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| nk j et type reécordi ng head driving circuit Description Fhis i ntio
relates to arcircuit for driving an.,ink jet type recordi ng headJXO3 rtbf*‘a(
(her®inafter referrgg (Q-RASryed RBKORSINEYREADEDAIdING bamduim ving
circuit"). An ink jet type riecording head for a recording apparatus is well
know in the art which is so designed that, as disclosed for instance by
Japa- nese Patent Appl:i catlo? Publ i cati on No. 24218/ L%SSHEET HAS BEEN

REPLACED

L]

.

This invention relates to a circuit for driving an ink jet
type recording head (hereinafter referred to as "an ink jet type

recording head driving circuit?).

L1
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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
10 -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-—elecﬁric vibrator is small, and therefore it is
15 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
communicated with the latter through ink passageways. Hence,
the' recording head is unavoidably bulky. In addition, delicate
20 adjustment is required for making the ink passageways uniform

in fluid resistance.



corresponding to US-A-4 471 363, a di sk-shaped piezo el ectric vibrating

plate is secured to an elas- tic board formng qﬁaﬁs In the
ink Jet type recording head of this type, the dWs §E§EEE§% ‘

pi ezo-electric vibrator is small, and therefore|lit

1al-that the

pressure chanbam esdear g bmiaﬁhaablvhcaanawelaecefﬂbad.dﬂffbeuleﬁagdiﬁgr
head, the pressure chanber is |ocated relatively far fromthe nozzle

openi ngs,

10

15

20

25

dms tiandes WoAakentidel. v 1697 heS3 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 siza, and tharefore

the resultant print is low in quality- T e e
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| atter through ink passageways. Hence, the rec [
bulky. In addition, delicate adjustnent is reqili T S o _‘gng thg ink
passage- ways uniformin fluid resistance. In qrder R&PL lthe
above-described dif- ficulties, for instance U ent No. 4,697,193 has
di sclosed an ink jet type recording head in which a bar-shaped '

pi ezo-el ectric I BFAEEr t9 sOVEEGPMed e above -dascatines b8afd iesd®ng &

pressure cham ., .
driving method has been proposed in which the piezo-electric

b%’éﬁﬂzvoi dabl y

vibratox contracted is kept as it is until the meniscus returns’

to the original position and stops there, and thereaftexr the

5 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

10 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

1s is controlled according to a detection signal provided by a
terrfperature gansorx. 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

20 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

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

electric vibrators arranged adjacent to one another suffer from
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ber so as 4#@:EOIPIesS-asdenekcase ikhe lbatter
f or med by the | ongitudinal vibration of the
ink Jet typeisecordi ng head operatlng on t he
vi bration enploys a so-called "draw and stri ch :
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to the pi ezo-el ectric vi-
the above-described difficulties accompanying a conventional

ink jet type recording 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-elesctric 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 first switching element is contzolled

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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-2- brator to contract the latter, and then the pieza. electric.vibrator is
di scharged so that it is stretched to conpre sﬂ“y%mgéﬁﬁ ajtber thereby
to forman ink droplet. Document US-A-4 717 Y27 shppgp, s N%%EEQ lv- i ng

circuit for an ink jet recording head in whi ¢a=&

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

5 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

10 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

15 drawings. ) ) _
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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

20 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.



first. signal connects a first power source with an inpedance converting and
current anplifying cir- cuit in order to apf : e first power
source to a piezo-el enent which expands an '§Hﬁﬁﬁ€}'%%EEﬁﬂbﬁequently a
second signal con- nects a second power soufice wi BBPLA¢®EP| npedance
converting and current anplifying circuit in oraer to appl'y 'a second

vol tage of the second power source, with an opposite SI%P fromthe first
vol t age, FIG. 3 is an enlarged perspect;ve 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
5 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;
10 FIGS. 7(a) to 7 (4) are explanator? 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
15 opening sizes with rise speeds in stretching a piezo-electric
vibr&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,
20 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

25 after formation of an ink droplet;

———
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a print operation. Subsequently, the chargd E
el ements is discharged via a capacitor and Les] )
constitute a tinme constant circuit for setting an attenuation

to said piezo-el enent which contracts said Iﬂ@ﬁa *'ehgig ra
Saj

resi stor

i ezo-

id!

character- istiFggi.n10r §erah Cexpitkerdhe &idyadih athdwelvhirsiv tdhe vibration
pi ezo-el enments are subject, and to decrease the error of the attenuation
tinme so thaf idrgeprebshirgh generating member propagates through other
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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 -modificatioﬁ of the ink jet type
recording head driving 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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quallty are obtained. Such a circuit has the disad ge—t-ha It is not
possible to control the voltage val ue and/ df- -SggéfﬂﬁBBHEN e signal

appl-ied to the piezo-electric elenments duri

=. mejamg oprat i on

i ndependent of pomer sources. Enploynment of|lihe —araw—srd = &ﬁﬁfb
Q%

driv- ing g

ari { nadv Shewepus Onetend of

pi ezo- electrlc V|brator or
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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 nozzle opening 6.

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

- 8 - This Sheet Has Been Replaced




V|brat|ng board in advance can be utiliz dTH&Hﬂ1¢ n the i nk can be
positively led into the pressure chamber. jadvant ageous
-3- tn that, if the operating frequency Lhe plezo- electrlc vibrator is

i ncreased to i ncrease the print- L .
are not provided (in the embodiment, the positive 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,

5 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

10 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.

15 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,

20 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.

25 '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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ing speed, then in formation of anj , ) I scus of ink in the
vicinity of the nozzle fluc- tuateg In~pg ‘L'gﬁ BEENt hat t he i nk dropl et
formed is changed in the velocity ¢f _fLi} } é d”in_sifte, and therefore the
resultant print is lowin quality. In order to overcone the above-descri bed
dif- ficulty, ¥ iskagpletkatl hhe Hedn psopeyee ixeavrdtinghbead dxiving
pi ezo-el ectric vibrator contracted is kept as it is until the neniscus
returns to diveuirt ew@brding to the invention is as shown in FIG. 1.

In FIG. 1, rererénce character IN1 designates a printing
timing signal input terminal; and IN2, a printing signal input
s 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
10 base electrode of a first switching transistor Q2. The emitter
electrode of the tranaistor Q2 is connected 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
15 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 electrode of the transistor Q3 is connected through
26 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 15 connected to the time constant adjusting capacitor ci.
25 The emitter electrode of the transistor Q4 is connected through

a second time constant adjusting resistox R2.
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Ler—the-piezg-—eleactric vibrator is
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position and stops there, and thereaf
stretched by discharging it. How eve
di sadvant ageous in that there is a

meni scus, whlchllmtsthe prlntlng s ----- —Fho—cHaractes istic of printing
with respect to t L8 e recordl g.head is liable to
change when corrpare G%Pé g n%?/p% FEROraF naghgﬁﬂﬁg’éﬁi‘,ﬁs a? a

wire dot typ@nstant 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

5 thereof is connected through 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

10 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

15 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

20 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

25 mechanically disconnected from a driving voltage generxating
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recordi ng head and a thermal transfer type record- ing head. Hence, the ink
jet type recordi ng head enpl oys : -'.utu.c LUH ensating circuit so that
the driving voltage is control | gdiths SHEET §Ftect|on si gnal provided
by a tenperature sensor. Accord ngly,RERFﬁ % case; . I S necessary to
provi de a power source circuit r—driving the ink jet type recording
depend in agthdiOn, t fnd@ ROURE=HOURCEhel katiziiaher of les e-avpiotirng n¢mdlbke

adapted to drive
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

5 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

10 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.

15 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

20 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

25 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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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-eamitter
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 substan;tially zerc potential. The printing
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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This object is solved by the ink je head driving circuit
of independent claim1. Further adv ﬁﬂﬂ@ébﬂETﬁa@;gg aspects and details
of the invention are evident fromtje deﬁﬁﬁwﬂﬂhﬁﬂaJ L t he description and
the drawi ngs. The invention provi deS a Crrotrt—Fo% ing an ink jet type

recording head in which a vibratin oard form essur.e hanb I S
di spl aced W®R FAFAHHEHE F‘efd"g %E?rf'(?sv)'lsl’f?&%&r IP%O i herefors no

charge remains in the capacitor Cl.

The voltage which changes with a pradetermined riae. rate
and fall rate which are determined by the time constant
5 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 (FIé. 2). . | |
10 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 andfthe same waveform, can
be applied selectively to the plurality of pressure generating
15 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),
20 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

25 hand, fregquently the recording heads manufactured are different

in ink discharging characteristic because of manufacturing

- 15 -
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the pressure chanber is conpress@dry@ 48t 0 ts through nozzle
openi ngs. Mre specifically, thefi nvenggEBDa OFER slan ink jet type
recofrding head driving circuit magni t ude of a signal
for driving a piezo- electric vibrator Wi t hout dependl ng on a supply

oltage at the tine ormation of an | et sets t eeds, of
\éxpangl ng aﬁHrEGﬁtragtlﬁl@ef'ﬁe Bfﬁiﬁuﬁ?ec%??’%?/fﬁrat O&hﬁﬁdi ' ugﬁsf%argzng

characteristic thus deviated from one another are, in general,

corrected by adjusting the waveform of the voltage dxriving the
ink jet type recording head.

5 with the a.bove-described driving c¢ircuit, the rise
characteristic, namely, the rate of expansion of the pressure
chamber, and the fall characteristic, naniely, the rate of
contract:.on of the pressure chamber 1 can be J.ndn.vz.dually and
readily adjusted with time constant adjusting resistor Rl and

10 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

15 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

20 preparxatory signal can be made constant by aﬁtomatically
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

25 in manufacturing cost as much.
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Accordi ng to a specific aspect _of the invention, there is provided an ink
jet type recording head drivin .ﬁhéﬁas l|| 7:a capacitor is connected
E&’r

through a first switching eler ti me constant adjusting
resistor to an electric power ound Jd t hrough a second

Sui tohing el ereglo gh 2 gL SENAY G d LIE LTS Ao YAdG | S8 8t cattby

termnal volta capaci 1S GGt pu ou
and the fir . . .
éhe driving circuit, is applied through the switching circuit

28 selectively to the plezo-electric vibrators in the ink jet:
type recording head. The;efore, the driving means can be

5 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 gtatiohary system
thereof, and the driving means is mounted on the carriage, the

10 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.

15 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

20 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

25 compressed, the position of the meniscus.of ink and the

configuration of the ink droplet relates greatly to each othex.
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by a second pul se for expandlng he pﬁﬁiﬁﬁémﬁktr ‘
recordi ng head driving device, t

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
5 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
10 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
15 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
20 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

25 tension of the ink near the nozzle opening.
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af§&peh@E "Bhi @ReOkize 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 line L representing the proportional
relation between'the size of the nozzle opening and the time of
contraction of the piezo-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 timiné
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 R1 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 genexating
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which has a relatively 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 charge& 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 yibratiog 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 d:.srega ded with a time level which is of tha ordex
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FIG. lis acircuit dlagran1 I agram showing an ink jet -
type recording head driving ci (Tl ﬁrﬁhﬁ@ﬁfﬁﬁﬁGW|tutes a first enbodi- nent

of this invention: FIG 2 is |a_secti&hHaiCER ew of
Iongitudinal vi brati on node, to which the driving circuit of the

head of

an ink jet type recording
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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 ﬁnch, 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

- 21 -
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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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FI G 5 i s an expl anatory di agram shovm ng ti me. constant adjusting resistors
in the driving circuit shown i == ’T"* a waveform diagramfor a
description of the operation fTHnBeS?ﬂiEIVW%BCFN |t according to the
invention; FIGS. 7(a) to 7 (d)} are BEBH&R&EPory dJ agrams for a description
of rel ati onshi ps between the r=tTons 0f a neniscus and the

configurations gfréflermore, even when the plurality 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

5 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

16 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.

15 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

20 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

25 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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vi brations of a

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
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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 cepacitor
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 tha:n 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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+ DAy il G 13.- One exanple of an
|gggwm|ch onstitutes one

of the operation of the driving
ink jet the recording head driv
enbodi nent of this invention, | |_be de et W th reference to Figures 1
to 12. An ink jet the recordlng which is driven by the head dr|V|ng

Circuit ac¥ébapigx -3 haPPhier. 89 orhe | §1A3tsREHTSHENG @ lomenh, Frad xhe

ref erence

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
5 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 movgd, and to a value with whigh
no residval wvibration occurs. Furthermore, by changing the
10 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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nunmeral 1 designates a pressure chanber which is defined by a vibrating
board 3 covered with a film2, a nozzle form ng substrate 4 formng a

predeter- mned space with t he film2 .and a nozzle-nlate 5 bonded to the
nozzl e form ng substrate 4. The prleseid sHELRARSBEEN § communi cat ed t hrough
an ink supplying inlet 7 to a commpn i nigephaceer (no1 shown), One end of a
pressure generating nenber 8 is a =0t her surface (rear

surface) conms O O

1. 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).

2. 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.

3. 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).

4. 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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of the vibrating board 3 in such a manner that it opposes a nozzle opening

6.h The ot her—end—of—thepressure generating ﬁﬁﬁhﬁ£—8aLS‘leed|v secured
const ruct cd. |IMHANNER e oressire dharbeneoabcsugh e i ok

supplying inlet 7 i5 ptessurized through th 3 by the
pressure generating nenber 8, thus being discharged in the formof ink
droplets P

5. 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 substanéially equal to the period of free
vibration of said piezo-electric vibrator. |
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fromthe nozzle opening 6. FIG 3 shows one: exarrpl e of a piezo-electric
vibrator unit form ng the recordi ng head showr 2. _The

pi ezo-electric vibrator unit including tshe pr Eﬂurses /%BE‘QN Enrbers 8 i s
forned as fol - L REPLACED ,

ABSTRACT

An ink jet type recording head driving circuit comprises: a
capacitor (Cl) which is con-nected through a first switching
transistor (Q2) and a charging +time constant adjusting
resistor (R1) to a power source (VH), and grounded through a
second switching transistor (Q4) and a discharging time
constant adjusting resistor (R2), and a current buffer (Q6,
Q7, Q8, Q%) through which the terminal voltage of the
capacitor (Cl) is applied to a pressure generating member
scanning switch circuit (28). In the circuit, a first pulse
for contracting a pressure generating member forming the
recording head is applied to the first switching transistor
(Q2), and a second pulse for expanding the pressure generating
member is applied to the second switching transistor (Q4), so
that the pressure generating member is contracted at a rate
set by the capacitor (Cl) and the charging time constant
adjusting resistor (Rl), to supply ink into the pressure
chamber of the recording head, and then it is expanded at a
rate set by the capacitor (Cl) and <the discharging time
constant adjusting resistor (R2).

e
e ——
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generating menbers 8 thus forne yr_'lg LT
openi ngs 6 arranged at predeteris %‘ﬁ_____’éﬂ{
substrate 9. The pressure generating nenbérs § secured each have a
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: vl 77
formed in the pi ezo-electric vibrator layers 10, so that only the active

portion 16 is expanded and contracted as ipdicated by the arrow A In this
operation, the inactive portion 15 Eg;the substrate 9 is not
{

def or ned. -9 - {
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In the above-descri bed pi ezo-el ectric vibrator unit, the pressure //
generating nenbers 8 are in- dividually fixedly secured to the substrat'e
How ever, the piezo-electric vibrator _unit ray be forned as shown in FIG

4. That is, first a lam nated blo kTﬁ@;$§E-oH§§ tacki ng negative
er paf

internal elec- trodes 21, positiveg integgpp s 22 and the
pi ezo-el ectric layers 23 in the s ARRRef slits 26, 26,
26,... are cut in the block 24
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In FIG 1, reference character INl designates a printing preparatory g047
I nput term nal ; and IN2, a printing signal input terminal. As shown in

6, pul se-1ike S|gnals aré applied to thoSe.input term- nals with printing
timng. Reference character QL designat es, a | evél adj usti ng transistor, the
base el ectrode of which is conngTttedtothe=F »»pmj;erm- nal I N1. The:

col | egptori~ehect r che_o*f the trangi SBISSHEET ISAg BABRC ed to the base el ectrode
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ing transistor 2. The emitter electrode of the transistor 2 is connected

through a time constant adjusting reS|stoa§§1 and a termnal VH to a power
noe c

source, and the collector electrode Eﬁé]; unded through a tine
constant adjusting .capaci- tor Ref aracter CB desi gnates a con-.

1S connected to

stant current transistor, the en1tter N
t he power source tedninal VH. The col eDW§§(ﬂ§RNA%BéENf the transistor B
o REPLACED ]
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-10-- connected to the collector electrode of the |evel adjusting transistor
QL, -and the base el ectrode of the {rang

P « ohnected t hrough the
time const ant __g(jj_usti'ng, resistor RJf to tgﬁgﬁbg%ﬁqﬁe tern‘i nal VH. %/4/{ \
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The input termnal IN2 is connected to the base el ectrode or a secoﬁé
el ectrode. of which is connected to
the-tine constant adjusting capacitor Cl. The enmtter electrode of the

sW tching transi stor 4,
transistor 4 is connected through a
resistor R2. Further, in Fig. 1,
constant current transistor Q
& is connected to

rete7
h

the coll ector

A

N

W
N

—eanstant adj usting

b Shafheneme@R fes- ignates a .
f5PLaREDt r odellof the transistor
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the jnput termnal IN2, the emtter electrode thereof is grounded, 6/29?743%7

base el ectrode thereof is connectmge-=th -,:a.Lhe_a.a»nd time constant ad
justing resistor R2. Reference cha y and @ des- ignate
transi stors which forma current nuffeﬁﬁﬂamﬂﬁﬂﬂlfylng current in charging
and di schargi ngjthe capacitor 1. frent., |the transistors 6 and
Q7 and the tranﬁistors @B and %5
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Darl I ngt on- connect ed jj **, The ¢grrrent: )buffed S %EEMQMNLﬁ Lousl yﬂ{é@iwé -3
all the pressure genéFaFFﬁg “renpers=8=sl the {nk jet type recprding head to
be driven. The current buffer has an output |t éernjgaNOWOIIenh| ch i s connected
to a switching circuit 28, which is connecté¢di{to all the pressure

generating mem bers 8. The swi tching circuift TS desrgned @s follows: In
response to the printing signal, the 1

INK JET TYPE RECORDING HEAD DRIVING CIRCUIT

‘¢1: This invention relates to a circuit for driving an
ink jet type recording head (hereinafter referred to as “an
ink jet type recording head driving circuit”).

 An ink jet type fecording head for a recording
apparatus is well known 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 elastic board forming a
pressure chamber. 1In the ink jet type recording head of this
type, the displacement of the piezo—électric vibrator 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 relatively
far from the nozzle openings, and it is communicated 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.

In order to eliminate the above-described
difficulties, for instance U.S. Patent No. 4,697,193 has
disclosed an ink jet type recording head in which a bar-
shaped piezo-electric v1brator is- abutted agalnst a-vibrating
board forming a pressure chamber so as to compress and

release the latter, so that ink droplets are formed by the

—
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switching circuit 28 is tu’ggg,an and of f so adBpTL%EEmﬂyqp@PE§ﬂts provi ded

by the transis
to the pressur

lCB formng th t-+ept—buf-fen del ectively

whi ch tg f k
|20 are {td erSmNIOQT‘?g

gqts.

longitudinal vibration of the piezo—électric vibrator.

The ink jét type recoréing head operating on the
above described longitudinal vibration employs a so-called
"draw and strike" type driving system in which, immediately
before formation of a dot, a driving voltage 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 vibrator 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 ffequency of the piezo-electric
vibrator is increased to inc;ease the printing speed, then in
formation of an ink droplet the meniscus of ink in the
vicinity of the nozzle fluctuates in position, so that the
ink droplet formed is changed in the velocity of flight and
in size, and therefore the resultant print is low in quality.

In order to overcome the above-described difficulty,
a driving method has been proposed in which the piezo-
electric vibrator contracted ié kept as it is until the
meniscus returns to the’otiginal.positibn'and s;ops'tygfe,
and thereafter the piezo-electric vibrator is stretched 5y

discharging it. However, the driving system is still

| Th1s Sheet Has Been Replace
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The switching circuit 28 is formed with switch-

It needs no current adjusting means. Therefore, it™
smal |l in size. Cﬁ* ani cally dis- )nnected from
vol t age generatin CI§ ﬁﬂrTthd%ﬁBwnfed3on the cagr agb OV i etof di ng
head by connectin -MLﬂLELf|e§ bl € cabl e théreto. The time—tohstant
adj usting resistors RL and R2-fay be provi ded as homn |n FIG 5. That is,

disadvantageous in that there is a wait time for restoration
of the meniscus, which limits £he printing speed.

The characteristic of prinﬁing 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.head
employs a temperature compensating circuit so that the
driving voltage is controlled according to a detection signal
provided by a temperature sensor. Accordingly, 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 is, the resultant printing machine
is intricate in construction as much.

The piezo-electric vibratgr of longitudinal vibration
mode, being small in section, is advantageous in that a
piurality 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 mutual interference, which lowers the
quality of the resultant print.

Accordingly, an object of this invention is to
eliminate the above-described difficulties accompanying a
conventional ink jet type recording head driving circuit.

This object is solved by the ink jet type recording

/ l_—
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the resistors RL and R2 are fixedly nounted on a s {HabT W 'hﬁfr
termnals 30 which are con- nected to lead wres. FK .

tonponents are “ [U oie [n this conneg¢tiion, it i s des

=

that a plurality nH%B%ﬁNfereqt in resi sahcel8rNOY18¥ar
above-descri bed

. if la nunber' of thejunits are_avai
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then nerely by exchanglng the unit,” a tinme constantf can be set whi
nmost suitable for

head driviﬁg circuit of independent claim 1. Further
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s
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in the
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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-limiting approach of defining the invention is 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 an 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 and a charging time constant adjusting

resistor to an electric power accrue, 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 first switching
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the ink discharging characteristic of an ink je REQLF{jﬂ@éNﬁd?ﬂgﬁﬁead Thi s

reference to a meveﬂprntdr'“
trntng signal (the part BT
I n synchroni zatiton with the printing timng signal a

yinting ope .m.u.. The—oper ati on of

G 1) wi e wWith
Gil_6 in norne deﬂ ﬁﬁ Oﬁgﬁ B printing
P formng qne dot .is appliéd by a

element is controlled by a first pulse for contracting a
piezo-electric vibrator, while.the second switching element
is controlled by a second pulse for expanding the piezo-
electric vibrator.

With the recording head driving device, the pulse
width of the first pulse is adjusted according to external
conditions, the charging time constant 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 consﬁant adjusting resistor is set according
to the free vibration period of the pressure generating
member so that, after fo:mation of an ink droplet, the
residual vibrations of the piezo-electric vibrator and the
pressure chamber are minimized in amplitude and in duration
time.

The nature, principle, and utility of the invention
will be more clearly understoed from the following detailed
description or the invention when read in conjunction with
the accompanying drawings.

In the accompanying drawings:

FIG. 1 is a circuit diagram, partly as a block
diagram, showing an ink jet type recording head'driving
circuit, which constitutes a first embodiment of this
invention;

FIG. 2 is a sectional view of an ink jet type

This Sheet Has Been Repl
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printing preparatory signal (the part 11 of FIG REELACENEanSHﬁE 1 dth Tc
I s produced. The pul se ~Fe—-S-geter® ned accoyding to a char itime.
When the printing prep I’ﬁl,rﬁrcy”SﬂgﬂV&t Bt’éN plied to] the 1aReV 95N n |1 N1,
the | evel adjusting tr ed on, an ccordingly the ffirst
swi tching transistor As a resu ol t age
VH i s applied through the trne constant adj usting esrstor RlL to th
capaci tor CI,

recording head of longitudinal vibration mode, to which the

driving circuit of the invention is advantageously applied.

FIG. 3 is an enlarged perspective view showing an
example of a piezo-electric vibration unit forming the
recording head shown in FIG. 2;

FIG. 4 is an eniarged perspective &iew showing
another example of the piezo-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 descfiptioh of the
operation of the driving circuit according to the invention;

FIGS. 7(a) to 7(d) are explanatory 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 piazo-
electric vibrator together with configurations of ink
droplets formed; |

FIGS. 9(a) through 9(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 the vicinity of a
nozzle opening in the recording head, respectively;

FIG. 10 is also a graphical representation indicating
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and the latter Cl is charged with a time consta DLAFENEWEKS¥¥FT”Ed by the
resi stance of the r apaci t ance| ~—the—eapgcijt or Cl.

The time constant a | '"ﬁ~“_ﬁﬁiNR i s shun ed constant
h7 | "‘fé Ro\rh%sv

current transistor Qp,

voltage for stretching the piezo-electric vibrator with
maximum free vibration amplituée of a pressure chamber
forming member after formation of an ink droplet;

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 circuit diagram, partly as a block
diagram, showing the arrangement of a modification of the ink
jet type recording head driving 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,
will be described with reference to Figures 1 to 12.

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

bonded to the nozzle forming substrate 4. The pressure
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and therefore the voltage across the resistor Rl |W[ﬂﬂfh}$l$ﬂ[‘i§ﬁt

the base-emtter voltage of the transi stor 3. Henf

the capacitor Cl is

ing with tipe

gradient [err]1l of t em,grgmmalwmia&agelg(l\/) of the

follows: [err]1l = [VBELl]/ (Rirxacc) wher
resistor Rl, Cl is the=capacitance—ol t

Rl is the
he capacitof

E ﬂﬁw R’

si.st.ance. of

1

isel

ils bs

he)

C1, and

al

I n

to

chamber 1 is communicated through an ink supplying inlet 7 to
a common ink chamber (not showﬁ). One end of a pressure
generating member 8 is abutted against the other surface
(rear surface) of the vibrating board 3 in such a manner that
is opposes a nozzle openiné 6. The other end of the pressure
generating member 8 is fixedly secured through a substrate 9
to a base member 20.

In the recording head thus constructed( ink flowing
into the pressure chamber 1 through the ink supplying inlet 7
is pressurized through the vibrating board 3 by the pressure
generating member 8, thus being discharged in the form of ink
droplets P from the nozzle opening 6.

FIG. 3 shows one example of a piezo-electric vibrator
unit forming the'recording head shown in FIG. 2. The piezo-
electric vibrator unit including the pressure generating
members 8 is formed as follows: Piezo-electric layers 10,
negative 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 11 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 intervals, and fixedly secured to the substrate

——
—
—_—_—
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VBEL is the base-enitter_voltage of the constant cu REH&ACE%%%ﬂébb'wﬁ

When the tine cort; | se width Tc of the printing
preparatory signal S $ETedsS BEENt @r m nal vol tagejof t ,tor Clis.
raised to a voltage VC)RﬁriﬁﬁEE timglingtant, the pfipting pre%&latory

Is set to ' W tever, —so that the |evel adrustt+nag-t+ransi st or QL

Is turned off, and accordingly the first switching fransistor 02

9. The pressure generating members 8 thus secured each have
a region referred to as "an in;ctive portion 15" in which the
internal electrodes of one polarity are not provided (in the
embodiment, the positive internal electrodes 12 being not
provided), and a region referred to as "an active portion 16"
where both the negative internal electrodes 11 and the
positive internal electrodes 12 exist. The active portion 16
is extended like a cantilever a predetermined length from the
substrate 8, thus serving as a free vibration portion.

When, in each pressure generating member 8, a voltage
of the order of 30 volts is applied between the negative
external 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 deforr

In the above-described piezo-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 a laminated block 24 is formed by stacking negative
internal electrodes 21, positive internal electrodes 22 and
the piezo-electric layers 23 in the same manner. Thereafter,
slits 26, 26, 26, ... are cut in the block 24 so as to form
active portions 25, namely, piezo-electric vibrator bodies

27, thus leaving inactive portions. That is, the block 24 is
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Is turned o
at VO (= [e
fromtermn
passed to t
short-circu
the input t
| ong enough

ff. As a result, the voltage of the caﬁﬁg}ACpbgh{ﬁgﬁﬁrm i nt ai ned

rr] x Tc). When a predeterm ned period gf—time Te na‘lp ssed
ation of the printing preparatory signall; CEQ?% v 9€b n tlne has
he extent that the switchinggdransistqrd g éﬁ

ited, a =tfihe part |11 jofiEl.G—B)i-s ﬂdpﬂled to

ern1nm

%lgnal has g pul se MAdth Td mﬂlch S
cut in ~ The recording head thus formed
has the same effects as the oné shown in FIG. 3, and requires
no fixing substrate 9 (FIG. 3).

One example of the ink jet type recording head
driving circuit according to-the invention is as shown in
FI1G. 1.

In FIG. 1, reference character IN1l designates a
printing timing signal input terminal; and IN2, a printing
signal input terminal. As shown in FIG. 6, pulse-like .
signals are applied to those input terminals with printing
timing. Reference character Q1 designates a level adjusting
transistor, the base electrode of which is connected to the
input terminal INl. The collector electrode of the
transistor Q1 is connected to the base electrode of a first
switching transistor Q2. The emitter electrode of the
transistor Q2 is connected 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 transistor, the emitter
electrode of which is connected to the power source terminal
VH. The collector electrode of the transistor.QB is
connected to the collector electrode of the level adjusting
transistor Ql, and the base electrode of the transistor Q3 is
connected through the time constant adjusting resistor Rl to

the power source terminal VH.

_—
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o . . TN] .
to di scharge the capacitor Cl to substantially zéﬂﬁﬂﬁﬂﬂﬁﬁﬂNZJS .JL printing
signal thus applied turns on t he second switchinf fransistor 4,}ap a

result of which th
adj usting resistor

is turned

li scharged t hr ughgtNey 998 fopst ant
'rmilthe congtant current trangistor Q6

RS AL SR AR

REPLACED

The input terminal IN2 is connected to the base
electrode of a second switchiné transistor Q4, the collector
electrode of which is connected to the time constant
adjusting capacitor Cl. The emitter electrode of the
transistor Q4 is connected through a éecond time constant
adjuéting resistor R2.

Further, in FIG. 1, reference character Q5 designates
a constant current transistor Q. The collector electrode of
the transistor Q5 is connected to the input terminal IN2, the
emitter electrode thereof is grounded, and the base electrode
thereof is connected through the second time constant
adjusting resistor R2.

Reference characters Q6, Q7, Q8 and Q9 desiénate
transistors which form a current buffer for amplifying
current in charging and discharging the capacitor Cl. 1In the
embodiment, the transistors Q6 and Q7 and the transistors Q8
and Q9 are Darlington-connected. The current buffer is able
to simultaneously drive all the pressure generating members 8
of the ink jet type recording 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 is designed as follows: In response to the printing
signal, the switching circuit 28 is turned on and off so as
to supply currents provided by the transistors Q6, Q7, Q8 and

Q9 forming the current buffer selectively to the pressure
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constant current tranS|ngL;g§Vﬂgga;£
const ant ad-
the transistor Q6. THu
linearly de- creased i .
gradient [err]2 of the ternlnal

g'-! 1 oYY
Hence, simlarly as in the case of the ai%FQLAP*Q§fTb§h “st

I nal voltage of the second fine

tage (I'V) pf the capaC|tor Clis
ed gradienf. "ThHat s, ttre—f g |

justingfres gs; sd.0fRErHecane
Mﬂtengnnm

generating members 8 which are to form ink droplets.

The switching circuit 58 is formed with switching
elements only; that is, it needs no current adjusting means.
Therefore, it is light in weight and small in size. Hence,
it can be mechanically disconnected from a driving voltage
generating circuit, and mounted on the carriage of the
recording 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 the substrate 31 having
terminals 30 which are connected to lead wires. Thereafter,
those components are molded into one unit. In this
connection, it is desirable that a plurality 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 typé recording head. This
contributes to simplification of the printing operation.

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

When a printing timing signal (the part I of FIG. 6)
fof forming one dot is applied by a host, in synchronization

with the printing timing signal a printing preparatory signal

—_—
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;oltage (I'V) of the capacitor Cl is as follows: REFEECEﬂﬂﬂTWdﬁﬂﬁEERQ x d)

where R2 is the resistance of the second tinme cohsfant adjustingrgsistor

R2, Cl is the capaci--—t-ance-ef-the-capacitor Cl,|and ¥5ﬁ§%%§¥%?e

emtter voltage QfhReseonsiankeenriyent,ransister
signal is term ndted wxth; benlapse[of %

transi stor

bhse-
brinting
hi hg

inme Td, th

(the part III of FIG. 6) having a pulse width Tc is produced.
The pulse width Tc.is.determin;d according to a charge time.
When the printing preparatory signal is applied to the input
terminal INl, the level adjusting transistof Q1 is turned 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 R1 to the
capacitor Cl, and the latter Cl is charged with a time
constant determined by the resistance of the resistor Rl and
the capacitance of the capacitor Cl1.

The time constant adjusting resistor Rl 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 the 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 és follows:

Tl = VBE1/(R1 x C1)

where Rl is the resistance of thg resistor R1, Cl is
the capacitance of the capacitor Cl and VBEl is the base-
emnitter 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 C1 is raised to a voltage V0. At
this time instant, the printing preparatory signal is set to

"L (low)" level, so that the level adjusting transistor Ql is

t Has Been Replaced |
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X is turned off, and the change in term nal vol Agﬁmﬁgfgégg; iftor CL is
suspended. The pul se—wgth=Fd=gF—the|printing si arijger than
the di scharge timgi gonstRAET WABEHFENS Peternined y| the _c: igsancel CL end

s in1Bﬁ3B€§%aci

the resistance Rz, !and tAEMeidite no_charge remai

vol tage whi ch chan éter- mned ris
are determned by the tinme constant adjusting registors Rl and R2

turned off, and accordingly the first switching transistor Q2
is turned off. As a result, tﬁe voltage of the capacitor Cl
is maintained at V0 (= t x Tc).

When a predetermined period of time Te has passed
from termination of the printing preparatory 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 part IV.or FIG. 6) is applied to the input
terminal Iﬁ2. The printing signal has a pulse width Td which
is long enough to'diséharge the capacitor Cl to substantially
zero potential. The printing signal thus applied turns on
the second switching transistor 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 Q3, 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 Cl is linearly decreased with a
predetermined gradient.

That is, the fall gradient T2 of the terminal voitage
(V) of the capacitor Cl is as follows:

T2 = - VBE2/(R2 x Cl)
where R2 is the resistance of the second time

constant adjusting resistor R2, Cl is the capacitance of the
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capacitor Cl, and VBE2 is the base-emitter voltage of the
constant current transistor Qs:

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 voltage of the
capacitor Cl1 is suspended. The pulse width Td of the
printing signal is much larger than the discharge time
constant which is determined by the capacitance Cl and the
resistance R2, and therefore no charge remains in the
capacitor Cl.

The voltage which changes with a predetermined rise
rate and fall rate which are determined by the time constant
adjusting resistors Rl and R2 and the capacitor Cl is
amplified by the transistors Q6, Q7, 08 and Q9 forming tﬁe
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 voltage signals from the common driving voltage
generating circuit, which have one and the same waveform, can
be applied sélectively 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 stfucture of an ink jet type recording

head employed, and the viscosity of ink selected; however,
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the central value of the pulse width Tc is of the order of
120 ps (micro-seconds), and thét of the 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 theréfore the |
nozzles are equal in ink discharging characteristic. On the
other hand, frequently the recording heads manufactured are
different in ink discharging characteristic because of
manufacturing errors of their pressure chambers. The ink
discharging characteristic thus deviated from one another
are,lin general, corrected by adjusting the waveform of the
voltage driving the ink jet type recording head.

With the above-described driving circuit, the rise
characteristic, namely, the rate of expansion of the pressure
chamber, and the fall characteristic, namely, the rate of
contraction of the pressure chamber 1 can be individually and
readily adjusted with time constant adjusting resistor R1 and
the time constant édjusting 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 cohventibnal 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
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driving DC power source which is relatively large in voltage
variation. That is, in thié c;se, the pulse width Tc of the
printing preparatory signal can be made constant by
automatically 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 motor or
the iike, with results that the printing machine is reduced
both in size and in manufacturing cost as much.

The voltage having the predetermined waveform,
generated by the driving circuit, is applied through the
switching circuit 28 selectively to the piezo-electric
vibrators in the ink jet type recording head. Therefore, the
driving means can be formed with switching means only, which
contributes gfeatly to simplification of the structure 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 stationary system thereof, and the driving means is
mounted on the carriage, the greater part of the leads in a
flexible 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 preésure generating members 8 are contracted
in response to the printing preparatory signal, the pressure

chamber 1 is expanded, so that the ink is supplied through
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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 6.

After the ink has been supplied to the pressure
chamber 1, the pressure generating members 8 are expanded to
compress the pressure chamber 1, so that ink droplets are
jetted from the nozzle openings's. In the case when the
pressure chamber is compressed, the position of the meniscus
of ink and the configuration of the ink droplet relates
greatly to each other. Hence, the quality 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 6 (FIG. 7(a)) as in the case where the
pressure chamber is maintained stopped, the ink droplet P
jetted from the nozzle opening is in the form 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 6, 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 fofm a |
substantially circular dot; whereas when the ink droplet P

like a cylinder will form a dot which is hot circular, thus
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lowering the quality of the resultant print. ‘ et e

When the pressure chamser 1 is expanded, the meniscus
M is retracted from the nozzle opening; that is, it is moved
towards the pressure generating member 8. This is due to the
fact that the loss of pressure at the ink supplying inlet 7
is larger 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 surface tension of the ink near the nozzle opening.

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 line L representing
the proportional relation between the size of the nozzle.
opening and the time of contraction of the piezo-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 a certain value,
because if the rise time is excessively increased, then the
printing speed is lowered.

With the recording head driving circuit of the
invention, the raise time can be set to a désired value with
the timing constant adjusting resistor R1l, as was described

above. Hence, the recording head driving circuit can be
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applied to a variety of ink jet type recording heads
different in specification by éetermining the resistance of
the time constant adjusting resistor R1 in accordance with
the characteristic of a given ink jet type recording head,
such as the size of the nozzle opening and the viscosity of
the ink employed.

Upon completion of the supply of ink to the pressure
chamber 1, in order to form an ink droplet, the pressure
chamber is compressed; that is, the pressure generating
member 8 is expanded. If, in this case, the pressure
generating member 8 is made up of a piezo-electric vibrator
of longitudinai vibration mode, then since the pressure
generating member 8 is high in rigidity, a residual vibration
is produced which has a relatively long residual time
corresponding to the resonance frequency thereof, and is
large in amplitude.

That is, as shown in FIG. 9(a), when the pressure
generating member 8 charged to a voltage V0 is discharged
with the discharge time Td changed, the residual vibration of
the pressure generating member 8 is changed in pattern
according to the discharge time Td. That is, a free
vibration of an intrinsic vibration period Tf takes place
about the position DO where 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
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indicated at (A) and (B) in FIG. 9(b).

On the other hand, the-ink in the pressure chamber 1
vibrates in synchronization with the vibration of the
pressure chamber 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 indiéated at (F) in FIG. 9(c). That
is, the residual vibration of the pressure generating member
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 the order of the free vibration period of the pressure
generating member 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 vicinity 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 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 the amplitude of the residual
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vibration is minimum with the dlscharge time Dt corresponding
to the free vibration period of the plezo-electrlc 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 frequency 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 discharge 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 period. For instance, in the case
where the free vibration period dt of the pressure generating
member 8 is 6.5 us, the dischafge time should be set to a
value in a range of from 6.3 us (= dt - x1 = 6.5 - 0.2) to
6.9 us (= dt + x2 = 6.5 + 0.4).

In the ink jet type recording head, a number of
pressure generating members 8,, 8,, 8; and 8, are arranged at
intervals of an extremely short distance as shown in FIG. 11.
Therefore, 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
preséure generating members 8, and 8; adjacent thereto
resonate with it. This phenomenon occurs significantly in

proportion to the increasing recording density.
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As was described above, in the ink jet type recording
head of the invention, the dri&ing voltage discharge time is
equal to the free vibration period dt. Therefore, the free
vibration of the pressure generating member 8 becomes minimum
in amplitude as indicated at (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 amplitudes of the
pressure generating members 8, énd 8; adjacent to the
pressure generating member 8, are suppressed as indicated at
(C) and (D) of FIG. 12. That is, an erroneous operation is
prevented that ink droplets are unnecessarily jetted by
resonance displacement.

Furthermore, even when the plurality of pressure
generating members 8 are driven simultaneously, the
compressional waves produced 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 irrespecﬁive of the member of the pressure
generating members driven. Thus, with the driving circuit of
the invention, the resultant prints are high in quality no
matter what printing pattern is handled.

FIG. 13 shows one modification of the above-descrlbed
ink jet type recording head dr1v1ng circuit, which
constitutes a second embodiment. Roughly stated, the circuit

utilizes the above-described voltage adjusting function, and
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operates smoothly against variations in external conditions,
particularly against changes iﬁ temperature.

In FIG. 13, reference numeral 40 designates a
temperature compensating circuit connected between the
printing preparatory signal input terminal IN1 and the level
adjusting ﬁransistor Q1. A temperature detector 41 such as a
thermistor for detecting the temperature of the recording
head applies a temperature signal to the temperature
compensating circuit 40. In response to the temperature
signal, the temperature compensating circuit 40 changes the
pulse width Tc of the printing preparatory signal. This
operation is based on the fact that the viscosity of ink used
for 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 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 monostable multivibrator 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.
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The operation of the driving circuit shown in FIG. 13
will be described with referenée 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 terminal IN1, the
temperature compensating circuit 40 applies the signal to the
first switéhing transistor Q1 as it is, without changing the
pulse width To thereof. As a result, the capacitor Cl is
charged up to a driving voltage V1 corresponding to the
temperature tl with the rise time which is determined by the
resistance of the time constant adjusting resistor Rl and the
capacitahce of the capacitor Cl1 itself. The voltage of the
capacitor Cl1 being charged is applied through the switching
circuit 8 selectively to the pressure generating members 8 of
the recording head, and therefore the pressure chamber 1 is
stretched at a rise rate which is determined by the time
constant adjusting resistor R1 and the capacitor Cl1, thus
being expanded to a volume corresponding to the final charge
voltage V1.

Thereafter, a printing signal (the part IV of FIG.
14) is applied to the circuit. The printing signal turns on
the second switching transistor, as a result of which the
capacitor Cl is discharged at the fall rate which is

determined by the capacitor Cl itself and the time constant
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formof a ball as shown in FIG 7(b). On the other hand when the pressure

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 resistor R2, the residual vibration of the pressure
chamber 1 is minimized as was described before.

When the ink droplet flying velocity is decreased for
instance because the temperature of the recording 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 result, the capacitor Cl is charged'to a
voltage V2 higher than the reference voltage V1. Needless to
say, the rate of change in the voltage of the capacitor being
charged is maintained at a predetermined value which is
determined by the capacitor Cl and the time constant
adjusting resistor R1l, and therefore the meniscus is held at
the nozzle opening 6 as it is.

Thereafter, in a predetermined period of time, a
printing signal is applied to turn on the switching
transistor Q4, so that the capacitor Cl1l is discharged. That

is, the voltage V2 is decreased with the fall time which is
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determined by the time constant adjusting resistor R2 and the
capacitor Cl, and accordingly éhe pressure chamber is
contracted in synchronization with the decrease of the
voltage V2. 1In this case, the pressure chamber 1 has been
expanded larger than in the case where the recording head is
at the designated réference 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 Tc3 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 accordance with a
reduction in the viscosity of ink which is due to the rise of
temperature of the recording head, so that the ink droplets
fly at the designed reference velocity. That is, the
pressure chamber 1 is changed both in volume and in
contraction rate according to the temperature of the
recording head, and therefore ink dropléts are produced in
the predetermined manner irrespective of changes in
temperature.

In the above-described embodiment, the printing

preparatory signal having the most sultable pulse width Tcl
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at the reference temperature is processed to have a pulse
width corresponding to a curreht temperature in response to
the detection signal from the temperature detecting means.
However, this may be modified as folloﬁs: 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 from 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 goéé
without saying that the modification provides the same
effects.
As was described above, in the ink jet type recording

head driving circuit of the invention, the capacitor is
 connected through the first switching element and the
charging time constant adjusting resistor to an electric
power source, and grounded through the second switching
element and the discharging time constant adjusting resistor,
the terminal voltage of the capacitor is outputted through
the current buffer, and the first pulse for contracting the
piezo-electri¢ vibrator is applied to the first switching
element, 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
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member at the time of expansion of the pressure chamber, and
the speed of contraction of thé pressure generating member at
the time of flight of the ink droplet can be individually set
respectively to a value with which the meniscus is not moved,
and to a value with which no residual vibration occurs.
Furthermore, by changing the pulse width of the first pulse,
the conditions of formation of ink droplets can be made
constant against variations in external condition and in

supply voltage.
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1. 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 (Cl1).

2. A driving cifcuit 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.

3. 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). |

4. A driving circuit as claimed in any one of the

preceding claims, in which said charging time constant
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P AT A TaSEBE @i n val ue,
ij-ﬂgeng%hE"g? nii ng speed

@{V nti on, the
adj usting
diiving

adjusting resistor (R1) has a resistance with which a

pressure chamber is expanded in such a manner as not to

retract a meniscus at a nozzle opening.

5. 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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ink jet the recordlng heads different in specification by determning the
resi stance of the- justing resistor RL in accordance with
the char - actersﬂ*ﬁﬁ%#E%H PBERNI pk jet type recording head, such as the
size of the nozizle oﬁgﬁFﬁﬁ ‘Bnd the viscgsity of the ink enployed.

INK JET TYPE RECORDING HEAD DRIVING CIRCUIT
ABSTRACT

An ink jet type recording head driving circuit
comprises: a capacitor (Cl) which is connected through-a
first switching transistor (Q2) and a charging time constant
adjusting resistor (R1) to a power source (VH), and grounded
through a second switching transistor (Q4) and a discharging
time constant adjusting resistor (R2), and a current buffer
(Q6, Q7, Q8, Q9) through which the terminal voltage of the
capacitor (Cl) is applied to a pressure.generating member
scanning switch circuit (28). 1In the circuit, a first pulse
for contracting a pressure generating member forming the
recording head is applied to the first switching transistor
(Q2), and a second pulée for -expanding the pressure
generating member is applied to the second switching
transistor (Q4), so that the pressure generating member is
contracted at a rate set by the capacitor (Cl) and the
charging time constant adjusting resistor (R1l), to supply ink -
into the pressure chamber of the recording head, and then it
is expanded at a rate set by the capacitor (Cl) and the

discharging time constant adjusting resistor (R2).

—_—
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-18- Upon conpletion of the supply of ink to the pressure chanber 1, in
order to forman ink droplet, the pressure chanber is conpressed; that is,
the pressure generating nember 8 is expanded. If, in this case, the
pressure generating nenber 8 is made up of a piezo electric vibrator of

| ongi tudi - nal V|bﬁag&gg_ggg§, then since the pressure_gen- erating nenber
8 is high in rigidi #y')—,,fa'\_lgé.} ) — 1 REPLACEMENT W?*?T
QLAC ED l . ,
o 18 NoV 1995 |
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vibration is produced which has a relatively long residual tine

corresponding to the resonance fre- quency thereof, | s
dnplitude. That is, ta) , when the ﬁﬁﬁ%ﬁ;$é££$
NP ShigET VRS BERN b di scharge ti

menber 8 charged to grarged with
changed, the residuall_vi b i:gT t he [t essure genef al i nps meWoEH48 |i S

changed in pattern according to the—darscharge time Td.|{ That is, a free
vi bration of an
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intrinsic vibration period Tf takes place about the position DO where the

end of the pressure generat- ing negber is positioned when no voltage is

ap- plied thereto. FS—CalE.tQel, anpl i tude and th aton—t+me-—af the

free vibration dedemdiggPREET Y7o the|di sgharge tine g&ﬂﬁf@éﬁl d SHERP) and

(B) in FIG 9(b). t h&EGtfier-hand—"t he”i nk in the Jprlessure chanber 1

vibrates in synchrisfrzation with the vi- - I 18 NOV 1994
| e

FIG. 3 |
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bration of the pressure chpsb 3
pressure chanber 1, as in d&féaqafT , I
of the pressure generatin lnenbehﬁﬂﬁ“"

e GOE

‘ree vibration period of the

IG. 9(c), is longer than that

lhe vi bration of the pressure

generating member is superposea on that E) of the ink itself, so that the

meni scus near the nozzle opening noves as in-

FIG.
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-19- dicated at (F) in FIG 9(¢])trBhedzisnat beeneBi dual vibration of the’
pressure generating nenber 8 ig smal kaknranpl i tud RIPY F“‘«W\:ﬁlﬁ! gjf[t S

added to the vibration of the i‘nk=tselfr=Fhe N e SRR WERFAt i on of
t he meni scus cannot be disregarded with @ tinme |evel] which is of tihgq order
of the free vibration period of the pressure generhtj ngj 3reipyet996

Td .
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8. When the neniscus is vi brétﬁ,qka;t. sk m,ggh@[ d of the order of the free
vi bration period of the presgure g,enler,auag rre er 8, ink droplets are

produced |i ke mst, thus afférsﬁ:mg.—ihe_dﬂ&e‘cﬁl&t—b ty of the k ThE
nozzl e openi ng. The wettability of the v ¢C| nity of the noz &EP}; hEﬁﬁg‘“ gi:IEET
affects the flying velocity and the configuration of the impkldroplet. As

reizglr;[ me';][]g 'I[DL:a'?t i Fifc;ect? 3 quality. It Pf@een? ﬁl r redq Cheow9bys
o -

FIG. 7 ¢ FIG. 7d
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the rel ati onshi ps between the anplitude of the re- sidual vibration of the
pressure generating rrenber 8 and the discharge time Td are as shown in FIG

10, and the anplitud f fbration is mnimumwth the
di scharge tine Dt coel é’:k\d)%)hdfﬁg”t’ﬁ Qﬁé\‘i?ree vi bratign.period of the

pi ezoel ectric vibratijpn. A& Te” anjpl L tude of the ref f{‘i‘dal hllBNTtS
creases, the neni scus~—after fTornation of an i nk |

18 KOV 1995
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droplet, is stabilized quickly as much, and the aforenmentioned wettability
can be mai ntained ¢ i .

on-_stant. Hence, the repetitive driving frequency can

be i ncreased, and hﬁjgr:” Sas==CAsEs y can be main- ta+?ﬁsi§ﬁgﬁ§“"”'y 'S
seen from FIG 10,( t he° g4 Fbimsameenpl] i t yde, and the i ne’

| arger when the ddgﬁﬁﬁLgE g i :

- is shgrter than the n al pe- riod
Therefore, for certainty, the tischatge tine 5 18 WOV 1996
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shoul d be set to a value longer than the

For instance, in the case T
pressure generat- ing ne éSH?Fﬁ“Bierr]s
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x1 =6.5- 0.2) to 6.9 [err

recordi ng head, a number of ||pF §§ﬁE§Tgeth§ENn

are arranged at intervals o

11. Therefore, a conpressional
pressure generating nenber 82 propagates through the

t hrough the substrate 9,

FIG. 14
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t he pressure generating nmenbers 8[err] and 8[err] adja- cent thereto
resopate with it. This phenonenon occurs significantly in proportion to the
i ncreasing recording density. As was described above, in the ink jet the

recordi ng head of the invention, the driving voltage disch ' A TBolS o
equal to the free vibration peri od dt. -“therefore, the free% -t'r’-‘Hi"IHéfS*?fw
pressure generating nenber 8 beconmes mninmumin am

24 JAN 1998

Ink jet type recording head driving circuit

Description

This invention relates to a circuit for driving an
ink jet type recording head (hereinafter referred to
as "an ink jet type recording head driving circuit™).

An ink jet type recording head for a recording
apparatus is well know in the art which is so
designed that, as disclosed for instance by Japa-
nese Patent Application Publication No. 24218/1990
corresponding to US-A-4 471 363, a disk-shaped
piezo-electric vibrating plate is secured to an elas-
tic board forming a pressure chamber. In the ink jet
type recording head of this type, the displacement
of the piezo-electric vibrator 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 relatively far from the
nozzie openings, and it is communicated with the
latter through ink passageways. Hence, the record-
ing head is unavoidably bulky. In addition, delicate
adjustment is required for making the ink passage-
ways uniform in fluid resistance.

In order to eliminate the above-described dif-
ficuities, 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 cham-
ber so as to compress and release the 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 so-called "draw and strike" type driving system
in which, immediately before formation of a dot, a
driving voltage is applied to the piezo-electric vi-




plitude as indicated at (A

conpres$|ona

vari- ation as indicated at (B) in FIG 12. Accordingl yREPI &CFﬁﬁ@ﬂaan”"
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brator 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.

Document US-A-4 717 927 shows such a driv-
ing circuit for an ink jet recording head in which a
first signal connects a first power source with an
impedance converting and current amplifying cir-
cuit in order to apply a voltage to the first power
source to a piezo-element which expands an ink
chamber and subsequently a second signal con-
nects a second power source with said impedance
converting and current amplifying circuit in order to
apply a second voltage of the second power
source, with an opposite sign from the first voltage,
to said piezo-element which contracts said ink
chamber in order to execute a print operation.
Subsequently, the charge remaining on the piezo-
elements is discharged via a capacitor and a resis-
tor. Said capacitor and resistor constitute a time
constant circuit for setting an attenuation character-
istic in order to reduce the vibration to which the
piezo-elements are subject, and to decrease the

error of the attenuation time so that images of high
quality are obtained.

Such a circuit has the disadvantage that it is
not possible to control the voitage value and/or the
current of the signal applied to the piezo-electric
elements during the printing operation independent
of power sources.

Employment of the "draw and strike” type driv-
ing system is advantageous in that the elastic
energy stored in the piezo-electric vibrator 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



essarily jetted by resonance displacenent. Furthernpre, even when. the

plurality of pres- sure generating nenbers 8 are dr R/Ei?i,ﬁs MERS. ngpp

t he conpressional waves produced there- by will not somat-ewi-th
anot her. Hence, the -21- .
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in that, if the operating frequency of the piezo-
electric vibrator is increased to increase the print-
ing speed, then in formation of an ink droplet the
meniscus of ink in the vicinity of the nozzle fluc-
tuates in position, so that the ink droplet formed is
changed in the velocity of flight and in size, and
therefore the resultant print is low in quality.

in order to overcome the above-described dif-
ficulty, a driving method has been proposed in
which the piezo-electric vibrator contracted is kept
as it is until the meniscus returns to the original
position and stops there, and thereafter the piezo-
electric vibrator is stretched by discharging it. How-
ever, 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 record-
ing head. Hence, the ink jet type recording head
employs a temperature compensating circuit so
that the driving voltage is controlled according to a
detection signal provided by a temperature sensor.
Accordingly, in this case, it is necessary to provide
a power source circuit for driving the ink jet type
recording depend in addition to a power source
circuit for a pulse motor or the like adapted to drive
the printing mechanism; that is, the resuitant print-
ing machine is intricate in construction as much.

The piezo-electric vibrator of longitudinal vibra-
tion mode, being small in section, is advantageous
in that a plurality of such piezo-electric vibrators
can be readily arranged with high density. How-
ever, it is disadvantageous in that the piezo-electric



pressure-generating nenbers are stable in the anount of displacenent and in
t he Speed of opera- tion irrespective of the nunber of the pressure
generating menbers driven. Thus, with the dri viRggm};’gwmro ukpe i nventi on,
the resultant prints are high in quality no m 2\ willahi Epatternis
han- dled,. FIG 13 shows one nodificati oa-of thejabove- descri bed ink ] et
type recording head driving cir- 2 4 JAN 1998

vibrators arranged adjacent to one another suffer
from mutual interference, which lowers the quality
of the resultant print.

Accordingly, an object of this invention is to
eliminate the above-described difficulties accom-
panying a conventional ink jet type recording head
driving circuit.

This object is solved by the ink jet type record-
ing head driving circuit of independent claim 1.

Further advantageous features, aspects and details
of the invention are evident from the dependent
claims, the description and the drawings.

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 an ink
jet type recording head driving circuit which con-
trols 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
urwmg circuit in which a capacitor is connected
through a first switching element and a charging
time constant adjusting resistor to an electric power
$ource, 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 first
switching eiement is controlled by a first pulse for



cuit,,which constitutes a second enbodi nent. Roughl ycjmmmmmmﬂm Ei rcuit
utilizes the above-de- scribed voltage adjusting fun lifler at es
snoot hly agai nst variations in external conditions, partiGalasly agai nst

changes in tenperature. In FIG 13, reference nuneral MWWE a
timng

t enperature conpensating circuit connected be- tween
t enperature *G00001*

signal input termnal IN1L and the |evel adjusting tra
contracting a piezo-electric vibrator, while the sec-
ond switching element is controlled by a second
puise for expanding the piezo-electric vibrator.

With the recording head driving device, the
pulse width of the first pulse is adjusted according
to external conditions, the charging time constant
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 dis-
charging time constant adjusting resistor is set
according to the free vibration period of the pres-
sure generating member so that, after formation of
an ink droplet, the residual vibrations of the piezo-
electric vibrator and the pressure chamber are
minimized in amplitude and in duration time.

The nature, principle, and utility of the inven-
tion will be more clearly understood from the fol-
lowing detailed description of the invention when
reduced in conjunction with the accompanying
drawings.

In the accompanying drawings:

FIG. 1 is a circuit diagram, partly as a block
diagram, showing an ink jet type recording head
driving circuit, which constitutes a first embodi-
ment 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 ad-
vantageously applied. :

FIG. 3 in an enlarged perspective view showing
an example of a piezo-electric vibration unit

~EPLACEMENT SHEET]
2 4 JAN 1998




detector 41 such as a therm stor for detecting th rature of f
recaording head applies a tem perature signal to {REPLAGBEEANULH
conpensating circuit 40. In response to the tenpelaton e 51 'g..ar,
tenperature conpensating circuit 40 changes the pyl e r\ﬁ]',c of
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forming the recording head shown in FiG. 2;
FIG. 4 is an enlarged perspective view showing
another example of the piezo-electric vibration
unit;

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

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

FIGS. 7(a) to 7 (d) are explanatory diagrams for
a description of relationships between the posi-
tions of a meniscus and the configurations of an
ink droplet with a pressure chamber com-
pressed;

FIG. 8 is a graphical representation indicating
nozzle opening sizes with rise speeds in stretch-
ing a piezo-electric vibrator together with con-
figurations of ink droplets formed;

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

FIG. 10 is also a graphical representation in-
dicating voltage for stretching the piezo-electric
vibrator with maximum free vibration amplitude
of a pressure chamber forming member after
formation of an ink droplet;

FIG. 11 is an explanatory diagram showing how
the vibration of one pressure generating mem-
ber propagates through other pressure generat-
ing 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



circuit .is so designed that the driving voltage is adjusted to co
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generating member to other pressure generating
members;

FIG. 13 is a circuit dlagram partly as a block
diagram, showing the arrangement of a modi-
fication of the ink jet the recording head driving
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 the recording head
driving circuit, which constitutes one embodiment
of this invention, will be described with reference to
Figures 1 to 12.

An ink jet the recording head, which is driven
by the head driving circuit according to the inven-
tion, 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 film
2, a nozzle forming substrate 4 forming a predeter-
mined 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 iniet 7 to a common ink chamber (not
shown), One end of a 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 9 to a base member 20.

In the recording head thus constructed, ink
flowing into the pressure chamber 1 through the ink
supplying inlet 7 is pressurized through the vibrat-
ing board 3 by the pressure generating member 8,
thus being discharged in the form of ink droplets P
from the nozzle opening 6.

FIG. 3 shows one example of a piezo-electric
vibrator unit forming the recording head shown in



-22- tector 41. The circuit can be also sinply realized as a digital
circuit by controlling the output nunber of a unit—putse—-by—a-tengerature
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FIG. 2. The piezo-electric vibrator unit including the
pressure generating members 8 is formed as fol-
lows: Piezo-electric layers 10, negative 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 11 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 pressire
generating members 8 thus formed are arranged in
alignment with the nozzle openings 6 arranged at
predetermined intervals, 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 are not provided (in the embodi-
ment, the positive internal electrodes 12 being not
provided), and a region referred to as "an active
portion 16" where both the negative internal elec-
trodes 11 and the positive internal electrodes 12
exist. The active portion 16 is extended like a
cantilever a predetermined length from the sub-
strate 8, thus serving as a free vibration portion.

When, in each pressure generating member 8,
a voltage of the order of 30 volts is applied be-
tween the negative external 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 deformed.



The opér,-ation of the driving circuit shown in FIG 13 will be
with reference to a waveform di agram of FI G 1z
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In the above-described piezo-electric vibrator
unit, the pressure generating members 8 are in-
dividually fixedly secured to the substrate 9. How-
ever, the piezo-electric vibrator unit may be formed
as shown in FIG. 4. That is, first a laminated block
24 is formed by stacking negative internal elec-
trodes 21, positive internal electrodes 22 and the

piezo-electric layers 23 in the same manner.
Thereatfter, slits 26, 26, 26,... are cut in the biock 24
so as to form active portions 25, namely, piezo-
electric vibrator bodies 27, thus leaving inactive
portions. That is, the block 24 is cut in the form of
a comb. The recording head thus formed has the
same effects as the one shown in FIG. 3, and
requires no fixing substrate 9 (FIG. 3).

One example of the ink jet type recording head
driving circuit according to the invention is as
shown in FIG. 1.

In FIG. 1, reference character IN1 designates a
printing preparatory signal input terminal; and IN2,
a printing signal input terminal. As shown in FIG. 6,
pulse-like signals are applied to those input termi-
nals with printing timing. Reference character Q1
designates a level adjusting transistor, the base
electrode of which is connected to the input termi-
nal IN1. The collector electrode of the transistor Q1
is connected to the base electrode of a first switch-
ing transistor Q2. The emitter electrode of the
transistor Q2 is connected through a time constant
adjusting resistor R1 and a terminal VH to a power
source, and the collector electrode thereof is
grounded through a time constant adjusting capaci-
tor C1. Reference character Q3 designates a con-
stant current transistor, the emitter electrode of
which is connected to the power source terminal

VH. The collector electrode of the transistor Q3 is
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connected to the collector electrode of the level
.adjusting transistor Q1, and the base electrode of
the transistor Q3 is connected through the time
constant adjusting resistor R1 to the power source
terminal VH.

The input terminal IN2 is connected to the
base electrode or a second switching transistor Q4,
the collector electrode of which is connected to the
time constant adjusting capacitor C1. The emitter
electrode of the transistor Q4 is connected through
a second time constant adjusting resistor R2.

Further, in Fig. 1,reference character Q5 des-
ignates a constant current transistor Q. The collec-
tor electrode of the transistor Q5 is connected to
the input terminal IN2, the emitter electrode thereof
is grounded, and the base electrode thereof is
connected through the second time constant ad-
justing resistor R2. _

Reference characters Q6, Q7, Q8 and Q9 des-
ignate transistors which form a current buffer for
amplifying current in charging and discharging the
capacitor C1. In the embodiment, the transistors
Q6 and Q7 and the transistors Q8 and Q9 are
Darlington-connected. The current buffer is able to
simultaneously drive all the pressure generating
members 8 of the ink jet type recording 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 mem-
bers 8. The switching circuit 28 is designed as
follows: In response to the printing signal, the
switching circuit 28 is turned on and off so as to
supply currents provided by the transistors Q6, Q7,
Q8 and Q9 forming the current buffer selectively to
the pressure generating members 8 which are to
form ink droplets.
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The switching circuit 28 is formed with switch-
ing elements only; that is, it needs no current
adjusting means. Therefore, it is light in weight and
small in size. Hence, it can be mechanically dis-
connected from a driving voltage generating circuit,
and mounted on the carriage of the recording head
by connecting it through a flexible cable thereto.

The time constant adjusting resistors R1 and
R2 may be provided as shown in FIG. 5. That is,
3i'he resistors R1 and R2 are fixedly mounted on a
substrate 31 having terminals 30 which are con-
nected to lead wires. Thereafter, those components
are molded into one unit. [n this connection, it is
desirable that a plurality 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 simpilification of
the printing operation. :

The operation of the above-described driving

circuit (FI1G. 1) will be described with reference to a

waveform diagram of FIG. 6 in more detail.

When a printing timing signal (the part | of FIG.
6) for forming one dot is applied by a host, in
isynchronization with the printing timing signal a
printing preparatory signal (the part Il of FIG. 6)
ihaving a pulse width Tc is produced. The pulse
Midth Tc is determined according to a charge time.
When the printing preparatory signal is applied to
the input terminal IN1, the level adjusting transistor
Q1 is turned on, and accordingly the first switching

transistor Q2 in also turned on. As a result, the .

supply voltage VH is applied through the time
constant adjusting resistor R1 to the capacitor C1,
and the latter C1 is charged with a ftime constant

qndi ng to the

11 of
t he second



of which the capacitor Cl is discharged ‘at thefall rate which is
determned by the capacitor Cl itself and the REPUE@E'HL agrybting
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t he nozzle openings to jet ink droplets. In th)s}]case,
-12- 2 4 JAN 1558 z

d

: determined by the resistance of the resistor R1-and—
the capacitance of.the capacitor C1.

' The time constant adjusting resistor R1 is

~ shunted with the constant current transistor Qs,
and therefore the voltage across the resistor R1 is
substantially equal to the base-emitter voltage of
the transistor Q3. Hence, current flowing in the
capacitor C1 is constant, not changing with time.
Thus, the rise gradient r1 of the terminal voltage
(IV) of the capacitor C1 is as follows:

= [VBE1J(R1 x C1)

where R1 is the resistance of the resistor R1,
C1 is the capacitance of the capacitor C1, and
VBE1 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 C1 is
raised to a voitage VO. At this time instant, the
printing preparatory signal is set to "L (low)" level,
so that the level adjusting transistor Q1 is turned
off, and accordingly the first switching transistor Q2
is turned off. As a result, the voltage of the capaci-
tor C1 is maintained at VO (= r x Tc).

When a predetermined period of time Te has
passed from termination of the printing preparatory
signal; that it, when time has passed to the extent
that the switching transistors Q2 and Q4 are not
short-circuited, a printing signal (the part ill of FIG.
6) is applied to the input terminal IN2. The printing
signal has a pulse width Td which is long enough
to discharge the capacitor C1 to substantially zero
potential. The printing signal thus applied turns on
the second switching transistor Q4, as a result of
which the capacitor C1 is discharged through the
time constant adjusting resistor R2. At the same
time, the constant current transistor Q5 is turned
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on. Hence, similarly as in the case of the above-
described first constant current transistor Q3, the
terminal voltage of the second time constant ad-
justing resistor R2 becomes the base-emitter volt-
age VBE2 of the transistor Q5. Thus, the terminal
voltage (IV) of the capacitor C1 is linearly de-
creased with a predetermined gradient.

That is, the fall gradient r2 of the terminal

voitage (IV) of the capacitor C1 is as follows:
= -|lVBE2|/(R2 x C1)

where R2 is the resistance of the second time
constant adjusting resistor R2, C1 is the capaci-
tance of the capacitor C1, and VBE2 is the base-
emitter voltage 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 voitage
of the capacitor C1 is suspended. The pulse width
Td of the printing signal is much larger than the
discharge time constant which is determined by
the capacitance C1 end the resistance R2, and
therefore no charge remains in the capacitor C1.

The voltage which changes with a predeter-
mined rise rate and fall rate which are determined
by the time constant adjusting resistors R1 and R2
and the capacitor C1 is amplified by the transistors
Q6, Q7, Q8 and Q9 forming the current buffer, and
applied through the switching circuit 28 to the
piezo-electric vibrators 8 forming the ink jet the

re
flying



t he designed reference value tl to increase the viscosity of ink, the
t enperature conpensating cir- cuit 40 operates to increase the pulse width

of the printing preparatory signal applied to the input ter- mnal INl from
TCl to TC2. The printing prepara- tory signal thus pr ﬁﬁjﬁﬁfhmﬁﬁgg e to
the first switching transistor @. Asiy@ result, the cipPdch T“""T’ﬁ“i.isfii%ﬁ‘arged
to a voltage V2 higher than the reference voltage V1. Needl ess to say], {the
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recording head (FIG. 2).

Thus, by turning cn and off the switching ele-
ments of the switching circuit 28 in synchronization
with the printing signal. the voltage signais from the
commeon driving voltage generating circuit, which
have one and the same waveform, can be applied
selectively to the piurality 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 us (micro-
seconds), and that of thee pulse width TD is of the
order of 6 ws. 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 therefore the nozzles are equal in ink discharg-
ing characteristic. On the other hand, frequently the
recording heads manufactured are different in ink
discharging characteristic because of manufactur-
ing errors of their pressure chambers. The ink
discharging characteristic thus deviated from one
another are, in general, corrected by adjusting the
waveform of the voltage driving the ink jet type
recording head. |

With the above-described driving circuit, the
rise characteristic, namely, the rate of expansion of
the pressure chamber, and the fall characteristic,
namely, the rate of contraction of the pressure
chamber 1 can be individually and readily adjusted
with time constant adjusting resistor R1 and the
time constant adjusting resistor R2, respectively.
The maximum voltage of the capacitor C1 depends
on the charge time, and therefore it can be ad-



change in the voltage of the capacitor being charged is nai nt ai ned at a
predet erm ned val ue which is drternined by the'e ?’ﬁ F@E\ﬁi fihe time
constant adjusting resistor RL, and therefore i He pre s'WéI d at the
nozzle opening 6 as it is. Thereafter, in a prdddqterm ned perigdjof tine, a

printing signal is applied to turn omsthe sw t dhilng2t4 d4ki8%Hr {4, so that
the capacitor Cl is dis-

justed by changing the pulse width Tc of the print-
ing preparatory signal.

Hence, the driving circuit of the invention, un-
like the conventional driving circuit, needs no pow-
er 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
relatively large in voltage variation. That is, in this
case, the pulse width Tc of the printing preparatory
signal can be made constant by automaticaily con-
trolling 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 puise motor or the like, with resuits that the
printing machine in reduced both in aiso and in
manufacturing cost as much.

The wvoltage having the predetermined
waveform, generated by the driving circuit, is ap-
plied through the switching circuit 28 selectively to
the piezo-electric vibrators in the ink jet type re-
cording head. Therefors, the driving means can be
formed with switching means only, which contri-

butes greatly to simpilification of the structure 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 stationary system thereof,
and the driving means is mounted on the carriage,
the greater part of the leads in a flexible cable
connected between the driving circuit and the driv-
ing 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.
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“When the pressure genérating members 8 are
contracted in response to the printing preparatory
signal, the pressure 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 6.

After the ink has been supplied to the pressure -

chamber 1, the pressure generating members 8

are expanded to compress the pressure chamber

1, so that ink droplets are jetted from the nozzle
openings 6. In the case when the pressure cham-
ber is compressed, the position of the meniscus of
ink and the configuration of the ink droplet relates
greatly to each other. Hence, the quality 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 con-
tracted under the condition that the meniscus M is
positioned near the nozzle opening 6 (FIG. 7(a)) as
in the case where the pressure chamber is main-
tained stopped, the ink droplet P jetted from the
nozzle opening is in the form 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 6, 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 a sub-
stantially 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.
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When the pressure chamber 1 is expanded,
the meniscus M is retracted from the nozzle open-
ing; that is, it is moved towards the pressure gen-
erating member 8. This is due to the fact that the
loss of pressure at the ink supplying inlet 7 is
larger 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 surface ten-
sion of the ink near the nozzle opening.

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 ob-
tained from a straight line L representing the pro-
portional relation between the size of the nozzle
opening and the time of contraction of the piezo-
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 a certain value, because if the rise time
is excessively increased, then the printing speed is
lowered.

With the recording head driving circuit of the
invention, the rise time can be set to a desired
value with the timing constant adjusting resistor R1,
as was described above. Hence, the recording
head driving circuit can be applied to a variety of
ink jet the recording heads different in specification
by determining the resistance of the time constant
adjusting resistor R1 in accordance with the char-
acteristic of a given ink jet type recording head,
such as the size of the nozzle opening and the
viscosity of the ink employed.
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Upon completion of the supply of ink to the
pressure chamber 1, in order to form an ink
droplet, the pressure chamber is compressed; that
is, the pressure generating member 8 is expanded.
I, in this case, the pressure generating member 8
is made up of a piezo-electric vibrator of longitudi-
nal vibration mode, then since the pressure gen-
erating member 8 is high in rigidity, a residual
vibration is produced which has a relatively long
residual time corresponding to the resonance fre-
quency thereof, and is large in amplitude.

That is, as shown in FIG. 9(a), when the pres-
sure generating member 8 charged to a voltage VO
is discharged with the discharge time Td changed,
the residual vibration of the pressure generating
member 8 is changed in pattern according to the
discharge time Td. That is, a free vibration of an
intrinsic vibration period Tf takes place about the
position DO where the end of the pressure generat-
ing member is positioned when no voltage is ap-
plied thereto. In this came, the amplitude and the
duration time of the free vibration depend greatly
on the discharge time as indicated at (A) and (B) in
FIG. 9(b).

On the other hand, the ink in the pressure
chamber 1 vibrates in synchronization with the vi-
bration of the pressure chamber 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 in-
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dicated at (F) in FIG. 9(c). That is, the residual
vibration of the pressure generating member 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 the order of the free
vibration period of the pressure generating member
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 dropliets are
produced like mist, thus affecting the wettability of
the vicinity 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
result, the print is affected in quality.

It has been confirmed through experiments that
the relationships between the amplitude of the re-
sidual vibration of the pressure generating member
8 and the discharge time Td are as shown in FIG.
10, and the 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 de-
creases, the meniscus, after formation of an ink
droplet, is stabilized quickly as much, and the
aforementioned wettability can be maintained con-
stant. Hence, the repetitive driving frequency can
be increased, and the printing quality can be main-
tained constant.

As is seen from FIG. 10, the maximum am-
plitude, and the maximum velocity are larger when
the discharge time is shorter than the natural pe-
riod dt. Therefore, for certainty, the discharge time
should be set to a value longer than the natural
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vibration pericd. For instance, in the case where
the free vibration period dt of the pressure generat-
ing member 8 is 6.5 us, the discharge time should
be set to a value in a range of from 6.3 us (= dt -
x1 = 65-02 to69 us (=dt + x2 = 65 +
0.4).

In the ink jet type recording head, a number of
pressure generating members 8;, 82, 83 and 84 are
arranged at intervals of an extremely short distance
as shown in FIG. 11. Therefore, a compressional
wave produced in the active region of one pressure
generating member 82 propagates through the in-
active region and through the substrate 9, so that
the pressure generating members 8, and 8; adja-
cent thereto resonate with it. This phenomenon
occurs significantly in proportion to the increasing
recording density.

As was described above, in the ink jet the
recording head of the invention, the driving voltage
discharge time is equal to the free vibration period
dt. Therefore, the free vibration of the pressure
generating member 8 becomes minimum in am-
plitude as indicated at (A) in FIG. 12, and therefore

the amplitude of the compressional wave propagat-
ing in the substrate 9 is also made small is vari-
ation as indicated at (B) in FIG. 12. Accordingly,
the resonance amplitudes of the pressure generat-
ing members 8 and 8s, adjacent to the prassure
generating member 8, are suppressed as indicated
at (C) and (D) of FIG. 12. That is, an erronecus
operation is prevented that ink droplets are unnec-
essarily jetted by resonance displacement.
Furthermore, even when the plurality of pres-
Sure generating members 8 are driven simuita-
neously, the compressional waves produced there-
by will not resonate with one another. Hence, the
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pressure generating members are stable in the
amount of displacement and in the speed of opera-
tion irrespective of the number of the pressure
generating members driven. Thus, with the driving
circuit of the invention, the resuitant prints are high
in quality no matter what printing pattern is han-
dled.. |

FIG.13 shows one modification of the above-
described ink jet type recording head driving cir-
cuit, which constitutes a second embodiment.
Roughly stated, the circuit utilizes the above-de-
scribed voitage adjusting function, and operates
smoothly against variations in external conditions,

particularly against changes in temperature.
In FIG.13, reference numeral 40 designates a

temperature compensating circuit connected be-
tween the printing timing signal input terminal IN1
and the level adjusting transistor Q1. A temperature
detector 41 such as a thermistor for detecting the
temperature of the recording head applies a tem-
perature signal to the temperature compensating
circuit 40. In response to the temperature signal,
the temperature compensating circuit 40 changes
the puise width Tc of the printing preparatory sig-
nal. This operation is based on the fact that the
viscosity of ink used for the ink jet type recording
head is a function of temperature. That is, the
circuit is so designed that the driving voitage is
adjusted to 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 monostable
multivibrator by a thermal sensitive resistor such as
a thermistor which constitutes the temperature de-

i m ng



the same effects. As was described above, in the ink jet type recording
head driving circuit of the invention, the capaci tigymm v,ﬁsﬂgetggg_;yhhrough
the first switching elenent and the charging tine j{ﬁﬁm’aﬂiﬂﬁmﬂg

resistor to an electric power source, and grounded tjhrough t he segond

swi tching el enent and the dis- charging tine constfant 2df UAN®B5resijstor,
the term- nal voltage of the capacltor is outputtied through the

tector 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 ana-
log-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 jot
type recording head is maintained at a reference
value t1. When, in this case, a printing preparatory
signal (the part il of FIG. 14) is applied to the input
terminal IN1, the temperature compensating circuit
40 applies the signal to the first switching transistor
Q1 as it is, without changing the puise width Tc
thereof. As a result, the capacitor C1 is charged up
to a driving voltage V1 corresponding to the tem-
perature t1 with the rise time which is determined
by the resistance of the time constant adjusting
resistor R1 and the capacitance of the capacitor C1
itself. The wvoltage of the capacitor C1 being
charged is applied through the switching circuit 8
selectively to the pressure generating members 8
of the recording head, and therefore the pressure
chamber 1 is stretched at a rise rate which is
determined by the time constant adjusting resistor
R1 and the capacitor C1, thus being expanded to a
volume corresponding to the final charge voitage
V1.

Thereafter, a printing signal (the part lll of FIG.
14) is applied to the circuit. The printing signal
turns on the second switching transistor, as a resuit
of which the capacitor C1 is discharged at the fall
rate which is determined by the capacitor C1 itself
and the time constant adjusting resistor R2, so that
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flight of the ink droplet can be

the pressure chamber is compressed to cause the
nozzle openings to jet ink droplets. In this case,
since the speed of stretching the pressure generat-
ing member 8 is set to the free vibration period of
the latter by the capacitor C1 and the time constant
adjusting resistor R2, the residual vibration of the
pressure chamber 1 is minimized as was described
before.

When the ink droplet flying velocity is de-
creased for instance because the temperature of
the recording head is decreased to a value t2 from
the designed reference value t1 to increase the
viscosity of ink, the temperature compensating cir-
cuit 40 operates to increase the pulse width of the
printing preparatory signal applied to the input ter-
minal IN1 from TC1 to TC2. The printing prepara-
tory signal thus processed is applied to the first
switching transistor Q2. As a result, the capacitor
C1 is charged to a voltage V2 higher than the
reference voltage V1. Needless to say, the rate of
change in the voltage of the capacitor - being
charged is maintained at a predetermined vaiue
which is drtermined by the capacitor C1 and the
time constant adjusting resistor R1, and therefors
the meniscus is held at the nozzle opening 6 as it
is.

Thereatter, in a predetermined period of time, a
printing signal is applied to turn on the switching
transistor Q4, so that the capacitor C1 is dis-
charged. That is, the voltage V2 is decreased .with
the fall time,which is determined by the time con-

and t he
of
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stant adjusting resistor R2 and the capacitor C1,
and accordingly the pressure chamber is contract-
ed in synchronization with the decrease of the
voltage V2. In this case, the pressure chamber 1
has been expanded larger than in the case where
the recording head is at the designed reference
temperature {1, 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

-iraised to 13, then the temperature compensating
.| circuit 40 operates to change the pulse width of the

printing preparatory signal to a value Tc3 cor-
responding to the temperature {3, so that the pres-
sure generating member is contracted with a voli-
age V3. As a result, a pressure is produced in

accordance with a reduction in the viscosity of ink
which is due to the rise of temperature of the
recording head, so that the ink droplets fly at the
esigned reference velocity. That is, the pressure
hamber 1 is changed both in volume and in
ontraction rate according to the temperature of the
ecording head, and therefore ink droplets are pro-
uced in the predetermined manner irrespective of
thanges in temperature.
| In the above-described embodiment, the print-
ing preparatory signal having the moat suitable
uise width Tc1 at the reference temperature is
rocessed to have a pulse width corresponding to
current temperature in response to the detection
ignal from the temperature detecting means. How-
ver, this may be modified as follows: That is,
elationships between temperatures of the ink jet
type recording head and pulse widths of the print-
ing preparatory signal are detected in advance, and

her nor e,
ornmati on



-26: dainms 1. An ink jet type recording head driving circuit for an ink

jet type recording head having a switching circuit (
turned on and off to supply a drive current to recor

generating nenbers (8), the driving circuit conprisit
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e detection signal from the temperature detecting

eans, 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
recording head driving circuit of the invention, the
capacitor is connected through the first switching
element and the charging time constant adjusting
resistor to an electric power source, and grounded
through the second switching element and the dis-
charging time constant adjusting resistor, the termi-
nal voltage of the capacitor is outputted through the
current buffer, and the first pulse for contracting the
piezo-electric vibrator is applied to the first switch-
ing element, 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 at the time of
expansion of the pressure chamber, and the speed
of contraction of the pressure generating member
at the time of flight of the ink droplét can be
individually set respectively to a value with which
thg meniscus is not moved, and to a value with
whlch.no residual vibration occurs. Furthermore, by
chan.g!ng the pulse width of the first pulse, the
conditions of formation of ink droplets can be made
f:onstant against variations in external condition and
In supply voltage.

E'e stored, as data, in a memory. In response to
h




a first constant current circuit for adjusting a charge tine constant,
ineluding a first switch- ing elenent (@) which is controlled by a first
pul se provided at a first input termnal (INl) for contracting a

pi ezo-electric vibrator, a charge tinme constant adjusting resistor (R1)

which is shunted with a first constanf_ current T , second
constant_current-et+eti-t for adjusti ngﬁ’ REBL, "*m“itt& %ET

N O | 24 su 98 \ |

Claims

1. An ink jet type recording head driving circuit
for an ink jet type recording head having a
switching circuit (28) that is selectively turned
on- and off to supply a drive current to record-
ing head pressure generating members (8), the
driving circuit comprising: _
a first constant current circuit for adjusting a
charge time constant, including a first switch-
ing element (Q2) which is controlled by a first
pulse provided at a first input terminal (IN1) for
contracting a piezo-electric vibrator, a charge
time constant adjusting resistor (R1) which is
shunted with a first constant current transistor
(Q3);

~ a second constant current circuit for adjusting
a discharge time constant, including a second
switching element (Q4) which is controlled by
a second pulse provided at a second input
terminal (IN2) for expanding said piezo-electric
vibrator, a discharge time constant adjusting
resistor (R2) which is shunted with a second
constant current transistor (Q5);
a capacitor {C1) connected through said first
switching element (Q2) and the charging time
constant adjusting resistor (R1) to an electric
power source (VH) and grounded through said
second switching element (Q4) and said dis-
charging time constant adjusting resistor (R2);
and



a discharge tine constant, including a second switching elenent () which
Is controlled by a second pul se provided at a second i nput term nal (IN2)
for expanding said piezo-electric vibrator, a discharge tine const ant

adjusting resistor (R2) which is shunted with a sgeerd w..o,LM' Trrent
transistor (Q6); a capacitor (C) conpected t hr oudREPLACHN Fist ;ﬁjﬂchi ng
el enent (Q) _and the chargipg-tine ’ asSaa

DR R 24 JAN 998

a current buffer (Q6,Q7,Q8,Q9) having an input
connected to said capacitor (C1) to amplify
current in charging and discharging said ca- ,
pacitor (C1), and having an output connected
to said switching circuit to provide a drive
current for supply by said switching circuit to

said recording head pressure generating mem-
bers.

2. A driving circuit according to claim 1, in which
said first puise signal is set with time for deter-

mination of a voltage value to be applied to
said piezo-electric vibrator.

3. A driving circuit according to any one of the
preceding claims further comprising tempera-
ture compensating means (40,41) for changing
a pulse width according to external tempera-

_ ture, through which said first pulse signal is
applied to said first switching element (Q2).

4. A driving circuit according to any one of the
preceding claims, in which said charging time
constant adjusting resistor (R1) has a resis-
tance with which a pressure chamber is ex-
panded in such a manner as not to retract a
meniscus at a nozzle opening.

8. A driving circuit according to any one of the
preceding claims, in which said discharging
time constant adjusting resistor (R2) has a
‘resistance with which a discharging time con-
stant is substantially equal to the period of free
vibration of said piezo-electric vibrator.



const ant adjusting resistor (R) to an electric power source (VH) and
grounded through said second switching elenment (Q4) and said dis- charging
time constant adjusting resistor (R2); and - 27 -

REPLA
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6. A driving circuit according to any one uf the
preceding claims, wherein a resistance value
“of said charge time constant adjusting resistor
is changeable for determination of a voltage
value to be applied to said piezo-electric vibra- .
tor.



a current buffer (Q6, Q7, B, @) having an input connected to said capacitor
(d) to anplify current in charging and di scharging said ca- pacitor (d),
and havi ng an out put connected to said switching circuit to provide a drive
current for supply by said switching circuit to said ELOTT ol
pressure generating nem bers. 2."Adriving circuit
I n which -1-
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said first pul se signal is set with tine for deter-_mination of a voltage
val'ue to be applied to said piezo-electric vibratorj - .!SéﬂgéﬂinggS@Mcfuit
according to any one of the preceding clains furthgf CONpgsiadgd errperla-

ture conpensating neans (40,41) for changi ng a pul de=wi-dih-—accordi-ng—f0

external tenpera- ture, through which said first pm%é“sig“ﬁar;“r‘“mml ied to
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4. Adriving circuit according to é&q,sbg,'g,___;p
sai'd charging time constant adjustfi ng r§§E ~
whi ch a pressure chanber is ex- p

eding clains, in which

as aresis- tance with
N~a _nmapper_as not_to retract a
meni scus at a nozzle opening. 5. A driving circui : MPRTENDT Q1Y Rohe of
the preceding clainms, in which said discharging ti mmﬁ*gﬁg'gd?ig'?m
resistor (R2) has a -3

2 4 JAN 1998




resi stance with which a dischar §i’ ng-time..gon-. stant is substantially equal
to the period of free vibration O‘LSSHC[UILQO STegtric vibrator. -28- 6.

A driving circuit according to rié“"ﬂ.fAdgba ’\é d| ng clains, wherein a
resi stance val ue
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INK JET TYPE RECORDING HEAD DRIVING CIRCUIT
ABSTRACT

Anlink jet type recording head driving circuit
comprises: a capacitor (Cl) which is connected through.a
first switching transistor (Q2) and a charging time cdnséanﬁj
adjusting resistor (R1l) to a power source (VH), and grounded
through a second switching transistor (Q4) and a discharging
time constant adjusting resistor (R2), and a current buffer
(Qﬁf Q7, Q8, Q9) through which the terminal voltage of the
capacitor (Cl) is applied to a pressure generating member
scanning switch circuit (28). 1In the circuit, a first pulse
for contracting a pressure generating member forming the
recording head is applied,to the first switching transistor
(Q2), and a second pulse for -expanding the pressure
generating member is applied to the second switching
transistor (Q4), so that the pressure generating member is
contracted at a rate set by the-capacitor.(CI) and the

charging time constant adjusting resistor (Rl), to supply ink -

'into the pressure chamber of the recording head, and then it

is expanded at a rate set by the capacitor (Cl) and the

discharging time constant adjusting.resistor (R2).
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