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METHOD FOR FORMING INK DROPLETS IN INK-JET

TYPE PRINTER AND INK-JET TYPE RECORDING DEVICE

BACKGROUND OF THE INVENTION
The present invention relates to an onedemand type ink-jet
recording device and, in particular, to a technique for driving
a recordiﬁg head of an on-demand type ink-jet recording device.
A conventional on-demand type of ink-jet recording device
has a recording head whlch includes a plurality of pressure
generation chambers for generatlng an lnk pressure by means of

piezoelectric vibrators or heating elements, a common reservoir

for supplying ink to the respecti#e pressure generatien

chambers, and nozzle openings communicating with the respective
pressure generation chambers. In the recording head a dfive
signal is applied to the pressure generation chambers
corresponding'to a print signel to thereby jet out ink droplets
from the nozzle openings onto a recording medium.

Such an ink-jet recording head can be classified into two

types: one a bubble-jet type in which a resistance wire, as

' pressure generation means, generates Joule heat in a pressure

genere;ion chamber responsive to a drive signal, and the other
a piezoelectric vibration type in which part of a pressure
geﬁeration chamber is'formed by a diaphragm and the diaphragm
is compressed and shiffed'bY'means of a piezoeleetiic vibrator.

- Since the former tYpe utilizes the vapor pressure of the
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ink solvent vaporized instantaneously due to the heat.
generation of the resistance wire, only a small quantity of ink
in the form of droplets can be jetted out, which makes it
possible to realize printing at a high resolution as wéll as
guick drying of the ink droplets. However, the heat generation
of the resistance wiré can cause the ink and recording head to
deteriofate in quality readily.

According to the latter type, since no heat is generated,
the quality of the ink is not deteriorated by it, the recording
head can enjoy a semi-permanent life, and qperating costs are
low. .On the other hand, due to the fact that there is required
a sufficient volumetric change to allow the generation of the
ink droplets, the quantity of the ink droplets is great and the
time necessary to dry-the ink dioplets is long. |

Also, in the latter type, due to the fact that the volume
of the pressure generatibn chamber is abruptly changed to
thereby generate pressure, the ink is caused to fly in a

column-like stream (similar to water shot from a water pistol),

so that there is a time difference or a speed difference

between the leading and trailing end portions of the flying
ink, with the result that unwanted small ink droplets are
generated, causing the printed dot to bé distorted.

In order. to solve the above-mentioned problems, as
disclosed in Japanese Patent Publication No. Shdp 59-133067,

there has been proposed a techniqie in which, after application
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of a drive signal to generate ink droplets, an auxiliary pulse
is applied at a predetermined time instant to theréby forcibly
stop the jetting-out of the ink in order to reduée the size of
the ink column.

According to this technique, the generation of the small
ink droplets incidental to the tail end of the ink column is
prevented, that is, the generation of so-called "satéllite“ ink
droplets is prevented, so.that the printed dots can be made
circular.

However, in this fechnique, since it is necessary to
generate two types of pulses, that is, the drive pulse and
auxiliary pulse at respective timings, the structure of the
drive circuit is complicated.'_Also since the piezoelectric
vibrator is driven against the inertia of a member.forming a
pressure generation chamber, a high force acts on the
piezoelectric Qibrator and the préssure generation chamber
forming member, which results in a reduced life of the

recording head.

SUMMARY OF THE INVENTION
The present invention is directed towards eliminating the
problems in the above-mentioned conventional ink-jet recording
devices. Accordingly, it is an object of the invention to
provide an on-demand type ink-jeﬁ recording device which does

not apply an unreasonably hidh force to a piezoelectric
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vibrator and a pressure generation chamber forming membér, but
can reduce the length of ink droplets jetted from the nozzle
openings, that is, the length extending from the leading end to
the trailing end thereof, or a time difference between the
passing of the leading and trailing ends of the ink droplets,
to theréby form spherical droplets and circular dots on_the_
printed page.

In attaining the above and other objects, according to the
invention there is provided a method for driving an ink-jet
recording head including flow.path forming means having a
nozzle opening and adapted.to be able to vary the volume of a
pressure generation chamber by means of a piezoelectfic
vibrator when the chémber receives ink supplied from an ink
reservoir, the method .comprising a first step of expanding the
pressure generation chamber to thereby suck in ink, a second
step of contracting the pressure generation chamber at a first
speed, and a third step of contracting the pressure generation
chamber at a second speed swit¢hed from the first speed, the
first speed being set smaller than the second speed.

After a given period of time from the beginning of ink
jetting, the contracting speed of the pressure generation
chamber is increased to thereby enhance the ink jetting speed.
As a'result, ink can be jetted out continuously in such a
manner that the ink follows énd catches up with the leading end

of the ink jetted out previously.’ For this reason, the spéed
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difference between the leading and trailing ends of the ink
column is decreased to thereby allow a spherical ink droplet to

‘reach the recording paper.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a section view of an embodiment of an ink-jet

type recording head to which the invention is applied;

| Figs. 2(I), 2(II). and 2(IlI)are respective explanatory
views depicting an ink droplet generating process performed by
the above ink-jet type recording head;

Fig. 3 is a block diagrém of an embodiment of a drive
device employed in a recording device éccording to the
invention;

Fig. 4 is a circuit diagram of an embodiment of a drive
signal generation circuit included in the above drive device;

Fig. 5 is a timing chart of. the operation.of the above
drive device; ) |

Figs. 6(A) and 6(B) are —respectively graphical
representations of the changes with time of the voltage applied
to the piezoelectric vibrator_énd the changes:extenéion and
contraction speed with time, illustrating a case in which a
drive waveform in the above drive device is applied to an
actual device;

Fig. 7 is a view of simplétions of the flying'stétes of

ink droplets obtained when an inik-jet type recording head is

Sheet Has Been maced : -5 -

TR



10

15

20

driven by means of a drive signél accoiding to the invention;
Fig. 8 is a view of simulations of the flying states of
ink droplets obtained when an ink-jet typé recording head is
driven by a conventional technique; |
Figs. 9(A) and (B) are graphical representations of the
changes with time of the voltage and the extension and

contraction speed of a piezoelectric vibrator in another

. embodiment acco;ding to the invention;

Fig. 10 is a section view of an embodiment of another type
of'ink-jet recording ﬁead to which the present invention can be
applied;l

Figs. 11(A) and (B) are graphical representations of the
changes with time of the voltage applied to the piezoelectric
vibrator so as to drive the above recording head of the
invention; and - the chahges with time of the extension and
contraction speed of the piezoeiectric vibrator;

1Fig. 12 is a circuit diagram of another embodiment of a
drive signal generation circuit employed in the present
invention; and.

Fig. 13 is a waveform chart of the operation of the above

device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A description will be given hereinbelow given in detail of

the invention by way of preferré&d embodiments thereof.
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Referring to Fig. 1, there is shown an embodiment of an
ink-jet recording head which is driven by a head drive circuit
according to the inventibn. In Fig. 1, reference numeral 1
designates a pressure generation chamber formed by a nozzle
plate 3 having a nozzle opening 2 therein, a vibration plate 4
in contact with the leading end of a piezoelectric wvibrator

(described below), and a spacer 5 held between the nozzlé plate

3 and vibration plate 4. The pressure generation chamber 1

receives ink fhrough an ink supply port 6 from a reservoir 14
which is connected to an ink tank (not éhown).

Reference numeral 7 designates the above-mentioned
piezoelectric vibrator. In the present embodiment, the
vibrator 7 is constructed in a laminated structure in which a
piezoelectric material 8 and electrode-forming materials 9 and
10 are arranged in a sandwiched manner. The vibrato: 7 further
includes an inactive area which does not contribute to
vibration and is fixed to a fixing base plate 11. The.fixing
base plate 11, vibration plate 3, spacer 5 and vibrétion plate
4 are fixed together'integrally through a base member 12 to
thereby form an ink-jet recording head.

In the ink-jet recording head constructed in this manner,
when a voltage is applied to the electrodes 9 and 10 of the
piezoelectric vibrator 7, the piezoeiectric vibrator 7 is
caused to extend toward the -nozzle plate 3 to displace the

vibration plate 4, so that the volume of the pressure
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generation chamber 1.is reduced. A bias voltage of 30 V is
previously applied to the piezoelectric vibrator 7 and, from
thig state, if the bias voltage is decreased to 0 V, then the
piézoeléctric vibrator 7 is caused to contract. This draws the
meniscus of the nozzle opening toward the pressure generation
chamber 1 and, at the same time, the ink in the reservoir 14 is
allowed to flow'through the ink supply port into the pressure
generation chamber 1. Subsequently, if the bias voltage is
increased, then the'piezoelebtric viﬁrator 7 is expanded to
thereby cauée the vibration plate 4 to compress the preSsure
generatibn chamber 1. As a result, the ink in the pressure
generation chamber 1 is pﬁshed out into the nozzle opening 2
and ink supply port 6. That is, the leading end portion-a of
the ink is projected out from the nozzle opening 2 (Fig. 2(I)),
then it follows the displacement of the vibration plate 4 and
is jetted out in the form of a liquid column (Fig. 2(II)). The
liquid column is broken off after expansion of the
piezoelectric vibrator 7 is'stopped. The trailing end éortion
c of the liquid column is discharged from the nozzle opening 2
in a such manner to chase the leading end portion'a (Fig.
2(II1)). The liquid column flies toward the recording paper at
the speed of expansion of the piezoelectric vibrator 7, that
is, at a speed proportional to the raté of contraction of the
pressﬁre generatioh chamber 1, forming a dot on the recording

demp

paper.
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In Fig. 3 there is shown an embodiment of a drive circuit
which is used to drive the above~-mentioned recording head. 1In
Fig. 3, reference numéral 20 designates a print control
circuit. A timing signal from an external device is input to
5 a terminal 21 of the print control circuit 20, and a print
signal from an external device is input tola terminal 22. The
print control circuit 20 outputs.a latch siénal from a terminal
23, a print signal from a terminal 24, and a shift clock signal
from a terminal 25.

10 The print signal from the terminal 24 is shifted by the
shift clock signal from the terminal 25_‘through flip-flop
circuits 26 sequentially, and also is temporarily stored and
held by the latch signal from the terminal 23 in flip-flop
circuits 27.

15 - Reference numeral 30 designates a drive signal generation
circuit which generates a drive signal identical to the fiming
signal input to the terminal 21 from the external device and
outputs the .drive signal to the one-side electrodes of
respectively connected piezoelectric vibrators 7 in parallel to

20 a terminal 31.

In Fig. 3, reference numerals 29 designate switching
transistors which are connected between the other-side
electrodes of the piezoelectric vibrators 7 and ground. The

switching transistors 29 are turned on responsive to signals

25 from the flip-flop circuits 27, &hd apply the drive signal from
TMsﬂwamﬁWmiﬁ]ﬁmm . 9
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the drive signal generation circuit 30 to the selected
piezoelectric vibrators 7.

Referring now to Fig. 4, there is shown an embodimeﬁt of
the above-mentioned drive signal generation circuit 30; in
which, when the timing signal is input to the terminal 21, a
transistor 40 is turned on and, in coopeiation with a
transistor 41 which is paired with the transistor 40 to form a
current mirror circuit, the transistor 40 charges a capacitor
43 with a given current whose magnitude is determined by a
resistance 42. The terminal voltage of the capacitor 43
generated in this charging process is amplified by a circuit
composed of the tranSistbrs_44 and 45 and is then applied to
the terminal 31.

When the capacitor 43 is charged up to 30 V in this

manner, a diode 46 starts to conduct} and thus the terminal

voltage of the capacitor 43 is held at a constant voltage, that

is, at 0 V.

After a-given time has passed and thus theltiming signal
rises, the transistor 40 is turned off and, at the same time,
a one-shot ﬁultivibrator 47 is-&perated at the rising edgé of
the timihg signal. This causes a transistor.48 to turn on and,
theréfore, transistors 49 and 50 are also turned oh, so that
the capacitor 43 ié discharéed with a given current whose
mégnitude.is determined-by a resistance  51. ‘The terminal

voltage of the capacitor 43 resulting from this discharge is

/

i



10

15

20

25

amplified by the two transistors 44 and 45, and it is then
output to the terminal 31.

Once a time period determined by the one-shot
multivibrator 47 has passed, the transistor 48 is turned off,
and at the same time a. one-shot multivibrator 53 is operated
and a transistor 54 is turned on. This causes transistors 55
and 56 to turn on. The capacitor 43 continues to discharge
with a given current determined by a resistance 57. The
terminal voltage of the capacitor 43, which varies according to
the resistance 57, is amplified by the transistors 44 and 45
and - then output to the terminal 31.

By switching between the two discharge resisténces 51 and
57 in the discharge procesé in the above-described_manner; the
absolute values of the-differential coefficieﬁts of the voltage
signals V1 and V2 applied to expand the piezoelectric vibrator
7 are caused to vary with time. As a résult, as the
piezoelectric vibrator 7 is expanded, its expansion speed is
increased from S1 to §2, and thus_the displacement speed of fhe
vibrator 4, which is mounted on the piezoelectric vibrator 7,
is also increased. |

Consequently, the ink preésure generated in thg pressure
generation chamber 1 is also increased so that the speed of the
ink column is increased as time passes when the ink column is
ejected from the nozzle opening 2.

In the above-mentioned drivé $signal generation circuit, if
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the capacitance of the capacitor 43 is expressed as C, the
current for charging the capacitor 43 as I., the value of the

resistance as R,, the value of the resistance 51 as R¢;, the

value of ﬁhe resistance 57 as Rg,, the base-emitter voltages of
the transistors 40, 50 and 55 as Vipe.s0r Vipe-so and Vy..s5, the
discharge current through the resistance.51 as iﬂ, and the
discharge current the resistance 57 as Ig, then the following
equations are obtained: |

I. = Vbe-l.b/R:

Is1 = Vieso/Rey

It2 = Vie.ss/Re

T =C x Vg/I.

Trarry = C x Vg/Ig

Tearz = C x Va/Ig

Figs. 6(A) and 6(B) show the relation between the.changes

with time of the appl_ication voltage of the piezoelectric

vibrator in an actual device constructed according to the .

above-described embodiment of the inventive drive device and
£he expansion and contraction speed of the piezoelectric
vibrator due to the application voltage, that is, the
volumetric speed of the pressure generation chamber. 1In Fig.
6(A), a signal V1’ having a given gradient just before the
jetting out of the ink droplets is applied for a period of time
of 4 us, and then a signal Vé' having a largér gradient than

the given gradient is applied'.' This causes the piezoelectric
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vibrator to start its expansion at a speed S1 (for example, 2.7

x 1072 m/s) and, after a lapse of 4 ps, to expand at a speed S2

~ (for example, 7.3 x 10 m/s) which is greater than the speed

S1 (Fig. 6(B)).

As a result, as shown in Fig. 7, with fespect to the speed
distribution of an ink column at the instanﬁ the ink column
parts from the nozzle opening, the average speed of the ink
droplet leading end is 7.6 m/s, ‘and the average speed of the
ink droplet trailing end is 4.4 m/s, so that the difference
between the speeds of the two ends is 3.2 m/s.

On the other hahd, in a conventional drive technique which
uses a drive voltage of a trapezoidal waveform in which the
gradient of the drive signal is held constant, with fespect to
the speed distribution of an ink column at the instant the ink
colﬁmn parts from the nozzle opening (Fig. 8 (II)), the average
speed of the ink droplet leading end is 11.1 m/s, and the
average speed of the ink droplet ttailing end is 3.5 m/s, so
that the difference between the speeds of the two ends is 7.6
m/s. |

As can be clearly understood from the above data, in
accordance with the driving méthod according to the invention,
when compared with the conventional driving technique, the
speed of the leading end of the ink droplet is small while the
speed of the trailing end thereof is greatér than the leading

end speed, so that the differefice between the speeds of the

I
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leading and trailing ends of the ink droplet can be reduced by

one-half or less.

In othef words, in the case of the ink column produced

according to the invention, at the instant the trailing end

thereof parts froﬁ the nozzle opening, the leading end has
reached only a distance of the order of 500 um from the nozzle
opening (see Fig. 7 (VIII)).. On the other hand, in the case of
an ink column produced according to the conventional driving
technique, the leading end thereof has flown 500 um or more,
that is, as can be clearly seen fr&m Fig. 8 (VII), it has flown
outside of the view of Fig. 8.

Also, according to the invention, due to the fact that the
speed variation from the rest state of the ink just before
generation of the ink droplet to jettihg out of the ink droplet
can be set smaller than in the conventional driving method, the
shock acting on the piezoelectric.vibrator and vibration plate
at the time of jetting out of the ink droplet can be made
smaller. This reduces.the fatigque of the vibration plate and
piezoeiectric vibrator and also réduées the shocks that are
propagated to other adjoining pressure generation chambers
thereby to reduce crosstalk.

In the preseht .embodimént, the timing signal for
generation of the drive signal is produced by the dri?e signal
generation circuit. Alternativély, howeve;, the timing signal

may be generated by the control signal generation circuit. 1In
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this case as well, it is clear that a similar action can be
provided.

Also, in the description of the above-mentioned
embodiment, for the purpose of simplifying the description, two
gredients are employed for the drive signal te be applied when
the piezoelectric  vibrator is expanded. However,
alternatively, as shown in Figs. 9(A) and 9(B), there can be
employed three or more gradients, the absolute valués of which
increase with time. 1In this case, three signals V1’, V2’ and
V3’ differing in the absolute values of the differential
coefficients thereof from each other are applied to the
piezoelectric vibrator so that the piezoelectric vibrator is
expanded at speeds Si, S2 and S3 which increase gradually. As
a result, the speeds .of the leading end,.central portion and
trailing end of the ink column can be made to approach further
to each other so as to more surely érevent generation of so-
called "satellite" ink droplets, that is, unwanted very fine
ink droplets. |

Further, in the above embodiment there is- employed a
piezoelectric vibrator which expands when a voltage is applied
thereto.. However, as shown in Fig. 10, a similar effect can be
obtaihed in the case of an ink-jet recording head of a type
that a piezoelectric vibrator is contracted to thereby expand
a2 pressure chamber when a drive signal as shown iﬁ Figs. 11(A)

and 11(B) is applied to the pieZvelectric vibrator.
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Moreover, in the above embodiment, a description has been
given of a case in which first the pressure generation chamber
l'expands and then it contracts. However, it is obvious that
a similar action can also be obtained when the inventioﬁ is
applied to an ink-jet recording head in which, at the time when
the timing signal is output, the pressure generation chamber 1
contracts to thereby generate an ink droplet and thus form a
dot and, after the dot is formed, the pressure generation
chamber 1 expands to its original state.

Referring now to Fig. 12, there is shown an embodiment of
a drive signal generation circuit suitable for the latter type
of recording head. 1In Fig. 12, when a timing signal is input
to a terminal 60 (Fig. 13, T0), then a transistor.sl is turned
on to thereby turn on a transistor 62. As a result, the
transistor 62, in cooperation with é transistor 63 which is
paired with the transistor 62 to form a current mirror.circuit,
éharges a capacitor 65 with a given current whose magnitude is
determined by a resistance 64. The terminal voltage of the
capacitor 65 produced in this charging process is amplified by
a circuit comprising transistors 66 and 67, and is then output
to the terminal 31 as a signal V1. When the signal V1 is
applied' to the piezoelectric vibrator, the piezoelectric
vibrator expands according to;a-differential value determined’
by the valqe of a resistance 64, thereby generating an ink

droplet.
___,_,_____.___J____
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74.

Since the timing signal falls at a time Tl after a given’
time has elapsed, the transistor 61 is turned off, while there
is output a pulse signal from a one-shot multivibrator 70 to
thereby turn on a transistor 71. When the transistor 71 turns
on, then a_transistor 74, which is paired with the transistor

71 in a current mirror circuit, is turned on and thus continues

.to charge the capacitor 65 with a given current determined by

the value of the resistance 74. The terminal voltage of the
capacitor 65 is amplified by the transistors 66 and 67, and is
then output to'the terminal 31 as a signal V2, with the result
that the piezoelectric vibrator 7 expénds up to a time T2

according to a differential value determined by the resistance

The signal is set by selecting the value of the resistance
74 such that the absolute value of the differential value is
greater than that of the signal V1 just before the signal V2.
That is, as described before, the signal V2 ailows generation
of an ink column including a portion having a higher speed than
that of the leading end of an ink column generated by the
signal V1.

In this ménner,'at the time T2 when the capacitor is
charged up to a drive voltage Vi, @ given voltage ié
maintained. When a puise signal from the one-shot
multivibrator 70 rises (T3),.the transistor 71 i$ turned off.

Then, a pulse is output from a~one-shot multivibrator 75 to
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turn on a transistor 76. This allows a transistor 77, which is
paired with the transistor 76 in a current mirror circuit, to
discharge the capacitor 65 with a given current whose magnitude

is determined by a resistance 78. The terminal voltage of the

capacitor 65 in this discharging process is current amplified

by the transistors 66 and 67, and is then output to the
terminél 31, thereby causing the piézdelectric vibrator 7 to
contract at a given speed. As a result, the pressure
generation chamber 1 expands to its original state and, during
this process, ink is supplied from the reservoir to the
pressure generation chamber so as to prepare for forming the
next dot.

In the above embodiment; 2 description has been given of
a case in which the'degrée of expansion of the piezoelectric
vibrator is proportional to the rate of contraction of the
pressure generation chamber. It is also obvious that, if_there
exists a non-linear relation between the degree of expansion of
the piezoelectric vibrator and the rate of contraction of the
pressure generation chamber, then the increment of the drive
voltage may be set in consideration of the non-linear relation.

‘Also, in the aone embodiment there are used a blurality

of discharge resistances and a plurality of switching circuits

for selecting the discharge resistances, and the switching

circuits are selected and switched by use of the timing signals

to thereby vary the gradient of The drive signal. However, it

SR
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is clear that a similar action can be obtained in another
manner in which analog switching circuits are driven' in
accordance with a signal from a digital waveform shaping
circuit to thereby change the impedance of a discharge passage
with time. |

As has been described above, according to the invention,
there is provided an ink droplet fofming method which-comprises
a step of contracting the pressure generation chamber at a
first speed and a step of contracting the pressure generation
chamber at a second-speed different from the first speed,
wherein the second speed is'greatér than the first speed.
Accordingly, it is possible'to minimize as much as possible the
length of the ink column jettéd from the nozzie opening, that
is, the length extending from the leading end'of the droplet to
the trailing end thereof, .to thereby form a spherical ink
droplet. This makes it possible to prévent generation of a
satellite ink droplets and thus improves printing quality.

.Also, according to the invention, since it is possible to
minimize the first voltage which is applied to ﬁompress the
pressure generation chamber in order to generate an ink
droplet; it is possible to reduce the amount of shock acting on
the vibratidn plate and piezoelectric vibrator at the beginning
of the jetting-out of the ink droplets, which in turn makes it
possible to reduce the fatigue of the vibration plate and

piezoelectric vibrator as well &s' to minimize crosstalk.
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What is claimed is:

1. An ink droplet forming method for driving an ink-jet
type':ecording head including a flow passage forming member
having a nozzle opening, a pressure generation chamber which
receives ink supplied from a reservoir, and a piezoelectric
Qibrator for wvarying the volume of seid pressure generation
chamber to jet ink droplets through said nozzle, said method
comprising the steps of:

expanding said pressure generation chamber to thereby suck
ink into said pressure generation chamber;

contracting said- pressure generation chamber at a first

speed to commence jetting of an ink droplet through said

. nozzle; and

contracting said pressure generation chamber at a second
speed switched from said first speed while said ink droplet
continues to. be jetted from through said nozzle, said second

speed being greater than said first speed.

2. . An ink droplet forming method for driving an ink-jet
type recording head including a flow passage forming member
having a nozzle opening, a pressure chamber which receives ink

supplied from a reservoir, and™a piezoelectric vibrator for

(- -2 -
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varying the volume of said pressure generation chamber to jet

ink droplets through said nozzle, said method comprising the

steps of: | |
contracting said preséufe generation chamber at a first

speed to commence jetting of an ink drbplet through said

nozzle;

contracting said pressure generation chamber at a second
speed switched froﬁ said first speed while said ink droplet
continues to be jetted from through said nozzle, said second
speed being greater than said first speed; and

expanding said pressure ééneration chamber to thereby suck

ink into said pressure generation chamber.

3. An ink-jet type recording device comprising:
an ink-jet type recording head including a flow passage
forming member having a nozzle opening, a pressure chamber

which receives ink supplied from a reservoir, and a

- piezoelectric vibrator for varying the volume of said pressure

generation chamber to jet ink droplets through said nozzle; and

a drive circuit for'prodﬁcing a first drive signal in
response to a timing signal, said first drive signal being
applied to said piezoelectric vibrator to expand said pressure
generation chamber to thereby suck ink into said pressure
generation chamber, and, after completion of expahsion'of séid

pressure generation chamber, £fdr producing a second drive

TR AN R



| 13
14
15
16
17

18

—_—
This Sheet H

T -

signal including at 1least two parts whose differential’

functions are constants, which are applied to said pressure

generation chamber to cause said pressure generation chamber

one after another to contract, said constants having different
absolute values, said absolute values increasing with the lapse

of time.

4. The ink-jet type recording device as set forth in
claim 3, wherein an area whose absolute. value is maintained
constant is present between said first and second drive

signals.

5. The ink-jet type recording device as.set forth in
claim 3, wherein said-drive circuit comprises Switching means
which is turned on in accordance with said timing signal to
thereby charge a capacitor, and a plurality of switching means
which are turned on after coﬁpletion of charging of said
capacitor to thereby discharge said capaéitor with different

current values.

6. An ink-jet typé recording device comprising:

an ink—jet type recording head including a flow passage.
forming member having a nozzle opening, a pressure chamber
which receives ink suépligd from a reservoir, and a

piezoelectric vibrator for varying the volume of said pressure
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generation chamber to jet ink droplets through said nozzle; and

a drive circuit for outputting a first drive signal
including at least two voltage signals whose differential
functions are constants in.response to timing signals, said
pressure generation chamber uontracting in response to said
voltage signals, said coﬁstants having different absoclute
values from each other, said absolute values increésing with
the lapse of time and, after completion of said first drive
signal, for outputting a second drive signal, said pressure
generation uhamber expanding in response to said second drive

signal.

7. The ink-jet type recording device as set forth in
claim 6, wherein an area whose absolute value is maintained
constant is present between said first and second drive

signals.

8. The ink-jet type recording device as set forth in
claim 6, wherein said drive circuit comprises switching means
which is turned on in accordance with.said timing signal to
thereby charge a capacitor, and a plurality of suitching means
which are turned on after completion of 'chérging of said
capac1tor to thereby dlscharge said capacitor with different

current values.
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