TkILE OF THE | NVENTI ON HEAD DRI VI NG DEVI CE FOR | NK- JET PRI NTER
E%EKGRCUND OF THE | NVENTI ON The present invention relates to a
head driving 5 device for an ink-jet printer having an ink-jet head
which utilizes electrostrictive elenents for causing variations in
pressure in ink chanbers by el ectro- _striction thereof.

The head of an ink-jet printer of this type "10 has, e.g., an
arrangenent shown in FIG 8. Mre specifically, a plurality of
recessed grooves are . formed in a piezoelectric nmenber 1 at

pr edet er m ned pi tches, ejdrgnoePraE TNYERTI®ON | Xed on the gr ooves
to formink chanbers 3 in association with the grooves. 15 An

el ectrode 4 i s HPADAaDRIVENG! DEVIICE! FORD ANK-ORTAPRINTER side wall's of
each ink chanber 3. A nozzle (not shown) is formed in front of each
i nk chanber 3, and an ink BACKGROUMNDY OFoTHE( OMVENT@ON) is formed in the
rear of each I nk chanmber 3. In this head, the piezoel ectric nenber
20 1 has portion¥heoprresgntialinyentiopareilatesi hg ehdecak driving
chanbers 3 from each ot her and serving as piezoel ectric el enents 5
i nt er pos&d bet waeWiepeépProaas ink-get pEilater havingeaggod nkadiedc bead wo of
the el ectrodes 4 constitutes a capacitance along with the

pi ezoel ectric eWBAeht usiliges elpstzosyrirsivperlenentsAdos Gavding t he
equi val ent circuit of this head may_be_ ex ressed by a series
circuit of capaHPF6P§188ﬁnéBtEﬂe§8“§§cﬁnoﬂﬁgrcPP§ & by €lectro-

striction thereof.
The head of an ink-jet printer of this type
10 has, e.g., an arrangement shown in FIG. 8. More
specifically, a plurality of recessed grooves are
formed in a piezoelectric member 1 at predetermined
pitches, and an upper lid 2 is fixed on the grooves to
- form ink chambers 3 in association with the grooves.
15 An electrode 4 is spread over the bottom portion and
. side walls of,each.ink chamber 3. A nozzle (not shown)
is formed in front of each ink chamber 3, and an ink
supply port (not shown) is formed in the rear of each
ink chamber 3. 1In this head, the piezoelectric member
20 1 has.portions forming walls for partitioning the ink
chambers 3 from each other and serviﬁg as piezoelectric
elements 5 interposed between electrodes 4. Fof this
reason;.adjacent two of the electrodes 4 constitutes a
capacitance along with the piezoelectric element 5
25 located therebetween. Accordingly, the equivalent
circuit of this head may be expressed by a series

circuit of capacitors connected to each other via the



~2; el ectrodes 4. A head driving device for driving
Buch a head is di scl osed i n Japanese Unexam ned Patent Publication
No. 2-18054. For exanple, as shown in FIG 9, the 5 equi val ent circuit
of :the head is a series circuit of capaci tances CL1, CL2, CLS3,
CL4,--- connected in series and cpnstituted by piezoelectric

el emrents 5 and electrodes a, b, ¢, d, e, ---. For this circuit,
p-channel MOS field effect transistors QL1, Ql2, Ql3, 10 Q4, Q5,---
are connected between a VDD power supply term nal and the

el ectrodes a; heléctEodé&s-4:, and n-channel MOS field effect
transistors @1, @2, @3, @4, @5,--- are connected between a
ground |ine and A hebddledeieingodedice for adrilimg-such d5head is

D odes D1, D2, D3, D4, D5,--- are connected in parallel with the n-
channel MOS fi edilselésed in Japanésandnszaminé® [Pat@et PRBlicRdjionR5, --- to
have reversed polarity. The back gates of the p-channel MOS

field effect tridmsi 2¢bB85&11, FotlexaupleQlas si®yn-in POG. 9, akheconnect ed
to the VDD power supply termnal, and the back gates of the
n-channes MOS feégniivalenttcircuit ofrtheihead sigpa seppes pircwpy ofps - -
are connected - . to the ground line., Drive signals are supplied to the
gate terninal s ®apagétaneeq Egiech?raﬁ%?st%#%rtﬁi,COQBGCtedC&E,SEEB?SCH4,
Ql5,--- through inverters | N1, LNZ,,INB, . | N4, Ihg,---. ILn this
driving devi ce, @Rgdrcenghptuted by piezqplacthic «pLeteBEE ¢ f8denergized, a
drive signal ISelectrodes a, b, ¢, d, e,---. For this circuit,

p—chaﬁnel MOS field effect transisto:é Ql1l, Q12, 013,

10 Q14, Q15,--- are connected between a VDD power supply.

| terminal and the electrodes a, b, ¢, d, e,--—,'and
n-channel MOS field effect transistors Q21, 022, 023,
Q24, Q25,--- are connected between a ground line and
the electrodes a, b, c, d, e,-——.

15 Diodes D1, D2, D3, D4, D5,--- are connected in

- parallel with the n- channel MOS field effect

transistors Q21, 022, Q23, 024, Q25,--- to have
reversed polarity. The back gates of the p-channel MOS
field effect transistors Ql11, Q12, Q13, Q14, Q15,---

20. are connected to the VDD power supply terminal, and
the back gates of the n—channel-MOS field effect
transistors Q21, Q22, Q23, Q24, Q25,--- are connected
to the ground line. Drive signals are supplied to the
gate terminals of the field effect transistors Qll;'

25 Q12, Q13, Ql4, Q15,--- through inverters IN1l, IN2, IN3,
IN4, INS5,---. 1In this driving device, for example,

when the electrode c is energized, a drive signal is



>

- 3- . supplied to the gate termnal of the field effect

transi stor QL3 through the inverter IN3 to turn on the transi stor
A13. The field effect transistors Q@2 and Q4 are al so turned on.
At :this tinme, a charge current 5 flows through a path: VDD >

transi stor QL3 > capaci tance CL2 transistor 22 > ground |ine,
and a charge current flows through a path: VDD > transi stor

QL3 > capacitance CL3 > transistor @4 > ground |i ne, t her eby
charging the capacitances CL2 and CL3. Wen 10 t he capacitances CL2

and CL3 are to 9gpplsedatgcthet §8te terminil cbfl ehéefieldagpreéers Q3,
@2, and 24 are turned off, and the field effect transistor Q@3 is

turned on. trandistbdrsQlBnehréughsther gevetté£nINg | bvstahh odighthe pat h:
ground line > diode D2 > capacitance CL2 > transistor 15 @3 > ground
line, and a di sthangkstorr@h8.f| dhe field effdebughanspatdrsgd2nandi ne >
di ode D4 > capacitance CL3 > transistor @3 > ground |ine, thereby
di schar gi ng Q24 arecatapaturaedesncCl2Atinthi 3time, a charge gurhenhe .
chargi ng and di schargi ng, the piezo- 20 el ectric el ement between the
el ectrodgs b anflewsnthreugh a pathpj ¥PBeP ckrangistere@l3b2t ween t he
electrodes ¢ and d | are distorted. Since an ink chanber is
temporarily capacitanG@cllang ERBASI8ERF n@22 o>t BEOBRAGL ABE, s@BHe ink in

Lhe Lk charber g, o eghedetl gl s IEEELe B S BLETUD5 o> Feanpii bbb
a SeniCondUCtOerEb§tégégcigaggeaELgcé(ngggig{gg Q24 > ground line,
thereby charging the capacitances CL2 and CL3. When

10 the capacitances CL2 and CL3 are to be discharged, the
field effect transistors Q13, Q22, and Q24 are turned
off, and the field effect transistor 023 is turned on.
At this time,.a discharge current fléws through a path:
ground line > diode D2 > capacitance CL2 > transistor

15 | Q23 > ground line, and a discharge current flows
through a path: ground line > diode D4 > capacitance
CL3 > transistor Q23 > ground line( thereby discharging
the capacitances CL2 and CL3.

With the charging and discharging, the piezo-

20 | electric element between the electrodes b and c and the
piezoelectric element between the electrodes c and d
are distorted. Since an ink chamber ié temporarily
expanded and then returns to the original state, ink in
the ink chamber is ejected via the nozzle by a pressure

25 applied thereto.

When such a head driving device is incorporated in

a semiconductor substrate to be an IC (integrated



~

-4- circuit), the following problemis raised. Mre

specifically, since the diodes D2 and D4 are turned on in

i scharging, the voltages of the el ectrodes b and d are |l ower than
the ground potential by a forward 5 vol tage drop across a PN contact.
In this case, since parasitic dioges_are formed between the

el ectrodes b and d and the back gates of the field effect

transi stors Q@2 and R4, part of the discharge current also flowin
both the parasitic diodes. The 10 reliability of the I1Cis degraded

due to the curreft6uit), theWbbTlowifY phoblemsesi gangdeat or vowhstrate. In
addition, inter-elenent isolation is degraded, and, in t he wor st

case, | at ch up spgcibfically, since the diodes BRI &hdSOAWVARY ©OurhEld on

| NVENTI ON 15 It is an object of the present invention to

provi de a head ini disghaeging, f theavolhagest ofir theeelectrodes bhaod can be
manuf actured as a reliable I C which is not easily influenced by a
parasitic activé @renkteverrthandthe groundhpetentiahdbyoas frswarduse
degradation of inter- 20. el ement isolation and | atch up.

According to theoitage dspecackpseha BNesentact. In Fhﬁén?ﬁéﬁ; shace is
provi ded a head driving dg vice for - an i nk-j printer, conprising
an ink-j et headpﬂﬁﬁ§hblc 1°desaa5FuﬁﬁFmF9 B?tWﬁﬁncﬁﬁﬁb§@§°t€Pé€ﬁrodes f or

the 25 respectiv and el ect t|v elenents
which are arrangeﬁ do s@ﬁé EF%HB | GREERA é % ecForn1a series
of Capac'tancest§8§§f§£ggsbé25hand Q24, part of the discharge current
also flow in both the paras1t1c diodes. The
10 reliability of the IC is degraded due to the currents
which flow in the semiconductor substrate. 1In
addition, inter-element isolation is degraded, and, in
the worst case, latch up may occur. o |
BRIEF SUMMARY OF THE INVENTION
15 It is an object of the present invention to
provide a head driving device for an ink-jet printer,
_which can be manuféctured as a reliable IC which is not
easily influenced by a parasitic active element created
therein, and does not cause degradation_of inter-
20 . element isolation and latch up;

According to the first aspect of the pfésent
inventioh, there is brovided a head driving device for
an ink-jet printer, comprising an ink-jet head having
a plurality of ink chambers, electrodes for the

25 respectivé ink chambers, and electrostrictive elements
which are arrahged to separate the ink chambérs and

form a series of capacitances connected by the



- 5- el ectrodes and which cause variations in pressure in

the ink chanbers by electrostriction, electrodes for the respective
ithk chanbers, a plurality of first - sem conductor switching el enents
connected between a 5 first power supply termnal and the el ectrodes,
and a plurality of second sem congductor swi tching el ements _
connected between the el ectrodes and a second power supply term na
having a potential different fromthat of the first power supply
termnal, wherein ink is 10 ej ected fromeach ink chanber due to the

variation in electrfd€SSENE WHiEH ¢SusAUSHE] DYiSHa PhNPrassusesghar gi ng
of correspondi ng capacitances under a control of sel ectively

turning on the £hésinknéh&fbers BEnélectrostriCOichist 81es¥hd885Ngog! enent s;
both of the first sem- 15 . conductor sw tching el enents and second

sem conduct or the respective ninlkl chembersy ca fplueal byoof Senstonduct or
substrate; and the potential of ‘the sem conduct or substrate is set
to be out of a semieondugken switching elements i cdsnettedcbétweenadd second
power supply 20 term nal s. According to the second aspect
of the ppesent first powveyesepphy temrinal and\tledelenbradesi vand devi ce
for an ink-jet printer, conprising_an ink-jet head having a
plurality of inRIBFRakbEYsofcfoeondqeamigendyetopsswitchingeelippentfk
chanbers, and electrostrictive el ene whi ch are arranged to

nt
separate the i nRORASREEAPaR@geen the eféﬁ?ﬁ%ﬂ%%r?%@ 37 5e5pati PANEES

connected by thseupply terminal having a potential different from that

of the first power supply terminal, wherein ink is

10 ejected from each ink chamber due to the variation in
pressure which is caused by chaﬁging and discharging
of corresponding capacitances under a control of
selectively turning on the first and second semi-
conductor switching elements; both of the first semi-

15 conductor switching elements and second semiconductor
switching elements are formed on one semiconductor
substrate; and the potential of the semiconductor
substrate is set to be out of a range between the
potentials df the first and second power supply

20 terminals.

According to the second aspect of-the present
invention, there is provided a head driving device for
an ink-jet printer, comprising an ink-jet head having
a plurality of ink chambers, electrodes for the

25 respective ink chambers, and electrostrictive elements
which are arrénged to separate the ink chambers and

form a series of capacitances connected by the



- 6- el ectrodes and which cause variations in pressure in

the ink chanbers by electrostriction, electrodes for the respective
ink chanbers, a plurality of first sem conductor switching el enents
connected between a 5 first power supply termnal and the el ectrodes,
and a : plurality of second senigongucgor switching el enents
connected between the el ectrodes and a second power supply term na
having a potential |ower than that of the first power supply .
termnal, wherein ink is ejected 10 froma predeterm ned i nk chanber

due to the vari@ié@Prodes and! WhPERSEHLEWhEDat $SordUSRIpPYsERREIIAY and
di schar gi ng of two capacitances each across the electrode for the

predet erm ned i ke CARDERamBErEhByebeettodetri®tion, electréa@esesppndi ng
i nk chanber adjacent to the predeterm ned 15 i nk chanmber under a

char gi ng contr othef réspecbgveniakdchambers, Oaf plifal epeofi ¥exrstrst and
second sem conduct or swi tching el enents connected to the el ectrode
for a psenditenduotdri akwitbhirhgr edemrlehtis ncogneétednbdebweehea
respective first and second sem conductor switching 20 el enent s
connectefl to thfizébcpewdsssupplifetenivinal and thangdestudilasenandoat he
predet erm ned ink chapber, and _.a subsequent _discharging control of
turni ng of f andebwrality of; gecpadpeenigentdpeteraguitebéng sdameBhsuct or
swi t chi ng el ements connected to the el ectrqde for a predeterm ned
25 i nk chanBeprnegted betygens the: elerfrodascapd awseeRpAgpover

o o e oD 5 bR it S bOHeR P Lo enan Ehe! 8575 O

the first power supply terminal, wherein ink is ejected.

10 from a predetermined ink chamber due to the variation
in pressure which is caused by charging and discharging
of two capacitances each across the electrode for the
predetermined ink chamber and the electrodes for a
corresponding ink chamber adjacent to the predetermined

15 'ink chamber under a charging control of turning on and
off the respective first and second semiconductor
switching elements connected to the electrode for a
predetermined ink chamber and turning off and on the
reSpective first and second semiconductor switching

20 - elements connected to the electrodes of the ink
chambers adjacent to the predetermined ink chamber, and
a subsequent discharging control of turning off and on
the respéctive first and second semiconductor switching
elements connected to the electrode for a predetermined

25 ink chamber, both of the first semiconductor switching
elements and second semiconductor switching elements

are formed on one semiconductor substrate; and the



~

-7- potential of the sem conductor substrate is set to be

out of.a range between the potentials of the first and second power
supply termnal s. According to the third aspect of the present
5 - invention, there is provided a head driving device for an
ink-jet printer, conprising an ink-jet_head having a plurality of

I nk chanbers, electrodes for the respective ink chanbers, and

el ectrostrictive el enments which are arranged to separate the ink
chanbers and 10 forma series of capacitances connected by the

el ectrodes and pbteAteausefvehbabbAléohAubt8sssiBstPate is sethBol BE
chanbers by electrostriction, electrodes for the respective ink

chambers, a plusati bf af rhhgset between tRe@Np6e8AULADE 6% thBI Bgrstearat s
connected between a 15 first power supply term nal and the el ectrodes,
and a psecahdt powerssoppdyseermindlist or swi tching el ements '
connected between the el ectrodes and a second power supply term na
having a potential dReeerdangftontheathird aspect ofiether prepemér supply
termnal, wherein ink is 20 .ejected fromeach ink chanmber due to the
variatioh in inventgepgstherghishprevidaedea hoadhdriviggadevicreckargi ng
of correspondi ng capacitances under a control of . sel ectively
turning on the Nrihkzigtspgdniesenromprising apninkrietsheadnhayingenent s;

at least one of groups.of 25 , the first sem conductar swtching
el ements and seﬁoﬂgugallty °§eﬁP¥oﬁgﬁﬂgﬁFssmF%EﬁFﬁ@dSFeﬁﬁﬁtEhSre

fﬁgStltUted by %géiective ihkagﬁhﬁ 8£§,fgﬁgeglggtggs 2&8 Eegeglghéﬁ gt, and

which are arranged to separate the ink chambers and

10 form a series of capacitances connected by the
electrodes aﬁd which cause variations in pressure in .
the ink chambers by electrostriction, electrodes for
the respectivé ink chambers, a plurality of first
semiconductor switching elements cbnnected between a

15 first power supply terminal and the electrodes, and a
plurality of second semiconductor switching elements |
connected between the electrodes and a second power
supply terminal having a potential different from that
of the first power supply terminal, wherein,ink is |

20 ejected from each ink chamber due to the variation in
pressure which is caused by charging and discharging
of cofresponding Caggcitances under a.control of
selectively turning on the first and second semi-
conquctor switching elements; at least one of groups of

25 the first semiconducﬁor switching elements and second
semiconductor.switching elements are constituted by MOS

transistors formed on an integrated circuit; and the



- 8- potential of a back gate of each MOS transistor is set

to be out of a range between the potentials of a source and drain
of the MOS transistor. According to the fourth aspect of the
pr esent 5 i nvention, there is provided a head driving device for

an ink-jet printer, conprising an ink-letshead havi ng a plurality
of ink chanbers, electrodes for the Tespective ink chanbers, and
el ectrostrictive elenents whi ch are arranged to separate the ink
chanbers and 10 forma series of capacitances connected by the

el ectrodes and yhieftea¥S6£Varbakko §téno?r§§§ﬁ”ﬁbéntr%nsistoLh?siQgt
s for t Ive I nk

chanbers by el ectrostriction, electfode e respec

chanbers, a plutal beyoat 6Era&trange betw&dh COREUséOEn€ bl ShbRJackEHBRES
connected between a 15 first power supply termnal and the el ectrodes,

and a pandadraynobdfseheNMOS et &ndilsed Ol swi tching el enents
connected between the el ectrodes and a second power supply term na
having a potential |BAweorfing tbatheffourth aspéret fofstheopeesenppl y
termnal, wherein ink is ejected 20 froma predeterm ned i nk chanber
due to tBe variiénvention, there psecprovidediarhéad cduseingydenacgi igrand
di schargi ng . of two capacitances each across the el ectrode for the
predet ermi ned i AR &RknbeE BEINEEE, otemprbeibrg fam bnk-jet headrhavpogdi ng

i nk chanber adjacent to the predeterm ned 25 i nk chanber under a
char gi ng controf Biuralit¥gobninkgchambers, gleghrodespieri thefirst and

second sem conductor . . . swﬁtching el epent s connected to the el ectrode
for respective ink chambers, and electrostrictive elements

which are'arranged-to.separate.the ink chambers and

10 form a séries of capacitances connected by the
electrodes and which cause variations in pressure in
the ink chambers by electrostriction, electrodes for
the respective ihk chambers} a plurality of first
semiconductor switching elements connected between a

15 fi;st power supply terminal and the electrodes, and a
plurality of second semiconductor switching elements
connected between the electrodes and a second power
supply terminal paving a potential lower than thaﬁ of
the first power supply terminal, wherein ink is ejected

20 from a predetermined ink chamber due to the variaﬁion'
in pressure which is caused by charging and discharging
of two capacitances each across the electrode for the
predetermined ink chamber and the electrodes for a
corresponding ink chamber adjacent to the predetermined

25 ink chamber under a charging control of turning on and |
off the respective.first and second semiconductor

switching elements connected to the electrode for



- 9- a predeterm ned ink chanmber and turning off and on the
respective first and second sem conductor sw tching el ements
connected to the el ectrodes of the ink chanbers adjacent to the
predet erm ned i nk chanber, and 5 a subsequent di scharging control of
turning off and on t he respecLiv§ first and second sem conduct or
swi tching el ements connected to fhe electrode for a predeterm ned
i nk chanber, at |east one of groups of the first sem conduct or

swi tching el enents and second sem - 10 conductor switching elenments is

constituted by NOPredeterminkt@@fkStRbabEL! AR €irAlngNbee! ah8doh! LhMI t;
and t he potential of a back gate of each MOS"transistor is set

to be out of a respeckdwvecEirkiteapdt eBtbatlSsehidofi@UEter switchingnd drain
of the MOS transistor. 15 According to the fifth aspect of the
present elemeansi eonnebebd its phevelledtoolesadodr thengnuevi ce for

an ink-jet printer, conprising an ink-jet head having a plurality
of i nk chanber schembersoddgatentt he the predetespinedvénknkhambeber andand
el ectrostrictive elenents 20 which are arranged to separate the ink
chanberssand @ SUbSeﬂﬁﬁﬂﬁadééﬂhéggéﬂgcEpaér?én@gstunnﬁegtedfbyndhen-

el ectrodes and whi ch cause variations in pressure in the ink
chanmbers by el ethPokeEPertdye dizstr andsseepnd semicondyetpsspwitrhénpnk
chanmbers, a plurilit of first éf senEconductor sw t ching el enents
connect ed bet weBheRents connected tg kbe elgpryoder fiPRaf RREIERermined

el ectrodes, and.,a, - lurality of second sem cgonductqr switchin
el ement s ' ink chamber,pa% ieas¥ one o% groups og e girst 9

semiconductor switching elements and second semi-

10 conductor switching elements is constituted by MOS
transistors formed on an integrated circuit; and the
potential of a back gate of each MOS transistor is set
to be out of a range between the potentials of a sour@e
and drain of the MOS transistor.

15 According to the fifth aspect of the present
invention, there is provided a head driving device for
an ink-jet printer, comprising an ink-jet head having
a plurality of ink chambers, electrodes for the
respective ink chambers, and electrostrictive elements

20 which are arranged to separate the ink chambers and
form a series of capacitances connected by the
electrodes and which cause variations in pressure in
the ink'chambers by electrostriction, electrodes for
the respective ink chambers, a plurality of first

25 semiconductor switching elements connected between a
first power supply-terminal and the electrodes, and a

plurality of second semiconductor switching elements



- 10 - connected between the el ectrodes and a second power
supply.term nal having a potential different fromthat of the first
power supply ternmnal, wherein ink is ej ected from each i nk chanber
due to the variation in 5 pressure which is caused by chargi ng and

di schargi ng of correspondi ng cgpafbtapces under a control of

sel ectively turning on the first and second sem - conduct or
switching elenents; at |east the second sem - .- conductor sw tching
el enents are constituted by MOS 10 transi stors, the capacitances are

di scharged throgghnected bet@8elYOBné' 806k £+848s VHhaNadk8cbHANBEWER DY an
| denti cal potential applied to the gates thereof.

According to theuspkyhtesnenhlohavhfgpaepeténtial diffepennt feom thete is
provi ded a head driving device for 15 an ink-jet printer, conprising

an ink-jet headobathaegfirst poweg puppiyi tgreinabk whembénsink| #strodes for
t he respective ink chanbers, and el ectrostrictive el enents

whi ch are arranggectedsépamacachhénknkhambebedgeand the variatdem anseries
of capacitances connected by the 20 el ectrodes and which cause
vari ati ofs i n ppressuse which is caupedj hx ehanoéng ppdedéschasgingti on,

el ectrodes for ' the respective ink chanbers, a plurality of first
seni conduct or sQft EAFRESEPBALAISsCABAREERBECHUNERE & control ofj st power

supply-term nal apd the el ectrodes, a 25 _, lurality of second '
sem conduct or sﬁF?EﬁFﬁ&eSYeﬁBﬁpéng on tﬁe Ebﬁﬁgc?ﬁ BECRBENSEME~el ect r odes

and a second PONEL .ot or oy BURENY LILALARL; "2Y 19a8cPehenLbabnd LLgEEM
' conductor switching elements are constituted by MOS

10 transistors, the capacitances are discharged through
the MOS transistors which are turned on by an identical
potential applied to the gates thereof.

According to the sixth aspect of the present

invention, there is provided a head driving device for

15 - an ink-jet printer, comprising an ink-jet head having
a plurality of ink chambers, electrodes for the
respeétive ink chambers, and electrostrictive elements
which are arranged to separate the ink chambers and
form a series of capacitances connected by the

20 electrodes and which cause variations in pressure in
the ink chambers by electrostriction, electrodes for
the respective ink chambers, a plurality of first
semicqnductor switching elements connected between a
first power supply terminal and the electrodes, a

25 plurality of second semiconductor switching elements

connected between the electrodes and a second power

supply terminal having a potenﬁial different from that



of the first power supply termnal, and a plurality of third

sem conduct or switching el enents each connected bet ween adj acent
two el ectrodes, wherein ink is ejected from each i nk chanber due to
the variation in pressure 5 whi ch is caused by charging and

di schargi ng of correspondi ng cgpafitapces under a chargi ng and

di scharging control of selectively turning on the first and second
sem conductor switching elenents and a di schargi ng control of
selectively turning on the third 10 sem conductor swi tching el enents.

According to thesseNentraePeshep! shpg1Pr €68Minal, and ANPEALhPDLytHEre is
provi ded a head driving device for an ink-jet printer, conprising

an ink-jet headthiwdngemiconductop! swwatchingfelakesbanbach, cohreétedes for
the 15 respective ink chanbers, and electrostrictive el enents

whi ch are arrarigetwéen sagpdpacentt bwoi ekecbroties s whdrein ink Lsrejectedi es
of capacitances connected by the el ectrodes and whi ch cause
vari ati ons in pfeesueachnink chambéheduaktohbthbevarbgtiébactinopressuren,

el ectrodes for 20 the respective ink chanbers, a plurality of first
seni condbict or swihichi g eavsedt bycoharging ardv@ischarging offirst power
supply termnal and the el ectrodes, a plurality of second

sem conduct or sYP¥ERFRQNAiBgeAaBacitances undertadcharding and el ectrodes

o 2 oo o 2t pa SR da b Tbe RYbLY RaPRLsnLal L over Lpen
third seniCondugﬁgrségéhghggﬂigggggg£greg%thREHSCéfgments and a
discharging control of selectively turning on the third
10 semiconductor switching elements.

According to the seventh aspect of the present
invention, there is provided a head driving device for
an ink-jet printer, comprising an ink-jet héad having
a plurali;y of ink chambers, electrodes for the

15 respective ink chambers, and electrostrictive elements
which are arranged té separate the ink chambers and
form a series of capacitances connected by the
electrodes and which cause variations in pressure in
the ink chambers by electrostriction, electrodes for

20 the respective ink chambers, a plurality of first
semiconductor switching elements connected bétween a
first power supply terminal and the electrodes, a
plurality of second semiconductor switching elements
connected between the electrodes and a second power

25 supply terminal having a potential lower than that of

the first power supply terminal, and a plurality of

third semiconductor switching elements each connected



- 12 - bet ween adj acent two el ectrodes, wherein ink is ejected
froma predeterm ned ink chanber due to the variation I n pressure
Wwhi ch i s caused by charging and di schargi ng of two capacitances
each across the electrode for the 5 ‘predeterm ned i nk chanber and the
el ectrode for a correspondi ng inkyghanber adjacent to the

pr edet er m ned I nk chanber under a charging control of turning on
and of f the respective first and second sem conduct or

swi tching el enents connected to the electrode for a 10 pr edet er mi ned

i nk chanber, tusetweenfadfadeft tWe electrodd£spadreen fifietisnsjseeand
sem conduct or swi tchi ng - elenents connected to the el ectrodes of the

i nk - Cchafthem sa aptedetériOnédei nk ecliedmtiat itk | ik €ianberiativh
turning off the third sem conductor switching elenents 15 connect ed
bet-ween t he adjifmepresswrel ehicbdes, cawsied by chargisud sauad edischaodingi ng
control of turning off the respective first sem conductor sw tching
el enent of ot ceapat btancee| eachoarrosy theretretredectoy nkhe
chanmber, and turning on the third sem conductor 20 switching el enents
connect ¥l bet wiFPi9eeEmjinedninkyphamber ang|the (@lpatrode for a

According to the eighth ect of the present I nvention, there is

provi ded a headPF¥ p@n&i&gcénko?hamb r adiarenk-toithe ipredet@rnineds ¢ he
sanme arrangenenj-.as , 2 that of the head drjving device, provide
according to 1Pk Ch?ﬁhegiQ?aeﬁrasﬁéﬁﬁ?h“%§ﬁ@% F°£Q&fé¥%F? g rgnd
sem conduct or %¥%£C@ﬁggrgésgggiéeaffrggngﬁét§g§§k§n%£ﬁ¥%onductor
switching elements connected to the electrode for a
10 predetermined ink chamber,'turning off and on the
respective first and second semiconductor switching
elements connected to the electrodes of the ink
chambers adjacent to the predetermined ink chamber, and
turning off the third semiconductor switching elemenfs
15 connected between the adjacent two electrodes, and a
subsequent discharging control of turning off the
respeétive first semiconductor switching element
connected to the electrode fér a predetermined ink
chamber, and turning on the third semiconductor
20 switching elements connected between the adjacent two
electrodes.

According to the eighth aspect of the present
invention( there is provided a head driving device for
an ink-jet printer which has the Same arrangement as

25 that of ﬁhe head drivihg device provide according to

the sixth or seventh aspect, wherein the third

semiconductor switching elements are constituted by MOS



- 13 - transfer gates. Each of the head driving

devi ces according to the first to eighth aspects can be '

ranuf actured as a reliable IC which is not easily influenced by a

5 - parasitic active elenent created therein, and does not cause
degradation of inter-elenent isolation_ang,latch up.

In the head driving device according to the fifth aspect, since no
diode is used in the discharge path, 10 the circuit configuration can
be sinplified. I n each of the head driving devices according
to the erxhfrép §apbsh aspects, furthernore, the |oop

resi stance of the discharge path can be decreased, and the head can
be operated at a hi gbasheéf. thdShead drivingndévttesf atborbend €bi vhag

devi ces according to the sixth and ei ghth aspects, furthernore,
erroneous firstetoi eighthi akpeatsbeapr beemardfbytdeedeasi ag t he

di schargi ng speed of the capacitance. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs CFeXiEbDRAVEN@hieh is not easflySinfluenced hyeasecti onal
views for expl aining operations of a multi-nozzle ink-jet head used
in each 5 pardsithenacbivehelepentnereatedt therein, and does negrG 2
is a circuit diagram.show ng the arrange- ment of a head_driving
devi.ce accor di ngP¥8et Aegrafatiopsof ingpppaiaBaRt oisehatipesand 1atehti on;
FIG 3 is a circuit diagramshow ng the arrange- ment of a head

driving device ¥tording to the third

10

15

20

25

In the head driving device abcording to the fifth
‘aspect, since_no diode is used in the discharge path,
the circuit configuration can be simplified.

iIn each of the head driving devices according to
the sixth to eighth aspects, furthermore, the loop
resistance of the discharge path can be decreased, and
the head can be operated at a high speed.

In each of the head driving devices according to
the sixth and eighth aspects, furthermore, erroneous
ejection of ink can be prevented by decreasing the
discharging speed of the capacitance.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

'FIGS. 1A to 1C are sectional views for explaining

operations of a ﬁulti-nozzle ink-jet head used in each
embodiment of the present invention;

FIG. 2 is a circuit diagram showing the arrange-
ment of a head driving device according to the first
embodiment of the present invention;

FIG. 3 is a circuit diagram showing the arrange-

ment of a head driving device according to the third



- 14 - enbodi mrent of the present invention; FIG 4
Is a ci.rcuit diagram show ng the arrange- ment of a head driving
dévi ce according to the fourth enbodi ment of the present invention;
5 - FI GS. 5A and 5B are bl ock diagrans show ng the

arrangenment of an entire control section usjing the head driving
devi ce according to the fourth enbodi nent; FIG 6 is acircuit
di agram of a decoder shown in FIG 5B; 10 FIGS. 7TAto 7C
are sectional views show ng anot her arrangenment of a nmulti-nozzle

i nk-j et head useiduRalt of the p¥EdRdivTeHvedtidie present invention;
FIG 8 is a sectional view show ng the arrangenent of a typica

mul ti-nozzle ink-jet gRAd;4 a8l a ircuit diadddm shdwing CtHE Wdrdhggs am
showi ng the arrange- ment of a conventional head driving device.
DETAI LED DESCRI N o3 & Hedd\\dN iy device accordirgpaich dehevi fuuxkgvi ce
according to the first enbodi nent of the present invention wll be
described 20 emdmelioment of the presditGirivesiioimnt he arrangenent of a
mul ti-nozzle i nk-jet head. A plurality of recessed grooves are.
formed insa piezoel ed¥G%. gaiand 15B Arerikiake rdiagrams showing tthes, and
an upper lid 12 is fixed on the grooves to 25 formink chanbers RN in
associ ati on wit RurANgARARReLf an entipg, eondatqlediion wpirgdthr dreade

bottom portion and side walls, of each ink chamber RM' A nozzle (not
driving device according to the fourth embodiment;

FIG. 6 is a circuit diagram of a decoder shown in
FIG. 5B;

10 FIGS. 7A to 7C are sectional views shdwing another
arrangement of a multi-nozzle ink-jet head used in each
embodiment of the present invention;.

FIG. 8 is a sectional view showing the arrangement
of a typical'multi-nozzle ink-jet head;'and

15 FIG. 9 is a circuit diagram showing the arrange-
ment of a conventional head driving device.

DETAILED DESCRIPTION OF THE INVENTION

A head driving device according to the first
embodiment of the present in&ention will be described

20 below.

FIG. i shows the arrangement of a multi-nozzle
ink-jet head. A plurélity of recessed grooves are
formed in a piezoelectric member 11 at predetermined
pitches, and an upper 1lid 12 is fixed on the grooves to

25 form ink chambers RM in association with the grooves.
An electrode EL is spread over the bottom portion and

side walls of each ink chamber RM. A nozzle (not



- 15 - shown) is forned in front of each ink chanber RM and

an i nk.supply port (not shown) is forned in the rear of each ink
chanber RM In this head, the piezoelectric menber 11 has portions
formng walls which separate the 5 i nk chanbers RM from each ot her
and serve as piezo- electric (or gtectrostrictive) elenents W

I nt er posed between the el ectrodes EL. The respective piezo-

el ectric elenents Ware polarized upward as i ndi cat ed by arrows in
FIGS. 1Ato 1C. 10 In this ink-jet head, the electrodes EL are

normal | y groundgows) SbeWeorkiel! &n fon¥ep @ad@SihkV€hamber RMyOhhage is
applied to a selected el ectrode EL as shown in FIG 1B, two

pi ezoel ectric earnknkssippityvwpentt (rot shown) stsé efdered| £nt thder&hraod t he
el ectrodes EL adjacent . 15 thereto are externally distorted to expand
t he ink eathnbek EhamberhRMh tIhe thischeadgl ther pdezbklestric
present. Ikn contrast to this, as showmn in FIG 1C, when a negative
vol tage i s applhemben Lhehas|pertilons formimg e¢albsewkicht bepamete the
pi ezoel ectric el enents Wbhetween 20 the selected el ectrode EL and the
el ectrodss EL ink chambprecRM fremrceachrethex cand| $9rupsesr P&82€o conpress
t he i nk chanber i?ﬂin_mhich tge sel ected el ectrode EL . IS present.
Therefore, in tREeFhkifefORecgleChFentricgtive) elements Wi ipkerpagedhanber
RM i s changed iﬁtg t WO Qf ol E 25 tatfs (of the three ,states show in
FIGS. 1A, 1B, amrg - o-o" _elée?ﬁf‘l’ﬁﬁ?nﬁfat RAsTePRRCELXPePifiBRA in FIG
1A, ink $80c P2 b 26hEH L AL EL S 0PZA o OLplhE] 88T [AGE LR
by arrows in FIGS. 1A to 1C.
10 In this ink-jet head, the electrodes EL are
normally grounded as shown in FIG. 1lA. When a positive
voltage is applied to a selected electrode EL as shown
in FIG. 1B, two piezoelectric elements W between the
selected electrode EL and the electrodes EL adjacent
15 | thereto are externally distorted to expand the ink
chamber RM in which the selected electrode EL is
present. In contrast to this, as shown in FIG. 1C,
when a negative voltage is applied to the selected
electrode EL, the two piezoelectric elements W between
20 the selected electrode EL and the electrodes EL
adjacent thereto ére internally distorted to compress
the ink chamber RM in which the selected electrode EL
is present. Therefore, in the iﬁk—jet head, when the
state of the ink chamber RM is changed into two or more
'25 states (of the three states show in FIGS. 1A, 1B, and
1C) including at least the state shown in FIG. 1A, ink

can be ejected from the nozzle (orifice surface). The



T 16 - anount, speed, shape, stability, and the |ike of

ejected ink droplets are determ ned depending on a conbi nati on
anong the order, duration, and rate of the change of three states
shown in FIGS. 1A, 1B, and 1C 5 and an anount of distortion. In
general , these conditions are thgﬁized by experinents. In

addi tion, the driving conditions e adjusted to change the
anount, speed, shape, stability, and the |ike of ink droplets, if
it Is necessary to obtain gradations or 10 conpensate for differences

betveen the chAgeiee] Skh&sd, shape, Obt#BPPIeyl Nnadthigafikgrofhe |ike.

The head driving device has the afrangement shown n FIG 2 to
drive the nultig{edese mie-aﬁégi@ad dPe determif€dCabPEAdPREVEn Abre
specifically, the equivalent 5. circuit of the ink-jet " head is a
series circuit @dmbinationC&Rrefgt eRée6rddr, VBurdBioN¥, and £8b6tof utke by

pi ezoel ectric el enments Wwhich are connected in series via the

el ectrodes EL1,chaRge Bb8, thtde &tdtes-shown in FIGS. Yii{ hlBhiandilCuit,
.p-channel MOS field effect 20 transi stors TAl, TA2, TA3, TA4, TA5, ---
serving gs and &nramogehi gebndistortiont chImggehenaht stheseconnect ed
bet ween a VDD power supply termnal to which a VDD vol tage is

appl i ed and t hecenditionesareiopEirized by experimentls. FL5n-addithen,
n-channel MOS field effect 25 transistors TB1, TB2, TB3, TB4, TBS5,---

serving as the deivingseandbhions onrewprdingtedetenehangartheonnect ed

bet ween a VSS power supgly termnal to which a VSS . L
amount, spéed, shape, stability, and the like of ink

droplets, if it is necessary to obtain gradations or
10 compensate for differences between the charactefistics
of paper, ink, a head, or the like. |
The head driving device has the arrangement shown
in FIG. 2 to drive the multi-nozzle ink-jet head as
described above. More specifically, the equivalent
15. circuit of the'ink—jet head is a series ciréuit of
capacitanées Wl, W2, W3, W4,--- constituted by
piezoelectric elements W which are connected in series
via tﬁe electrodes ELl1, EL2, EL3, EL4, EL5,---.
With this circuit, p-channel MOS field effect
20 transistors TAl, TA2, TA3, TA4, TAS5,--- serving as
first semiconductor swiéching elements are connected
between a VDD power supply terminal to which a VDD
voltage is appliéd and the electrodes EL1, EL2, EL3,
EL4, ELS,-——, and n-channel MOS field effect
25 transistops TBl, TB2, TB3, TB4, TB5,--- serving as
second semiconductor switching elements are connected

between a VSS power supply terminal to which a VSS



- 17 - voltage | ower than the VDD voltage is applied and the

el ectrodes EL1, EL2, EL3, EL4, EL5,---. The back gates of the

p- channel MOS field effect transistors TAl, TAZ2, TA3, TA4, TAS5, ---
are connected to the VDD power supply 5 term nal, and the back gates
of the n-channel MOS field ef f ect iran5|stors TB1, TB2, TB3, TB4,
TB5,--- are connected to a VSUB pomer supply ternlnal haV|ng a
potential different fromthose of the VDD power supply term nal and
t he VSS power supply term nal. \Wen the 10 field effect transistors

TAL, TA2, TA3, J&fta&@ﬁléwer than thén¢D§h€oit§§Q féfﬁgﬁ%ié&nﬁﬁéteﬁé TB1,
TB2, TB3, TB4, TB5,--- are incorporated™in a s conduct or

substrate eleéﬁf@&@s'ﬁLE¥ B62pUB) 3} ORLOPSELS YLe-{ herhat BgERt §dtes
circuit, the VSUB potential of the VSUB power supply 15 termnal is

applied to the senthenpdchahnéUbMOsafeedl effect tthfAsistogsaTRy, CTARZYIL.
A drive signal is supplied to the gate termnals of the field

ef fect transi stDa3, TRA4, TRRS, +A3, a¥éddcorninected H#d5the- VDhr pogéri supplers
IvVl, 1V2, . 1V3, V4, 1V5---. 20 In this head driving device, for
exanpl e, 5t he vVOeerminal, aondehheaback gatesoofOvhet hechasnpdt MASi iield set
to Ov, and the VSUB potential is set to -5V. A current

rarely flows tdeﬁﬁ%CQEEEﬁbémétogépﬁﬁyrt@B%inﬁB3raﬁB4th@B5r--- ar§/SUB power
supply term nal does ‘not require voltage precision. _For this
reason, -5V carcPRnectedyteed B§U§ power suEH%YgEeﬁﬂﬁﬁabthHénglﬂe Nbr e

ﬁg:glgigﬁgly thgtgggial differe kaggmdgﬁégg ggytge ESQeS”s5881§”k Jet

terminal and the VSS power supply terminal. When the
10 field effect transisﬁors TAl, TA2, TA3, TA4, TAS,---
and the field effect transistors TBl, TB2, TB3, TB4,
TB5,--- are incorporated in a semiconductor substrate
(shown later as SUB) to constitute the integrated
circuit, the VSUB potential of the VSUB power supply
15 terminal is applied to the semiconductor substrate of
the integrated circuit. |
A drive signal is supplied to the gate terminals
~of the field effect transistors TAl, TA2, TA3, TA4,
TAS5,--- through inverters 1IVl, Iv2, IV3, 1IVv4, 1IVS5,---.
20 In this head driving device, for example, the VDD
potential is set to 20V, the VSS potential-is set to
0V, and the VSUB potential is set to -5V. A.current
rarely flows to the VSUB power supply terminal, and the
VSUB power supply terminal does nof require voltage
25 precision. For this reason, -5V can be easily set by a
charge pump or the like. More specifically, the head

driving device may be mounted on the ink-jet head along



- 18 - Wi th such a charge punp circuit to reduce an anount of

W ring. For exanple, a case wherein an ink is ejected

forom an i nk chamber B will be described below In a 5. stationary

state, a lowlevel drive signal is supplied to the gate termnals

of the field effect transistors _ qul, TA2, TA3, TA4, TA5,--- through
V3, V4,71 V5

the inverters V1, |1V2, 5. ---, and the field effect

transistors TAl, TA2, TA3, TA4, TA5,--- are set in an 10 OFF state. A
hi gh-1evel drive signal is supplied to the gate termnals of the

field effect trandi h@H a charge EreylifS £ol Bbadd® an -améife tHe field
ef f ect transistors TBl,ngélm%'B3, ‘Iul?}4 ‘FB?b ! arenseqt\ I n an
ON state. In tRisrimyner, the capacitances W, W2, W3, 15 W, --- are

set in a discharge state. The state of the i nk-jet head at this

time is shown in Fl GodAexample, a case lWwhdridin Hrdtink didigjedeyel drive
signal is supplied to the gate of the field effect transistor TA3

t hrough the i nvxrdmeran \ink cchamiseorB twicl X id dleafdeidied Aelow. t ramsa St or
TA3, and a low | evel drive signal is supplied to the gate of the
field efSect tratmtionaryBstate, a laow-lewel sifivehesigral b$ feuppliedsi stor
TB3. In this manner, a voltage of 20V is applied to el ectrode EL3
fromthe VDD pdvertheipgate teerminals ©f Hidredf ieHd q&eet toansistoces W
and WB. The charge path used at this tine is as follows: VDD >
transi stor TA3 TR 4odeA3, TA4, TA% v ddwquahddhevinverRxs ode EL2 >

transistor IVl, IV2, IV3, IV4, IV5,---, and the field effect

transistors TAl, TA2, TA3, TA4, TAS,-~-- are set in an

10 OFF state. A high-level drive signal is supplied to -
the gate terminals of the field effect transistors
TB1, TB2, TB3, TB4, TBS5,---, and the field effect
transistors TBl1l, TB2, TB3, TB4, TB5,--- are set in an'
ON state. 1In this manner, the capacitances W1, W2, W3,

15 W4,--- are set in a discharge state. The state of the
ink-jet head at this time is shown in FIG. 1A.

In this state, a high-level drive signal is
suppliéd to the gate of the field effect transistor TA3
through the inverter IV3 to turn on the field effect

20 transistor TA3, and a low-level drive signal is
supplied to the gate of the field effect transistor TB3
to turn off the field effect transistor TB3. In this
manner, a voltage of 20V is applied to electrode EL3
from the VDD power supply terminal to charge the

25 capacitances W2 and W3. The charge path used at this
time is as follows: VDD > transistor TA3 > electrode

EL3 > capacitance W2 > electrode EL2 > transistor



- 19 - TB2 > VSS and VDD > transistor TA3 > el ectrode EL3 >
capacitance WB > el ectrode EL4 > transistor TB4 > VSS. Wth
t.his charging, the piezoelectric elenment W bet ween the el ectrodes
EL2 and EL3 and the piezo- 5 electric elenment Wbhetween the el ectrode
EL3 and EL4 are distorted externally when viewed fromthe ink
chanber B to be set in the state of FIG . In this state,
when the field effect transistor TA3 is turned off, and the field
effect transistor 10 TB3 is turned on, the capacitances W2 and WB are

di scharged. A har p d | | LS 9S f oys: VSS >
t ransi st or TBngﬁglec?ggdghE gﬁﬁ >a£r£Hé§%%%€§T%gncee cgrg?gcﬁ%gde EL3 >

transistor TB3 gaysSitance W3aHUeYStrodsamsi o5 OkrdRdi stk eontoslevess >
capaci tance 15 WB > el ectrode EL3 > transi stor TB3 > VSS.

Wth this dischargi ngithheéhssatRa8§ihgp thé ﬂlezoelecﬁhiﬁbéleﬁeﬁﬁtwr ns to
the original state of FIG 1A In I's manner, the state of the

i nk chanber B cbatgeen the electrodeshBEL2tahd BL3Faftd thet piéebke-state of
FIG 1B and 20 returns to the state of FIG 1A As aresult, ink is
ej ected §rom t heleckzie elembnti WkbehweenrtBe electrode EL3 ahd Eb#énm nal s
of the field effect transistors TB2 and TB4 on the VSS power
suppl y terninal aseddigteyted externaliyswvhencviewednhfirgitngheahtkserve as
drains in. 25 di scharging. The VSUB potenti al & SVZ | ower than the
VSS potential (€hgmberaBpkPehet 8etnhénphbe §E§E§ of Fie- 1B. field

effect transistors TBZ and TB4, and t he back
In this state, when the field effect transistor

TA3 is turned off, and the field effect transistor
10 TB3 is turned on, the capacitances W2 and W3'are
discharged. A discharge path used at this time is as
follows: VSS > transistor TB2 > electrode EL2 >
capacitance W2 > electrode EL3 > transistor TB3 > VSS
and VSS > transistor TB4 > electrode EL4 > capacitance
15 ﬁ3 > electrode EL3 > transistor TB3 > VSS.

With this discharging, the state of the ink
chamber B returns to the original state of FIG. 1A. 1In
this manner, the state of the ink chamber B changes
from the state of FIG. 1A to the state of FIG. 1B and

20 returns to thé state of FIG. 1lA. As a result, ink is
ejected from the nozzle of the ink chambe; B.

The terminals of the field effect transistors
TB2 and TB4 on the VSS power supply terminal side serve
as sources in charging, and serve as drains in

25 discharging. The VSUB potential (-5V) lower than the
VSS potential (0V) is applied to the back gates of the

field effect transistors TB2 and TB4, and the back



220 -

reason, when a voltage applied to the VSUB power supply
set to be larger than a val ue obtai ned by

gates are isolated fromthe VSS potential. For this

potential froma drop voltage 5 generated by the field effect

transistors TB2 and TB4 i n discha

sem conduct or

device is

el ements in the IC, and

can be
i sol ati on or
termnal g

the adjacent field effect transistors TB1, TB2, TBS3,

| at ch up.

ging, no current fromthe

termnal is
subtracting a pn contact

substrate is drawn ?o the field effect transistors
TB2 and TB4. More specifically, when the VSS potential and
the VSUB potential are set to OV and -5V, the current 10 - fromthe
sem conductor ig§apgk 8F8Misolated from theNvEsi potBABER1 .WheByt BRiEri Vi ng
. " incorporated in the sem conductor substrate to form an
I C, drawi ng of Ae&86APNWhEROH VBetageshppleéefotenthal VSUB poweitO88ppliy
occur. Therefore, when the driving device is 15 nmounted on an | C,
driving devi ce termbhatassl get to be lambbrethard hyvpduasobtaiaetli by

subtrmaatdngi ahpot coatectgpdtgnidali Smomf ai drep- ¥pdkege

t he

a head driving IC having high reliability

20 ] In the lines of the VSS power supply
gengratad by 4bsi £iBlg péfestnbuangdRtons: TBie 288aTRE of
B4, TBS5, ---

are as cl ose toiBadhsehpEging,pposcyreent from thgesemdcondusioroop of the

di scharge path in

i nfluence’
r educed.

10

15

20

25

di schar gi n _he_decreased . in si,ze, an

25 ) ging . ca d an
subsgrate, i8,dxgwpe kP F%ed¢§€ﬁgrSﬁ%&cﬁntFWQS&FFEE?tT@?n
and TB4. More specifically, when the VSS potential and
the VSUB potential are set to 0V and -5V, the current
from the semiconductor is not drawn.

In this manner, when the driving device is
incorporated in the semiconductor substrate to form an
IC, drawing of a current from the substrate potential

does not occur. Therefore, when the driving device is

~mounted on an IC, the driving device is not easily

influenced by_parasitic active elements in the IC, and
a head driving IC having high reliability can be
obtained without caﬁéing degradation of inter-element
isolation or latch up.

In the lines of the VSS power supply terminal,
wiring is desirably performed such that the drains of
the adjacent field effect transistors TB1, TB2, TB3,
TB4, TB5,--- are as close to each other as possible.
Therefore, the loop of the discharge path in
discharging can be decreased in size, and an influence
of a rush current iﬁ discharging on the circuit can be

reduced.

be



221 - In this enbodi ment, since the field effect

transistors TBl1, TB2, TB3, TB4, TB5,--- have bi di recti onal
properties, diodes need not be parall el connected to the
transistors to forma discharge path, 5 t hereby obtaining a sinple
circuit arrangenent. Therefore, the driving device is nounted on an
IC, an ' area occupied by the drTvi b devi ce can be

advant ageousl y decr eased. A head driving device according to

t he second . 10. enbodi ment of the present i nvention will be described

bel ow. .%ﬁ %ﬁ%&sgﬂESQiHEHE %@guggﬁ ffeﬂ&'&k?gcgev'ce

shown in FIG 2 havi arrangé I'n the first

embodi ment_ i s uéfgnsigl@?ngt'fﬁi' a&ézofTéﬁ'e TBP, TBS5)SS-pAWGE supply terminal
and the VSUB power supp rmnal are set'to be equal to each

other. Mre bldlréeefbﬁaﬁ %f&pef@f@sa di8864r 86e@UnbENbei pagaBlbli n the
driving device In 2, age drop occurring in the field

ef f ect trans'StééﬁnagﬂeénﬂoTBHelﬁr&ﬁﬁibtoﬁﬁ td0form ahdisthargkapdtha
current does not fl ow between the sem conduct or substrate and the

el ectrodgs EL2 gherébg obtaininguatsimpleoténtust drféasgemeatlarger than
the forward vol tage of the pn contact is generated. Mire specifi-
cally, a di scharperefiorepnt theedrioingl devibeoiighmaunéd on par 3€i,t Ao di ode
formed between the sem conduct or substrate and the el ectrodes EL2
and EL4. - area occUpéedf byethehdnivihngddevhaegeasubPeent is snal |,

advantageously decreased.
A head driving device according to the second
10. embodiment of the present invention will be described
below.
In this embodiment, although the driving device
shown in FIG. 2 having the same arrangement as that
in the first embodiment is used, the potentials of the
15 VSS power supply terminal and the VSUB power supply
terminal are set to be equal to each other. More
specifically, when a discharge current is small in the
driving device in FIG. 2, voltage drop occurring in
the field effect transistors TB2 and TB4 is small. On
20 the other hand, a current does not flow between the
semiconductor substrate and the electrodes EL2 and EL4
until a potential difference larger than the forward
voltage of the pn contact is generated. More specifi-
cally, a discharge current does not flow through a
25 parasitic diode formed between the semiconductor
substrate and the electrodes EL2 and EL4.

Therefore, when the discharge current is small,



- 22 - and voltage drop occurring in the field effect

transistors TB2 and TB4 is sufficiently small, a di scharge current
does not flow in the sem conductor substrate even if VSS = VSUB is
establ i shed. Under 5 this condition, when VSS = VSUB is set, the
nunber of types of power suppILeSZ%an_be decreased, and a sinple
structure can be obtained. A"head driving device according to
the third enbodi ment of the present invention will be described 10
bel ow. The sanme reference nunerals as in the first

enbodi ment descaﬁ@%ﬁéags_éfa?tscwfrfzﬁg?nggeﬁé fleif®effect third

.enbodi nent, and a description Thereof w omtted. According to

this enbodi mentyrasss0e8Psi 08218nd TBE! G Suf £ Ofest DlenXR] HX3, DX4,
DX5,--- are parallel connected to field effect transistors TB1,

TB2, TB3, disdRdrgd BSurrent 0dbéy end €VEIGRIiNOotRé | $emidbneuspeei fi -
cally, the anodes of the di odes DX1, DX2, DX3, DXx4, DX5,--- are
commonly connecéebstoataeceVes pOHVWEBESSHPYSYB 26 estabrkishedl, Wndethe

cat hodes of the diodes DX1, DX2, DX3, DX4, DX5,--- are commonly
connect el to el tlisodendition, when VES2= VBUB i# 4se¥) Sthe-number of

In this manner, when the di odes DX1, DX2, DX3, DX4, DX51--- are
paral | el connect¥Be$ c0f hBoVeE| §uppiies c2p be decreasederandpa, simple TB3,
TB4, TB5,---, the head can be operated at -a high speed. Mre .
specifically, t®brefture can baspbtaipedof the field effect transistors

TB1l, TB2, . :
A head driving device according to the third

embodiment of the present invention will be described
10 below.

The same reference numerals as in the first
embodiment described above denote the same parts in the
third embodiment, and a description thereof will be
omitted. According to this embodiment, as shown in

15 FI1G. 3, diodes DX1, DX2, DX3, DX4, DX5,--- are parallel
connected to field effect transistors TB1l, TB2, TB3,
TB4, TB5,--- to have reversed polarity. More specifi-
cally( the anodes of the diodes DX1, DX2, DX3, DX4,
DX5,--- are commonly connected to the VSS power supply -

20 terminal, and the cathodes of the diodes DX1, DX2, DX3,
DX4, DX5,--- are commonly connected to électrodes EL1,
EL2, EL3, EL4, ELS5,---.

In this manner, when the diodes DX1, DX2, DX3,

DX4, DX5,--- are parallel connected to the field effect
25 transistors TBl1, TB2, TB3, TB4, TB5,---, the head can
be operated at a high speed. More specifically, the ON

resistance of the field effect transistors TB1l, TB2,



- 23 - TB3, TB4, TB5,--- is generally higher than the ON

resi stance of the diodes DX1, DX2, DX3, Dx4, DX5,---. Ther ef or e,
when the di odes DX1, DX2, DX3, DXx4, DX5,--- are arranged on the
di scharge path of capacitances W, 5 W, WB, Wi, ---, discharging is
performed at a high speed, and_t hg,head can be operated at a high
speed. In this case, the head driVving device is incorporated

in the substrate to forman IC, drawing of a current fromthe
substrate potential does not occur, and a head 10 driving I C having

high reliabilitygganrBg, sesCLULefls generally higHePegdafrtNéngndevi ce
according to the fourth - enbodi nent of the present invention wll be

descri bed resbetaice of the diodedhBXxEpnpx2 £fEXBNCEXA)NBXR} S-as in the
first 15 enbodi ment descri bed above denote the sane parts in the

fourth enbodi neTiierafidra, dekéni phéodiddes eDX1 i bX2 pbeDX3, DX4, ODXS | ed-
According to this enbodi nent, as shown in FIG 4, MOS transfer
gates (a kind odreransasged)ofi@he discharderpatiiciof TéApacitanees gl as
third sem conductor 20 switching el ements are connected in garayle
with 5 cbhci WancHe, wt-, vdisgBargung-is pertormedi atcal hig

the MOS transfer gate TGL i s connected between the . electrodes EL1
and EL2, the MEPeednseBd thecheeg ¢an be operatpflcdted highectReefe

el ectrodes EL2 and EL3, the MOS 25 transfer gate, TG3 i s connected
between the el eERrbRe8 case, the head dpiying geyhee VR LRGAEPeFateEe T

's connect ed in thétgugggrngcgéoggng%ﬁ ?8? g%gWinglof a current
from the substrate potential does not occﬁr, and a head
10 driving IC having high reliability can be structured.

A head driving device according to the fourth
embodiment of the present invention will be described
below.

The same reference numerals as in the first

15 embodiment described above denote the same parts in the
fourth embodiment, and a description thereocf will be
omitted. According to this embodiment, as shown in
FIG. 4, MOS transfer gates (a kind of transistor) TG1,
TG2,'TG3, TG4,--- serving as third semicondﬁctor

20 switching elements are connected in parallel with
capacitances W1, W2, W3, W4,---. More specifically,
the MOS transfer gate TGl is connected between the
electfodes EL1 and EL2, the MOS transfer gate TG2 is
cénnected between the electrodes EL2 and EL3, the MOS

25. transfer gate TG3 is connected between the electrodes
EL3 and EL4, and the MOS transfer gate TG4 is connected

to the electrodes EL4 and ELS.



- 24 - In this head driving device, in an stationary
state,.the field effect transistors TAl, TA2, TA3, TA4, TA5,.. are
set in an OFF state, the field effect transi stors TB1, TB2, TB3,
TB4, TB5,--- are set in an 5 ON state, and the MOS transfer gates
TG, T&, TG3, THA, --- are set | n OFF state. In
this state, when the field effect transistor ~ TA3 is turned on, and
the field effect transistor TB3 . is turned off, the capacitances W
and WB are charged. 10 A charge path used at this tinme is as follows:

VDD > ' tranS'fﬁoéhIEGhéaéléfiéPﬁg &géﬁéécafﬁcéﬁagegtlonary w >
el ectrode EL2 > transistor TB2 VSS an transi stor TA3 >

el ectrode EL3 >s€é‘9é‘¢'£ﬁé'0§1e\ﬁgd>effect tr&nEL4{0A A, >rhvansgh st opadB4 >
VSS. 15 In this state, when the field effect t ran$i st of

TA3 is turned ofAs, andaidesdESihr&ASORF gedeS, TEHe aPfleld effect 3 are
turned on, the capacitance W2 is discharged t hrough the MOS |

transfer gate TERansbstohse TBPACTB2ANCEB3, TB4, P85)s-di apbasgedinhanugh the
MOS transfer gate T&. In 20 this manner, when the capacitances W2 and
VB are 5§ Qhastatke di anthat e dMOR| eransfenfgatds i EGper TOER peTG3,

When t he capaci tances W2 and WB are di scharged, the field effect
transi stors TAITGhea-TR3AE@esebtinnan OFF stage OFF state, and the field
effect transistors TB2 and 25 TB4 are set in an ON state. For this
reason, the 56t%h%$a§§aﬁ?vaWhe?h%h%oﬁh%%da$%fﬂ6F tEaRFishan t he VSS

e. When the d |V|n unit is ted on | C,
vo]tag A3 r turned on, agg nhe fiel effect transistor TB3

is turned off, the capacitances W2 and W3 are charged.
10 A charge path used at this time is as follows: VDD >
transistor TA3 > electrode EL3 > capacitance
W2 > electrode EL2 > transistor TB2 > VSS and VDD >
transistor TA3 > electrode EL3 > capacitance W3 >
electrode EL4 > transistor TB4 > VSS.
15 In this state, when the field effect tfansistor
TA3 is turned off, and the MOS transfer gates TG2 and
TG3 are turned on, the capacitance W2 is discharged
through the MOS transfér gate TG2, and the capacitance
W3 is.discharged through the MOS transfer gate TG2. 1In
20 this manner, when the capacitances W2 and W3 are
charged/discharged, ejection of ink is performed.
When the capaéitances W2 and W3 are discharged,
the field effect transistors TA3 and TB3 are set in
an OFF state, and the field effect transistors TB2 and
25 TB4 are set in an ON state. For this reason, ﬁhe
potentials at all the points are nbt lower than the VSS

voltage. When the driving unit is mounted on an IC,



- 25 - drawi ng of a current fromithe substrate potential does

not occur. Therefore, as in this enbodi nent, a head driving IC
having high reliability can be structured. - In this driving
devi ce, since one capacitance is 5 di scharged by using only one MOS
transfer gate, a charge path can ?g nore shortened. Therefore, even
| f an ON resistance per transistof“does not change, the

| oop resistance of the discharge path can be decreased, and the
head can be operated at a high speed. 10 As descri bed above, the

MX transfer gajpawifig 88da current TFPoR' €hd WSS PALENEHLEAREAESAHLE
charging the .Capaci tances W and WB are di scharged by a charge

current flow ngnébresslirt herheépbfoféf eas 1haewist&ibodiment, TA3hek@vever,
the MOS transfer gate T& is also turned 15 on when reversely charges

whi ch charge thdriepagi I@nhe&ving high\WeRhi&bill SEyacgedbédysbrabaagedcurrent
fl owi ng through the field effect transistor TA2, and the MOS
transfer gat EnTEHissdriving wdeeicen simre core gegpabitancevissel y
charge the capacitance WB are di scharged by a charge 20 current

fl owi ng 5hroughdiseharged byfweingremiysene MOS trangfer gate, a FI GS.
5A and 5B are bl ock diagrans showi ng the arrangenent of an entire
control sectionChAggadPAfht gan be morenghertened ng Beerefora, Feeengifin the
control section, to be grinted are serially supplied to a

shi ft r@ﬁiégeFe§igg%gc§tB?Ed FaneHetehi 49°F c@PSt hangey nthe
synchronisnlmﬁtfogpsgggisggggé.o;hghgaéfsgﬁgggg égtﬁhgan be decreased, -
and the head can be operated at a high speed.
10 As described above, the MOS transfer gates TG2 and
TG3 are turned onlwheh charges for charging the
capacitances W2 and W3 are discharged by a Eharge
curreﬁt flowing through the field effect transistor
TA3. However, the MOS transfer gate TG2 is also turned
15 on when reversely charges which charge the capacitanée
W2 are discharged by a charge current flowing through
the field effect transistor TA2, and the MOS transfer
gate TG4 is also turned on when charges which reversely
charge the capacitance W3 are discharged by a charge
20 current flowing through the field effect transistor
TA4.

FIGS. 5A and 5B are block diagrams showing the
arrangement of an entire control section including the
head driving device in FIG. 4. In the control section,

25 data to be printed are serially supplied to a shift

register 31 and stored in the shift register 31 in

synchronism with a shift clock. The data stored in the
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shift register 31 correspond to 4-bit gradation data

for each nozzle, and the 4-bit gradation data are respectively

latched by 4-bit latch circuits LT1, LT2,

| at ch pul se.
be stored in the shift register 396 The 4-bit

gradation data | atched by the 4-bit
LT4, and LT5 are supplied

LT3, LT4, and LT5 by

a

After the data are 5 | at ched, data to be printed next can

|atch circuits LT1, LT2, LT3,
to 16 to 1 selectors SL1, SL2, SL3, SL4,

and SL5, 10 respectively. The selectors SL1, SL2, SL3, SL4, and

SL5 sel ects OnesﬁIPEn:él&giéi‘éf‘%P%éfréé biSto 4-b gﬁ%aswaﬁ' d¥t4 nput on
the basis of the val ues” of nput gra t|o to output the
sel ected tim ngfor each Mﬁﬁe?témdigthé'hﬁ-ﬁﬁi eg&datidhNgasll £ are
supplied 15 to 2-bit sequencers SQL, S, S, S, and S,
respectively. Qrespéctively latehgd by Se-I5itil@schScircuits DPD; SLPPAl data
for non-printing. The remaining W timng pulse strings are set to

be pul se strindgsThik, and LTSirley pa esatch opubse r ol Afber 2thée t dseaguaneer s

SQL, SQ2,

20

SB, S, and S at a timng by a procedure in which

anounts ®f ink latdhed; cdatal to s eprirpreddiext oran be storedpintthe
The 2-bit sequencers SQI, SQ2, S@, SM, and S
convert the inpthift wegistesedlnto control timng data Bl and
i ncluding the infor t|on 25 of the_ order and tinme of four states,

gradati ons.

i.e., "0,0",
sequencer .

10

15

20

25

e ot1pit gradatioy data-latcheddhy obhentwbit a
latch |gf]l__<cu;|_@s f’?f;[ r0+2;[ II{H‘?Q I.(EI'Iz‘i 'a E&daﬂ'gS Bazrérgl%fafled

to 16 to 1 selectors SL1, SL2, SL3, SL4, and SLS,

.respectively. The selectors SL1, SL2, SL3, SL4, and

SL5 selects one from 16 timing pulse strings
additionally input on the basis of the values of the
input gradation data, to output the selected timing
pulse string. The selected timing pulses are supplied
to 2-bit sequencers SQ1, SQ2, SQ3, SQ4, and SQ5,
respectively. One of the 16 timing pulse strings is
non-signal data for non-printing. The remaining W
timing pulse strings are set to be pulse strings which
are preset to control the 2-bit sequencers SQ1l, SQ2,
SQ3, SQ4, and SQ5 at a timing by a procedure in which
amounts of ink to be ejected are set depending on
respective gradations.’ The 2-bit sequencers SQ1, SQ2,
SQ3, SQ4, and SQ5 convert the input timing pulse into
control timing data Bl and B2 including the informatioﬂ
of the order and time of four states, i.e., "0,0",
"0,1", "1,0", and "l,l"lin synchronism with a sequencer

clock. The control timing data Bl and B2 from the

B2



- 27 - sequencers SQL, SQ2, S@, SA, and S are assigned to

odd- nunber nozzles or even- nunmber nozzles by a denul ti pl exer 35
constituted by a plurality of AND gates. More specifically, -the
denul tiplexer 35 5 supplies the control timng data Bl and B2 fromthe
sequencers SQL, S, S, SA, and SCB t o, decoders DCAl, DCA2,

DCA3, DCA4, and DCAS in response to an- od% = nunber sel ection signal ODD,
respectively, and the derul ti pl exer 35 supplies the control timng
data B1 10 and BZ fromthe sequencers SQ, S, S@B, S, and Sb

to decoders DCBl Dqgs
even"nunber sel%ﬁﬁ$%ﬁF%¥% 1E€§z§ §a§ respectle5 aréE&QQﬂ?ﬁ%?Ogagignal
0,0" Is SUppl'éﬁk —number 8z % 1Es I6F 08FéR- Lilitbe PGSz z EB3py B4, and DCBS

15 correspo ng to the even-nunber nozzles when the odd-

number sel ecti Offorh B | 351 BPHEtieRted Oby h& plural
pluralitgeofdaNB DCAL,
DCA2, DCA3, DCA4, andﬁ%CAS correspondi ng - to the odd-nunber nozzl es

when the even-mygbs . MSPbespbeDfstgDBy, VIR demubpiplexdp 35 As
shown in FIG 67 the decoder 1l is con- stituted by three

two-i npug AND ggdpplDEAlthe DESdLroantiming data DEN18ndnB2t fiwomntbet ers
DCA14 and DCA15, and the decoder DCB1l is constituted by three
two-input AND sequencegat 8Q1pCS8Q2, 80B12804ndamdBs@Sate daeoHA¥Erters
DCB14 25 and DCB15. The decoder DCAl directly inputs a signal

Al of two-bit BCHhal BCAR, BAEA3A2DCAfenmnAcDERRULR| response topppyadss (o

t he AND gate DCA13, and inputs the signal
number selection SLgna ODD, respectively, and the

demultiplexer 35 supplies the control timing data Bl

10 and B2 from the sequencers SQ1, SQ2, SQ3, SQ4, and SQ5
to decoders DCB1l, DCB2, DCB3, DCB4, and DCB5 in
response to an even-number selection signal EVEN,
respectively. _Note that a signal "0,0" is supplied
to the decoders DCB1l, DCB2, DCB3, DCB4, and DCB5

15 corresponding to the even-number nozzles when the odd-
number selection signal ODD is input; and to the
decoders DCAl, DCA2, DCA3, DCA4, and DCAS_corresponding
to the odd-number nozzles when the even-number
selection signal EVEN is input.

20 As shown in FIG. 6, the decoder DCAl is con-
stituted by three two-input AND gates DCAll, DCAl2, and
DCA13 and two inverters DCAl4 and DCA1lS5, and the
decoder DCBl is constituted by three two-input AND
gates DCBl1l, DCB12, and DCB13 and two inverters DCB14

25 and DCB15. The decoder DCAl directly inputs a signal
All of two-bit signals All and A21 from the demulti-

plexer 35 to the AND gate DCAl3, and inputs the signal



- 28 - _ Al'l to the AND gates DCA1l and DCAl12 t hrough the

i nverter DCAl4. The decoder DCAl directly inputs the signal A21 to
the AND gates DCAl1l and DCA13, and inputs the signal A21 to the AND
gate DCA12 t hrough the 5 i nverter DCA15. The decoder DCB1 directly

I nputs a signal Al2 of two-bit signals Al2 and A22 fromthe
dermul ti pl exer 35 to the AND gate DCB13, ahd inputs the signal Al2
to the AND gates DCB11 and DCB12 through the i nverter DCB14. The
decoder DCBl directly inputs the 10 signal A22 to the AND gates DCB1l

and DCB13, and u [ t fﬁ*b 12 t hrough
t he | nv%??e{rtéD%:}éGS%ND E_;Q’éeé ﬁé‘ﬂil%l'&‘é}&g?gna Qgﬁ&%ﬁ ed from
the AND gates jnverteP#éA14DCAMEe @Eddder el d XEILly aDfphkBl8hé0 a

head 15 driving device 38. The head driving device 38

conprises transgsgnal CARtutd SRetANDSgdtdd DCATTCAdRI ©¥A13, and yapessGl to
@@, and transistor circuit sections TCB1 to TCB9. The transistor
circuit sectionsh@dCGidghal TR210to the ANDagate BCA12| thedhghttheansi stors
TA1, TB1, TA2, TB2, 20 TA3, TB3, TA4, TB4, TA5, TB5,--- and the
inverters |Vl inverter DCAR5.| VBhe|dacodas DCB1 shiwecthy Flgputs &he

transi stor . circuit sections TCB1 to TCB9 have the MOS transfer
gates TGL, TG2, sigpaltih2.of twewhitnsiymale Al2 and A22 from theve signal
S11 is Supp|led fron1the AND gat e DCA11 of the decoder DCAl to the
inverter |Vl ofdgRaltiplexer g?aﬁglgP%rAﬂ$r%iﬁ% RER13 orandainpykd Bhari ve

signal S21 signai AigpglIeﬂef£§31égﬁgéw%%ﬁgﬁ an DCBi? tgrogghetﬁé the

inverter DCB14. The decoder DCB1 directly inputs the
10 signal A22 to the AND gates DCBll and DCB13, and inputs
the signal A22 to the AND gate DCB12 through the
inverter DCB15.
A drive signal is supplied from the AND gates
DCAl1l, DCAl2, DCAl1l3, DCB1l, DCB12, and DCB1l3 to a head
15 driving device 38. The head driving device 38
comprises transistor circuit sectiéns TCAl to TCAl10, OR
gates Gl to G9, and transistor ciréuit sections TCB1l to
TCB9. The transistor circuit sections TCAl to TCAl0
have the field effect transistors TAl, TBl, TA2, TB2,
20 TA3, TB3, TA4, TB4, TAS5, TB5,--- and the inverters 1IV1,
Iv2, 1v3, Iv4, IV5,--- shown in FIG. 4. The transistor
circuit sections TCB1l to TCBY9 have the MOS transfer
gates TGl, TG2, TG3, TG4,--- shown in FIG. 4.
A drive signal S11 is supplied from the AND gate
25 - DCAll of the decoder DCAl to the inverter IVl of the
transistor circuit section TCAl, and a drive signal 521

is supplied from the AND gate DCAl2 to the gate of the



- 29 - field effect transistor TB1 of the transistor circuit
sectiaon TCAl. A drive signal S31 is output fromthe AND gat e
PCA13, and the drive signal S31 is supplied as a drive signal Sl1-2
to-the gate of the MOS transfer 5 gate TGL of the transistor circuit
section TCBl through the OR gate .._Adrive signal S12 is
supplied from the AND gate DCB1l1l of the decoder DCBl1l to the

i nverter V2 of the transistor circuit section TCA2, and a drive
signal S22 is supplied fromthe AND gate DCB12 to the 10 gate of the

field effect trepeldteoffdt rahBestor TB1 &f aflee StPan€isedt tespshion TCAZ.
A drive signal S32 is output fromthe AND gate DCB13, and the drive

si gnal S82tisnsDPRLL edAadravdrs Ygnsl 053l &8 -AQutput hergmt ehef

the MOS transfer gate TGL of the transistor circuit 15 section TCB1
t hrough the OR AP eg@tie BOAl3s angptheddmive signal aS3lti v® supphiedlas to
the gate of the MOS transfer gate TG of the transistor circuit
section TCB2 thodghve signalt fd-2Rtgathe Qrate\ eficthyd YOS tramsferents of
t he decoders DCAl and DCBl are described here, the 20
arrangensnt s of 9dtReFClebdbhe boapsistor cirewipopection TCBl tipomsghre

t he same as those q& t he, decoders DCAl and DCB1. . The
out put term nal SP®fOREAERaRL; st BrdEive Fignal S12 igcsuppliqdafire® TCAl0

o, conmeet o0 Lons! by 3983, Bby 207 e e RRECkE ke, FRREhAE RS
decoders DCAl tf)vpcé? @ﬂg ngljisigtgchgiiréufépsrggéfgnhi{CAZ, and a drive
signal S22 is supplied from the AND gate DCB12 to the
10 gate of the field effect transistor TB2 of the
transistor circuit section TCA2. A drive signal S32 is
output from the AND gate DCB13, and the drive signal
S$32 is supplied as a drive signal S1-2 to the gate of
the MOS transfer gate TGl of the transistor circuit
15 section TCBl through the OR gate Gl, and is supplied as
a drive signal S2-3 to the gate of the MOS transfer
gate TG2 of the transistor circuit section TCB2 througp
the OR gate G2. Although the arrangements of the
decoders DCAl and DCB1l are described here, the
20 -arrangements of other decoders DCA2 to DCA5 and DCB2 to
-DCB5 are the same as those of the decoders DCAl and
DCB1.
The output terminals of the transistor circuit
sections TCAl to TCAl0 are connected to electrodes EL1
25 to EL10 connected to capacitances W1 to W9, respec-
tively. The input/output relationship among the

decoders DCAl to DCA5 and DCB1 to DCB5 is expressed by
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driving device 38 corresponding to the truth table are shown in the
follow ng table: Table 1 5.

Al A2 Slx S2X S3X OQUTPUT 0O 0 L H L VSS
VOLTAGE 0 1 H L L VDD VOLTAGE

1 0 H L L OFF 10 - 30 - 7 1 L L H
SHORT- CIl RCUI T LOOP Synbol Al indicates the signals Al
Al2,---, and synbol A2 indicates the signals A21, A22,---. Synbo

SlX I ndi cat es t% ggkxegggggal§n§1éhesgatpﬁf,sﬁ%gFgI 1§hglca§§X I ndi cat es

the drive signa tes the drive

signal s S31, S33rév1ng device 38 cg#ﬁeﬁgoﬁagﬁ?eﬂﬁ &ﬁ@”&;ﬁ@het&bl&hﬁges'gnal

Al =0 0 are esta ve signal S1X =
level ), S2X = HghbwHAhihe¥Rb) fo2N8weRs tablékow level). 20 At thIS
tinme, a VSS voltage Is applied to the corre- spondi ng el ectrode.
When signal Al 0 and A2 = 1 are established, drive signal Slx =
H S2X =L, and SBX L. At thigableel a VDD voltage is applied to
t he 5. corresponding el ectrode. Wen signal Al =1 and A2 =0 25
are established, drive s S2—t—and S3X = L. At
this tinme, a voltage a&pl|ea2t05ﬂne52x S3X| corre®PBRUTNg el ectirode is
turned of f. When signal
. 0 0 L H L VSS VOLTAGE
0 1 H L L VDD VOLTAGE
1{o0|E|L ]| OFF
10 . 1 1 L L H |SHORT-CIRCUIT LOOP.

Symbol Al indicates the signals All, Al2,---, anﬁ
symbol A2 indicates the signals A21, A22,---. Symboll
S1X indicates the drive signals S11, S12,---, symbol
15 © 82X indicates the drive signals S21, S22,---, and
symbol S3X indicates the drive signals S31, S32,---.
As is apparent from Table 1, when signal Al = 0
and A2 = 0 are established, drive signal S1X = L (low
level), S2X = H (high level), and §3X = L (low level).
20 At this.time, a VSS voltage is applied to the corre-
sponding electrode. when signal Al = 0 and A2 = 1 are
established, drive signal S1X = H, S2X = L, and S3X =

L. At this time, a VDD voltage is applied to the

]
(=]

'COrtesponding electrode. When signal Al = 1 and A2
25 are established, drive signal S1X = L, S2X = L, and
S3X = L. At this time, a voltage applied to the

corresponding electrode is turned off. When signal



- 31 - Al 1 and A2 = 1 are established, drive signal S1X =

L, S2X = L, and S3X = H At this tine, the corre- spondi ng

el ectrodes are short-circuited by the MOS transfer gates TGlL, TQ&,
T&, THA,--- to constitute a 5 di scharge | oop. In the
control section with the above arrangenené - 4-bit gradation data
for driving odd-nunber nozzles, - i.%.,'(odd-nunber)th I nk chanbers,
are stored in the shift register 31 and then |atched by the 4-bit
latch 10 circuits LT1 to LT5.. The latched gradation data are

supplied to theyf6.tp Jn&QAfcéofSafﬁleééhéifﬁﬁéhbe rive sigﬁQﬂV%ikeQ into

one timng pulse. The timng pul ses rom t he selectors SL1 to SL5

are supplied toyjhg22-Hit, and S3XxSLAWENCRE St d £ omSOthéespeselvely, to
be converted 15 into control timng data Bl and B2. The control
timng sipdd g salleBRrodes) abe sketEreErsuddt by Sthe apes

supplied to the denultiplexer 35. The denultipl exer 35 supplies the
control timng teans Bdragat®® TG TG2, TG3, TGépquentercofitat&hA to the
decoders DCAl to DCA5 20 correspondi ng to the odd-nunber nozzl es,
respecti gely. dischard@eloopnsistor circuit sections TCAl, TCA3, TCA5,
TCA7, and TCA9 and the transistor circuit sections TCB1 to

TCB9 are sel ectivel yInrthencoptxolnaectionnwitke the aboveecasyangement,to
DCA5. In this manner, the capaci- 25 tances WL to W are sel ectively
char ge/ di schar gb=Pit gradatigmn detadfondrivningi eddenuebercnezahfis

constitutin th artition |ls of the ink chanbers are distorted
g i.e., (ogdPnumber)thm?hk chambers, are storeg in the

shift register 31 and then latched by the 4-bit latch

10 circuits LT1 to LT5. The latched gradation data are
supplied to the 16 to 1 selectors SL1 to SL5 to be
converted into one timing pulse. The timing pulses
from the selectors SL1 to SL5 are supplied to the 2-bit.
sequencers SQ1 to SQ5, respectively, to be qonverted

15 into control timing data Bl and B2. The control timing
data Bl and B2 from the sequencers SQ1l to SQ5 are
supplied to the demultiplexer 35. The demultiplexer 35
supplies the control timing data Bl and B2 from the
sequencers SQ1 to SQ5 to the decoders DCAl to DCAS

20 corresponding to the odd-number nozzles, respectively.
The transistor circuit sections TCAl, TCA3, TCA5, TCA7,
and TCA9 and the transistor circuit sections TCB1 to
TCBY9 are selectively driven by signals from the
decoders DCAl to DCA5. In this manner, the capaci-

25 tances W1l to W9 are selectively charge/discharge-
controlled, and the piezoelectric elements constituting

the partition walls of the ink chambers are distorted



- 32 - - . to give pressures to desired ink chanbers, thereby

ej ecti-ng predeterm ned anmounts of ink depending on the gradation
dat a. . For exanple, when the third nozzle is driven, the 5
second and fourth nozzl es adjacent to the third nozzle are
(even-nunber)th nozzles which are not assggned. At this time, ink
Is ejected fromthe i nk chanber corresponding to the third nozzl e,
and no ink is ejected fromthe ink chanbers adjacent to the third
10 nozzle. In this manner, the (odd-nunber)th nozzles and t he
(even- nunber) t htoogkvespressatresr hat degidedvinkt chambers, pbhefebw printing.
A head driving device according to the fifth enbodi nent of the
present inventi®ieeringpbpredeterpined gnountpepfuink depending opckbedi ng
to this enbodinent, another driving ' method is realized by using the
driving devi ce @F@datian data. FG 4 as in the fourth enbodiment. In this

head dr|V|ng device, | n a stati narx s%ate, i eld ftect Eg
transistors TAl, TA2FO¥@xampke,rRBen thg third pRzzle is erEﬁF Ste,
field effect tranS|séors TB1, T re se |n an

2
e O 5o bRk ohRa POy R ol Bles "Bdsgcent, to B2 Fix8 foffieLl, T,

an ONstate  are &e¥%ﬁ-nuﬁﬂ?%$£ﬁ AbgL s IRIChNELL! fb gggighearanS'Stors

ned on tes

TQ2 and TG3 areatUbped Pihe CRARC1EAIEELUE 208m the 1nkV@h§fnﬁef:harged- A

charge path use at t
correspondlng to the third nozzle, and no ink is

ejected from the ink chambers adjacent to the third
10 nozzle. In this manner, the (odd-number)th nozzles and
the (even-number)th nozzles are alternately driven to
perform printing. |
A head driving device according to the fifth
embodiment of the present invention will be described
15 below.
According to this embodiment, another driving
method is realized by ﬁsing the driving device shown in
FIG. 4 as in the fourth embodiment. 1In this head
driving device, in a stationary state, field effect
20° transistors TAl, TA2, TA3, TA4, TAS5,--~- are set in an
OFF state, field effect transistors TBl, TB2, TB3, TB4,
TB5,--- are set in an OFF state, and MOS transfer gates
TGl, TG2, TG3, TG4,--- are set in an ON state.
In this state, when the field effect transistors
25 TA3, TB2, and TB4 are turned on, and the MOS transfer
gates TG2 and TG3 are turned off, capacitances W2 and

W3 are charged. A charge path used at this time is as



v

- 33 - _ follows: VDD > transistor TA3 > el ectrode EL3 >
capaci-tance W2 > el ectrode EL2 > transistor TB2 > VSS and VDD >
transistor TA3 > el ectrode EL3 > capacitance WB > el ectrode EL4 >
transistor TB4 > VSS. At this 5 ~time, ink chanber B are expanded as -
shown in FIG 1B to absorb i nk-fr3gn ik supply ports. _

The field effect transistors TA3, TB2, and TB4 are turned off, and
the field effect transistors TA2, TA4, and TB3 are turned on. In
this manner, the capaci- 10 tances W2 and WB are reversely charged. A
charge path followsedVRR * Mixansimtox BA3 foleleetrad® BL3ransi st or

TA2 > el ectrode EL2 > capacitance W2 > el ectrode EL3 > transi stor
TB3 > VSS and #apacitanee Hdr> @kectrode EL2 ot deraniibstpy TBZ apa¥$f ance WB
>'el ectrode EL3 > 15 trangi stor_TB3 > VSS. At tE$s tine, [ nk chanber

B are AMhrHR Y teangbsker i @ aketirfe i nk FaBAFitance

TA, and TBa M SRR SR99S i (hetRrRs Erto The 2 Bes . soRE €SS Jnd s
[ anst ers gat o' Tcdie e rehuiiser s frg cxpanddd e G KBRS | FECRON (e
MOS transfer sarbg%hg {%F@é(ai‘iﬁﬁ&t?%]g{@ state of the ink chanber B

returns to the s e own Tn I'S manner, 25 i nk ejection

5o on b SharheSEiSRERLY: granislAECAR, 108, fhAtieed ool
TA2, TA3, turned off, and the field effect transistors TA2, TA4,
and TB3 are turned on. In this manner, the capaci-
10 tances W2 and W3 are reversely charged. A charge path'
used at this time is as follows: VDD > transistor |
TA2 > electrode EL2 > capacitance W2 > electrbde EL3 >
transistor TB3 > VSS and VDD > transistor TA4 >
electrode EL4 > capacitance W3 > electrode EL3 >
15 transistor TB3 > VSS. At this time, ink chamber B are
compressed as shown in FIG. 1C to eject ink from
nozzles.
Thereafter, when the field effect transistors TAZ2,
TA4, and TB3 are turned off, and the MOS transfer gates
20 - TG2 and TG3 are turned on, the capacitance W2 is
discharged through the MOS transfer Qéte TG2, and the
capacitance W3 is discharged through the MOS transfer
gate TG3. As a result, the state of the ink chamber B
returns to the state shown in FIG. 1A. In this manner,
25 ink ejection is performed by charging, reversely

charging, and discharging the capacitances W2 and W3.

Since all the field effect transistors TA2, TA3,



- 34 - TA4, TB2, TB3, and TB4 are set in an OFF state when the
capaci-tances W2 and WB are di scharged, there is no current path to
the VSS power supply term nal or the VDD power supply term nal
Thérefore, drawing of a 5 current fromthe substrate potential does
not occur. Therefore, in this enbpgi nent, a head driving | C having
high reliability can be structured. ' In this enbodi ment, ink
ejection is perforned during reverse chargi ng, and then,
di scharging is 10 performed. Therefore, the follow ng nethod may be
effective to prEA®ntTB?; dPRdusanq €EB4 care et irs,an OFF statschbeyitheis
slowy perforned depending on conditions such as the properties of
i nk such that terRPagteanees W2 and W3 axe dischargec: reherg Hs gho t her eby
suppressing an 15 abrupt change in ink pressure. In such a case, the
r esi GHEFRRE gpatihctariEhe rFE ROWRIR VPP §rrina kg9 pkhe
set to be high, d a tinme constant det rnnﬂ$d b paci t ances

y t he . cg
W to W and th PUST STURRYY oF SN erefoxq o draying(Rf &Gl to T

may be set to be_ lar o) enbodi prent s, _a head

driving device ?urregg- EE‘%’ﬁth%ss‘ébm'ﬁl‘"P‘? ?é)l“s'z:%’ééj_r?t#-e‘jl% Sh‘é%gfeo‘éc“’éad in

o ar1 zoa [EREEEERL, Pt RIE RN SRR, ¥ 0 PBELL LG 8

D oY Sl 46 PLEPkn 55 qorablfigi o0 12 nat L tede

pi ezoel ectric InStRIBémb Y ERERE | {1k NG RALA 1 P8 PelLkSracg pol ari zed
' during reverse charging, and then, discharging is

10 performed. Therefore, the following method may be
effective to prevent erroneous ejection. That is,
discharging is slowly performed depending on conditions
such as the properties of ink such that the discharging
rate is not extremely high, thereby suppressing an

15 abrupt change in ink pressure. In such a case, the ON
resistance of the MOS transfer gates TGl to TG4 may be
set to be high, and a time constant determined by the
capacitances W1 to W4 and the ON resistance of the MOS
transfer gates TGl to TG4 may be set to be large.

20" In each of the embodiments,.a head driving device
using, as a multi-nbzzle-ink-jet head, a head in which
piezoelectric elements W constituting partition walls
are polarized in the upper direction, i.e., in the
direction of the upper lid 12. However, the present

25 invention is not limited to these embodiments, and, as

shown in FIGS. 7A to 7C, a head in which piezoelectric

elements W constituting partition walls are polarized



- 35 in the lower direction may be used. In this case, in
contrast to the case shown in FIG 1, as shown in FIG 7B, when a
negative voltage EL is applied to a gi ven el ectrode, a

pi ezoel ectric el ement Whetween the 5 gi ven el ectrode EL and an

el ectrode EL adj acent thereto iLs g§storted externally to expand the
i Nk chanber RMin whi ch the given electrode EL is forned. In
contrast to this, as shown in FIG 7C, when a positive voltage is
applied to a given electrode EL, a piezoelectric 10 el ement W bet ween
t he given el ectimdeh&llaweradirection mapyche odsedl alipatkhs caseet dnjis
distorted internally to conpress the ink chamber RMin_which the
gi ven ctertragt tp thefeasedshawer b of EG. whenas hfBowaadni s

used, a head driving_device corresponding to the head 15 I s used.

In each of the BRBod7RentBenaapnegaeieerypitage EL 18 aRBhieHstlstd as an
oL oot Ot otV L TE L o, pi ERERUELbehEe PR SERSHECH bErFhEIThe' 30"
oLt 419, ShEFAROR8hkphE BE PR BR $580erqh® FEoRusarsue, RERBEIET.
o, o1 | chanbiy asgcopeeQUENERLLpeL £1Gaha  XBOLRRTcBRBEL HiLhed Lo
na proLL, o StOLChIEndEY Ly Gaceyelablen! 16 BOBRERL. oy ponerhlesta't
electrostrictiognps,tB8 8hewh' YAl F16L! Y€, when a positive voltage is
' applied to a given electrode EL, a piezoelectric
10 element W between the given elegtrode EL aﬁd an
elecfrode EL adjacent thereto is distorted internally
to compress the ink chamber RM in which the given
electrode EL is formed. Therefore, when this head is
used, a head driving device corresponding to the head
15 is used.
In each of the embodiments, a piezoelectric
élement is used as an electrostrictive element.
Hoﬁever, the piezoelectric element is not limited to
the electrostrictive element. An electrostrictive
20 element using electrostatic force may be used. 1In each _
embodiment, the electrostrictive element directly
constitutes the wall surface of an ink chamber.
However, the present invention is not limited to this
arrangement, and an electrostrictive element may
25 indirectly distort the wall surface of the ink chamber.

In short, the pressure in an ink chamber may be only

changed by electrostriction of the electrostrictive



- 36 - el enent . . As the head of an ink-jet printer to
whi ch .t he present invention is applied, a head in which electro-
strictive elenents are different in nmechanical 5 - structure, but
constitute capacitances connected in series with each other can be
used. - The enbodi ments of _thggpresent invention has been
descri bed above. The present invention is not limted to only the
enbodi nents descri bed above, and the change . 10 and nodification of the
present invention can be effective as necessary w thout departing
fromthe - eléepentt. and scope of the present invention.

- 37 - CLAI V5 1. A head
driving device for aRsi thej htadr ofit an, ink-jet priffpki tonghich the

an .ink-jet head having a plurality of ink 5 chanmbers, electrodes for
the respecti ve pnesehtnbavention is appiided| eat heatlr iat whdchl edentsowhi ch
are arranged to separate the ink chanbers and forma series of
‘capaci t ances cofhtéctivpyelpmentecaredddiffndenhi éh mechanicadause
variations in pressure in the ink chanbers by 10 el ectrostriction,

el ectrod®es for BhEUFEYEEet P& FARStitute cappgibapses connected in

series with each other can be used.

The embodiments of the present invention has been
described above. The present invention is not limited
to only the embodiments described above, and the change

10 - and modification of the present invention can be
effective as necessary without departing from the

spirit and scope of the present invention.



a plurality of first sem conductor swtching el ements connect ed

between a first power supply term nal and the el ectrodes, and 15
a plurality of second sem conductor sw tching el enents connect ed
between the el ectrodes and a second power supply term nal having a
potential different from that of the first power supply term nal;
wherein ink is ejected fromeach ink clanb®t due 20 to the variation
in pressure which is caused by char gi ng and di schargi ng of
correspondi ng capacitances under a control of selectively turning
on the first and second senicoqﬂaﬁé&% switching elenents; both of
t he first sem conductor swtchi ments and second 25

sem conduct or swi tching qun% 8 AP IRA s e ) ctor
substrate; and the poitlen?lia 0 s(%%evelrid) égs]e%}goan%ulc?%rj%ﬁgé%]fa € 1s set
to be out of ar ising: - 38 -

between the potentials of " the first and second power . ~supply
termnal s. an izﬂt-j‘bﬁﬁ%&dﬂf}ié&}ﬂﬂ%@}ﬁﬁﬁ:éﬁtﬁ%f_ nfqik et printer,
conpri si ng: 5 an ink-jet head having a plurality of ink
chanber s g el ect rattimbdny, tdiedtaspin ifex ithe ahaip®itSive ink charbdrs,

el ectrostrictive elenents which are arranged to separate the ink
chanbers and f orand eslevdtaosfricapiacs -elements whiatit esres cawesrigpsd byo t he

el ectrodes and which cause 10 variations in pressure in the ink

chanbers by el ecteparate the ink rghemleys arstticues fspride ofspective ink
chambers; capacitances connected by the electrodes and which
cause variations in pressure in the ink chambers by
10 electrostriction, electrodes for the respective ink
chambers; |
a plurality of first semiconductor switching
elements connected between a first power supply
terminal and the electrodes, and
15 a plurality of second semiconductor switching
elements connected between the electrodes and a second
.power supply terminal having a potential different from
that of the first power supply terminal;
wherein ink is ejected from each ink chamber due
20 to the variation in pressure which is caused by
charging and. discharging of corresponding capacitances
under a control of selectively turning on the first and
second semiconductor switching elements; both of the
firét_semiconductor switching elements and second
25 semiconductor switching elements are formed on one

semiconductor substrate; and the potential of the

semiconductor substrate is set to be out of a range

£ * [ L. M s *




a plurality of first sem conductor swtching el ements connect ed
between a first power supply termnal and the el ectrodes; and 15
a plurality of second sem conductor sw tching el enents connect ed
bet ween the el ectrodes and a second power supply term nal having a
potential |ower than ' that of the first power supply term nal;
wherein-ink is ejected froma predeterm nd® i vk 20 chanber due to the
variation in pressure which is caused by charging and di schargi ng
of two capacitances each across the electrode for the

predet erm-ned ink ' chanber, and the el ectrodes for a correspondi ng

i nk chRet@eenyjthee potentind spodddber Aixsy ond SRSOBE: POWSEr 25

a charging control qf &#rnLn on and off the respective first and
second seni cond§&PEYs i THI™Y 5¢l enent s connected to the el ectrode

for a predeterm ned iynk ¢ . oo .- %% -

chanber and turning Off gh %%$t H%Wﬁggbggyfgg FFFéPnaﬁEk Jet prlng énd

sen conduct or SWB&@&E@Qn .enents connected to the el ectrodes of
] a

the ink chanbers adjacent” to the predeterm ned i nk chanber, and a

subSequegt di schargi B& ink-jet &R Havihgt W P1AFaQfikyaRE QRxt he respective
first an second sém conductor sw tching el efents connected to

the el ectrode fehambeire]eldditieddsnEoinameerespeiclti%%e ink chambel®,first
sem conductor swi tching el enents and second sem conduct or

swi tching el enreansl alechtaostdt ient ivee elbhents shiichoadiec aairahigest tat e; and
the potential of the
: separate the ink chambers and form a series of capaci- -
tances connected by the electrodes and which cause
10 variations in pressure in the ink chambers by electro-
striction, electrodes for the respective ink chambers;'
a plurality of first semiconductor switching
elements connected between a first power supply
terminal and the electrodes; and
15 a plurality of second semiconductor switching
elements connected between the electrodes and a second
power supply terminal having a potential lower than
that of the first power supply terminal;
wherein ink is ejected from a predetermined ink
20 chamber due to the variation in pressure which is
caused by charging and discharging of two capacit&hces
each across the electrode for the predetermined ink
chamber and the electrodes for a corresponding ink
chamber adjacent to the predetermined ink chamber under
25 a charging control of turning on and off the respective

first and second semiconductor switching elements

connected to the electrode for a predetermined ink

T




sem conductor substrate is set to be out of a range bet ween t he
potentials of the first and second power supply term nal s.

3. A head driving device for an ink-jet printer, 15 conpri si ng:

an ink-jet head having a plurality of ink chanbers, electrodes for
the respective ink chanbers, and el ectrostrictive elenents which
are-arranged to separate the ik Sfanbers and forma series of 20
capaci tances connected by the el ectrodes and which cause vari ations
in pressure in the ink chanbers by el ectrostriction, electrodes for
t he respective ink . champers; a plurality of first
seniconguctor sFilagery anss turniag, aff; andopRetheq resPRESIVE Eirst poder

2?pgggond seniC%%%E%Eg%e%&%%%ﬁﬁﬁghgp%ag %%ﬁn%nglements connect%dp%%rallty )

40 - £leTt copeeted betygen, g electiades ard graecond

power supply termna aving a potentia erent t hat of

the first po“erp&%ﬁgﬁéﬁyyﬂgduﬁﬁk chamber, and awgﬁﬁgggggﬂ% his%h%&%ﬁq from

each ink chanbe to the varfétlon I'n pressure which 1s Cadsed

by 5 Chac@ntdcAn @ flittahang *E FOland0bhe theNHeRPeeNIe F3RE]S and
under a Control of selectively turning on the first and second

sem conduct or S wielolhdN@ el iRIFuEto shvidehid@eelements c@nn@ewds tof the
first sem conductor switching elements 10 and second sem conduct or
swi tching el enethe @lectrode for a predetermined ink chamber, both of
the first semiconductor switching elements and second
semiconductor switching elements are formed on one
10 semiconductor substrate; and the potential of the
semiconductor substrate is set to be out of a range
between the potentials of the first and second power
supply terminals.
3. A head driving device for an ink-jet printer,
15 comprising:
an ink-jet head having a plurality of ink
chambers, electrodes for the respective ink chambers,
and eigctrostrictive elements which are arranged to
separate the ink-chambers and form a series of
20 capacitances connected by the electrodes and which
cause variations in pressure in the ink chambers by
electrostriction, electrodes for the respective ink
chambers;
a plurality of first semiconductor switching
25 elements connected between a first power supply

terminal and the electrodes; and

a plurality of second semiconductor switching

* c L ] S *




constituted by MOS transistors forned on an integrated circuit;

and the potential of a back gate of each MOS transistor is set to
be out of a range between the potentials of a source and drain of
the MOS transistor. 15 4. A head driving device for an ink-jet
printer, conpri si ng: an ink-jet head having a
plurality of ink chambers, electréd@es-for the respective ink
chanbers, and el ectrostrictive elenments which are arranged to 20
separate .the ink chanmbers and forma series of capaci t ances

connected by the.el ectrodes and which cause variations in pressure
in the ink chanfdPReRFs C°““‘*“&HQE‘FP&’§FH E’P?Oﬁieé’ltéaqeédéé‘df & safond

' ' b . . I |i.ty..Qf first
e conduct or  sReVER fYBELY Estningl. heving acBeba e i tiemerd: thoher
Y R B e Py PO C SERRAT R RR A o swi t chi ng

el ements connected bghween nt haxeligCkredetda”don %%E?i“(lnkh cham erp‘a‘ﬁ%f
supply term nal having a potential |ower than that of the first

power supply terdi kak; variation in pwBeEarE WhkchS i@ eau@ed bHym a

predeterm ned ink chanber due to the variation in préssure which
S caustdrigynghang ddsehdrginghafgebgretpbwd P atipheitences
each across the electrode for the predeterm ned ink chanber and

t he el ectrodes hodez eocpaswoddifigsedkectively turning on the first and
second semiconductor switching elements; at least one
of'gxbups-of the first semiconductor switching elements

10 and second semiconductor switching elements are
constituted by MOS transistors formed on an integrated
circuit; and the potential of a back gate of each MOS
transistor is set to be out of a range between the
potentials of a source and drain of the MOS transistor.

15 4. A head driving device for an ink-jet printer,
comprising:

an ink-jet head having a plurality of ink
chambers, electrodes for the respective ink chambers,
and electrostrictive elements which are arranged to

20 separate the ink chambers and form a series of
capacitances connected by the electrodes and which
cause variations in pressure in the ink chambers by
electrostriction, electrodes for the respective ink
chambers;

25 a plurality of first semiconductor switching

elements connected between a first power supply

A

terminal and the electrodes; and




10 chanber adjacent to the predeterm ned ink chanber under a
chargi.ng control of turning on and off the respective first and
second sem conductor switching el ements connected to the el ectrode
for a predeternined ink chanber and turning off and on the
respective first and 15 second sem conductor sw tching el enents
connected to - the el ectrodes of <t hd1li nk chanbers adjacent to the
predeterm ned i nk chanber, and a subsequent di scharging ~control of
turning off and on the respective first and second sem conduct or

swi tching el enents connecte t he el ectrode for predet er m ned
i nk chanber, at |east® P uraqlt@hgf Fe6P89p§eBFCPHQuFFﬂ§:%ﬂ%ﬁqgéﬂﬂhctor

i t chi ' | d duct t chi |l ements is
const i tuted by FSHSARRGE %f%%gt%???esiw%%m PPl Paeafos and "< gt ang
out of a range BSen wRAY tBimiAS] Minge prbhEIRe ety . o he
MOS transistor. that of the f1§stApB%%Q Qﬁbﬁi?gtgﬁﬁ'ggltor an ink-jet

printer,

conpri si ng: whereid iK€k @@%@dh§¥bﬁ9aapEEH%%E&Hin%H h%&
chanbers, electrodes for the respectlve I nk chanbers,

eIectrostrlCtlVeh%hmﬁﬁﬂﬂﬁéwhbcﬁh%rQa&ﬁh@ﬂgﬁdlhopreésure &%ﬁ%hﬁ&% the ink
chanbers and form a series of capaci tances connected by the

el ectrodes and whiusled by chargduge andr ddschaggingpbEs twioe capakclie andles
chanbers by el ectrostriction, electrodes for the respective ink
chanbers: each across the electrode for the predetermined ink
chamber and the electrodes for a corresponding ink
10 chamber adjacent to the predetermined ink chamber under
a charging control of turning on and off the respective
first 'and second semiconductor switching elements
connected to the electrode for a predetermined ink
chamber and turning off and on the respective firét and
15 second semiconductor switching elements connected to
the electrodes of the ink chambers adjacent to the
predetermined ink chamber, and a subsequent discharging
control of turning off énd on the respective firsf and
second semiconductor switching elements connected to
20 the electrode for a predetermined ink chamber, at least
one of groups of the first semiconductorlswitching
elements and second semiconductor switching elements is
constituted by MOS transistors formed on an integrated
circuit; and the potential of a back gate of each MOS
25 transistor is set to be out of a range between the

potentials of a source and drain of the MOS transistor.

5. A head driving device for an ink-jet printer,

A T




10 a plurality of first sem conductor sw tching el enent s

connected between a first power supply termnal and the el ectrodes;
and - a plurality of second sem conductor sw tching

el enments connected between the el ectrodes and a second 15 power supply
term nal having a potential different from that of the first power
supply term nal; wher ei n Fnk4@s ej ected fromeach ink chanber
due to the variation in pressure which is caused by

chargi ng and di schargi ng of correspondi ng capacitances 20  under a
control of selectivel, urning on the first and second .

seni conduct or sﬁPWBﬁﬁﬁénglenents at least the : second

sem conductor switching.e nent ar,e,constitut

transi stors, the capsg é?taisaﬁlgéﬁéPaea piuralltytﬁ?o ﬁ t he MOS

transistors whi enaapsrtsur aiac%oagsago#%Reageggseftm' 1RR! ‘éﬂ%}nﬁlergppl | ed

to the gates there I'Vi ng déevic or an'ink-jet

printer, anBOBRELEBStrictive elements which are arrang - 43 -
an ink-jet head having a plurality of ink chanbers Iectrodes for

the respective gBpa¢B@BDEh® ink chambakd GhaCELemt ki gbiri@sebgments which
are arranged to separ.ate the ink chanbers and forma series of 5

capaci t ances cosapatedahyesheofneeteddby #heé wheelirodes andcahsehvari ations
in pressure in the ink chanbers by el ectrostriction, electrodes for
t he respective fakse variatdbasbdnspressure in the ink chambers by
electrostriction, electrodes for the respective ink
chambers; |
10 a plurality of first semiconductor switching
elements connected between a first power supply
terminal and the electrodes; and
a plurality of second semiconductor switching
elements connected between the electrodes and a second
15 power supply terminal'having a potential different from
that of the first power supply terminal;
wherein ink is ejected from each ink chamber due
to the variation in pressure which is caused by
charging and discharging of corresponding capacitances
20 under a control of selectively turning on the first and
second semicoﬁductor switching elements; at least the
second semiconductor switching elements are constituted
by MOS transistors, the capacitances are discharged
through the MOS transistors which are turned on by an
25. identical potential applied to the gates thereof.
6. A head driving device for an ink-jet printer,

comprising:
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a plurality of first sem conductor switching 10 el ements connect ed
between a first power supply ‘terminal and the el ectrodes;

a plurality of second sem conductor sw tching ' el enents connect ed
bet ween the el ectrodes and a second power supply term nal having a
potential different from 15 that of the first power supply term nal;
and a plurality of third-se#dicomductor switching

el ements each connected between adjacent two el ectrodes;

wherein ink is ejected fron1each i nk chanber due 20 to the variation

In pressure which is cau d char dISC ar, g of
correspondi ng capaci Jet head, haying ghQ gF g gharglng control

he f d d
Switching o chagtpsafs%t”s o2 gie. Err s, ZESREFSAVG 10K SOPRVEFS . 25
turning on the Endrg}%%%&%%%@ﬂ%%ﬁ%e?gﬁ%@@h%% %hﬁ%%ﬂ%%a arranﬁed to . A

head drivi ng device

- 44 - aratea‘Eh'eminlketchla%‘éxJ%a\éhﬁg f%ngne'dr %'e'rtl)ésoBf' nk " nd

chanbers, electroge for the respective ink

el ectrostyricti veagbe&&ah&ewc%n@e%e@r byNEae blectrodes a%@P%@Eﬁ the ink
chanbers and forma series of 5 capaci tances connected by the

el ectrodes and vhuek variation®au$e presisareons thePAeks¢hambershdyl nk

chanbers by el ectrostriction, electrodes for the respective ink

chanbers; electrostriction, electrodes for the respective ink
chambers;

a plurality of first semiconductor switching

10 elements connected between a first power supply
terminal and the electrodes;

a plufality of second semiconductor switching
eléments connected between the electrodes and a second
power supply terminal having a potential different from

15 that of the first power supply terminal; and

a plurality of third semiconductor switching
elements each connected between adjacent two
electrodes;

wherein ink is ejected from each ink chamber due

20 to the variation in pressure which is caused by
charging and discharging of cofresponding capacitances
unde; a charging and discharging control of selectively
turning on the first and second semiconductor switching
elements and a discharging control of selectively

25 . turning on the third semiconductor switching elements.

7. A head driving device for an ink-jet printer,

comprising:
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é plurality of first sem conductor switching 10 el ements connect ed
between a first power supply termnal and the el ectrodes;

a plurality of second sem conductor sw tching el enents connect ed
bet ween the el ectrodes and a second power supply term nal having a
potential |ower than 15 that of the first power supply term nal; and

a plurality of third sem conductor sw tchiddg - el enents each
connect ed between adj acent two el ectrodes; wherein ink
is ejected froma predetermned ink 20 chanber due to the variation in
pressure which is . .caused by charging and discharging of two
capaci t ances aga dpkadeds hegRe havdngr adplprsaliky pEedBKer ni ned i nk
chanber and the el e¢ctrode for a corresponding i nk . .Chanber adjacent
to the predeterﬁﬁﬁ@%eFﬁk elgskErdgsd PQ §ge Yes eERAVEi hGKcGRERBPTSH
turning on and qff. the respect.iye I.rst.apd_second_sem.conduct or
smﬁtching'elene% d eHeCtrogggﬁﬁééygde}SmFH&sewééf oagefBFrgngﬁgngernined‘
I nk . - - . chanber,
turning off andsgﬁafﬁgerggﬁéé?*Vgthngsaﬁad t82n’ a S?Eégﬁdogeniconductor
swi t ching el enepppaeqRAREERd cbinected by tHE §h86LEBHES Qhat BRikRk chanbers
adjacentgto t he §é pregetgsﬁiﬁed ?nk chan%er, ang tu?n?ﬁé gff t he
third 5 ealseoRANaheli ohdl iahpraseLeBeRhSthaNaRkt eflaRBbyeeByt he

adj acent two el ectrodes, and a subsequent di scharging control of
turning off theelespeokittachiibnt, 8@8tctrodes for the respective ink
chambers;

a plurality of first semiconductor switching

10 elements connected between a first power supply
terminal and the electrodes;

a plurality of second semiconductor switching
elements connected between the electrodes and a second
power supply terminal having a potential lower than

15 that éf the first power supply terminal; and

a plurality of third semiconductor switching
elements each connected between adjacent two
electrodes;

wherein ink is ejected from a predetermined ink

20 chamber due to the variation in pressure which is
caused by.charging and discharging of two capacitances
each across the electrode for the predetermined ink |
chamber and the electrode for a corresponding ink
chambér adjacent to the predetermined ink chamber under

25 a charging control.of turning on and off the respective

first and second semiconductor switching elements

connected to the electrode for a predetermined ink
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conductor sw tching el enent connected to the el ectrode for a

predetermned i nk chanber, and turning on the 10 third sem conduct or
swi tching el enents connected between the adjacent two el ectrodes.
8. A head driving device for an ink-jet printer .according to claim
6, wherein the third sem conduct or ~_switching elenents are _
constituted by MOS transfer 15 gar6545 = 9. A head driving
device for an ink-jet printer according to claim?7, wherein the.
third sem conduct or switching el enments are constituted b¥ MOS y
transfer . - Achead driving devi or, i nk-j et
printer, Chgu %?‘énttﬁl%qlfgas?fﬁeﬁjgf&nggf 3?% %gggrel%lgé eV\A%tlrlu'%r%e (ralfience

to FIGS. 1A t0 Eec@hd RemcoiRty " $wlt@HiAgS elements connected to

the electrodes of the ink chambers adjacent to the
predetermined ink chamber, and turning off the third.

5 semiconductor switching elements connected between the
adjacent two electrodes, and a subsequent discharging.
control of turning off the respective‘first semi-
conductor switching element connected to the electrode
for a predetermined ink chamber, and turning on the

10 ‘third semiconductor switching elements connected
between the adjacent two electrodes.

8. A head driving device for an ink-jet printer
according to claim 6, wherein the third semiconductor
switching elements are constituted by MOS transfer

15 gates.

9. A head driving device for an ink-jet printer
according to claim 7, wherein the third semiconductor
switching elements are constituted by MOS transfer
gates.

20 16. A head driving device for ink-jet printer,
substantially as hereinbefore described with reference

to FIGS. 1A to 7C of the accompanying drawings.
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