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el ements. Mpre particul arlw__the
| | "~ REPLACED SHEETS SG
. - : M‘Descnpnon paged ... to paged ..%.....
! - i | Claim(s) :paged V‘ to paged &
' f ! |4 Drawing(s) : paged ‘b to paged . 7s....
¢ f’ [f Abstract  : paged ... to paged ..7.....

i ¢ ! |DATE OF RECEIPT ..o |

QF CONTROLLING SAME ./

The present lnventlon relates to an ink jet recording apparatus
and method of controlling same.

There are two types of jet_printers. A

0 piezoelectric vibration type is designed to jet ink dréplets
by expanding and contracting pressure chambers by
piezoelectric vibration elements. And a thermal type is
deéigned to arrange heating means within pressure chambers
and jet an ink by taking advantage of pressure produced by

. instantly gasifying the ink while supplying electric energy
to.the ﬁeating ﬁeans.

Particularly, the recording head of the former type
that pfoduces ink droplets by extension and contraction of
the piezoelectric vibration elements repeats at a
20 Predetermined cycle the process of: confracting the
Piezoelectric vibration elements so as to expand the.pressure

Chambers before jetting the ink, thereby introducing the ink
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!{;vention is directed to an art for driviné t he piezoelectric vibration
el ements of an ink jet recording head. There are two types in the jet
printer. A piezoelectric vibration type is designed to jet ink droplets by
expandi ng- and contracti ng pressure chanbers by piezoelectric vibra- tion
el ements, and a thermal type is designed to arrange heating neans within
pressure chanbers and jet an ink by -
into the pressure chambers; extending the piezoelectric
vibration elements so as to cortespond to a print signal
inputted after a’predetermined time elapses thereafter; and
jetting ink droplets from nozzle openings by the pressure
thereby produced.
Since dots are formed on a recording sheet by
splashing ink'droplets a'prédetermined distance between the
head and the sheet, the print quality is affected by the ink
’ droplet splashing speed with the .i.n_k droplets being affected
0 - by the gravitational force, the speed of movement.of the
recording head, and the like. To improve the print quality, -
the ink dropleﬁ splashing speed must be increased as much as
possible.
| Since the ink droplet splashing speed depends on the
i - piezoelectric vibration element extension speed which is used
for the recording head, the speed'of'varying a drive signal
voltage must be increased as much as possible.
" However, the piézoelectric vibration element is
subjected to residual vibration at the self resonance
frequency after an ink droplet has been jetted once the
extension speed thereof exceeds a certain value. Thus, a so-
called "satellite" with small ink droplets is produced after

the ink droplet has been jetted, from which arises a problem

of further impairment of the print quality.
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¢ It is therefore the object of the present. invention to provide an ink jet . .
t aki ng advantgge of pressure producgd y instantly gasifying the™ mcSwhi | e
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contractipon of th | ezoel.ectric vibration elenments repeats at a
pr edet e?'?‘é)n?ada'é c'l%é t SRR c8E s COREraldmng ot | HYF t1RE iSSPBRING t3RPETs YR at i on

el emesdcprdingastd oirgtepamibrithelpims sgired chanbpirtneef @dfantageous features,
aspects and details of the invention are evident from the dependent claims,
the description-'and the drawings. The claims are to be understood as a

first non-limiting approach to define the invention in general terms.

The invention relates to an ink jet printer that records images and
characters on a recording sheet by jetting ink droplets from nozzle
openings by extension and contraction of piezoelectric vibration elements.
More particularly, the invention is directed to an art for driving the

piezoeletric vibration elements of an ink jet recording head.
In view of the above circumstances, an aspect of the invention is
to provide an ink jet recording apparatus capable of reducing

residual vibration of a piezoelectric vibration element after
an ink droplet has been jetted to a smallest possible extent

- and improvihg the print quality by increasing the ink droplet
splashihg speed. '

To achieve the above aspect, the present invention

provides an ink jet recording apparatus that includes: an ink
jet recording head for sucking ink into a pressure chamber
and jetting an ink droplet from a nozzle opening by expanding
and contracting the préssure chamber by a piezoelectric
vibration element, the pressure chamber comprising a nozzle
plate and a vibration plate;_and a signal generating means
for generating a first signél for contracting the
Piezoelectric vibration element at a predetermined speed to
suck the ink into the pressure chamber, a second signal for
starting an extension process of the piezoelectric vibration
element to splash the ink droplet from the nozzle opening by
Ccontracting the pressure chamber, a third signal for
interrupting the egtehsion process of the piezoelectric
Vibration eiement at least once while the extension process

is still being performed; and a fourth signal for resuming

_—
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jeEtting t he i nk,

pri nt signal inputted after a predeter- mned tinme el apses thereafter,

jetting ink droplets fromnozzle openings by the pressure thereby produced.

Since dots are forned on a recording sheet by splashing ink droplets a
predeterm ned di stance between the head and

10

15

20

3

When the piezoelectric vibration élement in a
contracted s;ate is extended, the pressufe chamber is being
contracted, so that the ink within the pressure chamber is
given sufficient kinetic energy in the form of pressure,
causing a column of ink to grow larger. When the apélication
of an operating voltage is temporarily stopped after a
predetermined time has elapsed, the piezoelectric vibration
element starts residual vibration defined by the self
resonance frequency. By optimizing not only the temporary
stop timing but also an operating voltage application timing
for the rest of the extension process after the temporary
stop, the length of the piezoelectric vibration element can
be brought back to the natural length with few residual
vibration. Thus, production of satellite and the like can be
prevented.

It is optimal to set the predetermined time so that
an extension of the piezoelectric vibration element becomes
exactly.equal to the natural length of the piezoelectric
vibration element, such extension being brought about by the
piezoelectric vibration element overshooting immediately
after the application of the operating voltage is temporarily
stopped after the piezoelectric vibration element has started
extending at an extension speed and the predetermined time
has then elapsed. In other words, the piezoelectric
vibration element extending speed and the temporary stop

timing are set so that the extension due to the overshoot of

thereby introducing the ink into the pressure chanbers;
extendi ng the piezoelectric vibration elenents so as to correspond to a
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the sheet, the print quality is affected by the ink droplet splashing speed
with the ink droplets being affected by the gravitational force, the speed
of cnovenent of the recording head, and the like. To inprove the print
quality, the ink droplet splashing speed nmust be increased as nuch as

possi ble. Since the ink droplet splashing speed depends on the

the piezoelecfric vibration element stops at such a timing
that the length of the piezoelectric vibration element
exactiy reaches the natural length. |

On the other hand, the timing for resuming the
application of the operating voltage of the temporarily
stopped piezoelectric vibration element may be optimized by
setting tolsuch an instance that the extension due to the
overshoot of the piezoelectric wvibration elément has been
ended and the piezoelectric vibration element is therebf
about to start contracting. The reason therefor is that
since the contraction process after the overshoot cancels out
the extension process after the resumption of the application
of the operating voltage to the piezoelectric vibration
element, there is no apparent displacement of thél
piezoelectric vibration element, thereby allowing the
piezoelectric vibration element to be settled to the natural
length. |

In contiast thereto, if:this timing is set to too
small a value, the piezoelectric vibration element extension
process to be caused_by the application of the operating
voltage starts while the extension due to the overshoot of
the piezoelectric vibration element is still taking place,
thus causing residual vibration. Further, if this timing is
set to too large a value, the piezoelectric vibration element
contraction process subsequént to the extension process

starts, thus again causing residual vibration.
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L
pi ezoel ectic vibration el ement extension speed which is used for the
recording head, the speed of varying a drive signal voltage nust be

i néreased as nmuch as possi bl e. However, the piezoelectric vibration el enent
IS subjected to residual vibration at the sel f resonance frequency after an
I nk dropl et has been jetted once the extension speed thereof exceeds a
certain value. Thus, a so-called "satellite" with

FIG. 1mis a perspective view showin§ an assembly of.
an ink jet recording héad'according to the present invention;

FIGS. 2(a) and (b) are sectional views showing the
recording head with a piezoelectric vibration element being
contracted and extended;

FIG. 3 is a perspective view showing a piezoelectric
vibration element unit according to the present invention;

FIG. 4 is a sectional view showing a piezoelectric
vibration element according to the present invention;

FIG. 5 is a cifcuit diagram showing a drive circuit
of the ink'jet.recording head of the invention;

FIG. 6 is a wavefofm diagram showing an operation of
the drivé circuit;

FIGS. 7(a) and (b) are diagrams respectively showing
a voltage and a displacement of the piezoelectric vibration
element by the drive circuit during an ink droplet forming
process;

FIG. 8 is a diagram showing optimal values in voltage
set to the exempla;j drive circuit;

FIGS. 9(a) and (b) are diagrams respectively showing
a displacement of the piezoelectric vibration element
controlled by a method-of the present invention and
conventional one;

FIGS. 10(a) and (b) are'diagrams respectively showing

the overshoot and jetting speed of the piezoelectric
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sﬁhll I nk droplets is produced after the ink droplet has been jetted,

whi ch arises a problemof further inpairnment of the print quality.
SUMMARY OF THE ' NVENTI ON

vibration element in function of the extension speed of the
piezoelectric"vibration element in the method of the present
invention and in a conventional method, respectively;

FIG. 11 is a waveform diagram showing another
operation of the drive circuit;

FIG. 12 is a.block diagram showing a control unit
for generating the drive waveforms;

FIG. 13 is a.sectional view showing another ink jet
recording head according to the invention;

FIG. 14 is a block diagram showing still another
embodiment of the invention;

FIG. 15 is a diagram schematically showing data
stored in a ROM of the embodiment shown in FIG. 14;

FIG. 16 is a circuit diagram showing a dr;ve circuit
according to the embodiment shown iﬁ FIG. 14;

FIGS. 17(a) and (b) are diagrams showing still
another embodiment of the invention; and

FIGS. 18(a) an& (d) are diagrams showing still

another embodiment of the invention.

Details of the invention will now be described with
reference to embodimeﬁts shoﬁn in the accompanying drawings.

FIG. 1 is an ink jet recording head according to thg
Present invention. 1In FIG. 1, referehce numeral 1 designates

a2 nozzle plate on which nozzle opening arrays'3, each having
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The invention has been nmade in view of the above circunstances.

Accordingly, the object of the invention is to provide an ink jet recording
appar atus capabl e of reducing residual vibration of a piezoelectric
vibration el ement after an ink droplet has been jetted to a smallest
possi bl e extent and inproving the print quality by increasing the ink
dropl et splashing speed.

nozzle openinqe.z (FIG. 2) formed thereon, are arranged so
that a predetermined pitch of, e.g., 180 DPI can be achieved.

Reference numeral 4 designates a spacer interposed
between a vibration plate 10 (described later) and the nozzle
plate 1. As shown in FIG. 2, through holes are formed to
define pressure chambers 5, reservoirs 6, and ink supply
ports 7 in such a manner as to correspond to the nozzle
openings 2 and the ink supply ports 7 connecting the pressure
chambers 5 to the reservoirs 6.

Reference numeral 10 designates the vibration plate,'
which forms pressure chambers 5 while confronting the nozzle ’
plate 1 theough the spacer 4. As shown in FIG. 2, island
portions 15 are formed on the vibration plate 10. Each
island portion 15 has such a rigidity as to transmit
displacement resulting from the island portion abutting
against an end of a piezoelectric vibration element 14
(described later) of a piezoelectric vibration unit 12 to a
largest possible area. As a result of the construction, the
pressure chamber 5 can be contracted and expanded efficiently
in response to contraction end extension of the piezoelectric
vibration element 14.

These piezoelectric vibration units 12, as shown in
FIG. 3, include the piezoelectric and halves of the
piezoelectric vibration elements 14 are secured to a fixing
substrate 16 at a predetermine& pitch so that the other

halves can vibrate in a vertical vibration mode, respectively.
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o achi eve the above object, the present invention pro- vides an ink jet
recordi ng apparatus that includes: an ink jet recording head for sucking an
ink into a pressure chanber and jetting an ink droplet froma nozzle
openi ng by expand- ing and contracting the pressure chanber by a .

pi ezoel ectric vibration el enent, the pressure chanber conprising a nozzle
pl ate and a vibration plate; and a signal generating neans for

: | Each plezoelectrxc vibration element 14 is formed in
’ such a manner that a piezoelectric vibration material 22, a
drive electrode 23, and a common electrode 24 are laminated
one upon another in sandwich form as shown in FIG. 4. The
drive electrbdes 23 are exposed to the fixed end of the
piezoelectric vibra;ion element 14 and éonnected in parallel
to an outer drive electrode 25 formed by, e.g., vapor
deposition. The common electrodes 24 are exposéd to the free
. end of'the piezoelectric vibration element 14 and are
connected in parallel to an outer common electrode 26. More
than one vibration elements are connected in parallel to the -
outer common electrode 26 through a conductive member 27.
Returning to FiG. 1, reference numeral 32 designates
a base stand, in which unit accommodating holes 33 and an ink
i supply port 34 are arranged. The unit accommodating holes
serve to accommodate the vibration element units 12 so that
the free ends of the piezoelectric vibration elements 14 are
. exposed therefrom, and the ink supply port 34 serves to
supply ink from an ink tank to the reservoirs 6. The
! vibration plate 10, the spacer 4, the nozzle plate 1 are
positioned on the surface of the base stand 32, fixed by a
frame body 35 that serves aléo as an electrostatic shield,
and assembled to form a recording head body. Reference
numeral 36 designates.a board on which to mount a carriage.
FIG. 5 shows a drive circuit according to the present

invention for driving the recording head. 1In FIG. 5,
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ge;erating a first signal for cbntfacting t he piezoelectric vibration
el ement at a predeterm ned speed to suck the ink into the pressure chanber
a second signal for starting an extension process of the piezoelectric
vibration elenment to splash the ink droplet fromthe nozzl e opening by
contract- ing the pressure chanber, a third signal for interrupting the
extensi on process of the piezoelectric vibration elenent at

reference character INl designates an input terminal for

receiving an a&xiliary print signal that contracts the

piezoelectric vibration.element 14, and a signal which has

such a waveform as shown in (a)'of FIG. 6 is inputted

thereto. Reference numeral IN2 designates an input terminal

for receiving a print signal that extends the contracted

piezoelectric vibration element 14, and a signal which has

such a waveform as shown in (b)'of FIG. 6 is inputted

thereto. A first constant current circuit 40 is connected to

the input terminal IN1 through a level shift transistor Ql.

The constant current circuit 40 includes transistors Q2, Q3

and a resistor Rl, and is designed to charge a capécitor C

with a predetermined current. |

Reference numeral 41 designates an extension control

circuit and includes first and second one-shot multi-

vibrators MVl, MV2 and a delay_circuit DC. The firsf one-

sho; multi-vibrator MV1 operates upon input of the print

signal and outputs a signal whose pulse width is Tdl. The

délay circuit DC operates upon fall of the signal from the

first one-shot multi-vibrator MVl and outputs a signal after

a predetermined stop period AT. The second ont-shot multi-

vibrator MV2 outputs a signal_whose pulse width is Td2.upon

receipt of the signal from the delay_circuit DC. A second

constant current circuit 42 is connected to the output

terminal of the extension control circuit 41.
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| east once while the extension process is still being per- forned; and a
fourth signal for resum ng the extension process of the piezoelectric

vi Bration el enent again after a predeterm ned time has el apsed. Wen the
pi ezoel ectric vibration elenent in a contracted state is extended, the
pressure chanber is being contracted, so that the ink within the pressure
chanber is given sufficient :

The §?cond constant current éircuit 42 includes
transistors Q4, Q5 and a resistor R2, and is'designed to
discharge the capacitor C with a predetermined current fdr a
period during which.the signals Tdl, Td2 are béing outputted
from the extension control circuit 41.

The terminals of the capacitor C are connected to an
output terminal OUT through a'current amplifying circuit in.
which transistors Q6, Q7 and transistors Q8, Q9 are
' : darlington circuits.

All the piezoelectric vibration elements 14 for the
recording head are connected to the output terminal OUT
through transistors T that are turned on by the print signal.

Accordingly, when the auxiliary print signal is
applying, the capacitor C is charged with the predetermined
current. When some of the transistors T which are connected
to the piezoelectric vibration elements of nozzles are
selected to form dots and are turned on by a dot forming
l' signal or the like under this condition, the piezoelectric
vibration elements 14 which are selected are charged through
the transistors T. Upon input of the print signal, the
capacitor C is discharged, and as a result, the charges
stored in the piezoelectric vibration elements 14 which are .
selected are discharged through diodes D.

The operation of the thus constructed drive circuit
will be described in more detail with reference to a waveform

diagram shown in FIG. 6.
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]’ voltage remains constant as long as the transistor Q3 is
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kinetic energy in the formof pressure, causing a colum of ink to grow

| arger. When the application of an operating voltage is tenporarily stopped
after a predetermned tinme has el apsed, the piezoelectric vibration el enent
starts residual vibration defined by the self resonance frequency. By
optim zing not only the tenporary stop timng but also an operating voltage
application timng for the rest of the

Upon-input of an auxiliary print signal (a) shown in
FIG. 6 to the terminal IN1l, the transistor Ql is turned on by
the rising edge of the signal (a), which then turns on the
transistor Q2 of the first constant current circuit 40,
causing current to flow to the capacitor C connected to the
transistor Q2 through the resistor Rl.

The terminal voltage of resistor Rl is set to a base-

emitter voltage of the transistor Q3, and the base-emitter

turned on. Therefore, the current flowing to the capacitor C
is maintained at a constant value.
As a result, the terminal voltage of the capacitor

increases linearly at a predetermined gradient from 0 volt as

shown in (e) of FIG. 6. |

That is, assuming that the rising gradient is TC
(v/sec), the resistance of the resistor Rl is rl (Q), the
capacitance of the capacitor C is cl (F), and the base-
emitter voltage of the transistof Q3 is VBE3, then

Tc = VBE3 / (rl x cl).

Hence, by adjusting'the'capacitance cl of the
capacitor C or the resistance rl of the resistor R1l, the

rising speed of the charging voltage, i.e., the contraction

speed of the piezoelectric vibration elements 14 can be set
to an arbitrary value.

The terminal voltage of the capacitor C is amplified
by the transistors Q6, Q7 andiapplied to each piezoelectric-

_—
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g;tension process after the tenporary stop, the length of the piezoelectric
Vi bration el ement can be brought back to the natural length with few

iresi dual vibration. Thus, production of satellite and the |ike can be
prevented. It is optimal to set the predetermined tinme so that an extension
of the piezoelectric vibration elenent beconmes exactly equal to the natural
| ength of the piezoelectric

vibration element 14 from the output terminal OUT, so that
only desired piezoelectric vibration elements 14 are charged
at the gradient tc through transistors T that are selectively
turned on by the dot forming signal or the like.

Since the piezoelectric vibration element 14 gets
contracted at the rising gradient tc, the corresponding
pressure chamber 5 expands to allow the ink to flow into ﬁhe _
pressure chamber 5 from the reservoir 6. |

When the period defined by a puise width Tc of'the
auxiliary print signal has elapsed, the transistor Ql is
turned off, thereby stopping the charging of the capacitor C.’
As a result, the piezoelectric vibration elements 14 which
are selected hold a voltage V1 = tc x Tc¢, thereby maintaining
the contracted state.

When a predetermined period Th has passed, the print
signal is inputted to the print signal input terminal IN2
((b) of FIG. 6). This causes the signal whose pulse width is
Tdl ((c) of FIG. 6) to be outputted from the first one-shot
multi-vibrator MVl of the extension control circuit 41. Then
the transistor Q4 of the second constant current circuit 42
turns on, and the charges stored in the capacitor C are
discharged through the resistor R2. Since the terminal
voltage of the resistor R2 is equal to a base-emitter voltage
VBES5 of the transisto: Q5, the current flowing through the

resistor R2 is maintained constant with the second constant
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_ vi bration el enment, such extension being brought about by the
pi ezoel ectric vibration el enent overshooting imedi - ately after the
application of the operating voltage is tem

current circuit 42 operating. in thé same manner as the first
constant cu;}ent circuit 40,

Accordingly, the termihal voitage of the capacitor C
drops linearly at a falling gradient <td.

That is, assuming that the resistance of the resistor
32 is r2, and the base-emitter voltage of the transistor Q5
is VBE5, then

td = VBES / trz x cl). |

The fallihg voltage, i.e. the terminal voltage of the
capacitor C is outputted to the output terminal OUT through
the transistors Q8, Q9 and applied to the respective
piezoelectric vibration elements 14. However, since it is
only the piezoelectric vibration elements 14 which are
selected to form dots are charged, only those selected
piezoelectric vibration elements 14 are Qischarged at the
falling gradient td through the corresponding_diodes D and
extended at a predetermined speed defined by such falling
gradient.. Since the extension of the selected piezoelectric
vibration elements 14 generates a positive pressure within
the corresponding pressure chambers 5 by contracting the
pressure chambers 5 at the spged defined by the gradient td
of the discharge current, columns of ink which have such
kinetic energy as to be splashed in the form of ink droplets
from the corresponding nozzle openings ére formed (a portion

depicted by the solid line in process a shown in FIGS. 7(a)

and (b)).
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orarily stopped after the piezoelectric vibration elenment has started
xtendi ng at an extension speed and the predeter- mned tinme has then
el.apsed. In other words, the piezoelec- tric vibration el enent extending
ispeed and the tenporary stop timng are set so that the extension due to .
t he overshoot of the piezoelectric vibration elenent stops at such a timng
that the length of the piezoelectric vibration elenment exactly

When the period defined by the pulse width Tdl (FIG.
6 (c)) of the first one-shot multi-vibrator MVl has elapsed
during the piezoelectric vibration element 14 extending
process, the transistor Q4 is turned off. As a result, the

terminal voltage of the capacitor C is maintained at a level

n

v2. Since the forced extension of the piezoelectric
vibration element 14 is thereby interrupted, the
piezoelectric vibration element 14 then starts residual

" | vibration by the_eelf resonance frequency centering a;ound a

displacement L1 up to this moment. First, the piezoelectric

vibration element 14 start extending by:inertial force (a

pertion depicted by the solid line in process b in FIGS. 7(a)

and (b)). .Accordingly, it is necessary that the pulse width

Tdl defining the extension stop timing is determined so that

15 the inertial force-induced extension which is caused by
interruption of the forced extension can be ended exactly
when the length of the piezoelectric vibration element 14

. reaches a natural length L2. |

The delay circuit DC temporarily holds the applied

20 voltage at V2_for_the period AT thereafter. Upon elapse of
the period AT, the second one-shot multi-vibrator MV2 outputs
the signal whose pulse width is Td2 ((d) of FIG. 6), which
again turns on the transistor Q4. Therefore, the capacitor C
discharges again the residual charges at the falling gredient

25 td = VBES / (r2 x cl).
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reaches the natural length. On the other hand, the timng for resumng the
application of the operating voltage of the tenporarily stopped piezo-
elzectric vibration element nay be optim zed by setting to such an instance
that the extension due to the overshoot of the piezoelectric vibration

el ement has been ended and the piezoelectric vibration elenent is thereby
about to start

Here, the period AT must be set to an interval from a
time at which the inertial force-induced extension caused by
the interruption of the forced extension of the piezoelectric
vibration element 14 to a time at which the length of the |
piezoelectric vibration element has reached the natural
length L2 and the piezoelectric vibration element is thereby
about to start contracting. If AT is too short, the
piezoelectric vibration element starts extending with.;he
application of the operating voltage during the overshoot-
induced extensionlthereof, thereby causing a relatively large
residual vib:ation. If AT is too long, on the other hand,
also it causes residual vibration since the piezoelectric
vibration element has already started contracting after the
extension.

- Then, an extension process in which the piezoelectric
éibration element 14 starts extending again from the natural
iength L2 at the speed defined by the gradient td = VBES /
(r2 x cl) cancels out the res;dual vibration-induced
contraction process. As a result, the length of the
piezoelectric vibration element 14 is settled at the natural
length L2 with apparently few vibration (a portion depicted
by the solid line in process c shown in FIGS. 7(a) and (b)). .

By dropping the terminal voltage of the capacitor C
to zero in this way at the period of bringing the length of
the piezoelectric vibration element 14 back to the natural

length L2, the residual vibration can be substantially
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cbntracting. The reason therefor is that since the contraction process
after the overshoot cancels out the extension process after the resunption
of the application of the operating voltage to the piezoelectric vibration
elenent, there is no apparent displacenent of the piezoelectric vibration
el e- ment, thereby allow ng the piezoelectric vibration elenent to be
settled to the natural |ength.
eliminated from the piezoelectric vibration element 14 (a
portion depicted by the solid line in process d shown in
FIGS. 7(a) and (b)).
| In contrast thereto, in the conventional method in
which a charged piezoelectric vibration element 14 is
discharged at a stroke as indicated by a broken line in FIG.
~7(a)., the residual vibration takes place at a large amplitude

centering around the natural length L2 after the end of

" - discharge as indicated by a broken line FIG. 7(b).

Therefore, satellite is likely to be induced by change in
pressure in the pressure chamber 5.

It is found out from the above that the majority of
the vibration of the piezoelectric vibration element after
the ink has been jetted can be controlled by extending the
piezoelectric vibration elements 14 at two stages and
canceling out the residual energy at an instance at which the

extension of the piezoelectric vibration element 14 is ended.

. FIG. 8 shows specific values of the above-mentioned

embodiment. More specifically, it is to what timing a
temporary stop is set in order to minimize the residual
vibration of a piezoelectric vibration element whose length
is about 5 mm and whose characteristic vibration period is’
about 8 usec that is exemplified. 1In this example, the
extension speed during discharge is set to the same value in

both processes a and c.
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In contrast thereto, if this timng is set to too small a value, the

pi ezoel ectric vibration el enent extension process to be caused by the
application of the operating voltage starts while the extension due to the
overshoot of the piezoelectric vibration elenent is still taking place,

t hus causing residual vibration. Further, if this timng is set to too

| arge a value, the piezoelectric vibration elenent contraction process sub-

As a result, it can be said that the optimal duration
of the proéess a up to a temporary stop is about 8 usec,
i.e., a single characteristic vibration period, and that the
optimal period AT of the process b during which the voltage
5 is temporarily held is 2 usec, which is about a quarter of
the characteristic vibration period.
It can also be said that the optimal duration of the

subsequent process c is 2 psec, which is about a quarter 6f

. the characteristic vibration period, as ldng as the discharge
10 speed is the same in both processes a and c as in this
embodiment.

However, the definitions of these periods are not
simply applicable as the conditions. What is necessary is
that: |

15 - 1. the piezoelectric vibration element temporary stop
timing be set so that the inertial force-induced extension
which is caused by the interruption of the forced extension

"- can end exactly when the length of the piezoelectric
vibration element 14 reaches the natural length L2;

20 2. the period aT of the temporary stﬁp be set to an
interval from a timing at which the ine:tial force-induced
extension causéd by the interruption of the forced extension
of the piezoelectric vibration element starts to a timing at
which the length of the piezoelectric vibration element has

& reached the natural length L2 and the piezoelectric vibration

element is thereby about to start contracting; and
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séquent to the extension process starts, thus again causing residual

vi brati on.
showi ng an assenbly of an ink jet

head with a piezoelectric vibration elenent being

10

13

20

3.  the length of the piezoelectric vibration element be
settled at the natural length L2 with apparently few
vibration so that the extension process of the piezoelectric
vibration element which is extending from the natural length
L2 resumed by discharge cancels out the residual vibration-
induced contraction process.

FIGS. 9(a) and (b) shew measured displacements at
instances of an extension process obtained by driving the
thus constructed piezoelectric vibration element under the
above-mentioned'conditions. FIG. 9 (a) shows a case where
the piezoelectricivibration element is driven by the drive
method shown in FIG. B8; FIG. 9 (b) shows a case where the
piezoelectric vibration element is driven by a conventional
drive method. It is apparent from these measurements that
the drive method of the invention can produce necessary ink
droplets with few residual vibration. The actual waveform of
the vibration with respect to the voltage waveform may be
observed; in some cases, as not decaying before the discharge
is completed after the temporary stop.

| FIGS. 10 (a) and (b) show the overshoot and ink
jetting speed of. the piezoelectric vibration element in
function of the extension speed (td) of the piezoelectric

vibration element in the method of the invention and in the

- conventional method, respectively. The measurements were

made after an ink droplet had already been jetted. The solid

line indicates the measurements by'the drive method of the

- Th - Sheet Has Been R lace
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view -
recordi ng head according to the present
i nvention; FIGS. 2(a) and (b) are sectional views show ng the recording
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contracted and extended; FIG 3 is a perspective view showing a
pi ezoel ectric vibration elenent unit according to the present invention;
FI<G 4 is a sectional view show ng a piezoelectric vibra- -

invention, whereas the dotted line indicates the measurements
by a conventional drive method. As is apparent from the

two diagrams, the drive method of the invention can not only
control the overshoot independently of the extension speed td
(FIG. 10 (a)), but alsoc linearly change the ink jetting speed
by adjusting the extension speed td (FIG. 10 (b)).

In contrast thereto, in the conventional method, not
only the overshoot is suddenly increased as the extension
speed td of the piezoelectric vibration element is increased
as described above, but also the extension épeed contributes
less to the ink jetting speed.

While the piezoelectric vibrétion element extension
process is divided into two stages in the above embodiment,
it is apparent that the same effect can be obtained by
dividing the print signal Td into th;ee segments Tdl, Td2,
Td3 by two stops aTl, aT2 and extending the piezoelectric

vibration element 14 by these signal segments in three stages

'. (FIG. 11 (£)) while temporarily holding the terminal voltage

at v3, V4 as shown in FIG. 11.
That is, as shown in FIG. 12, an extension control
circuit 45 mﬁy be designed to include first, second, and
third one-shot multi-vibrators MvVl, MV2, MV3 and first and
second delay circuits DCl, DC2. The pulse width of each of
the one-shot multi—#ibrators MV1, MV2, MV3 and the delay
pPeriod of each of'the delay circuits DCl, DC2 may be set to - -

Tdl, Td2, Td3, and aTl, aT2, respectively.

T




tijz el ement according to the present invention, FIG 5 is a circuit

di agram showi ng a drive circuit of the ink jet recording head of the
invention; FIG 6 is a waveform di agram showi ng an operation of the drive
circuit; FIGS. 7 (a) and (b) are diagranms respectively showi ng a voltage
and a di splacement of the piezoelectric vibration
While the example in which the piezoelectric
vibration element uses the so-called d31 mode in which the
.piezoelectric vibration element is contracted by charge and
extended by discharge has been described in the above
5 embodiment, it is apparent that similar effects can be

obtained by applying the invention to another piezoelectric

vibration element 52 using the so-called d33 mode in which

‘electrodes 50 and 51 are arranged vertically with respect to

the extension/contraction axis as shown in FIG. 13 so that

10 the piezoelectric vibration element is extended by charge and

contracted by discharge. That is, . similar effects can be

obtained by charging the piezoelectric vibration element 52

with a print signal on the contrary to the above embodiment,

and at this time, by causing the extension control circuit to

15 " divide the print signal into a plurality of segments with

stops.

FIG. 14 shows another embodiment of the invention.

In FIG. 14, reference numerals 60, 61, 62 respectively

designate a CPU, a RAM, and a ROM - . of a microcomputer.

20 These components are programmed so that data such as

extension period. and contraction period of the piezoelectric

vibration element can be ocutputted. Such data serve to

maintain the ink jetting characteristic constant based on a

signal from a temperature sensor 63 that measures the

25 temperature of the recording head.

This Sheet Has Been Repl
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el ement by the drive circuit during an ink droplet formng process; FIG 8
Is a diagram showi ng opti mal values in voltage set to the exenplary drive
circuit; FIGS. 9(a) and (b) are diagrans respectively showi ng a

di spl acenent of the piezoelectric vibration elenent con- trolled by a

met hod of the present invention and conven-

As shgyn in FIG. 15, the ROM 62 stores a plurality of
yalues Bl, B2 <<+« Bn as a charge period Tc and values Cl, C2.
+e++ Cn as a discharge period Td for maintaining the ink
jetting characteristic at a predetermined level Eased on
temperature signals Al, A2 ..++ An from the temperature
sensor 63 that measures the temperature around the recording
head. |

Referénce numeral 64 deéignates a contraction level
adjusting circuit, which applies a duration of the auxiliary
print signal received from a host to a.terminal INl of a
drivé circuit shown in FIG. 16 so as to correspond to the
discharge period Bl, B2 s+« Bn outputted from the CPU 60.

Reference numeral 65 designates an extension mode
adjusting circuit, which applies a duration of a'print signal
from the host to a terminal IN2 of FIG. 16 so as to
correspond to the discharge period Cl, C2 eee. Cn outputted
from the CPU 60. Such circuit can be constructed with ease
by combining one-shot mﬁlti-vibrators and delay circuits,
like the extension control circuit 41 shown in FIG. 5.

FIG. 16 shows the above-mentioned drive circuit, from
which the extension control circuit 41 shown in FIG. 5 is
excluded. This circuit is designed'so that the charge time
of the capacitor C and-tﬁe discharge mode can be controlled
directly by the signals inputted to the terminals IN1, IN2.

According to the thus constructed circuit, the

temperature of the recording head is detected by the

- 22 -
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tional one; FIGS. 10(a) and (b) are diagranms respectively show ng the
overshoot andjetting speed of the piezoelectric vibration elenent in |
function of the extension speed of the piezoelec- tric vibration el enent
t he met hod of the present invention and in the conventional nethod,
-respectively; FIG 11 is a waveform di agram showi ng anot her opera-

10

15

20

25

temperaturg_sensor 63; an optimal charge period Tc that can
maintain the ink droplet forming characteristic such as the
ink jetting speed of the recording head at a reference value
is sglected from among the data Bl, B2 ««+« Bn, e.g., data B2
is selected, and such é discharge period Td as not to cause
residual vibration with respect to the charge period B2,
i.e., data C2 is selected; and the selected data, e.g., B2
and C2, are applied to the contraction level adjusting
circuit 64.

Accordingly, the piezoelectric vibration elements 14
are charged by the selected charge period B2. Therefore, the
final charge voltage is defined by the data B2, and the
piezoelectric vibration element undergoes contraction
commensurate with such final voltage.

On the other hand, a discharge period and a stop
period AT by the discharge data C2 outputted from the CPU 60
are set at the extension mode adjusting circuit 6S5. Upon

input of the print signal under this condition, the capacitor

C is discharged by the signal from the extension mode

adjusting circuit 65. As a result, residual vibration caused
by the-release of resilient energy resulting from the
contraction level defined by the diséharge period B2 can be
controlled to a smallest possible value, which in turn allows
change in the recording head characteristic due to change in

temperature to be corrected without inducing satellite.

This Sheet Has-Been Reﬂlaced
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tion of the drive circuit;
‘unit for generating the drive waveforns; FIG 13 is a sectional view
show ng -another ink jet recording head according to the invention; FIG 14

FIG 12 is a bl ock di agram show ng an control

is a block diagram showi ng still another enbodi- nent of the invention;

10
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While the case of temporarily holding the voltage has

. peen described in this embodiment, a method of controlling

the charge and d;schArge in the following manner may also be
appliéable. That is, the piezoelectric wvibration element is
discharged at a speed lower than that of the first stage and
at a high speed again at'the last stage as indicated by a one
dot chain line shown in FIGS. 17(a) and (b) instead of the
temporary stop. In this case, the curve depicting
displacement of the piezoelectric vibration element is such
as shown by a one dot chain line in FIG. 17(b).

While the voltage is temporarily held only once in
this embbdiment, the voltage may be temporarily held for more
than one time as shown in FIGS. 18(a) and (b).

While the system in which the piezoelectric vibration
element is extended b? discharge has been described in the
above embodiments, it goes without saying that the same
effec; can be obtained by a system in which the piezoelectric
vibration element is extended by charge.

As described in the foregoing, the invention
includes: an ink jet recording head that sucks ink into a
pressure chamber formed of a nbzzle plate and a vibration
plate and jets an ink dréplet from a nozzle opening by
expanding and contracting the pressure chamber by a
piezoelectric vibration; and a signal generating means that
generates a first signal for contracting the piezoelectric

vibration element at a predetermined speed to allow the

e
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-EG 15 is a diagram schematically showi ng data stored in a ROM of the
enbodi nent shown in FIG 14; FIG 16 is a circuit diagramshow ng a drive
circuit according to the enbodi rent shown in FIG 14; FIG 17(a) and (b)
are diagrans showi ng still another enbodi ment of the invention; and FIGS.
18(a) and (b) are diagranms showi ng still another

pressure chamber to suck the ink; a second signal for
extending the piezoelectric vibration element to splash the
ink droplet from the nozzle opening by contracting the
pressure chamber; a third signal for interrupting the
extension process at least once; and a fourth signal for
causing the piezoelectric vibration element to resume the
extension process after a predetermined time has elapsed.
Therefore, the residual vibration of the piezoelectric
ll' vibration element after the ink droplet jetting operation can
10 . be made as small as possible, which then contributes to
improving the print quality in addition to increasing the

print speed.

Sheet Has Been Reﬂlaced
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odi nent of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED

ODI MENTS Details of the invention will now be described with

This Sheet Has Been Re’ila
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CLAINMS
1. An ink jet recording apparatus comprising:

an ink jet recording head for sucking ink into a

5
pressure chamber (5) and jetting an ink droplet from
a nozzle opening (2) by expanding and contracting the
pressure chamber (5) by a piezoelectric vibration
element (14), said pressure chamber (5) comprising a
10 - nozzle plate (1) and a vibration plate; and
- ‘a signal generating means for generating signals
comprising,
15 a first signal for contracting the piezoelectric

vibration element (14) at a predetermined speed to
suck the ink into the pressure chamber

a second signal for starting an extension process of
20 the piezoelectric vibration element (14) to splash

the ink droplet from the nozzle opening (2) by

contracting the pressure chamber (5), '

- ' a third signal for interrupting the extension process

- 25 of the piezoelectric vibration element (14) at least

- once while the extension process is still being
performed, and

fourth signal for resuming the extension process of
30 the piezoelectric vibration element (14) again after
a predetermined period has elapsed.

2. An ink jet -recording apparatus according to claim 1,
wherein the piezoelectric vibration element (14) is

35 designed to operate in a d31 mode in which the
- piezoelectric vibration element  (14) is contracted by

* c L L] S *



_-_—

iLs_an

reference to enbodi ments shown in the acconpanyi ng drawngs. Fl G

I nkj et

ref erence nuneral 1 designates a nozzle plate on whi chTih aced :
arrays 3, each having nozzle openings 2 (FIG 2) forned

recordi ng head according to the present invention. In FI G 1

arranged so that a predeterm ned pitch of, eg., 180 DPI

10
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35

charge {:_t_r_1d extended by discharge; and the signal
generating means includes a first constant current
circuit (40) for supplying a predetermined current to a
capacitor (c), a second constant current circuit (42) for
discharging the capacitor (c¢) by a predetermined current,
and an extension control circuit (41) for controlling an
operation timing and a discharge current of the second
constant current circuit (42) in two stages, said two
stages being divided by at least one interruption.

An ink jet recording apparatus according to claim 1,
wherein the piezoelectric vibration element (14) is
designed to operate in a d33 wmode in  which the

piezoelectric wvibration element (14) is contracted by.

discharge and extended by charge; and the signal
generating means includes a first constant current

circuit (40) for supplying a predetermined current to a -

capacitor (c), a second constant current circuit (42) for
discharging the capacitor (c¢) by a predetermined current,
and an extension control circuit (41) £for controlling an
operation timing and a discharge current of the second
constant current circuit (42) in two stages, said two
stages being divided by at least one interruption.

An ink jet recording apparatus according to one of the
preceding claims, wherein said extension process of the
piezoelectric vibration element (14) after said
interruption is resumed at a timing when the displacement
of- said residual vibration caused by said interruption
turns from the extension owing to an overshoot to the
contraction.

An ink jet recording apparatus according to one of the
preceding claims, further comprising a means for
modifying the first signal and the second signal by the
temperature of the recording head.

[
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Ref erence nuneral 4 designates a spacer_interposed between a vibration
plate 10 (described later) and the nozzle pI ate 1. As shown in FIG 2,

t hrough holes are forned to define pres ¢t hasBren Rephicedr eservoirs 6,
ink supply ports 7 in such a manner as t Mlmgnl F‘ the nozzl e openi ngs

2 and the ink supply ports 7 connectlng anbers 5 to the
reservoirs 6.

6. A method of controlling an ink jet recording apparatus
said ink jet recording apparatus including an ink jet
recording head comprising at least one pressure chamber

5 and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber according to contracting said
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by contracting the pressure

10 chamber according to extending said piezoelectric
vibration element, said method including the step of

- eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet is jetted by
extending the piezoelectric vibration element by charge.

15 or discharge, said eliminating the residual vibration
comprising the steps of:

setting a temporary stop to be made during the
extension process of the piezoelectric vibration

20 element to such an extension speed and timing as to
exactly end with an inertial force-induced extension
where a length of the piezoelectric vibration element
has reached a natural length, the inertial

. force-induced extension being caused by interrupting

25 a forced extension while the forced extension is
still being performed;

then setting the temporary stop to an interval from a
timing. at which the inertial force-induced extension

30 is started to a timing the 1length of the
piezoelectric vibration element has reached the
natural length and the piézoelectric vibration
element is thereby about to start contracting;

35 then setting the extension process resumption to such
an extension speed and timing as to allow the

-
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Reference nuneral 10 designates the vibration plate, which forms—pressture

chanbers 5 while confronting the nozzle plate 1 through the gpa

Each island portion 15 has such a rigidity as to transmt di s|
resulting fromthe island portion abutting against an end of
pi ezoel ectric vibration elenment 14 (described Iater)

. TRACHL 4.BA5
shown in FIG 2, island portions 15 are formed on the vi brat|aI WmasﬂHﬁ,imllTed
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7

piezoelectric vibration element to restore the
natural length with apparently few vibration by
causing the resumed extension process of the
piezoelectric vibration element extending from the
natural length to cancel out contraction attributable
to residual vibration.

. A method of controlling an ink jet recording apparatus,

said ink jet recording apparatus including an ink jet
recording head comprising at least one pressure chamber
and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber according to contracting said
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by contracting the pressure
chamber according to extending said piezoelectric
vibration element, said method including the step of
eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet is jetted by
extending the piezoelectric vibration element by charge
or discharge, said eliminating the residual vibration
comprising the steps of:

setting a period from a start of extending said
piezoelectric vibration elements to a temporary stop
to about a single characteristic vibration period;

setting a period for temporarily holding a voltage to
about a quarter of the characteristic vibration
period; and

setting a period between a temporary voltage holding
end and charge or discharge end to about a quarter of_
the characteristic vibration period.

* c L L] S *



of a piezoelectric vibration unit 12 to a | argest possible area. As a

result of the construction,

expanded efficiently in response to con- traction and el
pi ezoel ectric vibration el enment 14. These piezoelectric

sign of the
Sas) cod
as shown in FIG 3, include the piezoelectric vibration HI ﬂﬁ I
are

10

15

20

25

30

35

8.

A methad of controlling an ink jet recdrding apparatus,
said ink jet _recording apparatus including' an ink jet

and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber according to contracting said
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by cdntracting the pressure
chamber according to extending said piezoelectric
vibration element, said method including the step of
eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet is jetted by
extending the piezoelectric vibration element by charge

the pressure chanber 5 can be contracted—and-

12,
ich

recording head comprising at least one pressure chamber °

or discharge, said eliminating the residual vibration.

‘comprising the steps of:

setting at least a period for temporarily holding a
voltage to about a quarter of a single characteristic
vibration period.

An ink jet recording apparatus, including an ink jet
recording head comprising at least one pressure chamber
(5) and at least one piezoelectric vibration element
(14), wherein ink is sucked into said pressure chamber
(5) by expanding said pressure chamber (5) according to
contracting said piezoelectric vibration element (14) and
an ink droplet is jetted from a nozzle opening (2) by
contracting the pressure chamber (5) according to
exXtending said piezoelectric vibration element (14), said
ink jet recording apparatus further comprising:

eliminating means for eliminating residual vibration
by temporarily stopping charge or discharge when an
ink droplet is jetted by expending the piezoelectric
vibration element (14) by charge or discharge, and

i
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secured to a fixing substrate 16 at a predetermined pitch so that the free
ends of the vibration elenments can vibrate in a vertical vibration node,
respectively. Each piezoel ectric vibration el ement ks SieetiRE BRAREPRcEIICh a

manner that a piezoelectric vibration material 22, a e 23,
and a common el ectrode 24 are | am nated one upon anot h form
as showmn in FIG 4. The

setting means for setting the temporary stop to about

a quarter of a single characteristic vibration

period.

5 10. An ink jet recording apparatus according to one of claims
1 to 5, further comprising:

a temporary stopping means for exactly generating the

third signal at such a timing that the length of the
10 piezoelectric vibration element (14) reaches the
- - natural length by an inertial force caused by the
forced extension of the piezoelectric vibration
element (14) being interrupted while the forced
extension process is still being performed, the third.

15 signal serving to interrupt the extension process of
the piezoelectric wvibration element (14) at 1least

once; and

an extension process resuming signal generating means
20 for generating the fourth signal at such a timing
that the inertial force-induced extension caused by
the forced extension of the piezoelectric vibration
‘element (14) being interrupted while the forced
l.[ extension process is still being performed is
25 started, the length of the piezoelectric wvibration
- element (14) reaches the natural length, and the
piezoelectric vibration element (14) is thereby about
to start contracting, the fourth signal serving to
resume the extension of the piezoelectric vibration

30 element (14).

* [ L M S *
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drive el ectrodes 23 are exposed to the fixed end of the piezoelectric

&

vi bration el enment 14 and connected in parallel to an outer drive el ectrode
25°formed by, e .g., vapor depo- sition. The commobn.el ectrodes 24 are

exposed to the free end of the piezoelectric vibration elenment 14 and are

con-
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ABSTRACT

An ink jet recording apparatus comprising an ink jet
recording head for sucking ink into a pressure chamber (5)
and jetting an ink droplet from a nozzle opening (2) by
expanding and contracting the pressure chamber (5) by a
piezoelectric vibration element (14); the pressure chamber
(5) being formed of a nozzle plate (1) and a vibration plate;
and a signal generating means for generating signals. The
signals include a first signal for contracting the
piezoelectric vibration element (14) at a predetermined speed
to suck the ink into the pressure chamber (5), a second

signal for starting an extension process of the piezoelectric

vibration element (14) to splash the ink droplet from the
nozzle opening (2) by contracting the pressure chamber (5), a
third signal for interrupting the extension process of the
piezoelectric vibration element (14) at least once while the
extension process is still being performed and a fourth
signal for resuming the extension process of the
piezoelectric vibration element (14) again after a
predetermined period has elapsed.
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-ﬁ:k%@cﬁséﬁl,iq?r é’r;aaltllgln to an outer conmmon el ectrode 26. Nbre't-han. one - ‘1’5
?d'%g

VivhrER iARP IS " is connected in parallel to the-euter conmon el ectrode 26
t ¥ duigh® 585 tive member 27. Returning to FIG 1, reference nuneral 32
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i’ whatciomnit acconmodati.ng hol es 33 and an ink supply port 34/

unit accommodati ng hol es serve to accomobdate the

gpi AP angnt units I2 so that the free ends of the piezoelectric
g1 eI enents 14 are exposed therefrom and the ink_supply port 34
serves to supply ink froman ink tank'to the reservoirs 6. The vi bration
plate 10, the spacer 4, the nozzle plate 1 are ThlsSheetHasBeenl||¢ilaced
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nosi bsor FHFPIIRF M face of the base stand 32, fixed by a frame body 35 3]'5’
‘& 'Nap AppLES? b as an electrostatic shield, and assembied to forma

1 e@@léi&@z?fé’ body. Reference nuneral 36 designates a board on which to
Miount a carriage. FIG 5 shows a drive circuit according to the present

i nvention for driving the recording head. In FIG 5, reference character

| Nl designates an input terninal for receiving an
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oration ]
ea&Q|$ %ﬁ§r§§ﬁ§3n5|gnal that contracts the piezoclectric vibra- tion elene%Jfr
e®4EP gl which has such .a waveformas shown in (a) of FIG 6 is

UFnSh ed thereto. Reference nuneral |IN2 desi s an input termnal for

receiving a print signal that extends_LH Qntr I ezoel ectric
vibration elenment 14. and a signal wjic as - veform as shown in
(b) of FIG 6 is inputted thereto. Alff'rst con arTef® circuit
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@E?Tﬁ@p 2§_§pt current circuit 40.includes transistors @2, B and a
reEisBoP and is designed to charge a capacitor C with a predeterm ned
current. Reference nuneral 41 designates an extension control circuit and
i ncludes first and second one-shot nulti-vibrators W1, M2 and a del ay

circuit DC. The first one-shot

4&6i§9362n§§§%§§?%1?%e input terminal INL through a level shift transi st&l!s
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’i;nt Cnggyan circuit 42 is connected to the output term nal
circuit 41. The second constant current circuit 42
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e pi ezoal. ggtatﬂom bratlon el ements 14 for the record- ing Head are _cl}_'s
&ps ‘i’qctalaeoﬁut put termpal OUT through transistors T that are turned

on r-:PhéP JgRt-gEBI gnal . Accor di ngly, when the auxi-li ary print si. .gnal is
applp €élet e capaC|tor Cis charged with the predeterm ned current: Wen
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sefiParaa giggézgietgaPned on by a.dot forning signal or the Iike under this‘oﬁ3
ie¢o h E B29t7heppi ezoel ectric vibraticon el e- nents 14 which are selected are
M¢haiged through the tran- sistors T. Upon input of the print signal, the

capacitor Cis discharged, and as a result, the charges stored in the

pi ezo- electric vibration elenments 14 which are selected are dis- charged

t hrough di odes D. :
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iko, Epson Corporation ]]/}S’
mee ApekER3PDf the thus construct ed drive circuit will be described in
cPike dB629T-¥Rth reference to a waveform di agram shown in FIG 6. Upon

i nput of an auxiliary print signal (a) shown in FIG 6 to the term nal |N1,
the transistor QL i-s turned on by the rising edge of the signal (a), which
then turns on the transistor 2 of the first constant current circuit 40,
causi ng
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iko Epson Corporation .
l1itewion the capacitor C connected to the transistor @ through

the FesesE6R9RIEPThe term nal voltage of resistor RLis set to a-
base-em tter voltage of the transistor B, and the base-emtter voltage

remai ns constant as long as the transistor @ is turned on.

Therefore, the

current flowng to the capacitor Cis nmain- tained at a constant val ue.
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Applullatipe termnal voltage of the capacitor increases linearly at a
p lq@et:gnsm:igryem:gradi ent fromO volt as shown in (e) of FIG 6. That is,
agsum ng that the rising gradient is [err] (V/sec), the resistance of the
rgsistor RLis rl ([err]). the capacitance of the capacitor Cis cl (F),

apd the base-emtter voltage of the transistor is VBE3, then
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[E®c Apied 1¢RHFESR on el ements’ 14 can-be set to an arbitary value. The
@iden 86294 € ge of the capacitor Cis anplified by the transistors Q, Q7
and applied to each piezoelectric Whgggz_tioh el enent 14 fromthe output
term nal OUT, so that only desired piezpelectric vibration elenents 14 are

charged at the gradi ent [err]prhﬁah ransistors T that are selectively
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turned on by the dot forming signal or the like. Since the piezodfwtrrfé
vi bration el enent 14 gets con- tracted at the rising gradient [err], the
correspondi ng pressure chanber 5 expands to allowthe ink to flowinto the
pressure chanber 5 fromthe reservoir 6. Wen the period defined by a pul se

width Tc_of the auxiliary print signal_ tias el apq>cd,f{§ﬂef\éhﬁgﬁhs§‘@éu@1 I %3
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INK JET RE N ARA' AN HOD

The present invention relates to an ink Jet recording
apparatus and method of controlling same.

There are two types of jet printers. A

piezoelectric vibration type is designed to jet ink dréplets
by expanding and contracting pressure chambers by
plezoelectric vibration_?lements. And a thermal type is
designed to arrange.heating means within pressure chambers
and jet an ink by taking advantage of pressure produced by
instantly gasifying the ink while supplying electric energy
to the ﬁeating means.

Parﬁicularly, the recording head of the former type
that produces ink dropletstby extension and contraction of
the ple:oelectric vibration elements repeats at a

Predetermined cycle the® pr,g,cess*" of- contract.l.ng the

F_.,,- (P v- w-:; L w5 u

Plezoelectric vibration elements so as to expand the pressure

chambers before jetting the ink, thereby LntrOdLLC.Lng the ink

<+ Has Boen Re laced This is the réplacement sheet
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of f, thereby stopping the charging of the capacitor C. As a result, the
pi ezoel ectric vibration elenents 14 which are selected hold a vol tage
V1i=[err]cxTc, thereby maintaining the contracted state. Wen a
predet erm ned period Th has passed, the print signal is inputted to the
print signal input termnal IN2 ((b) of FIG 6). This causes the signal

whose pulse width is Tdl
_ P

into the gfessure chambers; extending the piezoelectric
vibration élements Sso as to correspond to a print signal
inputted after a predetermined time elapses thereafter; and
jetting ink droplets'from nozzle openings by the pressure
thereby produced.

Since dots are formed on a recording sheet by
splashing ink droplets a predetermined distance between the
head and the sheet, the print quality is affected by the ink
droplet splashing speed with the ink droplets being affected
by the gravitational force, the speed of movement of the
recording head, and the like. To improve the print quality,
the ink droplef splashing speed ﬁust be increased as much as
possible.

Since the ink droplet splashing speed depends on the
piezoelectric vibration element extension speed which is used
for the recording head, the speed of varying a drive signal
_voltage must be increased as much as possible.

However, the piézoelectric vibration element is
subjected to residual vibration at the self resonance
frequency after an ink droplet»hdé been jetted once the
extension speed thereof exéeeds a certain value. Thus, a so-
called "satellite" with small ink droplets is produced after
the ink droplet has beeﬂﬁjetted,'frdm which arises a problem

of further impairment of the print quality.
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((c) of FIG 6) to be outputted fromthe first one-shot—multi-vibrator

of the extension control circuit 41. Then the transistgr 9& Bl Eﬁgnd
. . is ee s R

constant current circuit 42 turns on, and the charges

capacitor C are discharged through the resistor R2. Sin

volt- age of the resistor R2 is equal to a base-enitter

transistor QS, the current flow ng through the

It is chersfore che gbject Of che gresenc Laventizn ca pravide an ink jec

f the

recording apparatus which aveids cth: chovemertioned drawbeci:s. This abject
is solved by the ink jec recording apparacus according to indepeadent claim
1 and 9 and che mechods of concrolling an ink jet recording ‘apparatus
according to independent claims € ro 8. Further advantageous featuras,
aspects and details of the invention are evident from che dependent claims,
che descripcion and che drawings. The claims are to he underscood as a

first non-limiting approach to define the inventcion in general cerms.

The iavencion relates ta an ink jet printer that records images and
characters on a recording sheet by jetting ink droplecs rom nozzle
openings by excension and contraction of piezaelectric vibracion elements.
More parﬁicularly. the invention is directed to an art far driviag the
piezoeletric vibration elements of an ink jet recording head.

In view of the above circumstances, an aspect of the invention is
to érovide an ink jet recording apparatus capable of reducing

residual vibration of a piezoelectric vibration element after
an ink droplet has been jetted to a smallest possible extent
and improving the print quality by increasing the ink droplet
splashing speed. .
To achieve the above aspecﬁ, the present invention
provides an ink jet recording apparatus that includes: an ink
jet recording head for ;gcking ink into a pressure chamber
and jetting an ink droplet from a nozzle opening by expanding
and contracting. the préssure chamber by a piezbelecﬁric
vibration element, the pressure chamber comprising a nozzlé
plate and a vibration plate; and a signal generating means
for generating a first signal for contracting the
Piezoelectric vibration eliment.at a predetermined speed to
suck the ink into the pressure chamber, a second signal for
Starting an extension process of the piezoelectric vibration
element to'splash the ink droplet from the nozzle opening by
Contracting the pressure chamber, a third signal for
interrupting the extension process of the piezoelectric
Vibration element at least once while the extension process

is Stil]l being performed; and a fourth signal for resuming
This is the replacement sheet
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resistor R2 is maintained constant with the second constant current circuit
42 operating in the sanme manner as the first constant current circuit 40.
Accordingly, the term nal voltage of the capacitor Ghdmgashggag el @

falling gradient rd. That is, assumi ng that the resi esi stor
R2 is r2, and the base-enitter vol tage of the transi

- 4 -

Whee the piezoelectric vibration element in a
contracted s;ate is extended, the pressure chamber is being
contracted, so that the ink within the pressure chamber is
given sufficient kinetic energy in the form of pressure,
causing a column of ink to grow larger. When the application
of an operating Qoltage is temporarily stopped after a
predetermined time has elapsed, the piezoelectric vibration
element starts residual vibration defined by the self
resonance frequency. By optimizing not only the temporary
stop timing but also an operating voltage application timing
for the rest of the extension process after the temporary
stop, the length of the piezoelectric vibration element can
be brought back to the natural length with few residual
vibration. Thus, production of satellite and the like can be
prevented.

It is optimal to.set the predetermined time so that
an extension of the piezoelectric vibration element becomes
exactly equal to the natural length of the pieéoelectric
vibration element, such.egtension being brought about by the
piezoelectric vibration element overshooting immediately

after the application of the oﬁefating voltage is temporarily

£~
-

stopped after the piezoelectric vibration element has started
extending at an extension speed and the predetermined time
has then elapsed. In other words, the piezoelectric
vibration element extending speed aﬁd the temporary stop

timing are set so that the extension due to the overshoot of

This is the Teplacement sheet
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VBE5, then [err]d=VBE5/(r2xcl). The falling voltage, ie. the termnal
vol tage of the capaci- tor Cis outputted to the output term nal OUT
through the transistors B, @ and applied to the respective piezoelectric

the piezoelecfric vibration element stops at such a timing
that the length of the piezoelectric vibration element
exactly reaches the natural length.

On the other hand, the timing for resuming the
application of the operating voltage of the temporarily
stopped piezoelectric vibration element may be optimized by
setting to such an instance that the extension due to the
overshoot of the piezoelectriq vibration element has been
ended and the piezoelectric vibration element is thereby
about to start contracting. The reason therefor is that
since the contraction process after the overshoot cancels out’
the extension process after the resumption of the application
of the operating voltage to the piezoelectric vibration
element, there is no apparent displacement of the
piezoelectric vibration element; thereby allowing the
piezoelectric vibration -element to be settled to the natural
length.

In contrast thereto, if this timing is set to too
small a value, the piezoelectric vibration element extension
process to be caused by the application of the operating
voltage starts while the 3§ten516h due to the overshoot of
the piezoelectric vibration element is still taking place,
thus causing residual vibrapion. Further, if this timing is
set to too'iarge a vélue, the piezoelectric vibration element
contraction process subsequent to the extension process

starts, thus again causing residual vibration.
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vibration el ements 14. However, since it is only the piezo- electric
vibration elenments 14 which are selected to formdots are charged, only

t hose sel ected piezoelectric vibration elenments 14 are discharged at the
falling gradient [err]d through the correspondi ng di odes D and extended at
a predeterm ned speed defined by such falling gradient. Since the extension

- 6 -

FIG. 1 is a perspective view showing an assembly of
an ink jet recording head according to the present invention;

FIGS. 2(a) and (b) are sectional views showing the
recording head with a piezoelectric vibration element being
contracted and extended;

FIG. 3 is a perspective view showing a piezoelectric
vibration element unit according to the present invention;

FIG. 4 is a sectional view showing a piezoelectric
vibratioh element a;cording to the present invention;

FIG. S is a circuit diagram showing a drive circuit
of the ink jet recording head of the invention;

FIG. 6 is a waveform diagram showing an operation of
the drive circuit;

FiGS. 7(a) and (b) are diagrams respectively showing
a voltage and a displacement of the piezoelectric vibration
element by the drive circuit during an ink droplet forming
process;

FIG. 8 is a diagram sﬂowing optimal values in voltage
set to the exemplary drive circuit;

FIGS. 9(a) and (b)tare’diégrams respectively showing

" a displacement of the piezoelectric vibration element

controlled by a method of the present invention and
conventional one; |

FIGS. 10(a) and (b) are diagrams respectively showing

the overshoot and jetting speed of the piezoelectric

—
e

—
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of the selected piezoelectric vibration elenents 14 generates a positive
pressure within the correspondi ng pressure cham bers 5 by contracting the
pressure chanbers 5 at the speed defined by the gradient [err]d of the

di scharge current, columms of ink which have such kinetic energy as to be
splashed in the formof ink droplets fromthe correspondi ng nozzl e openi ngs
are fornmed (a portion depicted by the sq;id line in

vibration element in function of the extension speed of the
piezoelectricmvibration element in the method of the present
invention and in a conventional method, respectively;

FIG. 11 is a waveform diagram showing another
operation of the drive circuit; |

FIG. 12 is a block diagram showing a control unit
for generating the drivé waveforms;

FIG. 13 is a sectional view showing another ink jet
recording head according to the invention;

FIG. 14 is a block diagram showing still another
embodiment of the invention;

FIG. 15 is a diagram schematically showing data
stored in a ROM of the embodiment shown in FIG. 14;

FIG. 16 is a circuit diagram showing a drive circuit
according to the embodiment shown in FIG. 14;

FIGS. 17(a) and-(b) are diagrams showing still
another embodimernt of the invention; and

FIGS. 18(a) ana (d) are diagraﬁs showing still

another embodiment of the invention.

r
Details of the invention will now be described with

reference to embodiments shown in the accompanying drawihgs.
FIG. 1 is an ink jet recording head according to the
Present invention. In FIG. 1, reference numeral 1 designates

2 nozzle plate on which nozzle opening arrays 3, each having

This Sheet Has Been Reﬂlaced This is the replacement sheet
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process a shown in FIGS. 7(a) and (b)). Wen the period defined by the
pulse wwdth Tdl (FIG 6 (c)) of the first one-shot multi-vibrator M1 has
el apsed during the piezoelectric vibration elenment 14 extendi ng process,
the transistor 4 is turned off. As a result, the terninal voltage of the
capacitor Cis maintained at a level V2. Since the forced extension of the
pi ezoel ectric vibration

- 8 -
nozzle openings 2 (FIG. 2) formed thereon, are-arranged so
that a predetegmined pitch of, e.qg., 180 DPI can be achieved.
Reference numeral 4 designates a spacer interposed
petween a vibration plate 10 (described later) and the nozzle
plate 1. As shown in FIG. 2, through holes are formed to
define pressure chambers S5, reservoirs 6, and ink supply
ports 7 in such a manner as to correspond to the nozzle
openings 2 and the ink supply ports 7 connecting. the pressure
chambers S5 to the reservoirs 6.
Reference numeral 10 designates the vibration plate,
~ which forms pressure chambers 5 while confronting the nozzle
plate 1 through the spacer 4. As shown in FIG. 2, island
portions 15 are formed on the vibration plate 10. Each
island portion 15 has such a rigidity as to transmit
displacement resulting from the island portion abutting
against an end of a pieibelectric vibration element 14
(described later) of a piezoélectric vibration unit 12 to a
"largest péssible area. As a result of the construction, the
pressure ch&mber 5 can be contracted and expanded efficiently
in response to contraction and egtension of the piezoelectric
vibration element 14. ’
These piezoelectric vibration units 12, as shown in
FIG. 3, include the piezoelectfic and halves of the
piezoelect?ic vibration elemen#s 14 are secured to a fixing
substrate 16 at a predetermined pitch so that the other

halves can vibrate in a vertical vibration mode, respectively.
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element 14 is thereby interrupted, the piezoelectric vibration element 14
t-hen starts residual vibration by the self reso- nance frequency centering
around a di splacenment L1 up to this nonent. First, the piezoelectric
vibration elenment 14 starts extending by inertial force (a portion depicted
by the solid line in process b in FIGS. 7(a) and (b)). Accordingly, it is

necessary that the pulse width Tdl defining the exten-
- 9 -

Each piezoelectric vibration element 14 is formed in
such a manner ;hat a piezoelectric vibration material 22, a
drive electrode 23, and a common electrode 24 are laminated
one upon another in sandwich form as shown in FIG. 4. The
drive electrodes 23 are exposed to the fixed end of the
piezoelectric vibra;ion element 14 and connected:'in parallel
to an outer drive electrode 25 formed by, e.g.f vapor
deposition. The common electrodes 24 are exposed to the freé
end of the piezoelectric vibration element 14 and are
connected in parallel to an outer common electrode 26. More
than one vibration elements are connected in parallel to the -
outer common electrode 26 through a conductive member 27.

Returning to FIG. 1, reference numeral 32 designates
a base stand, in which unit accommodéting holes 33 and an ink
supply port 34 are arranged. The unit accommodating holes
serve to accommodate the‘vibration element units 12 so that
the free ends of the piezoelectric vibration elements 14 are
exposed therefrom, and the ink supply port 34 serves to
supply ink from an ink tank to the reservoirs 6. The
vibration plate 10, the spacer 4, the nozzle plate 1 are
positioned on the surfacelgf tﬁe-base stand 32, fixed by a
frame body 35 that serves also as an electrostatic shield,
and assembled to form a recording head bodf. Reference
numeral 36'designateé a board on which to mount a carriage.

FIG. 5 shows a drive circuit according to the present

invention for driving the recording head. 1In FIG. S,
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sion stop timng is determned so that the inertial force- induced

extensi on which is caused by interruption of the forced extension can be
ended exactly when the length of the piezoelectric vibration elenent 14
reaches a natural length L2. The delay circuit DC tenporarily holds the
applied volt- age at V2 for the period AT thereafter. Upon el apse of the

- 10 -

reference character INl designates an input terminal for
receiving an auxiliary print signal that contracts the
piezoelectric vibration element 14, and a signal which has
such a waveform as shown in (a) of FIG. 6 is inputted
thereto. Reference numeral IN2 designates an input terminal
for receiving a print sign;l that extends the contracted
piezoelectric vibration element 14, and a signal which has
such a waveform as shown in (b) of FIG. 6 is inputted
thereto. A first constant cufrent circuit 40 is connected to
the input terminal IN1l through a level shift transistor Q1.
The constant current circuit 40 includes transistors Q2, Q3
and a resistor Rl, and is designed to charge a capacitor C
with a predetermined current.

Reference numeral 41 designates an extension control
circuit and includes first and second one-shot multi-
vibrators MVl, MV2 and a delay circuit DC. The firsé one-
shot multi-vibrator MV1 operates upon input of the print
signal and outputs a signal whose pulse width is Tdl. The
delay circuit DC operates upon fall of the signal from the
first one-shot multi-vibrator MVl and outputs a signal after
a predetermined stop perigd AT: The second ont-shot multi-
vibrator MV2 outputs a signal whose pulse width is Td2 upon
receipt of the signal from the delay circuit DC. A second
constant cﬁfrent ciréuit 42 is connected to the output

terminal of the extension control circuit 41.

‘This is the replacement sheet
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period AT, the second one-shot nulti-vibrator MV2 outputs the signal whose
pulse width is Td2 ((d) of FIG 6), which again turns on the transistor 4.
Therefore, the capacitor C discharges again the residual charges at the
falling gradient [err]d=VBE5/(r2xcl). Here, the period [err]T nust be set
to an interval froma tinme at which the inertial force-induced extension
caused by the

- 11 -

The §?cond constant current circuit 42 includes
transistors Q4, Q5 and a resistor R2, and is designed to
discharge the capacitor C with a predetermined current for a
period during which the signals Tdl, Td2 are being outputted
from the extension control circuit 41.

The terminals of the capacitor C are connected to an
output'termiﬁal OUT through a current amplifying circuit in
which transistors Q6, Q7 and transistors Q8, d9 are
darlington circuits.

All the piezoelectric vibration elements 14 for the
recording head are connected to the output terminal OUT
through transistors T that are turned on by the print signal.

Accordingly, when the auxiliary print signal is
applying, the capacitor C is charged'with thé*predetermined
current. When some of the transistors T which are connected
to the piezoelectric vibration elements of nozzles are
selected to form dots and are turned on by a dot forming
signal or the like under this condition, the piezoelectric
vibration elements 14 which are selected are charged through
the transistors T. Upon input qﬁ the print signal, the
capacitbr C is discharged, and as a result, the charges
stored in the piezoelectric vibration elements 14 which are .
selected are discharged through diodes D.

Tﬁé operation of the thus constructed drive circuit
will be described in more detail with reference to a waveform

diagram shown in FIG. 6.
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interruption of the forced extension of the piezoelectric vibration el ement
l4 to atinme at which the Iength of the -10- piezoelectric vibration
el ement has reached the natura

- 12 -

Upon-input of an auxiliary print signal (a) shown in
FIG. 6 to the terminal INl1l, the transister Ql is turned on by
the rising edge of the signal (a), which then turns on the
transistor Q2 of the first constant current circuit 40,
causing current to flow to the capacitor C connected to the
transistor Q2 through the resistor Rl1.

The terminal voltage of resistor Rl is set to a base-
emitter voltage of the transistor Q3, and the base-emitter
voltage remains constant as long as the transistor Q3 is
turned on. Therefore, the current flowing -to the capacitor C
is maintained at a constant value.

As a result, the terminal voltage of the capacitor
increases linearly at a predetermined gradient from 0 volt as
shown in (e) of FIG. 6.

That is, assuming that the rising gradient is tc
(V/sec), the resistance of the resistor Rl is rl (®), the
capacitance of the capecifor C is cl (F), and the base-
emitter voltage of the transistor Q3 is VBE3, then

Tc = VBE3 / (rl x cl).

| Hence, by adjusting the'cepacitance cl of the
capacitor C or the reeistance rl of the resistor R1l, the
rising speed of the charging voltage, i.e., the contraction
speed of the piezoelectric vibration elements 14 can be set
to an arbifrary value,

The terminal voltage of the capacitor C is amplified

by the transistors Q6, Q7 and applied to each piezoelectric

Thig ie the replacement sheet
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| ength L2 and the piezoelectric vibration elenent is thereby about to start
.contracting. If AT is too short, the piezoelectric vibration elenent starts
extending with the application of the operating voltage during the

over shoot -i nduced extension thereof, thereby causing a relatively |arge
residual vibration. If [err]T is too long, on the other hand, also it
causes residual vibration since the piezoelectric vibration elenent has -

- 13 -

vibration element 14 from the output terminal OUT, so that
only desired piezoelectric vibration elements 14 are charged
at the gradient tc through transistors T that are selectively
turned on by the dot forming signal or the like.

Since the piezoelectric vibration element 14 gets
contracted at the rising gradient tc, the corresponding
pressure chamber 5 expands to allow the ink to flow into the .
pressure chamber 5 from the reservoir 6.

When the period defined by a pulse width Tc of the
auxiliary print signal has elapsed, the transistor Ql is
turned off, thereby stopping the charging of the capacitor C.

As a result, the piezoelectric vibration elements 14 which

are selected hold a voltage V1 = tc x Tc, thereby maintaining
the contracted state.

When a predeterm;ped period Th has passed, the print
signal is inputted to the print signal input terminal IN2
((b) of FIG. 6). This causes the signal whose pulse width is
Tdl ((c) of FIG. 6) to be outputted from the first one-shot
multi-vibrator MVl of the extension control circuit 41. Then
the transistor Q4 of the second constant current circuit 42
turns on, and the charges §tored in the capacitor C are
discharged through the resistor R2. Since the terminal
voltage of the resistor R2 is equal to a base-emitter voltage
VBES of the transistor Q5, the current flowin§ through the

resistor R2 is maintained constant with the second constant
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already started contracting after the extension. Then, an extension process
iI*n which the piezoelectric vibration elenent 14 starts extending again from
the natural length L2 at the speed defined by the gradient [err]d=VBE5/
(r2xcl) cancels out the residual vibration-induced contrac- don process. As
aresult, the length of the piezoelectric vibration elenment 14 is settled

at the natural length L2 with
: - 14 - -
current circuit 42 operating in the same manner as the first
constant cu;;ent circuit 40.

Accordingly, the terminal Qoltage of the capacitor ¢
drops linearly at-a falling gradient td.

That is, assuming that the resistance of the resistor
R2 is r2, and the base-emitter voltage of the transistor Q5
is VBE5, then

td = VBES / (r2 x cl).

The falling voltage, i.e. the terminal voltage of the
capacitor C is outputted to the output terminal OUT through
the transistors Q8, Q9 and applied to the respective
piezoelectric vibration elements -14. However, since it is
only the piezoelectric vibration elements 14 which aréx
selected to form dots are charged, only those selected
piezoelectric vibration elements 14 are discharged at the
falling gradient td through the corresponding diodes D and

.extended at a predetermined speed defined by such falling
gradient. Since the extension of the selected piezoelectric
vibration elements 14 generates a positive pressure within
the corresponding pressure chambq;s 5 by contracting the
pressure chambers 5 at thq:speéd defined by the gradient td-
of the discharge current, columns of ink which have such
kinetic energy as to be splashed in the form of ink droplets
from the céfresponding nozzle openings are formed (a portion

depicted by the solid line in process a shown in FIGS. 7(a)

and (b)).
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appérently few vibration (a portion depicted by the solid Iine in process c
showmn in FIGS. 7(a) and (b)). By dropping the term nal voltage of the
capacitor Cto zero in this way at the period of bringing the Iength of the
pi ezoel ectric vibration-elenment 14 back to the natural length L2, the
residual vibration can be substantially elimnated fromthe piezoelectric
vi bration el enment 14 (a portion
- 15 -
‘When the period defined by the pulse width Tdl (FIG.
6 (c)) of the first one-shot multi-vibrator MV1 has elapsed
during the piezoelectric vibration element 14 extending
process, the transistor Q4 is turned off. As a result, the
terminal voltage of the capacitor C is maintained at a level
v2. Since the forced extension of the piezoelectric.
vibration elemeht 14 is thereby interrupted, the
piezoelectric vibration element 14 then starts residual
vibration by the self resonance frequency centering around a
displacement L1 up to this moment. First, the piezoelectric
vibration element 14 start extending by inertial force (a
pértion depicted by the solid line in process b in FIGS. 7(a)
and (b)). Accordingly, it is necessary that the pulse width
Tdl defining the extension stop timing is determined so that
the inertial force-induced extension which is caused by
interruption of the forced extension can be ended exactly
when the length of the piezoelectric vibration element 14
reaches a natural length L2.

The delay circuit DC temporarily holds the applied
voltage at V2 for ﬁhe period aT pheréafter. Upon elapse of
the period AT, the secondtone-;hot multi-vibrator Mv2 outputs
the signal whose pulse width is Td2 ((d) of FIG. 6), which
again turns on the transistor Q4. Thérefore, the capacitor C

discharges'again the residual charges at the falling gradient

td = VBES / (r2 x cl).
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depicted by the solid line in process d shown in FIGS. 7(a) and (b)). In
contrast thereto, in the conventional nethod in which a charged

pi ezoel ectric vibration el enent 14 is discharged at a stroke as indicated
by a broken line in FIG 7(a), the residual vibration takes place at a

| arge anplitude cetering around the natural length L2 after the end of

di scharge as
- 16 -

Here, the period aT must be set to an interval from a
time at which the inertial force-induced extension caused by
the interruption of the forced extension of the piezoelectric
vibration element 14 to a time at which the length of the
piezoelectric vibration element has reached the natural
length L2 and the piezoelectric vibration element is thereby
about to start contracting. If aT is too short, the
piezoelectric vibration element starts extending with the
application of the operating voltage during the overshoot-
induced extension thereof, thereby causing a relatively large
residual vibration. If aT is too long, on the other hand,
also it causes residual vibration since the piezoelectric
vibration element.has already started contracting after the
extension. |

Then, an extension process in which the piezoelectric
vibration element 14 starts extending again from the natural
length L2 at the speed defined by the gradient td = VBES /
(r2 x cl1) cancels out the res;dual vibration-induced
contraction process. As a result, the length of the
piezoelectric vibration element 14 is settled at the natural
length L2 with apparentlytfew'Qibration (a portion depicted
by the solid line in process c shown in FIGS. 7(a) and (b)).

By dropping the terminal voltage of the capacitor C
to zero iﬁ.this way.at the period of bringing the length of
the piezoelectric vibration element 14 back to the natural

length L2, the residual vibration can be substantially
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i ndicated by a broken line FIIG 7(b). Therefore, satellite is likely to be
iI-nduced by change in pressure in the pressure chanber 5. It is found out
fromthe above that the majority of the vibration of the piezoelectric
vibration el enent after the ink has been jetted can be controlled by
extendi ng the piezo- electric vibration elenents 14 at two stages and

cancel i ng
- 17 -

eliminated from the piezoelectric vibration element 14 (a
portion deéfcted by the solid line in process d shown in
FIGS. 7(a) and (b)).

' In contrast thereto, in the conventional method in
which a charged piezoelectric vibration element 14 is-
discharged at a stroke as indicated by a broken line in FIG.
7(a), the residual vibration takes place at a large amplitude
centering around the nétural length L2 after the end of
discharge as indicated by a broken line FIG. 7(b).

Therefore, satellite is likely to be induced by change in
pressure in the pressure chamber 5. |

It is found out from the above that the majority of
the vibration of the piezoelectric vibration element after
the ink has been jetted can be controlled by extending the
piezoelectriﬁ vibration elements 14 at two stages and
canceling out the residual energy at an instance at which the
extension of the piezoelectric vibration element 14 is ended.

FIG. 8 shows séecific'values of the above-mentioned
embodiment. More specifically, it is to what timing a
temporary stop is set in order tq‘minimize the residual
vibration of a Piezoelectric vibration element whose length
is about 5 mm and whose characteristic vibration period is
about 8 usec that is exemplified. In this example, the
extension speed during discharge is set to the same value in

both processes a and c.
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out the residual energy at an instance at which the extension of the

pi ezoel ectric vibration elenment 14 is ended. FIG 8 shows specific val ues
of the above-nentioned enbodi ment. Mre specifically, it is to what timng
aterm _

- 18 -

As a result, it can be said that the optimal duration
of the proéess a up to a temporary stop is about 8 usec,
i.e., a single characteristic vibration period, and that the
optimal period AT of the process b during which the voltage
is temporarily held is 2 usec, which is about a quarter of
the characteristic vibration period.

It can also be said that the optimal duration of the
subsequent process ¢ is 2 usec, which is about a quarter 6f
the characteristic vibration pericd, ag'long as the discharge
speed is the same in both processes a and ¢ as in tﬁis
embodiment.

However, the definitions of these periods are not
simply applicable as the conditions. What is necessary is
that:

1. the piezoelectric vibration element temporary stop
timing be set so that the inertial force-~induced extension
which is caused by the interruption of the forced extension
can end exactly when the length of the piezoelectric
vibrétion element 14 reaches the natural length L2;

2. the'period AT of the temporary stdp be set to an
interval from a timing atdrhicﬁ éhe inertial force-induced
extension caused by the interruption of the forced extension
of the piezoelectric vibration element starts to a timing at
Whiéh the length of the piezoelectric vibration element has
reached the natural length L2 and the piezoelectric vibration

element is thereby about to start contracting; and
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poréry stop is set in order to mnimze the residual vibration of a
pi ezoel ectric vibration el enent whose length is about 5 mm and whose
characteristic vibration period is about 8 [err]sec that is exenplified. In
this exanple, the extension speed during discharge is set to the sanme val ue
in both processes a and c. As a result, it can be said that the opti mal
duration of the
- 19 -

3. | the length of the piezoelectric vibration element be

settled atmEhe natural length L2 with apparently few

vibration so that the exténsion process of the piezoelectric '

vibration element which is extending from the natural length

L2 resumed by discharge cancels out the residual vibration-

induced contraction process.

FIGS. 9(a) and (b) show measured displacements at
instances of an extension process obtained by driving the
thus constructed piezoelectric vibratioh element under the
above-mentioned conditions. FIG. 9 (a) shows a case where
the piezoelectric vibration element is driven by the drive
method shown in FIG. 8; FIG. 9 (b) shows a case where the
piezoelectric vibration element is driven by a conventional
drive method. It is apparent from these measurements that
the drive method of the invention can produce necessary ink
droplets with few residual vibration. The actual waveform of
the vibration with respect to the voltage waveform may be
observed, in some cases, as not decaying before the discharge
is completed after the temporary stop.

FIGS. 10 (a) and kb) show the overshoot and ink
jetting speéd of. the piezoelectrié vibration element in
function of the extension ipeed (td) of the piezoelectric
vibration element in the method of the invention and in the
conventional method, respectively. The measurements were

made after an ink droplet had already been jetted. The solid

line indicates the measurements by the drive method of the
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process a up to a tenporary stop is about 8 [err]sec, ie.. a single.
characteristic vibration period, and that the optiml period AT of the
process b during which the voltage is tenporarily held is 2 [err]sec, which
is about a quarter of the characteristic vibration period. It can also be
said that the optimal duration of the subsequent process c is 2 [err]sec,
whi ch is about a quarter of

- 20 -

invention, whereas the dotted line indicates the measurements
by a conventional drive method. As is apparent from the

two diagrams, the drive metth of the invention can not only
control the overshoot independently of the extension speed td
(FIG. 10 (a)), but also linearly change the ink jetting speed
by adjusting the extension speed td (FIG. 10 (b)).

In contrast thereto, in the conventional method, not
only the overshoot is suddenly increased as the extension
speed td of the piezoelectric vibration element is increased
as described above, but also the extension speed contributes
less to the ink jetting speed.

While the piezoelectric vibration element extension
process is divided into two stages in the above embodiment,
it is apparent thét the same effect can be obtained by
dividing the print signal Td into three segments Tdl, Td2,
Td3 by two stops aTl, aT2 and extending the piezoelectric
vibration element 14 by these signal segments in three stages
(FIG. 11 tf)) while temporarily holding the terminal voltaée
at v3, V4 as shown in FIG. 1l1. |

That is, as shown in FIG. 12, an extension control
circuit 45 may be designed to knélude first, second, and
third one-shot multi-vibrators MVl, MV2, MV3 and first and
second delay circuits DCl, DC2. The pulse width of each of
the one-shbf multi-vibrators MV1, MV2, MV3 and the delay
Period of each of-the delay circuits DCl, DC2 may be set to

Td1, Td2, Td3, and aTl, aT2, respectively.
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the characteristic vibration period, as long as the discharge speed is the
.sane in both processes a and ¢ as in this enbodi nent. However, the
definitions of these periods are not sinply applicable as the conditions.
What is necessary is that: 1. the piezoelectric vibration el enent tenporary
stop timng be set so that the inertial force-induced extension which is

- 21 -

Whigé the example in which the piezoelectric
vibration element uses the so-called d31 mode in which the
piezoelectric vibration element is contracted by charge and
extended by discharge has been described in the above
embodiment, it is apparent that similar effects can be
obtained by applying the invention to another piezoelectric
vibration element 52 using the so-called d33 mode in which
‘electrodes 50 and 51 are arranged -vertically with respect to
the extension/contraction axis as shown in FIG. 13 so that
the piezoelectric vibration element is extended by charge and
contracted by discharge. That is, similar effects can be
obtained by charging the piezoelectric vibration element 52
with a print signal on the contrary to the above embodiment,
and at this time, by causing the extension control circuit to
divide the print signal“inﬁo a plurality of segments with
stops. |

FIG. 14 shows another embodiment of the invenﬁion.

In FIG. 14, reference numerals 60, 61, 62 respectively
desigﬂate a CPU, a RAM, and a ROM - of a microcomputer.
These compdnents are programmed so that data such as
extension period.and contfaction period of the piezoelectric
vibration element can be outputted. Such data serve to
maintain the ink jetting characteristic constant baséd on a
signal from a temperature sensor 63 that measures the

temperature of the recording head.

e
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caused by the interruption of the forced extension can end exactly when the
I-ength of the piezoelectric vibration elenent 14 reaches the natural |ength
L2: 2. the period AT of the tenporary stop be set to an interval froma
timng at which the inertial force-induced exten- sion caused by the
interruption of the forced extension of the piezoelectric vibration el enment
starts to a timng at

- 22 -

As shgyn in FIG. 15, the ROM 62 stores a plurality of
values Bl, B2 «+«+. Bn as a charge period Tc and values Cl, C2
«+++ Cn as a discharge period Td for maintaining the ink
jetting characteristic at a predétermined level based on
temperature signals Al, A2 ..+« An from the temperature
sensor 63 that measures the temperature around the recording
head.

Reference numeral 64 designates a contraction level
adjusting circuit, which applies a duration of the auxiliary
print signal received from a host to a terminal IN1l of a
drive circuit shown in FIG. 16 so as to correspond to the
discharge period Bl, B2 +.«. Bn outputted from the CPU 60.

Reference numeral 65 designates an extension mode
adjusting circuit, which applies a duration of a print signal
from the host to a termlnal IN2 of FIG. 16 so as to
correspond to the dlscharge period Cl1, C2 «+++ Cn outputted
from the CPU 60. Such circuit can be constructed with ease
by combining one-shot mﬁlti-vibrators and delay circuits,
like the extension control circuit 41 shown in FIG. 5.

FIG. 16 shows the abovg-mentionéd drive circuit, from
which the extension contrdl circuit 41 shown in FIG. S is
excluded. This circuit is designed so that the cha;ge time
of the capacitor C and the discharge mode can be controlled
directly by the signals inputted to the terminals IN1, IN2.

According to the thus constructed circuit, the

temperature of the recording head is detected by the
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which the length of the piezoelectric vibration el ement has reached the
natural length L2 and the piezoelectric vibration elenent is thereby about
to start contracting; and 3. the length of the piezoelectric vibration
el ement be settled at the natural length L2 with apparently few vibration
so that the extension process of the piezoelectric V|brat|on el ement whi ch
Is extending fromthe natural length L2

- 23 -

temperaturg sensor 63; an optimal charge period Tc that can
maintain thé ink droplet forming characteristic such as the
ink jetting speed of the recording head at a reference value
is selected from among the data Bl, B2 «««« Bn, e.g., data B2
is selected, and such a discharge period Td as not to cause
residual vibration with respect to the charge period B2,
i.e., daﬁa C2 is selected; and the selected data, e.g., B2
and C2, are applied to the contraction level adjusting
circuit 64.

Accordingly, the piezoelectric vibration elements 14
are charged by the selected charge period B2. Therefore, the
final charge voltage is defined by the data B2, and the
piezoelectric vibration element undergoes contraction
commensurate with such final voltage.

- On the other han@, a discharge period and a stop
period AT by the discharge data C2 outputted from the CPU 60
are set af the extension mode adjusting circuit 65. Upon
input of the print signal under this condition, the capacitor
C is discharged by the signal from the extension mode
adjusting circuit 65. As a result, residual vibration caused
by the. release of resilieft energy resulting from the
contraction level defined byithe discharge period B2 can be
controlled to a smallest possible value, which in turn allows
change in the recording head characteristic due to change in

temperature to be corrected without inducing satellite.

This is tha replacement sheet

2 8 NOV 9%

This Sheet Has Been Replaced
f Date: -

(L




r esumed by di scharge cancels out the residual VibratiQﬂ;~LFQEE§gnfS~aL__~
contraction process. FIGS. 9(a) and (b) show neasured displace
instances of an extension process obtained by driving tmg shds,.gonst ruct ed
pi ezoel ectric vibration el ement under the above-nenti OHWW ’Wmﬁﬂe
9 (a) shows a case where the piezoelectric vibration el by
the drive
- 24 -
wnile the case of temporarily holding the voltage has
peen described in this embodiment, a method of controlling
the charge and discharge in the following manner may also be
applicable. That is, the piezoelectric vibration element is
discharged at a speed lower than that of the first stage and
at a high speed again at the last stage as indicated by a one
dot chain line shown in FIGS. 17(a) and (b) instead of the
temporary stop. In this case, the curve depicting
displacement of the piezoélectric vibration element is such
as shown by a one dot chain line in FIG. 17(b).
While the voltage is temporarily held only once in
this embodiment, the voltage maylbe temporarily held for more
than one time as shown in FIGS. 18(a) and (b).
While the system in which the piezoelectric vibration
element is eﬁtended by discharge has been described in the
‘above embodiments, it gdés without saying that the same
effect can be obtained by a system in which the piezoelectric
- vibration element is extended by charge.
As described in the foregoing, the invention
- includes: an ink jet recordingﬁhead that sucks ink into a
pressure chamber formed ofra nozzle plate and a vibration
plate and jets an ink droplet from a nozzle opening by
expanding and contracting the pressure chamber by a
piezoelectfic vibration; and a signal generating means that
generates a first signal for contracting the piezoelectric

vibration element at a predetermined speed to allow the

e
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nmet hod shown in FIG 8, FIG 9 (b) shows a case where the -12-
-pi ezoel ectric vibration elenment is driven by the conventional drive nethod.
It is apparent fromthese neasurenents that

- 25 -

pressure chamber to suck the ink; a second signal for
extending t%e piezoelectric vibration element to splash the
ink droplet from the nozzle opening by contracting the
pressure chamber; a third signal for interrupting the
extension process at least once; and a fourth signal for
causing the piezoelectric vibration element to resume the
extension process after a predetermined time has elapsed.
Therefore, the residual vibration of the piezoelectric
vibration element after the ink droplet jetting operation‘can
be made as small as possible, which then contributes to
improving the print quality in addition to increasing the

print speed.

e
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the drive method of the invention can produce necessary ink droplets with
few residual vibration. The actual waveform of the vibration wth respect
to the voltage waveform may be observed, in sone cases, as not decaying

before the dis- charge is conpleted after the tenporary stop. FIGS—i6—a)

and (b) show the overshoot and ink jetting speed of theTHy SéQRf

R e L T

CLAIMS
1. An ink jet recording apparatus comprising:

an ink jet recording ‘head for sucking ink into a
pressure chamber (5) and jetting an ink droplet from
a nozzle opening (2) by expanding and contracting the
pressure chamber (5) by a piezoelectric vibration
element (14), said pressure chamber (5) comprising a
nozzle plate (1) and a vibration plate; and

a signal generating means £for generating signals
comprising, '

a first signal for contracting the piezoelectric
vibration element (14) at a predetermined speed to
suck the ink into the pressure chamber

a second signal for starting an extension process of
the piezoelectric vibration element (14) to splash
the ink droplet from the nozzle opening (2) by
contracting the pressure chamber (5),

a third signal for interrupting the extension process
of the piezoelectric vibration element (14) at least
once while the extension process is still being
performed, and '

£ .

fourth signal for resuming the extension process of
the piezoelectric vibration element (14) again after
a predetermined period has elapsed.

2. An ink jet recording apparatus according to claim 1,
wherein the piezoelectric vibration element (14) is
designed to operate in a d31 mode in which the

piezoelectric wvibration element (14) is contracted by
This is the replacemént sheet

) R 28NV %




t he
t'he
The
The

I nvention, whereas the dotted line indicates the neasur
conventional drive nethod. As is apparent fromthe two

extension speed ([err]d) of the piezoelectric vibration ele- nent in

nmet hod of the invention and in the conventional nethod, respectively.
measurenents were nmade after an ink droplet had already been jetted.

solid line indicates the neasurenents by the driverHsshb®tasteed ]Qﬁ

- 27 -

charge and extended by discharge; and the signal
generatlng means includes a first constant current
circuit (40) for supplying a predetermined current to a
capacitor (c), a second constant current circuit (42) for
discharging the capacitor (c) by a predetermined current,
and an extension control circuit (41) for controlling an
operation timing and a discharge current of the second
constant current circuit (42) in two stages, said two
stages being divided by at least one interruption.

3. An ink jet recording apparatus according to claim 1,
wherein the piezoelectric vibration element (14) is
designed to operate in a d33 mode in which the
piezoelectric vibration element (14) 1is contracted by.
discharge and extended by <charge; and the signal
generating means includes a first constant current
circuit (40) for supplying a predetermined current to a
capacitor (c), a second constant current circuit (42) for
discharging the capacitor (c) by a predetermined current,
and an extension control circuit (41) for controliing an
operation timing and a discharge current of the second
constant current circuit (42) in two stages, said two
stages being divided by at least one interruption.

4. An ink jet recording apparatus according to one of the
preceding claims, wherein said extension process of the
piezoelectric vibration".élement (14) after said
interruption is resuméd at a timing when the displacement
of* said residual vibration caused by said interruption
turns from the extension owing to an overshoot to the
contraction. '

5. An ink jet recording apparatus according to one of the
preceding claims, further comprising a means . for
modifying the first signal and the second signal by the

temperature of the recording head.
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di agranms, the drive nethod of the invention can not only control the

over shoot independently of the extension speedferr}d (FIG 10 (a)), but

al so linearly change the ink jetting speed by adjustlng t he extension speed
[err]d (FIG 10 (b)). In contrast thereto, in tH fﬁm Himxdethod not

only the overshoot is suddenly increased as the d[err]d of
the piezoelectric vibration elenent is |ncreased

6. A method of controlling an ink jet recording apparatus
said ink jet recording apparatus including an ink jet
recording head comprising at least one pressure chamber
and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber according to contracting said
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by contracting the pressure
chamber according to extending said piezoelectric
vibration element, said wmethod including the step of
eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet 1is jetted by
extending the piezoelectric vibration element by charge,
or discharge, said eliminating the residual vibration
comprising the steps of:

setting a temporary stop to be made during the
extension process of the piezoelectric vibration
element to such an extension SPeed and timing as to
exactly end with an inertial force-induced extension
where a length of the piezoelectric vibration element
has reached a natural length, the inertial
force-induced extension being caused by interrupting
a forced extension while the forced extension is
still being performed;

then setting the ngpoiary stop to an interval from a
timing at which Ehe inertial force-induced extension
is started to a timing the 1length of the
piezoelectric vibration element has reached the
natural length and the piezoelectric vibration
element is thereby about to start contracting;

then setting the extension process resumption to such

an extension speed and timing as to allow the
This is the replacement sheet
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descri bed above,

but al so the extension speed contributes less to the ink

jetting speed. Wile the piezoelectric vibration elenment extension pro-
cess is divided into two stages in the above enbodinent, it is apparent

three segnents Tdl, Td2, Td3 by two stops [err]T1, [err]T2 an

that the sanme effect can be obtained by dividing the rlnt sThi éaHMkB&anla
the piezoelectric vibration

A

7.

- 29 -

piezoelectric vibration element to restore the
natﬁral length with apparently few vibration by
causing the resumed extension process of the
piezoelectric vibration element extending from the
natural length to cancel out contraction attributable
to residual vibration.

A method of controlling an ink jet recording apparatus,
said ink jet recording apparatus including an ink jet
recording head comprising at least one pressure chamber
and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber according to contracting said,
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by contracting the pressure
chamber according to extending said piezoelectric
vibration element, said method including the step of
eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet is jetted by
extending the piezoelectric vibration element by charge
or discharge, said eliminating the residual wvibration
comprising the steps of:

setting a period from a start of extending said
piezoelectric vibration elements to a temporary stop
to about a single.charqpteristic vibration period;

-
setting a period for temporarily holding a voltage tq
about a quarter of the characteristic vibration
period; and '

setting a period between a temporary voltage holding
end and charge or discharge end to about a quarter of
the characteristic vibration period.

A o aw e
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el ement 14 by these signal segments in three stages (FIG 11 (f)) while

tenporarily holding the termnal voltage at V3, V4 as shown in FIG 11.
That is, as shown in FIG 12, an extension control circuit 45mmeebﬁas3eenRTilaced

designed to include first, second, and third one-shot nulti-vi
W2, W3 and first and second delay circuits DC1, DC2. The pu
each of

- 30 -

8. A methad of controlling an ink jet recording apparatus,
said ink jet recording apparatus including an ink jet
recording head comprising at least one pressure chamber
and at least one piezoelectric vibration element, wherein
ink is sucked into said pressure chamber by expanding
said pressure chamber 'according to contracting said
piezoelectric vibration element and an ink droplet is
jetted from a nozzle opening by contracting the pressure
chamber according to extending said piezoelectric
vibration element, said wethod including the step of
eliminating residual vibration by temporarily stopping
charge or discharge when an ink droplet is jetted by
extending the piezoelectric vibration element by charge
or discharge, said eliminating the residual vibration,
‘coriprising the steps of:

setting at least a 'period for temporarily holding a
voltage to about a quarter of a single characteristic
vibration period. |

9. An ink Jjet recording apparatus, including an ink jet
recording head comprising at least one pressure chamber
(5) and at least one piezoelectric vibration element
(14), wherein ink is sucked into said pressure chamber
(5) by expanding said pressure chamber (5) according to
contracting said piezoelectric vibration element (14) and
an ink droplet is jetted from a nozzle opening (2) by
contracting - the pressure chamber (5) according to
exXtending said piezoelectric vibration element (14), said
ink jet recording apparatus further comprising:

eliminating means for eliminating residual vibration
by temporarily stopping charge or discharge when an
ink droplet is jetted by expending the piezoelectric
vibration element (14) by charge or discharge, and
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the one-shot nulti-vibrators M1, M2, M3 and the del ay period of each of
the delay circuits DCl, DC2 may be set to Tdl, Td2, Td3, and [err]T1,
[err] T2, respeetively-—Whitethe exanple in which the piezoelectric

vi bration el ement uses the q&gglled d31 node in which the piezo- electric
vi bration el ewé?’?ﬂlsmtiﬁmﬁeﬂﬂﬁ by charge and
- 31 -

setting means for setting the temporary stop to about

a quarter of a single characteristic vibration
period.

10. An ink jet recording apparatus according to one of claims
1 to 5, further comprising:

a temporary stopping means for exactly generating the
third signal at such a timing that the length of the
piezoelectric vibration element (14) reaches the
natural length by an inertial force caused by the
forced extension of the piezocelectric vibration
element (14) being interrupted while the forced
extension process is still being performed, the third
signal serving to'interrupt the extension process of
the piezoelectric vibration element (14) at 1least
once; and

an extension process resuming signal generating means
for generatinglfthe fourth signal at such a timing
that the inertial force-induced extension caused by
the forced extension of the piezoelectric vibration
element (14) being interrupted while the forced
extension process is still being performed is
started, the length of the piezoelectric vibration
elément (14) reaches- the natural length, and the
piezoelectric vibfation element (14) is thereby about
to start contracting, the fourth signal serving to
resume the extension of the piezoeléctric vibration
element (14).
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eXtended by di scharge has been described in the above enbodinent, it is
_apparent that similar effects can bé obtained by applying the invention to
anot her piezoelectric vibration elenment 52 using the so-called d33 node in
whi ch el ectrodes 50 and 51 are arranged vertically with respect to
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INK JET RECORDING APPARATUS AND METHOD OF CONTROLLING SAME

ABSTRACT

An ink jet recording apparatus comprising an ink jet

recording head for sucking ink into a pressure chamber (5)

and jetting an ink droplet from a nozzle opening (2) by

expanding and contracting the pressure chamber (5) by a

piezoelectric vibration element (14); the pressure chamber

(5) being formed of a nozzle plate (1) and a vibration plate;

and a signal generating means for generating signals. The

signals include a first signal for contracting the

piezoelectric vibration element (14) at a predetermined speed
to suck the ink into the pressure chamber (5), a second
signal for starting an extension process of the piezoelectric,
vibration element (14) to splash the ink droplet £from the
nozzle opening (2) by contracting the pressure chamber (5), a
third signal for interrupting the extension process of the
piezoelegtric vibration element (14) at least once while the
extension process is still being performed and a fourth
signal for resuming the extension process of the
piezoelectric vibration element (14) again after a
predetermined period has elapsed.

Figure 2A

ey . R K -~
. o 5 . B

;- ..n-,’?:;_;;".

kd i e B wed i

Been Re‘laced

"

This ié the replacement sheet

2 8 NOV 18%

Date:



t"he ext ensi on/contraction axis as showmn in FIG 13 so that the

pi-ezoel ectric vibration clenment is extended by charge and contracted by
di scharge. That is, the simlar effects can be obtained by charging the
pi ezoel ectric vibration elenent 52 with a print signal oﬂhikbl&et(}ﬁﬁlhéeﬁlmé

1hc8d
t he above enbodi- nment, and at this tine, by causing the ol
circuit to divide the print signal inte a plurality of se I,

FlG. 1

36
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fﬁ't"h stops. FIG 14 shows another enbodi nent of the invention. In FIG 14,
XYeference nunerals 60, 61, 62 respectively desig- nate a CPU, a RAM and a
ROM and of a microconputer. These conponents are progranmed so that data
such as extension period and contraction period of the piezoelectric
vibration el ement can be outputted. Such data serve to

-2 -
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megntai n the ink jetting characteristic constant based on a signal froma
t énperature sensor 63 that neasures the tenperature of the recordi ng head.

As shown in FIG 15, the ROM 62 stores a plurality of values Bl, B2 ..,. Bn
as a charge period Tc and values Cl1, C2 .. . Cn as a discharge period Td
for maintaining the ink jetting characteristic at a predeterm ned |evel
‘based on o3 -
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tenperature signals Al, A2 ... An fromthe tenperature sensor 63 that

easures the tenperature around the record- |ng head. _?ejgggf,men_ungm@
designates a contraction |evel adjusting circuit, whic appl ies a duration
of the auxiliary print signal received froma host to af At BdeDiR: ceda

drive circuit shown in FIG 16 so as to correspond to the““m‘mn ml\
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fpe‘ri od Bl, B2. .. Bn outputted fromthe CPU 60. Reference nuneral 65
. designates an extension node adjusting circuit, which applies a duration of
a print signal fromthe host to a termnal IN2 of FIG 16 SO as tO
correspond to the discharge period Cl, C2.. . Cn output tgdaf tﬁw h CPU 0

Such circuit can be constructed wth ease by combining o 8 Réplaced

nul ti-vibrators and delay circuits, _ g _ , ll,
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li ke the extension control circuit 41 shown in FIG 5.
above-mentioned drive circuit,

FIG 16 shows the

from whi ch the extension control circuit 41

shown in FIG 5 is excluded. This circuit is designed so that the charge

ti me of

FIG. 7 a
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fhé capacitor C and the discharge node can be controlled directly by the

signals inputted to the termnals I N1,

constructed circuit,

I N2. According to the thus

the tenperature of the recording head is detected by
t he tenperature sensor 63; an opti nal

charge period Tc that can nmaintain

the ink droplet form ng characteristic such as the ink jetting speed of the
recording head at a reference value is s7el_ect ed from

VOLTAGE OF PIEZOELECTRIC

VIBRATION ELEMENT

FlG. 8

CHARACTERISTIC
VIBRATION PERIOD=8psec

sec
8 10 12 g

TIME
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anong the data B1, B2 .. . Bn, eg., data B2 is selected, and such a

di scharge period Td as not to cause residual vibration with respect to the
charge period B2 i.e., data C2 is selected: and the selected data, e.g., B2
and C2, are applied to the contraction |level adjusting circuit 64.
Accordingly, the piezoelectric vibration elenents 14 are charged by the

sel ected charge period B2. Therefore, thg _

FIG. 9 a
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final charge voltage is defined by the data B2, and the piezoelectric
vi bration el ement undergoes contraction com nensurate with such final
voltage. On the other hand, a discharge period and a stop period AT by the
di scharge data C2 outputted fromthe CPU 60 are set at the extension node
adjusting circuit 65. Upon input of the print signal under this condition,

the capacitor Cis -9 -

FIG. 10
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di scharged by the signal fromthe extension nbde adjusting circuit 65. As a
.result, residual vibration caused by the release of resilient energy
resulting fromthe contraction |evel defined by the discharge period B2 can
be controlled to a smal |l est possible value, which in turn allows change in
the recording head characteristic due to change in tenpera- ture to be
corrected without inducing satellite.
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tWhile the case of tenporarily holding the voltage has been described in
_this enbodi nent, a nethod of controlling the charge and di scharge in the
“following manner may al so be applicable. That is, the piezoelectric
vibration element is discharged at a speed |ower than that of the first
stage and at a high speed again at the last stage as indicated by a one dot
chain line shown in FIGS. 17(a) and (b) |nstead of the
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tgriporary stop. In this case, the curve depicting displace- nment of the

.pi ezoel ectric vibration elenent is such as shown by a one dot chain line in
FIG 17(b). While the voltage is tenporarily held only once in this

enbodi ment, the voltage nmay be tenporarily held for nore

- 12 -
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than one tine as shown in FIGS. 18(a) and (b) Wile the systemin which the
pi ezoel ectric vibration elenment is extended by di scharge has been descri bed
in the above enbodi ments, it goes without saying that the sane effect can
be obtained by a systemin which the piezoelectric vibration elenent is

ext ended by charge.
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As described in the foregoing, the invention includes: an ink jet recording
head that sucks an ink into a pressure chanber fornmed of a nozzle plate and
a vibration plate and jets an ink droplet froma nozzle opening by
expandi ng and contracting the pressure chanber by a piezoelectric vibra-
tion; and a signal generating neans that generates a first signal for
contracting the piezoelectric vibratignlglgnent at
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a predetm ned speed to allow the pressure chanber to suck the ink; a second
.signal for extending the piezoelectric vibration elenment to splash the ink
droplet fromthe nozzl e opening by contracting the pressure chanber; a
third signal for interrupting the extension process at |east once; and a
fourth signal for causing the piezoelectric vibration elenent to resune the
extensi on process after a predeterniqeqsthe
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" INK JET RECORDING APPARATUS AND
METHOD OF CONTROLLING THEREOF

BACKGROUND OF THE INVENTION

The invention relates to an ink jet printer that records
images and characters on a recording sheet by jetting ink
droplets from nozzle openings by extension and contraction
of piezoelectric vibration elements. More particularly, the
invention is directed to an art for driving the piezoelectric
vibration elements of an ink jet recording head.

There are two types in the jet printer. A piezoelectric
vibration type is designed to jet ink droplets by expanding
and contracting pressure chambers by piezoelectric vibra-
tion elements, and a thermal type is designed to arrange
heating means within pressure chambers and jet an ink by
taking advantage of pressure produced by instantly gasifying
the ink while supplying electric energy to the heating means.

Particularly, the recording head of the former type that
produces ink droplets by extension and contraction of the
piezoelectric vibration elements repeats at a predetermined
cycle the process of: contracting the piezoelectric vibration
clements 3o as to expand the pressure chambers before
jetting the ink, thereby introducing the ink into the pressure
chambers; extending the piezoelectric vibration elements so
as to correspond to a print signal inputted after a predeter-
mined time elapses thereafter; and jetting ink dropiets from
nozzle openings by the pressure thereby produced.

Since dots are formed on a recording sheet by splashing
ink droplets a predetermined distance between the head and
the sheet, the print quality is affected by the ink droplet
splashing speed with the ink droplets being affected by the
gravitational force, the speed of movement of the rect {ing
bead, and the like. To improve the print quality, the ink
droplet splashing speed must be increased as much as
possible,

Since the ink droplet splashing speed depends on the
piezoelectric vibration element extension speed which is
used for the recording head, the speed of varying a drive
signal voltage must be increased as much as possible.

However, the piczoelectric vibration element is subjected -
to residual vibration at the self resonance frequency after an
ink droplet has been jetted once the extension speed thereof
exceeds a certain value. Thus, a so-called “satellite” with
small ink droplets is produced after the ink droplet has been
jetted, from which arises a problem of further impairment of
the print quality. : '
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What is,clained is: 1. -An ink jet recording apparatus conprising: an ink
jet,recording head for.sucking an ink into a pressure chanber and jetting
an ink droplet froma nozzle opening by expanding and contracting the
pressure chanber by.a piezoelectric vibration el enent, said

~2=

SUMMARY OF THE INVENTION

The invention has been made in view of the above
circumstances. Accordingly, the object of the invention is to
provide an ink jet recording apparatus capable of reducing
residual vibration of a piezoelectric vibration element after
an ink droplet has been jetted to a smallest possible extent
and improving the print quality by increasing the ink droplet
splashing speed.

To achieve the above object, the present inveation pro-
vides an ink jet recording apparatus that includes: an ink jet
recording head for sucking an ink into a pressure chamber
and jetting an ink droplet from a nozzle opening by expand-
ing and contracting the pressure chamber by a piezoelectric
vibration element, the pressure chamber comprising a nozzle
plate and a vibration plate; and a signal generating means for
generating a first signal for contracting the piezoelectric
vibration element at a predetermined speed to suck the ink

into the pressure chamber, a second signal for starting an
extension process of the piezoelectric vibration element to
splash the ink droplet from the nozzle apening by contract-
ing the pressure chamber, a third signal for interrupting the
extension process of the piczoelectric vibration element at

least once while the extension process is still being per-
formed; and a fourth signal for resuming the extension
process of the piezoclectric vibration element again after a
predetermined time has elapsed.

When the piezoelectric vibration element in a contracted
state is extended, the pressure chamber is being contracted,
so that the ink within the pressure chamber is given sufficieat
kinetic energy in the form of pressure, causing a column of
ink to grow larger. When the application of an operating
voltage is temporarily stopped after a predetermined time
has elapsed, the piezoelectric vibration element starts
residual vibration defined by the self resonance frequency.
By optimizing not only the temporary stop timing but also
an operating voltage application timing for the rest of the
extension process after the temporary stop, the length of the
piczoelectric vibration clement can be brought back to the
natural length with few residual vibration. Thus, production
of satellite and the like can be prevented.

It is optimal to set the predetermined time so that an
extension of the piezoelectric vibration element becomes
exactly equal to the natural length of the piezoelectric
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pressure chanber being at |east partially defined by a nozzle plate in

whi ch the nozzle opening is fornmed and a vi bration plate which contacts the
vibration elenment; and a signal generating neans for generating signals to
be applied to the piezoelectric vibration elenment, said signals conprising,

-3~

vibration element, such extension being brought about by
the piezoelectric vibration element overshooting immedi-
ately after the application of the operating voltage is tem-
porarily stopped after the piezoelectric vibration element has
started extending at an extension speed and the predeter-
mined time has then clapsed. In other words, the piczoelec-
tric vibration elemeat extending speed and the temporary
stop timing are set so that the extension due to the overshoot
of the piezoelectric vibration element stops at such a timing
that the length of the piezoelectric vibration element exactly
reaches the natural length.

On the other hand, the timing for resuming the application
of the operating voltage of the temporarily stopped piezo-
electric vibration clement may be optimized by setting to
such an instance that the extension due to the overshoot of
the piezoelectric vibration element has been ended and the
piezoelectric vibration element is thereby about to start
contracting. The reason therefor is that since the contraction
process after the overshoot cancels out the extension process
after the resumption of the application of the operating
voltage to the piezoelectric vibration element, there is no
apparent displacement of the piezoelectric vibration ele-
meat, thereby allowing the piezoelectric vibration element
to be settled to the natural length.

In contrast thereto, if this timing is set 10 too small a value,
the piezoelectric vibration element extension process to be
caused by the application of the operating voltage starts
while the extension due to the overshoot of the piezoelectric
vibration element is still taking place, thus causing residual
vibration. Further, if this timing is set to too large a value,
the piezoelectric vibration element contraction process sub-
sequent to the extension process starts, thus again causing
residual vibration, :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an assembly of an
ink jet recording head according to the present invention;

FIGS. 2(a) and (}) are sectional views showing the
recording head with a piezoelectric vibration element being
contracted and-extended;
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a first signal for contracting the piezoelectric vibration elenent at a
predet®erm ned speed to.suck the ink into the pressure chanber, ‘a second
signal for starting an extension process of the piezoelectric vibration

el ement to splash the ink droplet fromthe nozzle opening by contracting
- the pressure chanber,

5

FIG. 3 is a perspective view showing a piezoelectric
vibration element unit according to the present invention;

FIG. 4 is a scctional view showing a piezoelectric vibra-
tion element according to the present invention;

FIG. 5 is a circuit diagram showing a drive circuit of the
ink jet recording head of the invention;

FIG. 6 is a waveform diagram showing an operation of the
drive circuit;

FIGS. 7 (a) and () are diagrams respectively showing a
voitage and a dxsplacement of the piezoelectric vibration
element by the drive circuit during an ink droplet forming
process;

FIG.8isa dxagram showing optimal values in voltage set
to the exemplary drive circuit;

FIGS. 9(a) and (b) are diagrams respectively showing a
displacement of the piezoelectric vibration clement con-

trolled by a method of the present invention and conven-
tional one;

FIGS. 10(a) and (b) are diagrams respectively showing
the overshoot and jetting speed of the piezoelectric vibration
element in function of the extension speed of the piezoelec-
tric vibration element in the method of the present inveation
and in the conventional method, respectively;

FIG. 11 is a waveform diagram showing another opera-
tion of the drive circuit;

FIG. 12 is a block diagram showing an control unit for
generating the drve waveforms;

FIG. 13 is a sectional view showing another ink jet
recording head according to the invention;

FIG. 14 is a block diagram showing still another embodi-
ment of the invention;

FIG. 15 is a diagram schematically showing data stored in
a ROM of the embodiment shown in FIG. 14;

FIG. 16 is a circuit diagram showing a drive circuit
according to the embodiment shown in FIG. 14;

FIG. 17(a) and (b) arc diagrams showing still another
embodiment of the invention; and

- FIGS. 18(a) and (b) are diagrams showing still another
embodiment of the invention.
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athird-signal for interrupting the extension process of the piezoelectric
vibration elenent at |east once while -the extension process is still being
performed, and a fourth signal for resumng the extension process of the
pi ezoel ectric vibration elenment again after a predeter- mned period has
el apsed. 2. An ink jet recording apparatus according to claim1,

<5~

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Details of the invention will now be described with
reference to embodiments shown in the accompanying
drawings.

FIG. 1is an ink jet recording head according to the present
invention. In FIG. 1, reference numeral 1 designates a nozzie
plate on which nozzle opening arrays 3, each having nozzle
openings 2 (FIG. 2) formed thereon, are arranged so that a
predetermined pitch of, e.g., 180 DPI can be achieved.

Reference numeral 4 designates a spacer interposed
between a vibration plate 10 (described later) and the nozzle
plate 1. As shown in FIG. 2, through holes are formed to
define pressure chambers 5, reservoirs 6, and ink supply
ports 7 in such a manner as to correspond to the nozzle
openings 2 and the ink supply ports 7 connecting the
pressure chambers § to the reservoirs 6.

Reference numeral 10 designates the vibration plate,
which forms pressure chambers § while confronting the
nozzle plate 1 through the spacer 4. As shown in FIG. 2,
-island portions 15 are formed on the vibration plate 10. Each
island portion 15 has such a rigiditv as to transmit displace-

ment resulting from the island portion abutting against an
end of a piezoelectric vibration element 14 (described later)
of a piezoelectric vibration unit 12t0 a largest possibie area,
As a result of the construction, the pressure chamber 5 can
be contracted and expanded efficiently in response to con-

' ;r:ction and extension of the piezoelectric vibration element

:lhese piezoelectric vibration units 12, as shown in FIG.
3, include the piczoelectric vibration elements 14 which are
secured to a fixing substrate 16 at a predetermined pitch so
that the free ends of the vibration elements can vibrate in a
vertical vibration mode, respectively.

Each piezoelectric vibration element 14 is formed iz such
& manner that a piezoelectric vibration material 22, a drive
electrode 23, and a common electrode 24 are laminated one
upon another in sandwich form as shown in FIG. 4. The
dpveclec&odcsﬁamexposedtothcﬁxedendofthe
piezoelectric vibration element 14 and connected in parallel
to an outer drive electrode 25 formed by, e.g., vapor depo-
sition. The common electrodes 24 are exposed to the free
end of the piezoelectric vibration element 14 and are con-
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wherein the piezoelectric vibration elenent is designed to operate in a d31
node rn which the piezoelectric vibration elenent is contracted by charge
and extended by di scharge; and the signal generating neans includes a first
constant current circuit for supplying a predetermned current to a '
capacitor, a second constant current circuit for ‘discharging the capacitor
by a predeterm ned current, and an extension ' '

-6-

nécted in parallel to an outer common electrode 26. More
than one vibration element is connected in parallel to the

g_,uter common electrode 26 through a conductive member

Returning to FIG. 1. reference numeral 32 designates a
base stand, in which unit accommodating holes 33 and an
ink supply port 34 are arranged. The unit accommodating
holes serve to accommodate the vibration element units 12
80 that the free ends of the piezoelectric vibration elements
14 are exposed therefrom, and the ink supply port 34 serves
to supply ink from an ink tank to the reservoirs 6. The
vibration plate 10, the spacer 4, the nozzle plate 1 are
positicned on the surface of the base stand 32, fixed by a

~ frame bedy 35 that serves also as an electrostatic shield, and
assembled to form a recording head body. Reference
numeral 36 designates a board on which to mount a carriage.

FIG. S shows a drive circuit according to the present
invention for driving the recording head. In FIG. S, reference
character IN1 designates an input terminal for receiving an
auxiliary print signal that contracts the piczoclectric vibra-
tion element 14, and a signal which has such a2 waveform as
shown in (a) of FIG. 6 is inputted thereto. Reference numeral
IN2 designates an input terminal for receiving a print signal
that extends the contracted piezoelectric vibration element
14, and a signal which has such a waveform as shown in (b)
of FIG. 6 is inputted thereto. A first constant current circuit
40 is connected to the input terminal IN1 through a level
shift transistor Q1. The constant current circuit 40 includes
transistors Q2, Q3 and a resistor R1, and is desigoed to
charge a capacitor C with a predetermined current.

Reference numeral 41 designates an extension control
circuit and includes first and second one-shot multi-vibrators
MV1, MV2 and a delay circuit DC. The first one-shot
multi-vibrator MV1 operates upon input of the print signal
and outputs a signal whase pulse width is Td1. The delay
circuit DC operates upon fall of the signal from the first
one-shot multi-vibrator MV1 and outputs a signal after a
predetermined stop period AT. The second one-shot muiti-
vibrator MV2 outputs a signal whose pulse width is Td2
upon receipt of the signal from the delay circuit DC. A
second constant current circuit 42 is connected to the output
terminal of the extension control circuit 41.

The second constant current circuit 42 includes transistors

Q4, QS and a resistor R2, and is designed to discharge the

capacitor C with a predetermined current for a period during
Thig is the replacement sheet
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control circuit for controlling an operation timng and a di scharge current
of the second constant current circuit in tw stages, said two stages being
divvided by at |east one interruption. 3. An ink jet recording apparatus
according to claim1l. wherein the piezoelectric vibration elenent is _
designed to operate in a d33 node in which the piezoelectric vibration

which the signals Tdl, Td2 are being outputted from the
extension control circuit 41.

The terminals of the capacitor C are connected to an>
output terminal QUT through a current amplifying circuit in
which transistors Q6, Q7 and transistors Q8, Q9 are dar-
lington circuits.

All the piezoelectric vibration elements 14 for the record-
ing head are connected to, the output terminal OUT through
transistors T that are turned on by the print signal.

Accordingly, when the auxiliary print signal is applied,
the capacitor C is charged with the predetermined current.
When some of the transistors T which are connected to the
piezoelectric vibration elements of nozzies are selected to
form dots and are turned on by a dot forming signal or the
like under this condition, the piezoelectric vibration ele-
ments 14 which are selected are charged through the tran-
sistors T. Upon input of the print signal, the capacitor C is
discharged, and as a result, the charges stored in the piezo-
electric vibration elements 14 which are selected are dis-
charged through diodes D.

The operation of the thus constructed drive circuit will be
described in more detail with reference to a waveform
diagram shown in FIG. 6.

Upon input of an auxiliary print signal (a) shown in FIG.
6 to the terminal IN1, the transistor Q1 is turned on by the
rising edge of the signal (a), which then turns on the
transistor Q2 of the first constant current circuit 40, causing
current to flow to the capacitor C connected to the transistor
Q2 through the resistor R1.

The terminal voltage of resistor R1 is set to a base-emitter
voltage of the transistor Q3, and the base-emitier voltage
remains constant as long as the transistor Q3 is turned on.
Therefore, the current flowing to the capacitor C is main-
tained at a constant value.

As a result, the terminal voltage of the capacitor increases
linearly at a predetermined gradient from 0 volt as shown in
(e) of FIG. 6.

That is, assum_ing that the ﬁsing gradient is Tc (V/sec), the
resistance of the resistor R1 is rl1 (), the capacitance of the

capacitor C is ¢l (F), and the base-emitter voltage of the
transistor Q3 is VBE3, then

twc=(VBE3/(rixcl).
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el emrent is contracted by di scharge and extended by charge; -17- " and the
signal generating nmeans includes a first constant current circuit for
suppl ying a predeternined current to a

<8~

Hence, by adjusting the capacitance cl of the capacitor C
or the resistance rl of the resistor R1, the rising speed of the
charging voltage, i.c., the contraction speed of the piezo-
electric vibration elements 14 can be set to an arbitrary
value.

The terminal voltage of the capacitor C is amplified by the
transistors Q6, Q7 and applied to each piezoelectric vibra-
tion element 14 from the output terminal OUT, so that only
desired piezoelectric vibration elements 14 are charged at
the gradient tc through transistors T that are selectively
tumned on by the dot forming signal or the like.

Since the piezoelectric vibration elemeat 14 gets con-
tracted at the rising gradient tc, the corresponding pressure
chamber S expands to allow the ink to flow into the pressure
chamber 5 from the reservoir 6.

When the period defined by a pulse width Tc of the
auxiliary print signal has elapsed, the transistor Q1 is turned
off, thereby stopping the charging of the capacitor C. As a
result, the piezoelectric vibration elements 14 which are

selected hold a voltage V1=tcxTc, thereby maintaining the
contracted state.

When a predetermined period Th has passed, the print
signal is inputted to the print signal input terminal IN2 ((b)
of FIG. 6). This causes the signal whose pulse width is Tdl
((c) of FIG. 6) to be outputted from the first one-shot
multi-vibrator M V1 of the extension control circuit 41. Then
the transistor Q4 of the second constant current circuit 42
turns on, and the charges stored in the capacitor C are
discharged through the resistor R2. Since the terminal volt-
age of the resistor R2 is equal to a base-emitter voltage
VBES of the transistor QS, the current flowing through the
resistor R2 is maintained constant with the second constant

. current circuit 42 operating in the same manner as the first
constant current circuit 40.

Accordingly, the terminal voltage of the capacitor C drops
linearly at a falling gradient td.

That is, assuming that the resistance of the resistor R2 is
r2, and the base-emitter voltage of the tramsistor Q5 is
VBES, then

d=VBES/r2xcl).

The falling voltage, i.e. the terminal voltage of the capaci-

. tor C is outputted to the output terminal OUT through the

transistors Q8, Q9 and applied to the respecnve piezoelectric
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capacitor, a second constant current circuit for discharging the capacitor
by a predeterm ned current, and an extension control circuit for
controlling an operation timng and a di scharge current. of the second
constant current circuit in tw stages, said two stages being divided by at
| east one interrupti-on. 4. An ink jet recordi ng apparatus according to
claim1. - : '

vibration elements 14. However, since it is only the piezo-
electric vibration elements 14 which are selected to form
dots are charged, only those selected piezoelectric vibration
elements 14 are discharged at the falling gradient td through
the corresponding diodes D and extended at a predetermined
speed defined by such falling gradient. Since the extension
of the selected piezoelectric vibration elemeats 14 generates
a positive pressure within the corresponding pressure cham-
bers 5 by contracting the pressure chambers 5 at the speed
defined by the gradient td of the discharge current, columns
of ink which have such kinetic energy as to be splashed in
the form of ink droplets from the corresponding nozzle
openings are formed (a portion depicted by the solid line in
process a shown in FIGS. 7(a) and (b)). :

When the period defined by the pulse width Td1 (FIG. 6
(c)) of the first one-shot multi-vibrator MV1 has elapsed
during the piezoelectric vibration element 14 extending
process, the transistor Q4 is tumed off. As a result, the
terminal voltage of the capacitor C is maintained at a level
V2. Since the forced extension of the piezoelectric vibration
element 14 is thereby interrupted, the piezoelectric vibration
clement 14 then starts residual vibration by the self reso-
nance frequency centering around a displacement L1 up to
this moment. First, the piezoelectric vibration element 14
starts extending by inertial force (a portion depicted by the
solid line in process b in FIGS. 7(a) and (4)). Accordingly,
it is necessary that the pulse width Td1 defining the exten-
sion stop timing is determined so that the inertial force-
induced extension which is caused by interruption of the
forced extension can be ended exactly when the length of the
piezoelectric vibration element 14 reaches a natural length
L2.

The delay circuit DC temporarily holds the applied volt-
age at V2 for the period AT thereafter. Upon elapse of the
period AT, the second one-shot multi-vibrator MV2 outputs
the signal whose pulse width is Td2 ((d) of FIG. 6), which
again turns on the transistor Q4. Therefore, the capacitor C
discharges again the residual charges at the falling gradient
td=VBES/(r2xcl).

Here, the period AT must be set to an interval from a time
at which the inertial force-induced extension caused by the
interruption of the forced extension of the piezoelectric
vibration element 14 to a time at which the length of the
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wherei n sai d extension process of the piezoelectric vibration elenent after
said interruption iis resuned at a timng when the displacenent of said
resi dual vibration caused by said interruption turns fromthe extension .

owi ng to an overshoot to the contraction.

5. An ink jet recording apparatus

according to claim1, further conprising a means for nodifying the first

signal and

-10-

piezoelectric vibration element has reached the natural
leagth L2 and the piezoelectric vibration element is thereby
about to start contracting. If AT is too short, the piezoelectric
vibration element starts extending with the application of the
operating voltage during the avershoot-induced extension
thereof, thercby causing a relatively large residual vibration.
If AT is too long, on the other hand, also it causes residual
vibration since the piezoelectric vibration clement bas
already started contracting after the extension.

Then, an extension process in which the piezoelectric
vibration element 14 starts extending again from the natural
length L2 at the speed defined by the gradient Td=VBES/
(r2x%cl) cancels out the residual vibration-inaduced contrac-
tion process. As a result, the length of the piezoelectric
vibration element 14 is settled at the natural length L.2 with
apparently few vibration (a portion depicted by the solid line
in process ¢ shown in FIGS. 7(a) and ()).

By dropping the terminal voltage of the capacitor C to
zero in this way at the period of bringing the length of the
piezoelectric vibration elemeant 14 back to the natural length
L2, the residual vibration can be substantially eliminated
from the piezoelectric vibration element 14 (a portion
depicted by the solid line in process d shown in FIGS. 7(q)
and (b)).

In contrast thereto, in the conventional method in which
a charged piezoelectric vibration element 14 is discharged at
a stroke as indicated by a broken line in FIG. 7(a), the
residual vibration takes place at a large amplitude centering
around the natural length L2 after the end of discharge as
indicated by a broken line FIG. 7(b). Therefore, satellite is
likely to be induced by change in pressure in the pressure
chamber 5.

It is found out from the above that the majority of the
vibration of the piezoelectric vibration element after the ink
has been jetted can be controlled by extending the piczo-
clectric vibration elements 14 at two stages and canceling
out the residual energy at an instance at which the extension
of the piezoelectric vibration element 14 is eaded.

FIG. 8 shows specific values of the above-mentioned
embodiment. More specifically, it is to what timing a tem-
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the second signal by a tenperature of the recording head. 6. An ink jet
recordi ng apparatus according to claim1, further conprising: a tenporary
st oppi ng neans for exactly generating the third signal at such a tinmng
‘that the length of the piezoelectric vibration el enent reaches a natural

| ength by an inertial force caused by a forced extension of the

~-11-

porary stop is set in order to minimize the residual vibration

of a piezoelectric vibration elemeat whose length is about 5

mm and whose characteristic vibration period is about 8

psec that is exemplified. In this example, the extension speed

during discharge is set to the same value in both processes

a and c.

As a result, it can be said that the optimal duration of the

process a up to a temporary stop is about 8 usec, i.e., a single
characteristic vibration period, and that the optimal period
AT of the process b during which the voltage is temporarily
held is 2 psec, which is about a quarter of the characteristic
vibration period.
It can also be said that the optimal duration of the
subsequent process ¢ is 2 usec, which i3 about a quarter of
the characteristic vibration period, as long as the discharge
speed is the same in both processes a and ¢ as in this
embodiment.

However, the definitions of these periods are not simply
applicable as the conditions. What is necessary is that:

1. the piezaelectric vibration element temporary stop timing
be set s0 that the inertial force-induced extension which is
caused by the interruption of the forced extension can end
exactly when the length of the piezoelectric vibration
element 14 reaches the natural length L2: .

2. the period AT of the temporary stop be set o an interval
from a timing at which the inertial force-induced t::xten;r
sion caused by the interruption of the forced extenston o
the piezoelectric vibration clement starts (0 2 timing at
which the length of the piezoelectric vibration element
has reached the natural length L2 and the piezoelectric
vibration element is thereby about to start contracting; and

3. the Jeagth of the piezoelectric vibration element be getﬂed
at the patural length L2 with apparently few vibration so
that the extension process of the piezoelectric vibratian
element which is extending from the natural length L2
resumed by discharge cancels out the residual vibration-
induced contraction process.

FIGS. 9(a) and (b) show measured dispiacements at
instances of an extension process obtained by driving the
thus constructed piezoelectric vibration element under the
above-mentioned conditions. FIG. 9 (a) shows a case wh?re
the piezoelectric vibration element is driven by the drive
method shown in FIG. 8; FIG. 9 (b) shows a case where the
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. piezoelectric vibration elenent being interrupted while the forced - _
extension is still being perforned, the third signal serving to interrupt

t he extension process of the piezoelectric vibration elenent at |east once;
and an extension process resum ng signal generating neans for generating
the fourth signal at such a timng that an inertial force-induced extension
caused by the forced : -

-12~

piezoelectric vibration element is driven by the conventional
drive method. It is apparent from these measurements that
the drive method of the invention can produce necessary ink
droplets with few residual vibration. The actual waveform of
the vibration with respect to the voltage waveform may be
observed, in some cases, as not decaying before the dis-
charge is completed after the temporary stop.

FIGS. 10 (a) and (b) show the overshoot and ink jetting
speed of the piezoelectric vibration element in function of
the extension speed (wd) of the piezoelectric vibration ele-
ment in the method of the invention and in the conventional
method, respectively. The measurements were made after an
ink droplet had already been jetted. The solid line indicates
the measurements by the drive method of the invention,
whereas the dotted line indicates the measurements by the
conventional drive method. As is apparent from the two
diagrams, the drive method of the invention can not only
control the overshoot independently of the extension speed
o (FIG. 10 (a)), but also linearly change the ink jetting
speed by adjusting the extension speed td (FIG. 10 (3)).

In contrast thereto, in the conventional method, not only
the overshoot is suddenly increased. as the extension speed

. 7d of the piezoelectric vibration element is increased as
described above, but also the extension speed contributes
less to the ink jetting speed.

While the piezoelectric vibration element extension pro-
cess is divided into two stages in the above embodiment, it
is apparent that the same cffect can be obtained by dividing
the print signal Td into three segments Td1, Td2, Td3 by two
stops AT1, AT2 and extending the piezoelectric vibration
clement 14 by these signal segments in three stages (FIG. 11
(/) while temporarily holding the terminal voltage at V3, V4
as shown in FIG. 11.

That is, as shown in FIG. 12, an extension control circuit
45 may be designed to include frst, second, and third
one-shot multi-vibrators MV1, MV2, MV3 and first and
second delay circuits DC1, DC2. The pulse width of each of
the one-shot multi-vibrators MV1, MV2, MV3 and the delay
period of each of the delay circuits DC1, DC2 may be set to
Tdl, Td2, Td3, and AT1, AT2, respectively.

While the example in which the piezoelectric vibration
element uses the so-called d31 mode in which the piezo-
electric vibration element is contracted by charge and
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extension of the piezoelectric vibration element being interrupted while
the forced extension is still being perfornmed is started, the |l ength of the
piezoel ectric vibration el enent reaches the natural |ength, and the .
pi ezoel ectric vibration elenment is thereby about to start contracting, the
fourth signal serving to resune the extension of the piezoelectric
vi bration el enent

-13-

extended by discharge has been described in the above
emb9diment, it is apparent that similar effects can be
o!nam.cd by applying the invention to another piezoelectric
vibration element 52 using the so-called d33 mode in which
electrodes 50 and 51 are arranged vertically with respect to

the extension/contraction axis as shown in FIG. 13 so that
the piczoelectric vibration element is extended by charge
and contracted by discharge. That is, the similar effects can
be obtained by charging the piezoelectric vibration element
$2 with a print signal on the contrary to the above embodi-
ment, and at this time, by causing the extension coatrol
circuit to divide the print signal into a plurality of segments
with stops.

FIG. 14 shows another embodiment of the invention. In
FIG. 14, reference numerals 60, 61, 62 respectively desig-
nate a CPU, a2 RAM, and a ROM and of a microcomputer.
These components are programmed so that data such as
extension period and contraction period of the piezoelectric
vibration element can be outputted. Such data serve to
maintain the ink jetting characteristic constant based on a
signal from a temperature sensor 63 that measures the
temperature of the recording head. '

As shown in FIG. 15, the ROM 62 stores a plurality of
values B1, B2 .... Bn as a charge period Tc and values C1,
C2...Cn as a discharge period Td for maintaining the ink

- jetting characteristic at a predetermined level based on
temperature signals Al, A2 ... An from the temperature
sensor 63 that measures the temperature around the record-
ing head.

Reference numeral 64 designates 2 contraction level
adjusting circuit, which applies a duration of the auxiliary
print signal received from a host to a terminal IN1 of a drive
circuit shown in FIG. 16 so as to correspond to the discharge
period B1, B2 . . . Ba outputted from the CPU 60.

Reference numeral 65 designates an extension mode
adjusting circuit, which applies a duration of a print signal
from the host to a terminal IN2 of FIG. 16 so as to
correspond to the discharge period C1, C2. . . Ca cutputted
from the CPU 60. Such circuit can be constructed with ease
by combining one-shot muiti-vibrators and delay circuits,
like the extension control circuit 41 shown in FIG. 5.
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7. A nethod of controlling an inkjet recording apparatus, said ink jet
recordi ng apparatus including an ink jet record- ing head conprising at
|.east one pressure chanber having a nozzle opening and at | east one

pi ezoel ectric vibration el enment which abuts the pressure chanber, wherein
‘an.ink is sucked into said pressure chanber by expandi ng said

S 2

FIG. 16 shows the above-mentioned drive circuit, from
which the extension control circuit 41 shown in FIG. § is
excluded. This circuit is designed so that the charge time of
the capacitor C and the discharge mode can be controlled
directly by the signals inputted to the terminals IN1, IN2.

. According to the thus constructed circuit, the temperature
of the recording head is detected by the temperature sensot
63; an optimal charge period Tc that can maintain the itk
droplet forming characteristic such as the ink jetting speed
of the recording head at a reference value is selected from
among the data B1, B2. . . Bn, e.g., data B2 is selected, and
such a discharge period Td as not to cause residual vibration
with respect to the charge period B2, i.e., data C2 is selected:
and the selected data, e.g., B2 and C2, are applied to the
contraction level adjusting cixcuit 64.

Accordingly, the piezoelectric vibration elements 14 are
charged by the selected charge period B2. Therefore, the
final charge voltage is defined by the data B2, and the
piezoelectric vibration element undergoes contraction com-
mensurate with such final voltage.

On the other hand, a discharge period and a stop period
AT by the discharge data C2 outputted from the CPU 60 are
set at the extension mode adjusting circuit 65. Upon input of
the print signal under this condition, the capacitor C is
discharged by the signal from the extension mode adjusting
circuit 65. As a resuit, residual vibration caused by the
release of resilient energy resulting from the contraction
level defined by the discharge period B2 can be controlled
to a smallest passible value, which in tum allows change in
the recording head characteristic due to change in tempera-
ture to be corrected without inducing satellite.

While the case of temporarily holding the voitage has
been described in this embodiment, 2 method of controlling
the charge and discharge in the following manner may also
be applicable. That is, the piezoelectric vibration element is
discharged at a speed lower than that of the first stage and
at a high speed again at the last stage as indicated by & one
dot chain line shown in FIGS. 17(a) and () instead of the
temporary stop. In this case, the curve depicting displace-
ment of the piezoelectric vibration element is such as shown
by a one dot chain line in FIG. 17(b).

While the voltage is terporarily. held only once in this
embodiment, the voltage may be temporarily held for more
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pressure chanber according to a contraction of said piezo- electric _
vi bration el enent and an ink droplet is jetted fromthe nozzl e openi ng by
contracting the pressure chamber according to an extension of said

pi ezoel ectric vibration el enent,

- -15-

than one time as shown in FIGS. 18(a) and (b).

While the system in which the piezoelectric vibration
element is extended by discharge has been described in the
above embodiments, it goes without saying that the same
effect can be obtained by a system in which the piezoelectric
vibration element is extended by charge.

As described in the foregoing, the invention includes: an .
ink jet recording head that sucks an ink into a pressure
chamber formed of a nozzle plate and a vibration plate and
jets an ink droplet from a nozzle opening by expanding and
contracting the pressure chamber by a piezoelectric vibra-
tion; and a signal generating means that generates a first
signal for contracting the piezoelectric vibration element at
a predetermined speed to allow the pressure chamber to suck
the ink; a second signal for extending the piezoelectric
vibration element to splash the ink droplet from the nozzle
opening by contracting the pressure chamber; a third signal
for interrupting the extension process at least once; and a
fourth signal for causing the piezoelectric vibration element
to resume the extension process after a predetermined time
has elapsed. Therefore, the residual vibration of the piezo-
electric vibration element after the ink droplet jetting opera-
tion can be made as small as possibie, which then contrib-
utes to improving the print quality in addition to increasing
the print speed.
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said nethod including a step of elimnating residual vibration of the

pi ezoel ectric vibration el ement when the ink droplet -is jetted fromthe .
nozzl e opening by tenporarily stopping charge or discharge of a capacitor

in order to control a forced contraction and extensi-on of the plezoelectrlc
vi bration element, said step of elimnating the re5|dual V|brat|on
conpri si ng

._.1;6_

What is claimed is:

1. An ink jet recording apparatus comprising:

an ink jet recording head for sucking an ink into a pressure
chamber and jetting an ink droplet from a nozzle
opening by expanding and contracting the pressure
chamber by a piezoelectric vibration element, said
pressure chamber being at least partially defined by a
nozzle plate in which the nozzie opening is formed and

a vibration plate which contacts the vibration elemeant;
and

a signal generating means for generating signals to be
applied to the piezoelectric vibration element, said
“signals comprising,

a first signal for contracting the piezoelectric vibration
clement at a predetermined speed to suck the ink into
the pressure chamber,

a second signal for starting an extension process of the
piezoelectric vibration element to splash the ink droplet
from the nozzle opening by contracting the pressure
chamber,

a third signal for interrupting the extension process of the
piezoelectric vibration element at least once while the
extension process is still being performed, and

a fourth signal for resuming the extension process of the
piezoelectric vibration element again after a predeter-
mined period has elapsed.

2. An ink jet recording apparatus according to claim 1,

wherein the piezoelectric vibration element is designed to
operate in a d31 mode in which the piezoelectric vibration

element i3 contracted by charge and extended by discharge;
and the signal generating means includes a first constant
current circuit for supplying a predetermined current to a
capacxtor. a second constant current circuit for dxschargmg
the capacxtor by a predetermined current, and an extension
control circuit for controlling an operation timing and a
discharge current of the second constant current circuit in
two stages, said two stages being divided by at least onc
interruption.

3. An ink jet recording apparatus according to claim 1,
wherein the piezoelectric vibration element is designed to
operate in a2 d33 mode in which the piezoelectric vibration
element is contracted by discharge and extended by charge;
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the steps of: setting a tenporary stop to be made during the extension
process of the piezoelectric vibration elenment to such an extension speed
and timng as to exactly end inertial force-induced extension where a

| ength of the piezo- electric vibration element has reached a natural

l ength, the inertial force-induced extension being caused by '

17-

and the signal generating means includes a first constant
current circuit for supplying a predetermined current to a
capacitor, a second constant current circuit for discharging
the capacitor by a predetermined current, and an extension
control circuit for controlling an operation timing and a
discharge current of the second constant current circuit in
two stages, said two stages being divided by at least one
interruption.

4. An ink jet recording apparatus according to claim 1,
wherein said extension process of the piezoelectric vibration
element after said interruption is resumed at a timing when
the displacement of said residual vibration caused by said
interruption tums from the extension owing to an overshoot
to the contraction.

5. An ink jet recording apparatus according to claim 1,
further comprising a means for modifying the first signal and
the second signal by a temperature of the recording head.

6. An ink jet recording apparatus according to claim 1,
further comprising:

a temporary stopping means for exactly generating the
third signal at such a timing that the length of the
piezoelectric vibration element reaches a natural length
by an inential force caused by a forced extension of the
piezoelectric vibration element being interrupted while
the forced extension is still being performed, the third
signal serving to interrupt the extension process of the
piezoelectric vibration element at least once; and

- an extension process resuming signal generating means
for generating the fourth signal at such a timing that an
inertial force-induced extension caused by the forced
exteasion of the piezoelectric vibration element being
interrupted while the forced extension is still being
performed is started, the length of the piezoelectric
vibration element reaches the natural length, and the
piezoelectric vibration element is thereby about to start
contracting, the fourth signal serving to resume the
extension of the piezoelectric vibration element.

7. A method of contralling an ink jet recording apparatus,
said ink jet recording apparatus including an ink jet record-
ing head comprising at least one pressure chamber having a
nozzle opening and at least one piezoclectric vibration
element which abuts the pressure chamber, wherein an ink
is sucked into said pressure chamber by expanding said

L ——————
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interrupting a forced extension while the forced exten- sion is still being
performed; then setting the tenporary stop to an interval froma timing at
which the inertial force-induced extension is started to a timng at which
the length of the piezo- electric vibration el enent has reached the natural
| ength and the piezoelectric vibration elenent is '

18-

pressure chamber according to a contraction of said piezo-
clectric vibration element and an ink droplet is jetted from
the nozzle opening by contracting the pressure chamber

~ according to an extension of said piezoelectric vibration
clement,

said method including a step of eliminating residual
vibration of the piezoelectric vibration element when
the ink droplet is jetted from the nozzle opening by
temporarily stopping charge or discharge of a capacitor
in order to control a forced contraction and extension of
the piezoelectric vibration element,

said step of eliminating the residual vibration compnising

the steps of:

setting a temporary stop to be made during the extension

process of the piezoelectric vibration element to such
an extension speed and timing as to exactly end inertial
force-induced extension where a length of the piezo-
clectric vibration element has reached a natural length,
the inertial force-induced extension being caused by
interrupting a forced extension while the forced exten-
sion i3 still being performed;

then setting the temporary stop to an interval from a

timing at which the inertial force-induced extension is
started to a timing at which the length of the piezo-
electric vibration element has reached the natural
length and the piezoelectric vibration element is
thereby about to start contracting; and

then setting the extension process resumption to such an

extension speed and timing as to allow the piezoelectric
vibration element to restore the natural leagth with
apparently few vibration by causing the resumed exten-
sion process of the piezoelectric vibration element
extending from the natural length to cancel out con-
traction attributable to residual vibration.

8. A method of controlling an ink jet recording apparatus,
said ink jet recording apparatus including an ink jet record-
ing head comprising at least one pressure chamber having a
nozzle opening and at least one piezoelectric vibration
element which abuts the pressure chamber, wherein an ink
is sucked into said pressure chamber by expanding said
pressure chamber according to a contraction of said piezo-
electric vibration element and an ink droplet is jetted from
the nozzle opening by contracting the pressure chamber
according to an extension of said piezoelectric vibration

clement,
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t hereby about to start contracting; and then setting the extension process
resunption to such an extension speed and timng as to -allowthe:

pi ezoel ectric vibration elenent to restore the natural length wth
apparently few vibration by causing the resunmed exten- sion process of the
pi ezoel ectric vibration el enent extending fromthe natural |length to cancel
out con- 3

-19-

said method including a step of climinating residual
vibration of the piezoelectric vibration element when
the ink droplet is jetted from the nozzle opening by
temporarily stopping charge or discharge of a capacitor
in order to control a forced contraction and extension of
the piezoelectric vibration element,
said step of eliminating the residual vibration comprising
steps of:
setting a period from a start of extending said piezoelec-
tric vibration element to a temporary stop to about a
single characteristic vibration period;
setting a period for temporarily holding a voltage to about
a quarter of the single characteristic vibration period;
and
setting a period between a temporary voltage holding end
and a charge or discharge end to about a quarter of the
single characteristic vibration period.
9. A method of controlling an ink jet recording apparatus,
said ink jet recording apparatus including an ink jet record-
_ing head comprising at least one pressure chamber having a
nozzle opening and at least one piczoelectric vibration
element which abuts the pressure chamber, wherein an ink
is sucked into said pressure chamber by expanding said
pressure chamber according to a contraction of said piezo-
electric vibration element and an ink droplet is jetted from
the nozzle opening by contracting the pressure chamber
according to an extension of said piczoelectric vibration
element,
said method including a step of climinating residual
vibration of the piezoelectric vibration element when
the ink droplet is jetted from the nozzle opening by
temporarily stopoing charge or discharge of a capacitor

in order to control a forced contraction and extension of
the piezoelectric vibration element,
said step of eliminating the residual vibration further
comprising a step of?
sctting at least a period for temporarily holding a
voltage to about a quarter of a single characteristic
vibration period.
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traction attributable to residual vibration. 8 A nethod of controlling an
ink j-et recording apparatus, said ink jet recordi-ng apparatus including an
ink jet record- ing head conprising at |east one pressure chanber having a
nozzl e opening and at |east one piezoelectric vibration el ement which abuts.
t he pressure chanber, wherein an ink is sucked into said pressure chanber
- by expanding said ' ' :

=20~

10. An ink jet recording apparatus, including an ink jet
recording head comprising at least one pressure chamb?r
having a nozzle opening and at least ane piezoelectric
vibration element which abuts the pressure chamber,
wherein an ink is sucked into said pressure chamber .by
expanding said pressure chamber according to a contraction
of said piezoelectric vibration element and an ink droplet is

jetted from the nozzle opening by couatracting the pressure
chamber according to an extension of said piezoelectric
vibration element,
said ink jet recording apparatus further comprising:
climinating means for eliminating residual vibration of
the piezoelectric vibration element when the ink droplet
is jetted from the nozzie opening by temporarily stop-
ping charge or discharge of a capacitor in order to
contral a forced contraction and extension of the piczo-
electric vibration element, and

setting means for setting the temporary stop to about a
quarter of a single characteristic vibration period.
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~pressure chanber according to a contraction of said piezo- electric
vibration elenent and an ink droplet is jetted fromthe nozzle opening by
contracting the pressure chanber according to an ext ensi on of said

pi ezoel ectric vibration el enent, .

36
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-19- said nethod including a step of elimnating residual vibration of the
pi ezoel ectric vibration el enent when the ink droplet is jette r

nozzl e opening by tenporarily stopping charge or di sChs@RecPliasBeGA: ﬁ

in order to control a forced contracti on and extensi on m",”'""m'm
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the piezoelectric vibration elenent, said step of elimnating the residual
vibration conprising steps of: setting a period froma start of extending
said piezoelec- tric vibration element to a tenporary stop to about a
single characteristic vibration period; setting a period for tenporarily
hol di ng a voltage to about '
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a quarter of the single characteristic vibration period; and setting a
period between a tenporary vol tage hol ding end and a charge or discharge
end to about a quarter of the single characteristic vibration period. 9. A

et hod of controlling an ink jet
recordi ng apparatus including an ink jet
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i ng head conprising-at Ieast one pressure chanber having a nozzl e opening
and at | east one piezoelectric vibration elenment which abuts the pressure
chanmber, wherein an ink is sucked into said pressure chamber by expandi ng .
sai d pressure chanber according to a contraction of said piezo- electic

- vibration elenment and an ink droplet is jetted fromthe nozzle opening by
contracting the pressure chanber '
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according to an extension of said piezoelectric vibration el ement, said
met hod including a step of elimnating residual vibration of tThe

pi ezoel ectric vibration el ement when the ink dropl et Thx§sﬂe€ttﬁa Heeh ROMAC
nozzl e opening by tenporarily stopping charge or dISC C|tor
in order to control a forced contracti on and extensi o ,”ﬂ”l
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t he piezoelectric vibrati on el enent. said step of elimnating the residual
vi briation further conprising a step of: setting at |east a period for

tenporarily holding a voltage to about a quarter of a single characteristic
vi bration period. '
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10. An ink jet recor di ng appar at us, including an ink jet recording head
conpri sing at | east one pressure chanber having a nozzle opening and at

| east one piezoelectric vibration el enent whi ch abuts-the—pressure—chanber,
wherein an ink is sucked into said pressure chanber by This Sheet Has Been R
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expndi ng said pressure chanber according to a contraction of said

pi ezoel ectric vibration el enent and an ink dropl et FS“TETTéd"fTUWTFHE”_
nozzl e opening by contracting the pressure chanber aCQ% ial BeeR Replace &
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extension of said piezoelectric vibration elenent,
apparatus further corrprl sing: elimnating nmeans for e m ll ual
vi bration of
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t he piezoelectric vibration elenent when the ink droplet is jetted fromthe
nozzle opening by tenporarily stop- ping charge or discharge of a capacitor
‘in order. to control a forced contraction and extension of the piezo-
electric vibration el ement, and setting neans for setting the tenporary
stop to about a quarter of a single characteristic vibration period.
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~ ABSTRACT

INK JET RECORDING APPARATUS AND METHOD OF CONTROLLING THEREOF

An ink jet recording apparatus comprising: an ink jet cecord-
ing head for sucking an ink into a pressure chamber and
jetting an ink droplet from a nozzie opening by expanding
and contracting the pressure chamber by a piezoelectric
vibration eiement; the pressure chamber being formed of a .
‘nozzle plate and a vibration plate; and a signal generating
device for generating signals. The signals includes a first
signal for contracting the piezoelectric vibration element at
a predetermined speed to suck the ink into the pressure
chamber, a second signal foc starting an extension pracess of
the piezoelectric vibration element to splash the ink droplet
from the nozzle opening by coatracting the pressure cham-
ber, a third signal for interrupting the extension process of
the piezoelectric vibration element at least once while the
exteasion process is still being performed and z fourth signal
for resuming the extension process of the piezoelectric
vibration element again after a predetermined period has
- elapsed.
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