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INK JET TTPE R.ECORDING HEAD DRIVING CIRCUIT
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This invention relates to a circuit for driving an ink jet

type recording head (hereinafter referred to as nan ink jet type

recording head driving circuit?).
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An ink jet type recording head for a recorxding 'apparatus is

well know in the art which is so designed that, as disclosed
for instance by Japanese Patent Application Publication No.
24218/1990, a disk-shaped piezo-electric vibrating plate is
secured to an olastic board forming a pressure chamber. In the
ink jet type recording head of this type, the displacement of
the piezo-electric vibratoxr is small, and therefore it is
essential that the pressure chamber is large in effective area.
Therefore, in the recording head, the pressure chamber is
located relaﬁiv’ely far from the nozzle openings, and it is
com_municated with the latter through ink passageways. Hence,
the recording head is unavoidably bulky. In addition, delicate

adjustment is required for making the ink passageways uniform

in fluid resistance.
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In order to &liminate the above-daescribad difficulties, for

instance US Patent No. 4,697,193 has disclosed an ink jet type
recording head in which a bar-shaped piezo-electric vibrator is.
abutted against a vibrating board forming a pressure chamber so
as to compxess and xelease éﬁe latter, so that ink droplets are
formed by the longitudinal vibration of the piezo-electric
vibrator.

The ink jet type recording head operating on the above-
described longitudinal vibration employs a sc-called "draw and
strike* type driving system in which, immediately before formation
of a dot, a driving voliage is applied to the piezo-electric
vibrator to contract the'latter, and then the piezo-electric
vibrator is discharged so that it is stretched to compress the
pressure chamber thereby to form an ink droplet.

Employment of the “draw and strike*® type driving system is
advantageous in that the elastic energy stored in the piezo-
electric wvibrator or vibrating board in advance can be
utilized, and in addition the ink can be positively led into
the pressure chamber. However, it is disadvantageous in that,
if the operating frequency of the piezo-electric vibrator is
increased to increase the printing speed, then in foxrmation of
an ink droplet the meniscus of ink in the vicinity of the
nozzle £fluctuates in position, so that the ink dreplet formed

is changed in the velocity of flight and in sizs, and therefore

the resultant print is low in quality- T e e
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In order to overcome the above-described d.l;.riculty, a

driving method has been proposed in which the piezo-electric
vibratox contracted is kept as it is until the meniscus returns’
to the original position and stops there, and thereaftexr the
piezo-electric wvibrator is stretched by discharging it.

However, the driving_ system is still disadvantageous in that

" there is a wait time for restoration of the meniscus ; which

limits the printing speed.

The characteristic of printing with respect to temperature
of the ink jet type recording head is. liable to change when
compared with those of other type recording heads such as a
wire dot type recording head and a thermal transfer type
recording head. Hence, the ink jet type recording héad employs
a temperature compensating circuit so that the driving voltage
is controlled according to a detection signal provided by a
temperature sonsox. Accbrdingly, in this case, it is necessary
to provide a power source circuit for driving the ink jet type
recording head in addition to a power source circuit for =a
pulse motor or the like adapted to drive the printing
mechanism; that_ ié, the resultant printing machine is intricate
in construction as much.

The piezo-electric vibrator of longitudinal vibration mode,
being small in section, is advantageous in thaﬁ a plurality of

such piezo-electric vibrators can be readily arranged with high

density. However, it is disadvantageous in that the piezo-

electric vibrators arranged adjacent to one another suffer from
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'Accordingly, an objsct of this invention is to eliminate
the above-described difficulties accompanying a conventional

ink jet type recoﬁding head driving circuit.

This object is solved by the ink jet type recording head
driving circuit of independent claim 1. Further advantageous
features, aspeéts 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-
limiting approach of defining the invention in general terms.

The invention provides a circuit for driving an ink jet
type recording head in which a vibrating board forming a
pressure chamber is displaced with a bar-shaped piezo-electric
vibrator, so that the pressure chamber is compressed to jet
ink droplets through nozzle openings.

More specifically, the invention . provides

a ink jet type recording head driving circuit which controls
the magnitude of a signal for driving a piezo-electric vibrator
without depending on a supply voltage at the time of formation
of' an ink droplet, and sets the speeds of expanding and

contracting the piezo-electric vibrator individually.
'ACCording to a specific aspect of the invention , there is

provided an ink jet type recording head driving circuit in

which a capacitor is connected through a first switching

element end a charging time constant adjusting resistor to an
electric powexr scurce, and grounded through a second switching
element and a discharging time constant adjusting resistor, a
terminal voltage of said capacitor is outputted through a

current buffer, and the £irst switching element is controlled

o

y 2 first pulse for contracting a plezo-2lectric vibrator,

while the second switching element is ccntrolled by a second

pulse for expanding the piezo-electric vibrator.
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With the recording head driving device, the pulse width of
the first pulse is adjusted accoxding to'exte:nal coﬁditicns,
the charging time constaht.adjusting resistor is so set as to
provide a time constant with which the meniscus is not
displaced, so that, with the position of the meniscus
stabilized, a ball-shaped ink droplet is formed, and the
discharging time constant adjusting resistox iz set according
to the free vibration period of the pressure generaiing member
so that, after formation of an ink droplet, the zxesidual
vibrations of the piezo-electric wvibrator and the pressure
chamber are minimized in amplitude and in duration time.

The nature, principls, and utility of tha invention will he
more clearly understood from the following detailed description
of the invention when read in conjunction with the accompanying

drawings. i ) -
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FIG. 1 is a circuit diagram, partly as a block diagram,

In the accompanying drawings:

showing an ink jet type récording head driving circuit, which
constitutes a first embodiment of this invention;

FIG. 2 is a sectional view of an ink jet type recording
head of longitudinal vibration mode, to which the driving

circuit of the invention is advantageocusly applied.
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FIG. 3 is an enlarged perapective view showing an example

of a piezo-electric vibration unit forming the recording head

shown in FIG. 2;

FIG. 4 is an enlarged _perspective view showing another
example of the pilezo-electric vibration unit;

FIG. 5 is an explanatory diagram showing time constant
adjusting resistors in the driving circuit shown in FIG. 1;

FIG. 6 is-a waveform diagram for a description of the
cperation of the driving circuit according to the invention;

FIGS. 7(a) to 7 (4) are expla_natorﬁz diagrams for a
description' of relationships between the positions of a
meniscus and the configurations of an ink droplet with a
pressure chamber compressed;

FIG. 8 is a graphical representation 'indicating nozzle
opening sizes with rise speeds in stretching a piezo-electric
vibra'tor together with configurations of ink droplets formed;

FIGS. 9(a) through $§(c) are graphical representations
indicating changes in voltage for stretching a piezo-electric
vibrator, residual vibrations of a pressure generating member,
and displacement of a meniscus in th.e vicinity of a nozzle
opening in the recording head, respectively;

FIG. 10 is alse a graphical representation indicating
voltage for stretching the piezo-electric vibrator with maximum
free vibration amplitude of a pressure chamber forming member
after formation of an ink droplet;
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FIG. 11 is an explanatory diagram showing how the vibration
of one pressure generating member propagates through other
pressure generating members;

FIG. 12 is a graphical representation Indicating
relationships between the vibration of a pressure generating
member which is driven for printing, and vibrations propagating
from the pressure generating member to other pressure
generating members; |

FIG. 13 is a cirecuit diagram, partly as a-block diagram,
showing the arrangement of a . modification; of the ink jet type
recording head di:iving circuit shown in FIG. 1; and

FIG. 14 is a waveform diagram for a description of the

operation of the driving circuit shown in FIG. 13.

One example of an ink jet type recording head driving
circuit, which constitutes one embodiment of this invention,
wiil ba qlescribed with reference te Figures 1 to 12.

An ink jet type recording head, which is driven by the head
driving eircuit according to the invention, is as shown in FIG.
2. In FIG. 2, reference numeral 1 designates a pressure
chamber which is defined by a vibrating board 3 covered with a
f£film 2, a nozzle forming substrate 4 forming a predetexmined
space with the film 2, and a nozzle plate 5 bonded to the
nozzle forming substrate 4. The pressure chamber 1 is

communicated through an ink supplying inlet 7 to a common ink
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chamber (not shown). One end of @ pressure generating member

8 is abutted against the other surface (rear surface) of the
vibrating board 3 in such a manner that it opposes a nozzle
opening 6. The other end of the pressure generating member 8
is fixedly secured through a substrate % toc a base member 20.

In the racording head thus constructed, ink flowing into
the pressure chambexr 1 through the ink supplying inlet 7 is
pressurized through the wvibrating boaxrd 3 by the pressure
generating member 8, thus being discharged in the form of ink
droplets P from the noszzle openiné'ﬁ.

FIG. 3 shows one example of a piezo-electric vibrator unit

forming the recording head shown in FIG. 2. The piezo-electxrlc

vibrator unit including the pressure genexating members 8 is

" formed as follows: Piezo-electric layers 10, hegative internal

electrodes 11, and positive internal electrodes 12 are stacked
in such a manner that a piezo-electric layer is sandwiched
between a positive internal electrode and a negative internal

electrode. The negative internal electrodes 1l are connected

. to a negative external electrode 13, while the positive

internal electrodes 12 are connected to a positive external
electrode 14. A plurality of the pressure generating members
8 thus formed are arranged in alignment with the nozzle
openings 6 arranged at predetermined intexvals, and fixedly
secured -to the substrate 9. The pressure generating members 8
thus secured each have a region referred to as "an inactive

portion 15" in which the internal electrodes of one polarity
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are not provided (in the embodiment, the posgitive internal
}
electrodes 12 being not provided), and a2 region referred to as

~an active portion 16* where both the negative internal
electrédes 11 and the positive lnternal electrodes 12 exist,
The active portion 16 is extended 1like a .cantilever a
predetermined length from the substrate 8, thus.serving as a
free vibration portioen.

When, in each pressure generating member 8, a voltage of
the order of 30 volts is applied between the negative extermal
electrode 13 and the positive external electrode 14, electric
fields are formed in the piezo-electric vibrator layers 10, so
that only the active portion 16 is expanded and contracted as
indicated by the arrow A. In this operation, the inactive
portion 15 supported by the substrate 9 is not defoxmed.

In the above-described piézo-electric vibrator unit, the
pressure generating members 8 are individually fixedly secured
to the substrate 9. However, the piezo-electric vibrator unit
may be formed as shown in FIG. 4. That is, first 2 laminated
block 24 is formed by stacking negative interﬁal electrodes 21,
positive intérnal electrodes 22 and the piezo-electric layers
22 in the same manner. Thereafterxr, slits 26, 26, 26,... are
cut in the block 2¢ soc as te form active portions 25, namely,
piezo-electric wibxator bodies 27, thus leaving inactive
portions. That is, the block 24 is cut in the forxm of a comb.
'ne recoraing nead thus formed has Lhe seme cffects ad the once

shown in FIG. 3, and requires no fixing substxats § (FIG. 3).
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one examp}e of.the ink jet type xecoxding head dxiving
circuit according to the invention is as shown in FIG. 1.

In'FIG.'l, rererénce character IN1 designates a printing
timing signal input terminal; and IN2, a printing signal input
terminal. As shown in FIG. 6, pulse-like signals are applied
toc those input terminals with printing timing. Reference
character Ql designates a level adjusting transistor, the base
electrode of which is connected to the input terminal INl. The
collector electrode of the transistor Ql is connected to the
base electrode of a first switching transistor Q2. The emitter
electrode of the transistor Q2 is cohnected through a time.
constant adjusting resistor Rl and a terminal VH to a power
source, and the collector electrode thereof is grounded through

a time constant adjusting capacitor Cl. Reference character Q3

designates a constant current transistox, the emitter electrode

of which is connected to the power source terminal VH. The
collectoxr electrode of the transistor Q3 is connected to the
collector electrode of the level adjusting transistor Ql, and
the base electrede of the transistor Q3 is connected through
the time constant adjusting resistor Rl to the power source
terminal VH.
The input terminal IN2 is connected to the bass eleactrode

Oof a second switching transistor Q4, the collectoxr aloctrods of
which 1s connected to the time constant adjusting capacitor ci.
The emitter electrode of the transistor Q4 is connected through

a second time constant adjusting resistox R2.
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Further, in Fig. 1,reference character Q5 designates a

constant current transistor Q. The collector electrode of the
transistor Q5 1s connected to the input terminal 1IN2, the
emitter electrode thereof is grounded, and the base electrode
thereof is connected througﬁ the second time constant adjusting
resistor R2.

Reference characters Q6, Q7, Q8 and Q9 designate
transistors which form a current buffer for amplifying current
in charging and discharging the capacitor Cl. In the
embodiment, the transistors Q6 and Q7 and the transistors QS
and Q%9 are Darlington-connected. The current buffex is able to
simultaneousgly drive all the pressure generating members 8 of
the ink jet type recoxding head to be driven.

The current buffer has an output terminal OUT which is
connected to a switching circuit 28, which is connected to all
the pressure generating members 8. The switching circuit 28 ié
designed as follows:™ In response to the printing signal, the
switching circuit 28 is turned on and off so as to supply
cuxrents provided by the transistors 06, Q7, Q8 and Q9 forming
the currént buffer selectively to the pressure generating
members 8 which are to foxm ink droplets.

The switching circuit 28 is formed with switching elements

. only, that is, it needs no current adjustz.ng means. Therseforxra, .

it is light in weight and small in size. Hence, it can be

mechanically disconnected from a driving voltage generxating

This Sheet Has Been Replaced
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circuit, and mounted on- the carriage of the raecording head by
connecting it through a flexible cable thereto.

The time constant adjusting resistors Rl and R2 may be
provided as shown in FIG. 5. That is, the resistors Rl and R2
are fixedly mounted on a substrate 31 having terminals 30 which
are connected to lead wires. Thereafter, those components are
molded into one unit. In this connection, it is desiréble that
a pluralitf'of those units different in resistance are prepared
in the above-described manner. That is, if a number of the
units are available, then merely by exchanging the unit, a time
constant can be set which is most suitable for the ink
discharging characteristic of an ink jet type recording head.
This contributes to simplification of the printing operation.

The operation of the above-described driving circuit (FIG.
1) will be described with feference toc a waveform diagram of
FIG. 6 in more detail.

When a printing tiﬁing signal (the part I of FIG. 6) for
forming one dot is applied by a2 host, in synchronization with
the printing timing signal a printing preparatory signal (the
part IIX of FIG. &) having a pulse width Te is produced. The
pulse width Tc is determined according to a charge time. When
the printing preparatory signal is applisd to the input
terminal IN1, the level adjusting transistox Ql is tuxrned on,
and accordingly the first'switching transistor Q2 is also
turned on. As a result, the supply voltage VH is applied

through the time constant adjusting resistor Rl to the

- 12 -
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capacitor Cl, and the latter Cl is charged with a time conatant
determined by the resistance of the resistor Rl and the
capacitance of the capacitor Cl. |

The time constant adjusting resistor R1 is shunted with.the
constant current transistor Q3, and therefore the voltage
across the resistor Rl is substantially equal to the base-
emitter voltage of tﬁe transistor Q3. Hence, current flowing
in the capacitor Cl is constant, not changing with time. Thus,
the rise gradient Tl of the terminal voltage (V) of the
capacitor Cl is as follows:

Tl = VBEl/(Rl x Cl)

where Rl is the resistance of the resistor R1, Cl is the
capacitance of the capacitor Cl, and VBEl is the base-emitter
voltage of the constant current transistor Q3.

When the time corresponding to the pulse width Tc of the
printing preparatory signal has passed, the terminal voltage of
the capacitor Cl is raised to a voltage V0. At this time
instant, the printing preparatory signal is set to "L (low)"
lsvel, so that the level adjusting transistor Ql is turned off,
and accordingly the first switching transistor Q2 is turned
off. As a result, the voltage of the capacitor Cl is
maintained at V0 (= t x Tc).

When & predetermined pexriod of time Te has passed from
texrmination of the printing pxeparatory signal; that is, when
time has passed to the extent that the switching transistors Q2

and Q4 are not short-circuited, a printing signal (the parﬁ v

- 13 -
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of FIG. 6) is applied to. the input tem:-:.nal IN2. The printing
signal has a pulse width Td which is long enough to discharge
the capacitor Cl to substantially zerxc potential. The pxinting
signal thus applied turns on the second switching tranasistor
Q4, as a result of which the capacitor Cl is discharged through
the time constant adjusting resistor R2. At the same time, the
constant current transistor Q5 is turned on. Hence, similarly
as in the case of the above-described first constant current
transistor 03, the terminal voltage of the second time constant
adjusting resistor R2 becomes the base-emitter voltage VBE2 of
the transistor Q5. Thus, the terminal voltage (V) of the
capacitor 'Cl1 is. linearly decreased with a predetermined
gradient. :

That is, the fall gradient t2 of the terminal voltage (V)
of the capacitor Cl is as follows:

t2 = - VBE2/(R2 x Cl)

where R2 is the resiéiance of the second time constant
adjusting resistor R2, Cl is the capaciténce of the capacitor
Cl, and VBE2 is the base-emitter wvoltage of the constant
current transistor Q5.

When the printing signal is terminated with the lapse of
time Td, the second switching transistor Q4 is turned off, and
the change in terminal wvoltage of the capacitor Cl is
suspended. The pulse width Td of the printing signal is much

larger than the discharge time constant which is determined by
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the capacitance .Cl and the resistance R2, and therefore no
charge remains in the capacitor Cl.

The voltage which changes with a predetermined riae. rate
and fall rate which are determined by the time constant
adjusting resistors Rl and R2 and the capacitor ClL is amplified
by the transistors Q6, Q7, Q8 and Q% forming the current
buffer, and applied through the switching:circuit 28 to the
piezo-electric vibrators 8 forming the ink jet type recording
head (FIG‘. 2). . | |

Thus, by turning on and off the switching elements of the
switching circuit 28 in synchronization with the printing
signal, the wvoltage signals from the common driving voltage
generating cixcuit, which have cne and_'the same waveform, can
be applied selectively to the plurality of pressure generating
elements 8. . The pulse -width Tc of the printing preparatory
signal, and the pulse width Td of the printing signal depend on
the structure of an ink jet type recording head employed, and
the viscosity of ink selected; however, the central value of
the pulse width Tc is of the order of 120 ps (micro-seconds),
and that of thee pulse width TD is of the order of 6 us. Those
values may be adjusted within 10% when necessary.

The piezo-electric vibrators of a recording heads are
picked up from one and the same lot, and thexafora the nozzles
are equal in ink discharging charactaristic. On the othex
hand, fregquently the recording heads manufactured are different

in ink discharging characteristic because of manufacturing

- 15 -
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exrrors of <thelr pressure chambers. The ink discharging
characteristic thus deviated from one another are, in general,
corrected by adjusting the waveform of the voltage dxriving the
ink jet type recording head.

wWith the Above-described driving <c¢ircuit, the r;se
characteristic, namely, the rate of expansion of the pressure
chamber, and the fall characteristic, naﬁely, the rate of
contractzon of the pressure chamber 1 can be LndLVLdually and
readily adjusted with time constant adjusting resistor Rl and
the time constant adjusting resistor R2, respectively. The
maximum voltage of the capacitor Cl depends on the charge time,
and therefore it can be adjusted by changing the pulse width Tc
of the printing preparatory signal.

Hence, the driving circuit of the invention, unlike the

conventional driving circuit, needs no power source circuit

which is maintained at a certain voltage. For instance, it can

utilize the output power of a pulse motor driving DC power
source” which is xelatively large in voltage variation. That
is, in this case, the pulse width Te¢ of the printing
preparxatory signal can be made constant by az;tomatically
controlling it according to the supply voltage. This means
that one and the same power Source may be used for both the ink
jet type recording head and the pulse motoxr or the like, with

results that the printing machine is reduced both in size and

in manufacturing cost as much. _
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The voltage having the predetermined waveform, generated by
the driving circuit, is applied through the switching circuit
28 selectively to the plezo-electric vibrators in the ink jet:
type recording head. The_refore, the driving means can be
formed with switching means-only, which contributes greatly to
simplification of the structﬁre of the printing machine and to
reduction of the weight of the same. Hence, in the case where
the driving circuit is mounted on the s‘tatio'nary system
thereof, and the driving means is mounted on the carriage, the
greater part of the leads in a flexihle cable connected between
the driving circuit and the driving means may be small in
current capacity, to such an extent that they can transmit a
scanning signal in maximum. In this case, the connecting cable
can be miniaturized as much.

When the pressure generating members 8 are contracted in
response to the printing preparatory signal, the pressuxe
chamber 1 is expanded, so that the ink is supplied through the
ink supplying inlet 7 to the pressure chamber 1. The expansion
of the pressure chamber 1 acts to retract a meniscus of ink
formed near the nozzle opening §.

After the ink has been supplied to the pressure chamber 1,
the préssure generating members 8 are expanded to compress the
pressure chamber 1, so that ink drxoplets axe. jetted from the
nozzle openings 6. In the case when the pressure chamber is
compressed, the position of the meniscus.of ink and the

contfiguration of the ink droplet relates greatly to each othex.
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Hence, the guality of a print formed by the printing machine

depends on the timing of compressing the pressure chamber.
That is, when the pressure chamber 1 is contracted under
the condition that the meniscus M is positioned near the nozzle
opening § (FIG. 7(a)) as in the case w?ere the pressure chamber
is maintained stopped,; the ink droplet P jetted from the nozzle
opening is in the foxm of a ball as shown in FIG. 7(b). On the
other hand, when the pressure chamber is contracted under the
condition that, as shown in FIG. 7(c); the meniscus M is
retracted from the nozzle opening's, the ink droplet P jetted
from the nozzle opening 6 has a cylindrical shape, being
elongated in the direction of flight, as shown in FIG. 7(d).
When the ink droplet P like a ball reaches the recording
medium, it will form a2 substantially circular dot; whereas when
the ink droplet P like a cylinder will form a dot which is not
circular, thus lowering the quality of the resultant print.
When the pressure chamber 1 is expanded, the meniscus M is
retracted from the nozzlae opening; that is, it is moved towards
the press.ure generating member 8. This is due to the fact that
the loss of pressurs at the ink supplying inlet 7 is largex
than the surface tension of the ink at or near the nozzle
opening 6. Hence, it is necessary to draw the ink into. the
pressure chamber 1 at a velocity that maintains the loss of
pressure at the ink supplying inlet 7 smaller than the suxface

tension of the ink near the nozzle opening.
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The surface tension of the ink near the nozzle opening 6
depends on the size of the latter 6, and the viscosity of the
ink. However, typically stated, as shown in FIG. 8, when the
ink chamber is -expanded at a rate lower than that which is
obtained from a straight l:':ne L representing the proportional
relation between' the size of the nozzle opening and the time of
contraction of the piezc-electric vibrator; i.e., the rise time
of the printing preparatory signal, then a ball-shaped ink
droplet is produced. However, increasing the rise time is
limited to 2a 'certain value, because if the rise time is
excessively increased, then the printing speed is lowerxed.

With the recording head driving circuit of the invention,
the rise time can be set to a desired wvalue with the timing:
constant adjusting resistor Rl, as was described above. Hence,
the recording head driving circuit can be applied to a variety
of ink jet type recording heads different in specification by
determining the resistance of the time constant adjusting
resistor Rl in accordance with the characteristic of a given
ink jet type recording head, such as the size of the nozzle
opening and the viscoesity of the ink employed.

Upon completion of the supply of ink to the pressure
chamber 1, in orxder to form an ink droplet, the prassure
Chamber is compressed; that is, the pressuxe generating membex
8 is expanded.. If, 1in this case, the pressure generating
menber 8 is made up of a piezo-electric vibrator of

longitudinal vibration mode, then since the pressure generating
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member 8 is high in rigidity, a residual vibration is produced
which has a re.latively long residual time corresponding to the
resonance frequency thereof, and is large in amplitudé.

That 1is, as shown in FIG. 9(a), when the pxressure
generating member 8 chargec; to a voltage V0 is discharged with
the discharge time Td changed, the residuval vibration of the
preséure generating member 8 is changed in pattern according to
the discharge time Td. That is, a free vibration o¢f an
intrinsic vibration period Tf takes place about the position DO
whexe the end of the pressure generating member is positioned
when no voltage is applied thereto. In this case, the
amplitude and the duration time of the free vibration depend
greatly on the discharge time as indicated at (A) and (B) in
FIG. 3(b). _

On the other hand, the ink in the pressure chamber 1
vibrates in synchronization with the yibratioz} of the pressure
chgmber itself. The free vibration period of the pressure
chamber 1, as indicated at (E) in FIG. 9(c), is longer than
that of the pressure generating member 8. Hence, the vibration
of the pressure generating member is superposed on that (E) of
the ink itself, so that the meniscus near the nozzle opening
moves as indicated at (F) in FIG. 9(c). That is, the residual
vibration of the pressure generating membexr 8 is small in
amplitude; however, when it is added to the vibration of the
ink itself, the amplitude of the vibration of the meniscus

cannot be disregarded with a time level which is of tha order

- 20 -
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of the free vibration peried of the pressure genarating membar
8. When the meniscus is vibrated at a high speed of the order
of the free vibration period of the pressure generating member
8, ink droplets are produced like mist, thus affecting the
wettability of the vicinitf' of the nozzle opening. The
wettability of the vicinity of the nozzle opening affects the
flying velocity and the configuration of the ink droplet. As
a result, the print is affected in quality.

It has been confirmed B through experiments that the
relationships between the amplitude of the residual vibration
of the pressure generating member 8 and the discharge time Td
are as shown in FIG. 10, and ﬁhe amplitude of the residual
vibration is minimum with the discharge time Dt corresponding
to the free vibration period of the piezo-electric vibration.

As the amplitude of the residual vibration decreases, the
meniscus, after formation of an ink droplet, is stabilized
quickly as much, and the aforementioned wettability can be
maintained constant. Hence, the repetitive driving freqguency
can be increased, and the printing quality can be maintained
constant.

As is seen from FIG. 10, the maximum amplitude, and the
maximum velocity are larger when the discharxge time is shorter
than the natural period dt. Therefore, for certainty, the
discharge time should be set to a value longer than the natural
vibration periocd. Por instance, in the case where the free

vibration period dt of the pressure generxating membex 8 is 6.5
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uz;, the dischazge time should be set to a value in a range of
from 6.3 s (= dt - x1 = 6.5 - 0.2) to 6.9 us (= dt + x2 = §.5
+ 0.4}). .

In the ink jet type recording head, a number of preeau;:e
generating membexs 8;, 8, _8, and 8, are arranged at intexvals
of an extremely short distance as shown in FIG. 1l1l. Theréfore,

a compressional wave produced in the active region of one

.pressure generating member 8; propagates through the inactive

region and through the substrate 9, so that the pressure
generating members 8, and 8, adjacent thereto resonate with it.
This phenomenon occurs significantly in proportion to the
increasing recording density.. .

As was described above, in the ink jet type recording head
of the invention, the driving voltage discharge time ig equal
to the free vibration period dt. Therefore, the free vibration
of ;he pressure generating member 8 becomes minimum in
amplitude as indicated a;c (A) in FIG. 12, and therefore the
amplitude of ' the compressional wave propagating in the
substrate 9 is also made small in variation as indicated at (B)
in FIG. 12. Accordingly, the resonance amplitudez of the
pressure generating members 8, and 8, adjacent to the pressure
generating member 8, are suppressaed as indicated at (C) and (D)
of FIG. 12. That is, an erroneous operation is prsvented that
ink droplets. are unnecessarxily jetted by xesonance

displacement.
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Furthermore, even when the pluralitjr of pressure generating
members 8 are driven simultaneously, the compressional waves
p&oduced thereby will not resonate with one another. Hence,.
the pressure generating members are stable in the amount of
displacement and in the speed of operation irrespective of the
nunber of the prosoure gonoxating members dri.von.. Thus, with
the driving circuit of the invention, the resultant prints are
high in guality no matter what printing pattern is handled,.

FIG. 13 shows one modification of the above-described ink
jet type recording head driving circuit, which constitutes a
second embodiment. Roughly stated, the circuit utilizes the
above-described voltage adjusting function, and operates
smoothly  against variations in external cox:zditions,
particularly against changes in temperature.

In FIG.73, reference numeral 40 designates a temperature
compensating circuit connected between the printing preparatory
signal input terminal INl and the level adjusting transistor
Q1. A temperature detector 41 such as a thermistor for
detecting the temperature of the recording head applies a
temperature signal to th; teniperature compenzating cixcuit 40.
In response to the temperature signal, the temperature
compensating circuit 40 changes the pulse width Tc of the
printing preparatozry signal. rﬁis operation is based on the
fact that the wviscosity of 4ink used foxr the ink jet type
recording head is a function of temperature. That is, the

circuit is so designed that the driving voltage is adjusted to
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compensate the reduction of the ink flying velocity which is

due to the change in the viscosity of ink, thereby to change
the maximum amplitude. Such a pulse-width adjusting circuit
can be realized as an analog circuit by replacing an
oscillation constant setting resistor of a monostaﬁle
miltivibrator by a thermal sensitive resistor such as a
thermistor which constitutes the temperature detector 41. The
circuit can be also simply realized as a digital circuit by
controlling the output number of a unit pulse by a temperature
signal which has been converted into digital signal.through an
analog-digital converter.

The operation of the driving circuit shown in FIG. 13 will
be described with reference to a waveform diagram of FIG. 14.

It is assumed that the temperature of the ink jet type
recording head is maintained at a reference value tl. When, in
this case, a printing preparatory signal (the part II of FIG.
14) is applied to the input terxrminal IN1, the temperature
compensating circuit 40 applies the signal to the first

switching transistor Q1 as it is, without changing the pulse

width Tc thereof. As a xesult, the capacitor Cl is charged up

to a driving voltage V1 corresponding to the temperature tl
with the rise time which is determined by tha resistancs of the
time constant c.djus.ting resistor Rl and the capacitance of the
capacitor Cl itself. The voltage of the capacitor Cl being
charged is applied through the switching circuit 8 selectively

to the pressure generating members 8 of the recording head, and

This Sheet Has Been Rep

N



10

1s

20

25

THIS SHEET Hag gey
AS BEE
REPLACEL

therefore the pressure chambexr 1 is stxetchad at a rise rate
which is determined by the time constant adjusting resistor Rl
and the capacitor Cl, thus- being expanded to a volume
corresponding to the final charge voltage V1.

Thereafter, a printing signal (the part IV of FIG. 14} 1is
applied to the circuit. The printing signal turns on the.
second switching transistor, as a ‘result of which the cé.pacitor
Cl1 is discharged at the fall rate which is determined by the
capacitor Cl itself and the time constant adjusting resistor
R2, so .that the pressure chamber is compressed to cause the
nozzle openings to jet ink droplets. In this case, since the
speed of stretching the pressure generating member 8 is set to
the free vibration period of the latter by the capacitor Cl .and
the time constant adjusting resistoxr R2, the residual vibration
of the pressure chamber 1 is minimized as was described before.

when the ink droplet flying veloccity is decreased for
instance because the temperature of the recoxding head is
decreased to a value t2 from the designed reference value tl to
increase the viscosity of ink, the temperature compensating
circuit 40 operates to increase the pulse width of the printing
preparatory signal applied to the input terminal IN1 from TCl
to TC2. The printing preparatory signal thus processed is
applied to the first switching transistor Q2. As a xasult, the
capacitor Cl1 is charged to a wvoltage V2 higher thén the
reference voltage V1. Needless to say, the rate of change in

the voltage of the capacitor being charged is maintained at a
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predetermined value which is deterxmined by the capacitor Cl and
the time constant adjusting resistor Rl, and therefore the
meniscus is held at the noz2zle opening 6 as it is.

Thereafter, in a predetermined periqd of time, a printing
signal is abplied to turn on the switchiﬁg transistor Q4, so
that the capacitor Cl is discharged. That is, the voltage V2
is decreased with the fall time which is deterxrmined by the time
constant adjusting resistor R2 and the capacitoxr Cl, and
accordingly the pressure chamber is contracted in
synchronization with the decrease of the voltage V2, In this
case, the pressure chamber 1 has beeﬂ expanded larger than in
the case where the recording head is at the designed reference
temperature tl, and therefore a high pressure is produced in
the pressure chamber, so that ink droplets fly at the designed
reference velocity against the fluid resistance which is
provided as the ink is increased in viscosity.

When the temperature of the recording head is raised to t3,
then the temperature compensating circuit 40 operates to change
the pulse width of the printing preparatory signal to a value
Te3 corresponding to the temperature t3, so that the pressure
generating member is contracted with a voltage V3. As a
result, a pressure is produced in accoxrdance with a xreduction
in the viscosity of ink which is due to the xrise of temparaturs
oI the recording head, so that the ink droplets f£ly at the
designed reference velocity. That is, the pressure chamber 1

Ls changed both in volume and in contraction rate according to
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the temperature of the recording head, and therefore ink
droplets are produced in the predetermined manner irrespective
of changes in temperature.

In the above-described embodiment, the printing preparxatory
signal having the most sultable pu.lse widtl_-x' Tecl at the
reference temperature is processed to have a pulse width
corj::esponding to a current temperatufe in response to the
detection signal from the temperature detecting means.
However, this may be modified aé follows: That is,
relationships between temperatures of the ink jet type
recording head and pulse widths of the printing preparatory
signal are detected in advance, and are stored, as data, in a
memory . In response to the detection signal f£rom the
temperature detecting means, the corresponding pulse width is
read from the memory, so that a printing preparatory signal
having the ©pulse width <thus read " is outputted in
synchronization with the printing timing signal. It goes
without saying that the modification provides the same effects.

As was described above, in the ink jet type recoxding head
driving circuit of the invention, the capacitor is connected
through the first switch;ing element and the charging time
constant adjusting xesistor to aﬁ electri¢ power source, and
grounded through the second switching element and the
discharging time constant adjusting xesistor, the terminal
voltage of the capacitor is outputted through the current

buffer, and the first pulse for contracting the piaezo-electric
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vibrator 1s applied to the fixst awitching elament, and the
second pulse for expanding the piezo-electric vibrator is
applied to the second switching element. Hence, the speed of
contraction of the pressure generating member 2t the time of
expansion of the pressure chamber, and the speed of contraction
of the pressure genexating member at the time of flight of the
ink droplet can be . individually set respectively to a wvalue’
with which the meniscus is not mov_ed ; and to a value with whic;h
no residval wvibration occurs. Furthermore, by changing the
pulse width of the first pulse, the conditions of formation of

ink droplets can be made constant against wvariations in

external condition and in supply voltage.
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An ink jet type recording-head driving circuit,

comprising:

a first switching element (Q2) which is controlled by a
first pulse for contracting a piezo-electric vibrator,

a second switching element (Q4) which is controlled by a
second pulse for expanding said piezo-electric vibrator,

a charge time constant adjusting resistor (R1),

a discharging time constant adjusting resistor (R2),

a capacitor (Cl) connected through said first switching
element (Q2) and the charging time constant adjusting
resistor (R1l) to an electric power source (VH) and grounded
through said second switching element (Q4) and said
discharging time constant adjusting resistor (R2), and

a current buffer (Q6, Q7, Q8, Q9) for inputting a terminal
voltage of said capacitor (Cl).

A driving circuit as claimed in claim 1, in which said
first pulse signal is set with time for determination of a
voltage value to be applied to said piezo-electric

vibrator.

A driving circuit as claimed in claim 1 or 2, further
comprising temperature compensating means (40, 41) for
changing a pulse width according to external temperature,
through which said first pulse signal is applied to said

first switching element (Q2).

A driving circuit as claimed in any one of the preceding
claims, in which said charging time constant adjusting
resistor (R1l) has a resistance with which a pressure
chamber is expanded in such a manner as not to retract a

meniscus at a nozzle opening.
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A driving circuit as claimed in any one of the preceding
claims, in which said discharging time constant adjusting
resistor (R2) has a resistance with which a discharging

‘time constant is substantially equal to the period of free

vibration of said piezo-electric vibrator.
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