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INK JET TYPE ucoan:rNG BEAD DR::rvurc C'IRC'OIT .. 
I 

THIS SHEET HAS BEEN 1 · . 
REPLACED 

This invention relates to a circuit for driving an 1nk je~ 

type recording head (hereinafter ref erred 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 

10 for instance by Japanese Patent Application Publication No. 

24219-/1990, a disk-shaped piezo-electric: vibrating plate is 

secured to an elastic: board forminq a pressure chamber. In the 

ink jet type recording head of this type, the displacement of 

t:he. piezo-electric: vi.brat~r is smallr ~nd therefore it is 

lS essential that the pre~:sure chamber is large in effective area. 

Therefore, 1.n t:he recording head, tho pressure chamber is 

located relatively far from the nozzle openings, and it is 

communicated ~ith the la~eer ~hrough ink pcssaqeways. H~nce, 

the recording head is unavoidably bu1ky. In addition, delicate 

20 adjustment is required for makinq the ~nk passageways uniform 

in fluid resistance. 
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!!:===========-· In o.rder to oliminat9 tho above-dQs:cribQd diff.icul t.iQs, for 

instance US Patent No. 4,697,l93 has disclosed an ink jet type 

rec:ordinq head· in wh.ich c. bar-.ehaped piezo-electric vibrator is. 

abutted aga1ns1: a vibrating board forming a pre:s:su:re ehambel:' eo 

s as to compress and release the latter, so that ink droplets are 

f o;:med by the longitudinal vibration of the piezo-e_lectric 

vibrator. 

The ink jet type recording head operating on the above­

described longitudinal vibration employs a so-called ~draw and 

10 strike.. type driving system in which, imnediately before fonnation 

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. 

15 Employment of the .. draw and strikeM type drivinq 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, 

20 if tha operating frequency of the piezo-electric vibrator is 

increased to increase the printing speed, then in formation of 

an ink droplet the meniscus of ink in th9 vicinity of the 

no~~le fluctuate~ in position, so that the ink droplet formed 

is ch~nged in the velocity of flight and in si:a, and th~refore 

25 the resultant print is low in quality. 

iif 1i1iii1iiif 
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In order to overcome the above-described di!!1cult:y, 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 

s piezo-electric vibrator 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 printinq with respect to temperature 

io 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 the:onal transfer type 

recording head. Hence, the ink jet type recording head employs 

a temperature compensating circuit so that the driving voltage 

is 1s controlled according to a detection signal provided by a 

te:mperaturo sgn~or. Accordin9ly, 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 mo~or or ~he like ad~pted to drive the printing 

20 mechanism; that is, the resultant prin~1ngm.achine is Lntricate 

in construction as much. 

25 

The piezo-electric vibrator of lonqitudinal vibrat:1on mode, 

being small in_ secti~n, is advantageous in that a piurali~y ot 

such piezo-electric vibrators can be readily arranged with high 

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

electric vibrators arranged adjacent to one another suffer from 

----------- - --- -- - -- ---- ----
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Accordingly, an object of this invention is to eliminate 

the above-desc=ibed 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. Ft1rther 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

limi ting 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 . provide5 

a ink jet type recording head driving circuit which controls 

.the magnitude of a signal for drivinq a piezo-elect:ic vibrator 

without depending on· a supply voltage at the time of formation 

of an ink droplet, and sets the speeds of expanding and 

cont:acting 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 

whi.ch a capacitor is connected through a first switching 

element end a charqinq time constant adjustinq resistor to an 

elec~ric power aource, and grounded through a sacond •witchinq 

elemen~ and a discharging time constant ~djusting re:istor, a 

teniinal voltage of said capacitor is outputted through a 

current buffer, and the tirS~ SW1~Ching elemen~ is controlled 

by a first pulse for contracting a piezo-elec~r1c vibrator, 

while the second switching element is ccn~rolled by a second 

pulse for ex?anding the piezo-electric vibrator. 

- 4 -



·THIS SHEET HAS BEEN 
REPLACED 

With the recording head driving device, the pulse width of 

tha first pulse is adjusted accordinq 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 constant adjusting resistor is set ~ccordinq 

to the free vibration period of the pressure generating member 

so that, after formation of an ink droplet, the residual 

10 vibrations of the piezo-electric vibrator and the pressure 

chaml::Jer are minimized in amplitude and in duration time. 

15 

'l'he nature, prineiplQ, and utility of tha invcanti.on wil1 be 

more clearly understood from the following detailed description 

ot the invent.ion when read in conjunct;fon with the aceom.panying 

drawings. 

!n the accompanying drawings: 

FIG. l is a circuit diaqram, partly as a block diaqram, 

showing an ink jet type recording 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 advantageously applied. 
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FIG. J i8 an enlarged perepective viQw ahowing an QXamplQ 

of a piezo-electric vibrati_on unit formi~g the recording head 

shown in FIG. 2; 
-FIG. 4 is an enlarged perspective v.tew showing another 

5 example of the piezo-electric vibration unit; 

10 

FIG. 5 is an explanatory diagram showing time constant 

adjusting resistors in the driving circuit shown in FIG. li 

FIG. 6 is· a waveform diagram for a description of the 

operation of the driving circuit accordinq 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 

15 opening sizes with rise speeds in stretching a·piezo-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, rasidual vibrations of a pressure generating member, 

2.0 and displacamQnt of a mtimiscu.s in the vicinity of a nozzle 

opening in th~ recording head, respectively; 

FIG. 10 i:s e.l~o o graphical representation indicating 

voltage _for stretching the piez:o-elec::tric vibrato:z: ~S.th maxi.mum 

tree v~bration amplitude of a pre~~ure chamber forming mambQr 

25 after formation of an ink droplet; 
------·-·~---- --
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FIG. 11 is an expl~nctory dicgr~~ showing how tha vibration 

of one pressure generating member propagates through other 

pressure generating members; 

FIG. 12 is a graphical represen't.at;ton :1nd1ca-e1ng 

s 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, 

lO showing the arrangement of a . modification of the ink jet type 

recording head driving circuit shown in FIG. i, and 

15 

20 

FIG. 14 is a wavefor.m diagram for a description of the 

operation of the driving circuit shown in FIG. 13. 

One example of an ink jet type recor9.inq head driving 

circuit, which constitutes one embodiment of this invention, 

will bo ~Qacribed with reference to Figures 1 to 12. 

· An' ink jet typa racordinq head, which is driven by the head 

driving circuit according to tha invention, is as shown in FIG. 

2. In FIG. 2, reference numeral 1 designates a pressure 

chamber whieh i~ defined by a vibrating hoard 3 covared with a 

film 2, a nozzle terming substrate 4 £orming a predetermined 

space w.f.th 'the film 2, and a nozzle plcte S bonded to the 

nozzle forming substrate 4. The pressure chamber 1 is 

25 communicated through an ink supplying inle't 7 to ~ eonunon ink 
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chamber (not shown). One end of a pressure ·generating member 

8 is abutted against the other surface (rear surface) of the 

vibratinq board 3 in such a manner that it opposes a nozzle· 

openinq 6. The other end of the pressure generating member 8 

s is fixedly secured through a substrate 9 to a base member 20. 

In tho rgcording hgad thus constructed, ink flowinq into 

the preBsure chamber l through tha ink aupplyinq ~nlat 7 ia 

pressurized through the vibrating board 3 by the p:z::-essura 

qenerating member 8, thus being discharged in the fo::cm of ink 

io drq>lets _P from the nozzle opening 6. 

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

foJ:minq the recording head shown ~n ~IG. 2. The p~ezo-electric 

vibrator unit including the pressure generating members a is 

formed a~ follows: l?iezo-electric layers 10, negative internal 

15 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 ll are connected 

to a negative external electrode 13, while the positive 

20 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 1 and fixedly 

secured·to the substrate 9. The pressure generating members 8 

25 thus secured each have a region referred to as "an inactive 

portion 15" in which the internal electrodes of one polarity 
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~re not provided (in the 'unbodiment, thQ poaitiva interna.l 
I 

electrodes 12 beinq not provided), and a region referred to as 

"an act:ive portion lo.. where both the negative internal 

electrodes ll and ~he pos~~~ve ~n~e:r:nal elec~rodes 12 exi=t. 

s The active portion 16 is ·ex~ended l~ke a .cantilever ~ 

predetermined length from the substrate 8, thus serving as a 

free vibration portion. 

When, in each pressure generating member a, a voltage of 

the order of 30 volts is applied between the negative external 

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 

15 

indicated by the arrow A. In this operation, the inactive 

portion 15 supported by the substrate 9 is not defo:cmed. 

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, 

20 positive internal electrodes 22 and the piezo-electric layers 

2~ in the same manner. Thereafter, slits 25, 26, 26, ••. are 

cut in thg block 24 so as to form active portions 25, namely, 

piezo-electric vibrator bodies 27, thus leaving inactive 

portion~. That is, the block 24 is cut in th9 form of a comb. 

25 •.1.•ne recorctlng nead 1:.?lU!:S !U..t.UU::!U ha~ 1..he :sc::.me c;ffec:t:s a..:> the= one 

shown ~n FIG. 3 1 and requires no fixing substrata g (FIG. 3). 

- g -
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One ex~mple of the ink jet type rcaco.rd.ing hgad d.riving 

circuit according to the invention is as shown in FIG. l. 

In FIG. 1, reterence c~arac~er INl de~iqnate8 ~ pr~nting 

timinq signal input terminal; and IN2, a pr1nt1nq signal input 

s terminal. As shown in FIG.- 6, pulse-like signals are appl~ed 

to 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 swi tchinq transistor Q2. The emitter 

electrode of the transistor 02 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 

l.5 .designates a constant current transistor, the einitter electrode 

of which £s connected to the power source terminal VH. The 

collector electrode of the transistor Q3 is connected to the 

collector electrode of the level adjusting trans is.tor Ql, and 

tha basa electrode of the transistor Q3 ls connected through 

20 the timg constant adjusting resistor Rl to the power source 

terminal VH. 

The input terrnin~l IN2 is connected to tha basa QlQctrode 

Of a second swi -cching tran=iator Q4, the collector &l.c::.etrode of 

which ~s connec-ced to the time constant adjusting ca?acitor Cl. 

25 The emitter electrode of the transistor Q4 is connected through 

a second 't:ime cons't:an~ adjusting resisto~ R2. 

- 10 -
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Further, in Fig·. l,reference character QS designates a 

constant current transistor Q. The collector electrode of the 

transist:or Q5 1.s connected to the input terminal IN.2, th~ 

emitter electrode thereof 1s grounded, and the base electrode 

5 thereof is connected through the second time cons~ant adjusting 

resistor R2. 

Reference characters Q6, Q7, QS and Q9 designate 

transistors which form a current buffer for amplifyinq current 

in charging and discharging the capacitor Cl. In the 

10 embodiment, the transistors 06 and Q7 and the transistors Q~ 

and Q9 are Darlington-connected. "rhe 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 buff er has an output terminal OU~ which is 

15 connected to a switching circuit 28, which is connected to all 

the pres sure genera tinq members 8. The swi tchinq circuit 2 8 is 

designed as follows·:·· In response to the printing signal, the 

swi tc:hing circuit 2 8 is turned on and of£ so as to supply 

currents provided by the transistors Q6, Q7, QS and Q9 forming 

20 the currant buffar selectively to the pressure generating 

members 8 which are to form ink droplets. 

The switching circuit 28 is fo::r:mgd with switching elements 

. only; that is, it need:s no current adjusting mea.n.s. Therefore,. 

1~ ~s light in weight ~nd small in size. Hance, it can be 

25 mechanically disconnected from a driving voltage generating 
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circui~, and mounted on· the c~rrLage of the rQoording hoad by 

connecting it through a flexible cable thereto. 

The time constant adjusting resistors Rl and R2 mcy be 
provided as shown.in FIG. SJ That is, the resis~ors Rl and R2 

s are fixedly mounted on a substrate 31 having- terminals 3 O 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 is1 if a number of the 

ia 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 l) 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) for 

fonninq one dot is applied by a host, in synchronization with 

the printing timing signa1 a printing preparatory signal (the 

20 pa.rt III of FIG. 6) having a pul•e width Tc is produced. The 

25 

pulse width Tc is determined according to a charge time. When 

t:he printing preparatory signal is applied to the input 

terminal ZNl, ~he level adju~ting transistor Ql is turned on, 

and accordingly ~he first sw.itching tran.s.istor Q2 is also 

turned on. As a result, the supply voltage VH is applied 

through the time cons~ant adjusting resi~to~ Rl to the 

,-------· ·--··--··--·---- ... 
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capac~~or Cl, and the latter Cl i~ charged with a time conatant 

dete:z::mined by the resistance of the resistor Rl and the 

capacitance of the capac1~or Cl. 

The time constant adjusting resistor Rl is shunted with the 

s constant current transistor Q3, and the.ref ore 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 -r:l of the terminal voltage (V) of the 

lO capacitor Cl is as follows: 

i:l ·= VBEl/ {Rl x Cl) 

15 

where Rl is the resistance of the resistor Rl, Cl is the 

capacitance of the capacitor Cl, and VBEl is the base-emitter 

voltage of the constant current transistor Q3. 

When the time corresponding to the pulse width Tc of the 

printinq preparatory signal has· passed, the terminal voltage of 

the capacitor Cl is raised to a voltage VO • At this time 

instant, the printinq preparatory signal is set to •L (lowJM 

1oval, so that the level adjustinq transistor Ql is turned off, 

20 and accordingly tha first switching transistor 02 is turned 

off. As a result / the vol taqe of the capacitor Cl is 

maintained at VO (• ~ x Tc). 

When a predetermined period 0£ time 'l'a has pa~se<i from 

~erminat:.ion o:f the printing preparatory s·ignal; that i(; 1 -whan 

25 time has passed to the extent that the switching transistors Q2 

and Q4 are not shor~-c~rcu1~ed, a printing signal (the part IV 

-----··---- - -
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ot FIG. 6) i~ applied to. the input terminal IN2. ThQ printing 

signal has a pulse width Td which is long enough to discharge 

the capac1 t:or Cl t:o substantially zero potential. The px:-inting 

signal thus app1~ea turns ~n the second 8witching tran~ietor 

s Q4, as a result of which the capacit:or C1 is discharged through 

the time constant adjusting resistor R2. At the same time, the 

constant current tr~nsistor QS is turned on. Hence, similarly 

as in the case of the above-described first constant current 

transistor Q3, the terminal vol taqe of the second time constant 

io adjusting resistor R2 becomes the base-emitter voltage VBE2 of 

the transistor QS. Thus, the terminal voltage (V) of the 

capacitor Cl is. linearly decreased with a predetermined 

gradient.·. 

That is, the fall gradient ~2 of the terminal voltage (V) 

15 of the capacitor Cl is as follows: 

~2 = - VBE2/(R2 x Cl) 

where R2 is the resistance of the second time constant 

adjusting resistor R2, Cl is the capacitance of the capacitor 

Cl, and VBE2 is the base-emitter voltage of the constant 

20 current transistor as. 
When the printing signal is terminated with the lapse of 

time Td, the second switching transistor 04 is turned off, and 

the change in terminal voltage of the capacitor Cl is 

su~pended. Tha pulse width Td of the printing signal is much 

25 larger than the discharge time constant which is determined by 

- l.4 -



--. 
THIS SHEET HAS BEEN 

REPLACED I 
. I 

the capacitance Cl and the resi1;tanca R2, and th'ilrefor.a no 

charge remains in the capacitor Cl. 

The vol~age wh~ch changes wLth ~ ~redetermined ri=e rAte 

and fall rate which are determined by the time constant 

s adjusting resistors Rl and R2 and the capacitor Cl 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 type recording 

lO 

. 
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 selectively to the plurality of pressure generating 

1s elements 8 •. The pulse-width Tc of the printinq 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 µs (micro-seconds), 

20 and that of thea pu1se width TD is of the order of 6 µs. Those 

values may be adjusted within ·10% when necessary. 

The piezo-electric vibrators of a recording h'2ads are 

p~eked up £rom one and the same lot, and thQrafora the nozzles. 

~re equc.l in ink discharqing charactc:.ri.stic::. On the other 

25 hand, frequently the recording heads manufactured are different 

in ink discharging characteristic becau~e of :m~nufacturing 

- 15 -
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errors ot the~r pressure chamber~. The ink discharqing 

characteristic thus deviated from one another are, in general, 

corrected by adjusting the waveform ot the voltage dr1v1ng the 

ink jet type recording hea~. 

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 l can be individually and 

readily adjusted with time constant adjusting resistor Rl and 

the time constant adjusting resistor R2, respectively. The 

maximum voltage of the capacitor Cl depends on the charge time, 

and therefore it can be adjusted by changing the pulse width Tc 

of the printing preparatory signal. 

Hence, the drivinq 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 

sou:cQ·which is re1atively l~rge in voltage variation. That 

is, in this casa, the pulsQ width Tc of the printinq 

zo preparatory eignal can bQ made constant by automatically 

controlling it according to the supply vo.l tage. This means 

t:ha 't one and the :same power :source may be U:5ed for both tho ink 

je~ type recording head and the pulse motor or the like, ~ith 

resul~s ~hat the printing m~chine is reduced both in size and 

25 in manufacturing cost as much. 

- l6 -
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The voltage having the predetermined waviaf orm, ggn1:1ratad by 

the driving circuit, is applied through the switching circuit 

28 selectively to the p1ezo-e1ectr1c vibratore in the ink jet· 

type recording head. There!ore, the dr1 v1nq means can be 

s formed with switching means·only, which contributes greatly 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 

10 greater part of the leads in a flexible cable connected between 

the dri vinq circuit and the dri vinq means :may be small in 

15 

current capacity, to such an extent that they can transmit a 

scanninq signal in maximum. In this case, the connecting cable 

can be miniaturized as much. 

When the pressure generating members 8 are contracted in 

response to the. printinq preparato;ry 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 l acts to retract a meniscus of ink 

20 formed near the no~2le opening 6. 

After the ink has been supplied to the pressure chamber l, 

the pressure qenerating members 9 are expand~d to compress the 

pressure chamber l, :so that ink t:b:op1ets a.re. j~tted from the 
' 

nozzle openings 6. In the case when the pressure chambiar is 

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

contiguration o! ~he ink droplet relates greatly to each other. 

- 17 -
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Hence, the quality ot a print formed by the printing :machine 

depends on the timing of compressing the pressure chamber. 

That is, when the pressure chamber l is contracted under 

the condition that the meniscus Mis positioned near the nozzle 

s opening 6 (FIG. 7 (a) ) as in the case where ~he pressure chamber 

is maintained stopped, the ink droplet P jetted from the nozzle 

opening is in the fo:rm of a bal"l as shown in FIG. 7(b). On the 

other hand, when the pressure chamber is contracted under the 

condition that, as sh.own in FIG. 7(c), the meniscus M is 

lO retracted from the nozzle opening 6, the ink droplet P jetted 

from the nozzle opening 6 has a cylindrical shape, beinq 

eiongated 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 substantially circular dot; whereas when 

15 the ink droplet P like a cylinde~ will form a dot which is not 

circular, thus lower±nq the quality of the resultant print. 

When the pressure chamber l is expanded, the meniscus M is 

ratractad from the nozzle opening; that is, it is moved towards 

thQ pressure generating memba:r 9. This is due to the fact that 

20 the lose of pressure at the ink supplying inlet 7 is larqer 

than the surface tension of the ink at or near the nozzle 

opening 6. Hence, it is nece~~ary to draw the ink into.the 

pressure chamber 1 a~ a velocity that maintain~ the 1oes of 

pressure at ~he 1nk supply1ng inlet 7 ~maller than the ~urface 

25 tension of the ink near the· nozzle opening. 

-------·----·---· -· ----···------·---
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The surface tension 0£ the ink near the nozzla opening 6 

depends on the size of the latter 6, and the viscosity of the 

ink. However / typically st:ai:ed / as shown in FIG. 8, when the. 

ink chamber is ·expanded at a rate lower than ~hat wh~ch ~s 

5 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 

10 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 Rl, as was described above. Hence, 

lS the recording head driving circuit can be applied to a variety 

of ink jet type recording heads different in specification by 

detennining the resistance of the time constant adjusting 

resistor Rl in accordance with the characteristic of a given 

ink jat typa recording head, such as the size of the nozzle 

20 opening and thQ visco~ity of the ink employed. 

Upon completion of the supply of ink to the pressure 

chamber 1, in order to ferro an ink droplet, tha p.rassure 

cha.TUber is compressed; that is, the pre==u~e genereting member 

8 is expanded. If / in ~his case / the pressure generating 

zs member 8 is made up of a piezo-electric vibrator of 

longitudinal vibration mode, t:.hen since "Che pre:s:sure c;enero.t.ing 

- ------ ------· 
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member B is high in rigidity, a residual vibration is produced 

which has a relatively long residual time correspondinq to the 

resonance frequency thereof, and is large in amplitude. 

That is, as shown in FIG. 9(a) 1 when the preeeure 

s generating member 8 charged to a voltage VO is discharqed w~th 

the discharge time Td changed, the residual vibration of the 

pressure generating member 8 is chanqed in pattern according to 

the discharge time 'rd. That is, a free vibration of an 

intrinsic vibration period Tf takes place about the position DO 

10 where the end of the pressure generatinq member is po~itioned 

15 

when no voltage is applied thereto. In this case, the 

amplitude and the duration time of the free vibration depend 

qreatly 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 vibration of the pressure . . 
chamber its elf. The free vibration period of the pressure 

chamber l, as indicated at (E) in FIG. 9(c), is lonqer than 

that of the pressure generating member 8. Hence, the vibration 

20 · of the pressure qenerating member is superposed on that (E) of 

the ink itself, so that the meniscus near the nozzle opening 

movQs as indicated at (F) in FIG. 9(c). That is, the residual 

vibl:'ation of th.e pressurQ genarat.ing mombQ: 9 is small in 

dmplitude; however, when it is added to the vibration of the 

~s ink itself, the amplitude of the vibration of the meniscus 

cannot be disregarded with a time level which is of th.a ordQ% 
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o! the free vibr~tion period of the pressurQ gQn•ratinq mQn\bQr 

8. When the meniscus is vibrated at a high speed of the order 

of the free vibration period ot ~he pressure generating member 

a, ink droplets are produced like mist, thus attecting 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 conf irm.ed . through experiments that the 

lO 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 

vibration is minimum with the discharge time Dt corresponding 

to the free vibration period of the piezo-electric vibration. 

As the amplitude of the residual vibration decreases, the 

meniscus, after formation of an ink droplet, is stabilized 

quickly as much, and the aforementioned wettabili ty can be 

maintained constant. Hence, the repetitive driving frequency 

can ba incraased, and the printing quality can be maintained 

20 con:stant. 

As is seen from FIG. 10, the maximum amplitude, and the 

rnax1mu.~ velocity are larger when the discharge time is shortar 

than -che· natural per.1.od dt. Therefore, for certainty, the 

discharge time shou.ld be sei: t:o a value longer than the natural 

25 vibration period. For instance, in the case where the free 

vibration period dt ot t:he pressure genera~.1.ng member e is 6.5 
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µ~, the discharge timg ~hould ba set to a value in a ranqe of 

from 6.3 µs (= dt - xl = 6.5 - 0.2) to 6.9 µs {= dt + x2 • 6.5 

+ 0.4}. 

In the 1nk jet type recording head, a nu:inber of pressure 

5 generating members 81 , 82 , 83 and a, are arranged at intervals 

of a.n extremely short distance as shown in FIG. ll. Therefore, 

a compressional wave produced in the active region o:t one 

pressure generating member 92 propagates through the inactive 

region and through the substrate 9, so that the pressure 

lO qenera~ing members 81 and 83 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 is equal 

15 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) 

20 in FIG. l.2. Accordin<11Y, the resonance amplitudes of the 

pressure generating members 81 and al adjacent to the pressure 

generating member 82 are suppress;ad as indicated at (C) and (D) 

ot FIG. 12. That is, an erroneous operction is prevented that 

ink droplei:s are unnecessarily jetted by resonance 

25 displacement. 
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Purthermore, even when the plurality of pressure generat.i.ng 

members 8 are driven simultaneously, the compressional waves 

produced thereby will not resonate wi't.h one another. Hence, 

the pressure generating members are stable in the amount ot 

s displacement and in the speed of operation irrespective of the 

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-described ink 

10 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 conditions, 

particularly against changes in temperature. 

In FIG.13, reference numeral 40 designates a temperature 

compensating ·circuit connected between. the printing preparatory 

signal input terminal INl and the level adjusting transistor 

Ql • A tempQra tu re detector 4 l such as a thermistor for 

detecting the temparature of the recording head applies a 

20 temperature signal to th~ tamporaturQ compensating circuit 40. 

In response to the temperature signal, the temperature 

compensating circuit 40 changee the pulee width Tc of the 

printinq prepara~ory s.ignal. This operatLon ~a baeed on the 

fact that the v.1scos.1 ty ot ink used for the .ink jet type 

2S recording head is a function of temperature. That is, the 

circuit is so designed that the dr1v1ng volt:.age ls adjusted to 

-------·-·-
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compensa~e the reduction of the ink f lyinq velocity which i• 

due to the change in the ~iscosity of ink, thereby to chang~ 

the maximwn amplitude. such a pulse-width adjusting circuit 

can be realized as an analog circui~ by rep1acing an 

s 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 

lO 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 wavefo.rm diagram of FIG. 14. 

It is assumed that the temperature of the ink . jet type 

l.5 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 INl, the temperature 

compensating circuit 40 applies the signal to the first 

switching transLstor Ql as it is, without changinq the pulse 

20 width Tc thereof. As ~ rasult, the capacitor Cl is charged up 

to a driving voltage Vl corresponding to the temperature tl 

with the rise·time which is determined by the resistanca of the 

~1me constant cdju~ting r~~i~~or Rl and the capacitanc• of the 

capac1~or Cl it~elf. The yoltage of the capacitor Cl bQing 

25 charged is applied through the switching circuit 8 selectively 

to the pressure qenera~ing members 8 of the recording head, and 
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therefo=e the pre~5ure chamber l is ~tretchQd at a riae rate 

which is determined by the time constant adjusting resistor Rl 

and the capacitor Cl, thus· being expanded to a voiume 

corresponding to the final _charge vol~age v1. 

Thereafter, a printing signal (the par~ IV o! 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 adjusting resistor 

10 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 

15 of the pressure chamber l is minimiz.ed as was described before. 

When the ink droplet flying velocity is decreased for 

instance because the temperature of the J;ecording head is 

decreased to a value t2 from the designed reference value tl to 

increase the viscosity of ink, the temperature compensating 

20 circuit 40 operates to increase the pulse width of the printing 

preparatory signal applied to the input terminal INl from TCl 

to 'I'C2. The printing praparatory signal thus processed is 

applied to the first sw.itching transistor Q2. As a res:ul. t, the 

' 
capacitor Cl i9 charged to a voltage V2 higher than the 

Z5 refe=ence voltage Vl. Needless to say, the rate of change in 

~he vol~age o! the capacitor being charged i9 maintained at a 

----··-···-·····------
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prede't.ermined value which ie detel:'mined by the ca.paci tor Cl and 

the time constant adjusting resistor Rl, and therefore the 

meniscus is held at 't.he nozzle openLng 6 as it is. 

Thereafter, in a predetermined period ot time, a printing 
. . 

s signal is applied to turn on the switching transistor Q4, so 

that the capacitor Cl is discharged. That is, the voltage V2 

is decreased with the fall time.which is determined by the time 

constant adjusting resistor R2 and the capacitor Cl, and 

accordingly the ~res sure chamber is contracted in 

10 synchronization with the decrease of the voltage V2. In this 

case, the pressure chamber l has been 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 

15 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 1 

then the temperature compensating circuit 40 operates to change 

the pulse width of the printinq preparatory siqnal to a value 

20 'l'c3 corrQsponding to the temperature t3, so that the pressure 

generating member is contracted with a voltage V3. As a 

result, ~ pree~ure i~ produced in accordanca with a rQduction 

in the visCO$ity of ink which ie due to the risa of tQmpQraturo 

o! the recording hedd, eo that the ink droplets £ly at thQ 

2S designed reference velocity. That is, the pressure chamber l 

1s changed both in volume and in contraction rate according to 
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the tampgratu:re of the racording head, and therefore ink 

droplets are produced in the predetermined manner irrespective 

o:t! changes in temper=.ture. ·. 

In t:he above-descr.ibed e_!'tbodiment, the printing preparatory 

s signal having the most suit:able pulse width Tel at the 

reference temperature is processed to have a pulse width 

cor~esponding to a current temperature in response i:o t:he 

detection signal from the temperature detec~ing means. 

However, this may be modified as follows: That is, 

10 relationships between temperatures of the ink jet type 

recordinq head and pulse widths of the printing preparatory 

signal are detected in advance, and are stored, as da~a, in a 

memo:ry~ In response to the detec~ion signal from the 

temperature detecting means, the corresponding pulse width is 

15 read from the memory, so th~t 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 ~odification provides the same ef~ects. 

As was described above, in the ink jet type recording head 

20 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 saeond switchinq element and the 

discharging timo constant adjusting rQsi.stor, the te:rzninal 

ZS voltage of the capacitor is outputted throuqh the current 

buffer, and the first pulsa for contractinq the piQzo-electric 

---. 
- -----------
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v1bra~or is applied to the f ir5t switching QiamQnt, and thQ 

second pulse for expanding the piezo-electric vibrator is 

applied to the second sw~~~hing element. Hence, the speed of 

contraction of ·the pressure genera~inq member a~ ~he ~ime ot 

5 expansion of the pressure cnamber, and the speed ot contraction 

of the 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 

10 pulse width of the first pulse, the conditions of fo.nnation 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 (Rl), 

a discharging time constant adjusting resistor (R2), 

a capacitor (Cl) connected through said first switching 

element ( Q2) and the charging time constant adjusting 

resistor {Rl) 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, QB, 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 (Rl) 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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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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