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METHOD AND APPARATUS !'OR DRIVING 

AN INK JET RECORDING HEAD 

5 The present invention relate5 ·to a method and apparatus 

for driving an ink jGt rgcording head. 
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Figs. l{a) and l{b) illustrate a conventional on-demand 

type ink jet recording head for an ink jet printer. In 

15 particular, Fig. l(a} is a sectional view of an actuator of the 

ink jet recording _head, and Fig. l(b) illustratQs an electrical 

equivalent circuit for the.same. 

An ink chamber 2 of the actuator ia formed cf an ink 

chamber frome 1 and a vibrating plate 4 1 and a piezoelectric 

20 unit 5, which expands zmd contracts as controlled by an 

electric field applied thereto, is rigidly mountQd on the 

vibratin~ plate 4. The volumetric c~pacity of the ink chamber 

2 is expanded or contracted as t.he vibratinq plate 4 is 

displaced by operation of the piezoelectric unit 5. 
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To impoee an electric field on the piezoelectric unit 

5
1 an electric voltage is applied from an outaida power eourco 

via driving line 7 to an electrode 6 which is disposed on the 

piezoalactric unit S. This appliGld voltage causes a distortion 

5 in the piezoelactric unit S, and this distorting forcg causes 

the vibr~ting plate 4 to exert an abrupt pressinq force on the 

ink chamber 2, thereby jetting forth ink droplets 3 out of very 

small holes present in the ink chamber frame 1. A plurality of 

actuators such as this are disposed in the an ink jet recordinq 

10 head. 

The piezoelectric unit 5 can be reprgsQntsd in 

electrical terms ae a capacitor, as shown in Fiq. 1 (b). 

Accordingly, Qlactric current in proportion ·to the time 

differential ct the waveform of the applied voltaga flows as a 

15 charging current ~nd a. die;charging current when the electric 

field is applied and removQd, respectively. 

As the vol taqe is applied to and rgmoved from the 

pieizoelectric: unit 5 at a higher frequency, the chargino 

current and the discharging current increases. Hence~ when a 

20 large number of driving elements are present in the 

piezoelgctric unit 5, for example, when 24 elements are driven, 

the charging or dischargin9 current will have a peak value of 

SOA. Consequently, a large drop in the voltage on the driving 

line 7 occurs. Thie resultu in a ~on&iderabla change in the 

25 jgtting characterietice effected by the driving elements in tha 
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piezoelectric unit 5, and also a breakdown of electronic 

components in the piazoalec:tric unit 5. 

Tharefore, in an attempt to Gliminata thaaa problems, 

a method for driving a piezoelectric unit exists in which the 

s c:::harqinq and discharging currents are limited by current 

limiting resistors. ThiE method -is described in United States 

Patents Nos. 4,459,599, 4,126,867, and 4,282,535. 

In this method, however, the resistance values of the 

current limitinq resistors are readily suscgptible to change. 

10 As -a result, the charginq and dischar_gin9 timca for the 

individual piezoelectric uni ts· vary, which af feet a the ink 

jetting characteristics considerably. This proble111 also exists 

in integrated c:ircui t {IC) including such current limiting 

resistor&. 

15 Moreover, the charging and discharqinq times of the 

pie~oelectric unit!S will eventually become di:f ferent due to 

inherent changes in capacitance of the individual piezoslactric 

uni ta, Hence, because of this, the ink jetting characteristic• 

will deteriorate even if current limiting resietors having 

20 identical resistances could formed in an IC with a high degree 

of accuracy. 

As an alternative, United States Patent No, 4 1 284,996 

deecribes· a method tor driving one piezoelectric unit with 

constant -current sources, onQ of w~ich being a flow type and 

z~ the other bGinq a synchroni 2ing type. However / in thie method, 

it is difficult to maintain uniform driving characteristics 
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s 

when drivi~g a. plurality of 'piezoelectric units dua to tha 

differences in the capacitances of the piezoelectric units and 

the differQnces in the current values of the constant current 

sources. 

In an attempt t~ eliminate the problems associated with 

the conventional apparatuses, such as those described above, 

applicant has previously developed a driving device which.is 

capable of suppressing the peak values of the charging and 

discharging currents without· being influenced by the 

10 differences in the capacitance of the piezoelectric units, and 

without using any current limiting resistors. In particular, 

in the driving devica, a plurality of piezoelectric units are 

directly coupled to a driving power source whose output voltage 

i• fluctuated at a prescribed gradient in a single driving 

15 period for the pie2oelectric units. This device is described 

in Japanese Laid Open Patent Application Nos. 2745.54-1990 

(Heisei 2), 36036-1991 (Heieei 3), 133647-1991 (Hai111ei 3), 

164544-1990 (Heisei 2), 369543-1992 (Heisel 4). 

Figs. 2(a) and 2(b) of the present application 

20 illustrate this driving device. A hi9h voltaQQ Vp of· 

approximately 20V is input to the driving voltage generator 10 

and 20,_ while a Vd of approximataly 5V is input to power the 

logic circuit. The driving voltage_generators 10.and 20 are 

grounded.At GND, and output a driv~ng voltage Vs for driving 

23 the piezoel~ctric unite 14. In subsequent fiqures, identical 

parts are identified by the same numbers or characters. 
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The driving circuit of Fiq. 2(a} ia employed in an ink 

jet recordinq head which uses d31 type piezoelectric unit• and 

has pressure chambers which expand upon application of a 

voltage to tha piezoelectric units, thereby sucking ink out of 

:s the reservoir and the pressure chamber upon removal cf the 

voltage and thus jetting out ink droplets. In this driving 

circuit, tha individual piezoelectric units 14 of ·the 

piezoelectric unit array 13 are connected, via bi-directional 

transfer gates 12 acting as selecting switches in a block of 
.. 

10 &electing switches 11, to the output of a drivinq voltage 

generator 19, which generates the driving voltagQ Viii that 

changes at a desired gradient. Because the electric power.ia 

applied SGlactively to these transfer gates 12 to charge and 

diachar9e the piezoelectric units 14 which are made of the same 

15 base material, the driving voltage Vs at the prescribed volta9e 

qradient is applied selectively to the piezoelectric unit~ 14 

without being influenced by any dispar&ion in their 

capacitance. 

Fig. 2(b) illustrates a driving circuit which is 

20 employed in an ink jet recording head which usee d33 typa 

piezoelectric units and has pressure chambers which expand upon 

application of a voltage to the piezoelectric units, thereby 

5ucking ink out of the reservoir and the pressure chamber upon 

·removal of the voltage and thuQ jet~ing out ink droplets. The 

25 driving voltage generator 20 generates ~ negative driving 

voltage -Vs which changes at a desired gradient. 
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In this driving circuit, a conunon terminal of the 

piezoelectric units 14 o! the piezoelectric unit array 13 is 

connected to tha output of driving voltage qenerator 20 which 

generates the driving voltage -Vs that changgs at the desired 

gradient. The other .ends of the piezoelectric units 14 are 

connected to ground GNO via a group of selecting switches 21 

comprising mono-directional transistors :2 :2, each havinq· a · 

parasitic diode 23 coupled in parallel, The&e 11electin9 

switchas can be formed in an IC, such as those presently sold 

10 on th9 market. 

When the driving voltage -vs grows larger at a constant 

gradient in the negative direction, all the piezoelectric units 

14 are charged via the parasitic dio~es 23, and the pressure 

chamber is thereby expanded. Then, as the driving voltage Vs 

1~ becomes ·smaller (i.e., is reduced toward zero) at a prG&cri~ed 

qradient, electric power is conducted through only traneistors 

22, which have a signal being applied to their bases sufficient 

to turn on the transistors. Hence, the piezoelectric units 14 

correapondinq to those transistors 22 are diacharged, which 

20 causes the corresponding pressure chambers to contract, thereby 

jetting out the ink. Moreover, the transistors 22 havlng an 

"off" signal (i.e. a voltage not large enough to turn on the 

transistor) applied to their bases remain non-conductlve, and 

thu8, the piezoelectric units 14 co~pled to th~aa tran&istore 

25 maint~in their charged atate, and do not jet out any ink. 
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Fig. 3(a) illustrates an arrangement of the circuit of 

the dxivinq voltage generator 10, which generates a driving 

voltaqe Vs, as shown in Fig. 2(a). This drivin9 volta;e 

gQnsrator 10 charges a capacitor C via a transistor TRl at a 

s time constant determined by the capacitance of capacitor C and 

the resistance of re~istor Rtl, and thereafter discharges the 

capacitor C via a transistor TR2 at a time constant determin'ed 

by the capacitance of capacitor C and the rQ;istance of 

resistor Rt2, thereby obtaining a reference fluctuating 

10 voltage. The driving voltage Vs is gen~rated by 4mplifying 

this fluctuatinq voltaqa of the capacitor C by a power 

amplifier 30. This power amplifier 30 comprises a pair of 

mutually complementary transistors. 

Thia circuit illustratgd in Fig. 3(a) is aimple and low 

lS cost. However, !ince the waveform has the.characteristics of 

an exponential function, the waveform tapers near the end of 

operation 0£ the actuator. Hence, this drivinq device cannot 

attain favorable ink jettinq characteristics. Moreover, the 

charging and discharging currents of .the piezoelectric unit, 

20 respectively, have the characteristics of an expongnti•l 

function and thue do not provide constant current. 

Accordingly, in this circuit, lar9e current flows in the 

initial phases of the charging period and discharging pGriod, 

which is .. not favorable. 

25 Fig. 3(~) illustrates a driving voltage ggnerator which 

overcomes the dQfects of the conventional drivino devices 
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: described abovg. Thia driving dgvicg attain& • referancQ 

fluctuating voltage by charqinq and discharging the capacitor 

c with constant current sources 31 and 32. The reference 

fluctuating VOltB.qQ ill a.mplified by the power amplifier JQ I And 

the driving voltage Vs is thereby obtained. 

The piezoelectric units are thue driven with constcnt 

charging· and discharging currents at the.driving voltage ·vs. 
When this process is ueed, the voltage Ve of the capacitor C 

will be V = {il/C) x t or V = V - (i2/C) x t (wherein, t: time). c . c p . 

10 The:voltage Ve, therefore, undergoes A linear change, and thus, 

this voltage generator overcomes the problems found with the 

conventional driving voltage generators. 

Figs. 4 (a) through 4 ( c) illustrate the wave-forms 

provided by the drivinq voltaqe generator, "7hich at ta.ins a 

15 linear change in the generated voltage, as shown in Fig. 3(b). 

In particular, Figs. 4{a) and 4(b} show the wave-form of the 

driving voltage Vs that is provided, and Fiq. 4(c) shows thQ 

wave-form of the drivinq current Is that is provided. 

Actually, Figs. 4(a) and 4(b) show the.driving voltage.Vs .. that 

20 it is used for the d31 type piezoelectric units and the d33 

type piezoelectric units, respQctively. 

Differences in the base material of which a 

piezoelectric unit is made, such as a difference in the 

thickness· of the base rnatarial, will rg&ult in a difference in 

25 ths a.mount of expansion or contractiori o:! the piazoelectric 

~unit, so that thsre will be differences in the quantity of the 
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jetted ink, the velocity of the jetted ink, and so forth. 

Accordingly, it is necessary to adjust the value of the wave 

heiqht of the drivinq voltage Vs in order to compensate for 

such differences. 

Furthermore, it ie necessary to adjust the value of the 

wave heigh~ of the driving voltage when there is a aharp change 

.in the characteristics (e.g. viscosity) of the ink in relation 

to thQ temperature in the environment. Such a correction can 

be made by adjusting the charging and discharging times of thQ 

10 piezoelectric u~i t, aa shown by a single dot chain line in 

Figs. 4{a) and 4(b). However, such an adjustment increases the 

time in which the ink chamber is maintained in its Qtata of its 

maximum expansion from tO to tO'. .As a result, a deviation 

occurs in the position of the meniscus of the ink at the point 

l.5 in time when the ink is jetted out, and thus, a change 

eventually occure in the ink jetting characteristics. 

Also, with ths driving voltaga generator shown in Fiq. 

3(b), the charginQ current il, which is fed from the constant 

current sourcQ 31 to the capacitor ·c, and the diecharginq 

20 current i2, :fed from the constant current source 32, will 

assume the values determined by the followinq equations: 

il - Ebe I R!5.2 

i2 = Ebe I Rs4 

where th~ voltage between the base and emitter in transistors 

25 TR3 and TR6 is expressed as Ebe. 
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However, the voltaqa between the base and emitter of a 

transistor depends on the temperature in the Qnvironment and 

chanqes considerably from 0.7 V to 0.35 Vin the ranqa from O 

·to 40• C. Hence, the circuit shown in Fiq. 3(b) suffer• from 

problems related.to the temperature characteristics, 

It is the object of the present invention to provide a method and apparatus for driving an ink jet recording 
head which avoids the above mentioned drawbacks. This object is solved by an apparatus according to 
independent claims I and 5 and by a method according to independent claims 9 and 12. Further 

advantageous features, aspects and details of the invention are evident from the dependent claims, the 
description and the drawings. The claims are to be understood as a first nonlimiting approach to define the 
invention in general terms. 

The invention provides an ink jet recording head having piezoelectric units and, in particular, a method and 
apparatus for driving an ink jet recording head to provide uniform ink jetting characteristics of the ink jet 
recording head \vithout being influenced by fluctuations in temperature of the surrounding environment. 

According to one aspect of the present invention there is 

provided a driving device for 

use with an ink jet recording head that is capable of 

maintaining coneistent ink jetting characteristics by adju:sting 

the value of the wave height of the driving voltage wave-form 

while controlling thg risQ •nd fall times of the driving 

voltage wave-for.r.i to fluctuate consistently at a dssirgd 

voltage gradient. In a specific aspect of the present 

invention there is provided a driving device which is not influenced 

by temp.srature. 

According to another aspect the 

present invention further provides 

a driving voltage generator which genarate6 a driving 

voltage waveform rising and/or falling in a pre5cribed driving 

period to drive a plurality of piezoelectric units. The forcg 

generated by the piezoelectric units when driven enlarges or 

r~duces the volumetric capacity of an ink chamber of the ink 
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jet recording head, thereby jettinq out ink droplets throuqh 

nozzle holes formed in the recording head. 

The driving voltage generator such as this comprises a 

constant voltage source, which is capable of varying the output 

. 3 voltage in accordance with a correcting voltage signal, and a 

first constant current source,.which generates a !irst constant 

voltage in proportion to.the output voltage through the use of 

the constant volta9e source. 

The driving voltage generator further preferably includes a 
.. 

10 capacitor, which is charged approximate,ly up to the output 

voltage by the first constant current, and a second constant 

current source, which provides a second constant current, in 

proportion to the output voltage, for diecharqing the charged 

capacitor. Finally, the driving voltage generator preferably comprises a 

13 power t!mplitier, which inputs the voltage of the capacitor and 

output• th~ d%iving voltage wave-form approximately equal to 

the term.:i.nal vol taqe of the capacitor. Accordingly, the 

driving device of the present invention keeps the riee and fall 

times of the driving voltage wave-form constant, regardless of 

20 th~ correcting voltage signal. 

In another aspect of the present invention the driving device is 

also capable of varyinq the wave height of the drivinq voltage 

waveform by adjusting the co=recting vol taqe si9nal in 

accordance with the teruperatura of ~he environment. Further, 

25 the constant current source~ which qeneratg the first and 

second constant currents each comprise a pre-transistor, which 
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acts as an emitter or source follower to receive a voltage in 

proportion to the output voltaqe, an output transistor, 

connected at its base or gate to the emitter or source of the 

pre-transistor, a.nd a resistor for setting a value of the 

5 electric.current at the. emitter of the output transistor. 

In yet another aspect the present invention also provides 

a device for detecting the point in time when ·th~ 

drivinq voltage waveform attains its maximum voltage or minimum 

voltage, and a phase difference detecting device which detects 

10 a deviation in phase between the output from the detecting 

fine 

15 

20 

device and a rgference signal indicating the point in time, In 

another aspect the driving device further provides a device for making 

adjustments of the first constant current or the second 

constant current in accordance with the output from the ph6se 

difference detecting device regardless of the output voltage 

from thQ constant voltaqe source, The driving device therefor 

automatically adjusts the rise or fall times of the driv~ng 

volt~qe waveform to a set value. 

Accordingly, in one aspect of· the present 

invention the capacitor is charged up to 

the output voltaqQ value of a variable constant voltage source 

by using a constant current source. In the constant current 

source, the current value ie controlled by a voltaqg dividing 

sl.9nal !or the output from the y-ariable constant voltage 

23 eource, and then the capacitor is discharged until it attains 

a zero voltage potential, Hence, the cap6citor thereby 
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produces a rQfQranca volta9e and tha driving voltage 9enerator 

qeneratea a driving voltage Va on thQ basi• of.thi• rafarence 

voltaqg. Thua, simply by adjusting the output from the 

variable constant voltage source in accordance with the 

s temperature in the environment in ·such a manner as to correct 

characteristics of the.ink such as viscosity or the like, it is 

possible to vary the value of the wave height of the driving 

voltaqe Vs while maintaining the rise and fall timQ• of the 

drivinq voltage Vs constant. 

10 Furthermore 1 the ·constant current source farmed of 

mutually complementary transistors, namely, a_pair of A PNP 

transistor and an NPN transizstor in a cascade connection, 

cancels the respQctive base-emitter voltage components, so that 

the constant current source itself does not depend on 

is temperature, 

driving 

In a specific aspect the present invention also provides another 

device, for driving an ink jgt recording head, which includes 

a driving voltage generator for 9anerating a driving voltage 

waveform rising and/or falling in a prescribed drivinq period 

20 to drive a plurality of piezoelectric units disposed in the ink 

25 

jet recording head. Th& force generatGd by the piezoelactric 

units being driven enlarge& or reduces the volumetric capacity 

of an ink chambQr, thereby jetting out ink droplets throu9h 

nozzle holes in the recording head._ 

The driving voltage generator comprises in another aspect 

of the invention a device for generating a variable frequency 

clock signal, a counter which 
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counte the clock •iqnal, and a control device which outputs an 

adding signal, a countinq stop siqnal, and a daductinq siqnal 

in .repetition at prescribed time intervals to the count&ilr. The 

driving voltage qenerator furthsr includes a digital-analog 

s (D/A) converter, which c~nverts the digital output from the 

counter into an analog voltage, a voltage amplifier for 

amplifying the analog voltage, and a power amplifier which 

inpute the output voltage from the voltage ampli.f ier and 

outputs the driving voltage wavefo.rm approximately equal to the 

10 output voltage from the voltage amplifier. Hence, this driving 

device cf the present invention keeps the rise and fall times 

of the driving voltage wavgform constant, regardless of the 

frequency cf tha clock signal. 

This driving device also is capable of varyinq the wave 

15 hei9ht of tha driving voltage waveform ·by adjusting the 

frequency of the clock signal in accordance with the 

temperature of the environment. 

According to another aspect, in the second driving device provided by 

the pre~ent invention, the count output from a countgr which 

20 counts the clock signals a:r. prescribed tim& intervals is 

converted by a diqital-to-analog ·(D/A) convarter into analog 

voltage signals which rise or fall in stages. These analog 

voltage siqn~ls are amplified to produce a reference voltage, 

and a dr.ivinq voltage Va for the pie2oelactric unit is 

2~ generated on the baeis of this reference voltage. Therefore, 

no capacitor, whoa& capacitance may.change due to a chanQe in 
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temperature or a secular change, is necessary. Hance, a more 

stable d.rivinq voltage Vs can be obtained. 

Further, the second driving device is capable of 

varying the wave height value of the driving voltaga waveform, 

5 while keeping the rise and fall times of the driving voltage Ve 

constant simply by adjusting the frequency of the clock signal 

in accordance with the temperature in the environment, so as"'to 

correct the viscosity characteristics, etc., of the ink. 

The power arrplifier of both driving devices described above provide in a 
--

10 Spe9ific aspect a front stage ccmprising a first transistor and 

a second tr~nsistor whose bases and emitters are connected to 

each other, and which are mutually complementary and perform a 

push-pull operation on the voltage at their base terminals. An 

output stage of the power · amplifier comprieee a third 

15 transistor circuit, which is substantially·complernentary with 

thQ first tran•iator, and a fourth traneistcr circuit, which ie 

substantially complementary with the second transistor. The 

collector and emitter of the £irst tranai&tor is connected to 

the base and emitter of the third output transistor circuit, so 

20 that the collector current generated by the first transistor is 

-applied ae the ba5e current of the third transistor circuit. 

Further, the collector and emitter of the second transistor is 

connected to the base and emittgr of the fourth .output 

transisto~ circuit, so that the collector current.generated by 

25 the second transistor is applied as the base current of the 

fourth transistor circuit. 
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Both of the driving devices described above ccmprise according to 

a further aspect of the invention a 

current limiting circuit which inhibita base current flowinq to 

the third transistor circuit and the fourth transistor circuit, 

respectively, when an o~tput current flo·wing through the third 

.:s transistor. circuit and the fourth transistor circuit, 

respectively, flows.in excess of a predetermined value. 

These and other objects and advantages cf the invention 

will bQcoma more apparent and more readily appracia tad from the 

10 f cl lowing detailed description of the presently preferred 

exemplary e..-nbodimenta of the invention taken in conjunction 

with the accompanying drawings, of whichz 

1.5 

2.0 

Fig. l(a) illustrates a conventional ink jet recording 

head employing a piezoelectric unit; 

Fiq. l(b) shows an equivalent electronic circuit for 

the ink jet recording head shown in Fig. l(a); 

Fig&. 2 (a ) . and 2 ( b) are circuit die.grame of 

conventional driving deviccaa :for an ink jet recording head 

shown in Fig. l(a); 

Fiqs. 3(~) and 3(b) each illustrate circuit diagrams of 

typical driving voltage generators employed in the drivin9 

devices shown in Figs. 2(a) and 2(b);_ 

Fig&. 4(a) and 4(b) are grap~s illustratinQ the voltage 

waveform of a driving voltage Ve generated by the conventional 

2~ driving voltage generators shown in Figs. 3(a) and 3(b); 
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Fiq. 4(c) is a graph illustrating the current wavQform 

I• generated by the conventional driving volt•9a generators 

shown in Fiqa. 3{a) and 3(b)J 

Fig. S sho~s a circuit dlaqram of an embodiment of a 

s driving device of the present invention for use in an ink jet 

reco:rcllng head; 

10 

15 

20 

Fig. 6 is a graph illustrating the ternperetura 

cha~acterist1cs of the output voltage of the variablQ constant 

voltage source of the circuit shown in Fig. 5; 

Fig. 7 is a circuit diagram of an embodiment of a 

variable constant voltage source used in a driving device of 

the embodiment of the present invention shown in Fig. 5; 

Figs. S(a) and B(b) illustrate waveforms of control 

signals generated by the circuit shown in Fiq. 5; 

?'ig. S ( c) illustr~tee waveforms ot the charqinq and 

discharging cu%rents applied to the capacitor in th& circuit of 

Pig. 5; 

Fig. B(d) illustrates the voltage of the capacitor C in 

the circuit shown in Fig. 5; 

Figs. 9(a) and 9(b) are other illustrations of 

waveforms of the control eignale generated by the circuit in 

Fig. 5; 

Fig. 9 ( c} is another illustration of waveforms of 

charginq-~nd di•charging currents applied to the capacitor in 

25 the circuit of Pig. 5; 
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Fig. 9(d) is another illustration of the voltaqa of the 

capacitor C in the circuit shown in Fiq. 5; 

Figs. lO(a) and lO(b) are circuit diagrams o:f an 

embodiment of the constant current source unit used in the 

s present invention; 

Fig. 11 is a. circuit diagram of an embodiment of a 

driving device similar to the embodiment of the embodiment· of 

the present invention shown in Fig. 5 and r&ali2es a more 

accurate rise time for the driving voltage; 

10 Fiq. 12(a) is e. graph showing the waveform of the 

15 

20 

driving voltage Vs provided by the circuit shown in Fig. 11; 

Fig. 12(b) is a graph illustrating the signal TS wnich 

indicates the starting point in time for tha ·rise-up of the 

drivinq voltage shown in Fig. 12{a); 

Fig. 12(c) is a graph of the reference signal Td. which 

indi.cat&& thQ target point in time £or the tcrmin~tion of the 

rise-up of the driving vo.lta.ge shown in Fig. _1:2(a)J 

Fig. 12{d) is a graph of an output signal from a peak 

detector of the circuit shown in Fig. -11; 

Fiqs. l?(e) is a graph illustrating an advancQ phase 

signal providGd by a phase detector in the circuit shown in 

Fig. 11; 

Fig. 12 (f) ie ·a gra.ph showinii a delay phase signal 

provided-by the pha&Q detector in th~ circuit 8hown.in Fig. i1; 
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Fig. 13(a) ia a circuit diagram illustratinq dn 

embodiment ot a drivi~q voltage generator used in the driving 

device of the present invention; 

Fig. 13{b) ia a graph illustrating a waveform of the 

s drivinq voltaqe generated by the circuit shown in Fig. 13(a); 

Fig. 14 is a circuit diagram of another embodiment of 

a driving device of the praeent invention for use in an ink·jet 

::recording head; 

Fig. 15 is a graph showing the waveform of the output 

10 voltage from a digital-analog converter of. the circuit shown in 

Fig. 14; 

Figs. 16(a) and l6(b) are circuit diagrams for a power 

amplifiQr circuit; and 

.!'igs. 17 (a) through 1 7 ( d) are circuit diagr~ms for 

is embodiments of a power amplifier circuit used in the 

embodiments of thQ drivinq devices of the present invention. 

Fiq. 5 is a circuit diagram showing an embodiment of ~ 

driving device, for use with an ink jet recording head, 

20 provided by the pr~sent invention. Ae zshown, a driving voltage 

generator lOa includes a variable constant voltaq& aource 40 

for outputtinq a voltage Vk, which is dependent on the 

temperature o! the environment. 

The variable constant voltage source 40 comprises a 

2~ reference voltage generating unit 41, which qenerBtes a 
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reference vol taqe Vr achieved by superposing a correctinq 

voltage Vx,.which will be described later, on a Zener voltage 

cf a Zener diode Zd. A feedback ~nit 43 g-QnQra tGas a vol taga Vf 

which i• obtained by dividing the output voltage Vk by 

resistors Rfl and Rf2. Further, a controller 42 compares the 

voltage Vr from the reference voltage generating unit 42 to the 
., 

voltage Vf from the feedback. unit 43 to control the output 

voltage Vk so that Vr is equal to Vf. 

A voltage divider.44 of the driving voltage generator 

io 1011. produces voltage Vinl and voltage Vin2 by dividing the 

output voltage Vk from tha variable constant voltage aource 40 

by the resistors Rdl, Rd2, and Rd3. These voltages Vinl and 

Vin2 control constant current aqurces 45 and 46, respectively, 

to each generate a constant current. 

1.5 Constant currant source 45 generates a constant current 

in proportion to the voltage Vinl, and a current from this 

co~stant current source 45 charggs the capacitor C. The rise 

which occurs in the voltage at the terminal of the capacitor c 

at such a time is linear, and the charging voltaga Ve attains 

20 a peak value approximately equal to the output voltage Vk. 

25 

Constant currgnt source 46 qeneratea a constant current 

in proportion -to thg vol taqe Vin:2, and the capacitor C i& 

discharged by this con~tant current source 46. The.voltage at 

thg terminal of thQ capacitor C d_uring dizscharge decreases 

linearly from the peak voltage Vk to zero. These constant 

current !lourcea 45 and 46 are operated in accordance with 
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control signals 51 and S2 output alternately in a prescribed 

operating cycle from a aystem controller 60. 

Tha voltaqe Ve at thg terminal of the capacitor C is 

amplified by a power amplifier 30, and a driving voltage Vs for 

a piezoglactric unit ie thereby generated. 

Recording head 51 includes an actuator formed of 

piezoelectric uni ts / a selecting switch unit shown in F lg. 2 (a·) 

or Fig. 2(b), and a temperature sensing element 52 for 

detectinq the temperature of the environmgnt. The temperature 

10 information, which is obtained based o~ changes in the 

resistance value of the temperature sensing element 52, is 

input to the system controller 60 via a signal line 52a, and 

the system controller 60 outputs a printing data signal, via a 

signal line group 6 Oa, which controls the selecting switch 

1~ unit. 

The temper4ture information input to the system 

controller 60 is converted into a digital value by an 

analo9-digital (A/D) converter 61. The digital valu& ia input 

to a data processing device 62 comprieing a look-up table, and 

20 the data processing device 62 outputs . comp&nsating data. for 

changing the peak value of the driving voltaqe Vs in order to 

compensate for the fluctuations which the temperature causes in 

the elements of the· actuator. This compensatinq data· is 

converted· into analog values by, a digital-analoq (D/A) 

25 converter 63, and the analog values are output to the referenca 

voltage: generatinq unit 41 to cauee the reference vol taqe 
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qeneratinq unit 41 to set the reference voltaqe Vr ~t a hiqher 

level as the temperature decreases. In particular, as 

described above, the reference voltage Vr is changed by 

superposing a correcting voltage vx, which is obtained by 

5 dividing tha voltage of the analog output from the 

digital-analog {D/A) converter 63 by resistors Rel and Rc2, on 

a Zener voltage of the Zener diode ZD via transistor TR7. ·· 

The reference voltage Vr which is thu.; generated at 

resistor Rb~ is expressed by the following equation1 

10 Vr - Vx + Ebe? + Vz - Ebe8 

where the saturatQd voltaqa batwaan the base and emitter of the 

PNP type transistor TR7,-and that between the base and emitter 

of the NPN type transistor TRS, are expressed as Ebe7 and EbeS, 

respectively, and thg zgnar voltage of the Zener diode ZD is 

13 expressed as Vz. 

20 

Ho~ever, since Ebei and Ebe8 are almost equal, though 

they change under the influ&nca of the tempe~ature, thg terms 

Ebei and EbeB cancel each other, and the following gquation is 

obtained: 

Vr = vx + Vz 

Thus, the temperature characteristics o! the 

base-emitter volt•gee of the translators do not appear in the 

reference voltage Vr. That ie, the output volta9e Vk from thg 

variable ·-con&tant voltage source 40 can be expressed by the 

25 following equation: 

Vk - Vr . (1 + Rfl I Rf2) 
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= (Vx + V2) , (1 + Rfl I Rt2) 

Hence, the output voltage Vk depends only on a 

correcting voltaqa Vx according to the temperature and is 

therefore adjusted, at a hiqh degree of accuracy, to the 

s voltage value shown in Fiq. 6. In this regard, the value of 

resistor Rbl is determined to be a value to allow ample 

electric current to flow so that an adequate Zener voltage V2 

can be qenerated. 

It is conceivable that in a temparaturg correcting 

10 method, temperature sensing element 52 can.control directly the 

reference voltage generatinq unit 41 or the feedback unit 43. 

However, i.t is sometimes difficult to select a temperature 

sensing element 52 that matches the temperature characteristics 

of the actuator or those of the recording head. In particular, 

lS a temperature correctinQ process in whic:h a tcamperature scan11ing 

element direct~y operates to correct a driving voltage applied 

to a piezoelectric unit is disclosed in Laid Open Japanese 

Patent Application No. 65566-1980 (Showa 55). However, that 

process is completely differ~nt from the pre~ent invention, in 

20 particular, with regard to circuit construction and the driving 

system. 

When correction needs to be made for the thickneea, 

etc., of the pie2Delectric unit, it is necessary to chanoe the 

value of ·-the wave height in the dr.iving voltaqa even if the 

25 temperaturg remains the aame. To accomplish this, a driving 

voltage qeneratinq unit should be constructed ~o that the ratio 
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of the resistors Rf l and R£2 in the feedback unit 43 can he 

varied to adjust the feedback voltage Vf. 

In the circuit construction shown in Fig. 5, the output 

which can be obtained from the digital-analoq (O/A) converter 

s 63 will be a maximum of approximately 3.33V, which corresponds 

to SV x 2/3 (the details ct calculating this value are omitted 

here for convenience), provided that the voltage supplied· ta 

the digital-analog (D/A} converter 63 is sv. 
However, during actual application, aornetimes the 

10 variable ratio of the reference voltage Vr needs to be 

increased. In such a case, the Zener voltage Vz can be 

reduced. Nevertheless, in this case, in order to obtain a 

prescribed output voltage Vk, it is nec;is&ary to make the 

magnifying ratio of (1 + Rfl/Rf2) lar9er. Hence, it may not be 

lS possible to obtain a favorable output voltage Vk. 

To overcome thie dilemma, a variable constant voltage 

source, such as that shown in Fig. 7, is used. The variable 

constant voltage source maintain& the relationship Vr < Vk, but 

does not increase the magnifying rat£o of (1 + Rfl/Rf2), and 

20 enlarges the ratio of changQ in the reference voltage Vr even 

if it increases the Zener voltage Vz. 

In particular, in th;i circuit shown in Fig. 7, the 

reeistors Rel2 and Re13 (Rel2 • Rg13) and the tranaiatora TR28 

and TR29- :form a current mirror c=1.rcui t, wherein collector 

25 currents ic ·(Vx/Rell) having equal values flow to the 
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s 

transistors TR2B and TR29. The ref ere nee voltage· Vr will 

therefore be as expressed by the following equation: 

Vr = ic x Rc3 + Vz 

- (Rc3 I Rell) x Vx + Vz 

Accordingly, the f iuctuating range of the reference voltaqe Vr 

can be made larger by arbitraril1 amplifyinq the correcting 

voltage Vx by appropriately selecting the respective. rer;istance 

values of the resistors Rc3 and Rall. 

Next, the operation of the circuit &hown in Fiq. 5 is 

10 described with reference to Fig. B{a) throu;h Fig. S(d). 

Figs. 8{a) and B(b), respectively, illuatrate the 

control signal& Sl and S2. These control signals are output by 

thg cyatem controller 60 so.that the constant current sourcee 

45 and 46 are operated alternately. In response to these 

is control signals Sl and 52, as shown in Fig. B(c), the constant 

cur.rent eource 45 generates a charging current il which charges 

capacitor C, and constant current sourca 46 generates a 

discharging current i2 which di11charges capacitor c. Fig. B(d) 

illustrates the wave-form of the voltaqQ Ve at the terminal of 

20 the capacitor c, which ie_chargQd and discharged, respectively, 

by charging current il and diacharging current i2. 

Moreover, a waveform iG shown in Fig. 8(d) for a case 

when the output vol tagQ from the variable conetant vol taqe 

source 4-0 is reduced from Vkl to Vk2. In this case, the 

25 charqing current valuQ il and the diacharginq current value i2 

will be smaller in proportion to the decline of the output 
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voltage, and the rising and falling qradients of th& voltage Ve 

at the terminal of thQ capacitor C bainq thereby adjusted. 

HowavQr 1 th& charging time Tl, the peak voltage holding time 

~2, and the discharginq time T3 will not change. In other 

s words, this circuit ia capable of performing stable control 

over the discharging operation since it does not cause any 

deviation in the position of the meniscus of the ink !!t 'the 

point in time of jettinq thg ink even if the output voltaqe is 

changed. 

10 Figs. 9(a) through 9(d) illustrate another driving 

timing chart, which is an improvement from the drivinq timing 

chart shown in Figs. B(a) through B(d), and which can suppress 

the residual vibrations of the meniscus to the m~ximum extent 

po_ssible after ~he ink droplets are discharged. As shown / the 

13 discharge of the capacitor C is temporarily stoppQd aft~r the 

ink is jetted out. Then, the dischar9e is reQumed at the point 

in time when the meniscus is considerably drawn in, thus 

canceling the furthGr drawing in of the meniscus. 

Even with a driving syetem like this, it ia pos~ible to 

20 · perf onn stable control OVQr the jetting of ink droplets because 

only the rising and falling gradients of the voltaqe at the 

terminal of the capacitor C are adju5ted as in the timinq shown 

in Figs. B (a.) through 8 ( d} • Again, no change is made to the 

char9inq -tirnQ 't" l ' the peak voltage_ holding time "t2 r and the 

2.5 discharging time "t4 through -r6. 
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If the driving system operating as shewn in Fiqa. 9(a) 

through 9(d) ia employed, it is be possiblo to improve the ink 

jetting period. Further, when the discharge of the capacitor 

C is •topped halfway in the operation, the waveform of the 

5 driving signal can be kept flat because the input impedance of 

the current amplifier 30 is very hi~h. 

In addition, the meniscus will be set in a still sate 

almost without any vibration if the charging operation is 

stopped temporarily, with the control siqnal 51 being turned 

10 OFF halfway through the charging operat~on. If the charqinq 

operation is then rasurnad, with the control signal Sl being 

turned ON at·the point in time when ~he meniscus returns, it is 

possible to keep the peak voltage holding time ~2 a very short 

period. 

15 

20 

An e.'ll.bodiment of a constant current source U&Qd in thg 

prQsgnt invention will be described. Fig. lO(a) illustrate! 

:flow type constant current &ources 45, and sink type 

constant voltage sour ca 46, which includg mutually 

complementary transistors in emitter-follower connections. 

The constant current source 45 USQg voltage Vinl as ita 

input voltage, and comprisee an NPN type transistor TR9 and a 

PNP type transistor TRl 0 provided with an erni tter reei15tor Re2. 

This constant voltage currant source 45 also includes a 

transistor TRll that· is activated by the control signal Sl from 

z~ the system controller 60. 
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Tha constant current source 46 uses voltage Vin2 aa its 

input voltage, and comprises a PNP type transistor TR12 and an 

NPN type ;ran•i&tor TR13 provided with an emitter resistor Re4, 

This constant current source 46 further includes 

transistor TR14 that is activated by the control signal S2 from 

the system con~rol means 60. 

The voltages 9enerated in the resistors Re2 and Re4, 

respectively, are expressed by the followinq eguations2 

Voutl·= yinl - Ebe9 + EbelO 

Vout2 * Vin2 + Ebe12 - Ebe13 

whgre the saturated voltaqes between the base and the emitter 

of each of the transistors TR9, TRlO, TR12, and TR13 are . . . 
expressed by Ebe9, EbelO, Ebel2, and Ebel3, respectively. 

However, since the saturated voltages between thQ base 

15 and emitter of the individuai transistors are almost equal in 

20 

their temperature characteristics, regardless of th~ polarity, 

the equations given above can respectively be restated, 

regardless of thQ temperature, as follows: 

Voutl ... Vinl 

Vout2 • Vin:.2 

Therefore, the flow current il from the constant current source 

45 is il-= Vinl I Re2, and the sink current i2 from 

the constant current source 46 is 12 = Vin2 I Re4. 

Accordingly, these current can be determined based only on the 

- 28 -



---------- •... ---- ________ ... -.-----------------~--------------~-~----------

consi11tancy of the resistance values, without dependence on the 

temperature. 

Since resistors having a tolerance of about 0.5 t are 

available at low cost, this circuit provides a constant current 

s source at low cost and with a high level of parformance. In 

addition, since the constant current source 45 operates at a 

high degree of accuracy when voltage Vinl and voltage Vin2 are 

0. 3 V or hiqher, it is possiblQ to suat th& final charging 

voltage of the capacitor c almost to the output voltage Vk from 

10. the· variable constant voltage source 40 1 and to set the final 

discharging voltage almost to GND. 

Fig. lO(b) is a diagram illustrating another embodiment 

of a constant current source, which obtains a constant current 

by maintaining the voltages generated in the emitter resistors 

15 Re5 and Re6 of the transistors TR15 and TR17, respectively, at 

thg volta9Q• Vinl and. Vin2, by using operating amplifiers B:Z 

and 83. However, this circuit becomes unstable in its 

operation if Vinl ia eat approximately equal to the output 

voltage, or if Vin2 is &~t approximately equal to GND, when the 

20 voltage being supplied to the ope~ating amplifiers 82 and 83 ie 

to be supplied from the output voltage Vk from the variable 

constant voltage &ource 40. 

In addition, it is possible to form a constant currGnt 

source by using a currgnt mirror circuit. Al though such a 

25 constant current source can maintain a very small voltage drop 
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in th~ constant current source, a pair of transistors having 

well-balanced characteristics must be used to achieve this. 

During actual application of the above circuits, in 

some circumstances, the peak voltAge holdinq time ~2 must be 

s made very small. However, such a small peak voltage holding 

time ~2 may not be easily obtained due to a dispersion in the 

accuracy of the constant current source 45 in the circuit shown 

in Fig. 5. 

Accordingly, a circuit which provides an accurate 

io driving voltage Ve will be described with reference to Fiq. 11. 

In this circuit, resistor& Re2 or Re5 (shown in Fig. lO(a)) for 

deterrnininq the flow current value for the constant curr9nt 

source 45 are replaced with a variable impedance 120, and 

automatic control is perf ormad on the value of the variable 

15 impedance 120 in accordance with a dispersion in the accuracy 

of the constant current ~ource 45. 

In particular, thg difference in phase between the 

point in time when the drivinq voltage vs, dgtected by a peak 

detector 121, attains the maximum voltage and tha reference 

20 signal Td, which indicates the control point in time, is 

datected by a phase detecting circuit 122. The detected 

difference in phase is converted into an analog voltage signal 

by a charge pump 123 and an integratin9 circuit 124, and th& 

analog voltage signal is applied as the ba8e current of the 

25 transistor TR31 to adjust- the impedance bgtwaen the collector 

and the emitter of the transietor TR31, 

- 30 -

Th11111i~'1iu1r1m"1nr 



________ w ..... ••••••-'-V' ••••·---·- ~------·-·-------~·-··-·•••••• 
·--------~···--···'········~·~---··---·····------

Fiq. 12(a) through 12(d) are graphs illustratinq the 

operations of the circuit shown in Fig. 11. In particular, 

Fig. 12(&} shows the voltaqe wave-form of the driving voltage 

.Vs 1 Fig, 12 (b) shows the rise-up point in time Te for the 

drivinq voltaqe Ve, Fig. 12(c) shows the reference aiqnal Td 

outpu~ with a lag by ~he time ~1 from the occurrence of the 

rise time Ts, and Fig. 12(d) shows the output trom the peak 

detector 121. Figs. 12 ( e) . and 12 ( f) show a phasG a.dvanc" 

signal (UP) an~ a delay &1iqnal (DN) output from the phase 

10 .detector 122. In this.regard, a similar. circuit can be used 

alao for controlling the fall time T3 of the driving voltage 

Vs, 

The embodiments described above relate to the operation 

of an ink jet recording head which, using a d31 type 

1s piezoelectric unit, sucks up ink from a reservoir by expanding 

a.pressure ·chamber in accordance with a voltage applied to a 

piezoelectr~c unit, and jets out ink droplets by contracting 

the pressure chamber by removing the voltage. An embodiment 

for use with an ink jet recording head using having d33 type 

20 piezoelectric units, which operate in reverse to the operation 

of the d31 typQ piezoelectric units, ia illustrated in Fig. 10. 

Fig. 13{•) is a circuit diagram cf a driving voltage 

generator 20a, which ie used for an ink jet -recordinCJ head 

having d33 type piezoelectric unite.. A logic power source Vd 

25 provides a voltage of SV to a level converter 93. This level 

converter 93 performs a level convertinq process on the control 
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signals Sl and S2 output from the system controller 60 and the 

corracting voltage Vx based on the temperature information, 

provides control signals Sl' and S2' to control constant 

current sources 91 and 92, and provides correctinq voltage Vx' 

to control the voltage (-Vk) output by a variable constant 

voltaqe source 90, thereby causing the drivinq volta9e 

generator 20a to generate a driving voltage Vs in a negative 

voltage shown in Fig. 13(b). This driving yoltage generator 

20a also can ba employed in the circuit shown in Fig. 5. 

10 This embodiment is advantageous over the first 

embodiment of the present invention, That is, ~s deEcribed 

above, the first embodiment of the present invention Q&nerates 

a driving voltage Vs a~ the basis of a char9inq voltagQ and a 

discharqinQ voltaqe of capacitor c. However, the capacitor C 

15 can have a larqe change in its capacitance du& to the 

temperature of the environment, or due to a change in 

comparison with a resi11tor. In view of this 1 the second 

e.mbodimgnt of tha presGnt invention c;zenarates a driving vol taqe 

Ve without using any capacitor c. 

20 Fig. 14 isz a diagram illustra tinq a circuit of the 

driving device of the second embodiment of the present 

invention, which employs an analog-digital (A/D) converter 111 

in a ey~tern controller 110 to convert the .temperature 

information provided by temperature sensing element 52 into 

25 digital values. A data proceasini;r unit 112 increases thQ 

frequency of a clock qenerator 113 as the temperature bQcomGa 
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lower, depending on whether.it is in a charging period or in a 

discharging period. 

The data processing unit 112 also outputs an adding 

signal, a counting stop aiqnal, and a subtracting •iqnal in 

s repetition at prescribed tL~e intervals to the counter 114, 

which counts the clock si9nals qenerated from a clock generator 

113, to control the counting operation of the counter 114. The· 

diqital count output from the counter 114 is converted into an 

analog value by a digital-analoq (D/A) convQrtar 115, which 

10 outputs voltage wavQforma in stages as shown in Fig. 15. In 

particular, the right-hand side of Fiq. 15 shows the output 

waveform in a low temperature state in which the viscosity of 

the ink is increased, and the left-hand side of Fig. 15 shows 

the output waveform in the normal temperature state. 

15 A constant current source 101 receives the vol tag;a Vin3 

from the diqital-analog (D/A) converter 115 1 and in accordance 

with this voltage, synchronize& the constant current i3 so that 

i3 = Vin3/Re7. Mor~ovar, constant current source 102 inpute a 

voltage V"n and cont:::ole tha constant ·current i4 so that i4 -

20 Vh/Re8 with the voltage Vh - Rel x 13. Therefore, a voltage 

Vout3 = i4 x Rc2 is ggngrated at resietor Rc2. 

Aseuming tha.t Re7 = Rel = ReB .. {ReO), then the 

equation vout3 = Vin3 x ( Rc2 I ReO} irs valid, and the vol t·a9e 

Vout3 at an amplification ratio determined by the values of the 

25 ·resistors Rc2 and ReO is obtained. Thia voltage Vout3 is 

further amplified by a power amplifier 30 to become the driving 
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voltaqe va. Hence, in this second embodiment of the present 

invention, the smoothness of the drivinq vcltaqa Vs depends on 

thG numbar of bits cf the countGr 112, but any number of bits 

not less than five bits will suffice for practical purposes, 

.5 Furthermore, the driving device of the second 

embodiment of the present invention may be arranged so that if 

the frequency of the clock generator 113 is set to a fixed 

value, the output bits of the counter 114 depend on th& 

temperature information and arg shifted appropriately and 

10 output to the digital-analog converter 115 . 

. An embodiment of the power amplifier- 30, which is 

employed in the driving devices of both embodiments of the 

present invention, will now be described. 

Fige, 16(a) and Hi(b) illustrate a power amplifiQr 

1.5 arranged ae an emitter-follower comprising mutually 

complementary tran~istors coupled in a Darlin9ton connection 

and, for example, having the same polarity. ~lthough the power 

_amplifying circuits &hewn in Figs. 16(a) and 16(b) can be used 

if the output has fallen into a nearly short-circuited state, 

20 in this case, the base current of transistors TR20 and TR21 or 

transistors TR22 and.TR23 at the final output stage will flow 

without being limit~d, so the transistors will break ·down, 

Al.so, with the circuit shown in Fiq. 16(b), A decrease in the 

voltage betwgsn the input and outpµt can be .ae 9reat as two 

25 timQs· the saturated voltage between the base and the Grnitter of 

the transistors. 
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Therefore, to avoid these problems, thQ pres~nt 

invention employs a power amplifying circuit as shown in Fig. 

17(a} through Fiq. 17(d). 

Fig. 17(a) illustrates a basic circuit which detects 

s the output current flowing to the final output transistors TR23 

e.nd TR22 .by usinq current detecting resistors Rpl and Rp2, 

Also, transistors TR2.4 and TR25 prevents the base current .trom 

10 

15 

f lowinq without being limited. The transistors arg also 

coupled as shown tc resistors Rb3 and Rb4. 

Fig. 17(.b), on the other hand, illustrates a circuit 

for increasing tha capacity.of the sink 

includes ~dditional transistors TR26 and TR27. 

current, and 

Fiq. 17(c) 

shows a circuit for increasing the capacity cf the flow 

current. Finally, Fig. 17(d) shows a circuit for increasing 

both the capacity of the 

of the flow current. 

sink current and the capacity 

In any of the circuits shown in Figs. 17(a) through 

17(d), the voltage drop bQtWQQn the input and output is such 

that one un~t portion of the saturatQd ~oltage between the base 

20 and the emitter of the transiator is aufficient. Purther, the 

rasistors Rb4 and Rb5 are U&Qd for preventing ~n open &tate 

from forininq batween thQ baaQ and the emitter. Whether the 

circuit shown in Fig. 17(a.), "Fig. 17(b),- Fig. 17(c) or Fig. 

17(d) is··used in the driving cir~uit of either embodiment 

2.5 depends on the desir'ld maximum output current value, the 
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charginq time for the piezoQlQctric unit, and tha length of the 

diacharqinq ti.ma de&ired. 

Moreover, in either embodiment of the drivinq circuit, 

the output Vk from the variable constant voltage eources 40 or 

s 90 may be supplied to the.power amplifier. However, in these 

cases, it is necessary ~o sufficiently increase of the electric 

power capacity of the variabl~ constant voltage sources 40 and 

90. Further, although the transistor& employed in the power 

amplifier and the constant current sources and are illustrated 

io as bipolar transistors, such transistors can be field effect 

transistors or the like. 

As described above, the first embodiment of the present 

invention provides a driving device havinq a capacitor that is 

discharged by a constant current source in which the current 

15 value is controlled with a voltage dividing signal output from 

a variable constant voltage. source. ThQ voltage o! the 

capacitor is amplified by a power amplifier to provide a 

driving voltage Vs for the piezoelectric unit. Hence, the 

value of the wavQ haight of the driving voltage Vs cdn be 

20 adju~ted, while the ri~e and fall times of the driving voltage 

vs. are maintained constant simply by controlling the output 

!ram the variable constant voltage source in accordance with 

the temperature in the environment to compensate for vi~cosity 

charactgristics of the ink. Ther.efore, it its possible to 

25 maintain constant ink jetting characteristics without any 

influence by the temperature in the environment. Further, by 
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employing in the device a constant current source comprisinq a 

pair of mutually complementary transistors, that is, a PNP type 

transistor and an. NPN type transistor, the voltage components 

between the base and the emitter in these transistors are 

mutually canceled, so that the constant current source also is 

not influenced by the tempe=ature. 

The second embodiment of the present invention provides 

a driving device which converts the output from a count~r that 

performs adding, count stopping, and subtracting operations of 

10 clock signals at prescribed time interval&, into an analog 

voltaqa signal which rises or falls in stages. The analog 

voltage signal is amplified through a power amplifier to 

provide a driving voltage Vs for a·piezoelectric unit. Hence, 

a capacitor, whosg capacitance may change due to changes in the 

1.5 temperature and a secular change, i's not needed. Accordingly, 

the driving device can generate a more stable driving voltage 

and can adjust the value of the wave height of the driving 

voltage Vs, while keeping the rise and fall times of the 

driving voltage Vs constan~, simply by controlling the 

20 frequency of the clock signal in accordance with the 

temperature in the environment to compensate for the viscosity 

characteristics, etc., of the ink. Thus, the driving device 

maintaine un·iform ink jettinq ·characteristics· without being 

influencgd by the temperature in th~ environment. 

25 Although only a few exemplary Qmbodirnants of this 

invGntion have been de~cribed in datail above, those ekilled.in 
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the art will readi.ly Appreciate that many modif ic11tiona are 

possible in the exemplary embodiments without materially 

departing from the novel te11chin9s and advanta9es of this 

invention. Accordingly, all such modifications are intended to 

s be included within the scope of this invention as defined in 

the following claims. 
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CLAIMS 

1. An apparatus for generating a driving voltage for driving 
5 at least one piezoelectric unit of an ink jet recording 

head (51) which, when driven, changes the volumetric 
capacity of an ink chamber of the recording head (51) to 
jet out ink droplets through a nozzle hole in the 
recording head (51), said apparatus comprising: 

10 

15 

20 

25 

30 

a constant voltage source ( 40) for providing an output 
voltage (Vk) which varies in accordance with a correcting 

voltage signal (Vx)i 

a first constant current source ( 45) for generating a 
first constant current in proportion to the output 

voltage (Vk)i 

a capacitor (C) for being charged by-the first constant 
current to a voltage approximately equal to the output 
voltage; 

a second constant current source ( 4 6) for providing a 
second constant current, in p~oportion to the output 
voltage (Vk), to discharge the capacitor (C); and 

a power amplifier (30) for amplifying the voltage of the 
capacitor to provide said driving voltage (Vs), said 
driving voltage having a constant rise time and fall time 
independent of ·a value of the correcting voltage signal 

(Vxr· 

2. An apparatus as claimed in claim 1, further comprising a 
35 circuit ( 60) for adjusting the correcting voltage signal 

- 39-
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(Vx) in accordance with a temperature in the environment 
to vary an amplitude of the driving voltage (Vs)· 

5 3. An apparatus as claimed in claim 1 or 2, wherein the 

10 

15 

20 

25 

30 

35 

first and second constant current sources ( 45, 46) each 
comprise: 

an input transistor which receives a voltage in 
proportion to the output voltage; 

an output transistor coupled to the input transistor; and 

a resistor for setting a level of current inserted to the 
output transistor. 

4. An apparatus as claimed in any of the preceding claims, 
further comprising: 

a detector ( 121) which detects a point in time when the 
driving voltage attains one of a maximum voltage and 
minimum voltage; 

a phase difference detector (122) which detects a 
deviation in phase between an output from the detector 
(121) and a reference signal (Td) indicating the point in 
time; and 

an adjusting circuit (124) which adjusts one of the first 
constant current and the second constant current in 
accordance with an output from the phase difference 
detector regardless of the output voltage from the 
constant voltage source (40); and 

- LL 0 ·-
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wherein the driving device automatically adjusts one of 

the rise time and the fall time of the driving voltage 

(Vs) to a set value. 

5 5. An apparatus for generating a driving voltage for driving 

10 

15 

20 

25 

30 

35 

at least one piezoelectric unit of an ink jet recording 

head (51) which, when driven, changes the volumetric 

capacity of an ink chamber of the recording head (51) to 

jet out ink droplets through a nozzle hole in the 

recording head (51), said apparatus comprising: 

a clock ( 113) which generates a clock signal having a 

variable frequency; 

a counter (114) which counts the clock signal; 

a controller (112) which outputs an adding signal, a 

counting stop signal, and a deducting signal in 

repetition at prescribed time intervals to the counter 

(114); 

a digital-analogue ( D/A) ( 115) converter for converting 

the digital output from the counter (114) into an 

analogue voltage; and 

an amplifier (30) which amplifies the analogue voltage to 

provide the driving voltage, the rise time and fall time 

of the driving voltage being constant regardless of the 

frequency of the clock signal. 

6. An apparatus as claimed in claim 5, further comprising a 

circuit which adjusts the frequency of the clock signal 

in accordance with the temperature of the environment to 

vary an amplitude of the driving voltage. 

- hi -
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7. An apparatus as claimed in any of the preceding claims, 

wherein the power amplifier comprises: 

a front stage comprising a first transistor and a second 

transistor, which are mutually complementary and perform 

a push-pull operation at the voltage of their base 

terminals; and 

an output stage comprising a third transistor circuit, 

which is substantially complementary with the first 

transistor, and a fourth transistor circuit, which is 

substantially complementary with the second transistor, 

collector current generated by the first transistor being 

applied as base current to the third transistor circuit 

and collector current generated by the second transistor 

being applied as base current to the fourth transistor 

circuit. 

20 8. An apparatus as claimed in claim 7, further comprising: 

25 

a current limiting circuit, which inhibits the base 

current flowing to one of the third transistor circuit 

and the fourth transistor circui~ when an output current 

flowing through one of the third transistor circuit and 

the fourth transistor circuit, respectively, is in excess 

of a predetermined value. 

30 9. A method for generating a driving voltage for driving at 

35 

least one piezoelectric unit of an ink jet recording head 

which, when driven, changes the volumetric capacity of an 

ink chamber of the recording head to jet out ink droplets 

through a nozzle hole in the recording head, said method 

comprising the steps of: 

U:\BE:-.'LTZER\ED'.6440CL.DOC 
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providing a variable voltage which varies in accordance 

with a correcting voltage signal; 

generating a first constant current in proportion to the 

variable voltage; 

charging a capacitor by the first constant current to a 

voltage approximately equal to the variable voltage; 

generating a second constant current in proportion to the 

variable voltage to discharge the capacitor in accordance 

therewith; and 

amplifying the voltage of the capacitor to provide said 

driving voltage, said driving voltage having a constant 

rise time and fall time independent of a value of the 

correcting voltage signal. 

20 10. A method as claimed in claim 9, further comprising the 

25 

30 

35 

step of adjusting the correcting voltage signal in 

accordance with a temperature in the environment to vary 

an amplitude of the driving voltage. 

11. A method as claimed in claim 9 or 10, further comprising 

the step of: 

detecting the point in time when the driving voltage 

waveform attains one of a maximum voltage and minimum 

voltage and outputting a detection signal; 

detecting a deviation in phase between the detection 

signal and a reference signal indicating the point in 

time and outputting a deviation signal; and 

-u3-
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adjusting one of the first constant current and the 
second constant current in accordance with the deviation 
signal regardless of variable voltage so that one of the 
rise time and fall time of the driving voltage are 
automatically adjusted to a set value. 

12. A method for generating a driving voltage for driving at 
least one piezoelectric unit of an ink jet recording head 
which, when driven, changes the volumetric capacity of an 
ink chamber of the recording head to jet out ink droplets 
through a nozzle hole in the recording head, said method 
comprising the steps of: 

generating a digital clock signal having a variable 
frequency; 

counting the clock signal; 

outputting an adding signal, a counting stop signal, and 
a deducting signal in. repetition at prescribed time 
intervals to the counter; 

converting the digital clock .signal into an analog 
signal; and 

amplifying the analog signal to provide the driving 
voltage, the rise time and fall time of the driving 
voltage being constant regardless of the frequency of the 
clock signal. 

13. A method as claimed in claim 12, further comprising the 
step of adjusting the frequency of the clock signal in 
accordance with the temperature in the environment to 
vary an amplitude of the driving voltage. 
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