between the nozzle hole
and nozzle thickness, and the charge voltage rate are
met simultaneously, a spray fault due to air bubble entry
is prevented, and a large amount of spray can be en-
sured.

[0028] According to a fifth aspect of the presentinven-
tion, as in the fourth aspect thereof, a time (t40) from a
time when charging is started at the second charging
constant to a time when the next predetermined voltage
signal is applied to the piezoelectric / electrostrictive el-
ement is 1/4 or more and 20 times or less of a specific
vibration period (To) when liquid is supplied to a flow
path in a structure composed of: a liquid spraying noz-
zle; a pressurizing chamber for pressurizing liquid dis-
charged from the nozzle; an introducing hole for supply-
ing liquid to the pressurizing chamber; and a piezoelec-
tric / electrostrictive element for operating the pressuriz-
ing chamber to be pressurized, and a rate (t30 / t40)
between a time (t30) when charging is performed at the
first charging constant and a time (t40) is 0.1 or more
and 20 or less.

[0029] With this arrangement, when t40 is 1/4 or less
of (To), the suctioning speed is too high. Thus, even if
suctioning is started at the first charging without any fail-
ure, liquid supply from the introducing hole is too late
when suctioning is performed at the second charging.
Then, air bubbles enters the pressurizing chamber from
the nozzle hole, and spraying cannot be performed. In
addition, when t40 is 20 times or more of (To), a large
amount of suction per unit time cannot be provided. As
a result, the spraying time cannot be shortened, and a
large amount of spray cannot be ensured.

[0030] According to a sixth aspect of the present in-
vention, as in the fourth and fifth aspects thereof, in ad-
dition to a charge circuit, an inductance and a resistor
are interposed in series relevant to the discharge circuit.
[0031] Bydoing this, the voltage / time gradient during
spraying becomes linear, and the stability of liquid drops
spraying is improved.

[0032] According to a seventh aspect of the present
invention, in a liquid drops spraying apparatus compris-
ing: a liquid drops spraying nozzle; a pressurizing cham-
ber for pressurizing liquid sprayed from the nozzle; an
introducing hole for supplying liquid to the pressurizing
chamber; and a piezoelectric / electrostrictive element
for operating the pressurizing chamber to be pressu-
rized, a liquid introducing hole of a plurality of the adja-

10

15

20

25

30

35

40

45

50

55

cent liquid drops spraying units being coupled with a
common liquid supply path, there is provided a circuit
for driving a liquid drops spraying apparatus for applying
a predetermined voltage signal to the piezoelectric /
electrostrictive element, thereby deforming the wall of
the pressurizing chamber, and discharging from the
nozzle the liquid supplied to the pressurizing chamber,
wherein the applied voltage signal supplies a current to
the piezoelectric / electrostrictive element and charges
power, and then, holds a final charge voltage for a pre-
determined time; discharging with two or more kinds of
discharge constants is then performed sequentially; and
the first charging constant is greater than the second
discharge time constant; an inductance and a resistor
are interposed in series relevant to the piezoelectric /
electrostrictive element in at least one discharge circuit;
the piezoelectric / electrostrictive elements are divided
into at least two groups; a circuit for charging and dis-
charging a currentis provided at their respective groups;
and at least part of the discharge current of one group
is used for part of the charge current of the other group.
[0033] With this arrangement, in the case of an ar-
rangement in which liquid drops are sprayed during pi-
ezoelectric / electrostrictive element charging, when a
charge is discharged, the discharge time constant of the
first discharge circuit is large. Thus, the piezoelectric el-
ement, i.e., piezoelectric / electrostrictive element can
start deformation gently. In the case where liquid drops
are sprayed from a plurality of liquid drops spraying units
simultaneously, an operation for introducing liquid to a
plurality of pressure chambers can be reliably per-
formed. Then, this operation goes to a suction operation
in which a time required to discharge a unit voltage value
is short. Thus, liquid can be supplied to the pressure
chamber smoothly and within a short time, and the liquid
supply quantity can be increased.

[0034] In addition, the discharge power of one piezo-
electric / electrostrictive element is directly employed as
a charge current of the other piezoelectric / electrostric-
tive element. Thus, there is no need to newly provide
discharging means, and further, power consumption
can be saved.

[0035] According to an eighth aspect of the present
invention, in a liquid drops spraying apparatus compris-
ing: a liquid drops spraying nozzle; a pressurizing cham-
ber for pressurizing liquid sprayed from the nozzle; an
introducing hole for supplying liquid to the pressurizing
chamber; and a piezoelectric / electrostrictive element
for operating the pressurizing chamber to be pressu-
rized, a liquid introducing hole of a plurality of the adja-
cent liquid drops spraying units being coupled with a
common liquid supply path, there is provided a circuit
for driving a liquid drops spraying apparatus for applying
a predetermined voltage signal to the piezoelectric /
electrostrictive element, thereby deforming the wall of
the pressurizing chamber, and spraying from the nozzle
the liquid supplied to the pressurizing chamber with a
pressure generated at the pressurizing chamber,
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wherein the different applied voltage signal discharges
a current from the piezoelectric / electrostrictive element
to which the discharge start voltage is applied, and then,
holds a final discharge voltage for a predetermined time;
charging with two or more kinds of charge constants is
then performed sequentially; and the first charging con-
stant is greater than the second charge time constant;
aninductance and aresistor are interposed in series rel-
evant to the piezoelectric / electrostrictive element in at
least one charge circuit; the piezoelectric / electrostric-
tive elements are divided into at least two groups; a cir-
cuit for charging and discharging a current is provided
at their respective groups; and at least part of the dis-
charge current of one group is used for part of the charge
current of the other group.

[0036] With this arrangement, in the case of an ar-
rangement in which liquid drops are sprayed during pi-
ezoelectric / electrostrictive element charging, when
charging, the charge time constant of the first charge
circuit is large. Thus, the piezoelectric element, i.e., pi-
ezoelectric / electrostrictive element can start deforma-
tion gently. In the case where liquid drops are sprayed
from a plurality of liquid drops spraying units simultane-
ously, an operation for introducing liquid to a plurality of
pressure chambers can be reliably performed. Then,
this operation goes to a suction operation in which a time
required to charge a unit voltage value is short. Thus,
liquid can be supplied to the pressure chamber smoothly
and within a short time, and the liquid supply quantity
can be increased.

[0037] In addition, the discharge power of one piezo-
electric / electrostrictive element is directly employed as
a charge current of the other piezoelectric / electrostric-
tive element. Thus, there is no need to newly provide
discharging means, and further, power consumption
can be saved.

[0038] According to a ninth aspect of the present in-
vention, as in the seventh aspect thereof, in addition to
a discharge circuit, an inductance and a resistor are in-
terposed in series relevant to a charge circuit.

[0039] By doing this, the voltage / time gradient during
spraying is made linear, and the stability of liquid drops
spray is improved.

[0040] According to a tenth aspect of the present in-
vention, as in the eighth aspect thereof, in addition to a
charge circuit, an inductance and a resistor are inter-
posed in series relevant to a discharge circuit.

[0041] By doing this, the voltage / time gradient during
spraying is made linear, and the stability of liquid drops
spray is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] For a better understanding of the present in-
vention, reference is made to the following detailed de-
scription of the invention, taken in conjunction with the
following drawings in which:
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FIG. 1 is a circuit diagram illustrating an example of
a circuit for driving a liquid drops spraying apparatus
according to the present invention;

FIG. 2A and FIG. 2B each show operating charac-
teristics of the driving circuit shown in FIG. 1, where-
in FIG. 2A shows voltage waveforms when the pie-
zoelectric / electrostrictive element is applied, and
FIG. 2B shows a control signal;

FIG. 3 is a circuit diagram of a circuit for driving a
liquid drops spraying apparatus showing a second
embodiment of the present invention;

FIG. 4 is a view showing applied voltage wave-
lengths;

FIG. 5is anillustrative view illustrating a longitudinal
cross section of the center of a liquid drops spraying
unit driven by the circuit for driving the liquid drops
spraying apparatus shown in FIG. 1;

FIG. 6 is a view investigating the stability of the lig-
uid drops spraying apparatus when the discharge
time constant of the voltage waveform shown in
FIG. 2 is changed;

FIG. 7 is an illustrative view illustrating a central
cross section of a liquid drops spraying unit of the
liquid drops spraying apparatus;

FIG. 8 is a longitudinal cross section illustrating the
center illustrating another example of the liquid
drops spraying unit driven by the circuit for driving
the liquid drops spraying apparatus shownin FIG. 1.

PREFERRED EMBODIMENTS OF THE INVENTION

[0043] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. FIG. 1 shows an
example of a circuit for driving a liquid drops spraying
apparatus according to the present invention, the circuit
causing spraying operation during piezoelectric / elec-
trostrictive element charging. Reference numbers (10a
to 10c) denotes a Schmidt trigger IC for converting a
signal from a control unit (not shown) such as microcom-
puter to a drive circuit operating signal; reference nu-
merals R6, R7, and R8 each denote a resistor for limiting
a charge of a Schmidt trigger IC 10, reference numerals
M2 denotes a charge switch consisting of P-MOSFET
that supplies a charge current to a piezoelectric / elec-
trostrictive element 1 (hereinafter, referred to as a pres-
surizing element); and reference numerals M3 and M4
denote first and second discharge switches each con-
sisting of N-MOSFET for discharging the pressurizing
element 1.

[0044] The charge switch M2 forms a charge circuit
12 together with a coil L1 and a resistor R1 provided in
series at its output, and is controlled by a Schmidt trigger
IC 10a via a switch M5. In addition, a first discharge cir-
cuit 13a is formed by the first discharge switch M3 and
the coil L2 and resistor R2 provided in series at its dis-
charge circuit, and is controlled by a Schmidt trigger IC
10b. In addition, a second discharge circuit 13b is
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formed by the second discharge switch M4 and the coil
L3 and resistor R3 provided in series at its discharge
circuit, and is controlled by a Schmidt trigger IC 10c.
Here, in the second discharge circuit 13b, a time T4 re-
quired to discharge a unit voltage value when discharg-
ing is started (this is determined by the coil L3, resistor
R3, and capacitor C1) is set to be shorter than a time
T3 required to discharge a unit voltage value when dis-
charging is started in the first discharge circuit. 'Vp' de-
notes a power supply voltage, and 'Vd' denotes a volt-
age applied to the pressurizing element.

[0045] FIG.2(a)shows the characteristics of a voltage
applied to the pressurizing element of the driving circuit
shown in FIG. 1, wherein 't1' denotes a rise time for the
charge circuit to charge the pressurizing element 1, the
pressurizing element is gently risen by action of the cail
L1, and the rise time 't1' is adjusted by the coil L1 and
resistor R1 as a time to ensure that the applied voltage
'Vd' reaches a desired voltage value. The pressurizing
element 1 is deformed by this charging operation, the
pressurizing chamber 2 is pressurized, and liquid drops
are sprayed from the liquid drops spraying nozzle 3. In
addition, 't2' denotes a hold time for maintaining for a
predetermined time a state in which the liquid has been
sprayed in order to stabilize the pressure chamber 2 and
the liquid contained in the pressurizing chamber.
[0046] 't3'and 't4' are fall times for sequentially oper-
ating the first discharge circuit 13a and the second dis-
charge circuit 13b. Time 'T4' required to discharge a unit
voltage value when discharging of the second discharge
circuit 13b is started is smaller than time 'T3' required to
discharge a unit voltage when discharging of the first
discharge circuit 13a is started. Thus, the discharge
characteristics at time 't4' are protruded to be smaller
than the discharge characteristics at time 't3'. However,
in any of these characteristics, a change when discharg-
ing is started becomes gentle by action of the coils L2
and L3. In addition, the coil L2 is provided, thereby a
circuit without the coil L3 can be preferably used in con-
sideration of a balance between the spray quantity and
the supply quantity.

[0047] In this manner, discharge circuits are provided
attwo stages, a change in the applied voltage 'Vd' during
rise is first gentle and rapid in the middle, whereby the
liquid is supplied from the introducing hole 5 to the pres-
surizing chamber 2 because the pressurizing element 1
is deformed. The supply speed is first low, suctioning
can be started uniformly from a plurality of introducing
holes 5. The liquid suction speed at which the change
is rapid in the middle, and the flow to the pressurizing
chamber is started is accelerated, and a large amount
of liquid can be suctioned. In comparing a case in which
the liquid is suctioned to the end at the first suction
speed, the drive period time T can be shortened, and
the spray quantity from the nozzle can be increased in
proportion to such shortening. Therefore, the liquid drop
spray per a unit time can be increased.

[0048] In addition, the coil L1 is interposed in the
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charge circuit 12, wherein the applied voltage 'Vd' does
not rise rapidly when charging is started. Thus, the re-
sidual vibration followed by spraying with deformation
of the pressurizing element 1 can be eliminated, the gra-
dient of voltage / time can be stabilized, the spraying of
liquid drops is stabilized, air bubbles are involved from
the nozzle during suctioning operation, and an occur-
rence of a spray failure can be prevented. Therefore,
the hold time 't2' can be shortened, the liquid spray
quantity can be further increased, and the liquid can be
supplied smoothly to the pressurizing chamber.

[0049] In addition, a change in applied voltage is
made gentle by the coils L2 and L3 when discharging is
started. Thus, the liquid can be further suctioned effi-
ciently and the liquid supply quantity is further in-
creased, and the spray quantity can be increased.
[0050] FIG. 2(b) shows a control signal of a drive cir-
cuit. In the figure, (1) denotes an output signal of a
Schmidt trigger IC 10a, (2) denotes an output signal of
a Schmidt trigger IC 10b, and (3) denotes an output sig-
nal of a Schmidt trigger IC 10c. As shown, in the charge
circuit 12, a'Lo' signal is output from the Schmidt trigger
IC 10a, whereby the charge switch M2 is turned ON,
causing liquid drops spraying operation. In two dis-
charge circuits 13a and 13b, a 'Hi' signal is output se-
quentially from a respective one of the Schmidt trigger
ICs 10b and 10c, whereby the switches M3 and M4 are
turned ON, causing liquid drops spraying operation.
[0051] Although a discharge time constant for liquid
supply is switched at two stages, the time constant may
be set so as to be reduced at two or more stages and
gradually. In addition, in order to change charge and dis-
charge characteristics, resistors R1 to R3 may be
changed, and a desired waveform can be set inexpen-
sively.

[0052] Further, the pressurizing element 1 is charged
in order to spray liquid drops, and deformation occurs
in the pressurizing chamber 2. In contrast, in the case
where deformation is caused to occur in the pressurizing
chamber 2 by discharging from the pressurizing element
1, thereby spraying liquid drops, charge circuits with
their different charge characteristics are provided at two
stages, and the discharge circuit may be formed as one
stage.

[0053] FIG. 5 shows an example of a liquid drops
spraying apparatus that operates at the above driving
circuit, and is a longitudinal cross section illustrating the
center of a liquid drops discharging unit. This liquid
drops spraying apparatus comprises a plurality from
several units to some hundreds of units according to the
use mode by defining as one unit a liquid drops dis-
charge units 6 each comprising: pressurizing means for
discharging liquid; a pressurizing chamber 2 for pressu-
rizing liquid to be discharged; a liquid discharge nozzle
3 coupled downwardly with the pressurizing chamber 2,
the nozzle discharging liquid to a treatment unit of the
liquid drops spraying apparatus; and an introducing hole
5 for supplying liquid to the pressurizing chamber 2.
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[0054] In the liquid drops discharge unit 6, a plurality
of the adjacent pressurizing chambers 2, 2... are cou-
pled with each other by means of a common liquid sup-
ply path 7 via the introducing hole 5, and a piezoelectric
| electrostrictive element 1 is provided as pressurizing
means at a part of the upward wall of the pressurizing
chamber 2. The piezoelectric / electrostrictive element
1 laminates an upper electrode 16, a piezoelectric/ elec-
trostrictive layer 18, and a lower electrode 17. By apply-
ing a predetermined voltage signal, the piezoelectric /
electrostrictive layer 18 is deformed by electrophoresis
generated between the upper and lower electrodes 16
and 17. Then, the liquid supplied to the pressurizing
chamber 2 is discharged from the nozzle 3 by the pres-
surizing force generated at the pressurizing chamber 2
by deforming the wall of the fixed pressurizing chamber
2.

[0055] A rate in diameter between the introducing
hole 5 and the nozzle 3 (introducing hole diameter / noz-
zle hole diameter) is between 0.6 and 1.6, for example,
1.0; and a rate between the nozzle hole diameter and
nozzle thickness (nozzle hole diameter / nozzle thick-
ness) is between 0.2 and 4, for example, 2.

[0056] A rate in diameter between the introducing
hole 5 and the nozzle 3 is between 0.6 and 1.6, whereby
a balance in spraying force and suction force is ob-
tained, and the shortage of the spray force or suction
force is not eliminated. If the introducing hole diameter
/ nozzle hole diameter exceeds 1.6, it acts well to suc-
tioning. However, a rate of which the pressure during
spraying escapes to the introducing hole side is in-
creased, and the shortage of the spraying force occurs.
In addition, if the rate is smaller than 0.6, it causes the
shortage of the quantity of liquid supply to the spray
quantity.

[0057] Further, if the nozzle hole diameter / nozzle
thickness is 4 or less, the residual vibration of the liquid
level immediately after spraying can be converged
speedily by a liquid contact resistance on the nozzle wall
face. Further, air bubbles are prevented from entry into
the pressurizing chamber 2 due to the vibration in inter-
nal pressure of the pressurizing chamber during dis-
charge, and the spray stability can be improved. As a
result, the liquid can be sprayed within a short period,
and the spray quantity can be increased. If the above
rate is 0.2 or more, the shortage of the spraying force
due to anincreased liquid contact resistance on the noz-
zle wall face occurs, and a spray fault can be prevented.
In the above embodiment, the nozzle hole diameter is
from 25 microns to 100 microns.

[0058] In addition, FIG. 6 is measurement data indic-
ative of stability of spraying operation of the liquid drops
spraying apparatus by changing a voltage from dis-
charge due to the first discharge time constant to dis-
charge due to the second discharge time constant when
the drive voltage of the piezoelectric / electrostrictive el-
ement is constant at 40 V, and is constant when t1 =20
microseconds, t2 = 5 microseconds, t3 = 20 microsec-
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onds, and t4 = = 10 microseconds.

[0059] As shown, when a voltage migrating to dis-
charge due to the second discharge time constant is be-
tween 38% and 63% of the final discharge voltage,
spraying operation can be preferably performed, and
preferable operation is not indicated at 25% and 75%.
In this way, a voltage for starting second discharge is
ranged, second discharging is preferably started at a
voltage from 35% to 70% of the applied voltage, that is,
of the final charge voltage. A rate between the introduc-
ing hole diameter and the nozzle hole diameter, a rate
between the nozzle hole diameter and nozzle thickness,
and second discharge start voltage are met simultane-
ously, whereby a spray fault due to entrapment of air
bubbles from the liquid drops spraying nozzle is prevent-
ed, and a large amount of spray can be ensured.
[0060] When the second discharge start voltage is
35% or less, discharging with its discharge time con-
stant, i.e., gentle suctioning dominates a majority of the
entire suctioning steps. Suctioning itself is reliably per-
formed, but a large amount of suction quantity per unit
time cannot be provided. As a result, the spray period
cannot be shortened, and a large amount of spray can-
not be ensured. In addition, if a comparative suction time
is set to be small in a range in which the first discharge
time constant is greater than the second discharge time
constant so as to provide a suction quantity per unittime,
unstable suctioning is started, and the shortage of spray
quantity is caused. In addition, the above rate is 70% or
more, discharging with its discharge time constant, i.e.,
arate of gentle suction is too small to speedily start liquid
suctioning. A liquid suction quantity from the liquid intro-
ducing hole 5 to the liquid pressurizing chamber after
discharge decreases, the entrapment of air bubbles in
the nozzle 3 occurs, resulting in unstable spraying.
[0061] Further, a time 't4' at which discharging is per-
formed at the second discharge time constant is 1/4 or
more and 20 or less of the specific vibration period 'To'
when liquid is supplied to a flow path in a structure com-
posed of: a liquid drops spraying nozzle 3; a pressuriz-
ing chamber 2 for pressurizing liquid sprayed from this
nozzle; an introducing hole 5 for supplying liquid to the
pressurizing chamber 2; and a piezoelectric / electros-
trictive element 1 for operating the pressurizing cham-
ber 2 to be pressurized; and a rate 't3 / t4' between the
first discharge time 't3' and the second discharge time
't4'is preferably 0.1 to 20. By setting this range, the liquid
from the introducing hole can be supplied smoothly rel-
evant to the suction speed, and spraying operation can
be well performed without air bubble entry from the noz-
zle to the pressurizing chamber.

[0062] When the time 't4'is To /4 or less, the suction
speed is too high. Thus, even if the first discharge is well
performed, liquid supply from the introducing hole is too
late because of suctioning operation during the second
discharge, air bubbles enter the pressurizing chamber
2 from the nozzle 3, and a spray fault occurs. In addition,
when the time is 20T or more, a large amount of suction
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quantity per unit time cannot be provided. As a result,
the spray period cannot be shortened, and a large
amount of discharge cannot be ensured. Further, in the
case where the t3 / t4 is 0.1 or less, a rate of the first
discharge with its large time constant is small, and arate
of the liquid suction rate during the first discharge to the
entire suction quantity decreases. Thus, suctioning is
too late when suctioning is performed during second dis-
charge, and a spray fault is likely to occur. When the
above rate is 20 or more, an advantageous effect due
to the setting of the second discharge time constant is
eliminated. In view of a large amount of spray, an ad-
vantageous effect due to increasing the drive frequency
can be utilized as more effective means.

[0063] The discharge time constant for liquid supply
is switched into two stages. It is preferable to set the
discharge time constant so as to be increase at two or
more stages and gradually. In addition, a piezoelectric /
elecrostrictive element is charged for the purpose of lig-
uid drop spraying, and a pressurizing chamber is de-
formed. In contrast, in the case where discharging is
performed from the piezoelectric / electrostrictive ele-
ment, thereby causing deformation in the pressurizing
chamber, and spraying liquid drops, charging with the
second charge time constant is started at a voltage that
is 30% to 65% of the discharge start voltage.

[0064] FIG. 8 is an illustrative view of a liquid drops
spraying unit that causes reverse operation relevant to
the liquid drops spraying apparatus shown in FIG. 5 and
that deforms the pressurizing chamber during discharge
to spray liquid drops by employing an MLP (laminated
actuator) for the piezoelectric / electrostrictive element,
wherein FIG. 8(a) is a longitudinal cross section; and
FIG. 8(b) is an arrow view of the cross section taken
along line A-A. In the figures, reference numeral 23 de-
notes a fixing member for fixing the piezoelectric / elec-
trostrictive element; reference numeral 20 denotes a
positive electrode; reference numeral 21 denotes a neg-
ative electrode; and reference numeral 22 denotes a pi-
ezoelectric / electrostrictive layer. Like constituent ele-
ments identical to those shown in FIG. 5 are denoted by
like reference numbers.

[0065] Inthe case of the illustrative embodiment, a ra-
tio between an introducing hole diameter and a nozzle
hole diameter and a ratio between a nozzle hole diam-
eter and nozzle thickness may be similar to that shown
in the above-described illustrative embodiment, the sec-
ond charge start voltage may be 30 to 65% of a voltage
difference between the final discharge voltage and the
discharge start voltage when the final discharge voltage
is defined as a reference. In addition, the time 't40' at
which charging is performed at the second charge time
constant may be 1/4 or more and 20 times or less of the
specific vibration period To as is the case with the above-
described illustrative embodiment; and a rate 't30 / t40'
between the charge time 't30" with the first charge time
constant an the charge time may be 0.1 to 20.

[0066] FIG. 3is a circuit diagram of essential portions
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illustrating a second embodiment of the present inven-
tion, wherein a second pressurizing element 11 is pro-
vided as power storage means for power saving. A
charge circuit consists of three FETs with a first charge
switch M12, a second charge switch M15, and a third
charge switch M16. A discharge circuit is formed of three
FETs with a first discharge switch M13, a second dis-
charge switch M14, and a third discharge switch M17.
In addition, resistors R11 to R16 each determine charge
and discharge characteristics of each circuit together
with both of the pressurizing elements 1 and 11. In first
charge switch M12 and the first discharge switch M13,
coils L11 and L12 are inserted in series into resistors
R11 and R12. D1 to D4 each denotes a diode.

[0067] An operation of this circuit will be described
with reference to the applied voltage characteristic chart
shown in FIG. 4. FIG. 4(a) shows an applied voltage
waveform of a first pressurizing element 1, and FIG. 4
(b) shows an applied voltage waveform of a second
pressurizing element 11. At a first charge period 't21', a
first charge switch M12 is first turned ON, thereby dis-
charging a second pressurizing element 11, and the first
pressurizing element 1 is charged by its discharge
charge. At a second charge time 't22', a second charge
switch M15 is then turned ON, thereby charging the
shortage of charge, and a third discharge switch M17 is
turned ON, thereby completely discharging the pressu-
rizing element 11.

[0068] Then, at a period 't123', after its state has been
held for a predetermined time, the first discharge switch
M13is turned ON at the first discharge time 't24', thereby
discharging power, and its discharge charge is charged
with the second pressurizing element 11. At a second
discharge time 't25', the second discharge switch M14
is turned ON, thereby discharging the residual capacity,
and the third charge switch M16 is turned ON, thereby
charge the shortage of the charge of the second pres-
surizing element 11, and its state is held at a time 't26'.
In this time, when the time 't21' is started, 't21' to 't26'
are defined as one period for charging and/or discharg-
ing, the first and second pressurizing elements 1 and 11
operate in synchronism with each other, and the voltage
waveform is repeatedly applied.

[0069] In this manner, when pressurizing elements
operated by shifting a half period are provided, these
mutual elements can be employed as power storage
means, and a discharge charge can be efficiently uti-
lized without additionally providing power storage
means such as capacitor. Therefore, in the case where
a plurality of pressurizing elements are provided, these
pressurizing elements are divided into two or more
groups. When the elements are operated by shifting
about a half period, at least part of the discharge current
of one group can be used for at least part of the charge
current of the other group, and power consumption can
be further saved.

[0070] Although the above illustrative embodiment is
composed of an analog circuit, the drive waveform is
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generated by means of a digital signal. This digital signal
can be converted into an analog signal, and the drive
waveform can be preferably set. In addition, although a
charge switch or a discharge switch is fully MOS shaped
FET, the driving circuit may be composed of a transistor
without being limited thereto.

Advantageous Effect of the Invention

[0071] As has been described above in detail, accord-
ing to the present invention, liquid can be supplied to a
plurality of pressurizing chambers smoothly and within
a short time, and the liquid supply quantity can be in-
creased. In addition, liquid suctioning can be started
gently, the liquid can be suctioned efficiently, and the
liquid supply quantity can be further increased. There-
fore, the application period can be further shortened, the
liquid ejection quantity can be further increased, and the
liquid can be supplied to the pressurizing chambers
smoothly.

Claims

1. Aliquid drop spraying apparatus comprising: a plu-
rality of units for spraying liquid drops which each
comprise a liquid drop spraying nozzle; a pressuriz-
ing chamber for pressurizing liquid to be sprayed
from the nozzle; an introducing hole for supplying
liquid to the pressurizing chamber; and a piezoelec-
tric/electrostrictive element for operating the pres-
surizing chamber, the liquid introducing holes of a
plurality of adjacent spraying units being coupled
with a common liquid supply path; a circuit for ap-
plying a predetermined voltage signal to the piezo-
electric/electrostrictive element, thereby deforming
the wall of the pressurizing chamber, and discharg-
ing from the nozzle the liquid to be supplied to the
pressurizing chamber by a pressure produced at
the pressurizing chamber, a ratio between an intro-
ducing hole diameter and a nozzle hole diameter
(introducing hole diameter/nozzle hole diameter) to
0.6 or more and 1.6 or less; a ratio between a nozzle
hole diameter and nozzle thickness (nozzle hole di-
ameter/nozzle thickness) to 0.2 or more and 4 or
less; said driving circuit comprising being arranged
for applying a voltage signal supplying a current to
the piezoelectric/electrostrictive element and
charge power, and then, holding a final charge volt-
age for a predetermined time after a current; and
then, sequentially performing discharging with two
or more kinds of discharge time constant; setting
the first discharge time constant to be greater than
a second discharge time constant; and starting the
second discharging at a voltage that is 35% to 70%
in a voltage difference between the charging start
voltage and the final charge voltage when the
charging start voltage is defined as a reference,
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wherein an inductance and aresistor are interposed
in at least one discharge circuit in series with the
piezoelectric/electrostrictive element.

A circuit for driving a liquid drop spraying apparatus,
comprising means for ensuring that a time (t4) from
a time when discharging is started with the second
discharge time constant to a time when a next pre-
determined voltage signal is applied to a piezoelec-
tric/electrostrictive element is 1/4 or more and 20
times or less of a specific vibration period (To) when
liquid is supplied to a flow path in a structure com-
posed of a liquid spraying nozzle; a pressurizing
chamber for pressurizing the liquid discharged from
the nozzle; an introducing hole for supplying liquid
to the pressurizing chamber; and a piezoelectric/
electrostrictive element for operating the pressuriz-
ing chamber to be pressurized; and a ratio (t3/t4)
between a time (t3) when discharging is effected
with the first discharge time constant and the time
(t4) is 0.1 or more and 20 or less.

A circuit for driving a liquid drop spraying apparatus
as claimed in claim 1 or claim 2, wherein, in addition
to a discharge circuit, an inductance and a resistor
are interposed in series relevant to a charge circuit.

A liquid drop spraying apparatus comprising: spray-
ing units each having a liquid drop spraying nozzle;
a pressure chamber for pressurizing liquid dis-
charged from the nozzle; and a piezoelectric/elec-
trostrictive element for operating the pressurizing
chamber to be pressurized, liquid introducing holes
of a plurality of the adjacent spraying units being
coupled with a common liquid supply path, a driving
circuit for repeatedly applying a different voltage
signal to the piezoelectric/electrostrictive element,
thereby changing the wall of the pressurizing cham-
ber and discharging from the nozzle the liquid sup-
plied to the pressurizing chamber with a pressure
generated in the pressurizing chamber, wherein the
ratio between an introducing hole and a nozzle hole
diameter (introducing hole diameter/nozzle hole di-
ameter) is 0.6 or more and 1.6 or less; a ratio be-
tween a nozzle hole diameter and nozzle thickness
(introducing hole diameter/nozzle thickness) is 0.2
or more and 4 or less; said driving circuit being ar-
ranged so that an applied voltage signal discharges
a current from the piezoelectric/electrostrictive ele-
ment to which the discharge start voltage is applied,
and then, holds the final discharge voltage for a pre-
determined time; charging with two or more kinds
of charge constants is then performed sequentially;
and second charging is started at a voltage that is
30% to 65% of a voltage difference between the fi-
nal discharge voltage and the discharge start volt-
age when the final discharge voltage is defined as
a standard; and an inductance and a resistor are
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interposed in series with the piezoelectric/electros-
trictive element in at least one charge circuit.

A circuit for driving a liquid drop spraying apparatus
as claimed in claim 4, wherein a time (t40) from a
time when charging is started at the second charg-
ing constant to a time when the next predetermined
voltage signal is applied to the piezoelectric/elec-
trostrictive element is 1/4 or more and 20 times or
less of a specific vibration period (To) when liquid is
supplied to a flow path in a structure composed of:
a liquid spraying nozzle; a pressurizing chamber for
pressurizing liquid discharged from the nozzle; an
introducing hole for supplying liquid to the pressu-
rizing chamber; and a piezoelectric/electrostrictive
element for operating the pressurizing chamber to
be pressurized, and a ratio (t30/t40) between a time
(t30) when charging is performed at the first charg-
ing constant and the time (t40) is 0.1 or more and
20 or less.

A circuit for driving a liquid drop spraying apparatus
as claimed in claim 4 or claim 5, wherein, in addition
to a charge circuit, an inductance and a resistor are
interposed in series with a discharge circuit.

A liquid drop spraying apparatus comprising; spray-
ing units each having a liquid drop spraying nozzle;
a pressurizing chamber for pressurizing liquid
sprayed from the nozzle; and introducing hole for
supplying liquid to the pressurizing chamber; and a
piezoelectric/electrostrictive element for operating
the pressurizing chamber to be pressurized, liquid
introducing holes of a plurality of adjacent liquid
drop spraying units being coupled with a common
liquid supply path, a driving circuit for applying a
predetermined voltage signal to the piezoelectric/
electrostrictive element, thereby deforming the wall
of the pressurizing chamber, and discharging from
the nozzle the liquid supplied to the pressurizing
chamber, said driving circuit comprising means for
arranging that the applied voltage signal supplies a
current to the piezoelectric/electrostrictive element
and charges power, and then, holds a final charge
voltage for a predetermined time; discharging with
two or more kinds of discharge constants is then
performed sequentially; and the first charging con-
stantis greater than the second discharge time con-
stant; an inductance and a resistor are interposed
in series with the piezoelectric/electrostrictive ele-
ment in at least one discharge circuit; the piezoe-
lectric/electrostrictive elements are divided into at
least two groups; a circuit for charging and dis-
charging a current is provided for the respective
groups; and at least part of the discharge current of
one group is used for part of the charge current of
the other group.
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A liquid drop spraying apparatus comprising; spray-
ing units each having a liquid drop spraying nozzle;
a pressurizing chamber for pressurizing liquid
sprayed from the nozzle; an introducing hole for
supplying liquid to the pressurizing chamber; and a
piezoelectric/electrostrictive element for operating
the pressurizing chamber to be pressurized, a liquid
introducing hole of a plurality of adjacent spraying
units being coupled with a common liquid supply
path, a driving circuit for applying a predetermined
voltage signal to the piezoelectric/electrostrictive el-
ement, thereby deforming the wall of the pressuriz-
ing chamber, and spraying from the nozzle the liquid
supplied to the pressurizing chamber with a pres-
sure generated at the pressurizing chamber, said
driving circuit comprising means for arranging that
the different applied voltage signal discharges a
current from the piezoelectric/electrostrictive ele-
ment to which the discharge start voltage is applied,
and then, holds a final discharge voltage for a pre-
determined time; charging with two or more kinds
of charge constants is then performed sequentially;
and the first charging constant is greater than the
second charge time constant; an inductance and a
resistor are interposed in series relevant to the pie-
zoelectric/electrostrictive element in at least one
charge circuit; the piezoelectric/electrostrictive ele-
ments are divided into at least two groups; a circuit
for charging and discharging a current is provided
for the respective groups; and at least part of the
discharge current of one group is used for part of
the charge current of the other group.

A circuit for driving a liquid drop spraying apparatus
as claimed in claim 7, wherein, in addition to a dis-
charge circuit, an inductance and a resistor are in-
terposed in series relevant to a charge circuit.

A circuit for driving a liquid drop spraying apparatus
as claimed in claim 8, wherein, in addition to a
charge circuit, an inductance and a resistor are in-
terposed in series relevant to a discharge circuit.
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