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11 HEAD DRIVING DEVICE OF INK-JE~ PRINTER" 

BACKGROUND OF THE INVENTION 

This invention relates to a head driving device 

of an ink-jet printer having an ink-jet head which 

utilizes electrostrictive elements for causing 

variations in pressure in ink chambers by the 

distorting operation thereof. 

A line thermal printer is known as a line printer 

having a larger number of recording elements arranged 

10 in a line. As shown in FIG. 11, the line thermal 

printer has a· system bus·! which is connected to a CPU 

(Central Processing Unit) 2 constructing the main body 

of a control section, a ROM (Read Only Memory) 3 

storing program data and the like, an interface (I/F) 4 

15 for effecting the transmission/reception control with 

respect to an external host computer (not shown) and 

receiving a printing command and print data from the 

host computer, an image RAM (Random Access Memory) 5 

for storing image data created by developing received 

20 print data into a bit map form, and an ASIC 7 for 

supplying an energization signal to a driver 6 which 

controls energisation of heating elements of the line 

thermal head. 

The driver 6 is constructed by cascade-connecting 

25 a large number of driver ICs 6a each including a shift 

register 8, latch circuit 9, AND gate circuit 10, and 

switching circuit 11 as shown in FIG. 12. That is, the 
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driver 6 is constructed by connecting a large number of 

driver !Cs 6s such that the data output terminal DO of 

a preceding stage driver IC 6a is connected to the data 

input terminal DI of a next stage driver IC.6a. 

s The thermal line printer transfers image data read 

out from the image RAM 5 via the ASIC 7 to the data 

input terminal DI of the driver 6, and stores them in 

the shift register 8 which sequentially shifts the 

image data in response to a clock CK. When a series of 

10 image data is stored into the shift register 8, the 

data stored therein are latched by the latch circuit 9 

in response to a latch signal LT. Then, outputs of the 

logical AND of the outputs of the latch circuit 9 and 

an energization signal FIRE are supplied from the AND 

15 circuit 10 to respective switching elements of the 

switching circuit 11, thereby selectively turning ON 

the switching elements to supply print outputs. The 

heat-generating elements perform a printing of dots by 

selectively generating heat according to the print 

20 outputs. That is, as shown in FIG. 13, each of heat­

generating elements 12 is connected in series with a 

switching element 13 such as an FET between +VCC and 

ground terminals. Energization of the heat-generating 

element 12 is controlled by setting the switching 

25 element 13 in the ON state for a preset period of time 

by an energization signal F from a corresponding one of 

the AND gates of the AND circuit 10. FIG. 14 shows the 
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timings of the latch data, energization signal FIRE, 

and print output used in the above operation. FIG. 15 

shows the timings of the image data stored into the 

shift register 8 via the data input terminal DI, clock 

5 CK, latch signal LT, latch data, energization signal 

FIRE and print output. However,- the head driving 

device of the above line thermal printer simply 

controis energization or de-energization of the heat­

generating elements. 

10 As the head driving device of an ink-jet printer 

having· the in:k-jet_ ·head using a piezoelectric or 

electrostrictive elements, a head driving device of a 

serial ink-jet printer is known. For example, Jpn. 

Pat. Appln. KOKAI Publication No. 6-286136 discloses an 

15 ink-jet head is constituted by a column of ink chambers 

having electrodes formed therein and separated by 

partition walls 9£ piezoelectric elements (the number 

of ink chambers corresponds to a number of vertical 

dots required for one-line printing). Each electrode 

20 of the head is connected to a driving circuit formed of 

switching elements respectively serving as charging and 

discharging circuits. Each of the piezoelectric 

element is sequentially distorted by sequentially 

changing a voltage applied to a corresponding one of 

25 the electrodes of the head to different voltage levels, 

for example, +V -+ 0 -+ -V/2, according to a sequence of 

ON and OFF states of the switching elements to apply 
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pressure to the ink chamber and eject ink in the ink 

chamber so as to effect.the dot printing operation. 

When the partition wall of the piezoelectric element is 

distorted to apply pressure to the ink chamber, the 

s volume of an ink chamber adjacent to the above ink 
. 

chamber increases to set a negative pressure state so 

that the control operation for simultaneously applying 

pressure to both of the adjacent ink chambers cannot be 

effected in the case of an ink-jet head using the 

10 piezoelectric element as the partition wall, and 

15 

therefore, -the dot printing operation for one column i·s 

effected by a so-called two-cycle driving method in 

which the process for operating the alternate ink 

chambers is effected twice, for example. 

When the gradation printing is performed for each 

printing dot by use of a printer using the ink-jet head 

for ejecting ink by utilizing the electrostriction of 

the piezoelectric element, signals for controlling 

voltages applied to the piezoelectric elements and the 

20· application timings t~ereof, that is, ·a sequence of the 

ON and OFF operations of a plurality of switching 

elements of the driving circuit and the time lengths of 

the ON and OFF states are issued from control circuits 

provided for the respective dots and control signals 

25 which are different for.respective dots and correspond 

in number to the dots are prepared and used for 

changing the degrees of electrostriction of the 
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piezoelectric elements and the timings of 

electrostriction thereof. 

However, since the head driving device of the 

serial ink-jet printer using the piezoelectric elements 

s effects the operation for distorting the pi~zoelectric 

elements of the ink-jet head for each column and 

repeatedly effecting the distorting operations for one 

line ~o attain the one-line printing, a relatively long 

time is required for the printing., and if an attempt is 

10 made to attain a certain printing speed, restrictions 

are imposed on the permissible time for the operation 

of the piezoelectric elements of one column and the 

electrostriction degrees of the piezoelectric.elements 

and the electrostriction timings thereof cannot be 

15 sufficiently changed, thereby causing a problem that 

satisfactory gradation printing cannot be attained. 

On the other hand, if an attempt is made to set the 

permissible time for the operation of the piezoelectric 

elements of one column sufficiently long so as to 

20 sufficiently change the electrostriction degrees of the 

piezoelectric elements and the electrostriction timings 

thereof, there occurs a problem that the printing speed 

is lowered. 

Further, in order to perform the gradation 

25 printing for each printing dot, it is necessary to 

simultaneously prepare voltage levels and timings which 

are different for respective dots in one column and 
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control them for respective dots of one line while 

changing them at the column frequency, thus causing a 

problem that the control operation becomes complicated. 

SUMMARY OF THE INVENTION 

s A first object of this invention is to provide a 

head driving device of an ink-jet printer capable of 

performing the gradation printing for respective dots 

and e~hancing the printing speed by use of a relatively 

simple control operation for using an ink-jet head 

10· which-has a plurality of ink chambers and electrodes 

for the respective ink chambers arranged side by side 

and includes groups of electrostrictive elements for 

causing variations in pressure in the ink chambers by 

the distorting operation thereof as a print head and 

15 changing the energization sequence for simultaneously 

distorting the grouped electrostrictive elements of the 

head. 

A second object of this invention is to provide a 

head driving device of an ink-jet printer capable of 

20 correcting a deviation of printing dots between 

adjacent ink chambers. 

A third object of this invention is to provide a 

head driving device of an ink-jet printer which can 

derive various driving waveforms from driving waveform 

25 information of ink chambers requiring a small number of 

signal lines by inputting a pulse waveform converted 

from the driving waveform information to a driving 
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circuit and decoding the driving waveform information 

in the driving circuit to drive a head and which can 

effect the precise driving waveform control by use of a 

small number of signal lines even when it is desired to 

5 · change the driving waveform from outside the driving 

circuit. 

A fourth object of this invention is to provide a 

head driving device of an ink-jet printer which 

independently selects driving waveform information for 

10 . each ink chamber .from different types of driving 

waveform information commonly supplied to drive ink 

chambers and effects the driving control so that it is 

not necessary to provide a control signal generation 

circuit for each ink chamber and the circuit can be 

15 simplified even when it is required to change the 

gradation for each ink chamber, which can effect the 

precise driving control since a desired waveform can be 

freely selected for each ink chamber, and which can 

adjust the driving waveform from the exterior even if 

20 the driving circuit is formed in an IC form to make it 

impossible to change the circuit construction and can 

cope with a case wherein it becomes necessary to adjust 

the driving waveform according to a change in the ink 

ejection characteristic caused by the change of ink or 

25 the like. 

According to a first aspect of this invention, 

there is provided a head driving device of an ink-jet 
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printer comprising an ink-jet head having a plurality 

pf ink chambers and electrodes for the respective 

ink chambers arranged side by side and including 

electrostrictive elements for causing variations in 

5 pressure in the ink chambers by the distorting 

operation thereof; a plurality of semiconductor 

switching elements for connecting the electrodes to 

power source lines; a shift memory for sequentially 

fetching multivalue gradation data for representing 

10 respective printing dots by gradation for respective 

dots; .pulse signal selecting means for obtaining groups 

of pulse signals in which at least one of the pulse 

width, pulse interval and the number of pulses is 

different and which corresponds in number to the 

15 gradations and selecting pulse signal corresponding to 

respective printing dots based on multivalue gradation 

data for the respective printing dots from the shift 

memory; a sequencer for generating sequence signals for 

determining energization sequences corresponding to the 

20 gradations according to the pulse signals from the 

pulse signal selecting means; and a decoder for 

respectively supplying the sequence signals from the 

sequencer to the semiconductor switching elements; 

wherein the semiconductor switching elements are 

25 selectively turned ON and OFF according to the sequence 

signals to sequentially distort the electrostrictive 

elements, thereby changing pressure applied to ink in 
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the ink chambers. 

According to a second aspect of this invention, 

there is provided a head driving device of an ink-jet 

printer comprising an ink-jet head having a plurality 

5 of ink chambers and electrodes for the respective 

ink chambers arranged side by side and including 

electrostrictive elements for causing variations in 

pressure in the ink chambers by the distorting 

operation thereof; a plurality of semiconductor 

10 switching elements for connecting the electrodes to 

power:source lines; a shift memory for sequentially 

fetching multivalue gradation data for representing 

respective printing dots by gradation for respective 

dots; pulse signal selecting means for obtaining groups 

15 of pulse signals in which at least one of the pulse 

width, pulse interval and the number of pulses is 

different and which corresponds in number to the 

gradations, changing the positions.of the pulse signals 

according to the respective gradations and selecting 

20 pulse signals corresponding to respective printing dots 

based on multivalue gradation data for the respective 

printing dots from the shift memory; a sequencer for 

generating sequence signals for determining energiza­

tion sequences corresponding to the gradations 

25 according to the pulse signals from the pulse signal 

selecting means; and a decoder for respectively 

supplying the sequence signals from the sequencer to 
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the semiconductor switching elements; wherein the 

semiconductor switching elements are selectively turned 

ON and OFF according to the sequence signals to 

sequentially distort the electrostrictive elements, 

5 thereby changing pressure applied to ink in the ink 

chambers and correcting a deviation of the printing 

dots between the adjacent chambers by the positional 

change of the pulse signals. 

According to a third aspect of this invention, 

10 there is provided a head driving device of an ink-jet 

printer capable of independently controlling the ink 

ejection characteristics for respective ink chambers 

according to driving waveforms applied to drive the 

chambers of an ink-jet head having electrodes arranged 

15 side by side and including electrostrictive elements 

for causing variations in pressure in the ink chambers 

by the distorting operation thereof, comprising means 

for supplying pulse signals each containing driving 

waveform information encoded into the number of points 

20 of change in the pulse waveform and the time length of 

the change; driving waveform information decoding means 

for decoding driving waveform information items from 

the respective pulse signals according to changes of 

the pulse signals supplied from the supplying means; 

25 and electrode driving means for driving the 

electrostrictive elements of the head of the ink-jet 

printer accorqing to the driving waveform information 
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items decoded _by the decoding means. 

According to a fourth aspect of this invention, 

there is provided a head driving device of an ink-jet 

printer capable of independently controlling the ink 

s ejection characteristics for respective ink chambers 

according to driving waveforms applied to electrodes 

corresponding to the ink chambers of an ink-jet head 

having a plurality of ink chambers and electrodes for 

the respective ink chambers arranged side by side and 

10 including electrostrictive elements for causing 

variations in pressure in the ink chambers by the 

distorting operation thereof,. comprising a plurality of 

driving circuits each including a pulse signal input 

section for receiving plural types of pulse signals 

15 containing coded driving waveform information items 

which are different from one another, selection means 

for selecting one pulse signal from the plural types of 

pulse signals from the pulse signal input section, a 

switching circuit group including a plurality of 

20 semiconductor switching elements for effecting the 

switching operations to apply driving waveforms to the 

electrodes of the respective ink chambers, switching 

control circuits for creating signals for driving the 

semiconductor switching elements according to the pulse 

25 signals selected by the selection means, and output 

sections for outputting electrode driving waveform 

signals from the switching circuit group; wherein the 



-----·-···----

12 

pulse signal input sections of the respective driving 

circuits are commonly supplied with the plural types 

of pulse signals, the output sections of each of the 

driving circuits are connected to the electrodes of the 

5 respective ink chambers, each of the selection means of 

the driving circuits independently selects one pulse 

signal from the input plural types of pulse signals for 

each of the driving circuits, and the switching control 

circuits of each of the driving circuits change the 

10. ON and OFf states of the plurality of semiconductor 

switching elements of the switching circuit group with 

time according to variations wi~h time in the pulse 

signals selected by the corresponding selection means 

and independently select and control the driving 

15 waveforms applied to the electrodes of the respective 

ink chambers for the respective ink chambers. 

According to a fifth aspect of this invention, 

there is provided a head driving device of an ink-jet 

printer which has the construction of the fourth aspect 

20 and in which each of the switching control circuits of 

the plurality of driving circuits includes a sequencer 

operated according to a pulse signal; and a decoder for 

logically converting an output of the sequencer into 

signals for driving the plurality of semiconductor 

25 switching elements. 

According to a sixth aspect of this invention, 

there is provided a head driving device.of an ink-jet 
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printer which has the construction of the fourth aspect 

and in which each of the switching control circuits of 

the plurality of driving circuits includes a sequencer 

operated according to a pulse signal; a latch circuit 

5 for latching an output of the sequencer; a circuit for 

controlling the latch timing of the latch circuit; and 

a decoder for logically converting a latch output of 

the latch circuit into signals for driving the 

plurality of semiconductor switching elements. 

10 According to a seventh aspect of this invention, 

there is provided a head driving device of an ink-jet 

printer which has the construction of one of the first 

to sixth aspects and which controls the state of each 

of the semiconductor switching elements according to 

15 the pulse width of the pulse signal. 

According to an eighth aspect of this invention, 

there is provided a head driving device of an ink-jet 

printer which has the construction of one of the first 

to seventh aspects and in which the transition time 

20 between the states of the semiconductor switching 

elements is controlled according to the pulse interval 

of the pulse signal. 

According to a ninth aspect of this invention, 

there is provided a head driving device of an ink-jet 

25 printer which has the construction of one of the first 

to eighth aspects and in which the number of 

transitions between the states of the semiconductor 
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switching elements is controlled according to the 

number of pulses of the pulse signal. 

In the head driving device of the first aspect, 

the ink-jet head which has a plurality of ink chambers 

5 and electrodes for the respective ink chambers arranged 

side by side and includes electrostrictive elements for 

causing variations in pressure in the ink chambers by 

the distorting operation thereof is used as a print 

head, ·and the gradation printing can be easily attained 

10 and the printing speed can be enhanced by the 

relatively simple control operation for selectively 

changing the energization sequence for sequentially 

distorting the electrostrictive elements of the head. 

In the head driving device of the second aspect, 

15 the deviation of the printing dots between gradations 

can be corrected. According to the head driving device 

of the third aspect, various driving waveforms.can be 

derived from driving waveform information items of a 

number equal to the number of signal lines by 

20 · converting driving waveform information into a pulse 

waveform and inputting the pulse waveform to the 

driving circuit and then causing the driving circuit to 

decode the driving waveform information and drive the 

head, and even when it is desired to change the driving 

25 waveform from outside the driving circuit, the driving 

waveform control can be precisely effected by use of 

a small number of signal lines. 
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In the head driving device of the fourth to ninth 

aspects, even if it is required to change the driving 

waveforms for the respective ink chambers, it is not 

necessary to provide a control signal generation 

s circuit for each ink chamber and a circuit can be 

simplified by independently selecting driving waveform 

information for each ink chamber from different types 

of driving waveform information items commonly supplied 

and effecting the driving control. The driving device 

10 can effect the precise driving control since a desired 

waveform can be freely selected for each ink chamber. 

Further, it can adjust the driving waveform from the 

exterior even if the driving circuit is formed in an IC 

form to make it impossible to change the circuit and 

15 can cope with a case wherein it becomes necessary to 

adjust the driving waveform according to a change in 

the ink ejection characteristic caused by the change of 

ink or the like. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing the circuit construe-

tion of a head driving device of an ink-jet printer 

according to a first embodiment of this invention; 

FIG. 2 is a diagram showing a specific construc­

tion of a switching circuit in the head driving device 

25· shown.in FIG. 1; 

FIG. 3 is a partial cross section showing the 

structure of an ink-jet head driven by the head driving 
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device shown in FIG. 1; 

FIG. 4 is a diagram showing the construction of a 

sequencer in the head driving device shown in FIG. 1; 

FIG. 5 is a timing chart for illustrating the 

s operations of the sequencer, decoder and switching 

circuit shown in FIG. 1; 

FIG. 6 is a timing chart for illustrating the 

opera~ion of the whole portion of the head driving 

device shown in FIG. 1; 

10 FIGS. 7 to 9 are views for illustrating the 

operation of piezoelectric elements provided in the 

ink-jet head shown in FIG. 3; 

FIG. 10 is a timing chart for illustrating the 

operation of the whole portion of a head driving device 

15 of an ink-jet printer according to a second embodiment 

of this invention; 

FIG. 11 is a block diagram showing the circuit 

construction of a conventional line thermal printer; 

FIG. 12 is a circuit diagram of a driver shown in 

20 FIG. 11; 

FIG. 13 is a circuit diagram of a switching 

circuit shown in FIG. 11; 

FIG. 14 is a timing chart of latch data, 

energizati_on signal and print outputs obtained in the 

25 line thermal printer shown in FIG. 11; and 

FIG. 15 is a timing chart for illustrating the 

operation of the whole portion of the driver shown in 
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FIG. 12. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There will now be described a head driving device 

of an·ink-jet printer according to a first embodiment 

5 of this invention with reference to the accompanying 

drawings. 

FIG. 1 shows the circuit construction of the head 

driving device of the· ink-jet printer. The head 

driving device is formed as a driver IC 21. The driver 

10 IC 21 includes a shift register 22 constructed by 

series-connecting n D-type flip-flops FFl, FF2, ---, 

FFn and used as a shift memory, a latch circuit group 

23 constructed by n latch circuits LAl, LA2, ---, LAn, 

a selector group 24 constructed by n selectors SEl, 

15 SE2, ---, SEn, a sequencer group 25 constructed by n 

sequencers SQl, SQ2, ---, SQn, a decoder group 26 

constructed by n decoders DEl, DE2, ---, DEn and a 

switching circuit group 27 constructed by switching 

circuits SWl, SW2, ---, SWn. 

20 The shift register 22 shifts and stores data of 

n bits for each dot input from the data input terminal 

DI into the flip-flops FF! to FFn for each dot in 

synchronism with a clock CK. The n-bit data is data 

indicating the gradation of each dot. 

25 An output (n-bit data) of the flip-flop FFn which 

is the final stage of the shift register 22 is supplied 

to the data output terminal DO. An output (n-bit data) 
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of each of the flip-flops FFl to FFn is also supplied 

to a corresponding one of the latch circuits LAl to 

LAn. Each of the latch circuits LAl to LAn latches the 

output of a corresponding one of the flip-flops FFl to 

s FFn in synchronism with a latch signal LT. 

An output (n-bit data) of each of the latch 

circuits LAl to LAn is supplied to a corresponding one 

of the selectors SEl to SEn. Each of the selectors SEl 

to SEn receives m types of pulse signals Pl, P2, ---, 

10 Pm having different pulse widths and pulse intervals 

according to the number of the gradations, selects one 

of the pulse signals based on n-bit data from a 

corresponding one of the latch circuits LAl to LAn and 

outputs the selected pulse signal as a pulse signal Po. 

15 The pulse signals Po from the selectors SEl to SEn are 

respectively supplied to the sequencers SQl to SQn. 

Each of the sequencers SQl to SQn generates a 

sequence signal for determining an energization 

sequence corresponding to each gradation based on the 

20 input pulse signal Po and generates sequence signals 

SO, Sl of two.bits.· The sequence signals SO, Sl from 

each of the sequencers SQl to SQn are supplied to a 

corresponding one of the decoders DEl to DEn. Each of 

the decoders DEl to DEn creates driving signals Fl, F2, 

25 F3 of three bits based on the sequence signals SO, Sl 

and supplies the driving signals to a corresponding one 

of the switching circuits SWl to SWn of the switching 
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circuit group 27 . 
. 

Each of the switching circuits SWl to SWn of the 

switching circuit group 27 is connected to the +Vee 

power source line, -Vee power source line and ground 

s line. · 

In practice, the ink-jet head is constructed as a 

line nead for simultaneously printing dots of one line 

by cascade-connecting a large number of driver res 21. 

In this case, the data output terminal DO of a 

10 preceding stage of the driver !Cs 21 is connected to 

the data input terminal DI of a next stage thereof. 

As shown in FIG. 2, each of the switching circuits 

SWl to SWn includes a MOSFET (field effect transistor) 

28 constructing a first semiconductor switching 

15 element, a MOSFET (fie~d effect transistor) 29 

constructing a second semiconductor switching element 

and a bi-directional switch 30 constructing a third 

semiconductor switching element, the drain terminal of 

the MOSFET 28 is connected to the +VCC power source 

20 ·1ine, the source terminal of the MOSFET 29 is connected 

to the -vcc power source line, and one end of the bi-

directional switch 30 is connected to the ground line. 

The source terminal of MOSFET 28, the drain terminal of 

the MOSFET 29 and the other end of the bi-directional 

25 switch 30 are connected to an electrode 32 provided on 

a piezoelectric element 31 which is an electrostrictive 

element constructing the partition wall of the ink 
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chamber. 

The decoder DE (DEl to DEn) outputs driving 

signals Fl, F2, F3 of three bits in response to 

sequence signals SO, Sl from the sequencer SQ (SQl 

5_ to SQn) and the driving signals Fl, F2, F3 are 

respectively supplied to the gate terminal of the 

MOSFET 28, the control terminal of the bi-directional 

switch 30 and the gate terminal of the MOSFET 29. 

FIG. 3 shows the construction of the ink-jet head 

10 and, for example, a plurality of concave grooves are 

formed in a piezoelectric member 33 at regular 

intervals and a roof 34 is fixed to cover the grooves 

so as to define ink chambers 35 by the grooves. 

Electrodes 32 are arranged on the side walls and bottom 

15 surfaces of the respective ink chambers 35. Nozzles 

(not shown) for ejecting ink are disposed on the front 

side of the respective ink chambers 35 and ink supply 

ports -(not shown) are disposed on the rear side 

thereof. In the above ink-jet head, the piezoelectric 

20 elements 31 formed of the piezoelectric member 33 are 

disposed between the electrodes 3.2 and the partition 

wall for separating the ink chambers 35 from each other 

is constructed by the piezoelectr~c element 31 disposed 

between the electrodes 32. The number of ink chambers 

25 35 of the ink-jet head corresponds to the number of 

dots of one line. 

As shown in FIG. 4, the sequencer SQ includes 
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a 2-bit counter 36, 2-bit latch circuit 37, flip-flop 

38 and 2-input NANO gate 39 and the pulse signal Po 

from a corresponding one of the selectors SE! to SEn is 

supplied to the 2-bit counter 36, flip-flop 38 and 

5 2-input NANO gate 39. The 2-bit counter 36 effects the 

count-up operation in synchronism with the clock CK if 

the pulse signal Po is set at the low level at the time 

of input of the clock CK and repeatedly counts values 

of "0" to "3 11 so that the count value will vary in the 

10 order of "0", 11 1 11
, "2", 11 3 11

, "0", "1 11
, ---. 

The flip-flop 38 sets the level state of the pulse 

signal Po in synchronism with the clock CK and supplies 

an inverted output of the set state to the NAND gate 

39. The NANO gate 39 supplies a NANO output of the 

15 inverted output of the flip-flop 38 and the pulse 

signal Po to the 2-bit latch circuit 37. The 2-bit 

latch.circuit 37 latches the count value of the 2-bit 

counter 36 in synchronism with the clock CK when the 

output of the NANO gate 39 is set at the low level. 

20 That is, the flip-flop 38 and the NANO gate 39 

constitute a rise edge detection circuit. The NANO 

gate 39 satisfies the logical condition thereof for 

a period of one clock after the pulse signal Po is 

changed from the low level to the high level, supplies 

25 the low level to the 2-bit latch circuit 37 during this 

period, and then causes the 2-bit latch circuit 37 to 

effect the latching operation in synchronism with the 
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clock CK. Therefore, the values·of the sequence 

signals SO, Sl are updated one clock after the final 

counting operation of the 2-bit counter 36. 

In this case, the 2-bit latch circuit 37, flip-

5 flop 38 and NANO gate 39 constitµte a circuit for 

preventing the sequence signals SO, Sl from being 

changed during the counting operation of the 2-bit 

counter 36, and therefore, if the rate of the clock CK 

is sufficiently high and the ~nfluence given to the 

10 output waveform while the sequence signals. SO, Sl are 

changed during the counting operation of the 2-bit 

counter 36 is small, it is possible to omit the above 

circuits and use the outputs QO, Ql of the 2-bit 

counter 36 as the sequence signals SO, Sl as they 

15 are. 

If the pulse signal Po from one of the selectors 

SEl to SEn changes as sbown in (a) of FIG. 5, the 

sequence signals SO, Sl from a corresponding one of the 

sequencers SQl to SQn change as shown in (b) and (c) of 

20 FIG. 5. Then, a corresponding one of the decoders DE! 

to DEn outputs driving signals Fl, F2, F3 as shown in 

(d), {e) and (f) of FIG. 5 in response to the change of 

the sequence signals SO, Sl. 

In response to the driving signals Fl, F2, F3, the 

25 switching circuits SW! to SWn operate as follows. 

First, the sequence signals SO, Sl are both set at the 

low level, the driving signal Fl is set at the low 
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level, the driving signal F2 is set at the high level, 

and the driving signal F3 is set at the low level 

before the pulse signal Po is input. In this state, 

the bi-directional switch 30 is turned ON and one end 

s of the piezoelectric element 31 is connected to the 

ground line via the electrode 32. At this time, the 

bi-directional switch 30 of the adjacent switching 

circuit is turned ON and the other end of the above 

piezoelectric element 31 is also connected to the 

10 ground line. 

In this state, if a low level pulse corresponding 

to one clock of the clock CK is input in synchronism 

with the clock CK.as the pulse signal Po, the sequence 

signal SO is set to the high level, the driving signal 

15 Fl is set to the high level and the driving signal F2 

is set to the low level so that the MOSFET 28 will be 

turned ON and the bi-directional switch 30 will be 

turned OFF. As a result, one end of the piezoelectric 

element 31 is connected to the +Vee power source line 

20 via the electrode 32. In this case, if the ON­

resistance of the MOSFET 28 is set high or set to 

effect the constant-current operation, an output 

voltage gradually rises towards +Vee. Then, if a low 

level pulse corresponding to one clock of the clock CK 

25 is input in synchronism with the clock CK as the pulse 

signal Po after a preset period time has passed, the 

sequence signal SO is set to the low level, the 
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sequence signal Sl is set to the high level and the 

driving signal Fl is set to the low level so that the 

MOSFET 28 will be turned OFF. As a result, the 

piezoelectric element 31 is set in the hold state. 

In this state, if a low level pulse corresponding 

to one clock of the clock CK is input in synchronism 

with the clock CK as the pulse signal Po after a preset 

period time has passed, the sequence signal· so is set 

to the high level again and the driving signal F3 is 

10 set to the high level so that the MOSFET 29 will be 

turned ON and one end of the piezoelectric element 31 

is connected to the -Vee power source line via the 

electrode 32. Further, if a low level pulse 

corresponding to one clock of the clock CK is input in 

15 synchronism with the clock CK as the pulse signal Po 
. 

after a preset period time has passed, the sequence 

signals so, Sl are both set to the low level, the 

driving signal F2 is set to the high level and the 

driving signal F3 is set to the low level so that the 

20 MOSFET 29 will be turned OFF and the bi-directional 

switch 30 will be turned ON to connect one end of the 

piezoelectric element 31 to the ground line via the 

electrode 32. 

Therefore, a voltage OUT applied to one end of the 

25 piezoelectric element 31 in the above sequence of 

operations varies as shown in (g) of FIG. 5. Since the 

adjacent bi-directional switch 30 is kept in the ON 
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state in the above sequence of operations, the other 

end of the piezoelectric element 31 is always connected 

to the ground line via the adjacent electrode 32. As a 

result, the voltage across the piezoelectric element 31 

5 sequentially varies with time. That is, the voltage 

state of the piezoelectric element 31 varies in the 

order of ground (GND) -+vcc -hold state 

(nonconnection) -vcc - ground. As a result, the 

piezoelectric element 31 will effect a desired 

10 distorting operation. 

15 

20 

The changes of the sequence signals SO, Sl, 

driving signals Fl, F2, F3 and application voltage OUT 

in the above sequence of operations are shown in the 

following table 1 by use of the truth table. 

TABLE 1 

Sl so Fl F2 F3 OUT 

0 0 0 1 0 GROUND 

0 1 1 0 0 +VCC 

1 0 0 0 0 NONCONNECTION 

1 1 0 0 1 -vcc 

If the above operation is regarded as the whole 

operation of the driver IC 21 and when multivalue 

25 gradation data.in which each dot is constructed by 

n bits is input to the data input terminal DI in a 

state in which the pulse signals Pl to Pm shown in (a) 
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of FIG. 6 are input to the selectors SE (SEl to SEn), 

the shift register 22 sequentially shifts and stores 

the data in synchronism with the clock CK shown in (b) 

of FIG. 6. When data of one line is stored into the 

5. shift_register 22, the latch circuits LA (LAl to LAn) 

latch data stored in the respective flip-flops FF (FFl 

to FFn) of the shift register 22 at a timing at which 

the latch signal LT is set to the low level as shown in 

(c) of FIG. 6. Thus, n-bit multivalue gradation data 

10 is supplied from the latch circuits LA to the selectors 

SE at a timing shown in (d) of FIG. 6. 

In this case, if the selector SE selects the pulse 

signal Pm based on the multivalue gradation data, the 

output pulse signal Po from the selector SE is set to 

15 the pulse signal Pm as shown in (e) of FIG. 6. The 

pulse signal Po is supplied to the sequencer SQ (SQl to 

SQn). 

In the sequencer SQ, the count value CT of the 

2-bit counter 36 is initially set at "0" but is set to 

20 "1" by first inversion of the pulse signal Po to the 

low level. Then, the pulse signal Po is immediately 

returned to' the high level so as to cause the 2-bit 

latch circuit 37 to latch the count value "1" of the 

counter 36. ·When the pulse signal Po is inverted to 

25 and kept at the low level again for a short time after 

a preset period time and then returned to the high 

level, the count value of the counter 36 is set to "2 t• 
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and the latch circuit 36 latches the value. Further, 

when a preset period time has passed and the pulse 

signal Po is inverted to and kept at the low level 

again for a short time and then returned to the high 

5 level,· the count value of the counter 36 is set to "3 11 

and the latch circuit 36 latches the value. 

Further, if the pulse signal Po is inverted to the 

low level after a preset period of time and this state 

is maintained for time corresponding to three clocks, 

10 the following operation is effected. The count value 

of the counter 36 is set to "0" in response to the 

first clock CK, and the count value·is set to "1" since 

the pulse signal Po is still kept at the low level when 

a next clock CK is input. At this time, the latch 

15 circuit 37 continuously holds the count· value 11 3 11
• 

Further, the count value is set to "2" since the pulse 

signal Po is still kept at the low level when a next 

clock CK is input. Also, at this time, the latch 

circuit 37 continuously holds the count value 11 3". 

20· When the pulse signal Po is returned to the high 

level at the time of input of a next clock CK, the 

latch circuit 37 latches the count value "2". In this 

state, if the pulse signal Po is inverted to the low 

level again and this state is maintained-for time 

25 corresponding to two clocks, the following operation is 

effected. The count value of the counter 36 is set to 

u3 11 in response to the first clock CK, and the count 
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value is set to •• 0 11 since the pulse signal Po is still 

kept at the low level when a next clock CK is input. 

At this time, the latch circuit 37 continuously holds 

the count value 11 2 11
• When the pulse signal Po is 

5 -returned to the high level at the time of input of a 

next clock CK, the latch circuit 37 latches the count 

value 11 0 11
• 

Thus, the count value CT of the 2-bit counter 36 

changes as shown in· ( f) of FIG. 6 according to the 

10 pulse signal Po shown in (e) of FIG. 6 and an output LN 

of the NANO gate 39 of the sequencer SQ changes as 

shown in (g) of FIG. 6. Fu~ther, the sequence signals 

SO, SI output from the 2-bit latch circuit 37 change as 

shown in (h) and (i) of FIG. 6, and as a result, the 

15 voltage OUT applied to one end of the piezoelectric 

element 31 sequentially changes with time as shown in 

(j) of FIG. 6 according to. the truth taple indicated by 

the table 1. Thus, the piezoelectric element 31 

effects the desired distorting operation. 

20 For example, when attention is given to an ink 

25 

chamber 35a and ink chambers 35b and 35c which are 

disposed adjacent to the ink chamber 35a as shown in 

FIG. 7, the driving signal F2 is set in the high level 

state at the normal time and the bi-directional switch 

30 is set in the ON state. Therefore, electrodes 32a, 

32b and 32c of the ink chambers 35a, 35b, 35c are 

connected to the ground line. In the drawing, arrows 
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indicate the polarization direction of the 

piezoelectric element 31. 

In this state, if the drivi~g signal Fl from a 

decoder corresponding to the ink chamber 35a is set to 

the high level and the driving signal F2 is set to the 

low level, the FET 28 is turned ON and the bi-

directional switch 30 is turned OFF. As a result, the 

electrode 32a of the ink chamber 35a is connected to 

the +Vee line as shown in FIG. B. Then, the 

10· piezoelectric element 31a between the ink chamber 35a 

and the ink chamber 35b and the piezoelectric element 

31b between the ink chamber 35a and the ink chamber 35c 

are distorted to respectively bend towards the ink 

chambers 35b and 35c. Thus, the volume of the ink 

15 chamber 35a is increased. After this, this state is 

maintained even when the driving signal Fl is set to 

the low level and the FET 28 is turned OFF. Then, when 

the driving signal F3 is set to the high level, the FET 

29 is turned ON. As a result, the electrode 32a of the 

20 ink chamber 35a is connected to the -Vee power source 

line as shown in FIG. 9. Then, the piezoelectric 

element 31a between the ink chamber 35a and the ink 

chamber 35b and the piezoelectric element 31b between 

the ink chamber 35a and the ink chamber 35c are 

25 distorted to bend in the reverse direction towards the 

ink chamber 35a this time. Thus, the volume of the 

ink chamber 35a is reduced. The reduction in volume 
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increases the pressure in the ink ch~er 35a so as to 

cause ink· in the ink chamber 35a to be eject from the 

nozzle. That is, the dot printing takes place. 

If the selector SE selects the pulse signal Pl 

5 based on multivalue gradation data from the latch 

circuit LA and when the sequencer SQ generates sequence 

signals SO, Sl in response to the pulse signal Pl to 

drive the switching circuit SW, a voltage OUT applied 

to one end of the piezoelectric element 31 changes as 

10· indic~ted by a waveform of broken lines in (j) of 

FIG. 6 since the first pulse interval and the second 

pulse interval of the pulse signal Pl are different 

from and shorter than those of the pulse signal Pm. 

That is, the application voltage and time are changed 

15 . when the sequential control is effected for the 

piezoelectric element 31. 

Therefore, the distorting operation of the 

piezoelectric element 31 subjected to the above 

sequential control is different from that effected in a 

20 case wherein the pulse signal Pm is used. As a result, 

the amount of ink ejected from the nozzle of the ink 

chamber is changed. Further, in a case where the 

selector SE selects the pulse signal P2 based on 

multivalue gradation data from the latch circuit LA, 

25 the pulse signal P2 is different from the pulse signal 

Pm in the first pulse interval and the second pulse 

interval and is different from the pulse signal Pl in 
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the second pulse interval. When the seque.ncer SQ 

generates sequence signals SO, Sl in response to the 

pulse signal P2 to drive the switching circuit SW, a 

voltage OUT applied to one end of the piezoelectric 

s element 31 changes as indicated by a.waveform of one­

dot-dash lines in (j) of FIG. 6. 

Therefore, the distorting operation of the 

piezoelectric element 31 subjected to the above 

sequential control is different from both of a case 

10 ·wherein the pulse signal Pm is used and a case wherein 

the pulse signal Pl is used. As a result, ~he amount 

of ink ejected from the nozzle of the ink chamber is 

further changed. 

Thus, the amount of ink ejected from the nozzle of 

15 . the ink chamber can be changed by changing the pulse 

signal which is selected by the selector SE based on 

multivalue gradation data. Therefore, if pulse signals 

Pl to Pm of a number corresponding to the number of 

gradations for controlling the application voltage to 

20 the piezoelectric element, application time and 

sequence to eject an amount of ink corresponding to 

multivalue gradation data are prepared and supplied to 

the driving circuits corresponding to all of the ink 

chambers of the ink-jet head, each of the driving 

25 circuits for the ink chambers can perform the gradation 

printing for each dot by selecting one of the pulse 

signals. 
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In the above ink-jet head, since ink in the ink 

chamber is ejected by utilizing the distorting 

operation of the piezoelectric element 31 constructing 

the partition wall between the adjacent ink chambers, 

5 ejection of ink of the successive ink chambers cannot 

be continuously effected. Therefore, a so-called two­

cycle driving method in which the process for operating 

the alternate ink chambers is effected twice for one­

line printing or a so-called three-cycle driving method 

10 in which the process for operating the every third ink 

chamber is effected three times for one-line printing 

is effected, for example. 

However, even if the two-cycle driving method and 

three-cycle driving method are effected, the distorting 

15 · operation of the piezoelectric element 31 can be 

effected by use of time which is equal to half or one­

third the time required for one-line_ printing, the time 

for operating the piezoelectric elements can be made 

sufficiently long in comparison with a case of the 

20 serial ink-jet head using piezoelectric elements, and 

the operation time for sequentially driving the 

piezoelectric elements 31 can be set to have sufficient 

degrees of freedom. 

Therefore, the application voltage to the 

25 piezoelectric element 31, the voltage application time 

and t~e. like can be easily changed and excellent 

gradation printing can be attained. In addition, since 
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one-line printing can be performed simply by repeating 

the distorting operation of the piezoelectric element 

two or three times, the printing speed can be enhanced 

in comparison with a case wherein the serial ink-jet 

5 head is used. 

Further, unlike the serial ink-jet head, it is not 

necessary to effect the complicated control process for 

simultaneously preparing voltage levels and timings 

which are different for respective dots in one column 

10 and control them for respective dots of one line while 

changing them at the column frequency, and it is only 

required to effect the two-cycle driving process or 

three-cycle driving process for one-line printing and 

the gradation printing can be performed by relatively 

15 simple control. 

In the case of a system for ejecting ink by 

applying pressure to the ink chamber 35 according to 

the distorting operation of the piezoelectric element, 

if the gradation printing is performed while changing 

20 an application voltage to the piezoelectric element 31 

and the voltage applica~ion time, a deviation in the 

dot printing position may occur because of a difference 

between the gradations of the dots. Therefore, the 

deviation in the dot printing position is corrected by 

25 changing the position of the pulse signals Pl to Pm. 

For example, the deviation in the dot printing position 

caused by a difference in the gradation is corrected by 
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shifting the rise timings of the first pulses Pa of the 

pulse signals Pl to Pm from one another as shown in (a) 

of FIG. 6 so as to adjust the timing of ejection of ink 

from the nozzle of the ink chamber 35. 

By performing the above correction, the dot 

printing position can always be precisely controlled 

and excellent printing can be attained even if the 

gradations are different. 

Further, in the case of a dot which is not 

10 printed, the operation of controlling such a non­

printing dot can be easily attained by preparing 

a pulse which prevents the sequence .signals SO, Sl 

output from the sequencer SQ from operating the 

piezoelectric element 31, that is, which causes the 

15 sequence signals SO, Sl to be both set at the low level 

in the pulse signals Pl to Pm as a pulse signal and 

causing the selector SE to select the above pulse 

signal when n-bit data from the latch circuit LA is 

non-printing data. 

20 Since the pulse signals Pl to Pm are supplied from 

outside the driver IC 21, the driving waveform can be 

adjusted from the exterior even if the driving circuit 

is thus formed in an IC form and the circuit construc­

tion cannot be changed, and therefore, it is only 

25 required to change the pulse signal supplied from the 

exterior when it becomes necessary to adjust the 

driving waveform according to a change in the ink 
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ejection characteristic caused by the change of ink or 

the like. 

~ext, a head driving device of an ink-jet printer 

according to a second embodiment of this invention is 

5 explained with reference to FIG. 10. 

In the operation of the switching circuits SWl to 

SWn of the head driving device in the first· embodiment, 

the sequence of the state transitions thereof and 

the time lengths between the states are determined 

10 according to the pulse widths and time lengths of the 

pulse signals Pl to Pm supplied to the sequencer SQ. 

There~ore, the output waveform can be relatively freely 

co'ntrolled according to the pulse widths, time lengths 

and the number of pulses of the pulse signals Pl to Pm 

15 and the driving operation can be effected by using a 

combination of waveforms which are completely different 

·for respective gradations. 

The whole portion of the head driving device of 

the ink-jet printer according to the second embodiment 

20 is operated as. shown in FIG. 10. In the operation, the 

gradations of m levels are divided into three ranges of 

{l to i}, {(i+l) to j} and {(j+l) to m} and driving 

systems different for the respective ranges are used. 

The circuit construction of the head driving device is 

25 exactly the same as that in the first embodiment and 

the driving systems can be attained simply by changing 

the pulse signals to be supplied. In this case, the 
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gradation values are set in the order of 1 < i < j < m 

and ink drops of small size to large size can be eject. 

Since it is necessary to eject a relatively small 

ink drop when the gradation value lies in the range of 

5 1 to i, the ink ejection is effected by changing the 

state of the ink chamber in the order of FIG. 7 -

FIG. 8 - FIG. 7. Since, in this driving system, the 

state of FIG. 8 in which the meniscus is retarded is 

returned to the state of FIG. 7 to eject ink, a small 

10 ink drop can be easily ejected. The driving waveform 

for causing the operation may be made as shown in (jl) 

of FIG. 10 and a pulse signal for generating the above 

waveform may be set as shown in {al} of FIG. 10. At 

this ~ime, the value of the counter 36 of the sequencer 

15 SQ changes at the timing and in the sequence shown in 

(fl) of FIG. 10. In orde.r to further change the size 

of the ink drop in the operation range, it is only 

necessary to change the time of the state of FIG. 8 so 

as to adjust the time for waiting until the retarded 

20 meniscus returns to its original position. At this 

time, the driving waveform may be changed as indicated 

by broken lines in (jl) of FIG. 10, and for this 

purpose, the pulse signal may be changed as indicated 

by broken lines in (al) of FIG. 10. 

25 Since it is necessary to eject a medium size ink 

drop when the gradation value lies in the range of 

(i+l) to j, the ink ejection is effected by changing 
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the state of the ink chamber in the order of FIG. 7 -

FIG. 9 -FIG. 7. In this driving system, the medium 

size ink drop is ejected by extruding ink in the state 

of FIG. 9. ·The driving waveform for causing the 

s operation may be made as shown in (j2) of FIG. 10 and a 

pulse signal for generating the waveform may be set as 

shown in (a2) of FIG. 10. At this time, the value of 

t~e counter 36 of the sequencer SQ changes at the 

timing and in the sequence shown in (f2) of FIG. 10. 

10 In order to further change the size of the ink drop in 

the operation range, it is only necessary to change the 

time of the state of FIG. 9, that is, ink extruding 

time. At this time, the driving waveform may be 

changed as indicated by broken lines in (j2) of 

15 FIG. 10, and for this purpose, the pulse signal may 

be changed as indicated by broken lines in ( a2 >. of 

FIG. 10. 

Since it is necessary to eject a large ink drop 

when the gradation value lies in the range of (j+l) to 

20 m, the ink ejection is effected by changing the state 

of the ink chamber in the order of FIG. 7 - FIG. 8 -+ 

FIG. 9 - FIG. 7. In this driving system, since ink is 

extruded in the state of FIG. 9 after the ink chamber 

has been expanded in FIG. 8, the amplitude of vibration 

25 · of the partition wall is large and thus a large ink 

drop can be ejected. The driving·waveform for causing 

the operation may be made as shown in (j3) of FIG. 10 
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and a pulse signal for generating the waveform may be 

set as shown in (a3) of FIG. 10. At this time, the 

value of the counter 36 of the sequencer SQ changes 

at the timing and in the sequence shown in (f3) of 

s FIG. 10. In order to further change the size of the 

ink drop in the operation range, it is only necessary 

to change the time of the state of FIG. 9 1 that is, ink 

extruding time. At this time, the driving waveform may 

be changed as indicated by broken lines in (j3) of 

10 FIG. 10, and for this purpose, the pulse signal may be 

changed as indic_ated by broken lines in {a3) of 

FIG. 10. 

In this invention, the driving system which can be 

used in the head driving device is not limited to the 

15 above-described embodiments and various driving 

waveforms can be independently generated for each pulse 

signal depending on the pulse width, time length and 

the number of pulses of the pulse signal. For example, 

in a case where· the necessary conditions such as the 

20 ejection volume control and the presence or absence, 

the number and the waveform of auxiliary pulses 

inserted for the purpose of damping of pressure 

vibration of the ink chamber are changed, it is 

possible to cope with this case by changing a 

25 corresponding pulse signal. Further, it is possible to 

repeatedly generate a set of pulses necessary for 

ejecting one ink drop to form one dot by use of 
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a plurality of ejection pulses and represent the 

grada~ion by the number of ink drops ejected by 

changing the repetition rate fo~ each pulse signal. 

One pulse signal is not necessarily set in one-to-

5 one correspondence to one degree of gradation for 

representing a gradation image and, for example, it is 

possible to select a different pulse signal for each 

dot even for an image of the same gradation in order to 

serve the purpose of correcting a variation in the 

10 characteristic of each dot caused by a variation in 

head in the manufacturing process. 

In each of the above embodiments, the number of 

switches is set to 3 and the number of levels of the 

power source potentials is set to 3 in the head driving 

15 device, but they are not limited to the above case and 

it is possible to increase the number of types of 

driving waveforms which can be generated if the number 

of types of the power sources and the number of 

switches are increased to increase the number of bits 

20 of the sequencer and thus the driving control can be 

more precis~ly effected. Further, the number of types 

of driving waveforms can be increased by connecting a 

plurality of switches to the same power source via 

different resistors and controlling them by the 

25 sequencer. If the number of bits of the sequencer is 

increased, time required for the state transition of 

the switch is made longer, but in a case where the 



40 

.number of switches is large and the processing speed 

has precedence over the simplicity of the circuit, it 

is possible to increase the number of switches which 

can be controlled without changing the processing time 

5 by constructing a pulse signal corresponding to one 

dri~ing waveform by a plurality of pulses and providing 

plural sets of selection circuits for each electrode. 

This invention is not limited to the above 

description and can be variously modified without 

10 departing from the technical scope thereof. 
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CLAIMS: 

1. A head driving device of an ink-jet printer 

comprising: 

an ink-jet head having a plurality of ink chambers 

5 and electrodes for said respective ink chambers 

arranged side by side and including electrostrictive 

elements for causing variations in pressure in said ink 

chambers by the distorting operation thereof; 

a plurality of semiconducto.r switching elements 

10 for connecting said electrodes to power source lines; 

a shift memory for sequentially fetching 

multivalue gradation data for representing respective 

printing dots by gradation for respective dots; 

pulse signal selecting means for obtaining groups 

15 of pulse signals in which at least one of the pulse 

width, pulse interval and the number of pulses is 

different and which corresponds in number to the 

gradations and selecting pulse signals corresponding to 

respective printing dots ,based on multivalue gradation 

20 data for the respective printing dots from said shift 

memory; 

a sequencer for generating sequence signals for 

determining energization sequences corresponding to the 

gradations according to the pulse signals from said 

25 pulse signal selecting means; and 

a decoder for respectively decoding the sequence 

signals supplied from said sequencer to said 
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semiconductor switching elements; 

wherein said $emiconductor switching elements are 

selectively turned ON and OFF according to the sequence 

signals to sequentially distort said electrostrictive 

5 elements and apply pressure to said ink chambers. 

2. A head driving device of an ink-jet printer 

comprising: 

an ink-jet head having a plura.lity of ink chambers 

and electrodes for said respective ink chambers 

10 arranged side by side and including electrostrictive 

15. 

elements for causing variations in pressure in said ink 

chambers by the distorting operation thereof; 

a plurality of semiconductor switching elements 

for connecting said electrodes to power source lines; 

a shift memory for sequentially fetching 

multivalue gradation data for representing respective 

printing dots by gradation for respective dots; 

pulse signal selecting means for obtaining groups 

of pulse signals in which at least one of the pulse 

20 width, pulse interval and the number of pulses is 

different and which corresponds in number to the 

gradations, changing the positions of the pulse signals 

according to the respective gradations and selecting 

pulse signals corresponding to respective printing dots 

25 based on multivalue gradation data for the respective 

print~ng dots from said shift memory; 

a sequencer for generating sequence signals for 



-------·· --------·---

43 
I lllf 111 If 1111 1111111111111111 
1* C L M S * 

determining energization sequences corresponding to the 

gradations according to the pulse signals from said 

pulse signal selecting means; and 

a decoder for respectively decoding the sequence 

5 signais supplied from said sequencer to said semi-

conductor switching elements; and characterized in that 

said semiconductor switching elements are selectively 

turned ON and OFF according to the sequence signals to 

sequentially distort said electrostrictive elements and 

10 apply pressure to said ink chambers and a deviation of 

the printing dots between the gradations is corrected 

by the positional change of the pulse signals. 

3. A_head driving device of an ink-jet printer 

capable of independently controlling the ink ejection 

15 characteristics for respective ink chambers according 

to driving waveforms applied to electrodes corre-

sponding to the ink chambers of an ink-jet head having 

a plurality of ink chambers and electrodes for the 

respective ink chambers arranged side by side and 

20 including electrostrictive elements for causing 

variations in pressure in the ink chambers by the 

distorting operation thereof, comprising: 

means for supplying pulse signals each containing 

driving waveform information encoded into the number of 

25 points of change of the pulse waveform and the time 

length of the change; 

driving waveform information decoding means for 
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decoding driving waveform information items from the 

pulse signals according to changes of the pulse signals 

supplied from said supplying means; and 

driving means for driving said electrostrictive 

5 elements of the head of the ink-jet pr~nter_according 

to the driving waveform information items decoded by 

said decoding means. 

4. A head driving device of an ink-jet printer 

capable of independently controlling the ink ejection 

10 characteristics for respective ink chambers according 

to driving waveforms applied to electrodes corre­

sponding to the ink chambers of an ink-jet head having 

a plurality of ink chambers and electrodes for the 

respective ink chambers arranged side by·side and 

15 including electrostrictive elements for causing 

variations in pressure in the ink chambers by the 

distorting operation thereof, comprising: 

a plurality of driving circuits each including a 

pulse signal input section for receiving plural types 

20 of pulse signals containing coded driving waveform 

information items which are different from one another, 

selection circuits each for selecting one pulse signal 

from the plural types of pulse signals from said pulse 

signal input section, a switching circuit group 

25 including a plurality of semiconductor switching 

elements for effecting the switching operations to 

apply_driving waveforms to said electrodes of the 
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respective ink chambers, switching control circuits for 

creating sig~als for driving said. semiconductor 

switching elements according to the pulse signals 

respectively selected by said selection circuits, and 

5 outpu~ sections for outputting electrode driving 

signals from said switching circuit group; 

wherein pulse signal input sections of each of 

said driving circuits are commonly supplied with the 

plural types of pulse signals, the output sections of 

10 each of said driving circuits are connected to said 

electrodes of the respective ink chambers, each of said 

selection circuits independently selects one pulse 

signal from the input plural types of pulse signals for 

each of said driving circuits, and said switching 

15 control circuits change the ON and OFF states of said 

plurality of semiconductor switching elements with time 

according to variations with time in the pulse signals 

respectively selected by said selection circuits and 

independently select and control the driving waveforms 

20 applied to said electrodes of the respective ink 

chambers for the respective ink chambers. 

5. A head driving device of an ink-jet printer 

according to claim 4, wherein each of said switching 

control circuits includes a counter operated according 

25 to a pulse signal; and a decoder for logically 

converting an output of said counter into signals for 

driving said plurality of semiconductor switching 
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elements. 

6. A head driving device of an ink-jet printer 

according to claim 4, wherein each of said switching 

control circuits includes a counter operated according 

5 to a pulse signal; a latch circuit for latching an 

output of said counter; a circuit for controlling the 

~atch timing of said latch circuit; and a decoder for 

logically converting a latch output of said latch 

circuit into signals for driving said plurality of 

10 semiconductor switching elements. 

7. A head driving device of an ink-jet printer 

according to any one of claims 1 to 6, wherein the 

state of each of said semiconductor switching elements 

is determined according to the pulse width of the pulse 

15 signal. 

8. A head driving device of an ink-jet printer 

according to any one of claims 1 to 6, wherein the 

transition time between the states of said semi-

conductor switching elements is determined according to 

20 the pulse interval of the pulse signal. 

9. A head driving device of an ink-jet printer 

according to any one of claims 1 to 6, wherein the 

number of transitions between the states of said 

semiconductor switching elements is determined 

25 according to the number of pulses of the pulse signal. 

10. A head driving device of an ink-jet printer 

according to claim 7, wherein the transition time 
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between the states of said semiconductor switching 

elements is determined according to the pulse interval 

of the pulse signal. 

11. A head driving device of an ink-jet printer 

5 _ according to claim 7, wherein the number of transitions 

between the states of said semiconductor switching 

elements is determined accordinq to the number of 

pulses of the pulse signal. 

12. A head driving device of an ink-jet printer 

10 according to claim 8, wherein the number of transitions 

between t~e states of said semiconductor switching 

elements is determined according to the number of 

pulses of the pulse signal. 

13. A hard driving device of ink-jet printer, 

15 substantially as hereinbefore described with reference 

to FIGS. 1 to 10 of the accompanying drawings. 
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