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INK JET TYPE RECORDING APPARATUS

- REPLACED SHEETS SG —
* I'NK, JET. TYPE RECO@@G“APP&A TUS 1 to Da;I;IaIAL_ ognTRoLS RIS

The present invention relates to

an ink jet type recording apparatus.

An on-demand ink jet type recording head is
constituted by a nozzle plate in whichlé plurality of nozzle
openings are formed in one and the same substrate and a
spacer for forming pressure generating chambers communicated
with the respective nozzle openings so that thehpressure
generating chambers are expanded/ contracted in accordance
with print timing éignals to thereby perform suction/ejection
of ink into/from the pressure generating chambers.

Fig. 1 shows one example of a known ink-jét type
recording head, and in Fig. 1 the reference numeral 1
represents a nozgle'plate having nozzle opening arrays 3, 3,
3 ... each of which is provided with nozzle openings 2, 2, 2
... formed at a predetermined pitch, for example, 180 DPI.’

The reference numeral 4 represents a spacer which is
to be disposed between a vibration plate 5, which will be
described =@ later . and the nozzle plate 1, in which spacer 4

'fhrough hole arrays 6, 6, 6 ... for forming reservoirs (not

shown) or pressure generating chambers corresponding to the
nozzle arrays are formed in the positions corresponding to
the nozzle opening arrays 2, 2, 2 ....

The reference numeral 5 represents a v1brat10n plate
which is to form the pressure generating chambers by facing
to the nozzle plate 1 through the spacer 4. The vibration
plate 5 is disposed so as to be in contact with the tops of
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BACKGRAQUND, OF THE INVENTION 1. Industrial Field of Wilization The
present- i nvention relates to a recordi ng appar at us an on-demand i nk

" jet type recording head, and nore particularly to an ink jet type recording
head having a driving circuit for forming ink drops at rapid repetition
rate. 2. Related Art An on-demand ink jet type recording head is
constituted by a nozzle plate in which a plurality of nozzle openings are

piezoelectric vibrators 8, 8, 8 ... of piezoelectric vibrator
units 7, 7, 7 ... which will be described later to thereby
contract/expand the pressure generating chambers in response
to the expansion/contraction of the piezoelectric vibrators

5 8, 8, 8 .... - '

| The reference numeral 9 represents a substrate
provided with unit reception holes 10, 10, 10 ... for .
receiving the vibrator units 7, 7, 7 ... so as to expose the
free end sides of the piezoelectric vibrators 8, 8, 8 ...,

10 and an ink supply port 11 for supplying ink from an ink tank
into the reservoirs. On the surface of the substrate 5, the
vibration plate 5, the spacer 4 and the nozzle plate 1 are
positioned and fixed by a frame body 12 which acts also an
electrostatic shield so as to be assembled into a recording

15 head body, so that pressure generating chambers 15 are formed
by the spacer 4, the nozzle plate 1 and the vibration plate 5
as shown in Fig. 2, the chambers being supplied with ink from
reservoirs 17, 17 through ink supply ports 16, 16.

Fig. 3 shows a driving signal generating circuit

20  suitable to drive the above-mentioned recording head. In
Fig. 3, the reference numeral IN; and IN, represent a print
preparation signal input terminal and a print signal input
terminal to which a pulse-shaped charge signal P, as a print
preparation signal and a pulse-shaped discharge signal P; as

25 a print signal are respectively applied in accordance with a
prlnt timing signal as shown in Fig. 4A.

The reference numeral 21 represents a level adjusting
transistor which has a base electrode connected to the input
terminal IN; and a collector electrode connected to a base

30 electrode of a first switching transistor 22. Emitter and
collector electrodes of the first switching transistor 22 are
connected to a power source terminal V3 through a time '
constant adjusting resistor 23 and to the ground through a
time constant adjusting capacitor 24 respectively. The

- 2 - is Sheet Has Been Re‘ilaced

IIII|I|| i ||




fopned .4 n.one and the sane substrate and a spacer for forning pressure
generatlng chanbers comuni cating with the respective nozzl e openi ngs so
that the pressure gener- ating chanbers are expanded/contracted in
accordance with print timng signals to thereby perform suction/ejection

of ink into/fromthe pressure generating chanbers. FIG 1 shows one
exanple of a known ink jet type recording head, and in FIG 1 the reference
nuner al réfegpheee umexalo2s &e@lxerserﬂta;vangommm @mmeng goagzxol, 3, 3

- each Ogrgggggtbi a51chqggeMé%he%8 %E%-% entr%%e conhected to the .
power source terminal Vg, a collector electrode connected to
the collector electrode of the level adjusting transistor 21,
] and a base electrode connected to the power source terminal
Vy through the time constant adjusting resistor 23.
On the other hand, a second switching transistor 26
has a base electrode connected to the input terminal IN,, a
collector electrode connected to the time constant adjusting

10 capacitor 24, and an emitter electrode connected to the
ground throudgh a second time constant adjusting resistor 27.

The reference numeral 28 represents a constant
‘current control transistor having a collector electrode
connected to the input terminal IN,, an emitter electrode

15 connected to the ground, and a base electrode also connected
to the ground through the second time constant adjusting
resistor 27. _

The reference numerals 29, 30, 31 and 32 represent
transistors eonstituting a current buffer for amplifying a

20 current at the time of charging and discharging the capacitor
24. In the illustrated embodiment, the transistors 29 and
30, and 31 and 32 are Darlington-connected to have enough
current capacitance to drive piezoelectric vibrators of the
ink jet recording head to be driven.

25 ' The operation of the thus configured driving signal
generating circuit will be described. If the recording head
moves by a unit distance, a print timing signal (Fig. 4A) for
forming a dot is generated from a host. A charge signal P,
(Fig. 4B) of a pulse width T, is generated in synchronism

30 with the print timing signal. This pulse width T, is set to
an enough time to such ink into a pressure generating chamber
if a piezoelectric vibrator is of a d31 type in which the
vibrator is contracted by charging. If this signal is
supplied to the input terminal IN;, the level adjusting
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2 .. forned at a predeternined pitch for exanple, 180DPI. The reference
nuneral 4 represents -a spacer which is to be disposed between a vibration
plate 5, which will be described by and by, and the nozzle plate 1, in

whi ch spacer through hole arrays 6, 6 6. .. for formng reservoirs (not
shown), or pressure generating chanbers, corresponding to the nozzle
arrays are fornmed in positions corresponding to the nozzle opening arrays.

Cofne ine RIRIRE G MIBA G0 LN Wl e mA R !
transistor 22 is also turned on. Consequently, the power
source voltage of the power source terminal Vg is applied to

_ the capacitor 24 through the time constant adjusting resistor
5 23 so that this capacitor 24 is charged with a time constant
depending on the resistor 23 and the capacitor 24.

The time constant adjusting resistor 23 is connected
at its opposite ends to the constant current control
transistor 25 so that the terminal voltage across the

10 ‘resistor 23 is maintained to the voltage between the base and
‘emitter electrodes of the transistor 25 and the current
flowing.ihto the capacitor 24 becomes constant without
changing as time goes. As a result, the leading edge
gradient tl of the terminal voltage (V) of the capacitor 24
15 can be expressed by the following equation:
Tl = Vg /(R x C;)
where R; represents the resistance of the resistor 23, C;
represents the capacitance of the capacitor 24, and Vi
represents the base-emitter voltage of the constant current
20 transistor 25. The pulse width P,. of the charge signal P. is
set to an enough time to charge the capacitor 24 up to the
voltage V, of the power source terminal Vg-

After the time corresponding to the pulse width T, of

the charge signal P, has thus passed, the terminal voltage of
25 the capacitor 24 is increased up to the power source voltage
- Vp. The charge signal P, is switched to an L level at this
time, so that the level adjusting transistor 21 is turned
off, and hence the-first switching transistor 22 is also
turned off. As a result, the capacitor 24 keeps the voltage
30 T x T, = V. _ .

If a discharge signal P, (Fig. 4C) as a print signal

is supplied to the terminal IN, when a predetermined time Py

has passed since the charge signal P, was turned off, the

i




nozzle plate 1 with the spacer 4 interposed. The vibration plate 5 is
di sposed so as to be in contact with the tops of pi ezoel ectric vibrators
, 8,8 8. ... of piezoelectric vibrator units 7, 77 .. ., which wl be
described later, to thereby contract/expand the pressure generating
chanbers in response to the expansion/contraction of the piezoelectric
vibrators 8,8, 8 .. The reference nuneral 9 represents a substrate
provided with unit reception_hol.es 10, recei ying the

38 £oR

0, 10 ... for
vi brat or ufPFENY, tyangistorsgb,ds; fu ?ﬁés@ntﬁQ frEm 8ndoPqy
discharging the charges of the capacitor 24.
As a result, the charges accumulated in the

capacitance C, are discharged through the time tconstant

5 adjusting resistance 23. At the same time, the constant’

 current control transistor 28 is turned on so that the
terminal voltage of the second time constant adjusting
resistor 27 is made equal to the base-emitter voltage Vg, of
the transistor 28 by the same effect as the above-mentiocned
10 effect of the first constant current control transistor 25,

so that the terminal voltage (V) of the capacitance C,; is
dropped straight with a constant gradient.
' That is, the tailing edge gradient t2 can be
expressed by the following equation:

15 T2 = - Vg / (R; x C;)
where R, represents the resistance of the second time
cohstant adjusting resistor 27, C, represents the capacitance
of the capacitor 24, and Vg, represents the base-emitter
voltage of the constant current transistor 28. - The pulse

20 width P4 of the discharge signal Pd.is set to an enough time
to discharge the capacitor 24 down to zero potential.

_ - The voltage changing at a predetermined leading edge
speed and a trailing edge speed depending on the time
constant adjusting resistors 23 and 27 and the capacitor 24

25 in such a manner as described above is amplified by the
transistors 29 and 30, and 31 and 32 respectively
constituting a current buffer, and applied to the
piezoelectric vibrators 8, 8 (Fig. 2).

If a charge signal P, is applied to the terminal IN;

30 at the time T1 synchronously with a print timing signal in
the case the thus configured driving signal generating
circuit is applied to a pull-dotting system ink jet recording .
head, a constant current flows into the piezoelectric
vibrator 8, and the terminal voltage (Fig. 4D) of the
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of sthe piezoelectric vibrators 8,8, 8 .. . , and an ink supply port 11 for
suppl,ying ink froman ink tank into the reservoirs.

piezoelectric vibrator 8 increases at a constant rate. The
vibration plate 5 contracts at a constant rate '
correspondingly so as to be transformed downward in Fig. 2.
The volumes of the pressure generating chambers 15, 15 are

5 expanded correspondingly and negative pressure is generated
in the pressure generating chambers 15, 15 so that the ink in
the reservoirs 17, 17 flows into the pressure generating
chambers 15, 15 through the ink supply ports 16, 16, and at
the same time the menisci of the nozzle openings 2, 2 are

10' pulled into the pressure generating chambers 15, 15.

The menisci move toward the nozzle openings because
of surface tension after they are pulled into the pressure
generating chambers 15, 15 to a some extent (Fig. 4E).

At a point of time (T,) when the time corresponding

15 to the pulse width P, of the charge signal P. has passed and
charging the piezoelectric vibrator 8 has been finished, the
terminal voltage of the piezoelectric vibrator 8 is in a so
called hold state where it is held at the power source
voltage V. Therefore, if a discharge signal P; is applied

20 at a point of time (T;) when a given hold time P, has passed,
the charges of the piezoelectric vibrator 8 is discharged at
a constant rate so that its terminal voltage is decreased at
a constant rate (Fig. 4D). Thus the_pressufe generatiﬁg
chambers 15, 15 contract to eject ink as ink drops from the

25 . nozzle openings.

. The charges of the piezoelectric vibrator 8 is
perfectly discharged at a point of time (T;) when the drops
of ink are ejected and the time corresponding to the pulse
width P,, of the discharge signal has passed.

30 On the other hand, the meniscus is formed in the
pressure generating chamber 15 because ink corresponding to
the volume of the ink drop is discharged from the pressure
geherat%ng'chamber 15, and the meniscus produces residual
_vibration with inherent vibration period depending on the
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-2 Onsthe surface of the substrate 9, the vibration plate 5, the spacer
4 and the nozzle plate 1 are positioned and fixed by a frame body 12 which
acts also as an electrostatic shield so as to be assenbled into a
recordi ng head body, so that pressure generating chanbers 15 are fornmed by
t he spacer 4, the nozzle plate 1 and the vibration plate 5, as shown in
FIG 2 the chanbers being supplied with ink fromreservoirs 17,
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15

20
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30

value of physical property of the ink, the size of the
pressure generating chamber 15, and the size of member
constituting the pressure generating chamber 15. Therefore,
as shown in Fig. 4E, the meniscus repeats movement toward the

_ outside of the nozzle opening or toward the pressure

' generating chamber side.

In order .to prevent the influence of such vibration

of meniscus, time P,. which is necessary to attenuate the

vibration to an enough extent not to give any influence to

the formation of a dot is established, or the pulse width P,
of the charge signal P, and the hold time P,, are elongated
enough.

However, the speed of printing is reduced if such a
pause period P, is established or the charge pulse width P,
and the hold time P, are elongated, or the position of
meniscus at the time of ejection is changed with a driving
frequency if typing is performed at a high speed. 1In this
case, unlike the above- mentioned case in which the meniscus
is in a stationary state, the position of the meniscus at the
time of output of a print timing signal is, for example, in
the pressure generation chamber side, so that there occurs a
new problem that the quality of printing varies depending on
the frequency.

That is, if a print timing signal is outputted when
the meniscus which vibrates due to the residual vibration of
the piezoelectric vibrator moves toward the nozzle opening,
negative pressure caused by the expansion of the pressure
generating chamber 15 produces a force to move the meniscus
toward the pressure generating chamber. Such a force is
however canceled by the force of the meniscus per se to move
to the outside of the nozzle opening due to the above-
mentioned residual vibration, so that the influence of the
negative pressure is reduced as much as possible, and the
meniscus is returned to the nozzle opening side at once.
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17fthrqugh I nk supply ports 16, 16. FIG 3 shows a driving signal
generating circuit suitable to drive the above-nenti oned recordi ng head.

In FIG 3,

the reference numerals [err] represent a print preparation

signal input termnal and a print signal input termnal to which a
pul se- shaped charge signal [err] as a print preparation signal and a

pul se- shaped dlschar e nal [e as a pr| si gnal .,are respectlvely
appl i ed i nNetar ddn rgs% Q€ %;ﬁﬂ éif Y9F . B€ 4A
The ref er edidechatyed a2:1 a ITRRMIILS mﬂee\sd tditutthenpiezoelectric :
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vibrator expands, an ink drop is formed in such a state that
the meniscus is positioned in the nozzle opening side as much
as possible. -Accordingly, it is possible to obtain a
necessary volume of the ink drop. At this time, generally,
the flying speed becomes low.

On the other hand, if a print timing signal is
outputted when the meniscus which vibrates due to the
residual vibration is moving toward the pressure generating
chamber, the movement of the meniscus caused by the residual
vibration falls on the movement of the meniscus toward the
pressure generating chamber caused by the negative pressure
produced by the expansion of the pressure generating chamber,
so that the meniscus moves deeply into the pressure
generating chamber and the return of the meniscus toward the
nozzle opening is delayed. Next, if the charges of the
piezoelectric vibrator are discharged at a constant rate so
that the piezoelectric vibrator expands, an ink drop is
formed while the meniscus is drawn into the pressure
generating chamber away from the nozzle opening and the ink
drop is made small in volume so that the flying speed becomes
high.

Thus the size and speed of the formed ink drop vary
largely depending on the position of the meniscus even if the
piezoelectric vibrator is driven with the same energy, and as-
a result, dots formed on a recording medium vary in size so
that the printing quality is lowered.

In such a configuration in which the pressure in the
pressure generating chambers is changed correspondipgly'to
the print timing signals, vibrations as mechanical structures
of the pressuré generating chambers per se and hydrodynamic
vibrations of ink per se are generated to thereby cause
vibrations of menisci in the vicinity of the respective
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trdnsi stor, which has a base electrode connected to the .input termnal IN
and a coIIector el ectrode connected to a base electrode of a first
switching transistor 22. Emtter and collector electrodes of the first
switching transistor 22 are connected to a power source termnal [err]
through a time constant adjusting resistor 23 and to the ground through a
time constant adjusting capacitor 24 respectively. The ref- erence nuneral
25 represents a constant current control transistor which has an emtter
el ectrode connected to the power source terminal [err] a collector

el ectrode mozzdet epenings to reciprocate between the nozzle openings

and the respective pressure generatlng chambers after
formation of ink drops. |
As a result, even if the same pressure change is
5 generated in each pressure .generating chamber, the ejected
ink drop varies in its size and flying speed depending on the
positional relationship between the associated nozzle opening
and the meniscus formed in the vicinity of the nozzle
opening, resulting in a problem that variations are caused in
10 printing quality.
In order to solve such a problem, one could
consider a technique in which a succeeding ink drop formation
is performed after the vibration of meniscus caused after the
formation of the preceding ink drop is reduced to such an
15 extent as to give no influence on the printing qualitj. This
technique however has a probleﬁ in which the printing speed
is largely lowered because waiting time becomes ﬁecessary
till the vibration of the meniscus is suppressed.

20
The present invention was made in view of the

aforementioned problems accompanying the conventional
apparatus. The invention therefore provides an ink jet type
recording apparatus according to independent claim 1. Further
advantageous features, aspects and details of the invention are
evident from the dependent claims, the description and the
drawings. The claims are intended to be understood as a first
non-lmiting approach of defining the invention in general

25

terms.

30 The invention provides a recording apparatus using an on-

- demand ink jet type recording head, and more particularly an

ink jet type recording head having a driving circuit for’
forming ink drops at rapid repetition rate.
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t he' coll*ector electrode of the level adjusting transistor 21, and a base
el ectrode connected to the power source termnal [err] through the tine
constant adjusting resistor 23. On the other hand, a second switching
transi stor 26 has a base el ectrode connected to the input termnal [err] a
col- lector electrode connected to the tine constant adjusting capacitor
24, and an emtter electrode connected to the ground through a second tine
constant adjusting resistor 27. The reference nuneral 28 represents a
constant curreff ESRECH QﬂeﬁhﬁsPE?sﬁaﬁlhgvan§éPneé§o¢QﬂR%ﬂWk§Ra%oﬁﬁﬁé@ed

to ink jet type recording apparatus in which an ink drop is formed
normally when the meniscus comes into a predetermined state
independently of the vibration of the pressure generating
chamber and the hydrodynamic vibration of ink per se.

Another aspect of the invention is to provide an ink jet
type recording head having a driving circuit capable of forming
ink drops at rapid repetition rate. '

According to a specific aspect of the invention an ink-jet
type recording apparatus is provided which has an ink jet
recording head which,
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the input termnal [err] an emtter electrode connected to the ground, and
a base el ectrode al so connected to the ground through the second tine
constant adjusting resistor 27. The reference nunerals 29, 30, 31 and 32
represent transistors constituting a current buffer for anplifying a
current at the tinme of charging and discharging the capacitor 24. In the
illustrated enbodinment, the transistors 29 and 30, and 31 and 32 are

Dar | i ngt on-connected to have enough current capacitance to drive

pi ezoel ectric vibratoificdidébeai pkesstirecgendragingadhambbe driven.

communicating with at least one nozzle opening and a piezoelectric
vibrator for pressurizing thg—pressure generation chamber; a
driving signal generating means for generating a first
§ . voltage waveform for expanding the piezoelectric vibrator at
a rate suitable to form an ink'drop, a second voltage for
keeping the piezoelectfic vibrator in its expanded or
contracted state, and a third voltage waveform for
contracting the piezoelectric vibrator at a rate suitable to
10. suck ink into the pressure generating chamber; an ink drop
formation completion time detecting means for detecting a
point of time at which an ink drop forming process by the
first voltage waveform is completed; a delay means for
delaying a signal from the ink drop formation completion time
15 detecting means by a time AT till a vibration of a meniscus
generated in the ink drop forming process is switched into a
movement toward the nozzle opening; a pressure generating
chamber expanding signal generating means for generating the
third voltage waveform in response to a signal from the delay
20 means; and a pressure generating chamber contracting signal
generating means for generating the first voltage waveform in
response to a print timing signal.
Since ink necessary for forming a succeeding ink drop
is sucked into the pressure generating chamber at a point of
25 time when the meniscus formed after formation a preceding ink
drop begins to move to the nozzle opening side, the force to .
make the meniscus back caused at this time is canceled by the
movement of the meniscus per se. As a result, the retreat of
the meniscus due to the suction of the ink into the pressure
30 generating chamber can be suppressed to the minimum and the
meniscus can be always positioned stably in the vicinity of
the nozzle opening at the time of ink ejection independently
of the value of the driving frequency.

4
L 4
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Fig. 1 is an exploded perspective view illustrating a
known ink jet type recording head to which a driving circuit -

according to the present invention can be applied;
- Fig. 2 is an enlarged sectional view illustrating the

neighborhood of pressure generating chambers in the apparatus

shown in Fig. 1;
Fig. 3 is a circuit diagram illustrating an example

of a conventional driving circuit for generating a trapezoid

driving signal in order to drive an on-demand type ink jet

recording head;
Fig. 4 is an explanatory diagram illustrating
conventional print timing in a conventional ink jet recording

apparatus;
Fig. 5 is a constituent diagram illustrating a first

embodiment of the present invention;
Fig. 6 is a diagram illustrating the operation of the

apparatus shown in Fig. 5 with respect to print timing;
Fig. 7 is an arrangement diagram illustrating a

second embodiment of the present invention;
Fig. 8 is a diagram illustrating the operation of the

apparatus shown in Fig. 7 with respect to print timing;
Fig. 9 is a sectional view illustrating an example of

a push-dotting system ink jet recording head to which the

Present invention can be applied; and
Fig. 10 is a diagram illustrating a third embodiment

of the present invention with respect to print timing.

The present invention will be described in detail
with respect to its embodiments illustrated in the drawings.

Fig. 5 shows an embodiment of a driving circuit
according to the present invention, by which it is possible
to improve the printing speed without inducing the
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The operation of the thus configured driving signal gen- erating circuit
will be described. If the recording head noves. by a unit distance, a
print timng signal (FIG 4A) for formng a dot is generated froma host.
A charge signal [err] (FIG 4B) of having a pulse width [err] is generated
In synchronismwth the print timng signal. This pulse wwdth J[err] is
set to correspond to a sufficient tinme to allowink to enter into a
pressure generating chanber if the piezoelectric vibrator used is of a d31
type i n whietetberatbontof psintdngrguaditpybyhpegibgvel isehpf thgnal is

suppl i ed t&iﬁ@fti&&“&f mehiscus caused by such a residual vibration.
In Fig. 5, the reference numeral 43 represents a first stage
shift register which outputs a print data presence/absence

5 signal indicating the presence/absence of print data supplied
to a terminal 44,.in synchronism with a print timing signal
which is produced every time a recording head runs over a
unit distance and which is supplied from a terminal 42. This
print data presence/absence signal indicates the presence/

10 absence of print data in the case of driving at least one of
a plurality of piezoelectric vibrators 8, 8 connected to a
driving signal generating circuit 49 which will be described
later. The output of this shift register 43 and the print
timing signal are supplied into a first AND gate 40, and a

15 print section signal from a terminal 41, that is, a signal
indicating that the recording head is running on an area to
be printed, is further supplied to the first AND gate 40.
Thus the first AND gate 40 outputs a signal corresponding to
the print timing signal if there is print data.

20 The print section signal of the terminal 41 is also
supplied to a second AND gate 45, and further supplied to a
flip flop 47 through an edge detecting circuit 54. The edge
detecting circuit 54 detects the point of time when the print
section signal is outputted, that is, the point of time when

25 the recording head enters the area to be printed, and then
the edge detecting circuit 54 sets the flip flop 47. The
dﬁtput of the flip flop 47 is supplied to a terminal S of a
selector 46 which selects one of the output of the first AND
gate 40 if the terminal S is in an H level and the output of

30 the second AND gate 45 if in L level and which supplies a
charge trigger signal to a charge signal generating circuit
48 which acts as means for generating a pressure genérating

chamber expanding signal.

This Sheet Has Been Reﬂlaced
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termnak [err] the level adjusting transistor 21 is turned on, and hence
the first swtching transistor 22 is also turned on. Consequently, the
power source voltage of the power source termnal [err] is applied to the
capacitor 24 through the tine constant adjusting resistor 23 so that this
capacitor 24 is charged with a tinme constant depending on the resistor 23
and t he capacitor 24. The tinme constant adjusting resistor 23 is

connected at its 0 nds o 1t (ala YT gg@ﬁggt4%oggrgkthr%g i stor
25 so that the te?ﬁ?ngrg%g%t ghacrggg t he rgifé tor IS nalntaFne
to operate by the charge trigger signal from the selector 46

so as to supply a charge signal P. of a pulse width of P, to
a terminal IN; of the driving signal generating circuit 43
5 having the same structure as that shown in Fig. 3.

The reference numeral 50 represents a first delay
circuit which delays the output of the first AND gate 40 in
accordance with the above-mentioned print timing signal by a
predetermined time (P, + P,) to form a discharge trigger

10 signal which is in turn supplied to a discharge signal
generating circuit 51 which acts as means for generating a
pressure generating chamber contracting signal. The
discharge signal generating circuit 51 is actuated to operate
by the discharge trigger signal from the first delay circuit

15 50 so as to supply a discharge signal Py, of a pulse width P,
which is enough to eject an ink drop to a terminal IN, of the
driving signal generating circuit 49.

The reference numeral 52 represents a discharge end

. detecting circuit which acts as means for detecting the end

20 time of the formation of an ink drop, which circuit detects
the time of the trailing edge of the discharge signal P;, and
outputs a signal in response to the end of the discharge,
that is, the end time of the ejection of an ink drop, which
signal is supplied to a reset terminal R of the flip flop 47

25 through a second delay circuit 53, and is also supplied to
the second AND gate 45 to be made into a next trigger signal.

The delay time of the second delay circuit 53 is set
to the time delayed by a time AT from the end time of
discharge, so that the next charge trigger signal is supplied

30 from the second AND gate 45 when the vibration of a.meniscus

| caused by the ejection of an ink drop from a nozzle openiﬁg
begins to move toward the nozzle opening after the discharge
is ended, that is, after the ejection is finished. The
referenée signs T,, T. in the drawing represent transistors

- 13 - I

This Sheet Has Been Reﬂ




to'the voltage between the base and enmitter electrodes of the transistor
25 and the current flowing into the capacitor 24. becones constant w t hout
- changing over tinme. As a result. the |leading edge gradient [err] of the
term nal voltage (V) of +the capacitor 24 can be expressed by the foll ow ng
equati on: [err] where [err] represents the resistance of the
resistor 23, [err] represents the capacitance of the capacitor 24, and
Lerr] which are turned on by respective print data supplied to
respective terminals D;, D; in synchronism with a print
timing signal to apply the output of the driving signal
geﬁerating circuit 49 to piezoelectric vibrators 8, 8 ...
5 destined for printing.
- Next, the operation of the thus configured apparatus
will be described with reference to the timing diagram shown
in Fig. 6.
if an instruction to perform printing on a given area
10 ié supplied to a printer from a host computer, an instruction
to move a recording head toward the area to be printed is
given from a control portion (not shown) so that the
recording head starts to move to the area to be printed. If
the recording head reaches the position where printing is to
15 be started, a print section signal is supplied to the
terminal 41. The flip flép 47 is set by this print section
signal so that the terminal S of the selector 46 is brought
into an H level. Consequently, the output of the first AND
gate 40 is selected as a charge trigger signal to actuate the
20 .charge signal generating circuit 48 to operate.

At the time of printing the first dot, if a charge
trigger signal from the first AND gate 40 is supplied to the
charge signal generating circuit 48 through the selector 46
in accordance with a print timing signal (Fig. 6A) of the

.25 terminal 42, a charge signal P, (Fig. 6C) of a pulse width P,
is supplied to the terminal IN; of the driving signal
éénerating circuit 49 from the charge signal generating
circuit 48 in response the charge trigger signal. Thus the
driving signal gene#ating circuit 49 outputs a charge voltage

30 signal with a constant inclination from a point of time T,
(Fig. 6E). Though this charge voltage signal is supplied to
each piezoelectric vibrator 8, the other terminal of each
piezoelectric vibrator 8 is connected to its associated
transistor T., and print data for forming dots are supplied
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represents the base-emtter voltage of the constant current transistor 25.
Is -set to a sufficient

of the charge signal [err]
of the power source

The pulse width [err]
time to charge the capacitor 24 up to the voltage [err]
termnal [err] After the time corresponding to the pulse width [err] of
has thus passed; the term nal voltage of the
‘The charge

[err]

the charge signa
24 is increased up to the power source voltage [err]
so that the |eve

capaci tor
signal [err]

|l evel at_this tine,

i slid deRbnilh B g
Pf) - anth advamce hesd itimde WASNING

adj usting traggistor i s turnéd
ted ta
58%3 ddoftrrnes-on T. are chargeq selectively

transi st or

10

15

20

25

30

22 1S a

constant rate

2 constant ::t:°a:xpand the pressure generating chamber 15 at

completed up to thementioned abovef. Thus enough charging is

in which éhe time Power so?rce voltage V, in the stage (T2)

charge signal p hcorrespond.nng to the pulse width P, of t;

thereafte ¢ 185 passed, and thig voltage Vv, jis hw ©
r. 0 eld
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a r'esul.t, .the capacitor. 24 keeps the voltage [err] I f a discharge
S|gnal [err] (FIG 4C) as a print signal is supplied to the termmnal | N2
- when a predetermned tinme [err] has passed since the nonent the charge
signal [err] was turned of f, the second transistor 26 is turned on to
forma | oop for di scharging the charges of the capacitor 24. As a
result the charges accunmulated in the capacitane [err] are di scharged
through the tinme constant adjusting resistance R2 of resistor 27. At the

sane time, thaakehdihehiselagkan 46 select the output of the second AND
gate 45 thereafter.

The output signal of the second delay circuit 53 also

supplied to the second AND gate 45 at the same time is

5 supplied to the charge signal generating circuit 48 which is
used as a charge trigger signal as it is. Consequently, a
charge signal P, (Fig. 6C) is outputted from the charge
signal generating circuit 48 at a point of time T{ in the
area in which the meniscus is moving toward the nozzle

10 opening (the area referenced by the sign a in Fig. 6).

At a point of time when the piezoelectric vibrator 8
starts to contract in response to this charge signal P., as
shown in Fig. 6F, the meniscus is vibrating due to the
previous formation of an ink drop, and the meniscus is moving

15 toward the nozzle opening 2 from the pressure generating
chamber 15, so that if the pressure generating chamber 15 is
expanded by the charge signal P, at this time, the force to
retreat the meniscﬁs due to this expansion is canceled by the
force for the meniscus to move toward the nozzle opening'

20  after the above ejection of ink. Therefore, the quantity of
the retreat of the meniscus caused by the expansion of the
pressure generating chamber 15 becomes so small as to return
to the nozzle opening quickly. That is, this means that it
is possible to shorten the duration of the charge signal P..

25 The piezoelectric vibrator 8 is charged enough up to the
power source voltage V, and is in the hold state at a point
of time (T,’) when the time corresponding to the pulse width
P, of the charge signal P, has passed.

Thereafter, if print.data exist at a point of time

30 (T3’) when a print timing signal is inputted, a discharge |
signal P, is outputted at a point of time T,’ when the time
defined by the first delay circuit 50 has ﬁassed, so that the
piezoelectric vibrator 8 is expanded to compress the pressure
generating chamber 15 to thereby eject an ink drop. Since

-
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30

the process of expanding the pressure generating chamber 15
is completed at the point of time T,’, it is possible to
eject an ink drop if a print timing signal is inputted in the
stage (T;") before an illustrated normal print timing signal
is inputted.

Although this ejection of an ink drop causes the .
vibration of the meniscus in the nozzle as mentioned above, a
signal is supplied from the second delay circuit 53 to the
second AND gate 45 again when the time AT has passed from the
end time of outputting a discharge signal P;, and a charge
signal P. is supplied to the charge signal generating circuit
48 through the selector 46 from the second AND gate 45, so
that the process of expanding the pressure generating chamber
15 is executed in the area 2 shown in Fig. 6 in which the
meniscus is moving toward the nozzle opening.

That is, unlike the conventional case where the
pressure generating chamber 15 is expanded at the timing of
the succeeding print timing signal-after formation an ink
drop, the time to start the'operation of expanding the
pressure generating chamber 15 is defined on the basis of the
end time of the previous operation of forming an ink drop
according to the present invention as described above, so

-that the pressure generating chamber 15 can be expanded when

the meniscus caused by the preceding formation of an ink drop
is moving towﬁrd the nozzle opening. Accordingly, the forxce
to retreat the meniscus caused by the expansion of the
pressure generating chamber 15 can be canceled by the motion
of the meniscus per se. Even if the pulse width P, is

short, therefore, it is possible to expand the piezoelectric
vibrator 8 to eject an ink drop in the state that the
meniscus has been returned to the nozzle top. Further, the
ﬁosition of the meniscus can be made constant at the time of
the ejegtion independently of the driving frequency.

This Sheet Has Been R
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coritrol ‘transistor 28 is tuned on so that the term nal voltage of the
second tinme constant adjusting resistor 27 is nmade equal to the
base-emtter voltage [err] of the transistor 28 by the sane effect as the
above-nentioned effect of the first <constant current control transistor

25, so that the termnal voltage (V) of the capacitane [err] drops with a
constant gradient. That is, the trailing edge gradient [err] can be

expressed by the f@%bp@fﬁ}fﬂﬁﬂﬂﬂﬁaﬁit of thel Pirekent invention can be
applied to the known ink-jet type print head as shown in
Figs. 1 and 2. _
'Fig. 7 shows a second embodiment of the present
5 invention. In Fig. 7, the reference numeral 60 represents a
print data monitoring means constituted by a second stage
shift register 61 connected in cascade to the above-mentioned
shift register 43, and a NAND gate 62 for detecting whether
there are signals in all those shift registers 43 and 61 or
10 not, so that the means 60 ocutputs an L signal only in the
case where there are a plurality of continuous print data,
two continuous dots in this embodiment. The signal from this
print data monitoring means 60 is supplied to the terminal S
of the selector 46 through an OR gate 63 together with a
1s signal from the above-mentioned flip flop 47.
_ . If the recording head starts moving for performing
printing and reaches the position which is immediately before
the area to be printed, a print data presence/absence signal
starts to be supplied to the terminal 44, and a matter to be
20 recorded in the first recording position is stored in the-
shift register 43 in synchronism with a print timing signal.
In the next print timing, that is, in the stage in which the
recording head has reached the area to be printed, a print
data presence/absence signal aimed in the present print
25 timing is stored in the shift register 61, and another print
data presence/absence signal aimed in the next print timing
is stored in the shift register 43.
The current and succeeding print data
. presence/absence signals are stored in the print data
30 monitoring means 60 in the print area in such a manner, and
the print data means 60 supplies these two signals to the
NAND gate 62 so as to judge whether there are continuous dots

to be formed or not.

- 18 -
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m@ére [err] represents the resistance of the second tinme constant
adjusting resistor 27, [err] represents the capacitance of the capacitor
24, and [err] represents the base-enmtter voltage of the constant current
transistor 28. The pulse width [err] of the discharge signal [err] is set
to a.-sufficient tinme to discharge the capacitor 24 down to zero potentai
: The vol tage changing at a predeterm ned | eadi ng edge speed and a
trailing edge speed depending aon the time cqnstant adjysting resistaqrs 23
and 27 gnd ?he Eapggiggﬁegglgsignal is supplied fromj€ﬁe NA%D gate 25

to the OR gate 63 only when there are continuous dots to be

formed. In this case, the terminal.S of the selector 46
- becomes coincident with the output signal level of the flip
5 flop 47 to perform the operation similar to the embodiment
. shown in Fig. 5. That is, a charge trigger signal is
supplied to the charge signal generating circuit 48 when the
time (AT) required for the meniscus caused by the previous
formation of an ink drop to move toward the nozzle opening
10 has passed from the end time of the operation of the ink drop
formation. Although a signal is also supplied from the first
AND gate 40 in such a case of continuous dots to be printed,
a signal from the second gate 45 is selected by the selector
46 in advance in such a case of continuous dots to be
15 printed, so that the charge signal generating circuit 48
operates on the basis of the ink drop ejecting operation
immediately before.
On the other hand, if there are no continuous dots to
be formed, the NAND gate 62 supplies an H level signal to the
20 OR gate 63. 1In this case, since the terminal S of the
selector 46 is brought into an H level, the ocutput from the
first AND gate 40 is selected as a charge trigger signal.
That is, if the next print timing has no dot to be printed, a
charge trigger signal is prevented from being outputted till
25 there occurs a print timing having a dot to be printed like
in the conventional case. As a result, in the case where
blanks continue over a plurality of bits so that it is not
necessary to eject ink, the piezoelectric vibrators 8, 8 are
kept in the no-voltage state as shown in Fig. 8, so that no
30 unnecessary voltage is applied to the piezoelectric vibrators
8, 8 and it is possible to elongate the life time of the
piezoelectric vibrators 8, 8.
Not to say, since the piezoelectric vibrators 8, 8
are put in the pause state over several continuous bits, when

- 19 - This Sheet Has Been Reilaced
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in’such*a manner as described above is anpllfled by the transistors 29 and

30 and 31 and 32 respectively constitut- ing a current buffer and applied
to the piezoelectric vibrators 8, 8 (FIG 2). In a thus configured
driving signal generating circuit applied to a pull-dotting systemink jet
recording head, if a charge signal [err] is applied to the ternminal [err]
at the time T1 synchronously with a print timng signal a constant current
flows intogt EﬁaE?@ZQS;bﬁﬁllr iG wpplaed t8, fomfh hhdoter kheabpeshtaga 6EI G 4D)
of the piezoel eclric¢ vibrator i ncr ages E hat the meniscus has

printing is started in suc state t

been stationary, so that there is no fear that the quality of

the printing is lowered, and there is no fear that the

5 printing speed is reduced.
Although in the above embodiments the operation of

forming an ink drop was described in connection with an

example of the system in which pressure generating'chambers

are first expanded, and next contracted, similarly to this,

10 the present invention can be applied also to a recording head
using d33-type piezoelectric vibrators 70; 70 which have, as
shown in Fig. 9, electrodes arrangéd in the direction of
expansion and contraction so as to be expand by charge and
contracted by discharge. .

15 That is, the pulse width P, (Fig. 10E) of the charge
signal P, (Fig. 10C) is set to a enough time to form an ink
drop, and the hold time P, (Fig. 10E) is set to the time AT
(Fig. 10B,10C) when the expansion of the pressure generating
chamber can be started in the area in which the meniscus

20 moves toward the nozzle opening after the formation of an ink
drop, and the pulse width of the discharge signal P; (Fig.
10D) is set to Py (Fig. 10E), respectively in advance.

If an ink drop was formed immediately before, the end
time T, (Fig. 10E) of forming the ink drop is detected by

25 means equivalent to the above-mentioned discharge end
detecting circuit 52, and a discharge signal generating means
is started up after a constant time from this time, that is,
through a signal delay means which can set the time AT (Fig.
10B,10C) to designate an area a (Fig. 10F) in which the

30 vibration of the meniscus caused by the formation of the ink
drop is moving toward the nozzle opehing.

As a result, the piezoelectric vibrator is held in a
constant voltage V, (Fig. 10E) and held in the expansion
state after the formation of the ink drop, and the
R —
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a;éonstant rate. The vibration plate 5 contracts at a constant rate
correspondingly so as to be displaced downward in FIG 2. The vol unes of

t he pressure generating chanbers 15,15 are expanded correspondi ngly and
negative pressure is gen- erated in the pressure generating chanmbers 15, 15
so that the ink in the reservoirs 17, 17 flows into the pressure generating
chanbers 15, 15 through the ink supply ports 16, 16, and at the sane tine

t he meni scpietoehechoig| eibpahongdigcharges pus|charges aheamy cpeimt of

gggngte' ggtfﬂé‘”t"f{ P Ptk -areal If (Y SAU0F PR WRIRHD thdf miA%csORgN Nos

moving toward the nozzle opening. Therefore, since the
process of expanding the pressure geherating chamber 15 is

5 started in the stage in which the meniscus is moving toward
the nozzle opening, the meniscus can be always positioned
near the nozzle top at the time of ejecting an ink drop in
the same manner as in the above-mentioned recording head.

As has been described, according to a specific aspect of the present

10 invention, the:ink-jet type recording apparatus comprises: an
ink jet recording head including a pressure generating
chamber communicating with a nozzle opening and a |
piezoelectric vibrator for pressurizing the pressure
generation chamber; a driving signal generating means for

15 generating a first voltage waveform for expanding the
piezoelectric vibrator at a rate suitable to form an ink
drop, a second voltage waveform for keeping the piezoelectric
vibrator in its expanded or contracted state, and a third
voltage waveform for contracting the piezoelectric vibrator

20 at a rate suitable to suck ink into the pressure generating
chamber; an ink drop formation completion time detecting
means for detecting a point of time at which an ink drop
forming process by the first voltage waveform is completed; a
delay means for delaying a signal from the ink drop formation

25 completion time detecting means by a time AT till a vibration
of a meniscus generated in the ink drop forming process is
éﬁitched into a movement toward the nozzle opening; a
pressure generating chamber expanding signal generating means
for generating th; third voltage waveform in response to a

30 signal from the delay means; and a pressure generating
chamber contracting signal generating means for generating
the first voltage waveform in response to a print timing
signal. Accordingly, the pressure geherating chambers
contract in the area in which the menisci are moving toward
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surface*tension after they are pulled into the pressure gen- erating
chambers 15, 15 to sone extent (FIG 4F). At a point of time [err] when
the tine corresponding to the pulse width [err] of the charge signal [err]
has passed and chargi ng the piezoelectric vihrator 8 has been finished, the
term nal voltage of the piezoelectric vibrator 8 is in a so called hold
state where it is held at the power source voltage [err] Therefore, if a

di scharge $h@nfabzE2e" bpehinBs! a¢ded! tAePPhR! d2bpt BRCckebn], wberhatgithen
hold tine [err] has paSsed, "t he
menisci at the time of ink drop ejection can be positioned
near the nozzle tops as much as p0551ble. Accordingly, it is
_ possible to improve the printing speed, and it is possible to
S prevent the guality of printing from being ghanged depending

on the driving frequency.

[
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-5 charges of the piezoelectric vibrator 8 are discharged at a
- : N _-/

"l

1. An ink jet type reéording apparatus comprising:

CLAIMS

5 an’ ink jet recording head comprising at least one
pressuré generating chamber (15) communicating with' a
nozzle opening (2) and a piezoelectric vibrator (8) for
pressurizing said pressure generation chamber (15);

10 a driving signal generating means (49) for generating a
first voltage waveform for expanding said piezoelectric
vibrator (8) at a rate suitable to form an ink drop, a
second voltage for keeping said piezoelectric vibrator in
its expanded or contracted state, and a third voltage

15 waveform for contracting said piezoelectric vibrator at a
rate suitable to suck ink into said pressure generating
chamber;

an ink drop formation 'completion' time detecting means
20 (52) for detecting a point of time at which an ink drop
forming process by said first voltage waveform is

completed;

a delay means (53) for delaying a signal from said ink
25 drop fo:mation'completion time detecting means (52) by a
time AT till a vibration of a meniscus generated in said
ink drop forming process is switched into a movement

toward said nozzle opening;

30 a pressure generating chamber expanding signal generating
means (48) for generating said third voltage waveform in
response to a signal from said delay means (53); and

a pressure generating chamber contracting signal
35 ' generating means (51) for generating said first voltage

waveform in response to a print timing signal.
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cqﬁstanf.ratn so that its-terminal voltage-is decreased at a constant rate
(FIG.-4D). Thus the pressure generating cham bers 15, 15 contract to

eject ink as iHus 1B nozzl e openings. The charges of the
pi ezoel ectric vi HHE erfectly & scharged at a point of tinme [err]
when the drops jlHtt ed and the tinme corresponding to the pul se
width [err] of the discharge signal has passed. On the other hand, the
meni scus is formed in the pressure generating chanber 15 because ink
corresponding to the

2. 2An ink jet type recording apparatus according to Claim 1,

wherein said pressure generating chamber expanding signal
generating means (48) is actuated to operate by a print

5 timing signal (42) at start of printing.

3. An ink jet type recording apparatus according to Claim 1
or 2, further comprising a switching means (46,47) for
10 selecting. a signal from said delay means (52) and a print
timing signal (42), and means (60), for judging whether
data to be printed exist continuously or not to thereby
“actuate said switching means to operate, whereby when the
data to be printed is continuous said pressure generating
15 chamber expanding 'Signal generating means (48) is
actuated to operate by a signal from said delay means
. (53).
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vol'ume _0f, the ink drop is discharged fromthe pressure generating chanber
15, and the meni scus produces residual vibrations with an inherent

vi bration period dependi ng on the physical properties of the ink, the size
of the pressure generating chanber 15, and the size of the nenber consti-
tuting the pressure generating chanber 15. Therefore, as shown in FIG A4E,
the nmeni scus repeats novenent toward the outside of the nozzle opening or
toward the pressure generat@ggﬂ?%ggger si de. In order to prevent the

i nfl uence of such vibration - . .
The apparatus comprises: a driving signal generating

circuit {49) for 'generating a first voltage waveform for

expanding piezoelectric vibrators at a rate suitable to form
5 ink drops of ink, a second voltage for holding an expansion

state or a contraction state, and a third voltage waveform

for contracting the piezoelectric vibrators at a rate
suitable to suck ink into pressure generating chambers; a
discharge end detecting circuit (52) for detecting the time

10 when the process of forming ink drops by the first voltage
waveform is ended; a delay circuit (53) for delaying a signal
from the circuit(52)by a time AT till the vibration of
menisci caused by the process of forming ink drops is
' switched to the motion toward nozzle openings; a charge

15 signal generating circuit (48) for generating the third voltage
waveform on the basis of a signal from the delay circuit (53%
and a discharge signal generating circuit (51) for generating
the first voltage waveform on the basis of a print timing
signal. The third voltage waveform is generated when the

20 menisci produced after forming ink drops have started moving
toward the nozzle openings, so that ink required for the next
formation of ink drops is sucked into the pressure generating
chambers. Therefore, the force to retreat the menisci due to
the expansion of the pressure generating chambers is canceled

25 by motion of the menisci per se, and the retreat of the
menisci caused by the suction of ink can be limited to the
minimum. It is therefore possible to stabilize the positions

of the menisci independently of the frequency.
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# . é' F 1dy i s necessary to attenuate the vibration tol
f |ve any influence to the formation of a dot,
ulse width [ekr] of the charge signal [err] and héCD
- »} I ci ent degree However, the speed

NQeLiod [err] is established or the

est
hol e err] are elongated
of printing is reduced if s

charge pulse width [err]
Al ternatively, the p05|t|o

changed wi {h drj ving frag
| Fi&. |

Sﬁf”g%

the tine of eJection can be
perfornmed at a high speed.
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In this case, unlike the above- nentioned case in which the meniscus :g in
a stationary state, the position of the neniscus at the tinme of output

print timng signal is, for exanple, in the pressure generation chanber O
side, so that there occurs a new problemthat the quality of printing '
vari es depending on the frequency. That is, if a print timng signal is
out putted when the neni scus, which vihr S ﬂﬁe to the residual Vvibration
of the piezoelectric vibrator, novesfrnf- d e nozzl e openi ng, negative
pressure caused by the expansi on of the pressure
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geaehgbzgg chanber - 15 produces a force-to nove the nenis- cus towaydqthe

pressur ey generating chanber Such a force is however cancel ed by the force
of the meniscus per se to nove to the outside of the nozzle openlng due to
the above-nentioned residual vibration. The result is that the influence

of the negative pressure is reduced as nuch as p055|ble and the neni scus
Is returned, to the nozzle openlng .
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vi Br afor expands, an ink drop is forned in such a state that t ni scus
I's positioned in the nozzle opening side as nuch as possi bl e. %ﬂa i ngly,
it is possible to obtain a necessary volume of the ink drop. T 1E¢€i ng
speed, how ever, generally becones |ow. Conversely, if a print timng
signal is outputted when|the neniscys, which vibrates due to the residual
vibration, is noving towaF-g the, pregqsure generating chanber, the nove- nent
of the neni scus caused by Kh al, vibration falls on the novenent of

the meniscus toward the pre e
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generatl-ng chanber—caused by t ! by the negative pressure pro- duced by the

expans$i on of thepps®ss UasB Rﬂ?hﬁﬂdl ng chamber. so that the nmeniscus noveés o
deeply into the p |ng chanber and the return of the nenis ué
toward the nozzle mB ayed If, then, the charges of the

p| ezoel ectric vibr |scharged at a constant rate so that the

pi ezoel ectric vibrator expands an ink drop is fornmed-while t.he neniscus is
drawn into the pressure generating nber away fromthe nozzl e openi ng and
the ink drop is rendered small tn ngne even thpugh the flyihg speed
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i gh. Thus the size and speed of the formed ink droﬁt%

s greatly depending on the position of the neniscus, even if the I%D
=~ ‘piezoel ectric vibrator is driven with the sane energy. As a resuft, dots
formed on a recording nediumvary in size so that the printing quality is
| ower ed Al'so, in such a configufation in which the pressure in the
pressure generating cha %
si gnal s,

ers is chgnged correspondingly to the print timng
vibrations fro chapt struc- tures of the pressure generating
chanbers per se and hydrio ! X
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dyﬁaﬁ1e v|brat|ons of ink per se are generated, thereby causi ng vibr

of memisci ip the vicinity of the respective nozzl ¢ openings such th gﬁf
meni sci reci procate befween the{nozzle openings anél the respegtive
generating chanbers affter fotmaiion.of ink g S. As”a resylt, even i f
the sane preg$sure change is genérated' I n egch pressure genergting chanber,
the ejected iink drop |varies injits size and flying speed depgnding on the
posi - t i'onay rel ationship betwgen the assodi ated nozzle openijng and the
neniscus,for+ed in thel victnity|of the nozzlle
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opertimgys resulting in a-problemthat variations are caused in print ifnz
qualify. In order to solve such a problem it is possible to considerltTn
t echni que whereby successive ink drop formation is per- formed only after
the vibration of the neniscus, caused after
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. athe forﬁﬁtlon of the preceding ink drop, .is reduced to such JH:B ent as
'to ‘have no influence on the printing quality. This technique howevefsdras a
problemin that the printing speed is greatly reduced due to the waitiImg
time needed until the vibration of the meniscus is suppressed.
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‘SUMVARY OF THE | NVENTION  The present invention was nade in M5 T he

.-af oremen-"tioned probl enms” acconpanyi ng the conventi onal appar at us.

" Therefore, an object of the present invention is to provide a novel ink jet
type recordi ng apparatus in which an ink drop is fornmed normally when the
meni scus cones into a prede- term ned stiate i ndependetly of the vibration
of the pressure generating chanber and the hydrodynam c vibration of ink

per se. " INK JET TYPE RECORDING APPARATUS
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The present invention relates to

an ink jet type recording apparatus.

Date:

An on-demand ink jet type recording head is
constituted by a nozzle plate in which a plurality of nozzle
openings are formed in one and the same substrate and a
spacer for forming pressure generating chambers communicated
with the respective nozzle openings so that the pressure
generatlng chambers are expanded/ contracted in accordance
with print timing s;gnals to thereby perform suction/ejection
of ink into/from the pressure generating chambers.

Fig. 1 shows one example of a known ink jét type
recordihg head, and in Fig. 1 the reference numeral 1
represents a nozzle plate having nozzle opening arrays 3, 3,
3 ... each of which is provided with nozzle openings 2, 2, 2
... formed at a predetermined pitch, for example, 180 DPI.’

The reference numeral 4 represents a spacer which is
to be disposed between a vibration plate 5, which will be
described later and the nozzle plate 1, in which spacer 4
fhrough hole arrays 6, 6, 6 ... for forming reservoirs (not
shown) or pressure generating chambers corresponding to the
nozzle arrays are formed in the positions corresponding to
‘the nozzle opening arrays 2, 2, 2 .... ' '

The reference numeral 5 represents a v;brat;on plate
which is to form the pressure generating chambers by facing
to the nozzle plate 1 through the spacer 4. The vibration
plate 5 'is disposed so as to be in contact with the tops of
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Anot her object of the invention is to provide an ink jet type recording
head having a driving circuit capable of form ng consistent ink drops at
rapid repetition rate The above and ot her objects can be acconplished by
a provision of an ink-jet type recordi ng apparatus havi ng an ink jet
recordi ng head which, according to the pmesent invention, includes a
pressure generating chanber conmu- nicating with a nozzle opening and a
pi ezoel ectric vibrator for pressurizing the pressure generation chanber, a

driving signghegg0ecat-i8 YeBRathb¥s $EN%,2lg N9 .2 Jf Hile U145 ¥ S brator
units 7, 7, 7 ... which will be described later to thereby
contract/expand the pressﬁre generating chambers in response
to the expansion/contraction of the piezoelectric vibrators
8,8 8 .... -

The reference numeral 9 represents a substrate
provided with unit reception holes 10, 10, 10 ... for
receiving the vibrator uhits 7, 7, 7 ... so as to expose the
free end sides of the piezoelectric vibrators 8, 8, 8 ...,
and an ink supply port 11 for supplying ink from an ink tank
into the reservoirs. On the surface of the substrate 9, the
vibration plate 5, the spacer 4 and the nozzle plate 1 are
positioned and fixed by a frame body 12 which acts alsc an
electrostatic shield so as to be assembled into a recording
head body, so that pressure generating chambers 15 are formed
by the spacer 4, the nozzle plate 1 and the vibration plate 5
as shown in Fig. 2, the chambers being supplied with ink from
reservoirs 17, 17 through ink supply ports 16, 16.

Fig. 3 shows a driving signal generating circuit
suitable to drive the above-mentioned recording head. 1In
Fig. 3, the reference numeral IN; and IN, represent a print
preparation signal input terminal and a print signal input
terminal to which a pulse-shaped charge signal P, as a print
preparation signal and a pulse-shaped discharge signal P, as
a print signal are respectively applied in accordance with a
print timing signal as shown in Fig. 4A.

. The reference numeral 21 represents a level adjusting
transistor which has a base electrode connected to the input
terminal IN; and a collector electrode connected to a base
electrode of a first switching transistor 22. Emitter and
collector electrodes of the first switching transistor 22 are
connected to a power source terminal Vz through a time
constant adjusting resistor 23 and to the ground through a
time coﬁstant adjusting capacitor 24 respectively. The
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formfor expanding the piezoelectric vibrator at a rate suitable to form an
I nk drop, a second voltage for keeping the piezoelectric vibrator inits
expanded or contracted state, and a third voltage waveform for contracting
the piezoelec-. tric vibrator at a rate suitable to suck ink into the

pressure generating chanber, an ink drop3fornmation conpletion tine
detecting neans for detecting a point of time at which an ink drop form ng

process by rdeferidncel nudldmge 28 RiptidBdnt £ AMRIGHAGN 2 Eft At AN

ey by & eHafallse o Thieh WS PR Y 'Rt Connedta T Hhe
power source terminal Vz, a collector electrode connected to
the collector electrode of the level adjusting transistor 21,
and a base electrode connected to the power source terminal
Vp through the time constant adjusting resistor 23.

On the other hand, a second switching transistor 26
has a base electrode connected to the input terminal IN,, a
collector electrode connected to the time constant adjusting
capacitor 24, and an emitter electrode connected to the
ground through a second time constant adjusting resistor 27.

The reference numeral 28 represents a constant
‘current control transistor having a collector electrode
connected to the input terminal IN,, an emitter electrode
connected to the ground, and a base electrode also connected
to the ground through the second time constant adjusting
resistor 27.

The reference numerals 29, 30, 31 and 32 represent
transistors éonstituting a current buffer for amplifying a
current at the time of charging and discharging the capacitor
24. In the illustrated embodiment, the transistors 29 and
30, and 31 and 32 are Darlington-connected to have enough
current capacitance to drive piezoelectric vibrators of the
ink jet recording head to be driven.

The operation of the thus configured driving signal
ggqerating circuit will be described. 1If the recording head
moves by a unit distance, a print timing signal (Fig. 4A) for
forming a dot is generated from a host. A charge signal P,
(Fig. 4B) of a pulse width T_ is generated in synchronism
with the print timing signal. This pulse width T. is set to
an enough time to such ink into a pressure generating chamber
if a piezoelectric vibrator is of a d3l type in which the
vibrator is contracted by charging. If this signal is
supplied to the input terminal IN;, the level adjusting
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‘[err] until a vibration of a meniscus generated in the ink drop forning
process is swtched into a novenent toward the nozzl e opening; a pressure
.generating chanber expandi ng signal generating neans for generating the
third voltage waveformin response to a signal fromthe delay neans; and a
pressure generating chanber contractings4signal generating neans for
generating the first voltage waveformin response to a print timng signal.

Since ink @%88%@@%:“ 21 Q" @ggﬂedaoigcﬁﬁﬁdhgﬂcla“%h‘ér ¥ st Swikedhing o the
pressure generating chanber a point o

transistor 22 is also turned on. Consequently, the power
source voltage of the power source terminal Vy is applied to
the capacitor 24 through the time constant adjusting resistor
23 so that this capacitor 24 is charged with a time constant
depending on the resistor 23 and the capacitor 24.

The time constant adjusting resistor 23 is connected
at its opposite ends to the constant current control
transistor 25 so that the terminal voltage across the
resistor 23 is maintained to the voltage between the base and
emitter electrodes of the transistor 25 and the current
flowing into the capacitor 24 becomes constant without
changing as time goes. As a result, the leading edge
gradient Tl of the terminal voltage (V) of the capacitor 24
can be expressed by the following equation:

Tl = Vi /(R; x C)
where R; represents thg resistance of the resistor 23, C,
represents the capacitance of the capacitor 24, and Vpp
represents the base-emitter voltage of the constant current
transistor 25. The pulse width P, of the charge signal P. is
set to an enough time to charge the capacitor 24 up to the
voltage V, of the power source terminal Vj.

After the time corresponding'to the pulse width T. of
the charge signal P, has thus passed, the terminal voltage of
the capacitor 24 is increased up to the power source voltage
Vp. The charge signal P, is switched to an L level at this
time, so that the level adjusting transistor 21 is turned
off, and hence the first switching transistor 22 is also
turned off. As a result, the capacitor 24 keeps the voltage
Tx T, =V o

If a discharge signal P, (Fig. 4C) as a print signal
is supplied to the terminal IN; when a predetermined time P,
has passed since the charge signal P, was turned off, the
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|ge when the neniscus fornmed after formation of a pre-

second transistor 26 is turned on to form a loop for
discharging the charges of the capacitor 24.

As a result, the charges accumulated in the
'capacitance Cc, are discharged through the time constant
adjusting resistance 23. At the same time, the constant
current control transistor 28 is turned on so that the
terminal voltage of the second time constant adjusting
resistor 27 is made equal to the base-emitter voltage Vg Of
the transistor 28 by the same effect as the above-mentiocned
effect of the first constant current control transistor 25,
so that the terminal voltage (V) of the capacitance C; is
dropped straight with a constant gradient.

That is, the tailing edge gradient T2 can be
expressed by the following equation:

T2 = = Vi/(Ry x Cy)
where R, represents the resistance of the second time
constant adjusting resistor 27, C, represents the capacitance
of the capacitor 24, and Vg, represents the base-emitter
voltage of the constant current transistor 28.  The pulse
width P,y of the discharge signal P; is set to an enough time
to discharge the capacitor 24 down to zero potential.

The voltage changing at.a predetermined leading edge
speed.and a trailing edge speed depending on the time
constant adjusting resistors 23 and 27 and the capacitor 24
in such a manner as described above is amplified by the
transistors 29 and 30, and 31 and 32 respectively
constituting a current buffer, and applied to the
piezoelectric vibrators 8, 8 (Fig. 2).

If a charge signal P. is applied to the terminal IN,
at the time T1 synchronously with a print timing signal in
the case the thus configured driving signal generating
circuit is applied to a pull-dotting system ink jet recording .
head, a constant current flows into the piezoelectric |
vibratof 8, and the terminal voltage (Fig. 4D) of the

I
t1as Been Re‘laced This is the replacement sheet

" o 2307



ceding ink drop begins to nove to the nozzl e opening side. the force noving
t he neni scus back at this tine is cancel ed by the novenent of the neniscus
per se. As a result, the retreat of the neniscus due to the suction of the
ink into the pressure generating chanber can be suppressed to the mini- num
and the neniscus can be reliably positiomned stably in the vicinity of the
nozzl e opening at the tinme of ink ejection, independently of the val ue of
the driving frequency. BRI EF DESCRI PTI ON OF THE DRAW NGS

piezoelectric vibrator 8 increases at a constant rate. The
vibration plate 5 contracts at a constant rate
correspondingly so as to be transformed downward in Fig. 2.
The volumes of the pressure generating chambers 15, 15 are
expanded.correspondingly and negative pressure is generated
in the pressure generating chambers 15, 15 so that the ink in
the reservoirs 17, 17 flows into the pressure generating

- chambers 15, 15 through the ink supply ports 16, 16, and at
the same time the menisci of the nozzle openings 2, 2 are '
pulled into the pressure generating chambers 15, 15.

The menisci move toward the nozzle openings because
of surface tension after they are pulled into the pressure
generating chambers 15, 15 to a some extent (Fig. 4E).

At a point of time (T,) when the time corresponding
to the pulse width P, of the charge signal P, has passed and
charging the piezoelectric vibrator 8 has been finished, the
terminal voltage of the piezoelectric wvibrator 8 is in a so
called hold state where it is held-at the power source
voltage V,. Therefore, if a discharge signal P, is applied
at a point of time (T;) when a given hold time P, has passed,
the charges of the piezoeiectric vibrator 8 is discharged at
a constant rate so that its terminal voltage is decreased at
a constant rate (Fig. 4D). Thus the pressure generating
chambers 15, 15 contract to eject ink as ink drops from the
nozzle openings.

. The charges of the piezoelectric vibrator 8 is
perfectly discharged at a point of time (T;) when the drops
of ink are ejected and the time corresponding to the pulse
width P,y of the.discharge signal has passed.

On the othe; hand, the meniscus is formed in the
pressure generating chamber 15 because ink corresponding to
the volume of the ink drop is discharged from the pressure
generat%ng chamber 15, and the meniscus produces residual
vibration with inherent vibration period depending on the

\\||\|\ni‘ii\f\iﬁ\i\ﬁ”“ . e



FIG 1is an expl oded perspective view illustrating a known ink jét type
recording head to which a driving circuit according to the present

Lnvention can be appli ed; FIG 2 is an enlarged sectional view
i 'tustrating the nei ghborhood of pressure generating chanbers in the appa-
ratus shown in FIG 1; FIG 3 is acipcuit diagramillustrating an

exanpl e of a conventional driving circuit for generating a trapezoid driv-
ing signal vidae@ ©bF Phiyedcdl @roiRiFRd dfyRad MK SttHe i £h ngf hetesl;
pressure generating chamber 15, and the size of member
constituting the pressure generating chamber 15. Therefore,
as shown in Fig. 4E, the meniscus repeats movement toward the
outside of the nozzle opening or toward the pressure
generating chamber side.

In order to prevent the influence of such vibration
of meniscus, time P, which is necessary to attenuate the
vibration to an enough extent not to give any influence to
the formation of a dot is established, or the pulse width P,
of the charge signal P, and the hold time P, are glongated
enough. ' -

However, the speed of printing is reduced if such a
pause period P, is established or the charge pulse width P,
and the hold time P,;, are elongated, or the position of
meniscus at the time of ejection is changed with a driving
frequency if typing is performed at a high speed. In this
case, unlike the above- mentioned case in which the meniscus
is in a stationary state, the position of the meniscus at the
time of output of a print timing signal is, for example, in
the pressure generation chamber side, so that there occurs a
new problem that the quality of printing varies depending on
the frequency.

" That is, if a print timing signal is outputted when
the meniscus which vibrates due to the residual vibration of
phe piezoelectric vibrator moves toward the nozzle opening,
negative pressure caused by the expansion of the pressure
generating chamber 15 produces a force to move the meniscus
toward the pressure generating chamber. Such a force is
however canceled by the force of the meniscus per se to move
to the outside of the nozzle opening due to the above-
mentioned residual vibration, so that the influence of the
negati#e pressure is reduced as much as possible, and the
meniscus is returned to the nozzle opening side at once.

“‘s\iﬁﬁiﬁﬁmﬁ\eﬁird | :::s m: :p::m; sheet



FI GS. 4A-4E are explanatory diagrans illustrating con- ventional print
timng in a conventional ink jet recording apparatus FIG 5is a
constituent diagramillustrating a first enbodi- nment of the present
invention; . FIGS. 6A-6F are diagrans illustrating the operation of the
apparatus shown in FIG 5 with respect t@ print timng. FIG 7 is an
arrangenment diagramillustrating a second enbodi ment of the present

i nvention; . FIG 8 is a diagramillustrating the operation of the

Next, if the charges of the piezoelectric vibrator are
discharged at a constant rate so that the piezoelectric
vibrator expands, an ink drop is formed in such a state that
the meniscus is positioned in the nozzle opening side as much
as possible. -Accordingly, it is possible to obtain a
necessary volume of the ink drop. At this time, generally,
the flying speed becomes low.

~ On the other hand, if a print timing signal is
outputted when the meniscus which vibrates due to the
residual vibration is moving toward the pressure generating
chamber, the movement of the meniscus caused by the residual
vibration falls on the movement of the meniscus toward the
pressure generating chamber caused by the negative pressure
produced by the expansion of the pressure generating chamber, .
so that the meniscus moves deeply into the pressure
generating chamber and the return of the meniscus toward the
nozzle opening is delayed. Next, if the charges of the
piezoelectric vibrator are discharged at a constant rate so
that the piezoelectric vibrator expands, an ink drop is
formed while the meniscus is drawn into the pressure
generating chamber away from the nozzle opening and the ink
drop is made small in volume so that the flying speed becomes
high.

Thus the size and speed of the formed ink drop vary
largely depending on the position of the meniscus even if the
piezoelectric vibrator is driven with the same energy, and as
é result, dots formed on a recording medium vary in size so
that the printing quality is lowered. _

In such a configuration in which the pressure in the
pressure generating chambers is changed correspondingly to
the print timing signals, vibrations as mechanical structures
of the pressure generating chambers per'se and hydrodynamic
vibrations of ink per se are generated to thereby cause
vibrations of menisci in the vicinity of the respective

W e eemee



apparatus shown in FIG 7 with respect to print timng; - FIG 9 is a
sectional viewillustrating an exanple of a push-dotting systemink jet
recording head to which the present invention can be applied; and FI GS
10A- 10F are diagrans illustrating a third enbodi- nment of the present
invention with respect to print timng -g DESCRI PTION  OF THE
PREFERRED EVMBODDI MENTS The present invention wll

be described in detail with :
nozzle openings to reciprocate between the nozzle openings

and the respective pressure generating chambers after
formation of ink drops. _

As a result, even if the same pressure change is
generated in each pressure .generating chamber, the ejected
ink drop varies in its size and flying speed erending on the
positional relationship between the associated nozzle open;gg
and the meniscus formed in the vicinity of the nozzle
ocpening, resulting in a problem that variations are caused in
printing quality.

In order to soclve such a problem, one could
consider a technique in which a succeeding ink drop formation
is performed after the vibration of meniscus caused after the
formation of the preceding ink drop is reduced to such an
extent as to give no influence on the printing guality. This
technique however has a problem in which the printing speed
is largely lowered because waiting time becomes necessary
till the vibration of the meniscus is suyppressed.

v

The present invention was made in wview of the
aforementioned problems accompanying the conventional
apparatus. The invention therefore provides an ink jet type
recording apparatus according to independent claim 1. Further
advantageous features, aspects and details of the invention are
evident from the dependent claims, the description and the
drawings. The claims are intended to be understood as a first
non-lmiting approach of defining the invention in general

terms.

The invention provides a recording apparatus using an on-
demand ink jet type recording head, and more particularly an
ink jet type recording head having a driving circuit for
forming ink drops at rapid repetition rate.
/ . " .
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respect to its enbodinents illustrated in the draw ngs. FIG 5 shows an
enbodi ment of a driving circuit accord- ing to the present invention, by
which it is possible to inprove the printing speed w thout inducing the
deteriora- tion of printing quality, by making positive use of the

vi bration of the neniscus caused by suchi@ residual vibra-

An aspect of the present invention is to provide a novel
ink jet type recording apparatus in which an ink drop is formed
normally when the meniscus comes into a predetermined state
independently of the vibration of the pressure generating.
chamber and the hydrodynamic vibration of ink per se.

Another aspect of the invention is to provide an ink jet
type recording head having a driving circuit capable of forming
ink drops at rapid repetition rate.

According to a specific aspect of the invention an ink-jet
type recording apparatus is provided which has an ink jet
recording head which,

S
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-9- tionIn FIG 5, the reference nuneral 43 represents a first stage
shift register which outputs a print data presence/ absence signal
i-ndi cati ng the presence/ absence of print data

11

includes a pressure generating chamber

communicating with at least one nozzle opening and a piezoelectric
vibrator for pressurizing thé-pressure generation chamber; a
driving signal generating means for generating a first
voltage waveform for ekpanding the piezoelectric vibrator at
a rate suitable to form an ink drop, a second voltage for
keeping the piezoelectric vibrator in its expanded or
contracted state, and a third voltage waveform for
contracting the piezoelectric vibrator at a rate suitable to
suck ink into the pressure generating chamber; an ink drop
formation completion time detecting means for detecting a
point of time at which an ink drop forming process by the
first voltage waveform is completed; a delay means for
delaying a signal from the ink drop formation completion time
detecting means by a time AT till a vibration of a meniscus
generated in the ink drop forming process is switched into a
movement toward the nozzle opening; a pressure generating
chamber expanding signal generating means for generating the
third voltage waveform in response to a signal from the delay
means; and a pressure generating chamber contracting signal
generating means for generating the first voltage waveform in
response to a print timing signal.

Since ink necessary for forming a succeeding ink drop
is sucked into the pressure generating chamber at a point of
time when the meniscus formed after formation a preceding ink
drop begins to move to the nozzle opening side, the force to
make the meniscus back caused at this time is canceled by the
movement of the meniscus per se. As a result, the retreat of
the meniscus due to the suction of the ink into the pressure
generating chamber can be suppressed to the minimum.and'the
meniscus can be always positioned stably in the vicinity of

~ the nozzle opening at the time of ink ejection independently
of the value of the driving frequency.

.
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supplied to a termnal 44, in synchronismwth a print timng si gnal

whi ch is produced every tinme a recording head traverses a unit distance
and which is supplied froma term nal 42. This print data presence/ absence
signal indi- cates the presence/ absence of print data in the case of
~driving at |east one of a plurality of pizzoelectric vibrators 8, 8
connected to a driving signal generating circuit 49 which will be descri bed
| ater The output of this shift register 43 and the print timng signal are
supplied into a first AND gate 40, and a print section signal froma

termnal 41, thatiﬁ%gfil is an exploded perspective view illustrating a
known ink jet tYpe recording head to which a driving circuit
according to the present invention can be applied;

Fig. 2 is an enlarged sectional view illustrating the
neighborhood of pressure generating chambers in the apparatus
shown in Fig. 1; _

Fig. 3 is a circuit diagram illustrating an example .
of a conventional driving circuit for generating a trapezoid
driving signal in order to drive an on-demand type ink jet
recording head; ' :

Fig. 4 is an explanatory diagram illustrating
conventional print timing in a conventional ink jet recording
apparatus;

Fig; S is a constituent diagram illustrating a first
embodiment of the present invention; '

Fig. 6 is a diagram illustrating the operation of the
apparatus shown in Fig. 5 with respect to print timing;

Fig. 7 is an arrangement diagram illustrating a

second embodiment of the present invention;
Fig. 8 is a diagram illustrating the operation of the

apparatus shown in Fig. 7 with respect to print timing;
Fig. 9 is a sectional view illustrating an example of
a push-dotting system ink jet recording head to which the

present invention can be applied; and
Fig. 10 is a diagram illustrating a third embodiment

of the present invention with respect to print timing.

The present invention will be described in detail
with respect to its embodiments illustrated in the drawings.

Fig. 5 shows an embodiment of a driving circuit
according to the present invention, by which it is possible
to imprdve the printing speed without inducing the

T



signal indicating that the recording head is traversing an area to be

printed,

Is further supplied to the firt AND gate 40. Thus the first AND

gate 40 outputs a signal corresponding to the print timng signal if there
I s"print data. The print section signal of the termnal 41 is also

supplied

to a second AND gate 45, and fusther supplied to a flip flop 47

t hrough an edge detecting circuit 54. The edge detecting circuit 54
detects the point of tine when the print section signal is outputted, that
is, the point of tine when the recording head enters the area to be

printed. and d&@frid¥ation of printing quality by positive use of the

vibration of meniscus caused by such a residual vibration.

In Fig. 5, the reference numeral 43 represents a first stage
shift register which outputs a print data presence/absence
signal indicating the presence/absence of print data supplied
to a terminal 44,'in synchronism with a print timing signal
which is produced every time a recording head runs over a
unit distance and which is supplied from a terminal 42. This
print data presence/absence signal indicates the presence/
absence of print data in the case of driving at least one of
a plurality of piezoelectric vibrators 8, 8 conne¢ted to a
driving signal generating circuit 49 which will be described
later. The output of this shift register 43 and the print
timing signal are supplied into a first AND gate 40, and a
print section signal from a terminal 41, that is, a éignal
indicating that the recording head is_runnihg on an area to
be printed, is further supplied to the first AND gate 40.
Thus the first AND gate 40 outputs a signal corresponding to
the print timing signal if there is print data.

The print section signal of the terminal 41 is also
supplied to a second AND gate 45, and further supplied to a
flip flop 47 through an edge detecting circuit ‘54. The edge
detecting circuit 54 detects the point of time when the print
section signal is outputted, that is, the point of time when
the recording head enters the area to be printed, and then
the edge detecting circuit 54 sets the flip flop 47. The
oﬁtput of the flip flop 47 is supplied to a terminal S of a

- selector 46 which selects one of the output of the first AND

gate 40 if the terminal S is in an H level and the output of
the second AND gate 45 if in L level and which supplies a
charge trigger signal to a charge signal generating circuit
48 which acts as means for generating a pressure generating -
chamber expanding signal.

This is the replacemsnt sheet
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edge detecting circuit 54 sets the flip flop 47. The output of the flip
flop 47 is supplied to a termnal S of a selector 46 which selects one of
the output of the first AND gate 40 if the terminal Sis in an Hlevel and
the output of the second AND gate 45 if Sis in an L level. The sel ector
46 supplies a charge trigger signal to aacharge signal generating circuit
48 whi ch acts as neans for generating a-pressure generating chanber
expandi ng si gnal . The charge signal generating circuit 48 is actuated to

operate by the chargerfdi 9oL 8! IGhal QOREPE PR CCILLuE 58 is actuated
to operate by the charge trigger signal from the selector 46
so as to supply a charge signal P, of a pulse width of P, to
a terminal IN, of the driving signal generating circuit 49
having the same structure as that shown in Fig. 3.

The reference numeral 50 represents a first delay
circuit which delays the output of the first AND gate 40 in
accordance with the above-mentioned print timing signal by a
predetermined time (P, + P,) to form a discharge trigger
signal which is in turn supplied to a discharge signal
generating circuit 51 which acts as means for generating a
pressure generating chamber contracting signal. The .
discharge signal generating circuit 51 is actuated to operate
by the discharge trigger signal from the first delay circuit
50 so as to supply a discharge signal Py of a pulse width P
which is enoﬁgh to eject an ink drop to a terminal IN; of the
driving signal generating circuit 49. ' ' '

The reference numeral 52 represents a discharge end

. detecting circuit which acts as means for detecting the end
time of the formation of an ink drop, which circuit detects
the time of the trailing edge of the discharge signal P;, and
outputs a signal in response to the end of the discharge,
that is, the end time of the ejection of an ink drop, which
signal is supplied to a reset terminal R of the flip flop 47
through a second delay circuit 53, and is also supplied to
the second AND gate 45 to be made into a next trigger signal.

The delay time of the second delay circuit 53 is set
to the time delayed by a time AT from the end time of
diséharge, so that the next charge trigger signél is supplied
from the second AND gate 45 when the vibration of a.meniscus
caused by the ejection of an ink drop from a nozzle opening
begins to move toward the nozzle opening after the discharge
is ende?, that is, after the ejection is finished. The

reference signs T., T. in the drawing represent transistors
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as to supply a charge signal [err] of a pulse width of [err] to a termna
[err] of the driving signal generating circuit 49 having the sane
structure as that shown in FIG 3. The reference nuneral 50 represents a
first delay circuit which delays the output of the first AND gate 40 in
accor- dance with the above-nentioned primt timng signal by a
predetermned tined [err] ta forma discharge trigger signal which is in
turn supplied to a discharge signal generating circuit 51 which acts as

neans for generatin essur enerating chanper contracting signal. The
di s- g“’h%- ?‘ I% Tudhe d‘on %19 respectigve print data supplf(.:]ed g

respective terminals D,, D; in synchronism with a print
timing signal to apply the output of the driving signal
generating circuit 49 to piezoelectric vibrators 8, 8 ...
destined for printing.

Next, the operation of the thus configured apparatus
will be described with reference to the timing diagram shown
in Fig. 6.

If an instruction to perform printing on a given area
is Supplled to a printer from a host computer, an instruction
to move a recording head toward the area to be printed is
given from a control portion (not shown) so that the
recording head starts to move to the area to be printed. If
the recording head reaches the position where printing is to
be started, a print section signal is supplied to the
terminal 41. The flip flép 47 is set by this print section
signal so that the terminal S of the selector 46 is brought
into an H level. Conseguently, the output of the first AND
gate 40 is selected as a charge trigger signal to actuate the
charge signal generating circuit 48 to operate.

At the time of printing the first dot, if a charge
trigger signal from the first AND gate 40 is supplied to the
charge signal generating circuit 48 through the selector 46
in accordance with a print timing signal (Fig. 6A) of the
terminal 42, a charge signal P, (Fig. 6C) of a pulse width P,
i-.s supplied to the terminal IN, of the driving signal
generating circuit 49 from the charge signal generating
circuit 48 in response the charge trigger signal. Thus the
driving signal generating circuit 49 outputs a charge voltage
signal with a constant inclination from a point of time T,
(Fig. 6E). Though this charge voltage signal is supplied to
each piezoelectric vibrator 8, the other terminal of each
piezoelectric vibrator 8 is connected to its associated
transistor T:, and print data for forming dots are supplied

"l .



charge signal generating circuit 51 is actuated to operate by the

di scharge trigger signal fromthe first delay circuit 50, so as to supply
a discharge signal [err] of a pulse width [err] which is enough to eject
an ink drop to atermnal [err] of the driving signal generating circuit

49. 16

to the terminals D;, D, ... in advance, so that only those
connected to the turned-on T, are charged selectively.

The charged piezoelectric vibrator 8 contracts at a
éonstant rate to expand the pressure generating chamber 15 at
a constant rate as mentioned above. Thus enough charging is
compléted.up to the power source voltage V, in the stage (T,)
in which the time corresponding to the pulse width P,. of the
charge signal P. has passed, and this voltage Vy; is held
thereafter.

The first delay circuit 50 supplies a discharge
trigger signal to the discharge signal generating circuit 51
in the stage (T3;) in which the time defined in the first
delay circuit 50 has passed from the point of time when the
charge trigger signal is supplied from the first AND gate 40.
The discharge signal generating circuit 51 supplies a
discharge signal P, (Fig,-GD) having a pulse width P, to the
terminal IN, of the driving signal generating circuit 49 in
response to this discharge trigger signal. Consequently, the
driving signal generating circuit 49 generates a discharge
voltage signal with a constant inclination by which the
charges accumulated in the piezoelectric vibrator 8 are
discharged at a constant rate so that the_piezoeléctric
vibrator 8 expands at a constant rate (Fig. 6E). The
pressure generating chamber 15 contracts in accordance with
the expansion of the piezoelectric vibrator 8 so that an ink
drop is ejected from the nozzle opening 2. )

At a point of time (T,) when the time defined by the
pulse width of the discharge signal P, has passed, the
discharge end detecting circuit 52 detects the trailing edge
of the discharge signal and outputs a signal. .This.output
signal is delayed by a predetermined time AT by the second
delay circuit 53 (Fig. 6B), and supplied to the reset
terminal R of the flip flop 47 to reset the latter so that
the terminal § of the selector 46 is brought into an L level
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- 10 - - The reference nuneral 52 represents a discharge end detecting
circuit which acts as neans for detecting the end tine of the formation of
an ink drop. which circuit detects the time of the trailing edge of the

di scharge signal [err] and outputs a signal in response to the end of the
di scharge, that 17

to make the selector 46 select the output of the second AhD
gate 45 thereafter.

The output signal of the second delay circuit 53 also
supplied to the second AND gate 45 at the same time is
supplied to the charge signal generating circuit 48 which is
used as a charge tfigger signal as it is. Consequently, a
charge signal P, (Fig. 6C) is outputted from the charge
signal generating circuit 48 at a point of time T,’ in the
area in which the meniscus is moving toward the nozzle
opening (the area referenced by the sign a in Fig. 6).

At a point of time when the piezoelectric’ vibrator 8
starts to contract in response to this charge signal P, as
shown in Fig. 6F, the meniscus is vibrating due to the
previous formation of an ink drop, and the meniscus is moving
toward the nozzle opening 2 from the pressure generating
chamber 15, so that if the pressure generating chamber 15 is
expanded by the charge signal P, at this time, the force to
retreat the meniscus due to this expanSion is canceled by the
force for the meniscus to move toward the nozzle opening
after the above ejection of ink. Therefore, the quantity of
the retreat of the meniscus caused by the expansion of the
pressure generating chamber 15 becomes so small as to return
to the nozzle opening quickly. That is, this means that it
is possible to shorten the duration of the charge signal P..
The piezoelectric vibrator 8 is charged enough up to the
power source voltage V, and is in the hold state at a point
of time (T,’) when the time corresponding to the pulse width
P,. of the charge signal P, has passed.

Thereafter, if print data exist at a point of time
(T3°) when a print timing signal is inputted, a discharge
signal P, is outputted at a point of time T,’ when the time
defined by the first delay circuit 50 has passed, so that the
piezoelectric vibrator 8 is expanded to compress the pressure
generating chamber 15 to thereby eject an ink drop. Since
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Is the end tinme of the ejection of an ink drop, which signal 1is supplied
to areset termnal Rof the flip flop 47 through a second delay circuit
53, and is also supplied to the second AND gate 45. to function as the
next trigger signal. The delay tinme of the second delay circuit 53 is
set tothe tine delayed by a tine [erragromthe end tine of discharge,
so that the next charge trigger signal is supplied fromthe ‘second AND
gate 45 when the vibration of a neniscus caused by the ejection of an ink
drop froma nozzle opening begins to nove toward-the nozzle openlng after
the dis- the process of expanding the pressure generatlng chamb

is completed at the point of time T,’, it is possible to
eject an ink drop if a print timing signal is inputted in the
stage (T;") before an illustrated normal print timing signal
is inputted. .

Although this ejection of an ink drop causes the
vibration of the meniscus in the nozzle as mentioned above, a
signal is supplied from the second delay circuit 53 to the
second AND gate 45 again when the time AT has passed from the
end time of outputting a discharge signal Py, and a charge
signal P, is ‘supplied to the charge signal generaﬁing circuit
48 through the selector 46 from the second AND gate 45, so
that the process of expanding the pressure generating chamber
15 is executed in the area a shown in Fig. 6 in which the
meniscus is moving toward the nozzle opening.

That is, unlike the conventional case whgre the
pressure generating chamber 15 is expanded at the timing of
the succeeding print timing signal-after formation an ink
drop, the time to start the operation of expanding the
pressure generating chamber 15 is defined on the basis of the
end time of the previous operation of forming an ink drop
according to the present invention as described above, sO
that the pressure generating chamber 15 can be expanded when
the meniscus caused by the preceding formation of an ink drop
is moving toﬁard the nozzle opening. Accordingly, the force
to retreat the meniscus caused by the expansion of the
pressure generating chamber 15 can be canceled by the motion
of the meniscus per se. Even if the pulse width P,
short, therefore, it is possible to expand the piezoelectrié
vibrator 8 to eject an ink drop in the state that the
meniscus has been returned to the nozzle top. Further, the
éosition of the meniscus can be made constant at the time of
the ejection independently of the driving frequency.
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charge is ended, that is, after the ejection is finished. The reference
signs [err] in the drawing represent transistors which are turned on by
respective print data supplied to respective termnals [err] in
synchronismw th a print timng signal to apply the output of the driving
signal generating circuit 49 to piezoeleetric vibrators 8 8 ... destined
for printing. Next, the operation of the thus configured apparatus wll
be descrlbed with reference to the ti mng diagram shown in FIG 6.

The driving circuit of the present invention can be
applied to the known ink-jet type print head as shown in
Figs. 1 and 2.

Fig. 7 shows a second embodiment of the present
invention. In Fig. 7, the reference numeral 60 represents a
print data monitoring means constituted by a second stage
shift register 61 connected in cascade to the above-mentioned
shift register 43, and a NAND gate 62 for detecting whether_
there are signals in all those shift registers 43 and 61 or
not, so that the means 60 outputs an L signal only in the
case where there are a plurality of continuous print data,
two continuous dots in this embodiment. The signal from this
print data monitoring means 60 is supplied to the ter@inal S
of the selector 46 through an OR gate 63 together with a
signal from the above-mentioned flip flop 47.

If the recording head starts moving for performing
printing and reaches the position which is immediately before
the area to be printed, a print data presence/absence signal
starts to be supplied to the terminal 44, and a matter to be
recorded in the first recording position is stored in the
shift register 43 in synéhronism witH a print timing signal.
In the next print timing, that is, in the stage in which the
recording head has reached the area to be printed, a print
data presence/absence signal aimed in the present print
timing is stored in the shift register 61, and another print
data presence/absence signal aimed in the next print timing.
is stored in the shift register 43.

The current and succeeding print data
presence/absence signals are stored in the print data
monitoring means 60 in the print area in such a manner, and
the print data means 60 supplies these two signals to the
NAND gate 62 so as to judge whether there are continuous dots
to be formed or not. '
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If an instruction to performprinting on a given area is supplied to a:
printer froma host conputer, an instruction to nove a recording head
toward the area to be printed is given froma control portion (not shown)
so that the recording head starts to nove to the area to be printed. If
the recording head reaches the positionaghere printing is to be started, a
print section signal is supplied to.the termnal 41. The flip flop 47

is set by this print section signal so that the termnal S of the

sel ector 46 is brought into an HlevelL Conseguently, the P f he
first AND gate 40 A delleted $k902k hed g%“??lr’g%‘gr%%m {fe nAND Pided'sd

to the OR gate 63 only when there are continuous dots to be
-formed. In this case,.the terminal.s of the selector 46
becomes coincident with the output signal level of the flip
flop 47 to perform the operation similar to the embodiment
‘'shown in Fig. 5. That is, a charge trigger signal is
supplied to the charge signal generating circuit 48 when the
time (AT) required for the meniscus caused by the previous
formation of an ink drop to move toward the nozzle opening
has passed from the end time of the operation of the ink drop
formation. Although a signal is also supplied from the first
AND gate 40 in such a case of continuous dots to be printed,
a signal from the second gate 45 is selected by the selector
4é'in advance in such a case of continuous dots to be
. printed, so that the charge signal generating circuit 48
operates on the basis of the ink drop ejedting operation
immediately before.

On the other hand, if.there are no continuous dots to
be formed, the NAND gate 62 supplies an H level signal to the
OR gate 63. 1In this case, since the terminal S of the
selector 46 is brought into an H level, the output from the
first AND gate 40 is selected as a charge trigger signal.
That is, if the next print timing has no dot to be printed, a
charge trigger signal is prevented from being outputted till
there occurs a print timing having a dot to be printed like
in the conventional case. As a result, in the case where
blanks continue over a plurality of bits so that it is not
necessary to eject ink, the piezoelectric vibrators 8, 8 are
kept in the no-voltage staté as shown in Fig. 8, so that no
unnecessary voltage is applied to the piezoelectric vibrators

'8, 8 and it is possible to elongate the life time of the
piezoelectric vibrators 8, 8.

. Not to say, since the piezoelectric vibrators 8, 8
are put'in the pause state over several continuous bits, when
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signal to actuate the charge signal generating circuit 48 to oper at e.

At the time of printing the first dot, if a charge trigger signal fromthe
first AND gate 40 is supplied to the charge signal generating circuit 48

t hrough the selector 46 in accordance with a print timng signal (FIG 6A)
of the termnal 42, a charge signal [erz] (FIG 6C) of a pulse width

[err] is supplied to the terminal [err] of the driving signal generating
circuit 49 fromthe charge signal generating circuit 48 in response the
charge trigggrchasgel sidhts $Heapplied to form a dot, the operation of

printing is started in such a state that the meniscus has
been staticnary, so that there is no fear that the quality of
the printing is lowered, and there is no fear that the
printing speed is reduced.

Although in the above embodiments the operation of
formihg an ink drop was described in connection with an
example of the system in which pressure generating chambers
are first expanded, and next contracted, similarly to this,
the pfesent invention can be applied also to a recording head
using d33-type piezoelectric vibrators 70, 70 which have, as
shown in Fig. 9, electrodes arranged in the direction of
expansion and contraction so as to be expand by charge and
contracted by diScharge. )

_ That is, the pulse width P, (Fig. 10E) of the charge
signal P, (Fig. 10C) is set to a enough time to form an ink

‘drop, and the hold time P,, (Fig. 10E) is set to the time AT
(Fig. 10B,10C) when the expansion of the pressure generating
chamber can be started in the area in which the meniscus
moves toward the nozzle opening after the formation of an ink
drop, and the pulse width of the discharge signal P, (Fig.
' 10D) is set to P,y (Fig. 10E), respectively in advance.

If an ink drop was formed immediately before, the end
time T, (Fig. 10E) of forming the ink drop is detected by
means equivalent to the above-mentioned discharge end
detecting circuit 52, and a discharge signal generating means
is started up after a constant time from this time, that is,
through a signal delay means which can set the time AT (Fig.
10B,10C) to designate an area a (Fig. 10F) in which the
vibration of the meniscus caused by the formation of the ink -
drop is moving toward the nozzle opening.

As a result, the piezoelectric vibrator lS held in a
constant voltage V, (Fig. 10E) and held in the expans;on
state after the formation of the ink drop, and the
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driving signal generating circuit 49 outputs a charge voltage signal wth
a constant inclination froma point of tine [err] '

22

piezoelectric vibrator discharges its charges at any point of
time (Ty) in the area_é (Fig. 10F) in which the meniscus is
moving toward the nozzle opening. Therefore, since the
process of expanding the pressure generating chamber 15 is

i started in the stage in which the meniscus is moving toward
the nozzle opening, the meniscus can be always positioned
near the nozzle top at the time of ejecting an ink drop in
the same manner as in the above-mentioned recording head.

As has been described, according-to a specific aspect of the present
invention, the ink-jet type recording apparatus comprises: an
ink jet recording head including a pressure gener§ping
chamber communicating with a nozzle opening and a
piezoelectric vibrator for pressurizing the pressﬁre
generation chamber; a driving signal generating means for
generating a first voltage waveform for expanding the
Piezoelectric vibrator at a rate suitable to form an ink
drop, a second voltage waveform for keeping the piezoelectric
vibrator in its expanded or contracted state, and a third
voltage waveform for contracting the piezoelectric vibrator
at a rate suitable to suck ink into the pressure generating
chamber; an ink drop formation completion time detecting
means for detecting a point of time at which an ink drop
forming process by the first voltage waveform is completed; a
delay means for delaying a signal from the ink drop formation
completion time detecting means by a time AT till a vibration
of a meniscus generated in the ink drop forming process is
§§itched into a movement toward the nozzle opening; a
pressure generating chamber expanding signal generating means
for generating the third voltage waveform in response to a
signal from the delay means; and a pressure generating
chamber contracting signal generating means for generating
the first voltage waveform in response to a print timing
signal. Accordingly, the pressure generating chambers
contract in the area in which the menisci are moving toward

[
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(FIG 6E). Though this charge voltage signal is supplied to each

pi ezoel ectric vibrator 8, the other term nal of each piezoelectric vibrator
8 is connected to its associated tran- sistor [err] and print data for
formng dots are supplied to the termnals [err] in advance, so that only
those connected to the turned-on [err] az® charged sel ectively. The
charged piezoelectric vibrator 8 contracts at a con-

the nozzle openings after the ink drop ejection, so that the
menisci at the time of ink drop ejection can be positioned
near the nozzle tops as much as possible. Accordingly, it is
possible to improve the printing speed, and it is possible to

i prevent the quality of printing from being changed depending
on the driving frequency.
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stant rate to expand the pressure generating chanber 15 at a constant rate

as nentioned above. Thus enough charging is conpleted up te—Lheepgmgi___T_*_~*
source voltage [err] in the stage [err] in which the tine corresponding

the pulse width [err] of the charge signal [err] has passed SB%mR hmd
voltage [err] is held thereafter. Theydirst del ay circuit

di scharge trigger signal to the discharge signal generating

the stage [err] in which the time defined by the first delay C|rcu
passed fromthe point of tine when thE€LAIMSye tri gger

1. An ink jet type recording apparatus comprising:

an ink jet recording head comprisiné -at least one
pressure generating chamber (15) communicating with a
nozzle opening (2) and a piezoelectric vibrator (8) for

pressurizing said pressure generation chamber (15);

a driving signal generating means (49) for generating a
first voltage waveform for expanding said piezoelectric
vibrator (8) at a rate suitable to form an ink drop, a
second voltage for keeping said piezoelectric vibrator in
its expanded or contracted state, and a third voltage
waveform for contracting said piezoelectric vibrator at a
rate suitable to suck ink into said pressure generating
chamber; '

an ink drop formation completion' time detecting means
(52) for detecting a point of time at which an ink drop
forming process by said first voltage waveform is

completed;

a delay means (53) for delaying a signal from said ink
drop formation completion time detecting means (52) by a
time AT till a vibration of a meniscus generated in said
ink drop forming process is switched into a movement

toward said nozzle opening;

a pressure generating chamber expanding signal generating
means (48) for generating said third voltage waveform in

response to a signal from said delay means (53); and

a pressure generating chamber contracting signal
generating means (51) for generating said first voltage
waveform in response to a print timing signal.
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signal is supplied fromthe first AND gate 40. The di scharge signa
generating circuit 51 supplies a discharge signal Pd (FIG 6D) having a
pulse width [err]” to the terminal [err] of the driving signal generating
circuit 49 in response to this discharge trigger signal. Consequently, the
driving signal generating circuit 49 germgates a di scharge vol t age signal
with a constant inclination by which the charges accunu- |lated in the

pi ezoel ectric vibrator 8 are discharged at a constant rate so that the

pi ezoel ectric vibrator 8 expands at a constant rate (FIG 6E). The pressure
generati ng chanber

2. An ink jet type recording apparatus according to Claim 1,
wherein said pressure generating chamber expanding signal
generating means (48) is actuated to operate by a print
timing signal (42) at start of printing.

3. "An ink jet type recording apparatus according to Claim 1
or 2, further comprising a switching means (46,47) fo-r
selecting a signal from said delay means (52) and a print
timing signal (42), and means (60), for judging whether
data to be printed exist continuously or not to thereby
actuate said switching means to operate, whereby when the
data to be printed is continuous said pressure generating
chamber expanding signal generating means (48) is
actuated to operate by a signal from said delay means
(53).
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15 contracts in accordance with the expansion of the piezo- electric
vibrator 8 so that an ink drop is ejected fromthe nozzl e opening 2. At
a- point of [err] when the tinme defined by the pulse width of the discharge
signal [err] has passed, the discharge end detecting circuit 52 detects the

trailing edge of the discharge signal anggoutputs a signal. This out put
signal is delayed by a predetermed tine [err] by the second delay circuit
53 (FIG 6B), and supplied to the reset terminal Rof the flip flop 47 to

reset the latter so that the termnal S of the

INK JET TYPE -RECORDING APPARATUS

ABSTRACT
The apparatus comprises: a driving signal generating
circuit (49) for ‘generating a first voltage waveform for
expanding piezoelectric vibrators at a rate suitable to form
i ink drops of ink, a second voltage for holding an expansion
State or a contraction state, and a third voltage waveform
for contracting the piezoelectric vibrators at a rate
suitable to suck ink into pressure generating chambers; a
discharge end detecting circuit (52) for detecting the time
when the process of forming ink drops by the first voltage
waveform is ended; a delay circuit (53) for delaying a signal
from the circuit(52)by a time AT till the vibration of
menisci caused by the process of forming ink drops is
switched to the motion toward nozzle openings; a charge
signal generating circuit (48) for generating the third voltage
waveform on the basis of a signal from the delay circuit (53)
and a discharge signal generating circuit (51) for generating
the first voltage waveform on the basis of a print timing
signal. The third voltage waveform is generated when the
menisci produced after forming ink drops have started moving
toward the nozzle openings, so that ink required for the next
formation of ink drops is sucked into the pressure generating
chambers. Therefore} the force to retreat the menisci due to
the expansion of the pressure generating chambers is canceled
by motion of the menisci per se, and the retreat of the
Qenisci caused by the suction of ink can be limited to the
minimum._ It is therefore possiblé to stabilize the positions
of the menisci independently of the freguency.

FIGURE 5
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Sel ector 46 is brought into an L level to nmake the sel ector 46 select the
out put of the second AND gate 45 thereafter. The out put signal of the
second delay circuit 53 also supplied to the second AND gate 45 at the sane
time is supplied to the charge signal generating circuit 48 which is used
as a charge trigger signal as it is Consgquently, a charge signal [err]
(FIG 6C) is outputted fromthe charge signal generating circuit 48 at a
point of time [err t her nge during which the nmeniscus is noving toward

~ the nozzle openinikl e ar a referenced by the sign ain FIG 6).
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- 12 - At a point of time when the piezoelectric vibrator 8 starts to
contract in response to this charge signal [err] as shown in FIG 6F, the
neni scus is vibrating due to the previous formation of an ink drop, and the
meni scus i s noving toward the nozzle opening 2 fromthe pressure generating
chanber 15, so that if the pressure genersating chanber 15 is expanded by
the charge signal [err] at this tinme, the force to retreat the neniscus due
to this expansion is canceled by the force for
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the meniscus to move toward the nozzle opening after the above ejection of
ink. T quantity of the retreat of the neniscus caused by the

expansi o&hggh&h%sggﬁ%gﬂﬁ&d generating chanber 15 beconmes so small as to

return to ning quickly. That is, this means that it i.s.
possi bl e t lﬂﬂm ﬂ duration between4charge signals [err] The
piezoelect I s charged enough up to the power source voltage
[err] and is in the hold state at a point of tinme [err] when the tine
corresponding to the pulse width [err] of the charge signal [err] has
passed.

V

Pwt

\ /{EiPWd

e =<
N I ;)- --—":‘,
E_'u
a
E_ ) Y :—_— - ——
g B = s
2 b~ b~ b~ uE ~ B
<TXxsE Q@ LU Q& Cha Qe 52
e, IO < zaag N < ¥
5S8R BS BS WS BS
L Ylata S
Q. Q Q Q Q.

This is the replacement sheet

Date: 73 N \3&;&



Thereafter, if print data exist at a point of time [err] when a print
timng signal is inputted, a discharge signal [err] is outputted at a
point of time [err] when the tine defined by the first delay circuit 50
has passed, so that the piezoelectric vibrator 8 is expanded to conpress
the pressure generating chanber 15 to thereby eject an ink drop. Since the
process of expanding the pressure generating chanber 15 is com pleted at
the point of tinme [err] it is possible to eject an ink drop if a print

timing signal is inputted in the 's;t?ge[ ] | before an illustrated normal
rint timng signal is inputted. '
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Al t hough this ejection of an ink drop causes the vibration of the neniscus
in the nozzle as nentioned above, a signal is supplied fromthe second

del ay ci rqq;{stshéaﬂés@eé nreplaedond AND gate 45 again when the tinme [err] has
passed fro of outputting a discharge signal [err] and a
charge si gHIﬂﬂ ‘m upplied to the aharge signal generating circuit

48 t hrough C or 6 fromthe second AND gate 45, so that the-
process of expanding the pressure generating cham ber 15 is executed
within the area a showmn in FIG 6 in which the neniscus is noving toward

t he nozzl e openi ng. o
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That is, unlike the conventional case where the pressure generatingcharber—

15 is expanded at the timng of the succeeding print tim ngpsi t

formation an ink drop, the tine to start the operation for e Eﬁ&gh” laced

pressure generating chanber H!Hﬂ m , l’
15

i nventi on as descri bed above,

can be expanded when the neni scus caused by

i nk drop

7

FIG.

PRINT SECTION -

L1

7

15 is defined on the basis of th
the previous operation of formng an ink7drop according to t
so that the pressure generating chanber

the preceding formation of an
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I's nmoving toward the nozzle opening. Accordingly, the force to reteat the
meni scus caused by the expansion of the pressure generating chanber 15 cm
be cancel ed by the notion of the neniscus per se. Even if the pulse width
[err] is short. therefore, it is possible to expand the piezoelectric
vibrator 8 to eject an ink drop in the sPate that t he meni scus has been
returned to the nozzle top.. Further, the position of the neniscus can be
made constant at the tinme of the ejection independently of the driving
frequency. The driving circuit of the present invention can be applied
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tothe known ink-jet type print head as shown in FI-GS: 1ad_ ElLG
shows a second enbodi nent of the present inven- tion_.In FI G t he
weference nuneral 60 represents a print data monitori i3S ted
by a second stage shift register 61 connected in casc jli
above-nentioned sift register 43, and a INAND gate 62 f et her

there are signals in all those shift registers 43 and 61 or not, so that
the means 60 outputs an L signal only in the case where there are a
plurality of continous print data, two
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continuous dots in this enbodinent. The signal fr@mtﬁr?%?ﬂ'f@\da%a* TS
noni IOI’I ng neans 60 is supplied to the term nal Sj o?'the BEPRCPBrd 48, 10 peged L4,
“t Airdugh an OR gate 63 together with a signal fro tf‘?e above- nemti ‘onddi
flop 47. If the recording head starts noving f¢r8 peJrfOrm,ng pri nthe i
and reaches the position which is imediately betoie':tdiearea toihe i %;j
printed, a print data presence/ absence signal stais to be supplied to the

termi nal 44, and a natter to be recorddd=in the f rmTrigew%@g;AP?SIﬁ[\nn S

stored in the shift register 43 in synchroni smw ttr= : Ft—t g S g R e —
In the next print INK JET TYPE RECORDING APP
- THAT CONTROLS INTO MENISCUS
VIBRATIONS

BACKGROUND OF THE INVENTION

1. Industrial Field of Utilization

The present invention relates to a recording apparatus
using an on-demand ink jet type recording head, and more
particularly to an ink jet type recording head having a
drving circuit for forming ink drops at rapid repetition rate.

" 2. Related Art .

. An on-demand ink jet type recording head is constituted
by a nozzle plate in which a plurality of nozzle openings are

. formed in one and the same substrate and a spacer for
forming pressure generating chambers communicating with
the respective nozzle openings so that the pressure gener-
ating chambers are expanded/contracted in accordance with
print timing signals to thereby perform suction/cjection of
ink into/from the pressure generating chambers.

FIG. 1 shows one example of a known ink jet type
recording head, and in FIG. lthemﬁermennmctﬂll

a nozzle plate having nozzle opening arrays 3, 3, -
3. .. each of which is provided with nozzle openings 2, 2, :
2.. fprmedatapredetemnnedpxtch,fotcxample,mODPL'

The reference numeral 4 represents a spacer which is to be
disposed between .a vibration plate §, which will be
described by and by, and the nozzle plate 1, in which spacer
through hole arrays 6, 6, 6 . . . for forming reservoirs (not
shown), or pressure generating chambers, corresponding to

_thenozzleanaysaxeformedmposmomconupondmgm
the nozzle opening arrays, 2, 2, 2. -

’lherefetencenumemISrepmsent;au'braﬁonplate
"which forms the pressure generating chambers by facing the
nozzle plate 1 with the spacer 4 interposed. The vibration
plate § is disposed so as to be in contact with the tops of
piezoelectric vibrators 8, 8, 8 . . . of piezoelectric vibrator
units 7,7, 7. .,wlnchwxllbcdesaﬂxdlatcr,tothueby
contract/expand the pressure generating chambers in
response to the expansion/contraction of the piezoelectric
vibrators §, 8, 8 .- .

'l'hexeferencemmeralDrepresemsasubstmepmwded
with unit reception holes 10, 10, 10 . . . for receiving the
vlbtamrmits7,7,1...soasm‘exposetheﬁeeendsides
of the piezoelectric vibrators 8, 8, 8 .. . ., and an ink supply
port 11 for supplying ink from an ink tank into the reservoirs.
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tiMming, that is, in the stage in which the recording head has reached the
area to be printed, a print data presence/ absence signal ainmed in the
‘present print timng is stored in'the shift register 61 and anot her prlnt
dat a presence/ absence signal ainmed in the next print timng is stored in .
the shift register 43. The current and succeeding print data _
presence/ absence signals are stored in the print data nonitoring neans 60
in the print area.in such a manner and the print data mean 60 supplies
these two signals to the NAND gate 62 .so0 as to
On the surface or the substrate 9, the vibration plate §, the
spacer 4 and the nozzle plate 1 are positioned and fixed by
a frame body 12 which acts also as an. electrostatic shield so
as to be assembled into a recording head body, so that
pressure generating chambers 15 are formed by the spacer 4,
- the nozzle plate 1 and the vibration plate §, as shown in FIG.
2, the chambers being supplied with ink from reservoirs 17, -
17 through ink supply ports 16, 16.
FIG. 3 shows a driving signal generating circuit suitable
to drive the above-mentioned recording head. In FIG. 3, the
reference numerals IN, and IN,, represent a print preparation
signal input terminal and a print signal input terminal to
which a pulse-shaped charge signal P, as a print preparation
signal and a pulse-shaped discharge signal P, as a print
signal are respectively applied in accordance with a print
timing signal as shown in FIG. 4A. . :
Thereferencenumeralerepresentsaleveladjmﬁng
transistor which has a base electrode connected to the input
terminal TN. and a collector electrode connected to a base
-electrode of a first switching transistor 22. Emitter and-
~ collector electrodes of the first switching transistor 22 are -
connected to a power source terminal V,, through a time
constant adjusting resistor 23 and to the ground through a~
time constant adjusting capacitor 24 respectively. The ref-
erence numeral 25 represents a constant current control
transistor which has an emitter electrode connected to the
~  power source terminal V., a collector electrode connected to
the collector electrode of the level adjusting transistor 21,
- and a base clectrode comnected to the power source terminal
V; through the time constant adjusting resistor 23.
~ On the other hand, a second switching transistor 26 has a
— base clectrode connected to the input terminal IN,, a col-
lector electrode connected to the time constant adjusting
capacitor 24, and an emitter electrode connected to the
ground through a second time constant adjusting resistor 27.
The reference numeral 28 represents a constant current
control transistor having a collector electrode connected to
the input terminal IN,,, an emitter electrode connected to the -
ground, and 2 base electrode also connected to the ground -
through the second time constant adjusting resistor 27. :
The reference numerals 29, 30, 31 and 32 represent
transistors constituting a current buffer for amplifying a
current at the time of charging and discharging the capacitor .
24. In the illustrated embodiment, the transistors 29 and 30,
and 31 and 32 are Darlington-connected to have enough
curreat capacitance to drive piezoelectric vibrators of the ink
jet recording head to be driven.
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j udge whet her there are continuous dots to be forned or not. An L |evel
signal” is supplied fromthe NAND gate 62 to the OR gate 63 only when there
<are continuous dots to be formed. In this case, the ternminal S of the

sel ector 46 beconmes coincident with the output signal level of the flip
flop 47 to performthe operation simlar to the enbodi nent shown in FIG 5.
That is, a charge trigger signal is sugylied

The operation of the thus configured driving signal gen-
erating circuit will be described. If the recording head moves .
by a unit distance, a print timing signal (FIG. 4A) for
forming a dot is generated from a host. A charge signal P_

- (FIG. 4B) of having a pulse width T, is generated in
synchronism with the print timing signal. This pulse width
T, is set to correspond to a sufficient time to allow ink to
enter into a pressure generating chamber if the piezoelectric
vibrator used is of 2 d31 type in which the vibrator is
contracted by charging. If this signal is supplied to the input
terminal IN,, the level adjusting transistor 21 is turned on,
and hence the first switching transistor 22 is also turned on.
Consequently, the power source voltage of the power source
terminal V, is applied to the capacitor 24 through the time
constant adjusting resistor 23 so that this capacitor 24 is
charged with a time constant depending on the resistor 23
and the capacitor 24. ' :

+ The time constant adjusting resistor 23 is connected at its
opposite ends to the constant current control transistor 25 so
that the terminal voltage across the resistor 23 is maintained
to the voltage between the base and emitter electrodes of the
transistor 25 and the current flowing into the capacitor 24

.becomes constant without changing over time. As a result,
the leading edge gradient 11 of the terminal voitage (V) of
the capacitor 24 can be expressed by the following equation:

11 =V /R, %Cy)

where R, represents the resistance of the resistor 23, C,
represents the capacitance of the capacitor 24, and Vggy
represents the base-emitter voltage of the constant cumrent
transistor 25. The pulse width P, of the charge signal P_is

—set to a sufficient time to charge the capacitor 24 up to the
voltage V,, of the power source terminal V,,

After the time corresponding to the pulse width T, of the
charge signal P_ has thus passed, the terminal voltage of the
capacitor 24 is increased up to the power source voltage V.
The charge signal P, is switched to an L level at this time,
so that the level adjusting transistor 21 i3 turned off, and
" hence the first switching transistor 22 is also turned off. As

a result, the capacitor 24 keeps the voltage ©™<T = V,.

If a discharge signal P, (FIG. 4C) as a print s.ignal is
supplied to the terminal IN, when a predetermined time P,,,,
has passed since the moment the charge signal P_ was tumed
off, the second transistor 26 is tumed on to form a loop for
discharging the charges of the capacitor 24.

. Asaresult, the charges accumulated in the capacitance C,
are discharged through the time constant adjusting resistance
R2 of resistor 27, At the same time, the constant current .
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- 14 - ; to the charge signal generating circuit 48 when the tine [err]

- 4~

control transistor 28 is turned on so that the terminal voltage
of the second time constant adjusting resistor 27 is made
equal to the base-emitter voltage V 5, of the transistor 28 by
the same effect as the above-mentioned effect of the first
constant current control transistor 25, so that the terminal
voltage (V) of the capacitance C, drops with a constant
gradient.

That is, the trailing edge gradient 12 can be expressed by
the following equation:

2= ~Vpa/(R%Cy)

whercR,representsthemistanceofthesecondtime
constant adjusting resistor 27, C, represeats the capacitance
of the capacitor 24, and V5., represents the base-emitter
voltage of the constant current transistor 28. The pulse width
P, of the discharge signal P, is set to a sufficient time to
discharge the capacitor 24 down to zero potential.

The voltage changing at a predetermined leading edge
speedandalmlmgedgcspeeddependingonthenme
constant adjusting resistors 23 and 27 and the capacitor 24.
msuchamannerasdscn’bedabovezsamphﬁedbythe
transistors 29 and 30, and 31 and 32 respectively constitut-
ing a current buffer, and applied to the piezoelectric vibrators

8. 8 (FIG. 2).

In 2 thus configured driving signal generating circuit .
applied to a pull-douing system ink jet recording head, if a,
charge signal P, is applied to the terminal IN, attheumeTl;
synchronously with a print timing signal a constant current'
flows into the piezoelectric vibrator 8, and the terminal
voltage (FIG. 4D) of the piezoelectric vibrator 8 increases at
a constant rate. The vibration plate § contracts at a constant

- rate correspondingly so as to be displaced downward in FIG.
— 2. The volumes of the pressure genexating chambers 15, 15
are expanded cormrespondingly and negative pressure is gen-
erated in the pressure generating chambers 15, 15 so that the
ink in the reservoirs 17, 17 flows into the pressure generating
chambers 15, 15 through the ink supply ports 16, 16, and at
the same time the menisci of the nozzle openings 2, 2 are
pulled into the pressure generating chambers 15, 15.

‘The menisci move toward the nozzle openings because of
surfacetcnsxonaﬁertheyarepunedmtnmepressuregen-
erating chamoers 15, 1S5 to some extent (FIG. 4E).

At a point of time (T',) when the time corresponding to the
pulse width P, of the charge signal P_ has passed and
charging the piezoelectric vibrator 8 has been finished, the
terminal voltage of the piezoelectric vibrator 8 is in a so
called hold state where it is held at the power source vol!age
V,- Therefore, if a dxscharge s13nal P, is applied at a point
of time (T,) when a given hold time P,, has passed, the
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required for the neniscus caused by the previous formation of an ink drop
to nove toward the nozzle opening has passed from the end tinme of the
‘operation of the ink drop formation. Although a signal is also supplied
fromthe first AND gate 40 in such a case of continuous dots to be
printed, a signal fromthe second gate 45 is selected by the selector 46
In advance in such a case of continuous 8lets to be printed, so that the
charge signal generating circuit 48 operates on the basis of the ink drop

ej ecting operation i @%ﬁt&tt& B@z{?él@cm'c uﬁ?ﬂm&-@a&t &g&ma glf there are
no continuous dots t . . .

t rate so that its terminal voltage is decreased at a
constant rate (FIG. 4D). Thus the pressure generating cham-
bers 15, LScommmx&;dbdﬁnkashmnhnpsﬁnmuhenozdc
openings.

- ‘The charges of the piezoelectric vibrator 8 are perfectly
discharged at a point of time (T,) when the drops of ink are
ejected and the time corresponding to the pulse width P, of
the discharge signal has passed.

On the other hand, the meniscus is formed in the pressure
generating chamber 15 because ink corresponding to the
volume of the ink drop is discharged from the pressure
generating chamber 15, and the meniscus produces residual
vibrations with an inherent vibration period depending on
the physical properties of the ink, the size of the pressure

- generating chamber 15, and the size of the member consti-
tuting the pressure generating chamber 15. Therefare, as
ﬂmmmxnfﬂGr4E,ﬂw1nmummannmsnuwmmmntowmﬂ
the outside of the nozzle opening or toward the pressure
generating chamber side.

In order to prevent the influence of such vibration of the
meaniscus, time P, which is necessary to attenuate the
vibration to a sufficient extent not to give any influence to
the formation of a dot, is established, or the pulse width P,,,.
of the charge signal P_ and the hold time P, are elongated
to a sufficient degree.

. !kwwnmnthespauiofpnnungxsnuhuxdzfmmﬂxa;mnﬂs
period P,,, is established or the charge pulse width P, and
thehmklmmn!ﬁwzueehn@mun.Ahnnmnwﬂxthepomnon
of the meniscus at the time of ejection can be changed with
a driving frequency if typing is performed at a high speed.
In this case, unlike the above- mentioned case in which the
— meniscus is in a stationary state, the position of the meniscus
at the time of output of a print timing signal is, for example,
in the pressure generation chamber side, so that there occurs

* anew problem that the quality of printing varies depending

on the frequency.

Thatxs,:fapnntummgstgnalxsoutpumdwhenthe
meniscus, which vibrates due to the residual vibration of the
piezoelectric vibrator, moves toward the nozzle opening,
negative pressure caused by the expansion of the pressure
generating chamber 15 produces a force to move the menis-
cus toward the pressure generating chamber. Such a force is
however canceled by the force of the meniscus per se to
move to the outside of the nozzle opening due to the
above-meationed residual vibration. The result is that the
influence of the negative pressure is reduced as much as
possible, and the meniscus is returned to the nozzle opening
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forned,; the NAND gate 62 supplies an H level signal to the OR gate 63. In
t.his'case, since the termnal S of the selector 46 is brought into an H
[evel, the output fromthe first AND gate 40 is selected as a charge
trigger signal. That is, if the next print timng has no dot to be
printed, a charge trigger signal is prevented frombeing outputted until
there occurs a print timng having a dot fo be printed, as in the conven-
tional case. As a result, in the case wherg blanks continue over a
plurality of bits so that it is not necessary to eject ink, the
Pilezoel ectric vibratgps, 8hed1n, diSBlarkh drtfe PezdeBlbD ibrasor
: are discharged at a constant rate so that the piezoelectric
vibrator expands, an ink drop is formed in such a state that
the meniscus is positioned in the nozzle opening side as
much as possible. Accordingly, it is possible to obtain a
necessary volume of the ink drop. The flying speed, how-
ever, gencrally becomes low.
- Conversely, if a print timing signal is outputted when the
meniscus, which vibrates due to the residual vibration, is
moving toward the pressure generating chamber, the move-
ment of the meniscus caused by the residual vibration falls
on the movement of the meniscus toward the pressure
generating chamber caused by the negative pressure pro-
duced by the expansion of the pressure generating chamber,
0 that the meniscus moves deeply into the pressure gener-
ating chamber and the return of the meniscus toward the
nozzle opening is delayed. If, then, the charges of the
piezoelectric vibrator are discharged at a constant rate so that
the piezoelectric vibrator expands, an ink drop is formed
while the meniscus is drawn into the pressure generating
chamber away from the nozzle opening and the ink drop is
rendered small in volume even though the flying speed
becomes high.
Thus the size and speed of the formed ink drop vary
greatly depending on the position of the meniscus, even if
the piezoelectric vibrator is driven with the same energy. As
a result, dots formed on a recording medium vary in size so
that the printing quality is lowered.
Also, in such a configuration in which the pressure in the
pressure generating chambers is changed correspondingly to
the print timing signals, vibrations from mechanical struc-

— tures of the pressure generating chambers per se and hydro-
dynamic vibrations of ink per se are generated, thereby
causing vibrations of menisci in the vicinity of the respective
nozzle openings such that the menisci reciprocate between
the nozzle openings and the respective pressure generating
chambers after formation of ink drops.

As a result, even if the same pressure change is generated
in each pressure generating chamber, the gjected ink drop
varies in its size and flying speed depending on the posi-
tional relationship between the associated nozzle opening
and the meniscus formed in the vicinity of the nozzle
opening, resulting in a problem that variations are cansed in
printing quality.

In order to solve such a problem, it is possible to consider
a technique whereby successive ink drop formation is per-
formed only after the vibration of the meniscus, cansed after
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state A as shown in FIG 8, so that no unnecessary voltage is applied to
the- .pi‘ezoel ectric vibrators 8, 8 and it is possible to elongate the
‘Tife tinme of the pi ezoel ectric vibrators 8, 8. Si nce the piezoelectric
vibrators 8, 8 are put in the pause state over several continuous bits,
when a charge signal is thereafter applied to forma dot, the operation
of printing is started in such a state jhat the neniscus has settled into
a stationary state, so that there is hd fear that the quality of the

printing is |owerd, Wm&mmngmmelmﬁﬁ&g suglpeed is
reduced. an extent as to have o influence on the printing quality. This
technique however has a problem in that the printing speed
is greatly reduced due to the waiting time necded until the
vibration of the meniscus is suppressed.

SUMMARY OF THE INVENTION

The present invention was made in view of the aforemen-
tioned problems accompanying the conventional apparatus.

Therefore, an object of the present invention is to provide
amnovel ink jet type recording apparamsinwhichaninkdrop
is formed normally when the meniscus comes into a prede-
termined state independently of the vibration of the pressure
generating chamber and the hydmdynamxc vibration of ink
per se.

Another object of the invention is to prov1de an ink jet
type recording head having a driving circuit capable of
forming consistent ink drops at rapid repetition rate.

The above and other objects can be accomplished by a
provision of an ink-jet type recording apparatus having an
ink jet recording head which, according to the present
invenﬁon.includesaprmsme_genetaﬁngchambercommu—
nicating with a nozzle opening and a piezoelectric vibrator

. for pressurizing the pressure generation chamber; a driving
. gignal generating means for generating 2 first voltage wave-
form for expanding the piezoelectric vibrator at a rate
suitable to form an ink drop, a second voltage for keeping
the piezoelectric vibrator in its expanded or contracted state,
and a third voltage waveform for contracting the piczoelec-
tric vibrator at a rate suitable to suck ink into the pressure
—  generating chamber; an ink drop formation completion time
- detecting means for detecting a point of time at which an ink
drop forming process by the first voltage waveform is
completed; a delay means for delaying a signal from the ink
drop formation completion time detecting means by 2 time
~ AT until a vibration of a meniscus generated in the ink drop
forming process is switched into a movement toward the
nozzle opening; a pressure generating chamber expanding
"signal generating means for generating the third voltage
waveform in response to a signal from the delay means; and
a pressure generating chamber contracting signal generating
means for generaxmg the first voltage waveform in response |
to a print ummg signal. '

Smcemknecessaryforfonmngasucceedmgmkdmpm
sucked into the pressure generating chamber at a point of
time when the meniscus formed after formation of a pre-
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Al t hough in the above enbodi nents the operation of formng an ink drop was
described in connection with an exanple of the systemin which pressure
generating cham bers are first expanded, and next contracted, simlarly
to this, the present invention can be applied also to a recordlng head
usi ng d33 type piezoelectric vibrators /0, 70 which have, as shown in
FIG 9, electrodes arranged in the dire&ion of. expan5|o and contraction
so as to expand byCtdin Bk depp begigh{Q move &y H'& g'PFfEfg is, the pul se
width [err] (FIG thefgrcgmavieg éwaagvsmsbackatth!sumelscaml

by the movement of the meniscus per se. As a result, the

retreat of the meniscus due to the suction of the ink into the .
pressure generating chamber can be suppressed to the mini-
mum and the meniscus can be reliably positioned stably in
the vicinity of the nozzle opening at the time of ink ejection,
independently of the value of the driving frequency. -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view illustrating a
“known ink jet type recording head to which a driving circuit
according to the present invention can be applied;

FIG. 2 is an enlarged sectional view illustrating the
neighborhood of pressure generating chambers in the appa-
ratus shown in FIG. 1;

FIG. 3 is a circuit diagram illustrating an example of a
conventional driving circuit for generating a trapezoid driv-
ing signal used to drive an on-demand type ink jet recording

FIGS. 4A—4E are explanatary diagrams illustrating con-
‘ventional print timing in a conventional ink jet recording

FIG. § is a constituent diagram illustrating a first embodi-
ment of the preseat invention;

. FIGS. 6A-6F are diagrams musuanng the operation of
thcapparamsshowanIG 5 with respect to print timing; -

FIG. 7xsanmangementdxagxamﬂhmuanngawcond
embodiment of the present invention;.

FIG. 8 is a diagram illustrating the operation of the
apparatus shown in FIG. 7 with respect to print tinring;

~ FIG. 9 is a sectional view illustrating an example of a
push-dotting system ink jet recording head to which the
present invention can be applied; and :

FIGS. 10A—10F are diagrams illustrating a third cmbodi-
ment of the present invention with respect to print timing.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
The present invention will be described in detail with
respect to its embodiments illustrated in the drawings.
FIG. 5 shows an embodiment of a driving circuit accord-
' ingtothcpresentmvcnuon,bywmchxtxspossxbleto
improve the pnntmg speed without inducing the deteriora-
tion of printing quality, by making positive use of the
vibration of the meniscus caused by such a residual vibra--
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signal [err] (FIG 10C) is set to a sufficient tine to forman ink drop,
and the hold tinme [err] (FIG 10E) is set to the tine [err] (FIG 10B, 10Q)
when t he expansion of the pressure gen- erating chanber can be started in
the area in which the

-9 -

tion. [n FIG. 5, the reference aumeral 43 represents a first
stage shift register which outputs a print data presence/
absence signal indicating the presencefabsence of print data
supplied to a terminal 44, in synchronism with a print timing
signal which is produced every time a recording head
traverses a unit distance and which is supplied from a
_terminal 42, This print data presence/absence signal indi-
cates the presence/absence of print data in the case of driving
. at least one of a plurality of piezoelectric vibrators 8, 8
comnected to a driving signal generating circuit 49 which
will be described later. The output of this shift register 43
and the print timing signal are supplied into a first AND gate
40, and a print section signal from a terminal 41, that is, a
signal indicating that the recording head is traversing an area

to be printed, is further supplied to the first AND gate 40. °
Thus the first AND gate 40 outputs a signal corresponding

_ to the print timing signal if there is print data. -

The print section signal of the terminal 41 is also supplied
to a second AND gate 45, and further supplied to a flip flop
47 through an edge detecting circuit 54. The edge detecting
circuit 54 detects the point of time when the print section
signal is outputted, that is, the point of time when the
recording head enters the area to be printed, and then the
edge detecting circuit 54 sets the flip flop 47. The output of
the flip flop 47 is supplied to a terminal S of a selector 46
which selects one of the output of the first AND gate 40 if
the terminal S is in an H level and the output of the second
AND gate 45 if S is in an L level. The selector 46 supplies
a charge trigger signal to a charge signal generating circuit
48 which acts as means for generating a pressure generating
chamber expanding signal.

- The charge signal gencranngcxmnt“xsacmaxedto

— operate by the charge trigger signal from the selector 46 so
as to supply a charge signal P, of a pulse width of P, t0a
terminal IN, of the driving sxgnal generating circuit 49
having the same structure ag that shown in FIG. 3.

The reference numeral 50 represents a first delay circuit
which delays the output of the first AND gate 40 in accor-
dance with the above-mentioned print timing signal by a
predetermined time (P, +P.,,) to form a discharge trigger
signal which is in turn supplied to a discharge signal
generating circuit 51 which acts as means for generating a
pressure generating chamber contracting signal. The dis-
charge signal generating circuit 51 is actuated to operate by
the discharge trigger signal from the first delay circuit S0, so
as to supply a discharge signal P, of a pulse width P,

" which is enough to eject an ink drop to a terminal IN, of the
driving signal generating circuit 49.
This is the replacement sheet
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- 15- . nmeniscus noves toward the nozzle opening after the forma- tion of an
I nk drop, and the pulse width of the discharge signal [err] (FIG 10D) is
'set.to [err] (FIG I0E), respectively in advance. If an ink drop was
formed i nmedi ately before, the end :

_10-

The reference numeral 52 represents a discharge end
detecting circuit which acts as means for detecting the end
time of the formation of an ink drop, which circuit detects
the time of the trailing edge of the discharge signal P, and
outputs a signal in response to the end of the discharge, that
is, the end time of the ejection of an ink drop, which signal
is supplied to a reset terminal R of the flip flop 47 through
a second delay circuit 53, and is also supplied to the second
AND gate 45, to function as the next trigger signal.

The delay time of the second delay circuit 53 is set to the
time delayed by a time AT from the end time of discharge,
s0 that the next charge trigger signal is supplied from the
second AND gate 45 when the vibration of a meniscus
caused by the ejection of an ink drop from a nozzle opening
begins to move toward the nozzle opening after the dis-
charge is ended, that is, after the ejection is finished. The
reference signs T, , T, in the drawing represent transistors
which are tumed on by respective print data supplied to
respective terminals D,, D, in synchronism with a print
timing signal to apply the output of the driving signal
generating circuit 49 to piezaelectric vibrators 8, 8 . . .
destined for printing. '

Next, the operation of the thus configured apparatus will
be described with reference to the timing diagram shown in
FIG. 6. -

If an instruction to perform printing on a given area is
supplied to a printer from a host computer, an instruction to
move a recording head toward the area to be printed is given
from a control portion (not shown) so that the recording head
starts to move to the area to be printed. If the recording head

. reaches the position where printing is to be started, & print
—  section signal is supplied to the terminal 41. The flip flop 47
is set by this print section signal so that the terminal S of the
selector 46 is brought into an H level. Consequently, the
output of the first AND gate 40 is selected as a charge trigger
signal to actuate the charge signal generaung circuit 48 to
operate. - -

At the time of printing the first dot, if a charge trigger
signal from the first AND gate 40 is supplied to the charge
signal generating circuit 48 through the selector 46 in
accordance with a print timing signal (FIG. 6A) of the
terminal 42, a charge signal P, (FIG. 6C) of a pulse width
P, is supplied to the terminal IN, of the driving signal
generating circuit 49 from the charge signal generating
circuit 48 in response the charge trigger signal. Thus the
driving signal generating circuit 49 outputs a charge voltage
signal with a constant inclination from a point of time T,

This is the replacement sheet
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time [err] (FIG |I0E) of formng the ink drop is detected by neans

equival ent to the above-nentioned di scharge end detecting circuit 52, and a
‘di scharge signal generating neans is started up after a constant tinme from
this tinme, that is, through a signal delay neans which can set the tine
[err] (FIG 10B, 10C) to lie within an area a (FIG 10F) in which the
vibration of the neniscus caused by thejjormation of the ink drop is noving

toward the nozzl e opening. As a result, the piezoelectric vibrator is
held in a constant voltage [err] (FIG 10E) and held in the expansion state
after , (FIG. 6E). Though this charge voltage signal is supplied to

cach piezoelectric vibrator 8, the other terminal of each
piezoelectric vibratar 8 is connected to its associated tran-
sistor T,, and print.data for forming dots are supplied to the
terminals D,, D, . . . in advance, so that only those connected
to the turned-on T, are charged selectively.

The charged piezoelectzic vibrator § contracts at a con-
stant rate to expand the pressure generating chamber 15 at a
constant rate as mentioned above. Thus enough charging is
completed up to the power source voltage V, in the stage
(T,) in which the time corresponding to the pulse width P,
of the charge signal P_has passed, and this voltage V is held
thereafter.

The first delay circuit 50 supplies a discharge trigger
signal to the discharge signal generating circuit 51 in the
stage (T,) in which the time defined by the first delay circuit
50 has passed from the point of time when the charge trigger
signal is supplied from the first AND gate 40. The discharge
signal generating circuit 51 supplies a discharge signal P,
(FIG. 6D) baving a pulse width P, to the terminal IN, of
the driving signal geperating circuit 49 in response to this
discharge trigger signal. Consequently, the driving signal
generating circuit 49 generates a discharge voltage signal
with a constant inclination by which the charges accumu-
lated in the piezoelectric vibrator 8 are discharged at a
constant rate so that the piezoelectric vibrator 8 expands at

_ aconstant rate (FIG. 6E). The pressure generating chamber
15 contracts in accordance with the expansion of the piezo-
electric vibrator 8 so that an ink drop is gjected from the
nozzle opening 2.

At a point of time (T,) when the time defined by the pulse

~width of the discharge signal P, has passed, the discharge

end detecting circuit 52 detects the trailing edge of the
discharge signal and outputs a signal. This output signal is
delayed by a predetermined time AT by the second delay
circuit 53 (FIG. 6B), and supplied to the reset terminal R of
the flip flop 47 to reset the latter so that the terminal S of the
selector 46 is brought into an L leve! to make the selector 46
gelect the output of the second AND gate 45 thereafter.

The output signal of the second delay circuit 53 also
supplied to the second AND gate 45 at the same time is
supplied to the charge signal generating circuit 48 which is
used as a charge trigger signal as it is. Consequently, a
charge signal P, (FIG. 6C) is outputted from the charge
signal generating circuit 48 at a point of time T’ in the range
during which the meniscus is moving toward the nozzle
opening (the area referenced by the sign a in FIG. 6).
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the for.mation of the ink drop, and the pi ezoel ectric vibrator discharges
i.ts charges at any point of time [err] in the area a (FIG 10F) in which

t he .meni scus is noving toward the nozzl e opening. Therefore, since the
process of expanding the pressure generating chanber 15is started in the
stage in which the neniscus is noving toward the nozzle opening, the

meni scus can be al ways positioned near the nozzle top at the tine of
ejecting an ink drop in the same nmanner -ag2i-h t he above-nenti oned recording
head. As has been described, according to the present invention,

At a point of time when the piezoelectric vibrator 8 starts
to contract in response to this charge signal P, as shown in
FIG. 6F, the meniscus is vibrating due to the previous
formation of an ink drop, and the meniscus is moving toward
the nozzle opening 2 from the pressure generating chamber
18, so that if the pressure generating chamber 15 is expanded
by the charge signal P, at this time, the force to retreat the
meaniscus due to this expansion is canceled by the force for
the meniscus to move toward the nozzle opening after the
above ejection of ink. Therefore, the Quantity of the cetreab
of the meniscus caused by the cxpansion of the pressure
generating chamber 15 becomes so small as to return to the
nozzle opening quickly. That is, this means that it is possible
to shorten the duration between charge signals P_. The
piezoelectric vibrator 8 is charged enough up to the power
source voltage V, and is in the hoid state at a point of time
(T,) when the time corresponding to the pulse width P, of
the charge signal P, has passed.
Thereafter, if print data exist at a point of time (T5") when
a print timing signal is inputted, a discharge signal P, is
‘outputted at a point of time T, when the time defined by the
first delay circuit S0 has passed, so that the piezoelectric
vibrator 8 is expanded to compress the pressure generating
chamber 15 to thereby eject an ink drop. Since the process
of expanding the pressure generating chamber 15 is com-
pleted at the point of time T, it i3 possible to eject an ink
drop if a print timing signal is inputted in the stage (T3")
before an illustrated normal print timing signal is inputted.
Although this ejection of an ink drop causes the vibration
of the meniscus in the nozzle as mentioned above, a signal
‘is supplied from the second delay circuit 53 to the second
AND gate 45 again when the time AT has passed from the
end time of outputting a discharge signal P, and a charge
signal P_ is supplied to the charge signal generating circuit
48 through the selector 46 from the second AND gate 45, so
that the process of exparding the pressure generating cham-
ber 15 is executed within the area a shown in FIG. 6 in which
the meniscus is moving towand the nozzie opening.
That is, unlike the conventional case where the pressure
generating chamber 1S5 is expanded at the timing of the
- succeeding print timing sigoal after formation an ink drop,
- the time to start the operation for expanding the pressure
generating chamber 15 is defined on the basis of the end time
ofﬂu:pnnnousopcnmunxofﬁnnnmgan:nkchopaumonhng
to the pmmentznwunun:astkmcdbed:ﬁmwe,so that the
pressure generating chamber 15 can be expanded when the.
meniscus caused by the preceding formation of an ink drop
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the | nk-j et type recording apparatus conprises: an ink jet recordi ng head
i ncl uding a pressure generating chanber conmuni cating with a nozzle opening
and :a piezoelectric vibrator for pressurizing the pressure generation
chanber, a driving signal generating nmeans for generating a first voltage
wavef orm for expanding the piezoelectric vibrator at a rate suitable to
forman ink drop, a second voltage waveform for keeping the piezoelectric
vibrator in its expanded or con- tracted st 3§e_, and a third vol tage
wavef orm for contracting the piezoelectric viPbrator at a rate suitable to
suck ink into is moving toward the nozzle opexing. Accordingly, the force
to retreat the meniscus caused by the expansion of the
pressure generating chamber 15 can be canceled by the
motion of the meniscus per se. Even if the pulse width P,
is short, therefare, it is possible to expand the piezoelectric
.vibrator 8 to eject an ink drop in the state that the meniscus
-has been returned to the nozzle top. Further, the position of
the meniscus can be made constant at the time of the ejection
independently of the driving frequency.
The driving circuit of the present invention can be applied
1o the known ink-jet type print head as shown in FIGS. 1 ana
2 : .
FIG. 7 shows a second embodiment of the present inven-
tion. In FIG. 7. the reference numeral 60 represents a print
data monitoring means constituted by a second stage shift
register 61 connected in cascade to the above-mentioned
ghift register 43, and 2a NAND gate 62 for detecting whether
there are signals in all those shift registers 43 and 61 or not,
80 that the means 60 outputs an L signal only in the case
where there are a plurality of continnous . print data, two
continuous dots in this- embodiment. The signal from this .
print data monitoring means 60 is supplied to the terminal §
of the selector 46 through an OR gate 63 together with a
signal from the above-mentioned flip flop 47.
If the recording head starts moving for performing print-
ing and reaches the position which is immediately before the
area to be printed, a print data presence/absence signal stats -
to be supplied to the terminal 44, and a matter to be recorded
in the first recording position is stored in the shift register 43
. in synchronism with a print timing signal. In the next print
- timing, that is, in the stage in which the recording head has -
~—  reached the area to be printed, a print data presence/absence
signal aimed in the present print timing is stored in the shift
register 61, and another print data presence/absence signal
aimed in the next print timing is stored in the shift register
43.
The current and succeeding print data presence/absence
" gignals are stored in the print data monitoring means 60 in
the print area in such a manner, and the print data means 60
supplies these two signals to the NAND gate 62 so as to
judge whether there are continuous dots to be formed or not.

An L level signal is supplied from the NAND gate 62 to
the OR gate 63 only when there are continuous dots to be
formed. In this case, the terminal S of the selector 46
becomes coincident with the output signal level of the flip
flop 47 to perform the operation similar to the embodiment
shown in FIG. 5. That is, a charge trigger signal is supplied
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the pressurre generating chanber, an ink drop formation conpletion tine
detecting neans for detecting a point of time at which an-ink drop form ng
process by the first voltage waveformis conpleted; a delay neans for
delaying a signal fromthe ink drop formation conpletion tinme detecting
means by a tine [err] until a vibration of a neniscus generated in the ink
drop formng process is switched into a novenent toward the nozzl e openi ng;
a pressure generating chanber expandi ng- giggral generating neans for
generating the third voltage waveformin response to a signal fromthe

to the charge signal generating circuit 48 when the time (AL)

required for the meniscus caused by the previous formation
_ of an ink drop to move toward the nozzle opening has passed
- from the end time of the operation of the ink drop formation.

Although a signal is also supplied from the first AND gate

40 in such a case of continuous dots to be printed, a signal

from the second gate 45 is sclected by the selector 46 in

advance in such a case of contimuous dots to be printed, so

* that the charge signal generating circuit 48 operates on the
basis of the ink drop ejecting operation immediately before.
On the other hand, if there are no continuous dots to be
formed, the NAND gate 62 supplies an H level signal to the

OR gate 63. In this case, since the terminal S of the selector

46 is brought into an H level, the cutput from the first AND

gate 40 is selected as a charge trigger signal. That is, if the -
~ mext print timing has no dot to be printed, a charge trigger

signal is prevented from being outputted until there occurs
& print timing having a dot to be printed, as in the conven-
tional case. As a result, in the case where blanks continue
aver a plurality of bits so that it is not necessary to eject ink,
the piczoclectric vibrators 8, 8 are kept in the no-voltage
-state as shown in FIG. 8, so that no unnecessary voltage is
applied to the piezoelectric vibrators 8, 8 and it is possible
to clongate the lifc time of the piczoelectric vibrators 8, 8.

Since the piezoelectric vibrators 8, 8 are put in the pause
state over several continuous bits, when a charge signal is
thereafter applied to form a dot, the operation of printing is
started in such a state that the meniscus has settled into a
stationary state, so that there is no fear that the quality of the
printing is lowered, and there is no fear that the printing
speed is reduced. _

Although in the above embodiments the operation of
forming an ink drop was described in connection with an.
example of the system in which pressure generating cham-
bers are first expanded, and next contracted, similarly to this,
the present invention can be applied also to a recording head
using d33-type piczoelectric vibrators 70, 70 which have, as
shown in FIG. 9, electrodes arranged in the direction of .
expansion and contraction so as to expand by charge and
contract by discharge.

That is, the pulse width P, (FIG. 10E) of the charge
signal P_ (FIG. 10C) is st to a sufficient time to form an ink
. drop, and the hold time P_,, (FIG. 10E) is set to the time AT
(FIG. 10B, 10C) when the expansion of the pressure gen-
erating chamber can be started in the area in which the
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- 15..

meniscus moves toward the nozzle opening after the forma-
tion of an ink drop, and the pulse width of the discharge
: s:gnal P, (FIG. 10D) is set to P, (FIG. 10E), respecuvely
in advance.

If an ink drop was. formed immediately before, the end
time T, (FIG. 10E) of forming the ink drop is detected by
means equivalent to the above-mentioned discharge end
detecting circuit 52, and a discharge signal generating means
is started up after a constant time from this time, that is,
through a signal delay means which can set the time AT
(FIG. 10B, 10C) to lie within an area a (FIG. 10F) in which
the vibration of the meniscus caused by the formation of the
ink drop is moving toward the nozzle opening. :

As a result, the piezoelectric vibrator is held in a constant
voltage V, (FIG. 10E) and held in the expansion state after
the formation of the ink drop, and the piezoelectric vibrator

esitschargesatanypointoftime('rs)inthearea

a (FIG. 10F) in which the meaiscus is moving toward the

nozzle opening. Therefore, since the process ofexpandmg

the pressure genetaung chamber 15 is started in the stage in

. which the meniscus is moving toward the nozzle opening,

the meniscus be always positioned near the nozzle top

at the time of ejecting an ink drop in the same manner as in
the above-mentioned recording head.

As has been described, according to thepxesentinvention,
the ink-jet type recording apparatus comprises: an ink jet
recording head including a pressure generating chamber
communicating with a nozzle opening and a piezoelectric
vibrator for pressurizing the pressure generation chamber; a
driving signal generating means for generating a first voltage
waveform for expanding the piezoelectric vibrator at a rate

" suitable to form an ink drop, asecondvoltzgewaveformfor
keeping the piezoelectric vibrator in its expanded or coa-
tracted state, and a third voltage waveform for contracting
thepwmelectncvxbra!oratamtcsmtabletosuckmkmto
the pressure generating chamber; ar ink drop formation
completion-time detecting means for detecting a point of
&‘mcatwhichaninkdropformingpmcess by the first
voltage waveform is completed; a delay means for delaying
a signal from the ink drop formation completion time
detecting means by a time AT until a vibration of 2 meniscus

'genetatedmthemkdropfomngproc&sls switched into a
‘movement toward the nozzle opening; a pressure generating
chamber expanding signal generating means for generating
the third voltage waveform in response to a signal from the
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- 16 -, delay neans; and a pressure generating chanber contracting signal
generating nmeans for generating the first voltage waveformin response to a
print timng signal. Accordingly. the pressure generating chanbers contract
in the area in which the nenisci are noving toward the nozzl e openings .
after the ink drop ejection so that the nenisci at the tinme of ink drop

ej ection can be positioned near the nozzle tops as nuch as possible.
Accordingly, it is possible to inprove {bhg

delay means; and 2 pressure generating chamber contracting
gsignal generating means for generating the first voltage
waveform in response to a print timing signal. Accordingly,
the pressure generating chambers contract in the area in
which the menisci are moving toward the nozzle openings
after the ink drop ejection, so that the menisci at the time of
ink drop ejecnoncanbeposmonednearthcnozzletops as
much as possible. Accordingly, it is possible to improve the
printing speed, and it is possible to prevent the quality of
printing from being changed dependmg on the driving

frequency.
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printing speed, and it is possible to prevent the quality of printing from

bei ng changed depending on the driving

- 17-

What is claimed is:

L An ink jet type recording apparatus comprising:

an ink jet recording head comprising an ink reservoir
having a supply port, said ink rescrvoir containing an
ink, and a pressure generating chamber communicating
with a nozzle opening and a pxelecmc vibrator for
pressurizing said pressure generating chamber, said
pressure generating chamber receiving the ink from
said supply port the ink having a meniscus directed
toward said nozzie opening;

a driving signal generating means for generating a first
voltage waveform for expanding said piezoelectric
vibrator at a rate suitable to form an ink drop, 2 second
voltage for keeping said piezoelectric vibrator in an
expanded state, and a third voltage waveform for
coatracting said piezoelectric vibrator at a rate suitabie
to suck ink into said pressure generating chamber;

an ink drop formation completion time detecting means
for detecting a point in time at which an ink drop
forming process by said first voltage waveform is
completed, and cutputting a detecting sigpal indicative
of the point in time;

a delay means for delaying thedewcung signal from said
ink drop formation completion time detecting means by
a time AT until a vibration of the meniscus generated in
sa:dmkdtopformmgpmcssisswnchedmtoamove-
ment toward said nozzle opening;

a pressare generating chamber expanding signal geoerat-
ing means for triggering said driving signal generating
means to geperate the third voltage waveform in
response to the delayed signal from said delay means;
and .

a pressure generating chamber contracting signal gener-
ating means for triggering said driving signal generat-
ing means to generate the first voltage waveform in
response to 2 print timing signal.
zAnkaettyperecordmgappamnmaccmdmgtoclmm

1, wherein said pressure generating chamber expanding
signal generating means is actated to respond to the
debyedagnalbymcansofthepnntunnngsxgnalatasm

of printing.

&Anmkjettyperecordmgappmmaccmdmgtochxm
1, further comprising a switching means for selecting
between the delaved signal from said delay means and the
pednt timing signal, and means for judging whether data to

I

) O A NV
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-17- _What is claimed is: L An ink jet type recordi ng apparatus
conprising: an ink jet recording head conprising an ink reservoir

having a supply port, said ink reservoir containing an ink and a
pressure generating chanmber comunicating with a nozzl e opening and a
pi ezoel ectric vibrator for pressurizing said pressure generating

chanmber, said - 18 -

bepmmdemstconnnuomlyornotmthcmbyacmsud |
-cwndhmglnmumtntumnne.whumbyvﬂmnthetkmau:be

peinted is continucus said pressure generating chamber

e:pandmgagnalgenmungmeansxsacunwdtoopmm

said switching means by the delayed signal from said delay

means.
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pressure generating chanber receiving the ink from said supply port the
I.nk having a neniscus directed toward said nozzle opening; a driving
'signal generating neans for generating a first - vol t age waveform for
expandi ng said piezoelectric vibrator at a rate suitable to form an

I nk drop, a second vol tage for keeping said piezoelectric vibrator in
an expanded state, and a third voltage waveform for contracting
sai d piezoelectric vibrator at a rateisuitable to suck ink into said
pressure generating chanber,

FIG. 1
PRIOR ART
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an ink_drop formation conpletion tine detecting neans for detecting a

point in time at which an ink drop form ng process by said first
vol tage wavefomi s conpl eted, and outputting a detecting signal
indicative  of the point in time;, a delay neans for delaying the
detecting signal fromsaid ink drop formation conpletion tine

det ecti ng neans by atime [err] until a'vibration of the neniscus
generated in said ink drop fornigg_process is switched into a nove-

ment toward said nozzle opening;

FIG. 2
PRIOR ART
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a pressure generating chanber expandi ng signal generat - I ng means for
triggering said driving signal generating means to generate the third
"vol t age waveformin response to the delayed signal from said del ay
nmeans; and a pressure generating chanber contracting signal gener-
ating neans for triggering said driving signal generat- I ng means to
generate the first voltage waveformin response to a print timng

si gnal . 2 An ink jet type recordind’&pbaratus according to claim
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1. 'wherein said pressure generating chanber expandi ng signal generating
neansis actuated to respond to the del ayed signal by nmeans of the print
"timng signal at a start of printing 3. An ink jet type recording
apparatus according to claim1 further conprising a switching neans for
sel ecting between the del ayed signal fromsaid delay means and the print
timng signal, and nmeans for judging whejher data to :
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be printed exist continuously or not to thereby actuate said sw tching
.means” to operate, whereby when the data to be printed is continous said

" pressure generating chanmber expanding signal generating neans is actuated
to operate via said switching neans by the del ayed signal from said del ay.
means.
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ABSTRACT

INK JET TYPE RECORDING APPARATUS THAT CONTROLS INTQ MENISCUS VIBRATIONS

The apparatus includes a circuit 49 for generating a first
voltage waveform for expanding piczoelectric vibratars at a
rate suitable to form ink drops, a second voltage for holding
an expansion or contraction state, and a third voltage wave-
form for contracting the piezoelectric vibrators at a rate -
suitable to suck ink into pressure generating chambers; a .
circuit 52 for detecting the time when the process of forming
ink drops by the first voltage waveform is ended; a delay
circuit 83 for delaying a signal from the circuit 52 by.a time
AT until vibration of menisci caused by the ink drop
formation process, switches to motion toward nozzle open-
ings; a charge signal generating circuit 48 for generating the
third voltage waveform on the basis of a signal from the
delay circuit 53; and a discharge signal generating circuit 51
for generating the first voltage waveform on the basis.of a
~ print timing signal. The third voltage waveform is generated.
- when the menisci produced after forming ink drops have
started moving toward the nozzle openings, so that ink
required for the next formation of ink drops is sucked into
the pressure generating chambers. Therefore, the force to
retreat the menisci due to the expansion of the pressure
generating chambers is canceled by motion of the menisci

per se, and the retreat of the menisci caused by the soction -

of ink can be minimized. It is therefore possible to stabilize
the menisci independently of the frequency.

FIGURES 6A-6F
FIGURE 9
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