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"HEAD DRI VING DEVI CE OF | NK-JET PRINTER' BACKGROUND OF THE | NVENTPOR T
invention relates to a head driving device of an ink-jet printer having a
i nk-j et®* head which 5 utilizes electrostrictive elenents for causing
variations in pressure in ink chanbers by the distorting operation thereof.
Aline thermal printer-is known as a |line riiter having a | arger nunber of
recordi ng el enents arranged 10 inaline. As shown in FIG 11, the
line thermal printer has a systembus 1 which is connected to a CPU
(Central Processing Unit) 2 constructing the main body of a control
section, a ROM (Read On! %rﬁﬁwl@s‘ﬁf?ﬁ% OF oA A tBRINRER'he |i ke, an
interface (I/F) 4 15 .for effecting the transm ssion/reception control
Wi th respect to an external hdBRC (1t NQWMT% receiving a
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by cascad®e-con I'ng arge nunber 0 i'ver 1 each
including a shiffarjations 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 1 which is connected to a CPU
{(Central Prncessing Unit) 2 constructing the main body
of a contrel 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 energization 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, lateh circuit 9, AND gate circuit 10, and

switching cizcuit 11 as shown in FIG. 12. That is, the




register 8[ latch circuit 9, AND gate circuit 10, and switching circuit 11
as.shown in FIG 12. That is, the -2- driver 6 is constructed by
connecting a | arge nunber of driver I1Cs 6s such that the data output
termnal DO of a preceding stage driver 1C 6a is connected to the data
input termnal DI of a next stage driver I&€ 6a. 5 The t her nal
line printer transfers inage data read out fromthe image RAM5 via the
ASIC 7 to the data input terminal DI of the driver 6, and stores themin
the shift register 8 which sequentially shifts the inage data in response
to a clock CK Weiversérisscohstifucted byagensatting atbiege i mimbéheoshi ft
register 8, the data stored therein are latched by the latch circuit 9 in
response to a | adrhvergh@$ €. sdtlerthatt Phe sdata tdetpoyi tetmimgl 0bO t b
outputs of the latch circuit 9 and an energization signal FIRE are supplied
fromthe AND 15 a precedingtstage odrteeeci vea sis tcompeced nbmt thefdate
swtching circuit 11, thereby selectively turning ON the switching el enents
to supply print b0PphttermheahRE -k ragxhgs reeedriverrfGrda printing of
dots by selectively generating heat according to the print
5 The thermal line printexr 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



20 outputs. That is, as shown in FIG 13, each of heat- generating
elements 12 is connected in series wth a switching elenment 13 such as an
FET between +VCC and ground terminals. Energization of the heat-generating
elenment 12 is controlled by setting the switching 25 el enent 13 in the
ON state for a preset period of tinme by ar8 energi zation signal F froma
correspondi ng one of the AND gates of the AND circuit 10. FIG 14 shows the
timngs of the latch data, energization signal FIRE, and print output used
in the above operation. FIG 15 shows the tim ngs of the image data stored
into the shift riigiings of ke tlatamtdatiaypenargiratalorDis igrajc F IRE, CK,
latch signal LT, latch data, energization signal FIRE and print output.
However, the he@PdiBEATHy e uFed Ha ddwy @haviee aReRmatdonyr | AI&G- JiSpl y
controls energlzatlonéﬁuade energlzatlon of the heat - generatlngvflenents

10 & ithe dmage dats &tomad,data ehg the
I nk-j et head usi plezpelectrlc or .electrostrictive el ements, ad
driving device (fg‘%:f é%%sq%q ia,thg datiag %Hﬁ’vﬁn ol M e © - Pat .
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FIRE and print output. However, the head driving
device of the above line thermal printer simply
controls energization or de-energization of the heat-
generating elements. |

10 As the head driving device of an ink-jet printer
having the ink-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 of piezoelectric elements (the number
of ink chambers corresponds to a number of vertical
dots ;equired 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 eleqtrodes 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



15 - I nk-jet head i.s constituted by a colum of ink chanbers having

el ectrodes forned therein and separated by partition walls of piezoelectric
el énent$ (the nunber of ink chanbers corresponds to a nunber of vertical
dots required for one-line printing). Each el ectrode 20 of the head is
connected to a driving circuit fornmed of syMmtching el ements respectively

" serving as charging and discharging circuits. Each of the piezoelectric

el enent is sequentially distorted by sequentially changing a voltage
applied to a correspondi ng one of 25 the el ectrodes of the head to

di fferent voltagpréssers, tbothexinikl chanber ctind €jécet rink iR, tlecitkli ng to
a sequence of ON and OFF states of the switching elenents to apply -4-
pressure to the ¢hambéanderasnto e¢fbect nkhe ndethepx ikt hgndperasoiers. t o
effect the dot printing operation. Wien.the partition wall of the

pi ezoel ectric el @hentthe pactitien walhppf ythe csiereelecthic ialensnibis
the 5 vol ume_of an ink chanber adjacent to the above ink chanmber

i ncreases to setdisterted o ppprly rereeure ko tthe ine doanher, dgg ati on

for simultaneously_ applying pressure to both of the adjacent ink chanbers
cannot beS volume 6f 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
therefore, "the dot printing operation for one column is
effected by a so-called two-cycle driving method in
which the process for operating the alternate ink
chambers is effected twice, for example.

i5 When the gradation printing is performed for each
printing dof by ﬁse 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 thereof, 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 fof

changing the degrees of electrostriction of the



effected in the case of an ink-jet head using the 10 pi ezoel ectric
elenment as the partition wall, and therefore, the dot printing operation
for one colum is effected by a so-called two-cycle driving nmethod in which
the process for operating the alternate ink chanbers is effected tw ce, for
exanpl e. 15 When the gradation @inting 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 elenment, signals for
controlling voltages applied to the piezoelectric elenents and the 20

appl i cation ti mpigradiaeaofic diamants @k hhenhdalgimgsh@fON and OFF
operations of a plurality of switching elenents of the driving circuit and
the tine | engt helctnastaodderotheniepfes are i ssued fromecontrol circuits
provided for the respective dots and control signals 25 which are
different for respectioev®its SfPe dheedisath drivinbhdeics o ddhes are

prepared and used for. chgngi ng the degrees of electrostriction Qf th -
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5 effects the operation for distorting the piezoelectric
elements of the ink-jet head for each column and
repeatedly effectipg the distorting operations for one
line to attain the one-line printing, a relatively long
time is required for the printing, and if an attempt is

i0 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 ﬁrinting 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
piezoélectric 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

simultaneouslf prepare voltage levels and timings which

are different for respective dots in one column and



However, si.nce the head driving device of the serial ink-jet printer using
the piezoelectric elenents 5 effects the operation for distorting the
pi ezoel ectric elenments of the ink-jet head for each colum and repeatedly
effecting the distorting operations for one line to attain the one-line
printing, a relatively long tine is requirgd Lor the printing, and if an
attenpt is 10 made to attain a certain printing speed, restrictions are
i nposed on the permssible time for the operation of the piezoelectric
el ements of one colum and the el ectrostriction degrees of the
pi ezoel ectric el eaphrel abbemhfor| respestivetdobst ofii ome 1iws edfii @nnot be
15 sufficiently changed, thereby causing a problemthat satisfactory
gradation printi@gapaingt themat athedcomn hEreghenchanthus fcauws id eapt | S
made to set the permissible tinme for the operation of the piezoelectric
el enents of one REPRHeMsthat cthetsontenl eperatieon Jdoecomes sugnplkicated.
change the electrostriction degéees of thggﬁ%ezoelectric el emrents and the
el ectrostriction timngs therectUM¥ARY OB SINVENBHMEM t hat the printing
speed is %omered. Further, in order t erformthe gradation 25
printing Por each pri#‘ntf’r@sﬁo‘flp?‘iti%gn'gb'&%‘iprf%l%n’tﬁt%le;ﬂ%rfbpare
i i i ch. i . J tive dots in one
\égl bﬁgealngvel S %éja& 'ﬁf@fﬂé’mdé:xblcaé eofj'afr{ elrnekrﬁjéci?rprrfrf gf capable of
performing the gradation printihg for respective dots
and enhancing the printing speed by use of a relatively
simple control operation for using an ink-jeﬁ 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



-6- ‘control themfor respective dots of one Iine while changing themat the
.colum frequency, thus causing a problemthat the control operation becones
conpl i cated. SUMMARY OF THE | NVENTI ON 5 ' A first object of this
invention is to provide a head driving device of an’ink-jet printer capable
of performng the gradation printing far rmespective dots and enhancing the
printing speed by use of a relatively sinple control operation for using an
i nk-jet head 10 which has a plurality of ink chanmbers and el ectrodes
for the respective ink chanbers arranged side by side and includes groups
of el ectrostri cdirewdte st secodingutheg driviiag easeform daformaitionhe i nk
chanbers by the distorting operation thereof as a print head and 15
changi ng t he endmyithet daiviagueiceufigr toi duliveneohsiag dinstt shtiichg cahe
grouped el ectrostrictive elenents of the head. A second object of this

i nvention is to&ffertddhe pregisei driyiagy wegedpran copkxrpdt byr useepfcapabl e

of 20 correcting a deviation of printing dots between adjacent ink
chanbers. spall 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 dr;ving
waveform information commonly supplied to drive ink
chambers and effects the driving controi so.that it is
not necessary to provide a control signal geheration
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



A third object of this invention is to provide a head driving devi ce of an
ink-jet printer which can derive various driving waveforns fromdriving

wavef or'm 25 information of ink chanbers requiring a small nunber of
signal lines by inputting a pul se waveform converted fromthe driving
waveforminformation to a driving - @rcuit and decoding the driving

waveforminformation in the driving circuit to drive a head and which can
ef fect the precise driving waveformcontrol by use of a small nunber of
signal lines even when it is desired to 5 change the driving waveform
from out si de t heprdmteémgonprdsing Anf dwki-jetbhead dlaviilgs a pletaldnyi s to
provide a head driving device of an ink-jet printer which independently

sel ect s dri vi ng ofa\ieiko chamiearsmatnido elegitrbdes fosadhe mespleatise from
different types of driving waveforminformation comonly supplied to drive
i nk chanbers andndf chambense agwiangegd sdder by sddehamdi tincduddngnecessary to
provide a control signal generation circuit for each ink chanber and the
circuit can be FgeCtr°S§#g§¢ﬁﬁﬁeGlém@ﬁtﬁhéﬁriFap§iPQQNﬁFéétﬁ9néh&ﬁge t he

5 pressure in the ink chambers by ﬁhe 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
dbts;fpulse 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



gradation for each ink chanber, which can effect the precise driving.
control since a desired waveformcan be freely selected for each ink
chanber, and which can adjust the driving waveform fromthe exterior even
if 20 the driving circuit is fornmed in an IC formto nake it
| npossi ble to change the circuit construct9 osr 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 dda dakoichambenis-j et printer conprising an ink-jet head
having a plurality of ink chanbers and el ectrodes for the respective ink
chanbers arranged si &ceydingetena seseadi agrecscofosbiiscinyendioment s f or
causing variations in5 .pressure in the ink chanbers by the distorting
operation theredPerg dsyPIovigeds asbRpboAgdving SRVicR R abeddkrdeftor
connecting the el ectrodes to . pgwer soyrce . lines; a shift nmengr Qr
cequent i ally 1 cBEHEnePRPYPaBayRRd Kol clialgarohay dpte SoRLPR L16Y
respective printieng otsatbheds2dal' 91eb2roh8EPESY YBe 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



dots; pul se signal selecting neans for obtaining groups of pulse signals in
which at |east one of the pulse wdth, pulse interval and the nunber of

pul ses is diffe

gradations and sel ecting pul se signal

rent and which corresponds in nunber to the 15

corresponding to respective printing

dots based on nultivalue gradation data-fat0the respective printing dots

fromthe shift nenory; -a sequencer for generating sequence signals for

determ ni ng ene
according to th

rgi zati on sequences corresponding to the 20 gr adat
e pulse signals fromthe pul se signal selecting neans;

i ons
and a

decoder for respthe isehicengydtonEwitkehion eanmean tpal wheérein ttle sequencer

to the sem cond

uctor switching el enents; wherein the sem conduct or

swi t chi ng el enertenigendurtor swidiching @lenenti RIS SHEORVelt dramss t o
quentially distort the electrostrictive el enents,

t he sequence si
t her eby changi n
According to a
driving device
pIuraIityg

10

15

20

25

|
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d t of this.i ti th ' i ded head
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thereby changing pressure applied to ink in the ink
chambers and correcéing a deviation of the printing
dots between the adjacent chambers by the pbsitional
change of the pulse signals.

According to a third aspect of this invention,
there is provided a head driving device of an ink-jet
printer cépable 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
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

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;
and electrode driving means for driving the

electrostrictive elements of the head of the ink-jet

printer according to the driving waveform information



5 ~of ink chanbers and el ectrodes for the respective ink chanbers
arr,anged side by side and including electrostrictive elenents for causing
variations in pressure in the ink chanbers by the distorting operation
thereof; a plurality of sem conductor 10 switching elenents for
connecting the electrodes to power souree lilnes; a shift nmenory for
sequentially fetching nultivalue gradation data for representing respective
printing dots by gradation for respective dots; pul se signal selecting
means for obtaining groups 15 of pulse signals in which at |east one
of the pul se wi dikemgufeeofadebyathandecbdingmbeanst pul ses is different
and whi ch corresponds_in nunber to the gradations, changing the positions
of the pul se signal s BEeoFding te ahfonstheaspeetgpidthisninuedtienecting

ﬁgltivalpUIse sigﬂalg gorrespgnding to respective printing dots based on
ue gr adabRBRedhfaPFeYided acheedtduivingndeniceoes anoknkngethift
nor ) zac 11 on SEELRREE<ORBRPLE fof ol ERERARE UF SeRRFEPLL P8BS the BRkor di ng
HHEE g PR B R LR
according to driving waveforms applied to eiectrodes
corresponding to the ink chambers of an ink;jet head
having a plurality of ink chambers and electrodes for
the reépective ink chambers arranged side by side and
10 including electrostrictive elements for causing
variaﬁions in pressure in the ink chambers by the
distorting operatioﬁ 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 informatioﬁ 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 dfiving the
semicdnductor 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



- 10 - the sem conductor switching el ements; wherein the sem conductor
swi,tching elements are selectively turned ON and OFF according to the
sequence signals to sequentially distort the electrostrictive elenments, 5

t her eby changing pressure applied to ink in the ink chanbers and correcting
a deviation of the printing dots between th2 adjacent chanbers by the

posi tional change of the pulse signals. According to a third aspect of this
i nvention, 10 there is provided a head driving device of an ink-jet
printer capable of independently controlling the ink ejection
characteristics pulsecspgnalvinpuk seohbens ofcbhei ngspectivei dgiwinef or ns
applied to drive the chanbers of an_ ink-jet head having el ectrodes arranged
15 si de by gigeuihd ane| cemmgnly ctePpbied cvitk therphezal okyRe®isi ng
variations in pressure in the jnk chanbers by the distorting operation

t hereof, conpri sPhgPHE8RsSigRakeppthe RuRrtserhiens ficprehehi Hhag
driving waveform.i nformat|{on encoded into the nunber of '

change i nt he pURELYYBGCFLRARETR 1o CPHEET LRy D ofne (el ERtites v vig
R or mat 51 |t oESTRRTELRE RS JORTRUE o S8 Thal 1 AEEROT IR CRHABRES of

the driving circuits independenfly 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 with 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:aspéct of this invention,

there is provided a head driving device of én 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
operafed 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



the pul se signals supplied fromthe supplying neans; 25 and el ectrode
driving nmeans for driving the electrostrictive elenents of the head of the
ink-jet printer according to the driving waveform i nfornmation itenms
decoded by the decodi ng neans. According to a fourth aspect of this

I nvention, there is provided a head driviny3device of an ink-jet printer
capabl e of independently controlling the ink 5 ej ection
characteristics for respective ink chanbers according to driving wavef orns

applied to el ectrodes corres onding@%o the ink chanbers of an ink-jet head
havi ng a pl ural | Pyinker ighiehhes sthedcensbrvebienief the feupkhiagpeshk
chanbers arrangﬁg?aide by.side and | ncl uding el ectrostrictive

10
el ements for ca PV aFRiER ol oh R FELtehing comtredl pbrcuits 1ok
distort; ! H P pr = Sl ity of drivi . C
ach i ncl udi g aEheI BEER BTGy §FGFLelRY; el € bk fragf f emieniRs of

each including a
pul se signals 15 coded_drivin mation.itens

whi ch are di ffer%?l?r?'r"% n%%acléglcﬂ’g?qwiw %eﬁ”‘é]cﬁ?o %ﬁgrgoigé% e%f"f%"bl%ne
pul s s opal MOt NEa Bkl 4N PSSRl Rt St SR Sndded e R 58 el
controlling the latch timing of the latch ciréuit; 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 pead 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 semicondﬁctor 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 én 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
elemeﬁts 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



swi t'ching circuit group including a plurality of 20 sem conduct or
switching elenents for effecting the switching operations to apply driving
wavef orns to the el ectrodes of the respective ink chanbers,. sw tching
control circuits for creating signals for driving the sem conduct or

switching el enents according to the pulse £ - signals selected by the
sel ecti on neans, and out put sections for outputting el ectrode driving
waveform signals fromthe switching circuit group; wherein the - 12 -

pul se signal input sections of the respective driving circuits are conmonly
supplied wth thewptchihgtghasents pis seostgpblead ddmoxdd pyttseche ons of |
each of the driving circuits are connected to the electrodes of the 5
respective ink chamber sof cpulsed eohethelprisersigmmk. of the driving _

circuits independently selects one pulse signal fromthe input plural types
of pul se signals for Bacthefhead diriving dovias taf thel firstbwispettg

control circuits of each of the driving circuits change the 10. ON and
OFF states of tHeh®!inktiey laﬁa%evmwhgm & Blaxahitg of cntchaywbers

switching circuit grou with time according to varjations with tine in_the
pul se 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 té fhe
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.



signal s sel ected by the correspondi ng sel ecti on nmeans and i ndependently
sel ect and control the driving 15 waveforns applied to the el ectrodes
of the respective ink chanbers for the respective ink chanbers. According
to a fifth aspect of this invention, there is provided a head driving
device of an ink-jet printer which has £helBonstruction 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
pul se signal; and a decoder for logically converting an output of the
sequencer into signal Enfthe dnead ndriviing| deei¢e yobfthenfewnthctornimsth
switching el ements. According to a sixth aspect of this invention, there is
provi ded a head ¥$PSFHY ceVeR el bHfitinis nreqetred to jchange | HherdGky R0 has
the construction of the fourth aspect and in which each of fhe sw tching

control circui t S*BYSHERD| t0%I HhS FRSRRTATR) TF cERBPPTRY utfesi® quencer
AT ST S LT EREE T W
the latCh5CirCUiéiréﬁ§¥'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.
BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 is a diagram showing the circuit construc-
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 switchin§ 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



a decoder for logically converting a latch output of the latch circuit into
signals for driving the plurality of sem conductor 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 cantrigdls £ he state of each of the
sem conductor swi tching el enents according to- 15 the pul se wi dth of
the pul se 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 deeiasd showrf iirstFRG dgvent h aspects and in which the
transition tinme 20 bet ween the states of the sem conductor sw tching
el ements is control | &IGcdorid g diggram sost nign ttdrey glonsftmied ijpwl ©f i gnal .
According to a ninth aspect of this invention, there is provided a head
driving device ¢feReNaRL jiet the head ginimiag wWevdieehghomie idoAIG-udtsi on of
one of the first to eH&ﬂth aspects and in which the _nunber of transitions
bet ween the states off e Sdifi Gofdidngr chart for illustrating the
5 operations of the sequencer, decoder and switching
circuit shown in FIG. 1;
FIG. 6 is a timing chart for illustrating the
operation 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 shdwing 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,
energization 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



switching elenents is controlled according to the nunber of pulses of the
pul se signal. In the head driving device:-of the first aspect, the ink-jet
head which has a plurality of ink chanbers 5 and el ectrodes for the
respective ink chanbers arranged side by side and includes electrostrictive
el ements for causing variations in pressur¥ in.the ink chanbers 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 sinple control operation for selectively
changi ng the endtlf#.zatd.on sequence for sequentially distorting the
el ectrostrictive elenents of the head. In the head driving device of the
second aspect, 15 DETARLED MBSCRIRFHOY O THE iBREFRRRER EMBODIMENTS
gradations can be corrected. According to the head driving device of the
third aspect, varioudrhane ivwidwvaest hransiesemidasd hapd Bmvdng ideyiggef or m
information itens of a nunber equal to the nunber of signal |ines by 20
converting dri.vitg atavidtoriat Pramkey arqarddng fa s fladds smhosdiaantout ting
t he pul se wavef or 1%ﬁ_the driving circuit and then causing the dr,iving

t

circuit td deco Sy TESRF AR Sd e feRangs &P HSPIRAY 1ad, and

even when it iséﬁstred to change the driving 25 wavef orm from out si de
the driving cir &R dri vi ng

FIG. 1 shows the circuit cohstruction 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-connécting 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 SE1,

15 SE2, ---, BEn, a sequencer group 25 constructed by n
sequencers SQ1, §Q2, ---, S0On, a decoder group 26

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

switching circuit group 27 constructed by switching
circuits SW1, 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 FF1l 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)



wavef orm control can be precisely effected by use of a small nunber of
signal [|ines. - 15 - In the head driving device of the fourth to ninth
aspects, even if it is required to change the driving waveforns for the
respective ink chanbers, it is not necessary to provide a control signa
generation 5 circuit for each ink chagger_and a circuit can be
sinplified by independently selecting driving waveforminformation for each
i nk chanber fromdifferent types.of driving waveforminformation itens
commonly supplied and effecting the driving control. The driving device 10
can effect the podéceaehdovifvithg tdaprallopsnEBlatdeBFneflswayebostappanelie
freely selected for each ink chanber. Further, it can adjust the driving
wavef orm from t h&oert eprwespeading ohe dfi theglatchucirceiterbdd ta an I C
formto nake it inpossible to change the circuit and 15 can cope with
a case wherein i LAbecoBeshneéetbar yatehadjiusuitaeliili vongAnadatches the
according to a change in the ink ejection characteristic caused by the
change of i-nk oroBkRuti RE. aprpEresperRipg| one crf THe DRAPNESCPSs FF1 to

5 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 thé selectors SEl1 to SEn.' Each of the selectors SE1
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 Sased 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 SEllto SEn are
respeétively supplied to the sequencers SQ1 to SQn.

Each of the sequencers SQl to SOn generates a
sequence signal for determining an energization
sequeﬁce correéponding to each gradation based on the

20 input pulse éignal Po and generatés sequence signals
S0, S1 of two bits.- The sequence signals S0, S1 from
each of the sequencers SQ1 to SQn are supplied to a
corresponding one of the decoders DEl1l to DEn. Each of
the decoders DE1 to DEn creates driving signals Fl1l, F2,

25 F3 of three bits based on the sequence signals S0, S1
and supplies the driving signals to a corresponding one

of the switching circuits SW1l to SWn of the switching



20 FIG 1 is a diagramshowi ng the circuit construc- tion of a
head driving device of an ink-jet printer according to a first enbodi nent
of this invention; FIG 2 is a diagramshowi ng a specific construc- tion of
a switching circuit in the head driving device 25 showmn in FIG 1;

FIG 3 is a partial cross section show Ag 1%e structure of an ink-jet head
driven by the head driving - 16 - device shown in FIG 1; FIG 4 is a

di agram showi ng the construction of a sequencer in the head driving device
shown in FIG 1; FIG 5 is atimng chart for illustrating the 5
operations of theisegibngeeypd2toder and switching circuit shown in FIG 1;
FIG 6 is atimng chart.for illustrating the operation of the whole
portion of the head dBaghn@f dele cewibewng cihreuiys 99l to SWn of IS 7 to
9 are views for illustrating the operation of piezoelectric elenents
provided i n the FRkIFRING G SRBLOTONR & 55 ¢ornedbedste thei t¥C€hart for

illustrating the ] .
power source line, -Vcc power source line and ground

5. line,
In practice, the ink-jet héad is constructed as a

liné head for simultaneously printing dots of one line
by cascade-connecting a large number of driver ICs 21.
In this case, the data output terminal DO of a

10 preceding stage of the driver ICs 21 is connected to
the data input terminal DI of a next stage thereof.

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

SW1 to SWn includes a MOSFET (field effect transistor)
28 constructing a first semiconductor switching

15 element, a MOSFET (field effect transistor) 29
constructing a second semiconductor switching element
and a bi-directional switch 30 comstructing a third
semiconductor switching element, the drain terminal of
the MOSFET 28 is connected to the +VCC power source

20 "line, 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



operation of the whole portion of a head driving device 15 of an
ink-jet printer according to a second enbodi nent of this invention; FIG 11
is a block diagram showing the circuit construction of a conventional |ine
- thermal printer; FIG 12 is a circuit diagramof a driver shown in 20

FIG 11; FIG 13 is a circuit diagramof a@egwiiching circuit shown in FIG
11; FIG 14 is atimng chart of |atch data, energization signal and print

outputs obtained in the 25 line thermal printer shown in FIG 11; and
FIG 15 is atimng chart for illustrating the operation of the whole
portion of the dehambeshown in - 17 - 'FIG 12. DETAILED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS There will now be descri bed a head driving device
of an ink-jet printerThedechdrr (RE a( BEY sto dBrodiontputss drivigigt hi s
invention with reference to the acconpanying drawings. FIG 1 shows the
circuit constructignnld Ehe FadF3 of three bits in response to

sequence signals S0, S1 from the sequencer SQ (SQ1
5 to SQn) and the driving signals F1, F2, F3 are.
respectively supplied to the gate tgrmiﬁal 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 6f 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 32 and the partition
wall for separating the ink chambers 35 from each other
is constructed'by the piezoelectric 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



driving device of the ink-jet printer. The head driving device is forned as
a driver 1C 21. The driver ‘10 I C 21 includes a shift register 22

constructed by series-connecting n D-type flip-flops FFl, FF2, FFn and used
as a shift menory, a latch circuit group 23 constructed by n latch circuits

LAL, LA2, ---, LAn, a selector group 24-copstrdcted by n selectors SE1, 15
SE2, ---, SEn, a sequencer group 25 constructed by n sequencers SQL, SQ2,
---, S, a decoder group 26 constructed by n decoders DE1l, DE2, ---, DEn
and a switching circuit group 27 constructed by switching circuits SW,
SW2, ---, SWi. 28 2-bit counfrgr 36 f2-biéYi tateh2oeiztuits3andfdipréiopat a of

n bits for each dot input fromthe data input termnal_ DI into the
flip-flops FF1 t38FRRdfdrigpek NBAND| gatendhrand skhei pulse csbgrati®PoThe
n-bit data is data indicating the gradation of each dot. 25 _An
out put (n-bit dafByMoR FPETESPRLAiRg PP QR BheiSeleRtorsFEL kRSB ife
shift register 22 is supplied to the data output termnal DO, _An out put
(n-bit data) §“P13%138 be Bhenobit h‘éO‘F’i‘F?f?f?%ps FR-terR8i and) so

supplied 5 2-input NAND gate 39. The 2-bit counter 36 effects the
count-up operation in synchronism with the.clock CK if
the pﬁlse 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* so that the count value will vary in the

10 order of "O*, “1*, "2%, *3", "Q", "1%, -=-,

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 NAND gate 39 supplies a NAND 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 NAND gate 39 is set at the low level,

20 That is, the flip-flop 38 and the NAND gate 39
constitute a rise edge detection circuit. The NAND
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



-.to afcorresponding one of the latch circuits LAL to LAn. Each of the latch
citcuits LAL to LAn | atches the output of a correspondi ng one of the
flip-flops FF1 to 5 FFn in synchronismwi th a latch signal LT. An
output (n-bit data) of each of the latch circuits LA1 to LAn is supplied to
a correspondi ng one of the selectors SE1 t92SEn. Each of the selectors SEl
to SEn receives mtypes of pulse signals P1, P2, ---, 10 Pm havi ng
different pulse widths and pulse intervals according to the nunber of the
gradations, selects one of the pulse signals based on n-bit data froma
correspondi ng onelotktOE.| aThéreforeit theAtalues Anf abbeoséguencehe sel ect ed
pul se signal as a pul se signal Po. 15 The pul se signals Po fromthe
sel ectors SE1 t os&gnaigseSfesPicerechpdatedl pnd chockeafbguehber §is8l to
Sn. Each of the sequencers SQL to SOn generates a sequence signal for
determ ning an eﬁ@ﬂgﬁi&gi@Eeséﬁé@hc@fcﬁgﬁe%pbﬁﬁiﬁguﬂbe§a§ﬁ-gradation based
on the 20 I nput gulse.signal Po. and generates sequence_signals SO, S1
of two bits. The seqliBntBig| §AsPs Boe Z1Pitokrbelncbronht 32qubhikrs s

to SQn are supplied tg_a cqrrespondi ng one of {he decoders DE1_to DEn. Each
of the deBoders Pt 38 D& cuégﬁegaﬁ?i%?n§°§§5hBP§eFﬂ,cF§?u2§ for 3 of

three bits based on the,sequence signals SO, S1 d pplies the driving
signals to.a corPEgﬁﬁﬂBFHE a sequgnce s1gnaf§ g@, gf Prom 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 influence given to the
10 output waveform while the sequence signals 50, S1 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 Q0, Q1 of the 2-bit
counter 36 as the sequence signals S0, S1 as they
15 - are.
If the pulse signal Po from one of the selectors
SE1 to SEn changes as shown in (a) of FIG. 5, the
sequeﬁce signals S0, S1 from a corresponding one of the
sequencers SQ1 to SQn change as shown in (b) and (c} of
20 FIG. 5. Then, a corresponding one of the decoders DE1l
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 S0, Sl1.
In response to the driving signals F1l, F2, F3, the
25 switching circuits SW1 to SWn operate as follows.
First, the sequence signals S0, S1 are both set at the

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



of the switching circuits SWM to SW of the switching - 19 - circuit
group 27. Each of the switching circuits SWL to SWh of the sw tching
circuit group 27 is connected to the +Vcc power source line, -Vcc power
source line and ground 5 line. In practice, the ink-jet head is
constructed as a line head for sinultanmeouddy printing dots of one |line by
cascade-connecting a |large nunber of driver ICs 21. In this case, the data
output term nal DO of a 10 precedi ng stage of the driver ICs 21 is
connected to the, dat i{ggﬂ termnal DI of a next stage thereof. As shown

in FIG 2, each ¥"%he (SRR Fianak Bals sSwat ddreduigh IexsieT

(field effect transistor) 28 constructing a first sem conductor sw tching
15 el enent ,a’?ﬁl\&‘?iégl’:’(‘f]r%q Gk ¥ § el &Y e darderal ng a

second Sem SN Bl SUAE L ST 300 8 Ul oo A 30
e e ) P HES S b8, NERAEL ¥ 65 on and ' IiF
5 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 S0 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 +Vcc power source line

20 via the electrode 32. 1In 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 +Vecc. 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 S0 is set to the low level, the



to tthe -VCC power source line, and one end of the bi- directional switch 30
I's connected to the ground |ine. The source term nal of MOSFET 28, the
drain term nal of the MOSFET 29 and the other end of the bi-directional 25
switch 30 are connected to an el ectrode 32 provided on a piezoel ectric
element 31 which is an electrostrictive_elgfrent constructing the partition

wal | of the ink -20- chanber. The decoder DE (DE1 to DEn) outputs
driving signals F1, F2, F3 of three bits in response to sequence signals
SO, S1 fromthe sequencer SQ (SQL 5 to SQn) and the driving signals

F1, F2, F3 are rsspesiicecsigradB1 eib tset oo geiee Highn TeadebfandietROSFET 28,
the control termnal of the bi-directional swtch 30 and the gate term na
of the MOSFET 2%dr#ihg Fidmals Ehels osest ructtilom odw tdevaelnksg ethdeacthd 0

and, for exanple, a plurality of concave grooves are forned in a

pi ezoel ectri c neM@SFEBR &itwiklybaarturned \GER. arfes & rxesfulds, ithd i xed to
cover the grooves so as to define ink chanbers 35 by the grooves.

El ectrodes 32 arkiegoelrmirith alrmentiad hals sathdibdihohold state.

5 In this state, if a low level §ulse corresponding
| to one clock of the clock CK is input in synchronism
with the cloék CK as the pulse signal Po after a preset
perio& time has passed, the sequence signal S0 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 -Vcc 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 S0, S1 are both set to the low level, the
driving signal F2 is set to the high level and the
driviné signal F3 is set to thé 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
electrodé 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



15 = surfaces of the respective ink chambers 35. Nozzles (not shown)
for ejecting ink are disposed on the front side of the respective ink
chanbers 35 and ink supply ports (not shown) are disposed on the rear side
thereof. In the above ink-jet head, the piezoelectric 20 el ements 31
formed of the piezoelectric nenber 33 are dbspesed between the el ectrodes
32 and the partition wall for separating the ink chanbers 35 from each
other is constructed by the piezoelectric el enent 31 di sposed between the

el ectrodes 32. The nunber of ink chanbers 25 35 of the.ink-jet head
corresponds to tE&atenier the gboveobegnencenef pperabimnsn Fhe ottherhe
sequencer SQ i ncl udes - 21 - a 2-bit counter 36, 2-bit latch circuit 37,

flip-flop 38 andenrdi afuthrARbegaetegbrifdelnmept| 3¢ 4FgAdvaps fpapegted
correspondi ng one of the selectors SE1'to SEn.is supplied tQ the 2-bit
counter 36, fliptPI &pesgranpadsline via; fhgt aARErEL: 8189trodRe33. pifs a
counter 36 effects t count -up. operation in synchronismwth the clo CK
if the pul se sigﬁﬁFugg'iEngYogFagﬁeaFBRFFeggF erFﬂ%i??ﬁEleeiﬁBﬁPto$§the
clock CX %nd repgg&ggh¥iggfgt3a¥§ége%ith time. That is, the voltage

state of the piezoelectric element 31 varies in the

order of ground (GND) — +VCC ;’hold state

(noncénnection).~’VCC - ground. As a result, the

piezoelectric element 31 will effect a desired

10 distorting operation.
The changes of the sequence signals S0, S1,
driviﬁg signals F1, 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.

15
TABLE 1
s1 s Fl F2 F3 ouT
0 0 0 1 0 GROUND
¢ 1 1 0 0 +VCC
20 1 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)



of "0" to "3" so that the count value will vary in the 10 order of
"o, "1*, "2", "3", "0", "1", ---. The flip-flop 38 sets the level state
of ‘the pul se signal Po in synchronismwth the clock CK and supplies an
i nverted out put of the set state to the NAND gate 39. The NAND gate 39
supplies a NAND out put of the 15 | pvereed-out put of the flip-flop 38
and the pulse signal Po to the 2-bit latch circuit 37. The 2-bit |atch
circuit 37 latches the count value of the 2-bit counter 36 in synchroni sm
with the clock CK when the output of the NAND gate 39 is set at the | ow
| evel . 20 Tledt FII&. 6here| ippitopo38handeikretNaBDSEal EE30tooABn)tute a
rise edge detection circuit. The NAND gate 39 satisfies the | ogical
condi tion t her eotheophifherpgdssprond spagurniipdiyt GRiftBsandi gharepo is
changed fromthe Low | evel to the high |eve|l, supplies 25 the | ow
level to the 2-bitte Spka éPrﬁHPFhﬁ?n&ﬁWiWQtPthepEFPSH,CﬁnahPﬂénlﬁa&Pés t he
2-bit latch circuit 37 tqQ effect the Ia%ching operation in _synchropismwth
t he - 22 - cl B&kFeER: %her@gﬁpeéaFﬁeo aPBgslane; h8 §Eﬂﬁ@ﬂcén§Pgﬁgﬁs S0,

SL are updated ogg,¢h0gkester 59° Lh8aten circuits 1A (1a1 to Lam)

latch data stored in the respective flip-flops FF (FF1
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 gradétion 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 (SQ1 to
son) . ' |

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 Qf the counter 36 is set to #2*



counting operation of the 2-bit counter 36. In this case, the 2-bit latch
circuit 37, flip- 5 flop 38 and NAND gate 39 constitute a circuit for
preventing the sequence signals SO, S1 from being changed during the
counting operation of the 2-bit counter 36, and therefore, if the rate of
the clock CKis sufficiently high and the 2nfluence given to the 10

out put waveform whil e the sequence signals SO, S1 are changed during the
counting operation of the 2-bit counter 36 is small, it is possible to omt
the above circuits and use the outputs Q), QL of the 2-bit counter 36 as

t he sequence si gandlstise, l&tichiscibeyitis36 latches thetvalpal seFsrgmed, Po
fromone of the selectors SE1 to SEn changes as shown in (a) of FIG 5, the
sequence si gnal swEBn &1preset peviedshimeli s oprsoedt ard stheicpekse SQL to
S change as shown inhég)_ang (c) of 20 FIG 5. Then, a

correspondi ng on®l@mal neo gk olererted o e kepburt e view Leyehl s Fi1,

the sequence s GRESA et B St i ctnd ot ERTHPIRE Crorde St ro. o,
e 20 e 51 oot PR S R S0 P 0T S DY 145 g
F1is set at theaﬂgwﬁhe latch circuit 36 latches the wvalue.

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 "Q" in response to the
first clock CK, and the count value is set fo "1" since
the pulse signal Po is still kept at the loﬁ level when
a next clock CK is input. At this time, the latch

15 circuit 37 continuously holds the count value "3".
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 "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". 1In this
state, if the pulse signal Po is inverted to the low
level again and this state is maintained -for time

25 correspohding to two clocks, the following operation is
effected. The count value of the counter 36 is set to

3" in response to the first clock CK, and the count



- 23 - level, the driving signal F2 is set at the high level, and the
driving signal F3 is set at the low |l evel before the pulse signal Po is
input. ‘In this state, the bi-directional switch 30 is turned ON and one end
5 of the piezoelectric element 31 is connected to the ground line via
the electrode 32. At this time, the bi-dirggtional switch 30 of the

~adj acent switching circuit is turned ON-and the other end of the above

pi ezoel ectric elenment 31 is also connected to the 10 .ground line. In
this state, if a |low |evel pulse corresponding to one clock of the clock CK
is input in syncralue sim weath tdhe' 01 adilndeK tdee tphd saulssiggrslgred 20, sttild
sequence signal SO is set to the high level, the driving signal 15 F1
is set to the hikgpt eatelthendavhd airalyiwhpersigmextF2 liocks diK tis tinputow | evel
so that the MOSFET 28 will be turned ON and the bi-directional swtch 30
will be turned @F this timessdihe latehefdrsruithd hiconddmensly dicddsnt 31

i s connected to the +Vcc power source line 20 via the el ectrode 32.
In this case, ifthh&Wt vading diice offhefe thesmud sep signad: B dif or set to
5 -returned to the high level at the time of input of a

next clock CK, the latch circuit 37 latches'the count .
value "0".
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 NAND gate 39 of the sequencer SQ changes as
shown in (g) of FIG. 6. Further, the sequehce signals
80, S1 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
(3j) of FIG. 6 according to the truth table indicated by
the table 1. Thus, the piezoelectric elemeﬁt 31
effects the desired distorting operation. !
20 For example, when attention is given to an ink
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
25 30 is set in the ON state. Therefore, electrodes 32a,
“- 32b and 32c of the ink chambers 35a, 35b, 35c¢c are

connected to the ground line. 1In the drawing, arrows



effect the constant-current operation, an output voltage gradually rises
towards,  +Vcc. Then, if a low |l evel pulse corresponding to one clock of the

clock CK 25 is input in synchronismwith the clock CK as the pul se
signal Po after a preset period tine has passed, the sequence signal SO is
set to the low |level, -the - 24 - sequengeg siLgnal S1 is set to the high

| evel and the driving signal F1 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. 5 In this state, if a low |level pulse
correspondi ng t oindiécateckhefpéheritackofkdisectipoh ofi Syachronismw th the
clock CK as the pulse signal Po after a preset period tinme has passed, the
sequence signal Bbezeelectric tdkememb 3kvel 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 piErcehigtstate] ehbrnthgldrivingnetgrall tB1t frcom\&c power
source line via the electrode 32. Further, if a lowlevel pulse
correspondi.ng t cAYFRAY RRLXASRINA N Dcle e sinkehamben 535a is ssefehtoni sm

V}“h the §' ock (%P:(hc-gjl Sh{grf f)éjvlrgsle a?xll n’&lxe F:i)riving signal F2 is set to the
low level, the FET 28 is turned ON and the bi-
directiona; switch 30 is turned OFF. As a reéult, the
electrode 32a of the ink chamber 35a is connected to
the +Vcc line as shown in FIG. 8. Then, the |

10 piezoelectric element 31la between the ink chaﬁber 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 35¢. 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 ~Vcc power source
line as shown in FIG. 9. Then, the piezoelectric

_element 3la between the ink chamber 35a and the ink
chamber 35b and the piezoelectric element 31lb 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



after a preset period tine has passed, the sequence signals SO, S1 are both
set to the lowlevel, the driving signal F2 is set to the high |level and
the dri'ving 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 elemegzg 31 to the ground line via the
el ectrode 32. Therefore, a voltage OUT applied to one end of the 25

pi ezoel ectric elenment 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 - Zincredsdse the tpresdhme igedisndmlofchywbent | 35w ,sd s didher
end-of the piezoelectric element 31 is always connected to the ground line
vi a t he adj acentcaistimddeiBZheAsink rcdmnbier t3ta val they e jrsrtosfcanhadhe

pi ezoel ectric element 31 5 sequentially varices with tine. That is,

t he vol tage st atnozgla he Piatz des ,edﬁm' dadl @mintizn \kakess plaashe order of
ground (GND) [err] +VCC [err] hold state (nonconnection) [err] VCC [err]
ground. As-a result, ¥hdhs sdadan iSE adnghs Fhannulss sdanad Fdsired

5 based on multivalue gradation data from the latch
circuit LA and when the sequencer SQ generates seguence
signals S0, S1 in response to the pulse signal Pl to
drive the switching circuit SW, a voltage OUT applied
to one end of the piezoelectric elemeﬁt 31 changes as

10 - indicated by a waveform of broken lines in (j) of
.FIG. 6 since the first pulse interval and the second
pulse intérval 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 controi is effected for the
piezoelectric element 31.

Therefore, the distorting operation of the .
pilezoelectric 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



10 di storting operation. The changes of the sequence signals SO, S1,
driving signals F1, 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. 15 TABLE 1 S1 SO F1 F2 F3 QuT 0 0 0 1 0
GROUND 0 1 1 0 0 +VCC 20 - 31 =~ 1 0 0 0

0 NONCONNECTION 1 - 1 0 0 1 -VCC | f the above operation is
regarded as the whol e operation of the driver |C 21 and when nultivalue 25
gradation data in which each dot is constructed by n bits is input to the
data input terni hhe Bpcpndapuslseeinbemhath tWheputbe segunahseP15Q0 Pm shown
in (a) - 26 - of FIG 6 are input to the selectors SE (SE1 to SEn), the
shift register 29°BRHAERAEI aPUYyerpefsEganlis S0 eS1lt hn desponsesyactheni sm

with the clock CK homn in ig& of FIG 6. Wen data of one line is stored
into the se signal P2 to drive the switching circuit SW, a

voltage OUT applied to one end of the piezoelectric
5 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 pﬁlse signal Pl is used. As a result, the 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 thé 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.



5 - shift register 22, the latch circuits LA (LAl to LAn) latch data
stored in the respective flip-flops FF (FF1 to FFn) of the shift register
22'at a'timing at which the latch signal LT is set to the |low | evel as
shown in (c) of FIG 6. Thus, n-bit nultivalue gradation data 10 IS
supplied fromthe latch circuits LA to the3gelectors SE at a ti m ng shown
in (d) of FIG 6. In this case, if the selector SE selects the pul se signal
Pm based on the nultival ue gradation data, the output pulse signal Po from
the selector SEis set to 15 t he pul se signal Pmas shown in (e) of
FIG 6. The pul se si nakhPoabeveuppki-ddtt beatle ségaenisk $Q tBSLink SOn).
In the sequencer SQ the count value CT of the 2-bit counter 36 is
initially set atchgmbpgt ipsejected by utilizingphyhei distprténgi on of the
pul se signal Po to the Iow | evel. Then, the pulse signal Po is imedi ately
returned to the APgKak&oB| ofothe PbeéﬁﬁéﬁcPﬁéczeﬁﬁﬁeﬁﬁtéﬁ ePREtrucEingo

| at ch the count vglue "1" of the,counter 36. When.the pulse sjgnhal Po is
inverted to 25 the EﬂHtREb?n ayat eb?BVFPBvEpeaﬁaﬂﬁC?BE kg Pherafter

a preset period ti,nme and t d to the high,lgeve he count val ue
ofpthe cobint er 383F§ iap ?g og Qﬁ succe551vg 1n§ cL&mﬂers 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 freedomn.
Therefore, the application voltage to the
25 piezoelectric element 31, the voltage application time
and the like can be easily changed and excellent

gradation printing can be attained. 1In addition, since



- 27 - and the latch circuit 36 |atches the value. Further, when a preset
period tinme has passed and the pulse signal Po is inverted to and kept at
the low | evel again for a short tine and then returned to the high 5

| evel , the count value of the counter 36 is set to "3" and the |atch
circuit 36 latches the value. Further, &f BRe pulse signal Po is inverted
to the low level after a preset period of tinme and this state is nmaintained
for time corresponding to three clocks, 10 the followi ng operation is
effected. "The count_value of the counter 36 is set to "0" in response to
the first clock @re-hihbetprinbimg eanukeipesformed”simplyickyt heppatirg
signal Po is still kept at the low level when a next clock CKis input. At
this tine, the |&bendistorting;operatismm cofitthecpieyonbegtriteetenentval ue
"3". Further, the count value js set to "2" since the pulse signal Po is
still kept at thE"P oW |ERERe hbtes, fhe RYRKIEK sReedptan he senharcedi s
time, the latch gcircuirt 37 contjnuously holds the count value "3". 20 :
Wien the pul se sHINAPRRHE 187 HArthed "E%S? HEherein | BRI seFiahelnkmiebi i nput
of a next_cl ock at glégé h circuit 37 latches the count value "2". In
this staté, I f the pulse S|%hal Po is inverted to the | ow

Further, unlike the serial ink-jet head, it is not
necessary to effect the complica£ed 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 application 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



| evel again and this state is maintained for tinme 25 corresponding to
two cl ocks, the follow ng operation is effected. The count value of the
counter 36 is set to "3" in response to the first clock CK, and the count

- 28 - value is set to "0" since the pulse signal Po is still kept at the
| ow tevel when a next clock CKis input. Afg this tine, the latch circuit 37
continuously holds the count value "2". Wen the pulse signal Pois 5

returned to the high level at the time of input of a next clock CK, the
latch circuit 37 latches the count value "0". Thus, the count value CT of
the 2-bit count ehiFt icigandes rdseshkdwinigs ©Of) the EliGst6 padeesdiPag ofothee 10
pul se signal Po shown in (e) of FIG 6 and an output LN of the NAND gate 39
of the sequencepul@ecisdgpad sa®lsitowdm £xog) ook EnGther Esr shewn time (a)
sequence signals SO, Sl output fromthe 2-bit latch circuit 37 change as
shown in (h) an@f( FIGef 6FsQ a6, tanddiyss theutiminge ofs5ejectipgl pdgan®UT
applied to one end of the piezoelectric el ement 31 sequentially changes
with time as shdwem fhe nogele ef thgcdskdchgmbert B8 truth tabl e indicated

by 5 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, S1
output from thé sequencer SQ from operating the
piezoelectric element 31, that is, which causes the

15 sequeﬁce signals S0, S1 to be both set at the low level
in the pulse signals Pl to Pm as a pulse signal and
causing the seleétor SE to select the above pulse
signal when n-bit data from the latch circuit LA is
non-printing data.

20 Since the pulse signais 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



the table 1. Thus, the piezoelectric element 31 effects the desired

di storting operation. 20 For exanple, when attention is given to
an i nk chanber 35a and ink chanbers 35b and 35c which are di sposed adj acent
to the ink chanber 35a as shown in FIG 7, the driving signal F2 is set in
the high level state at the nornal tine-andsthe bi -directional switch 25

30 is set in the ON state. Therefore, electrodes 32a, 32b and 32c of the

i nk chanbers 35a, 35b, 35c are connected to the ground line. In the

drawi ng, arrows - 29 - indicate the polarization direction of the

pi ezoel ectric el @ieeti®n charagiterisitie, ciausede byr thienghaingealo fFinkr om a
decoder corresponding to the ink chanber 35a is set to 5 t he high

| evel and the dri gl§ﬁgnal F2 is set to the lowlevel, the FET 28 is
turned ON and the bi- directional switch 30 is turned OFF. As a result, the
el ectrode 32a of the ﬁ%tahénﬁ@?d3§£lV§USOQﬁ¥éF§dOﬁoaphénkVB@tlPﬁén§§rshomn
in FIG 8. Then, the pi‘ezoel ectrjc el enent 31la between the ink

chanber 35a and Fﬁ@ofé&n@h§ﬁbérs§§8n n§MPREIPLEE B LhiR: 1BVERE AP 1S

5 explained with reference to FIG. 10.
In the opefation of the switching circuits SW1l 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.
Therefore, the output waveform can be relatively freely
controlled 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 wéveforms which are completely different
- for respective gradations.
The whole portion of the head driving device of
the ink-jet printer according to the second_embodimeﬁt
20 is operated as. shown in FIG. 10. In the operation, the
gradations of m levels are divided into three ranges of
{1 to i}, {(i+1) to j} and {(j+1) 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 dfiving systems can be attained simply by changing

the pulse signals to be supplied, In this case, the



31b between the ink chanber 35a and the ink chanber 35c are distorted to
respectively bend towards the ink chanbers 35b and 35c. Thus, the vol ume of
the ink' 15 chanber 35a is increased. After this, this state is

mai nt ai ned even when the driving signal F1 is set to the lowlevel and the
FET 28 is turned OFF. Then, when the driLvigg signal F3 is set to the high

" level, the FET 29 is turned ON. As a result, the electrode 32a of the 20

i nk chanber 35a is connected to the -Vcc power source line as shown in FIG
9. Then, the piezoelectric elenent 31la between the ink chanber 35a and the
I nk chanber 35b gmddabdéopi eadekechrecseteimnthd8lbriierweénlt keii rkjchkamber

35a and the i nk chanber 35c are 25 distorted to bend in the reverse
di recti on towar dendhénkndropanbérssgilt siget taelaTgessichecanl beeegbcthe
i nk chanber 35a is reduced. The reductian in vol une - 30 - increases the

pressure in the ink chingeriBsissnegessaryatigeeiiarti a radativeinaspallisa

to be eject fromthe nozzle. That is, the dot Erint[ng takes place. If the
sel ector SE sel edbk fgappyher thgngragation valpgsdiesninputhevappge of

radation data fromthe |atc
g 5 l to i, tge Enk 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 syétem, 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 (jl1)
of FIG. 10 and a pulse signal for generating the above
waveform may be set as shown in (al) of FIG. 10. At
this time, the value of the counter 36 of the sequencer
15 SQ changes at the timing and in the sequence shown in
(f1) of 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. 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



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

vol tage QUT applied to one end of the piezoelectric elenment 31 changes as
10 i ndi cated by a waveform of broken lines in (j) of FIG 6 since the
first pulse interval and the second pul se Bterval of the pulse signal P1
are different fromand shorter than those of the pulse signal Pm That is,
the application voltage and tine are changed 15 when the sequenti al
control is effected for the piezoelectric elenent 31. Therefore, the

di storting operathenstatehefptheoénkcehpubereipnthglosdereefeBIfo ¥he above
sequential control is different fromthat effected in a 20 case

wherein the pul sBIGigRar PABi s7usedn thisadriving syfEeBnpthe Bedipm
ej ected fromthe nozzle of the,ink chamher is changed. ,Further, in a case
where the sel ect B1Z8E18K| 8EPR iR parte sPﬁnﬁFtFEdbﬁgeﬂnbnlﬁufb?vﬁFﬁEe_
oradati on dat fogmhihe b2 Syl SO Lok e tBrorm eblScRb SRS, T2,
second pufse intgryal, 308 hdy%hd2L80 aL" SLLHCIRUL$5) S8 PP 1b and &
pulse signal for generating'the waveform may be set as
shown in (a2) of FIG. 10. Atlthis time, the value of
the 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'wavéform 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+1) to

20 m, the ink ejection is effécted by changing the state
of the ink chamber in the order of FIG. 7 — FIG. 8 —
FIG. 9 - FIG. 7. 1In this driving system, since ink is
extruded in the state of FIG. 9 after the ink chamber
has bgen 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



- 31 - the second pulse interval. \Wen the sequencer SQ generates seguence
signals SO S1 in response to the pulse signal P2 to drive the switching
circuit®SW a voltage OQUT applied to one end of the piezoelectric 5

el ement 31 changes as indicated by a waveform of one- dot-dash lines in (j)
of FIG 6. Therefore, the distorting operaggon_of the piezoelectric el enent
31 subjected to the above sequential control is different fromboth of a
case 10 wherein the pul se signal Pmis used and a case wherein the
pul se signal Pl is used. As a result, the anmount of ink ejected fromthe
nozzl e of the inlandhanpalsessighthefoehgagedatihystheheasaborin by bk
ejected fromthe nozzle of 15 the i nk chanber can be changed by
changi ng the pul setsagnahowhi ¢h i(a3jeb&cFEad.by0Lheasetthdsotifit, bahed on

mul tival ue gradation data. Therefore, if pulse signals P1 to Pmof a nunber
correspondi ng t oveRleenofbtheotogntdat B6neff bhecsaegnehtengSPhehapgescati on
vol tage to 20 the piezoelectric elenent, application tinme and sequence
to eject an amoupt thej hiimipgr angoidi hhet seguenteashewyr dnal(£3h dfta are
prepared and supplied to the driving circuits corresponding to all_ of the

i nk chanb&rs of gﬁﬁ'iAﬂajeinhéﬁé?regehf6¥tbﬁé ghapgfgthe 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 (3j3) of

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



25 ° circuits for the ink chanbers can performthe gradation printing
for each dot by selecting one of the pulse signals. - 32 - In the above
i nk-j et” head, since ink in the ink chanber is ejected by utilizing the

di storting operation of the piezoelectric elenment 31.constructing the
partition wall between the adjacent ink-chagbers, 5 ej ection of ink of
t he successive ink chanbers cannot be continuously effected. Therefore, a
so-called two- cycle driving nethod in which the process for operating the
alternate ink chanbers is effected twice for one- line printing or a
so-cal | ed three-8ypluralitingfrefjactiien pulsesnapdi chpraseptotbes for
operating the every third ink chanmber is effected three tines for one-line
printing is effegtradatiogn byahbheenumperevef K iskedrppst gacehedchy| e dr|V|ng
met hod and ‘three-cycle driving nethod are effected, the distortin
operation of theCBPESbﬁgeEP?lEeE?EhEﬁ?nSEaEanBE %FFBCPBHSBySﬁSBagf time

which is equal to half or g third the time required for one-line
printing, the time foPP8pBY ??nﬁlgﬂélp%%zB%FeE???ES%FéH¥n§§tcéﬁ BRenkee
5 one correspondence to one degree of gradation for

representing a gradation image and, for exampie, it is
possible to select a differenﬁ_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, Eut 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 precisely 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



sufficiently long in conparison with a case of the 20 serial ink-jet
head using piezoelectric elenents, 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 pi ezoel ectric
el ement 31, the voltage application tine ang the Iike can be easily changed
~and excellent gradation printing can be attained. In addition, since -
33 - one-line printing can be perforned sinply by repeating the distorting
operation of the piezoelectric elenent two or three tines, the printing
speed can be enhanmdern mfc@widchesn iw Hargecane wher @rocess ity isplecdnk- | et
5 head i s used. Further, unlike the serial ink-jet head, it is not

necessary to effédms tphrecedsiendec aved chet sdmplicdeys offorthel milrcaridqudity
preparing voltage levels and tim ngs which are different for respective
dots in one col uh$ PPssibleg@ dosregise: b humbexspdc smischess whiichne |ine
whi | e changing themat the colum frequency, and it is only required to
effect the two-cfdfe e cpmtgodledewdtput changing the processing time

5 by constructing a pulse signal corresponding to one
driving 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.



three-cycle driving process for one-line printing and the gradation.
printing can be perforned by relatively 15 sinmple control. In the case

of a systemfor ejecting ink by applying pressure f

according to the distorting operation of the pi ezoeﬂelmnnmgmmmnf t he
gradation printing is perfornmed while changing-20 * gn appMicativdn
voltage to the piezoelectric elenent 31 and the voltage application time, a
deviation in the dot printing position may occur because of a difference
bet ween the gradations of the dots. Therefore, the deviation in the dot
printing positiofRLAZMSerrected by 25 changi ng the position of the
pul se signals P1 to Pm For exanple, the deviation in the dot printing
position caused by a diff&rbaed ﬂﬁthEggﬁéﬁaﬁﬁoﬁfl§ncéﬂkeaﬁédpﬁynter- 34 -
shifting the rise timngs of the first pulses Pa of the pulse signals P1 to
Pm from one anot REMPAISIRGRN in (a) of FIG. 6 so as to adjust the t|n1ng of
ejection of ink fromthe n zzl e of nk cha

he
performng the above B8BriB fﬂSF h?ﬁé HﬁYlﬂglﬁtP BrﬁgéFViBﬁ i8k ﬁpﬁﬁyérﬁe

prec'Selyscontr0|£8delectrodes 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 semiconductor switching elements

10 for connecting said electrodes to power source lines;

a shift memory for sequentially fetchihg
multivalue gradation data for representing respective
printing dots by gradation for respective dpts;

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



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“mmm"m“ Iﬁmed by
preparing a pul se which prevents the sequence signals I om

t he sequencer SQ from operating the piezoeldgcti-ic e enent® 3%, t'haf is,

whi ch causes the 15 sequence signals SO, S1 to be both set at the | ow
| evel in the pulse signals P1 to Pmas a pul se signal and causing the
selector SE to select the above pul se signal when n-bit data fromthe |atch
circuit LA is nosepriconduytedat swizeéhing elemenSispce t he pul se signals Pl to
Pm are supplied fromoutside the driver IC 21, the driving waveform can be
adj usted from the ext stexeiaysaidf send conductgrecismidichiing edemengsnedei n an
|C formand the circuit construc- tion cannot be changed, and therefore, it
is only 25 sedectdyely tnangd ONeapdl 9EFspgrerddngpitoedher seaupace
exterior when it hecones necessar¥_to adj ust the driving waveform accordi ng
to a change in t Bdonqls to. sgguentially 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 plurality of ink chambers
and electrodes for said respective ink chambers
10 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 semiconductor switching elements
for connecting said electrodes to power source lines;
15- 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

printing dots from said shift memory;

a sequencer for generating sequence signals for



ej ection characteristic caused by the change of ink or the like. Next, a
head driving device of an ink-jet printer according to a second enbodi ment

of this inventionis 5 expl ained with reference he
operation of the switching circuits SWL to SWh of thLlﬁ H Vi ce
in the first enbodi ment, the sequence of t#2 state transttilond! tfer eéof and

the tine |l engths between the states are determ ned 10 according to the
pul se widths and tinme | engths of the pulse signals P1 to Pmsupplied to the
sequencer SQ Therefore, the output waveformcan be relatively freely
control |l ed accordehgrminihg enexgimptids, seguentesgchsrasgondinguhbethef

pul ses of the pul se si-gnals P1 to Pm 15 and the driving operation can
be effected by ugragabiepsbrpaerdingftaatbeopuisansianale £uaml saddy
different for respective gradations., The whole portion of the head driving
devi ce of the inR%{88 pioRalrsatectinggnednt he@®dcond enbodi ment 20 is
operated as shown in FI$i 18. %n t he ogeratifn, t he radaéions of mlevels
are divided into thre® #8RGRET ofOF 1TEFPPFLLYE Il?e?Bd??gaﬁ S{EFHIFED m
and driving systeps differen e respective ranges are used. The

di; .for_th
circuit cénstruc?fgﬂa%§ ?ﬁ@PLkﬁﬁ £FoR; 3 AeVPAUCEEE5L0 Sald 88T { he same

as that in the fééﬁ uSQEBdéﬂfQéhfﬂg 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 apélied 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 elemehts 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



the driving systens can be attained sinply by changing the pul se signals to
be supplied. In this case, the - 36 - gradation values are set in_ the
order of 1 <i <j < mand ink drops of small size to |arge size can be

eject. Since it is necessary to eject arelatively small _j “”Lthe
‘gradation value lies in the range of 5 - 441 to i,-twamm & é m“
‘effected by changing the state of ‘the ink chanmber in tiM r of FIG 7
[err] FIG 8 [err] FIG 7. Since, in this driving system the state of FIG
8 in which the nmeniscus is retarded is returned to the state of FIG 7 to:
ej ect ink, a snaldectdling driiwmingr wpvedorive isdoxrmptdpactidéms Themdihe ng
waveform for causing the operation nay be nmade as shown in (j1) of FIG 10
and a pul se si gn®ulser sjanedst aggorddnghsve changesr etndpehpudse gdgmadan in
(al) of FIG 10. At this tine, the value of the counter 36 of the sequencer
15 SQ chang&yppliede frem §gidnguPRlyiagdsBgaaséeadown in (f1) of FIG
10. In order to further change the size of the ink drop in the operation
range, it is only nec8¥d¥ipg pegngndert AEiving spidhelecirestrirtdves so as
' h [ for itin ntil r
to adj ust ;; © tlgiem%nfgab%lt euh%gd %?etggt%nigget printer 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 plufality 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 wéveform
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



20, " meniscus returns to its original position. At this tinme, the
driving waveform may be changed as indicated by broken lines in (j1) of

oy Sorken T mea. 0 (a1 D oP e 16, 755> 9" " I RET o5

ej ect a nedium size ink drop when the gradasi on vplue led if the Yange of
(i+1l) to j, the ink ejection is effected by changi ng - 37 - the state of
the ink chanber in the order of FIG 7 [err] FIG 9 [err] FIG 7. In this
driving system the mediumsize ink drop is ejected by extruding ink in the
state of FIG 9. rébpedtiveninkavkbnbersor seatishiggt benrol cippuitsi farnay
be made as shown in (j2) of FIG 10 and a pul se signal for generating the
wavef orm may be eetahinghsignahs(fior drivimg saidAsempfendufEort he val ue of
the counter 36 of the sequencer SQ changes at the timng and in_the
sequence shown | awitching elemenps agcordingntergbe PBLlFar EhgR2&Range t he
size of the ink drop in the operation range, .it (s only necessary to.change
the time of the 5e&Pecbively seleehad Py Spipf SRLPGHIAY PALFEULAP! ¢ APE 1) me,

t he driving mavefornlnag be, . -
5 output 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
signai 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‘cifcuits 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 éignals for

driving said plurality of semiconductor switching



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 Iines
in (a2) of FIG 10. Since it is necessary to eject a |arge.i.nk drop when
the.gradation value lies in the range of (j+1) to 20 m the ink

ejection is effected by changing the stategf 1he pm‘mﬂmml“"l r“ or der
of FIG 7 [err] FIG 8 [err] FIG 9 [err] FIG 7. | Nl tem
since ink is extruded in the state of FIG 9 after the inhk chanber has been
expanded in FIG 8, the anplitude of vibration 25 of the partition
wal | is |arge arsllémarstsn | arge ink drop can be ejected. The driving
waveform for causing the operation may be nade as shown in (j3) of FIG 10
- 38 - and a pul se tsi grfalhdaat dyeinvemag idey itdee ofaesf amk-niet ecisgteras - shown
in (a3) of FIG 10. At this tinme, the value of the counter 36 of the
sequencer SQ chaaparding Hw tdldim enahaeraite essuart saitbwwite(ifg) of 5
FIG 10. |In order to further change the size of the ink drop in the
operati on range,contyal ghinEyidcesdwlpdes ehaymtar aperatsd @aconding of
FIG 9, that is, ink
5 to a pulse signal; a latch circuit for latching an
output of said counter; a circuit for controlling the
Jatch 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



extfuding time. At this time, the driving waveform nmay be changed as
indicated by broken lines in (j3) of 10 FIG 10,_and for thIS pur pose,
the pul’se signal may be changed as indicated by brokﬁﬂfm“**
FIG 10. In this invention, the driving system which
head driving device is not limted to the 4% - abibag
enbodi ments and various driving waveforns can be independent
for each pul se signal depending on the pulse width, tine |length and the
nunber of pul ses of the pul se signal. For exanple, in a case where the
necessary condi t bekWesnckhasstatesoof said| seRigAndurtas sBAEEBINGNd t he
presence or absence, the nunmher and the waveform of auxili z ul ses
i nserted for thee§8WﬁB§§ b% dekprayned 3?%§§ﬁ+%ng%rgP?oﬂui$ ﬁ teryal
chanber are changgdt i go |b|§ to cope with this case by changing a 25
correspondi ng pu g?gﬂﬁ ELPPAEr, it is possible to repeatedly generate

o 20 O puloes neceata Vol Reed) AF LKA PAEAAAE S Oy LEnkOIY cBE AL DY 50

5 according to claim 7, wherein the number of transitions

between the states of said semiconductor switching
elements is determined according to the number of
pulses of the pulse signal.
12. A héad driving device of an ink-jet printer
10 according to claim 8, wherein the number of transitions
between the states of said semiconductor switching
elements is determined éccording 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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gradation by the number of ink drops ejected by changing the repetition
+ate for each pulse signal. One pul se signal is not necessarily set in
one-to- 5 one correspondence to one degree of gradation for
representing a gradation i mgge and, for exanple, it is possible to select a
di fferent pul se signal for each dot even f48 an image of the sane gradatlon
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

manuf acturi ng process. In each of the above enbodi nents, the nunber of -
switches is set to 3 and the ABARRAGHE Q%\ﬂ&l% DESGLABURRe r ( Bldivw o
potentials is set to 3 in the head drivin devi ce, but they are not
linited to the above caSEARRPREVING J¥E] @FE INErotED FRINRER Unber  of
“types of driving wavefarns which can_be generated | f the nunber, of  types of
the power sources and® thRad HHSFNG ASK ke dncliudes) @k ddde 19F iRd%ase t he

Tor o preci sel y SMERES HAFEhaR 4 %&tcﬁ?%“s i d”v'”qgaff et o m
b d b ti | 14 ¢ t

Cource vi% arff v PL nte b v misRas ey i hpdh g SV AT

sequencer. T t Wransu%%% le 1R ALY LS 14 GRRerd 't a

required for the
+Vcc power source line, FETs (29) for connecting the

electrodes of the ink chambers to a -Vcc power source
line, bi-~directional switches (30) for connecting the

10 electrodes of the ink chambers to a ground line,
selectors each for selecting one of a plurality of
pulse signals in which at least one of the pulse width
and pulse interval is different according to gradation
data, sequencers (SQ) for generating sequence signals

15 accoiding to the pulse signals from the selectors, and -
decoders (DE) for decoding the sequence signals into
driving signals and supplying them to the FETs and bi-
directional switches (30). Particularly, the head
driving device changes the voltage and timing for

20 causing the piezoelectric element to effect the
distorting opeiation according to the selected pulse
signal so as to change an amount of ink ejected from
the ink chamber and perform the gradation printing for

each dot.



the switch is made |onger, but in a case where the - 40 - nunber of
swtches is large and the processi ng speed has precedence over the
sinplicity of the circuit, it is possible to increase the nunber of
swi t ches which can be controlled w thout changi.ng the processing tine 5

by constructing a pul se signal corresponding to one driving waveform by a
plurality of pulses and providing plural sets of selection circuits for
each el ectrode. This invention is not)érﬁted to the above description and
can be variously nodified w thout 10 departing fromthe technical
scope thereq_ CLAIMS: 1. A head driving device of an ink- Jet printer

conpri si ng: ax[fr -7 el heRd having a proral ity of TNk cnﬁﬁﬁ§r§‘ and
el ectrodes forfsgid respef cSWie i nk chanbers arranged side by sidfe |and
i ncludi ng el ec - S—f-oF—causihRg—vartathons |i regsure in
sai d |nkg I ; I I/ﬁ ]
A 1 V3 0V —
[ [— — SW2 —
’ SWn
[
-Vcc. 1
3/ 3/ ' 3/ 26
DE{ ~ DE2 pEn~~ 1,/
re 24 24 25
St ~ $Q2 san /
P> S >
CLK o— o
P{ AN \ N\ '
P2e— \ . R
Pmc% d i ! -
aREICR \—-Pi‘] 24
: NP2 P2 L NP2
PO pof,”
SE4 “—Pm Pm SE2 SEn-~=PM
n y 4 nt N A 23
LA~ Q Q LA2 LA~ Q
J-—u)D ILDD --------------- l—LDD /
LT ¢ '
FFi ~ 7 . FFn
b1 "‘—{]"'D Q=D Q- —#10 Q700
[Hthm ey

FI16G



chanbers by the distorting operation thereof; a plurality of sem conduct or
swi tching el enments 10 for connecting said electrodes to power source
lines; a shift menory for sequentially fetching nultivalue gradation data
for representing respective printing dots by gradation for respective dots;
pul se signal selecting neans for obtaining groups 15 of pul se signals
I n which at | east one of the pulse width, pulse interval and the nunber of
pul ses is different and which corresponds in nunber to the gradations and
sel ecting pul se signals corresponding to2f&spective printing dots based on
mul tival ue gradation 20 data for the respective printing dots from
said shift nmenory, a sequencer fo4ygenerating sequence gygpals for
determ ni ng energi zati on sequences rresponding to the dati ons
according to the pulse signals from said 25 pul se sijgnal sel ecting
means; and a decodgi for respectively dequing t he sequerjice sigpals

supplied from said feCMEDCEL_LQJ% d.98 - igpr (SWi t chi ng
el ement s; S S
e =

Hlv-ze 29

-VCC -Vce
étFi ?FZ F3 +Fi ﬁFz F3
DECODER [~ DE DECODER [~ DE
so| Si| - _S0] Si]
SEQUENCER | >0 SEQUENCER | o
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PO PO
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wherein said sem conductor switching elenents are selectively turned ON and

OFF according to the sequence signals to sequentially distort said

el ectrostrictive 5 el enents and apply pressure to said ink chanbers.

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

having a plurality of ink chanbers and el ectrodes for said respective ink

chanbers 10 arranged side by side and including electrostrictive

el enents for causing variations in pregf e in said ink chanbers by the

distorting operation thereof; a plurality of sem conductor swtching

el ements for connecting said el ectrodes—te—pewer squree—+-hes; 15
L%H%@Gor
EH-ve giiot S

a shift nmenory for sequentially iBhg mulQ0iettq DO adat QO
representing respective printing dotg by gr f Ddr resQ¢ ;
pul se signal selecting means for| gg.gi M rqups of S s 1 n which
at | east one of the pulse 20 mnctr?ﬂgrﬁ§p i Y ﬂ¥ESd he nunber of
pul ses is different and which corrfSpgRds I n rjunpefCKo the gfagations,
changi ng the positions of Eﬂé | s gnars cof dimmg—totITE r ¢spective
gradations and selecting p e glighals corresponding to respectH printing
dots 25 based on mul t ippal.uel gf adation data for
dots fromsaid shift nenory,

respecfive printing
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a sequencer for generating sequence signals for - 43 - determning
ener gi zati on sequences corresponding to the gradations according to the
pul se signals fromsaid pul se signal selecting neans; and a decoder for
respectively decodi ng the sequence 5 - signals supplied fromsaid
sequencer to said sem - conductor switching elenents; and characterized in
that said sem conductor switching elenents are selectively turned ON and
OFF according to the sequence signals4tg sequentially distort said

el ectrostrictive elenments and 10 aéply pressure to said i nk chanbers
and a deviation of the printing dots between the gradations is corrected by
t he positional change of RIRSTp EsINRERVAL3. A head driving device of an
ink-jet printer capable offin e C ing the ink ejection 15
characteristics for respedtiv Eggggcﬁgk§%rgeﬁﬁﬁgkding to driving waveforns
applied to el {0 &4 I §[Q-1 p@nding,uq the ink ,chapbens, pf an ink-jet

head having a {pl urali t{ﬁanberilamdiel?gqrppp§Iqultne respective
i nk chanbe&% rpan ed Sel yi 5nda _andi4Q 4. 1nqqhuduldlelectrostrlctlve
el ements f ausi hepg! ST {P‘Ph_.ﬂ_n_]“}i“l
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variations in pressure in the ink chanmbers by the distorting operation
t hereof , conprising: neans for supplying pul se signals each containing

drivi ng waveform i nformation encoded into the number of 25 poi nts of
change of the pulse waveformand the tine | ength of the change; driving
wavef orm i nformati on decodi ng neans for decodi ng driving waveform

I nformation itens fromthe pul se signals according to changes of the pul se
signals supplied fromsaid supplying ne?p and driving neans for driving
said electrostrictive 5 el ements of "the head of the ink-jet printer
according to the driving maveforn1|nfongblogsuteg§cdecodey4by sai d
decodi ng means. 4. A head driving devicefof gn ink-jet printer capable of

i ndependently control | 5 ycs for
respective ink chanber ccprAi o |Ar | to
el ectrodes corre- spond¥rig theAn a rs | nK-get[ Aead having a
plurality of ink chanb el r 3 th r P C e k chambers
arranged side by side ngL Ayl el bl r ¥ i enents for
causi ng ] )
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variations in pressure in the ink chanbers by the distorting operation
thereof, conprising: a plurality of driving circuits each including a pulse
si gnal |nput section for receiving plural types 20 of pul se signals
contai ning coded driving waveforminformation itens which are different
fromone another, selection circuits each for selecting one pul se signal
fromthe plural types of pulse signals fromsaid pul se signal input
section, a switching circuit group 25 including a plurality of

sem conductor switching el enments for efdg§t|ng the switching operations to
apply driving waveforns to said el ectrodes of the respective ink
chanbers, switching control circuits for creating signals for driving said
seniconductodaﬁhtchin el enents according to the pul se signals

respectively selpghepi ' I e i+t e e — G —p—ouiput
sections for (g@)putting electro |dr|V| q sﬂ ncHSﬁﬁronﬂ§aid1$mntch|ng
circuit group;pﬁmgr..eipj pUrSE—STgn mLy dt,l -qf—sa-r-d—-drlw ng
circuits are nly “suppl i ed mﬂqh the; | urj: l:types oh,pulde signals, the
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el ectrodes of the respective ink chanbers, each of said selection circuits
i ndependent |y sel ects one pul se signal fromthe 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

sem conductor switching elenents wth tinme according to variations with
time in the pul se signals respectively sel ected by said selection circuits
and i ndependently sel ect and contr ol E/ riving waveforms 20 appl i ed
to said el ectrodes of the respective in hanbers for the respective ink

chanbers. 5. A head driymnng device of an ink-jet printer according to claim
4, wherein [eac 4aid|s ol circuits includes a, ter
operated adcer ¢ ignal ; and a decoder f ogically
converting |an oufpui of |9 td signals for driving spaid
plurality @ ¥ conductjg el enents. devi ce
of an ink-jet printer aggqording to claim 4, mhereln each of saild switching
control cirfcurtst$rel udég a counter operated according 5 a pul se
signal; a llatch qircuit [flor |atching af
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out put of said counter; a circuit for controlling the latch timng of said
| atch circuit; and a decoder for logically converting a | atch output of
said latch circuit into signals for driving said plurality of 10

sem conductor switching elenents. 7. A head driving device of an ink-jet
printer according to any one of clains 1 to 6, wherein the state of each of
sai d sem conductor switching elenents is determ ned according to the pul se
wi dth of the pulse 15 signal. 8. A head driving device of an ink-jet
printer according to any one of clainmsgldgo 6, wherein the transition tine
between the states of said sem - conductor switching elenents is determ ned
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 clains 1 to 6,
wherein the nunber of transitions between the states of said sem conductor
switching elenents is determ ned 25 according to the nunber of pul ses
of the pulse signal. 10. A head driving device of an ink-jet printer
according to cliai pATAwherein the{ransition tine
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- 47 - ‘betwlen the states of said senmiconductor switching elenents is
determ ned according to the pulse interval of the pulse signal. 11. A head
driving device of an ink-jet printer 5 according to claim7, wherein
t he nunber of transitions between the states of said sem conductor
switching elenents is determ ned accordi ngtt o 4 he nunber of pulses of. the
pul se signal. 12. A head driving device of an ink-jet printer 10

according to claim8, wherein the nunber of transitions between the states
of said sem conductor switching élements is determ ned according to the
number of pul sedaiwaan the scadieghnff said semiconductor switching

elements is determined acéording to the pulse interval
of the pulse signal. |
11. A head driving device 6f an ink-jet'printer
5 . according to claim 7, wherein the number of transitions
between the states of said semiconductor switching
elements is determined according 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 the states of said semiconductor switéhing
elements is determined according to the number of

pulses of the pulse signal.
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