“TTTLE OF THE | NVENTI ON HEAD DRI VI,NG DEVI CE FOR | NK- JET PRI NTER BACKGROUN
OF THE I-NVENTI Qb 6llpgoo_egelatﬂ-iﬁl\7'e mizon relates to a head dr 5 :
device for an ifk¥jet printer having an ink-jet head which utilizes
el ectrostrictive elenents for causing variations in pressure in ink
chanbers by electro- st@ ¢tFEB 200@r eof - 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
menber 1 at predeterm ned pitches, and an upper lid 2 is fixed on the
grooves to formink chanbers 3-THIRBSQR| BHE obNVENRI®Ne grooves. 15 An
ead over the bottomportion and side walls of each ink

el ectrode 4 is spr
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Accordingly, then i Y8l PlYes electrostrictive elements for causing

variations in pressure in ink chambers by electro-
stric;ion 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 eleetrode 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. In this head, the piezoelectric member

20 . 1 has'portions forming walls for partitioning the ink
chambers 3 from each other and serving as piezdelectric
elements 5 interposed between electrodes 4. For this
reason, adjacent two of the electrodes 4 constitutes a
capacitance along with the piezoelectric element 5

25 located.therebetween. Aecordingly, the equivalent
circuit of this head may be expressed by a series

circuit of capacitors connected to each other via the



circuit. of this head may be expressed by a series circuit of capacitors
connected.to each other via the -2- electrodes 4. A head driving device
for driving such a head is disclosed in Japanese Unexani ned Patent
Publication No. 2-18054. For exanple, as shown in FIG 9, the 5

equi valent circuit of the head is a seried crrcuit of capaci tances CL1,

CL2, CL3, CL4,--- connected in series and constituted by piezoelectric

el ements 5 and el ect rodes a, b, ¢, d, e, ---. For this circuit, p-channel
MOS field effect tr SIStO Q1, Q12, Q13, 10 Ql4, Q15,--- are
connected bet weBH®3 éer supply term nal and the electrodes a, b, c,

d, e, ---, and n-chan e t S 2 3 C24
@5, --- are connectég % %Gfﬁéisig o%% %lnéggn ﬁ ﬁ%ﬁ%%? he&g %s
e ---. 15 e paraIIeI
with the n- cha%ﬁ% lﬁkﬁ? f%F% %? %B??éﬁg?gﬁors 2§§§tc§§?f§§§?lé§4,
@5, --- to haveyseveL 36gspo! afafyexgﬂgleacgsgeﬁsanointﬁfap-§baenél oS
field effect transistors Ql1,

5 equlvalent circuit of the head is a series circuit of

capacitances CL1l, CL2, CL3, CL4,--- connected in series
and constituted by piezoelectric elements 5 and
electrodes a, b, ¢, d, e,~--. For this circuit,
p—chahnel MOS field effect transistors Qll1l, Q12, Q13,
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, Q23,

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, Q22, 023, Q24, Q25,--- to have
reversed polarity. The back gates of the p-channel MOS
field effect transistors Q11, Q12, Q13, Ql4, 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 gréund line. Drive signals are supplied to the
gate terminals of the field effect transistors Ql1,

25 Q12, Q13, Q14, Q15,--- through inverters IN1l, IN2, IN3,
IN4, IN5,---. 1In this driving device, for example,

when the electrode c¢ is energized, a drive signal is



20 7' are connected to the VDD power supply terminal, and the back gates
of the n-—¢channel MOS field effect transistors @1, @2, @3, @4, @5,---
are connected to the ground line. Drive signals are supplied to the gate
termnals of the field effect transistors QL1, 25 QL2, Q13, Q14,
QL5,--- through inverters INlL, IN2, IN3, BN4= IN5,---. In this driving
devi ce, for exanple, when the electrode c is energized, a drive signal is
-3- supplied to the gate termnal of the field effect transistor QL3

t hrough the |nverter IN3. to furn on the transistor The field effect

transi stors 254RRLELE Lpcthpsgats, heyminalapt khe FFﬁéd §fERSEge current
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turned og. At tRhgwki ERrodgH acpatHs ¢Bbr SNtrhhevetbhrgughsa path:
capacitance CL2 > transistor Q22 > ground line, and a
charge current flows through a path: VDD > transistor
Q13 > capacitancé CL3 > transistor 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 Q23 is turned on.
At this time, a discharge current flows 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 ¢ and d
are distorted. Since an ink chamber is 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



ground line > diode D2 > capacitance CL2 > transistor 15 @3 > ground
line, and a discharge current flows through a path: ground line > diode D4
> capacitance CL3 > transistor Q23 > ground |ine, thereby discharging the

capaci tances CL2 and CL3. Wth the charging and discharging, the piezo- 20
el ectric el enent between the el ectrodes b%and ¢ and the piezoel ectric

el ement between the electrodes ¢ and d are distorted. Since an ink chanber
is tenporarily expanded and then returns to the original state, ink in the

i nk chanb i i t i th le b 25 lied
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ground potential by a fol : across a PN contact. In
this case, sincg pppasbike €heAeena’ §rbahiPgobeh¥ean byeackseimedes b and d

and the back gates of the field effecCt

5 voltage drop across a PN contact. In this case, since
parasitic diodes are formed between the electrodes
b and d and the back gates of the field effect
transistors Q22 and Q24, part of the discharge current
also flow in both the parasitic diodes. The

10 reliability of the IC is degraded due to the currents
which flow in the semiconductor substrate. In
addition, inter-element isolation is degraded, and, in
the worst case, latch up may occur.

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 manufactured 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 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 respectivé ink chambers, and electrostrictive elements
which are arranged to separate the ink chambers and

form a series of capacitances connected by the



transistors @2 and @4, part of the discharge current also flow in both
the parasitic diodes. The 10 reliability of the ICis degraded due to
the currents which flowin the sem conductor substrate. In addition
inter-elenent isolation is degraded, and, in the worst case, latch up may
occur. BRIEF SUMWARY OF THE INVENTION 45 5 - It is an object of the
present invention to provide a head driving device for an ink-jet printer,
whi ch can be manufactured as a reliable 1C which is not easily influenced
by a parasitic active elenent created therein, and does not cause,
degradati on of @¥e@krodes and whighkzanse| varbatiews | b cprepsurecbrding to
the first aspect, of,  the present invention, there is provided_ a head driving
devi ce for an i‘thejiek Fhapkers By plectrshrickion: ekegtredenfar
plurality of ink chanbers,.elegctrodes for the 2 ., respegtive ink
chanbers, and et "’Ct’F%%??‘F%’fY?/e“élFe%é?‘ﬂ'geWH ch %f‘ér%}’r%g%ﬁ fbr?épar ate the
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5 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

10 ejected from each ink chamber due 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 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 of 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 arranged to separate the ink chambers and

form a series of capacitances connected by the



the ihk 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 sem conductor sw tching el ements connected between the
el ectrodes and a second power supply ternmgnak 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 pressure which is
caused by chargi ng and di scharging of correspondi ng capacitances under a
control of sele%l¢@%¢9de%rﬂ$@gwbhchh@aﬁﬁesYaEhdtsenandnsenesséﬁﬁduntor
swtching elenents; both of the first sem - conductor swt chi ng

el enents and sé%%ﬁdlgbn?bﬁm9%€§oPYs%}?EhFﬂ§t§+@ﬁ%ﬂFs atectspded &Arone
sem conduct or substrate apd the potential of t nlcongu%tor substrate

is set to be out %fr%??%ﬁbﬁ"%efﬂﬁeﬁh?ﬂgeﬁﬁteﬂtP pga ttynets f1E8*and second
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connected between the electrodes and a second power
supply terminal having a potential lower than that of
the first power supply terminal, wherein ink ie 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 respective 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 semicondﬁctor switching elements

‘are formed on one semiconductor substrate; and the



form & series of capacitances connected by the -6- el ectrodes and which
cause variations in pressure in the ink chanbers by electrostriction,

el ectrodes for the respective ink chanbers, a plurality of first

sem conductor swi tching el enents connected between a 5 first power
supply term nal and the el ectrodes, and a’ plorality of second sem conduct or
swi tching el enents connect ed betmeen the el ectrodes and a second power
supply term nal having a potential |lower than that of the first power

Chanbor due (o PRESGRERD PErchs FPALEEPalror ontbEahEaligS tﬁé‘?a-”ﬁ% and
or adot erm ned | RiCcHBnBereAdd PREverctraaRet R TATE BECERRTEIERE, ap

chanber adjacengeégnahﬁopégdgaﬁggynggrﬁ§nals I nk chanber under a charging
control of turning on and e respective first and second sem conduct or

swi tching el ements caesegdehgt ot BReetREFAOdSpEOt EfPtREEpeesenied i nk
chanber and turning off and on the respective first and second

sem condgct or sihvehtdgn2Othere &heprovideanachead doivhagetevicedesrof the
' 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 separate the ink chambers and

10 form a series of capacitances connected by the
eleqtcodes cnd which cause variations in pressure in
the ink chambers by electrostriction, electrodes for
the respective ink chambers, a plurality of first
semiconductor switching elements connected 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 - corresponding capacitances under a control of
selectively turning on the first and second semi-
conductor switching elements; at least one of groups of

25 the first semiconductor switching elements and second

semiconductor switching elements are constituted by MOS

transistors formed on an integrated circuit; and the



chanmbers adjacent to the predetermned ink chanmber, and a subsequent
di schargi'ng control of turning off and on the respective first and second
sem conductor switching el enents connected to the electrode for a

predet er mi ned 25 i nk chanber, both of the first sen conductor
swi tching el ements and second seni conduct®r switching el ements are forned
on one sem conductor .substrate; and the -7- potential of the

sem conductor substrate is set 'to be out of a range between the potentials
nals. According to the third

of the first and second, power supply ternj [

aspect of the FkeRtial of ai?ﬁ/&ﬁtg%frﬁ ?n%e‘?%c‘?sM?ﬁ TR SE PR E FEYi ng
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and 10 forma sSerTes of capacitances conhected by the el ectrodes and

olectrodes for the recren IO arireh NImir ot R et et
pect | I nk chanbers, a urality of first
seni condgict or  SiJént 16n £ NN Si & PSFLEsl REtNELD 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 separate the ink chambers and

10 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
semiconductor switching elements connected 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 lower than that of
the first power supply terminal, wherein ink is ejected

20 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

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



15 " first power supply termnal and the electrodes, and a plurality of
second. sem conductor switching el ements connected between the el ectrodes
and a second power supply term nal having a potential different fromthat
of the first power supply termnal, wherein ink is 20 ej ected from
each ink chanber due to the variation tn Pressure which is caused by
chargi ng and di schargi ng of correspondi ng capacitances under a control of
selectively turning on the first and second sem - conductor sw tching

I ; I f f fi '
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According to the fourth aspect o e present _ Ihvention, there is
provi ded a headcHimyéers Q&Yé&@nfofoaﬁhén%ré&ét@fhﬂﬁ§&1iﬁﬁn@ﬁbﬁbéﬁ afnd

i nk-j et head having a plurality of ink chanbers, el ectrodes for the

respectiye ink ghsiilbeeguent ddes€hargsngi 6bhveok! 6FEBlBning off and on
the respective first and second semiconductor switching
elements connected to the electrode for a predetermined
ink chamber, at least one of groups of the first
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 source
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



which are arranged to separate the ink chambers and 10 forma series
of capacitances connected by the el ectrodes and which cause variations in
pressure in the ink chanbers by electrostriction, electrodes for the
respective ink chanbers, a plurality of fjrst sem conductor sw tching

el ements connected between a 15 fTrstY power supply termnal and the
el ectrodes, and a plurality of second semn conductor swi tching el ements
connect ed between the el ectrodes and a second power supply term nal having

a potential | over 4 &r}%tv?%eer@ r}_ehé iélZéclz P g{g%%ﬁ%‘g#)l%uéeg‘%%g@%(:’w&@er ein ink

Is ejected 20 roma pre erm ne variation in

pressure which 4 S@%HQ¥ | ' i Eﬂ@ﬁ ' ces
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el ectrodes for g ogid SN gitlvd ks FhRIP St e AR REENwRGrd g PiedES er i ned 25
I nk chanber under a charging control of” turning on and off the respective

first and seconsh&dted ofebie tedcls i AE Nt igmicd £ Nl St NG Gk ££i dPidhein
el ectrode for -9- a predeterm ned i nk chanber and turning off and on the
respectige firgresshseodnitlseis comted doy svhdodimg and discharging
of cofresponding capacitances under a control of
selectively turning on the first and second semi-
conductor switching elements; at least the second semi-
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
respedtive ink chambers, and electrostrictive elements
which are arranged to separate the ink chambers ahd
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
semiconductor 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 potential different from that



el ements connected to the el ectrodes of the ink chanbers adj acent to the
predeterm ned i nk chanber, and 5 a subsequent di scharging control of
turning off and on the respective first and second sem conductor sw tching
el enents connected to the electrode for a predeterm ned ink chanber, at

| east one of groups of the first sem cendlttof switching el ements and
second sem - 10 conductor switching elenents is constituted by MOS
transistors forned on an integrated circuit; and the potential of a back
gate of each MOS transistor is set to pbe out of a range befweep,the

potential s of d?%dﬁ?%e LR RO AURRLY VERFRIBRL; sfRd ajplurality of
head driving desh i (S iioadncter HrFFERERY olsmeats bt Temerad, ¢
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the el ectrodes an cause variations In pressure Int anber s
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plurality-of first 25 sem conductor Switching el enents connected

between a firstcPOMBEpSnPhy dEHde NeAnces hhder! #CénPgtngaasda plurality
of second sem conductor switching el enents _ :
discharging control of selectively turning on the first
and second semiconductor switching elements 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 head having
a plurality of ink chambers, electrodes for the

15 respective ink chambers, and electrostrictive elements
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

20 the respective ink chambers, a plurality of first
semiconductor switching 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

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



- 10 - connected between the el ectrodes and a second power supply termn nal
havi ng a“potential different fromthat of the first power supply termnal,
wherein ink is ejected fromeach ink chanber due to the variation in 5
pressure which is caused by chargi ng and f'scharging of correspondi ng
capaci tances under a control of selectTve % turning on the first and second
sem - conductor switching elenents; at |east the second sem - conductor
switching el enments are constituted by MOS 10 transistors, the

by an i dent i calBOrSeR afFEeent oA SIge bR TITheL L ﬁ%é?sd.%i eetédne "
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device for 15 et printer, nprising an ead aving a
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el ectrostrictive elenents which are arranged to separate the ink c
and form a serig®s ko CONAE 1 BNLESs SNt CaACEoHY the &lectrodél £6trEHes and

whi ch cause variations in pressure in the ink chanbers by el ectrostriction,
electrodgs f or predetermined ink chamber and the electrode for a
correéponding ink 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
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 for 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 pro&ided a head driving device for
an ink-jet printer which has the same arrangement as

25 that of the head driving device provide according to

the sixth or seventh aspect, wherein the third

semiconductor switching elements are constituted by MOS



the respective ink chambers, a plurality of first seniconductor switching
el ements connected between a first power supply term nal and the

el ectrodes, a 25 plurality of second seni conductor sw tching el enents
connected between the electrodes and a sefgnd power supply term nal having
a potential different fromthat of The*firsSt power supply terminal, and

a plurality of third sem conductor sw tching el enents each connected

bet ween adj acent two el ectrodes, wherein ink is ejected fromeach ink
chanmber due to {pgng@ék_ LPOsin pressure 5 whi ch is caused by charging
and di schargi ng of correspondi ng capacitances under a charging and

di scharging cont rol ghofebfCthy*hdad P Fingnabyeobh’ 8bc87d1A§°88 the

sem conductor switching elenents and a di schargi ng control of “selectively

turning on the thi-é€ 46 eightReALEEEHCEAN BYI hahh PdctheelNAS. aAccording to

t he seventh aspect of the present invention, there is provided a head

driving device feliablénke)whiehi Déenotceapilgi bgfduehokd] by dead having a

plurality of ink chanbers, electrodes for the 15 respective ink

chanber sg and eparasibticiattireccébemant eheahedrthareingeandodeeganate t he

I nk chanbers and _ -
cause degradation of inter-element isolation and 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 cah be simplified.

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

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

BRIEF DESCRIPTION OF THE SEVERAIL VIEWS OF THE DRAWING

20. FIGS. 1A to 1C are sectional views for explaining
operations of a multi-nozzle ink-jet head 'used in each
embodiment of the presént invention;

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

25 embodiment of the present invention;

FIG. 3 is a circuit diagram showing the arrange-

ment of a head driving device according to the third



forma series of capacitances connected by the el ectrodes and which cause
variations in pressure in the ink chanbers by electrostriction, electrodes
for 20 the respective ink chanbers, a plurality of first sem conductor
switching el enents connected between a flrst power supply term nal and the
el ectrodes, a plurality of second senmitondfictor switching el ements

connect ed betmeen the el ectrodes and a second power 25 supply term nal
having a potential |ower than that of the first power supply term nal, and

12" "bet veen adiReiRelh F bt BeSteNR ch BTRRF R s o ected Troma.
predeterm ned ink Chﬁféef4df§ Lo ipguférﬁgéﬁggm'thﬂf§§u£ﬁem$%§gn¢é caused

by charging and di schargi hg of t 6" eapac ces eac r 0SS ectrode
Lgirgggogding fﬂi chaﬁ%%lﬂgﬂ?égéﬁfbﬁgb&%e pre%et%?%?ﬁ%rege %Lg rthunder a
chargi ng contr odmibdiméRt NGf OPheNFr&§ént NenveapEsht ve first and second
sem conductor switching el enents connected to the electrode for a 10
predetergi ned i nk cherb®! , 5A Usfd NgB Odfe aBLoER dP&grams showing the
. arrangement of an entire control section using the head
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 showing 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 invention will be described

20 below.

FIG. 1 shows the arrangement of a multi-nozzle
ink-jet head. A plurality of recessed grooves are
formed in a piezoelectric member 11 at predetermined
pitches, and an upper lid 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



chanber, and turning off the third sem conductor switching elenments 15
connected between the adjacent two el ectr ges, and a subsequent discharging
control of turning off the respective Tirg sem conduct or switching el enent
connected to the electrode for a predeterm ned ink chanber, and turning on
the third sem conductor 20 ~switching el ements connected between the

e

adj acent two ol Sebifless AARA! Y +EoR0CE QLD F3P et upT £TE

invention, there is provid driving or an Ink-jet printer
whi ch has the saieimk sSSP Pore Got showhplidf fdARedesd @'l'iéVi:éléh(:jd@f' ce

provi de according to the sixth or seventh aspect, wherein the thir

sem conduct or s¥adiehinlg ch&bet SRS € TRNChis Uiedd pyeNDiezoeldctric ansfer
gates. Each of the head driving devices according to the first to eighth

aspects can be niembéncl Liriegs gsort icns abdemifyg Walls iwhieh sesaryté nfheienced
by 2 5 ink chambers.RM from each other and serve as piezo-

electric (or electrostrictive) elements W interposed

between the electrodes EL. The respective piezo-

electric elements W are polarized upward as indicated

by arrows in FIGS. 1A to 1C.

10 In this ink-jet head, the electrodes EL are
normally grounded as shown in FIG. 1A. 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 apélied to the selected
electrode EL, the two piezoelectric elements W bepween

20 the selected electrode EL and the electrodes EL
adjacent thereto are internally distorted to compress
the ink chamber RM in which the selected electrode EL
is present. Therefore, in the ink-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, aﬁd
1C) including at least the state shown in FIG. 1A, ink

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



5 ‘ parasitic active elenent created therein, and does not cause
degradation of inter-element isolation and Iatch up. In the head driving
device according to the fifth aspect, since no diode is used in the

di scharge path, 10 the circuit confi gration can be sinplified. In
each of the head driving devices accoraing to the sixth to eighth aspects,
furthernore, the | oop resistance of the discharge path can be decreased,
and the head can be operated at a high speed. 15 “In each of the

head d d . and
fﬁ?the;h;ng e?%d%@@% %?é&??g%ﬁ%?é %é%fﬁgybrgé%n agfﬁ%ecrea5|ng t he
di schar 9' ng Sp%&f_ea hﬁﬁ%@ié{@earé%&em PJééZ-,\L. %‘@SEVERAL

0 ctio

VI EW6 OF THE DRA FIGS 1A't C are views for

expl ai ni ng. oper@émiolsation aMbh-E1NEZbLdéPK- d@tatesd, UsRd +8t8a6h the
enbodi nent of the present invention;, FIG 2 is a circuit di agram showi ng

t he arrange- nmﬁaméeaoﬁeadréblsgtmgeﬂeyh@@naﬁﬁormSIQ 1n, tie, fangt1@5
enbodi ment of the present invention; FIG 3 is a circuit diagram show ng
the arrasge- nentd cdn aadwat do £ vihgtokevicr. actorgemerad, t tikesdi r d
conditions are optimized by experiments. In addition,
the driving conditions are adjusted to change the
amount, speed, shape, stability, and the like of ink
droplets, if it is necessary to obtain gradations or
10 compensate for differences between the characteristics
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 circuit of
capacitances W1, W2, W3, W4,--- constituted by
piezoelectric elements W which are connected in series
via tﬁe electrodes EL1l, EL2, EL3, EL4, ELS5,---.

With this circuit, p-channel MOS field effect

20 transistors TAl, TA2, TA3, TA4, TAS5,--- serving as
first semiconductor switching elements are connected
between a VDD.power supply terminal to which a VDD
voltage is applied and the electrodes EL1, EL2, EL3,
EL4, ELS5,---, and n-channel MOS field effect

25 transistors TB1l, TB2, TB3, TB4, TBS5,--- serving as

second semiconductor switching elements are connected

between a VSS power supply terminal to which a VSS



- 14 - enbodi nent of the present invention; FIG 4 is a circuit diagram
showi ng the arrange- nent of a head driving device according to the fourth
enbodi ment of the present invention; 5 FI GS. 5A and 5B are bl ock
di agrams showi ng the arrangenent of an eni're control section using the
head driving device according to the four enbodiment; FIG 6 is a circuit
di agram of a decoder shown in FIG 5B; 10 FIGS. 7Ato 7C are
sectional views showi ng anot her arrangenent of a multi-nozzle ink-jet head

tional views shownc gerent of a . et |
Vi ow show ng { REoErIas e "Eha SEEET vO S84 856, L3 AefLi S A tRE D 1
365 AW A B16, LANGPLs EIL  Of e CORENG CBG!

FIG 9 is a cirguidesd
head dri ving de¢#%e. DETAI LED DES f NVENTI 'ON" A" head” dri vi ng

devi ce accor di ngr t#hé he-dhddie EMMSS! FESLd 0 £ £8@L PELSRS s tS¥ENTAD] MAi+ be
descri bed 20 below. FIG 1 shows the arrangenent of a nulti-nozzle

ink-jet head. Apgd urpadd | yras, L eceste e @ineyesd 6 €106 "POD | PoePi Supslectric
menber 11. at predeterm ned
5 terminal, and the back gates of the n-channel MOS field
effect transistors TBl1l, TB2, TB3, TB4, TB5,--- are
conneéted to a VSUB power supply terminal having a
potential different from those of the VDD power supply
terminal and the VSS power supply terminal. When the
10 field effect transistors 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,
TA5,-~~- through inverters IV1, IV2, IV3, IV4, IV5,---.
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 ié set to -5V. A current
rarely flows to the VSUB power supply terminal, and the
VSUB power supply terminal does not 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



pitches, and an upper lid 12 is fixed on the grooves to 25 formink
chanbers RMin association with the grooves. An electrode EL is spread over
the bottom portion and side walls of each ink chanmber RM A nozzle (not

- 15 - shown) is forned in front of each jnk chanber RM and an ink supply
port (not shown) is forned in the rear- ofl®ach ink chanber RM In this
head, the piezoelectric nenber 11 has portions form ng walls which separate
the 5 i nk chanbers RM from each other and serve as piezo- electric (or

el ectrostrictiye) nts |nter osed b th Iect od
respective pi eﬁ"olt S% }1/ hiES™R ar’éC B:lozetﬁe L}‘b%var%" a%%? %gf ca’?ed by

arrows in FI G5, &ﬁ 1C. 10 I n thIS I nk-j et head, the el ectrodes
EL are nornally gro ided as shown in FIG 1A Wen a positive voltage is

applied to a sel ect g¢,,e égféé‘?led %Lectro 7 Eé'irh darpug;g id WjRiEgpel ectric

el ements W between the L and the electrodes EL adj acent
15 ther et Grthe dxtigi@HamblS AN e i Be bellowhankera RMin

whi ch the selected electrode EL is present. In contrast to this, as shown
in FIG 4C, stationary state, a low-level drive signal is supplied
to the gate terminals of the field effect transistors
TAl, fAZ, TA3, TA4, TA5,--- through the inverters
v, 1v2, 1v3, 1v4, 1IV5,---, and the field effect
transistors TAl, TA2, TA3, TA4, TAS5,--- are set in an
10 OFF state. A high-level drive signal is supplied to -
the gate terminals of the field effect transistors
TBl, TB2, TB3, TB4, TBS5,~--, and the field effect
transistors TB1l, TB2, TB3, TB4, TBS5,--~- are set in an
ON state. In 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. 1lA.

In this state, a high-level drive signal is
supplied 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



when a negative
pi ezoel ectric e

i nk-j et head, when the state of the inK c

nore 25 st
including at le
nozzle (orificegpy
and the |ike of
comnbi nati on ano
states shown in
In general, the
driving cond|t|

voltage is applied to the selected electrode EL, the two

| ements W between 20 the selected el ectrode EL and the
el ectrodes EL adjacent thereto are internally distorted to conpress the ink
chanber RMin which the selected electrodﬁgEL is present. Therefore, in

ates (of the three states showin FIGS. 1A 1B, and 1C

t he

nmbér RMis changed into two or

ast the state shown in FIG 1A, ink can be ejected fromthe

EJECt drop Iets are tern1ned épending on a

EQPEEﬁit‘&"n@% w3dyr gtlb%ma@d ET Qt @ ‘Efratn*%‘is‘%@:n%@B ysee

FI'GS A, 1B, an an anmpbunt of distortion.

se copdithi @hssachaiing,Z Q%ebxu@&@,@u@&&tl% elen@@d W on,
ons are adjusted to change the anount, speed, shape,

Stability, and betweeke the electirodest £L2 and ELI a@ke Iy pilezoobt ain

gradations or 1
char act egi stics

10

15

20

25

0 conpensate for differences between the
edecpaier elementavhbetween tthe lelleetrode EL3 and EL4

are distorted externally when viewed from the ink
chambér B to be set in the state of FIG. 1B.

In this state, when the field effect transistor
TA3 is turned off, and the field effect transistor
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
ﬁ3 > electrode EL3 > transistor TB3 > VSS.

With this discharging, the state of the ink
chamber B returns to the original state of FIG. 1lA. 1In
this manner, the state of the ink chamber B changes
from the state of FIG. 1A to the state of FIG. 1B and
returns to the state of FIG. 1A. As a result, ink is
ejected from the nozzle of the ink chamber 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
discharging. The VSUB potential (;SV) lower than the
VSS potential (0V) is applied to the back gates of the

field effect transistors TB2 and TB4, and the back

v f>a§,§)s Qe VDD 1:§:ans W}:t TA%pge%le%hﬁ%ﬁe SE:til.ei"b blity,
ed in

t he



The head driving device has the arrangenment shown in FIG 2 to drive the
multi-nozzle ink-jet head as descri bed above. Mre specifically, the

equi val ent 15 circuit of the ink-jet head is a series circuit of

capaci tances W, W2, WB, W, --- constitut by piezoelectric elements W
whi ch are connected in series via the &l eétrofles EL1, EL2, EL3, EL4,
EL5,---. Wth this circuit, p-channel MOS field effect 20 transi stors
TAL, TA2, TA3, TA4, TAS5,--- serving as first sem conductor switching

el ements are co e e V oyer pl al a VDD
voltage is applggg8E gr?higg Qt d OREgﬁf EES éﬁéﬁ% Z EE@rWEh?gand

n- channel iekd ﬁff@ﬁ 23 1tabb2d5b3586S t&BLhe s B3welB4

serving as secon% sgn1con ﬂcto‘r’o a ?EB Peneﬁtéhgrgggonﬁegfed Bg§w2én a

VSS power suppl ¥elfifkmakst Qe’ﬁ’”tBhbé Ya®ger thaﬂ 3 yahhadepkawaedt Bgn the

VDD voltage is applied and the el ectrodes EL1, 2, EL3, EL4, EL5,---. The
back gates of tbabﬁrabamngl aMVph tbatdcef beebnt&aQSE&bmra Mbp T81tages,
TA4, TA5,--- are connected to the VDD power supply 5 termnal, and the

back gatgs of tygenerabednby Hhe fielld effect transistors TB2 and TB4

| in discharging, no current from the semiconductor
substrate is drawn to 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 from the semiconductor is not drawn.

In this manner, when the driving device is
ihcorporated 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

15 ~mounted on an IC, the driving device is not easily
influenced bj parasitic active elements in the IC, and
a head driving IC having high reliability can be
obtained without causing degradation of inter-element
isolation or latch up.

20 In the lines of the VSS power supply terminal,
wiring is desirably performed such that the drains of
the adjacent field effect transistors TB1l, TB2, TB3,
TB4, TB5,--- are as close to each other as possible.
Therefore, the loop of the discharge path in

25. discharging can be decreased in size, and an influence
of a rush cﬁrrent in discharging on the circuit can be

reduced.



effect. transistors TB1, TB2, TB3, TB4, TB5,--- are connected to a VSUB
power supply terninal haV|ng a potentlal different fromthose of the VDD
power supply term nal and the VSS power supply term nal. Wen the 10

field effect transistors TAl, TA2, TA3, T?A TA5,--- and the field effect
transistors TB1, TB2, TB3, TB4 TBS --= 1 I icor porated in a sem conduct or
substrate (shomn Iater as SUB) to constitute the integrated circuit, the
VSUB potential of the VSUB power supply 15 terninal is applied to the

senicpnductor substrf%etﬁistgﬁ ?ifﬁﬁéteg ﬁ?f&l&? é&gnal S

supplied to the gate ermna fle an5|s ors TAl1, TA2,

TA3, TA4, TAS5, -grahdfSt9hs ity ?rt@ﬁ§ Iy'3 I@%4 I@ﬁs LV4, hhive ---- 20
In this head dr|V|ng devi ce exanpl e e’ VDD potential is set to 20V,

the VSS potentl@idiﬁeéeioﬁal%r g 188, VOLB18S! 8854 thot ShEehata11EY. A
current rarely flows to U power supply term nal, and the VSUB power

‘supply term nal céescted tEdthéety¥ahs 8geord to foﬁheﬁldiﬁﬁharljérp&hh$
reason, -5V can be easily set by a charge punp or the like. Mre

specificglly, ttieeheby obtainiingeai stmphy bdircwittadrangéhentnk-jet head
along Therefore, the driving device is mounted on an IC, an
area occupied by the driving device can be
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,



D18 - Wi th such a charge punp circuit to reduce an anount of wring.  For

exanpl e, a case wherein an ink is ejected froman ink chanber B will be
described below. In a 5 stationary state, a lowlevel drive signal is
supplied to the gate termnals of the iieég effect transistors TAl, TAZ2,
TA3, TA4, TA5,--- through the inverters IVI, V2, IV3, 1V4, 1V5,---, and
the field effect transistors TAl, TA2, TA3, TA4, TA5,--- are set in an 10

OFF state. A high-level drive signal is supplied to the gate terninals of

the field effecénar9E§E§§%rzﬁr§§§oc§§§ri$§3inT%e fBai1g-afrapd the field

effect transistors T --- are set In an ON state. In

this manner, thergaB2stbaBCe82VendV8p4V8s dafficieldiy smal®,sat in a
di scharge state. The state of the ink-jet head at this tine is shown in

FIG 1A In thigistRhegeaclirgéntedebsdhbtefsbgnah thesepplitedduetbhe gate
of the field effect transistor TA3 through the inverter V3 to turn on the
field effect 20substratenevehoifT¥SS anusSuBl aw- esvabldshed.si gnderi s
supplied to the gate of the field effect transistor TB3 to turn off the
field efect trthisscondiBlon|,nwhinsVEEnreVSUR el sege the2oumberapflied to
el ectrode EL3 fromthe VDD power supply termnal to charge the

types of power supplies can be decreased, and a simple

structure can be obtained.

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 FIG. 3, diodes DX1, DX2, DX3, DX4, DX5,--- are parallel
connected to field effect transistors TBl, 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 electrodes EL1,
EL2, EL3, EL4, ELS5,---.

In this manner, when the diodes DX1l, DX2, DX3,
DX4, DX5,--- are parallel connected to the field effect

25 transistors TB1, TB2, TB3, TB4, TB5,---, the head can
be operated at a high speed. More specifically, the ON

resistance of the field effect transistors TBl, TB2,



25 ' capacitances W2 and WB. The charge path used at this time is as
follows: VDD > transistor TA3 > el ectrode EL3 > capacitance W2 > el ectrode
EL2 > transistor - 19 - TB2 > VSS and VDD > transi stor TA3 > el ectrode
EL3 > capacitance WB > el ectrode EL4 > trapsistor TB4 > VSS. Wth this
chargi ng, the piezoelectric el ement VVbet€£eﬁ'the el ectrodes EL2 and EL3
and the piezo- 5 electric elenent Wbetween the el ectrode EL3 and EL4
are distorted externally when viewed fromthe ink chanber B to be set in

the state of FI 1 n | S stale IR ' t i stor TA3
is turned off, '1?”3(1, tBIhBed'f i'ltel#d' effglcieQranmisitlngl%{& %H%St}liésa@ﬁrned on,
the capaci t ancgggi% @diite/'® Arhdl FIdHE LK1 A shBchpe i h pepd at, this
time is as follows: VSS > transistor TB2 > el ectrode EL2 > capacitance W >

el ectrode EL3 pHdrd¥dsd 0whdi the/B ok 58 > o263 oo pxe)-ect rode
EL4 > capacitance 15 WB > el ectrode EL3 > transistor TB3 > VSS. Wth

t hi s di schar gi e tdwranigece arf the didcldwydbasath ref wapad tdriverWh, nal
state of FIG 1A In this manner, the state of the ink chanber B changes
5 W2, W3, W4,---, discharging is performed at a high

| speed, and the head can be operated at a high speed.
In this case, the head driving device is incorporated
in thé substrate to form an IC, drawing of a current
from the substrate potential does not occur, and a head
io 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 thereof will be
omitted. According to this embodiment, as shown in
FIG. 4, MOS transfer gates (a kind of transistor) TG1,
TGZ,'TG3, TG4 ,-~- serving as third semiconductor

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 ELl1 and EL2, the MOS transfer gate TG2 is
connected 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 elecfrodes EL4 and ELS.



fromthe state of FIG 1A to the state of FIG 1B and 20 returns to
the state of FIG 1A As aresult, ink is ejected fromthe nozzle of the
i nk chanber B. The termnals of the field effect transistors TB2 and TB4 on
t he VSS power supply term nal side serveéﬁg sources in charging, and serve

as drains in 25 di scharging. The V. potential (-5V) |lower than the
VSS potential (OV) is applied to the back gates of the field effect
transi stors TB2 and TB4, and the back - 20 - gates are isolated fromthe

VSS potential. For thi ; appl i B power .
supply termnal is sfe}t %:t%f%éf%hadr \é&elreﬂ?ﬁ%%c%é va de%'%t)tagl{inée%%iﬁ% racting a
pn contact pot enlddd, TN & PR MUIRKrahs istodE AL SFADY +4F, Tl

effect transistors IB2 and 1B4 in discharging, no curr'ent ffromthe

seni conduct or  spHsS} I Atsrd sl AW dip JFE dtaldl, alfedtidignsigdor s TB2 and
TB4. More specifically, when the VSS potential and the VSUB potential are

set to OV and -t2Andiwtaxs reBl, B2, TB3/) arB4 herss) M -COonghetsdt i dn g  dr awn.
In this nmanner, when the driving device is incorporated in the
sem condgict or LN HEtrates, tand dthe M0S transfer gates TGl, TG2, TG3,
TG4 ,--- are set in an OFF state.
In this state, when the field effect transistor
TA3 ié turned on, and the field 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 > ¢apacitance 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 transfer gate TG2, and the capacitance
‘W3 is‘discharged through the MOS transfer gate TG2. In
20 this manner, when the cépacitances W2 and W3 are
charged/discharged, ejection of ink is performed.
When the capacitances 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, the

potentials at all the points are not lower than the VSS

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



1C, drawing of a current fromthe substrate potential does not occur.
Therefore, when the driving device is 15 nmounted on an I C, the driving
device is not easily influenced by parasitic active elenments in the IC, and
a head driving I1C having high reliability fan be obtai ned wi thout causing
degradation of inter-elenent i sol ation~or2?¥atth up. 20 In the

| ines of the VSS power supply termnal, wiring is desirably perforned such
that the drains of the adjacent field effect transistors TBl1, TB2, TB3,

B4, TBS, --- a;%q?ilrg& gcgff 4 Oc;?ng&tgtf&%m aehd© é?tl.dl.eatg ;ﬁ%ﬁéﬂéfal t§5es 00p Of

t he di scharge schargrng can ecre In size, and an

Jinfluence of A ydisMhdiiis entodl JhGEDAT 8 Non 0P { S Seribé dithdn€ 2l Dedgduced.
e e

- 21 - In this odi nent, since the fi el ect transistofs TB1, TB2,

TB3, TB4, TBS, -driveyg 1t hdPOAd ONPGh PFEPEADL BSty (b HdOSe NEEFuERL bE.

paral |l el connected to the transistors to forma ‘discharge path, 5
t her eby obtai ni ng a BnMhis odx Dwinig adévigeedincd henef dpac itenesi vé ng
device is mounted on an IC, an
5 discharged by using only one MOS transfer gate, a
charge path can be more shortened. Therefore, even if
an ON resistance per transistor does not change, the_
loop resistance of the discharge path can 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 on when charges for charging the
capacitances W2 and W3 are discharged by a charge
current flowing through the field effect transistor
TA3. However, the MOS transfer gate TG2 is aiso turned
15 on when reversely charges which charge the capacitance
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



ar ea bccupied by the driving device can be advantageously decreased. A head

driving device according to the second 10 enbodi nent of the present

i nvention will be described below. In this enbodiment, although the driving
device shown in FIG 2 having the sane arrangenent as that in the first
enbodi ment is used, the potentials of the25 - VSS power supply term nal
and the VSUB power supply termnal are set to be equal to each other. Mire
specifically, when a discharge current is small in the driving device in

FIG 2, volt d the field effect.t B2_and TB4
s sl 1 on FEE Segtitendnl feorfespihd, f%lagﬁ&ﬁ%? SaReetbacn t he

Zfﬂéﬁ’zﬁﬁfé‘f’;gﬁ MO R AT %”’désb “gRadation ke 880000 18
More specifi- g@%%gmglgéfge &a'r%%n SlQ@éhf%P%ﬁP{QUﬂ'fla EP2,

parasitic diod con uctor strate and fhe
el ectrodes EL2 ppgl By, Té‘ﬁdeiﬁeby"\é‘ei‘aéé‘ﬁ PhBsbar ORFEHF T ERE 48LATRLE,

“ 5 latched, data to be printed next can be stored in the
shift register 31.

The 4-bit gradation data latched by the 4-bit
latch circuits LT1, LT2, LT3, LT4, and LTS5 are supplied
to 16 to 1 selectors SL1, SL2, SL3, SL4, and SLS,

10 respectively. The selectors SL1, SLZ, SL3, SL4, and
SL5 selects one from 16 timing pulse strings
additionally input on the basis of the values of the
input gradation déta, to output the selected timing
pulse string. The selected timing pulses are supplied

15 to 2-bit sequencers SQ1l, 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 SQl, SQ2,

20 SQ3, S04, 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 information

25 of the order and time of four states, i.e., "0,0",
"0,1", "1,0", and "1,1" in synchronism with a sequencer

clock. The control timing data Bl and B2 from the



and voltage drop occurring in the field effect transistors TB2 and TB4 is
sufficiently small, a discharge current does not flow in the sem conductor
substrate even if VSS = VSUB is established. Under 5 this condition,
when VSS = VSUB is set, the nunber of types of power supplies can be
decreased, and a sinple structure can be »btakned. A head driving device
according to the third enbodi nent of the present invention will be

descri bed 10 bel ow. The sanme reference nunerals as in the first
enbodi ment descri bed above denote the same parts in the third enbodi nent,
and a descri pti%tauereens $@1: $Q2onFQ3 edSQAccandi $Q@5t arenasséanedi kent, as
shown in 15 FIG 3, diodes DX1, DX2, DX3, Dx4, DX5,--- are parallel
connect ed-t o fiAd-RYPRRY REZTLeS(QF ceven- nepbermnozzkes Rpsa. .. (o have

orer e POl i BIEIERER. 38 SRkt LenthS BROSSRThe DR RO DY O
L oo DL R5te el Eefh et e BB PIRRE 05 o e
ren: S0 LIRHPLE B iEeo D iaPig aRg o1 picaRk bt g s 0
head can sequencers SQl, SQ2, SQ3, SQ4, and SQ5 to decoders :
DCAl, DCA2, DCA3, DCA4, and DCAS5 in response fo an odd-
number selection signal ODD, respectively, and the
demultiplexer 35 supplies the control timing data Bl
10 and B2 ffom the sequencers SQ1, SQ2, SQ3, SQ4, and SQ5
to decoders DCB1, 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 DCB1, 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; DCA12, and
DCAl3 and two inverters DCAl4 and DCAl5, and the
decoder DCB1l is constituted by three two-input AND
gates DCB11l, 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



be operated at a high speed. Mire specifically, the ON resistance of the

field effect transistors TB1, TB2, - 23 - TB3, TB4, TB5,--- is generally
hi gher than the ON resistance of the diodes DX1, DX2, DX3, Dx4, DX5, ---.
Therefore, when the di odes DX1, DX2, DX3,2g§4 DX5,--- are arranged on the
di scharge path of capacitances W, 5 WB, Wi, ---, discharging is

performed at a hi gh speed, and the head can be operated at a high speed. In
this case, the head driving device is incorporated in the substrate to form

an |1 C, draw ng Ri1a58uﬁﬁ8 %:ﬂgteQeD ?egggﬁgnthgbu Eeg pgot occur,

and a head 10 rrvrng avrng can®be structured. A
head driving deyh¢er86£0pealg. tOTﬁQeﬂEQHHéP Bﬁﬁ?daﬂféét9§ 1HFu9§e€ﬁét

invention will be described bel ow e sane reference nunerals as in the

“first 15 egbgaaleat1desctheenpbgutegenohe1t ARASBOR1BAI AAdi Enplits
fourth enbodi ment, and a description thereof will be omtted. According to

this enbodrnentthasaﬁbnam AR1Ft& tHe MNB gatesbenlgathReo(Gghkthd of
transistor) TGlL, T&R, TG&, T&A,--- serving as third sem conductor
5 inverter DCAl15. The decoder DCBl directly inputs a
signal Al12 of two-bit signals Al2 and A22 from the
demultiplexer 35 to the AND gate DCB13, and inputs the
signal Al2 to the AND gates DCB1ll and DCB12 through the
inverter DCB14. The decoder DCB1l directly inputs the
10 signal A22 to the AND gates DCBl1l 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
DCAll, DCAl2, DCAl1l3, DCB1ll1l, DCB12, and DCB13 to a head
15 driving device 38. The head driving device 38
comprises transistor circuit sections TCAl to TCAl1l0, OR
gates Gl to G%, and transistor circuit sections TCBl to
TCB9. The transistor circuit sections TCAl to TCAl0
have the field effect transistors TAl, TBl, TA2, TB2,
20 TA3, TB3, TA4, TB4, TA5, TBS,--~ and the inverters IV1,
Iv2, 1Iv3, 1vV4, IV5,--- shown in FIG. 4. The transistor
circuit sections TCB1l to TCB9 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 IV1 of the
transistor circuit section TCAl, and a drive signal S21

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



20 switching elenents are connected in parallel with capacitances W,
W, WB, W,---. Mrre specifically, the MOS transfer gate TGL i s connected
bet ween the el ectrodes EL1 and EL2, the MOS transfer gate T& is connected
bet ween the el ectrodes EL2 and EL3, the MOS 25 transfer gate TG3 is
connected between the el ectrodes EL3 and BB4,-and the MOS transfer gate T
I's connected to the el ectrodes EL4 and ELS. - 24 - In this head driving
device, in an stationary state, the field effect transistors TAl, TA2, TA3,
TA4, TA5,.. are se; in gn OFF sta&e the field effect transistors TB1, TB2,
TB3, TB4, TB5,-fieldeeffect tyangistor FRlsp: theahBanfisker FLBAYAE: gat es
TG, TR, TG&3, THA,:-- %ég set ia an OFF stgte In this s%age, m?gn t he
field effect tr3RCFLPBrT¢AL-| A HFAEE BAINAASPhelfi BREPBES ELP™ FARsi st or
TB3 is turned o he c Ltances nd. VWB_are_ch ed. 10 . JA_charge
path used at th Dt%ﬁgeigeggbfongmgxgvéf9¥etFéHEthgﬁgTﬁg %“BPé&F?oaé EL3
> capaci tance c _ apgshLs T n >
transi stor TASv% gfé%?régggﬁtgéi ga%éc?ﬁgn§§£ﬁﬁgg €h¥3§0§ ngRQfer
5 gate TGl of the transistor circuit section TCB1 through
the OR gate Gl. A drive signal S12 is supplied from
the AND gate DCB1ll of the decoder DCBl to the inverter
IV2 of the transistor circuit section TCA2, and a drive
signal S22 is supplied from the AND gate DCBl1l2 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
832 is supplied as a drive signal S1-2 to the gate of
the MOS transfer gate TGl of the transistor circuit
15 section TCB1 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 through
the OR gate G2. Although the arrangements of the
decoders DCAl and DCBl1l are described here, the
20 arrangements of other decoders DCA2 to DCA5 and DCB2 to
DCBS 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 EL1l
25 to EL10 connected to capacitances W1l to W9, respec-

tively. The input/output relationship among the

decoders DCAl to DCAS and DCB1 to DCB5 is expressed by



el ectrode. EL4 > transistor TB4 > VSS. 15 In this state, when the
field effect transistor TA3 is turned off, and the MOS transfer gates TQ&
and TG3 are turned on, the capacitance W2 is discharged through the MOS
transfer gate T&, and the capacitance WB is discharged through the MOS
transfer gate T&. In 20 t hi s manrer 30when the capacitances W2 and WB
are charged/ di scharged, ejection of ink is perforned. Wen the capacitances
W2 and WB 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 statbruthotabhes apdsbhe PHEPBSt shatapsoft thel bead points are

not | ower than the VSS vol {age, Wien the drivin unt on an | C,

- 25 - drawing éFlngar¥%H%°3r3ﬁ1Fﬂgrgasspﬁapg BtEhFiSF“gBe§aﬁgF BECur .
Therefore, as in, this,enppdi a he riving IC having high reliability
can be structur&8O% Pnlpnﬁgedgegﬁﬁglﬂgv q ®dince one capacitance is 5

di scharged by using only one MOS transfer gate, a charge path can be nore

shortened. Therefore, even if an ON res&ggggcg per transistor does not
change, ghe

Al |A2 |S1X|S2X|S3X OUTPUT
0 0 L H L VSS VOLTAGE
0 1 H L L VDD VOLTAGE
1 0 H L L OFF
10 1. 1 L L H |SHORT-CIRCUIT LOOP-

Symbol Al indicates the signals All, Al2,---, and
symbol A2 indicates the signals A21, A22,---. Symbol.
S1X indicates the drive signals S11, S§12,---, symbol
15 © 82X indicates the drive signals 521, §22,---, 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
leveli, S2X = H (high level), and S3X.= 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

1
o

corresponding 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



| 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 MOS transfer
gates T& and TG3 are turned on when charges for charging the capacitances
W2 and WB are di scharged by a charge current flowi ng through the field :
effect transistor TA3. However, the MOS taansfer gate T& is .also turned 15
on when reversely charges which charge the capacitance W2 are di scharged by
a charge current flowing through the field effect transistor TA2, and the
MOS transfer gate T4 is also turned on when charges which reversely charge
t he capacit anceAWs= al eand shhat gbdabg established, driveusignelf Sl ng
through the field effect tranS|stor TA4. FIGS. 5A and 5B are bl ock di agrans
showi ng the arrlang®#®nt bf apd Bk s %ont?ﬁltgb%tFHMernEh%d?ﬂﬁr?he head
driving device in control. secti ata 60 be

G 4. d
printed are ser?%??élgﬂpi}?%ﬁr?ge% 2Fe heEhr %%E?“BﬁeghBYsFB?e MOBn the
hi ft t h k. The dat d th
T ohirt r chreagreX oReen B haaT b 'efhasrs fO qarbRiEnecd 11 1N

5 discharge loop.
In the control section with the above arrangement,

4-bit gradation data for driving odd-number nozzles,
i.e., (odd-number)th ink chambers, are stored 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 SQ1 to SQ5 are
supplied to the demultiplexer 35. The demultiplexer 35
supplies the control timing data Bl and B2 from the
sequencers SQ1 to SQS5 to the decoders DCAl to DCAS

20 corresponding to the odd-number nozzles, respectively.
The transistor circuit sections TCAl, TCA3, TCAS, TCA7,
and TCA9 and the transistor circuit sections TCB1l to
TCB9 are selectively driven by signals from the
decoder§ DCAl to DCA5. 1In this manner, the capaci-

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

the partition walls of the ink chambers are distorted



for each nozzle, and the 4-bit gradation data are respectively |atched by
4-bit latch circuits LT1l, LT2,” LT3, LT4, and LT5 by a latch pul se. After
the data are 5 | at ched, data to be printed next can be stored in the
shift register 31. The 4-bit gradation data | atched by the 4-bit |atch
circuits LT1, LT2, LT3, LT4, and LT5 are ggppLied to 16 to 1 selectors SL1,
SL2, SL3, SL4, and SL5, 10 respectively. The selectors SL1, SL2, SL3,
SL4, and SL5 selects one from 16 timng pul se strings additionally input on
the basis of the values of the input gradation data, to output the selected
ti mng pul se sttongiv@hprestereedtoi deagrpdl 4ak ahembeppl i tHetéby to
2-bit sequencers SQL, S, S, SAX, and S, respectively. One of the 16
timng pul se stejegting povedetgnmingdt ampuntaonfpinkt degendhngr ematheng W
timng pulse strings are set to be pulse strings which are preset to
control the 2- b9¥ageﬁaencéa§ascn SQ2, 20 S@B, S, and S at a
timng by a procedure in which anbunts of ipk to be gj ectegﬁare set

dependi ng on respect F9¥ SFQHHPFonyhe?h§h§ Epﬁrgeﬂﬁéﬁégréss ivepp t
o Chiie e R 0 bl A DO B g
e, "0,0% "Outer (edefR-nufiBlr)tninok2184"GRICH SILVhEE ds38GHERCCT
At this time, ink is ejected from the ink chamber
correéponding to the third nozzle, and no ink is
ejected from the ink chambers adjacent to the third
10 nozzle. 1In 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. In this head
driving device, in a stationary state, field effect
20 transistors TAl, TA2, TA3, TA4, TA5,--- 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



cl ock. The control timng data Bl and B2 fromthe - 27 - sequencers SQi,
SQ@2, S@; S4, and Sb are assigned to odd-nunber nozzles or even- nunber
nozzl es by a denmultiplexer 35 constituted by a plurality of AND gates. Mbre
specifically, the demultiplexer 35 5 supplies the control timng data
Bl and B2 fromthe sequencers SQL, S, SEB, S, and S to decoders DCAl
DCA2, DCA3, DCA4, and DCA5 in response to an odd- nunber selection signal
ODD, respectively, and the denultiplexer 35 supplies the control timng

data Bl 10 and B2 fromthe sequencers SQl, SQ@, S@B, S, and Sb to
decoders DCB1, £wBbowsEEDD Drpirangis BUBSTAS ?eebemEEO@e Bh3even- nunber
sel ecti on signal EVEN respectlvel Note that a signal "0,0" is supplied

to the decoder SC3RFAitapes WhHonse %ﬁtﬂp %n@L%EBStEGnS15t°€o¢$%sboﬂ§$ng to

t he even-nunber mhen the odd- npunber sel ecti si gnal :
and to the decdﬂ%$z6 AEﬁ%A iﬁ 58 3r?e§38ﬂﬂ?ﬁﬁn?8 the

odd- nunber noz he ev, er selecti Sl EV] I nput. 20
As shown in FlI ﬁ%cég%%%eﬁﬂ fgn%bﬁgor T84 >99§§. E%Ikﬁls
5 tlme, ink chamber B are expanded as shown in FIG. 1B to

absorb ink from ink 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 W3 are reversely charged. A chérge path
used at this time is as follows: VDD > transistor
TA2 > electrode EL2 > capacitance W2 > electrede 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 TA2,
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 gate 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,



stituted by three two-input AND gates DCAl1l1l, DCA12, and DCA13 and two

I nverters DCA14 and DCAl5, and the decoder DCBl is constituted by three

t wo-i nput AND gates DCB11l, DCB12, and DCB13 and two inverters DCB14 25

and DCB15. The decoder DCAl directly inputs a signal Al of two-bit
signals All and A21 fromthe denulti- pleygr 35 to the AND gate DCA13,- and
I nputs the signal - 28 - Al to the AND gates DCAIl and DCA12 t hrough
the inverter DCAl14. The decoder DCAl directly inputs the signal A21 to the
AND gat es DCAll and DCA13,  and inputs the signal A21 to the AND gate DCAl1l2
through the 5 TA4, iTB2stEB3 DGid. TBA hareesetein OBIONF retaty whent the
signal Al2 of two-bit signals Al2 and A22 fromthe denultlplexer 35 to the
AND gat e DCB13,capacitpucesiWie andidd aue dbscharged gehese DEBINcand DCB12

t hrough the |nverter DCB14. The decoder DCB1 directly inputs the 10

signal A22 to tFRCPRES RAER txxﬂheéﬁ%scaeﬂsr avePlYiptesminal spgntle A22 to
the AND gate t hr ough th verter 5 A dr|ve si gpal supplied
ffom t he AND gaYD8 BRYEY Swppby ComMbaa1 pclRerEeRe; SV beB1at 8 o head

5 current from the substrate potent1a1 does not occur.
Therefore, in this embodiment, a head driving IC having
high reliability cén be structured. |

In this embodiment, ink ejection is performed

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 W1l 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-nozzle 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



‘15 driving device 38. The head driving device 38 conprises transistor
circuit-sections TCAL to TCALO, OR gates Gl to (3, and transistor circuit
sections TCBl1 to TCB9. The transistor circuit sections TCAL to TCA10 have

the field effect transistors TAl, TBl1l, TA2, TB2, 20 TA3, TB3, TA4,

TB4, TA5, TB5,--- and the inverters IV, 8¥2,-1V3, V4, 1V5 --- shown in
FIG 4. The transistor circuit sections TCB1 to TCB9 have the MOS transfer
gates TGlL, T&, TG, THA,--- shown in FIG 4. A drive signal Sl1 is
supplied fromthe AND gate 25 DCA1l1 of the decoder DCAl to the

i nverter |Vl ofimnthe rlorexstdiredtiontmaycbeonsddAl, Innthis deagse, signal S21
I's supplied fromthe AND gate DCAl2 to the gate of the - 29 - field

ef fect transi stePntEAsbHite Hehe reasesshewr iBuFIGsetti @d Fopwn iAndrive
signal S31 is output_fromthe AND gate DCAl3, and the drlve SI nal S31 is
supplied as a dffGe §$gdﬁmeﬁﬂ?2“?%@Fh%eg§PEtBQetﬁE MePPLLefetosa gate
TGl of the transjstor circuit sectiopn T h ou t he . drive
signal S12 is s¥ppFRe ?‘FB’F}?‘{‘%E %I\E)"ﬁﬁ?% %P‘?Iﬂﬁnﬁcﬁogﬁf'wﬁﬁltﬁﬁ t he
Inverter V2 of 1 en LLPOSESERL £L & aﬁeéiéé’l?ro 21,2043 8c8ht VEnereto
is distorted externally to expand the ink chamber RM in
which the given electrode EL is formed. 1In contrast to
this, as shown in FIG. 7C, when a positive voltage is
applied to a given electrode EL, a piezoelectric
10 element W between the given electrode EL and an
elecﬁrode 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
element is used as an electrostrictive element.
Hoﬁever, the piezoelectric element is not limited to
the electrostrictive element. An electrostrictive
20 element using elecfrostatic force may be used. In 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



signal S22 is supplied fromthe 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 fromthe AND gate DCB13, and the drive signal S32 is
supplied as a drive signal S1-2 to the gate of the MOS transfer gate TGL of
the transistor circuit 15 secti on-TCB§ through the OR gate Gl, and is
supplied as a drive signal S2-3 to the gate of the MOS transfer gate T& of
the transistor circuit section TCB2 through the OR gate &. Although the
arrangenents of the decoders DCA1 and DCBl1 are described here, the 20
arrangenent s of ebemeptdecoders DCA2 to DCA5 and DCB2 to DCB5 are the same
as those of the decoders DCA1 and DCB1l. The output termnals of the
transistor circuit sB8tEbfsheediofoancink-iek P§hﬁ§€?e8°tﬂhéFEcPhﬁdes EL1
25 to EL10 connected to acitances WM to, W9, res el The
“nput/ out put T cPEPPBRENLBVAREAGR A8 ABESAERs BCRTaolReRBiGHIebeRY P Deas
is expressed by

tab d the.out tat f the head
driving device §§r&8Ff¥§p8ﬁ3WﬁB¥§oagﬁegéfggﬁep gFguﬂgﬁhaglgais > ° e

5 structure, but constitute capacitances 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.



“shown in the following table: Tabl sz 33X OUTPUT 0
oobort g o THHIIIEN | 7% S

LOOP Synbol Al indicates the signals AII Al ,-2- % and synbol A2 indicates
the signals A21, A22,---. Synbol S1X |nd|cates the drive signals Sl11
S12,---, synbol 15 S2X indicates the gpi ve signals S21, S22,----, and
synbol S3Xaziaimgd cates the drive signals S31, S32,---. As is apparent from

Table 1, when signal AL = 0 and A2 = 0 are established, drive signal S1X =
Lh(l ow | evel ) EZXA— hlela@hidgﬁivh@z\gﬁd)e,vi&@ hf%&Xa?x luﬂcl-@]\#ﬂdeiéﬂd) iin%(ludc?'.ng \;ﬁ\h
this tine volta is a to the_co ondi ng el ectrode. en
Slonal APLSAL of Eak ndBRersl Ry ora el eCtraboriagtvs fembSss (W),
and S3X -eadch Abf tthuscmlmlwé@&y@étagﬂd@ee@@aleﬂe&er&ae €eL1 gspoR§li ng

el ectrode Vhen xgnal A2 are established, drive
signal SISPEM{RI B apiCLtd?fbc%3Wl’ LandAYa’EHF§ PFRESuLe\HPt2ge applied to

the corr esmanss pondingt Lnikechambelr NERM pf by eYBeOrSs€Rdttion caused upon

charging and discharging of the capacitance (W1l), the head
driving device comprising:

first and second power supply terminals (VDD, VS8S5) set at
respective potentials different from each other; and

a control circuit (FIG. 2; FIG. 3; FIG. 4) coupled to the
first and second power supply terminals (VDD, VSS) and to the
first and second electrodes (ELl, EL2) of each of the
electrostrictive members (W) for charging and discharging the
capacitance (Wl) of each of said electrostrictive members (W)
with use of the potentials of said first and said second power
supply terminals (VDD, VSS); said control circuit including an
integrated circuit chip having a semiconductor substrate (SUB)
and plural pairs of first and second switching elements (TAl,
TBl, TA2 TB2), said first and second switching elements (TAl,
TBl, TA2 TB2) being formed in said semiconductor substrate
{SUB), the first electrode (EL1l) of each electrostrictive
member (W) being connected to the first and second power supply
terminals (VDD, VSS) respectively through the first and second
switching elements (TAl, TBl) of one pair of said plural pair
of switching elements (TAl, TBl, TA2, TB2), and the second
electrode (EL2) of each electrostrictive member (W) being
connected to said first and second power supply terminals (VDD,
VSS) respectively through the first and second switching
elements (TA2, TB2) of another pair of said plural pairs of
switching elements (TAl, TBl, TA2, TB2),

wherein said head driving device further comprises
inhibiting means for inhibiting currents from £lowing through
parasitic active elements in the integrated circuit chip such



- 31°- Al =1 and A2 = 1 are established, drive signal S1X = L, S2X = L,
and S3X = H At this tine, the corre- sponding

short-circuited by the MOS transfer gates TGL,
constitute a 5 di scharge loop. In the cont !ﬁ l" E!r he above
arrangenent, 4-bit gradation data for driydng oda-

(odd- nunber)th i nk chanbers, are stored |n the shift register 31 and then
| at ched by the 4-bit latch 10 circuits LT1 to LT5. The | atched

gradat i ogn@at 1 @SRRI e@v&eet fl@-, ol %ulss%%'n%qtaqu Ihk1lended b Ree

converted into one timng pulse. The timng pulses fromthe selecfors SL1
to SL5 aPa@ragdiicedctdvehelemgntssequencers SQL to SQb, respectively, to be

converted 15 5 tbﬂéohéﬁat&f?ivih&‘ &%{ﬂééagéofaﬂn 2to Jfﬁixﬁoi't 'QhetbfthNg

data Bl and B2 fromthe sequencersS are Supplie
denul ti pls@i&t iPbibind nge MEafisplisk & SITUARNNE e'éiatthéh@omcqndmcr\?@rdat a Bl

and B2 frsemstéﬁt%eqéwsge&% Wk e %Qéé&&ﬁ%ld%dgfs aDxhded Hevtvee)

corresponding to th d- nunber nozzl'es, respectively. The tranS|stor
circuit $0@ BOTPIrGALS PEASAIFCASTSICAND Fid dTGAT oA POven SXRALA o

circuit Setdions sT(®bd,ovss).

3. The head driving device according to claim 2,
wherein:

the potential of said first power supply terminal (VDD)
is higher than the potential of said second power supply
terminal (VSS), and

said integrated circuit chip is arranged such that the
capacitance (Wl) of each electrostrictive member (W) is charged
by turning on the first switching element (TAl) connected to
the first electrode (ELl) of the respective capacitance (Wl)
and the second switching element (TB2) ¢onnected to the second
electrode (EL2) of the respective capacitance (Wl) and turning
off the first switching element (TA2) connected to the second
electrode (EL2) of the respective capacitance (Wl) and the
second switching element (TBl) connected t¢ the first electrode
(ELl) of the respective capacitance (Wl), and is discharged by
turning on the second switching elements (TBl, TB2) connected
to the first and the second electrodes (ELl1l, EL2) of the
respective capacitance (Wl) and turning off the first switching
elements (TAl, TBl1l) connected to the first and the second
electrodes (ELl, EL2) of the respective capacitance (Wl).

4. The head driving device according to claim 1, wherein
said inhibiting means is a structure that at least one group
selected from a group of said first switching elements (TAl,
TA2) and a group of said second switching elements (TBl, TB2)
is formed of MOS transistors having back gates which are set at
a potential out of a range between the potentials of said first
and said second power supply terminals (VDD, VSS).



“TCB9 are selectively driven by signals fromthe _deco 5. In
this manner, the capaci- 25 tances WL to W9 are selectively

charge/ di scharge- controlled, and the piezoel ectfj mmﬁmmm:‘m tituting
the partition walls of the ink chanbers are dist[““ o give
pressures to desired ink chanbers, therebysgjectifg brédeﬂbrﬁined anount s

of ink depending on the gradation data. For exanple, when the third nozzle
is driven, the 5 second and fourth nozzles adjacent to the third .

nozzl e are (eveh: nFAfehead FANIRY FREIFQACIRRAING it ain 4 hivdherein

ink is ej gréedeniofhibetbpkebatbete COEHBFPOREVEE hS the babkdgaeé§|8f and
no ink is ejected fromthe ink chanbers adjacent to the third 10

nozzle. P8 @h%@snﬁﬁﬁﬁﬁ}sFﬁﬁs(odd-nunber)th nozzl es and the (even-nunber)th
nozzles are altgrnaifl \hdld vc&wﬂxgogaéﬁéa Rid B dhg A d16ath 1 ¥ ggm@lfevme

according to the fifth enbodi ment "of the present invention w > .
descri bedSatd inhipirang peavpdifgat 8LrHFsLERpEhRfefitidaRerRBe SWAGFR4RT

elements (TBl, TB2) connected to the first and second
electrodes (EL1l, EL2) of each electrostrictive member (W) are

formed of MOS transistors which are turned on upon application
of a common gate potential to discharge the capacitance (Wl1)
through source-drain paths thereof reversed from each other,

7. The head driving device according to claim 6,
wherein: |

the potential of said first power supply terminal (VDD)
is higher than the potential of said second power supply
terminal (VSS), and

said integrated circuit chip is arranged such that the
capacitance (Wl) of each electrostrictive member (W) is charged
by turning on the first switching element (TAl) connected to
the first electrode (EL1l) of the respective capacitance (Wl)
and the second switching element (TB2) connected to the second
electrode (EL2) of the respective capacitance (W1l) and turning
off the first switching element (TA2) connected to the second
electrode (EL2) of the respective capacitance (Wl) and the
second switching element (TBl) connected to the first electrode
(EL1) of the respective capacitance (W1l), and is discharged by
turning on the second switching elements (TBl, TB2) connected
to the first and the second electrodes (EL1l, EL2) of the
respective capacitance (Wl) and turning off the first switching
elements (TAl, TA2) connected to the first and the second
electrodes (EL1l, EL2) of the respective capacitance (Wl).

8. The head driving device according to claim 1, wherein
said inhibiting means is a plurality of third switchiné
elements (TGl), each of which is connected between the first
and second elecrrodes (EL1l, EL2) of a corresponding



“method is realized by using the driving denggﬂipgﬂﬂdLg—ELGF—4—as in the
fourth enbodinent. In this head driving dew M a stationary state,
field effect 20 transi stors TAl, TA2, TA3, T are set in an
OFF state, field effect transistors TBI, TBEH‘ \'\W -- are set in
an OFF state, and MOS transfer gates Fgﬂ , ) *are set in an
ON state. In this state, when the fie effect transistors 25 TA3,

TB2, and TB4 are turned on, and the MOS transfer gates T& and TG3 are

turned okfleckapativiantdse Wenbed W jaand Ranged oh durgsohiriyeustd at this
time is as VDD > _transi stor TA3 > el ectrode EL3 >

WS
capaC|taﬁ@gnﬁfg9€§§5ﬂn95ﬁ?qaff ne& {ftdi'stor TB2 > VSS and VDD > transi stor

TA3 > el ectrode ,ELShe hepacirsvingVBeviebeattogaifh4ts tlapmi gjor TB4 >
VSS. At this 5 time, ink chanber B are expanded as shown in FIG 1B to
absor b i MREESGM nk supply ports. The field effect transistors TA3, TB2,

and TB4 are tursmd peffentdad UfGSfdiQ!l ctlefs‘te@oﬂerzawﬁl@r TebMnalA4vpand TB3
are turned -on. In this manner, C%ﬂ? tances W and WB are
reverself' than iﬁﬂ%} ?ﬁﬁ lal sald second power supply

terminal (VSS), and

said inregrated circuit chip is arranged such that the
capacitance (Wl) of each electrostrictive member (W) is charged
by turning on the first switching element (TAl) connected to
the first electrode (EL1l) of the respective capacitance (Wl)
and the second switching element (TB2) connected to the second
electrode (EL2) of the respective capacitance (Wl) and turning
off the first switching elemenf (TA2) connected to the second
electrode (EL2) of the respective capacitance (Wl1l), the second
switching element (TBl) connected to the first electrode (EL1}
of the respective capacitance (Wl), and the third switching
element (TGl) connected between the first and second electrodes
(ELl, EL2) of the respective capacitance (Wl), and is
discharged by turning on the second switching element (TB2)
connected to the second electrode (ELZ2) of the respective
capacitance and the third switching element (TGl) connected
between the first and second electrodes (EL1l, EL2) of the
respective capacitance {Wl).

10. The head driving device according to claim 8,
wherein the third switching elements (TGl) are formed of MOS
transfer gates.



used at this time is as follows: VDD > transistor TA2 > el ectrode EL2 >
capaci tance W > el ectrode EL3 > transistor TB3 > VSS and VDD > transi stor
"TA4 > el ectrode EL4 > capacitance WB > el ectrode EL3 > 15 transi st or
TB3 > VSS. At this tinme, ink chanber B are conpressed as shown in FIG 1C
to eject ink fromnozzles. Thereafter, when the field effect transistors
TA2, TA4, and TB3 are turned off, andthe MOXS transfer gates 20 T&R
and TG3 are turned on, the capacitance W2 is discharged through the MOS
transfer gate T&Q, and the capacitance WB is discharged through the MOS
transfer gate TG3. As a result, the state of the ink chanber B returns to

the state shown in FIG 1A In.this n 25 Ink ejectipon is

per formed by charging, rever@%m% RIS{E AP HEURE gi&gtqchez)capaci t ances

W2 and WB. Since all , i | St - . - 34 - TA4,

TB2, TB3, and TB4 ar e%%ﬂ i%&\%ﬁ‘féﬁ%r@{gn lﬁ'e&ggppa%l ERes v and V8

are di scharged, thgf §day M- (S Havild) Hdb 1 HAI0 o1 R gedee M Nal
ply : ere

or the VDD power sup erm na ore, draw ng of a
transistors (TA) connected between a first power supply

5 terminal (VDD) and electrodes (EL), and second MOS field
effect transistors (TB) connected between a second power
supply terminal (VSS) aﬁd the electrodes (EL). 1In the
driving device, ink is ejected from each ink chamber (RM)
due to the variation in pressure which is caused by

10 charging and discharging of corresponding capacitances (W)
each across an electrode (EL) of the predetermined ink
chamber (RM) and electrodes (EL) of ink chambers (RM)
adjaéent to the predetermined ink chambers (RM). Both of
the first MOS field effect transistors (TA) and second MOS

15 field effect transistors (TB) are formed on one
semiconductor substrate (SUB). The potential of the
semiconductor substrate (SUB) is set to be out of a raﬂge
between the potentials of first and second power supply

terminals (VDD, VSS).



5 current fromthe substrate potential does not occur. Therefore, in
t hi s enbodi nent, a head driving I C having high reliability can be
structured. In this enbodi ment, ink ejection is perforned during reverse
charging, and then, discharging is 10 performed. Therefore, the
foll owi ng nethod may be effective to prevent erroneous ejection. That is,
di scharging is slowy performed depending on conditions such as the
properties of ink such that the discharpging rate is not extrenely hi gh,

t her eby suppressing an 15 abrupt change in ink pressure. In such a
case, the ON resisggnce ofyt he tran er gast Tcﬂyﬁo Tcnvaay be set to
be high, and a ti COR@ta t g?& e cagﬂTl to W and
the ON resistance o( i g te set to be
| arge. 20 I n eac of(th fbodi mept s\ a head d IVI devi ce
using, as a multik - ' | C
el ements Wconstit g t] tiqn b[ Jarle I zgd t per
direction, i.e., | e dir 1A € pge | d : erq the present
25 |nvention ' t te t hg5s IANEeN nd sf shown in
FIG. 7Ato 7C, ah i {ch{piLa¥oe | | Qe Cc tuting
partition walls p // '
il
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- 35 - inthe 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 given electrode, a piezoelectric elenent Wbetween the 5-
given el ectrode EL and an el ectrode EL adjacent thereto is distorted
externally to expand the ink chanber RMin which the given electrode EL is
formed. In contrast to this, as shown in FIG 7C, when a positive voltage
is applied to a given electrode EL, ajpigezoel ectric 10 el enent W

bet ween the given electrode EL and an el ectrode EL adjacent thereto is
distorted internally to conpress the ink chanber RMin which the given

el ectrode EL is fornmed. Therefore, when this head is used, a head driving
devi ce corresponding o the head 15 is useg. In gqach of the

enbodi nents, a piezoe ectric'§ gnt i s used a$ an eljectrostrictive

el ement. However, the iimted to the

el ectrostrictive ele el enent usi ng

el ectrostatic force the electrostrictive
el ement directly consty iink chanber. However,

t he present i nvention|3

J

FIG.

vDD
VSS
vSuB



arrangenent, and an el ectrostrictive elenent may 25 indirectly distort
the wall surface of the ink chanber. In short, the pressure in an ink
chanber may be only changed by electrostriction of the electrostrictive

- 36 - elenent. As the head of an ink-jet printer to which the 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 cayge used. The enbodiments of the
present 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
nodi fication of the present invention can &g effective as necessary w thout
departing fromthe spirit and scope of th E@resent i pventi on. - 37 -
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1. A head driving device for an ink-jet head including a plurality of ink
chanbers (RM and el ectrostrictive nenbers (W, each of which includes
first and second el ectrode (EL1, EL2) formi ng a capacitance (W) and varies
pressure in a corresponding i nk chanber (RM by electrostriction caused
upon charging and di schargi ng of the capacitance (W), the head driving
devi ce conprising: first and second power supply termnals (VDD, VSS) set’
at respective potentials different frdmdeach other; and a control circuit
(FIG 2; FIG 3; FIG 4) coupled to the first and second power supply
termnals (VDD, VSS) and to the first and second el ectrodes (EL1, EL2) of
each of the electrostrictive nenbers (W for charging and di scharging the
capaci tance (W) |jof each of sai|d el ectrostrijcti ve menberis (W with use of
t he potential s off said firsk:aJd sai d second power supplly term nals (VDD

VSS); said contr TTgui t tﬁ uding an intggrated circuft chip having a
sem conduct or su t g i
swi tching el enentjs (TAL TBL

d pIuraI nd second
cond swi tching
el ements (TAl, TH1, T ductor substrate
(SUB), the first emect Saba(ELl of eacfy el ctrg’ e nmenber (W being
connected to the fmns né~second power ¢suppl erlm nal s| (VDD, VSS)
respectively through first_jandgseco hing el ements (TALl, -TB1) of
one pair of said plural pair oﬁr§ﬁitch|n elenents (TAL,| TB1, TA2, TB2),
and the second

5%; 2 m | e T
=2 '-{[j =
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el ectrode (EL2) of each electrostrictive nmenber (W being connected to said
first and second power supply termnals - (VDD, VSS) respectively through the
first and second switching el enents (TA2, TB2) of another pair of said
wherei n said head
driving device further conprises inhibiting means for inhibiting currents
fromflow ng through parasitic active elenents in the integrated circuit

pl ural

chip such
by the parasitic active el enents.
claim1l1, wherein said inhibiting means is a structure that the

-38 -

pairs of switching elenents (TAl, TB1, TA2, TB2),

that the driving device is not substantially influenced
2. ™® head driving device according to

sem conduct or substrate (SUB) is set at a potential out of a range between
the potentials of said first and said second power supply term nals (VDD,

t he
(VDD) is higher than the

VSS) .
potenti al

potenti al,
circuit c

3. The head driving device according_to claim?2, wherein:

of said first power SUS’E“ Stqumﬂgl roti
said s power termnal (VSS).,.and said_i| riat ed
O L A TR
CLOCK —EVEN
SHIFT - —
[_cmcx LTi sLy | Sl !
LATCH {6 TO 1 SELECTOR SEQ |B2 A
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" capacitance (W) of eéach electrostrictive menmber (W is charged by turning
on the Tirst switching el enent (TAl) connected to the first el ectrode (EL1)
of the respective capacitance (W) and the second sw tching el enent (TB2)
connected to the second el ectrode (EL2) of the respective capacitance (W)
and turning off the first switching elenment (TA2) connected to the second
el ectrode (EL2) of the respective capacitance (W) and the second swi tching
el ement (TB1l) connected to the first €fgctrode (EL1) of the respective

capaci tance (W),

and is discharged by turning on the second sw tching

el ements (TB1, TB2) connected to the first and the second el ectrodes (EL1,
EL2) of the respective capacitance (W) and turning off the first sw tching
el ements (TALl, TBl) connected to the first and the second el ectrodes (EL1,

EL2) of the resgectrve Tapacitan e vi ng device
according to clgim1, wherein said |nh|b|t|ng nmeans i s structure that at
| east one group |sel ected froma group of said first swfching el enents
(TA1, TA2) and g group of sa%ggsecond sg?gchlng el enents (TBl, TB2) is
formed of MOS trfansi stors ha back s which are spt at a potenti al
out of a range detmeen t he m@&EWt al'p i d T1rst ana sai d second power
supply terminal g (VIO ~VSS)~ 1 i]; driving dev| ce according to
claim4, wherein A21 | DEC TC |
—2ael | . 5 ~EL{
' - _I_
A2 —— DCBI L2761 1e | T8 | =——wi
a22] DEC Te proe LI T
OCA 62 |1 1682l =~ w2
DEC TCc [~TCA3 T 1 EL3
DEC Tc hTCA4 T T ELa
DCA3 3@ 1c | TCB4 -L/vm
DEC ] TC [-TCA5 T TVEL5
L g5 vc|_tees! L w
DEC ¢ [T L T
DEC Tc [TOAT Lo SIS
04 J;':CI%G—? 1C L TCBT)! 'L——\_/WT
pec| 3| Tc [TCA8 " L :]L—VELB
DCAS I w8
68|TC | TCB8| —=~——
DEC Tc P19 LT T e
: DCES D@Fc— | ToBol = —__wo
DEC Tc [TCMO L '{;EL 0
38~ , s .
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t he sem conductor substrate (SUB) serves as the back gates of said MOS
transistors. 6. The head driving device according to claiml, wherein said
inhibiting nmeans is a structure that said second switching el enents (TB1
TB2) connected to the first and second el ectrodes (EL1, EL2) of each
el ectrostrictive menber (W are forned of MOS transistors which are turned
on upon application of a commbn gate potential to discharge the capacitance
(WL) through source-drain paths thereof reversed fromeach other. 7. The
head driving device according to claim®6, wherein: the potential of said
first power supply termnal (VDD) is hiigher than the potential of said
second power supply termnal (VSS), and said integrated circuit chipis
arranged such that the capacitance (W) of each electrostrictive nenber (W
is charged by turning on the first switching el enent (TAl) connected to the
first electrode (EL1) of the respective capacitance (W) and the second
swi tching el enent (TB2) connected to the second el ectrode (EL2) of the
respective capacitance (W) and turning OBC jfe first swtching el ement
(TA2) connected to the second el ectrode ( é) of the respective capacitance
e

(W) and the second ' tngetenent - inecimpeEajo the first
el ectrode (EL1) Ad{ tlhe respective capacit WL),” and is discharged by

turning on the secord{sw t ching €] effents (TB}:—FB2)Sébnnect ed
' - DCA2 !
DCAl4
A21 - ——S52%
I— DCAi3

DeBii
e
Si2

e - 6|
DCA15 )..éij:j__
- Si-2

DCBi4 ‘
2 fjﬁgz
DCB{3
! % ' 62
. $2-3
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to the_first and the second el ectrodes (EL1, EL2) of the respective
capacitance (W) and turning off the first switching elenents (TAl, TA2)
connected to the first and the second el ectrodes (EL1, EL2) of the
respective capacitance (W). 8. The head driving device according to claim
1, wherein said inhibiting neans is a plurality of third switching el enents
(TGL), each of which is connected betgggn the first and second el ectrodes
(EL1, EL2) of a corresponding - 40 - "electrostrictive nenber (W and
turned on to discharge the correspondi ng capacitance (W). 9. The head
driving device acqggr d; [ r e wt D ohenbnp! ypf said first
power supply term aIR ? thﬁg W@ﬁa?’@h p enWieaFMgf vgai d second

(VS$), fand ir

hg/ T kr St t(

power supply term pal sai[d inteqrated &uit chilp is arranged

such that the ca NENE | S
charged by turni ni ttHiAgl €| offheted to the
first electrode (E of r ti e/chpag¢if gnce ) a he second
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off the first switching el enent (TA2) connected to the second el ectrode
(EL2) of the respective capacitance (W), the second sw tching el enent

(TB1) connected to the first electrode (EL1) of the respective capacitance
(W), and the third switching element (TGl) connected between the first and
second el ectrodes (EL1, EL2) of the respective capacitance (W), and is

di scharged by turning on the second switching elenent (TB2) connected to

t he second el ectrode (EL2) of the respggbive capacitance and the third
switching elenent (TGL) connected betweéen the first and second el ectrodes
(EL1, EL2) of the respective capacitance (W). 10. The head driving device
according to claim8, wherein the third switching elenents (TGL) are forned
of MOS transfer gates.
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