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WD 2004/ 026582 PCT/JP2003/ 011851 -1 DESCRI PTION HEAD
DRI VE CONTROL DEVI CE AND | NKJET RECORDI NG DEVI CE 5

woeaodwuz2essb Fi el d The present invention general PgT/JP2003/011851

relates to a head drive control device and an inkjet
recording device, and nore particularly, to a head
drive control device includéd in an 10 inkj et
recordi ng device which records an inage by dlscharglng
i nk drops. Background Art pps-amnprpkpet. head formng a
recording head of an 15 inkjet recording device used
as an inmage recording device or an inage form ng
device, such as a printer, a facsimle, and a copying
machi ne, a head. using an el ectrostatic actuator as

di scl osed FFAPapahlsPERPIOpEN 1RPG: 2P 9ﬂﬁﬂ33:§@ﬁgﬁDﬂﬂG
2001- 260346 is well known. 20 This electrostatic

i PHRYTEIE head includes electrostatic actuators in each
of which a di aphragm used also as or including, a
first electrode formng a wall surface of a discharge
room communi cating with a nozzle and a second

etariede faniindi vi dual el ectrode) are opposed to
each other 25 wWth a predeternm ned air gap

her eb f / D26.
LC$;3ngggﬁgi1?g%§éﬂ5nﬂnW@H%iéHWBeWgEgggﬁ P2698% to a head

drive control device and an inkjet recording device, and more

partieularly, to a head drive control device included in an
inkjet recording device which records an imege by discharging

ink drops.

Background Art

As an inkjet head forming a recording head of an
inkjet recotding device used as an image recording device or
an image forﬁing device, such as a printer, a faCSimile, and a
copying maehine, é head using an electrostatic actuater as
disclosed in Japanese Laid—Open Patent Application No. 2001-
260346 is well known.

This electrostatic inkjet head includes
electrostatic actuators in each of Which a diaphragm used also
as orAinciuding-a first electrode forming a wall surface of a
discharge reoﬁ communicating with a nozzle and a second
electrode (an individual electrode) are opposed to each other

with a predetermined air gap therebetween. A driving waveform
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is applied between the first electrode and the second
el ectrode of this electrostatic actuator so as to

wdebarozsshe di aphragm of each actuator by uti PCTAPZOZO 1851

el ectrostatic attraction. By a nechanical force upon
the deformation, or by 5 a nmechanical restitution
produced in the diaphragn1u§on turning off the

el ectrostatic attraction, an ink in the discharge

ri@oBps ; diseberaad dHom;the @Qééjcﬁodé Nardy dHeV & c68ALT O
device for a head using such electrostatic actuators,

'@l %Ernggcgfo f%(glééﬁ o%k?%&%ogégﬁé§or¥§>%1t%%tgr orm the

are conbi ned elect of ma compn €l ect

he first el ectrodes f t he commo electrode
Haebgon o A AP d Y HAT b PG AL gps tatee
pul se-form potential of +V is selectively applied to
PROTOPAUER. OPEC MRREST(Sad0RArer ceRaDddY defgrmation, or by
Besi des, as a drive control device for dr|V|ng an
@Imecheeiamlcr%ﬁﬁiRHUﬂqn PROGEEBHNGS tFe THEphEEER upon
VOL. 86, NO. 8, AUGUST 1998 "' A MEMS- Based Projection
Busplay" odesehid beiedirosexanpl etthavhi@h, amanzena the
potential is applied to both electrodes conposing an

AaLeahoke O o @ 2P iGRNaFGEROE ror M e 20 Ahive control
devi ce applies a bias potential to a reflector pl at e,

and applies._a S nt
detergfnlng agdggg%gf%ﬁﬁgi%tﬁ%ng Iec?o % #qggfﬁbsuCh

ontr ol tential of 24V to -26V ,
BereSoPe e g Bt Brdl lReid & éf%é@pgﬁe%thatw
is applied to the 25 address el ectrode. This rmanner of
éﬁ*p'P?iQﬁ@Stﬁﬂéev%@rﬂ%&d isslapbrigedly263gform a common electrode,

PCT/ JP2003/ 011851 -3
and the first electrodes forming the common electrode are set

to 0V, and upon discharging an ink drop, a pulse-form
potential of +V is selectively applied to individual
electrodes (second electrodes).

Besides, as a drive control device for driving an
electrostatic actuator, PROCEEDINGS OF THE IEEE, VOL.86, NO.8,
AUGUST 1998 “A MEMS-Based Projection Display” describes an
example in which a nonzero potential is applied to both
electrodes composing an actuator of an optical mirror. This
drive control device applies a bias potential to a reflector
plate, and applies an address potential to an electrode
determining a direction of the reflector plate. Upon‘each
control, a potential of 24V to -26V is applied to the
reflector plate, and a potential of OV or 5V is applied to the

address electrode. This manner of applying the voltages is
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devised for maxim zing a function of the optica

mrror, thereby enabling the reflector plate to
woeuomlogessm ng at +10 degrees or -10 degrees aeCOUPI0NE011851

to a control signal, with a remarkably high

reliability. 5 By the vay, _an i nkj et recordi ng device,

such as an inkjet printer,”is required to have a high

total performance, such as an output speed (a

detbsed nipspeedniandgan foageiquali the Bptivkiihlrror,

these requirenents, a degree of nozzle concentration

dhefebfashdisl i 386 $erasctor i ease® auddnbesyidd &f +10

nozzles. At this point, in view of a relation between

L opr e f c i Qn

R e Rt ol radrare. “genera Ty TRt vy e =

head_di.schar.gi.n n_ink. froma nozzle by using a

6?@%%%?§ﬁ6?“%§b%Fﬁé%bééﬁ5¥ated by 15 causing the ink

to undergo_a filmboiling by using a heating

resi stor, aYpreed&ectd ¢PbreEl BREPEHEI i HERd WHFRhas an

i ncl udes a diaphragmhaving a lowrigidity, and

dnkcebrepestay i e bpauiaeyi bty hdhiss adibaghr 4ghel hesrformance,

difficulty in raising the degree of concentration. 20

suclhraerant outaiute spbeddeégr escafdiconepretat aod &m @mge

el ectrostatic head, a shorter-side width (a width in a

g{lgﬂ:ﬁ}bpn 1 Ahireh1NeEkeSrah el ricat@ed) Bbgdee of nozzle
i aphragm has to be shortened, whereas a vol une of

dbsehae @ Aenk fgegn fé‘sraféécggos%%U“cgdihgré‘ageefi Uihper
degree. Therefore, In order to shorten the
sEor%er-side wi dt h of the diaphragm a WD 2004/ 026582

9603/ 011851 - 4

At this point, in view of a relation between an
improvement of the degree of nozzle concentration and a head
structure, generally, unlike a thermal head discharging an ink
from a nozzle by using a pressure of cavities generated by
causing the ink to undergo a film boiling by using a heating
resistor, a piezoelectric or electrostatic head which includes
a diaphragm having a low rigidity, and discharges an ink by
varying this diaphragm, has a difficulty in raising the degree
of concentration.

In order to raise the degree of concentration in an
electrostatic head, a shorter-side width (a width in a
direction in which nozzles are arranged) of a diaphragm has to
be shortened, whereas a volume of discharged an ink drop has
to be secured to a certain degree. Therefore, in order to

shorten the shorter-side width of the diaphragm, a
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di spl acenent of the di aphragm needs to be enlarged. In
this case, froma sinple viewoint, thinning a

wohbwkness of the di aphragm can enlarge the PCT/JP2003/011851

di spl acenent even though the shorter-side width is

short; however, froma viewpoint of 5 discharging a

drop, the di aphragm needs 1o have a certain degree of
rigidity, thereby limting a range in which the

di aphs egmtandeHehunagaradhatedds @1l 86l bO§EAL I CIn this
attraction generated in an electrostatic actuator can

e t i 10 . LEesgl: ,

R Rl S e P
gLstance bet ween _an iggividu elecﬂgode agg a . common
FRRRTTHR) SR 5098 510 ShP Rt o VS dF ARRFAG S
<Expression 1> F:(GCYZ%VQI( -8)2 15 As nentioned
gBeTEST WHEHE tHé tdedped efthgz%eeveroorié@m PalieWPeent of
rai sed, the gap length g should be increased.
Atsoharging & tdrepex phessiaphydgn rwiests thehgup & eprpttnip
becones l|arge, the driving voltage V al so needs to be
Hagsed oh Hirgerityt,otbababn 1heitelrects ashaki &n which the
attraction of the same magnitude. 20 Further, as the

dapphengt nb4h brcemesnkarger, the diaphragm
di spl acenent 6 has a snmaller variation range in

relation 12, yarigliondange,of e didgo HOLagE] in an

V; therefore, even an ght enl'argenment of the gap
i ncrease in t

S PEEeta, Sha So e R Ten 28 i BE B iowing

concentration is_raised while maintaining a W,
28047 ©288B 2 PCTMILFE0Y/ 11853r1vixg voltage, g 1s a gap

length (a distance between an individual electrode and a
common electrode), and 0 is a displacement of a diaphragm.
<Expression 1>

F=(g0/2)V?/ (g-8)?

As mentioned above, when the degree of nozzle
concentration is raised, the gap length g should be increased.
According to the expression (1), when the gap length g becomes
large, the driving voltage V also needs to be raised in order
to obtain the electrostatic attraction of the same magnitude.
Further, as the gap length g becomes larger, the diaphragm
displacement & has a smaller variation range in relation to a
variation range of the driving voltage V; therefore, even an
slight enlargement of the gap length g calls for a large
increase in the driving voltage V. In other words, when the

degree of concentration is raised while maintaining a
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capability of discharging drops, the driving voltage
of an actuator tends to be nade higher. Such an

wonoewn@aes2i n the driving voltage nmeans not  onPgTAP2003/011851

i ncrease in power consunption but also an increase in
5 a withstand pressure of a transistor conposing a
drive control device (a drf%er) controlling the
actuator. In general, as a size of a transistor

Eﬁﬁéﬁﬁﬁiﬂya%&eHis@h&k%ﬂ&%aﬂgnﬁge$§@r§r951n§rﬁblta e of an

transi stor- becones although dependi ng al so on

of. .ap_o Lof the transistor.
%Eﬁ%¥&¥Q%%%'hgol I%&Jf“%lsta pfessure becones higher
a nanufacturln rocess al so_becones nore £
a resul t; rOEEEFR thetMardvihg S 3P 9§§ge|%gags noe
to the cost of the drive control device becom ng
PLEheIn YNFTERISS dBSBOVST et SH AIRPe P hedts? it Lﬂde‘srease in
many actuators, the increase in the cost of the head
mrwythEindobmeebudevbﬁeaiﬁaamniﬁﬂoargempBesm@e@,dnﬂve control
actuator in a drop discharge head needs to have a

fempctd oy efriberdi pgnardl Bpty agm tewaedoel ectm optes=da, as a
turning a voltage on between the el ectrodes, and a

Eygétdf”e‘ﬂ%anSQEHBP'BQcéﬁﬁé(héﬁﬁékagﬁ‘h@thgﬁaﬁﬂléhéﬁﬂure of

position by turnlng 20 t he voltage of f. Therefore,

%g"%ran Gtjonal o#sm%ﬁédm aj{{gfo%ggsdg &% fagf o on a

I'ng 3D a “met as u r|v ng
described PROCE DI CF THE | EEE, .VOL. 86, NO 8
SosE R FE ¥ of e (TORSBPSpF ay PaRiOSS, 25 the
above i nstead, a pIylng a required potential to one

i tleFantt DAeE SESCs BEEPHYS dnbilifeh & BeRH5AEC HHLRRPTRGFSS
be sufficient. Yet, when WO 2004/ 026582
EigélﬁﬂﬂmﬁkOtmﬁﬁlcosBly. As a result, the increase in the

driving voltage leads to the cost of the drive control device
becoming higher. 1In this case, since an inkjet head includes
many actuators, the increase in the cost of the head drive
control device becomes large.

Besides, an actuator in a drop discharge head needs
to have a function of bending a diaphragm toward electrodes by
turning a voltage on between the electrodes, and a function of
returning the diaphragm to the original position by turning
the voltage off. Therefore, from a functional viewpoint,
there is no need for using a bias method as used in the
driving method described in PROCEEDINGS OF THE IEEE, VOL.86,
NO.8, AUGUST 1998 “A MEMS-Based Projection Display” as above;
instead, applying a required potential to one electrode and

setting another electrode to GND may be sufficient. Yet, when
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using the bias nmethod, the voltage does not need to be
changed positive and negative upon each control (for

wdizeetiaésgz ng one drop); rather, this inpairs Pangrioose118si

of the head. Besides, it is not necessary to apply an
especially large potential o 5 one of el ectrodes.
Therefore, the driving nethod described in

PROCEEDI NGS OF THE | EEE, VOL. 86, NO 8, AUGUST 1998 "A

VElMBy Baseash £ ajeatibidontRespbayige ajtret nbe akdpl Yo be changed
applied to a drive control device- for a head. 10

Bb§9k9§&réh&ﬁnéd¥%%%%'Qﬁohteééhaaﬂﬁﬂ%ﬁa|f%QJQEEcH£r§{Eb one
present inventiion to provide an |nproved and usef ul

g ?Ed“r%’@n Vﬁf”ttga : he%ﬁgi?saﬁ% ﬂ“oriéﬂélfetth egarg! L f Besides,

ove-nen |oned Iens
elimnated. 15 A nore s i fic object r esent
Thy Bt on HeCSR T o BEOLY HEAE e gt ropbaRe T g ial to

capabl e of driving a drop discharge head having a _
RRghofegteet widasoz z fTacEshednt rigis o igting mehhedsdesanided in
an inkjet recording device including the head drive
eBOCEDDINGY i @e THED IEREQr Uet.. 8 @, adhiSev@AUGHET 1998 “A MEMS-—
above-nenti oned objects, there is provided according
beseaerasheatiodf mikelpyeseatnot Mgl yaappadedriyen drive
control device for driving a head in which first
ebgelspdes, Qe secoRdnehgctrodes of a plurality of

el ectrostatic actuators are conbined electrically, the
head 25 drive control device including a part applying
differently WO 2004/ 026582 PCT/JP2003/011851 -7

Bolailzed po tlals to the first electrode and the
183G LQsUre o nventlon

A A~ A A RA~

It is a general object of the present invention to
provide an improved and useful head drive control device and
an inkjet recording device, in which the above-mentioned
problems are eliminated.

A more specific object of the present invention is
to p;ovide a head drive control device capable of driving a
drop discharge head having a high degree of nozzle
concentration at a low cost, and an inkjet recording device
including the head drive control device.

In order to achieve the above-mentioned objects,
there is provided according to one aspect of the present
invention a head drive control device for driving a head in
which first electrodes or second electrodes of a plurality of
electrostatic actuators are combined electrically, the head

drive control device including a part applying differently
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el ectrode upon discharging a drop. According to the
present invention, the head drive control device can

wdnrbu@m2eis2i nkj et head having a high degree 5 stTuapanb/e118si

concentration at a low cost. OQther objects, features
and advantages of the present invention will becone
nore apparent fromthe foll'ow ng detailed description
when read in conjunction with the acconpanying

Poawiriged 3Ot&iteflPascrhpt FoRsef e i@t dtESs hldGrhel Se8bnd
expl oded perspective view of an exanple of an inkjet

headdolennandscantsohiked Dy gohead drive  contro

evi ce according to the present”invention; 15 FIG 2 is

a plan view of transparently show ng a . nozzle boar .
ot "the heatcorBd Eias FeResh [evehe il Peafion drive
sectional view of the head, taken along a | onger-side
FeRéEPiofeBECa Rrapragnerrialaet shead ifavisor at pyeh degree
sectional view of the head, 20 taken along a

stionperlsi dencintarttiion et ehéodi eptitagm FIG5 is a

graph representing a relation between a bending

anmount of ather sétbpd@Ect,r ddat(irbe dhdpddagacaadod the
driving voltage in an electrostatic actuator; FIG 6A

02 cEkfr 6Ende et WY 6fianMpdi-afik 3B rS N ANEnt2 F réal LAYSfollowing
exanpl es of driving waveforns applied by the head WD

%@Q%/ig§§5§§sg iRZ002LA11834 15 8c<§l{j'o&é§ct%%t LQkndexlce

according to tHe present invention t

accompanying drawings.

Brief Description of Drawings

FIG.1 is an exploded perspective view of an example
of an inkjet head driven and controlled by a head drive
control device according to the present invention;

FIG.2 is a plan view of transparently showing a
nozzle board of the head shown in FIG.1;

FIG.3 is an illustrative sectional view of the head,
taken along a longer-side direction of a diaphragm;

FIG.4 is an illustrative sectiocnal view of the head,
taken along a shorter-side direction of the diaphragm;

FIG.5 is a graph representing a relation between a
bending amount of a first electrode (the diaphragm) and a
driving voltage in an electrostatic actuator;

FIG.6A to FIG.6E are waveform diagrams showing

various examples of driving waveforms applied by the head
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common el ectrode and individual el ectrodes of the
el ectrostatic actuator; FIG 6F is a waveform di agram

wehaewmimagsseonventi onal 5 driving wavef orns appl Pet/IPmOR011851

common el ectrode and individual electrodes of an

el ectrostatic actuator; FIG7 is a sectional view of

mai n parts of another exanple of a head preventing a
residual electric charge; FIG 8 is a sectional view
afrifai oopards ddvisid ladeccd@dangt bertlexgmpsenaf iavheaton to a
preventing a residual electric charge; FIG9 is a

Bbagkndtagtara@d astihbetungadfeidierherd o3 ikwe
control device according to the present invention;

Fh§5%90g§a§}glggg sshowing a relation between 15

river d es and actuators |n t he head drlve contro
devi ce FIG9; FIG 11 i.s a circuit diagra
CChnerc or PR BR L3  ciarerostt shdofab erietind e alp bnal
head drive control device shown in FIG9; 20 FIG 12

P& iFiRgr Cave LWy PR Pdathas| eOBTIR 1 kectsofgcpfelRfividual
anot her level shifter in the head drive contro
géecteoddownt ian Rl roFt& 18 astwatinicui t di agram of

a basic circuit structure of an analog switch in the

head drivercanlros deddon2d shewnof &G rdof another
2004/ 026582 PCT/JP2003/011851 -9 FIG 14 is a

ReLspest by es iew fredeiBehgnh s PadtaOfelectric charge;

FIG.8 is a sectional view of main parts of still
another example of a head preventing a residual electric
charge;

FIG.9 is a block diagram of a structure of the head
drive control device according to the present invention;

FIG.10 is a diagram showing a relation between
driver modules and actuators in the head drive control device
shown in FIG.9;

FIG.1ll is a circuit diagram of a basic circuit
structure of one level shifter in the head drive control
device shown in FIG.9;

FIG.12 is a circuit diagram of a basic circuit
structure of another level shifter in the head drive control
device shown in FIG.9;

FIG.13 is a circuit diagram of a basic circuit

structure of an analog switch in the head drive control device

shown in FIG.9;
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an inkjet recording device according to the present
invention; and FIG 15 is a side sectional view of the

woeowrodéssy 5 device. Best Mdde for Carryi ng OrCTAUPm03/011851

I nvention A description will now be given, with
reference to the dramﬁngs,gof enbodi nents accordi ng
to the present 10 invention? First, a description wll
be given, with reference to FIG1l to FIG5, of an
exanpl e of Fas.Lak]eta headpastaver opewdbschardeMead part of
driven by a head drive control device according to
theipkesenteddNeMd @Ry ' lrede - Lon:
perspegtﬁci 15 VF%%/ole%gé%ggﬁéﬁgig?gtgg grﬁfiﬁtv%%$$ntl°n'
%B transparently showi ng a nozzle board of the head.

G 3 is an illustrative sectional view of the head,
taken al on nger-side direction of a diaphragm
FIG4 is aglgr{tgs T ot IVESSEECFONRRL V¥ UF tise TREQEIING
taken along a shorter-side direction of the 20
8FEpRPagm This inkjet head has a | anminated structure

in which a channel substrate 1 as a first substrate,

an el ectrode substrate 3 as a second substrate

provi ded under the channel substrate 1, and a nozzle

beat duddeastax tainrgisgbotit atiee 2hwimviched over the
channel substrate 1 are joined one over WO 2004/ 026582

- PCT/ JP2003A 044854 p-i 1y @Rot hghy BQQ%ﬁﬁﬁuf%ﬁ .ngefer?nce to

di scharge roons 6 communi cating wt a plurality o

QﬂéZ&f&%fﬁgé%n%faeﬁBgH?HeA{§“gé%éf)fygsto the present
invention.

First, a description will be given, with reference
to FIG.1 to FIG.5, of an example of an inkjet head as a drop
discharge head driven by a head drive control device according
to the present invention. FIG.1l is an exploded perspective
view of the head. FIG.2 is a plan view of transparently
showing a nozzle board of the head. FIG.3 is an illustrativé
sectional view of the head, taken along a longer-side
direction of a diaphragm. FIG.4 is an illustrative sectional
view of the head, taken along a shorter-side direction of the
diaphragm.

This inkjet head has a laminated structure in which
a channel substrate 1 as a first substrate, an electrode
substrate 3 as a second substrate provided under the channel
substrate 1, and a nozzle board.4 as a third substrate

provided over the channel substrate 1 are joined one over
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conmuni cating with the discharge roons 6 via a fluid
resistance part 7. 5 In the channel substrate 1 are

woanmmdeshe di scharge roons 6, diaphragns 10 POTaP1093/011851

wal | surfaces serving as bottom parts of the

di scharge roons 6, protrude@_parts formng partitions
11-separating the discharge foons 6, a receding part
formng the common |iquid room8, and so forth. The
d0otbampnthexpbyd foooing déstbarmgs swonrshdt cammapacating with
t hereof becomes 20 tines as nmuch as or |less than a
capackhyi®f €aGtb0fldshe, dbsghar&amieons Li1dl Roblies

channel substrate 1, the diaphragns 10 having a

Serigedtlekiess whe loumicos Jgliowna, comion

dggtggggcgn grstgle-crystal silicon substrate
SPIP e Weter) of a (110) plane direction into a

t hi ckness &degth) corresponding to_the diaphra%gg; ,
this hight) EbRcErtIfleFBSEERTE0peTT ay St thsedigsharge

an etching stop layer in performng an anisotropic

EOONENG, tOLIVIAPE Aecéairmgnparall agdiviosg sheving as bottom
di scharge roons 6 and so forth, thereby |eaving the
daaphrafnehd ishanget heoodesé y gordthrickimes partBesoteisg

ot her than the boron, a gallium an alum num and so

barthtcoms bel used ras ihhethe ol yoreonte Hooaked, Pat ¥8&ding
Impurity. Besides, the diaphragns 10 nmay be f or med by

t : f ' t I I 4becor th
BB PO S Corgkn 50, 81108, s bssormoan oo

AP0 AR o ) BRI ot e Plee
%ngﬁégeﬁ%Q%m%% %gcghgg ggcégcﬁéggtéﬁan a capacity of each of
the discharge rooms 6.

In the channel substrate 1, the diaphragms 10 having
a desired thickness are formed as follows: a boron which is a
highly concentrated impurity is diffused on a single-crystal
silicon substrate (silicon wafer) of a (110) plane direction
into a thickness (depth) corresponding to the diaphragms; this
highly concentrated boron doped layer is used as an etching
stop layer in performing an anisotropic etching to form
receding parts becoming the discharge rooms 6 and so forth,
thereby leaving the diaphragms 10 having the desired thickness.
Besides, other than the boron, a gallium, an aluminum and so
forth can be used as the highly concentrated P-type impurity.

Besides, the diaphragms 10 may be formed by a method

of forming an N-type layer becoming the diaphragms on a P-type
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an el ectrochem cal etching, by a nmethod of using an
SO substrate and stopping an etching by an oxide

woizbowokeédger, or 5 by a nethod of controlling aPCTaR2009011851

term nate an etching. In the el ectrode substrate 3,
receding parts 14 are forned, and el ectrodes 15

opposi ng the diaphragns 10 With a predetermni ned gap

16 therebetween are formed on respective bottom

suib § acese ofort Herméngda ng-pard slaldr Peeomliegt tloelediathragms
10 and the diaphragns 10 conpose actuator parts

gef &% M-Rgdeheupdi2phe agamsd 1 dnpiay eheetepshigtdccdRIie”) to
to vary the internal capaC|ty of the discharge roons

&n dOLHING: ?chh_egﬁéﬁijﬁg n%tt%g@l be ngn%r%?rp@%l

substrate 1 forns the gap 1 i sposes 't

el ect rades t _respective 03| ions 15.cor ndi n
RUSTA T St SRR T00 For T HE RuFHosD B fifebont iy =r) or
the el ectrodes 15 of __the electrode substrate 3 from

Bei agiefdinsyed FYRESALALRT iy RS @ ApRPABRES 137 Shfhing.
insulating layer 17, such as Si02 in 0.1m thickness,

is forned &n dwmleleictihdeebabstoaies 5. r90ed20g parts 14 are
addition, an electrode pad part 15a used for

commett iangl tedeanrodxsel habpmydivey checdibphirages 10 with a
connection part is fornmed by extending the electrode

%ﬁe&ékéﬁﬁﬂhéHWqéﬁlefth@ﬁeﬁé&%&éﬂﬂ£%e substrabe Bespective
esi des, an opposi ng contact part 18 contacting the

0 _.be fo d Wegl)-
?tct rg%‘[es ]528%4 g%a%%té@é@fa%osﬁgilsgﬁé X 12 ttfgﬁiuer? 1>

R G R I SR
dlaégragms 10 by an electrostatic force to vary the internal
capacity of the discharge rooms 6. Joining the electrode
substrate 3 to the channel substrate 1 forms the gap 16, and
disposes the electrodes 15 at respective positions
corresponding to the diaphragms 10.

For the purpose of preventing the electrodes 15 of
the electrode substrate 3 from being damaged by contacting the
diaphragms 10, an insulating layer 17, such as SiOz in 0.lum
thickness, is formed on each of the electrodes 15. In
addition, an electrode pad part 15a used for connecting to an
external drive circuit via a connection part is formed by
extending the electrode 15 to near an end of the electrode
substrate 3.

Besides, an opposing contact part 18 contacting the

diaphragm 10 being deformed is formed between the electrodes
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formed on the bottom surface of the receding part 14
in a sane process wth the electrodes 15. The

wonsuloaéismg | ayer 17 is 5 fornmed al so on a surPatarmn3/011851

t he opposing contact part 18. The opposing contact
part 18 and the diaphragn11g2are electrically
connected so as to assune an“identical potential when
the opposing contact part 18 and the di aphragm 10
dontiach eash-amdiierly Teing rpi epent sirariec chorepeesofie a
residual electric 10 charge upon the contact of the

diiaRbEagm 4P, t1as deshirbed i fned e le@h@agaeﬁart 18 is
Pat ent Application 001- 2603 Besi des, in the

0 r peni

??#ﬁ BF f%roug %ﬁgﬁsﬁﬁséﬁ For f%%p UBPLE9P98 19 2 sane
to the co id.ro out si

EROGAGR RoTe Gt | hengd™: Aot het'ch iﬁt&&gﬁ%sﬁq s
of the channel substrate 1 at a part, corresponding t
toempAkaseppPy 2 opEHiarg 9f The ePrRIisuEcsiBstsr aﬁétslff The
is formed as follows: the receding parts 14 are
fopprednpycetrtiithgpardi 1§ andHEhsolliaplorgon 20 ere. eleatamically
gl ass substrate or a single-crystal silicon substrate

iddehedteg eo therimldssuax dhzedefitlraBadtemiredlionhan the
surface thereof; an electrode naterial, such as a

tdchBRi I B¢ 4d0lea havigngna Bhehahaat-esiist apaeaks each
formed into a film having a desired thickness in the

RN e Gl LTI e o

[ JP2003/ 011851 -1 t th ft , ,
R geeh (S Y S G o RRG Sebh Al aBL R akaEpingd in

%y forning a_photoresi st and_etching the
apanese Laid-Open Patent Application No. 2001-260346.

Besides, in the electrode substrate 3 is formed an
ink supply opening 9 which is a through hole used for
supplying an ink to the common liquid room 8 from outside. A
through hole 9a is formed in the common liquid room 8 of the
channel substrate 1 at a part corresponding to the ink supply
opening 9.

The electrode substrate 3 is formed as follows: the
receding parts 14 are formed by etching using an HF solution,
etc., in a glass substrate or a single-crystal silicon
substrate including a thermally-oxidized film 3a formed on a
surface thereof; an electrode material, such as a titanium
nitride, having a high heat resistance is formed into a film
having a desired thickness in the receding part 14 by a film-

forming technique, such as a sputtering, a CVD, or a
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film The el ectrode substrate 3 and the channe
substrate 1 are joined to each other by a process,

weueli/aessan anodic 5 junction or a direct juncPCoaP2003011851

the present enbodi ment, the el ectrodes 15 and the
opposi ng contact part 18 are formed by sputtering the
titanium nitride into a thttkness of 0.1min the
recedi ng part 14 having a depth of 0.4m forned by

ebebbNgidhe Sidrdarel) sHBSEIAt€iodENSORreaioBh®2 only in
sputtering filmis formed as the insulating layer 17

kR I&E%&Mﬁ;%g@; 10. i’ﬁ‘a;f Fﬁ%'&%% tdﬂ%sﬂslﬂeaﬁ&e@?@ﬁlng the

head gth (an |nterva

ween,, t he 0.an sur
it O‘%fu%fstaag%q 39t Y FrahigRcsubstrate 1
el ectrode substrate and the 15 channel substrate 1.
PASt helnd e %&t@ert R¥ AREPEETH avFladgr ggyanodic
formng the fluid resistance part 7 are forned, and a
danetion epeld ahtrefdtnighchgons applied to a dlscharge
surface. The nozzle board 4 is forned of a resin
mat erial, Sochhaspeehipempodidentandhé sejaitnedetso1bhend the
channel substrate 1 with an adhesive. The nozzle

bppbdidgf @biBack WRld: surbaserefnddey cpuRRrihgutte titanium

roon18 In the present head, the dlaphragn110 'S

paa 't ad.l%tf%on% (O {Dﬁ%;? S Gl
2 4 026582
BerrisBoois o o1 O FPRRTacY (Here iﬁgbw@cm

i nkj et head to be driven, Besides, i nk, sqﬁgmycp
ﬁH?SEEaY%1rEﬁFﬁ%9qvhénlﬁRO2 sputterlng fllm is e as the

insulating layer 17 in a thickness of 0.1pm. Accordingly, in
the present head, the air gap 16 has a length (an interval
between the diaphragm 10 and a surface of the insulating layer
17) of 0.2um after joining the electrode substrate 3 and the
channel substrate 1.

In the nozzle board 4, the nozzles 5 and a groove
forming the fluid resistance part 7 are formed, and a water-
repellent finishing is applied to a discharge surface. The
nozzle board 4 is formed of a resin material, such as a
polyimide, and is joined to the channel substrate 1 with an
adhesive. The nozzle board 4 forms a wall surface of the
common ligquid room 8.

In the present head, the diaphragm 10 is connected
to a common electrode, and the electrode pad 15a is bonded

with a lead, and is connected with a driver not shown in the
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supply opening 9, thereby enabling the conmmon |iquid
room8 and the discharge roons 6 and so forth to be

woi2bd4mdesset h an 5 i nk supplied froman ink tanRC{aR1003/011851

shown in the figures) via the ink supply opening 9.
The ink used is prepared QMA_dissolving or diffusing a
surface-active agent, suchas an ethylene glycol, and
a dye or a pignent, in a nain solvent, such as water,
algohal, ahetrebyeapabFund hereg iatktjathhagdatd odehtiorent.o
the inkjet head enables a use of a hot-nelt ink. Wth

t he above-glosiiddednst hUCEUFSLy Vhige dalRoBkt H¥ened to the ink
vol tage pul se, for exanple, is inpressed to the

Sheoty adenlao By Hhe dr) valana ihaheacsiidace glid hon o

i S'charged at a positive potential, an

under.surface of the correspondi L aphr 10 i.
R L aREgar PUES phr it 1 TeRERof B Ry St lde afith an
di aphragm 10 is attracted by an el ectrostatic force ﬁo ,
Hak %Q?ﬁi%%§ R 82 al R rietts o tasPBRngR an§ n'dirgs) via
wth the individual electrode 15. In this course, the
Bendimg sorilye ordnaphir agm e daksesedheés i pkeparase by
supplied fromthe common 20 liquid room8 via the

d1 si sl wiesj straddefpaihg 7a tautfaeediasthargagenioomuah as an
Subsequent |y, when the voltage pul se inpressed to the

etigptddeladis hHaENgddPd foi8Q @S ghiendi Sehag graioh saredt,
el ectric charge, the diaphragm 10 is restored to the

i.0i I oSht] [ r or at ti
%#}?n eﬁ’ﬁﬁﬁérgrégééﬁﬁlv@ 2 0014%3%658?1%%%/@%132%%}%&7%%1 5T

T e R A o
recordi ng sheet (not , : o

With the above-described structure, when a positive
voltage pulse, for example, is impressed to the electrode 15
by the driver so that a surface of the electrode 15 is charged
at a positive potential, an undersurface of the corresponding
diaphragm 10 is charged at a negativé potential. Accordingly,
the diaphragm 10 is attracted by an electrostatic force so as
to bend toward a direction narrowing an interval with the
individual electrode 15. 1In this course, the bending of the
diaphragm 10 causes the ink to be supplied from the common
liquid room 8 via the fluid resistance part 7 to the discharge
room 6.

Subsequently, when the voltage pulse impressed to
the electrode 15 is turned off so as to discharge a stored

electric charge, the diaphragm 10 is restored to the original

position. This restoration action causes an internal pressure
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shown in the figures). Next, a description will be
given of the head drive 5 control device according to

woheo4present i nvention for driving the head uBCmgP100&011851

above-descri bed el ectrostatic actuators. First, a
description will be given of.a reason why a dr|V|ng

nmet hod of 1 npressing dlfferently pol ari zed potentials

to first and second el ectrodes is possible as in the
headhtOdilschargontaal 6déwi cesacsmadding fo thae pnesehtdrop is
invention. In the above-described inkjet head, the
diigphhages fosmi ik thez1bl bstogbegtd ot @liaguBhkaty (not

t hroughout the actuators; therefore, the first
%hgghrgge§hgffé£gxggtuators are conbi ned

electrically nerally, electrodes electrically

Egme& é%rtefgggg 508 a%tulaégrf]oﬁr [Tg{x%rﬁeéjf QPtead drive

el ectrically anon the actuators are referred to as
CRACYPHUAPV EFR AT NJakf BN %oﬂ’?%@eé“} npEssdgn £8Ttfetving
common electrode is referred to as "bias voltage". For
$hepheedt ysing diee abtoweSdag?,nhle@dt%ctaroma@p-épﬁﬁbgaﬁ;ors
fixed at four sides receives a uniform|oad by an

el ectrost afiiesat t s addésoniptQont kiidlabsugptremwmE & reason why a
bending anount 5 of the diaphragmis represented by

theviak! et el wmn@%&b@mnEmeﬂ@@éﬁl@ iglarYedwAgpstentials
nmodul us of a material of the diaphragm h is a

%' %EEE%Sa&E ééheonca %%e%%aeg is ﬁoss?l%l%o'a%sgﬁ $nkahd Oy

he material of the diaph ragn1 als a
doog ety Pz PRsciL bl e e D
%hgpg£gge described inkjet head, the diaphragms forming the
first electrodes are unitary throughout the actuators;
therefore, the first electrodes of the actuators are combined
electrically. Generally, electrodes electrically combined
among the actuators are referred to as common electrode,
electrodes not combined electrically among the actuators are
referred to as individual electrodes, and a voltage impressed
to the common electrode is referred to as “bias voltage”.

For simplicity’s sake, it is assumed that a
diaphragm fixed at four sides receives a uniform load by an
electrostatic attraction. On this assumption, a bending
amount 8 of the diaphragm is represented by the following
expression (2), where E is a Young’s modulus of a material of

the diaphragm, h is a thickness of the diaphragm, v is a

Poisson’s ratio of the material of the diaphragm, a is a
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<Expression 2> F= (32Eh3 / (1-u2) /a4) 6 5 Ignoring
ef fects of gases existing between both el ectrodes,

wand4gaésski t uti ng speci fic val ues shown i n TabPkPeTAP2008011851

the values in the above-nentioned expressions (1) and
(2), a 6-V curve is-represented in a graph as shown
in FIG5. <Table 1> 10 Parantters used in cal cul ati on
Di stance between el ectrodes (excluding electrode 0.3

LRSH atingd avers) oM ndbieidrda g, ahechrogleche bending
Insulating layers Si02 Total thickness of electrode

j td s (m Young's nodul us of
%@Q%?adg%Qﬁégagsga&gbi sson's ratio of diaphragm
0. 293 Sho%%}?r-essi di%nvngt h of diaphragm (m 120

Thi ckness 0 %]fap%ragm (m 2 As shown in FIG S5,

al though curves A and B are, obtained theoretically,

the curve B 6b8h3dt(1lsbande )P actuality; instead,
characteristics of a curve C are realized wth

respect tol®rewing sifsehss of ngased s retoma hetrgeneddih

15 As shown in FIG 5, a nmaxi num bendi ng anmount (a
shxtimprat s pnac enkst ) tusify Ipedfd ca vadxerushawi vimable 1
voltage is 23.6V; even when 21V, which is equival ent

£8r 99% cfalihe iMBXhBEUALEVE Y MfIdda@Rpressiops essetnd (2),
the bending anbunt is 0.06m equivalent to 20% of the

maxi | Spl.a t. s, rop; |

3i Coh &7 d:eg ﬁs- %ggFgéen blyﬂ glr i(%%ﬁﬁ’hgg Qh(gwr?plﬂ ¥16.5.

rom nozzl e g one
<Table 1>

Parameters used in calculation

Distance between electrodes (excluding electrode 0.3

insulating layers) (um)

Material of electrode insulating layers Si0,
Total thickness of electrode insulating layers 0.2

(pm)

Young’'s modulus of diaphragm (GPa) 290
Poisson’s ratio of diaphragm 0.293
Shorter-side width of diaphragm (pm) 120
Thickness of diaphragm (um) 2

As shown in FIG.5, although curves A and B are
obtained theoretically, the curve B does not stand in
actuality; instead, characteristics of a curve C are realized
with respect to bending amounts in a domain of the curve B.

As shown in FIG.5, a maximum bending amount (a
maximum displacement) is 0.3pm, and a maximum driving voltage
is 23.6V; even when 21V, which is equivalent to 90% of the
maximum driving voltage, is iﬁpressed, the bending amount is
0.06um equivalent to 20% of the maximum displacement. That is,

when a drop is discharged from a nozzle by driving one
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WO 2004/ 026582 PCT/JP2003/ 011851 -17 actuator while
i npressing a bias voltage of 21V to a common

wehewteede, the bias voltage of 21V is inpressedTabP®o3/011851

to other actuators not discharging drops; however,

there occurs no trouble, h as drops discharged by
this bias voltage, 5 because the bending anount is

only 0.06m equi valent to 20% of the maxi mum
desphiacemntle limpreakihy, a betause ldfaggasés 2&Xi ¢ i aagcommon
bet ween both el ectrodes, the 5-V curve is not

EeREESEM edHA Hike §bapAga@sof Shomi d Ambkresbedheveyefc other
t he qualltatlvely same t%lng can be 10 applied. By a

sapuentt onale headndriveqcanisol MRS, BhecMiBlure no

I's set upon di scharging a drop,

otentlal IS li,ed to indivi aI lLectr
ShGuR T S R ey e r et by eSS T TR
control device according to the resent I nventi on,
gethesentis tmdaﬂgzémoupgt Pt % Oaﬂéu@pﬁgpéaa%%n% to 20% of
comon el ectrode and individual electrodes upon
dhschaxiuy dshlegemastshown in FIG6A to FIG 6E. 20
Specifically, in a first exanple shown in FIG 6A a +
potenti al (a #edlisy vdadagesr bE gppés eskisyitriye between both
el ectrode, and a - potential is applied to the

EEQEE @lLeLyodgsve Ni s i %% waseheem UROMhe graph as
I SC arglng In a second exanple shown in FIG6B, a +

F%Htm' 7S, RPRIeYl ISC%H@ &éafpagmnfequeggﬁ@d@hiﬂg &an be

Se vvave orm upon ar gl ng, and

applied.

By a conventional head drive control device, a
common electrode is set to GND, and upon discharging a drop, a
+ potential is applied to individual electrodes, as shown in
FIG.6F.

By contrast, by the head drive control device
according to the present invention, differently polarized
potentials are applied to a common electrode and individual
electrodes upon diséharging a drop, as shown in FIG.6A to
FIG.6E.

Specifically, in a first example shown in FIG.6A, a
+ potential (a + bias voltage) is applied to the common
electrode, and a — potential is applied to the individual
electrodes in a pulse waveform upon discharging. 1In a second
example shown in FIG.6B, a + potential is applied to the

common electrode in a pulse waveform upon discharging, and a -
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WO 2004/ 026582 PCT/JP2003/ 011851 -18 potential is
applied to the individual electrodes in a pul se
woavafoeése at substantially the same tinme. | n aPCioiuPm03/011851
exanple shown in FIG 6C, potentials applied to the
conmon el ectrode and the individual electrodes have
pul se wavef or ns alternatelﬂ' reversing polarities;
upon di scharging, a + potential is applied to the
SOTBT Al a6t bpgdeieanto athe NoiERtdahli slapptodss itro & halse
i ndi vi dual el ectrodes; upon next discharging, a -

§§%é¥gfﬁ“aﬂ %uﬁ@@hh@gaifyﬁﬂﬁaQﬁﬂﬁleﬁEethﬁd£ tHHE@.%xﬁmple

potential 1s applied to the individual electrodes.

I%lg it ];ngutEtoI% RS c hfs 1 R l%:dﬁ@b %h?sg&h%ﬁleaiecer%de

ATON el ect e wavef

upon ~ di schar and a enti a |ed
?%@l%ﬁ%ﬂhﬂdlvégéé r%ﬁ%%tFQQ%gﬁhﬂv§e §8f%?ﬁ$% Aeéatery

substantially the sane tinme, wherein the potentials
apptisna eolheitorrpnuRdR A SHErgiat he 15PPrRiiadudis

el ectrodes have absol ute val ues of maxi num val ues set
spibsiahticaldhg equabn Siedtmardey, and a fi pobherimplis applied
shown in FIG6E, a - potential is applied to the

€O Bl Beticede blecBrfidsSe Wrehekm Upebharging, a -
di scharging, and a + potential is applied to the

%Hﬁé%&i’éﬂa' agggaegeéo' @ Pse wavetopALatagd a +

stant’i e sanme tine, wherein the potentials
lied.ta the cQ | ect r dua
8$€ ?F%%%§jh§§gllegng?u€he 1<ﬁg§d%gqn%§8ﬁ%ﬁg%% ues set
substantially e Accordin . prov t he head
drive devite %Mﬁ ?i ﬁé@PPESrgB%%%r%ﬁi¢ﬁ§'gﬁé gr fvPngential
wavefornms shown in FIG6A to 25 FIG 6E enabl es
U5 f fepleiad \Eopdhar Feamopotkerizade te BePHppRi Bveform upon

discharging, and a - potential is applied to the individual
electrodes in a pulse waveform at substantially the same time,
wherein the potentials applied to the common electrode and the
individual elgctrodes have absolute values of maximum values
set substantially equal. Similarly, in a fifth example shown
in FIG.6E, a — potential is applied to the common electrode in
a pulse waveform upon discharging, and a + potential is
applied to the individual electrodes in a pulse waveform at
substantially the same time, wherein the potentials applied to
the common electrode and the individual electrodes have
absolute values of maximum values set substantially equal.
Accordingly, providing the head drive device with a
part for generating the driving waveforms shown in FIG.6A to

FIG.6FE enables differently polarized potentials to be applied
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WD 2004/ 026582 PCT/JP2003/011851 -19 to the conmmon
el ectrode and the individual electrodes upon

wdi2evaégzng. The drivi ng wavef ornms shown i n FPGrareoasciissi

FI G 6B are adoptable when the actuator has a

structure in which a 5 resig al electric charge does

not occur, or is renoved. gécifically, as in the

i nkj et head described above, it is preferred that the
act tAtooehph oySediredst mudt uhe individialt k8 ecappdsisngpon
contact part 18 is provi ded between the el ectrodes 15,
ANdhheqepposi ng contact part 18 and the di aphragm 10
assumne %O an identical potential upon the diaphragm 10

contacting.the . 998§i£§bé§§%é§”sh8@5ti&SFﬂ§@§i%§§tg%G.6B are

structure preventing’a resid el"'ectric "charge |

not limted to the strucgture enployed in the above-
TERPIORAY VART St hERFICKA OFRer StTRT (RS S HER hs?

shown in 15 FIG 7 and FIG 8 are al so adoptable. In
tesdeugt r gbedliec dangicofPgdi At pafEuat Qthilich rgmoved.

di aphragm and an el ectrode can contact is provided on
tSpecdifapht agm aanid tihe dnapktageadndesatides]l ebbredeit is
assune an identical potential at this protruding
eeiragtepathat 2hSpeaidaitoal byplons ttee Syruettutre showhich the
in FIG7, an insulating film31 fornmed on an

Qkﬁﬁ%&ﬁgeééhg§c§g%éfﬁxiéﬁiéipfﬂ#ﬂ@@ﬁa%ﬁkageBOEHE 8lectrodes 15,
protruding part opposi ng ‘el ectrodes. On the other

%%EPthgnoégg?ﬁgfg%ﬁﬁﬁﬁts#?%&raﬁfﬁgd @&?Q@%ﬁﬁﬁﬁgﬁ5loaggsume

Opposi aphragr a gap
Lhersbetveen 25 are A ovl ded 200, 8, SRR € B8Ot 000 ne

oppbsiﬁg contact part 18.

Besides, a structure preventing a residual electric
éharge is not limited to the structure employed in the above-
mentiqned inkjet head, and other structures such as shown in
FIG.7 and FIG.8 are also adoptable. In these structures, a
protruding part at which a diaphragm and an electrode can
contact is provided on the diaphragm, and the diaphragm and
the electrode assume an identical potential at this protruding
contact part.

Specifically, in the structure shown in FIG.7, an
insulating film 31 formed on an electrode-side surface of a
diaphragm 30 forms a protruding part 32 opposiﬁg electrodes.
On the other hand, on the electrode substrate 3, electrodes 35
and 34 opposing the diaphragm 30 with a gap 36 therebetween

are provided, and a separate electrode 38 separated from the
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WD 2004/ 026582 PCT/ JP2003/ 011851 -20 el ectrodes 35

and 34 is provided. The separate electrode 38 is
woOaomtoeessat a position contacting the protrudi RGTHRI003/011851

32 when the di aphragm 30 deforns. Besides, an

insulating film37 is forr%al on surfaces of the

el ectrodes 35 and 34 and the 5 separate el ectrode 38.

The separate el ectrode 38 and the diaphragm 30 are

electridrad 135 aonnddt ed. pAccidati Nng The thpsrsate uelaente;ode 38

upon driving the actuator, a potential applied to the

di apheagm 3 1S gbgﬁﬁhbh ycoxatm&ﬂﬁd; tdet BRoSERALRY art 32

electrode 38. 10 In the structure-shown in FIG 8, the

%Hé#lfﬁéiﬁiéﬁﬂr%gmgéﬁfeé %ngn tﬂB%fae%Ct59d§n§u£5%1%%“fllm 37

surface ragm forms thé protrudin

F cEOPGD s CAar R ets oF a1 RH TP o EhG o =nd the

di aphragm_30 by the insulating film31 is forned
paRREI R S GEOMRe 3Br ot TRl FRPPHYS $2ECEROERE] %ﬁfé% the

hand, on the electrode substrate 3, the el ectrodes 35
dh@lp@zla@pp%éiarr@ Eﬁéctaifa@l#yagququh the gap 36

t herebetween are provided, and the separate el ectrode
38 separ at Bdcdraimd he ehdst sodest3be antbor34iriiging the
provi ded. The separate electrode 38 is |ocated at the

ABcResdt,) @n @h@@bung %D_@e@r@i il 10 apakhgR230hen Adeibly
di aphragm deforms esi des, the insulating film 37

éﬁ%ifé Qe ga}cfg{:éa&féc’ezo&@%@l ectrodes 35 and 34

e separ at el ectrode 38. The separate

electrpde f§ ﬁﬁ%hggﬁ%c %%%ga§8 %E%§ qf %%e 1%sulat1ng film

el ectri cal

structure, a potential of a
31 formed on the electrode-side surface of the diaphragm 30

forms the protruding part 32 opposing the electrodes. Besides,
a separate electrode 33 separated electrically from the
diaphragm 30 by the insulating film 31 is formed at a backside
of the protruding part 32. On the other hand, on the
electrode substrate 3, the electrodes 35 and 34 opposing the
diaphragm 30 with the gap 36 therebetween are provided, and
the separate electrode 38 separated from the electrodes 35 and
34 is provided. The separafe electrode 38 is located at the
position contacting the protruding part 32 when the diaphragm
30 deforms. Besides, the insulating film 37 is formed on the
surfaces of the electrodes 35 and 34 and the separate
electrode 38. The separate electrode 38 and the separate
electrode 33 are electrically connected.

According to this structure, a potential of a
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WD 2004/ 026582 PCT/JP2003/ 011851 -21 contact part
(the separate el ectrodes 38 and 33) can be determ ned

woegaridésss of a potential applied upon drivi ngCTiR2003/011851

actuator. In this case, the potential of both

el ectrodes 38 and 33 can R§h§et to G\D constantly. 5
Besides, in the structures own in FIG7 and FI G 8,
the protruding part is forned by the insulating film
bomexet ,partthe ghreosepdrage paldctmyddse 3Boandd3By @am be
electrode material. In addition, it is preferred that

&@@eﬁﬁiﬂé&&eg‘ﬁ&‘d&%@énﬁfSQ%TcérftlFa'lGa@§l§é§ agept@diving the
when the actuator has a 10 structure in which an

QELYL L &ce E%l%eéég alt%% 5ﬂéﬂ%1%ﬁa %ebb§h %&ectrodes 38

prevent ed. i'ving waveform appl |

ul.se. pote olarity reversed froma
5?%c§% qﬁhl§% gg@h %%?F@é% so as to neutralize
t he reS|duaI electrlc charge. 15 Besides, in_the

above- descPPBEERSt it thFeSEIBABUERY SHY RN fgfe /i and FIG.8,
formed by one drop discharged fromthe nozzle;
hbeevert rudigse petrtudsufesmed 0w itid dnisplappny cBblres however,
when one dot in an inmage is formed by several drops

the chestgad g patrhemanoze | &srmdd éy, anheheatdodle ilaterial.
formed by discharging a plurality 20 of ink drops in

one drivi ngncy@&iecld}{extm asdgseriptd Oy knbe dgi veny
wth reference to FIG 9, of a structure of the head

Qé%gf%fﬁguéﬂﬁq d%%ﬁ%?G C&%é&#%%ﬁﬂ%dt@%eﬂrﬁ @néctuator has a

I nventi on e pr esent ead ontrol eVI ce

gcludes gjhrl ﬁggg 888&£§gn é“gf 51r%%&da§ieciéég¥fé charge

is not prevented. That is, this driving waveform applies a
pulse potential having a polarity reversed from a preceding
pulse to each electrode so as to neutralize the residual
electric charge.

Besides, in the above-described structures, one dot
in an image is formed by one drop discharged from the nozzle;
however, these structures are similarly applicable when one
dot in an image is formed by several drops discharged from the
nozzles, i.e., when a dot is formed by discharging a plurality
of ink drops in one driving cycle.

Next, a description will be given, with reference to
FIG.9, of a structure of the head drive control device
according to the present invention.

The present head drive control device includes a

drive control part 51 for selectively applying a driving
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WO 2004/ 026582 PCT/JP2003/011851 -22 potential to the
i ndi vidual electrodes 15 of a plurality of the

welheaertteesstati ¢ actuators, and a driver nodul e BeTfiPr003/011851

applying a driving potential to the diaphragm 10 as

the common el ectrode. Besi?gs, at least the drive
control part 51 and 5 the drfver nodule 52 forma part
applying differently polarized potentials to the
botshtehects odes andlitheuaecebdct edded ricdefupoplurality of
di scharging a drop. The-drive control part 51 has a

gheust HEerast 4 d AWkuatdssi NaAd 9eNeF dleherdudel ¥8 for
control device. In this structure, 10 i mage data

?‘#Ee&éﬁg. < AT RS e a0 Sgset ommon

roni zati on MA h.a clock, is. converted in
ﬁiﬁ&?é LomBRH B k1B S8 o O BRELET pOEE 51 and
nporarlly An actuator to be driven is selected by

5h§eﬂéé%¥ mEiule |3Fgiferar pvPaEt 13PRA ingy eligit e 5y
converted into a predeterm ned voltage capable of
goilleirnged pwiachiE® Iy dhkefersthefeadir®e iandohbeofecond
driver nodules 56 (only one driver nodule 56 shown in
ElLecQ}odprayirteil sateegdhggat @rép nunber of the

actuators as shown in FIG 10, and is supplied to the

swi tch (anghagqasé Clind®1 e t2@1dhayi BIs¥OLERGE: iSs follows,
supplled to the swwtch 58 so as to turn on the switch

g% 1Bh U %ﬁ% mﬁ@a ed%g%edéb¥kggl<% Q%S t%ntggls structure,

Indi Vi ctro and
ipLiRos.is sppled Lrom e driyer module 22.09.00 1o cne
figures is transmitted to a shift register 53 serially in
synchronization with a clock, is converted into parallel data,
and is stored in a latch circuit 54 temporarily. An actuator
to be driven is selected by a selector 55. A logic driving
voltage of 5V is converted into a predetermined voltage
capable of driving a switch 58 by a level shifter 57 in one of
driver modules 56 (only one driver module 56 shown in FIG.9)
provided according to a number of the actuators as shown in
FIG.10, and is supplied to the switch (analog switch) 58. The
driving voltage is supplied to the switch 58 so as to turn on
the switch 58, thereby applying the driving voltage to the
individual electrode 15.'

On the other hand, a driving voltage is applied from
the driver module 52 to the diaphragm 10 which is the common

electrode.
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WD 2004/ 026582 PCT/ JP2003/ 011851 -23 The shift
register 53, the latch circuit 54 and the selector 55

wanredgeesal | ed | ogic parts, which are driven bpCctarR2003/011851

5V); therefore, a constituent transistor conmposing

these parts may only have ﬁg%mﬁthstand pressure of 5V.

On the other hand, 5 a wit ‘and pressure of the |evel
shifter 57 and the switch 58 conposi ng the driver

nodul e 56 depesisisfioncddietdri $8ngtvel 1ageh cdfrcibie 54 and the
actuator; when the driving voltage is high, the

%&@éﬁ@pdspr%%@ﬁlﬂe@ewgm@t bhues! $RAasi StOrdhNasn by (0V,
to be also high. That is, when the dr|V|ng vol t age of

gé eé?é?ogrelo r'c%?l%tl@u&ﬁ‘:c‘ttrog stjtlhéﬁtoq:r %ﬁpog}gﬁ?ttheqﬁ parts

aSI C clrcults

conpo the dri ule 56 are

BRE 9oLY bttt 4 w%?léteflacraﬁ%lfrﬁ R B RSB s S Bpand,
in FIG.13 Besi des, the |level shifter shown in FIG 1
pswathesind \Rressursl PagERe obwer ks Br-fibpge O 7aRBdt Hee Switch 58
| evel shifter shown in FIG 12 is a negative voltage

conpes sh@ntitey phrivas medtlentd ddmarsis the tiet Hsiwhey voltage
pressure of the level shifter 57 and the switch 58

depend sa@tud e ;drinenngheveti-agey ofoltdageacuaton, tie
the electrostatic head, the 20 individual el ectrodes

¢ tﬁ§£§&i%9&9&Qh@9o&othgec8H§P§iuéHttﬂﬁéns§§E69t9£§ to be

and a nunber of the conmmpn electrode is limted t

Tso hlciheverﬁlat E@er %ngletlilé h&%%F r}(/ﬂ? v%qtyélc’;gl oge lllé:eclctuator

equire meny driver ‘nodu the ndivi
electrodes n or._sev driver nodul es 52 for
FhECE orfrorP St é’% %g‘@e T3ESA ?\h%sﬁlaﬁwed; ‘pressure required
for a transistor

Besides, basic circuits of the level shifter 57
composing the driver module 56 are shown in FIG.1l and FIG.12,
and a basic circuit of the switch 58 is shown in FIG.lB.
Besides, the level shifter shown in FIG.1ll is a positive
voltage conversion type, and the level shifter shown in FIG.12
is a negative voltage conversion type.

As mentioned above, the withstand pressure of the
level shifter 57 and the switch 58 depends on the driving
voltage of the actuator. 1In the electrostatic head, the
individual electrodes 14 exist according to the number of the
actuators, and a number of the common electrode is limited to
one or several. Therefore, the drive control device requires
many driver modules 56 for the individual electrodes, and one

or several driver modules 52 for the common electrode.

A withstand pressure required for a transistor
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WD 2004/ 026582 PCT/JP2003/ 011851 -24 conposi ng each
of the driver nodul es approximtely equals a voltage

waged/agsn driving the actuator. Accordingly, ROEIPH03/011851

total voltage inpressed to the actuators is 80V, for
exanple, with +30V being ifipressed to the common

el ectrode and -50V 5 being ihpressed to the individua

el ectrodes, a withstand pressure of transistors
composimy damh oifi vee dpilube fadultdse apporrbnabbbyrteguEs a
I's approximately 30V, and a withstand pressure of
TbansdStossd apposirngihheris i aefuatedul eactordihely, when a
i ndi vidual electrodes is approximtely 50V. 10 In

@8&%@|$$ﬁﬁaéé) inf2asQns menthoned helwisnakt gov, tf@% example,
w t hstand pressure of the transistor used for applying

a. ol ar | Le e y n
BrDentT brst it e rs%%? d%%é. ?eonﬁdsoﬁin%el%hggé% Y
el ectrode is set t river uIe for
BonBn SR SRe ) $hE R %éh RS Sﬁd.ﬁgW%EP?Wﬂ£d
drive control device of the present jinvention,_ even
pheasthe @&.Mam@m@mcag@ompowy e sirigsrappgule for the
actuator rises, the withstand pressure of the
tbmmshsérﬂetmmmmdsiagptbeiﬂatwkyIﬁﬁﬂubadcanWbehstaDd
suppressed. This is nore advantageous in terns of

pesksutdady itEHrRASHBEs200hpes ghgle efritbe flodwBes for the
nodul es for the common el ectrode by one or severa

Eﬂ&&@f&ua 'éHé%ﬂ%HdéstEE BASEGx GhAiGliyh sekruct ures are

own I n G 11 to FIG 13, and conpeénsations for

changes in an§€%%;ﬁgﬂtﬁx>°&%§98n§“ﬂe& Q?kkﬁe;n@fter, the

tamaauu are requiréd 1n real
the circuits becone nmore conpljcated
withstand pressure of tke tra sistor used for applying a

negatively-polarized potential rises slightly. In a
conventional drive control device, since the common electrcde
is set to GND, the driver module for the common electrode is
not regquired. According to the drive control device of the
present invention, even when the driving voltage of the
electrostatic actuator rises, the withstand pressure of the
transistors composing the driver module can be suppressed.
This is more advantageous in terms of costs than increasing
the number of the driver modules for the common electrode by
one or several.

Further, since only the basic circuit structures are
shown in FIG.1ll to FIG.13, and compensations for changes in
power supply voltage and changes in temperature and so forth

are required in reality, the circuits become more complicated



WD 2004/ 026582 PCT/ JP2003/ 011851 -25 with a |arger
nunber of transistors. In this case, the decrease in
woOheosmnédsst and pressure of the transistors as BCTURENS/011851
of using the head drive control device according to
the present invention enag%es a large cost reduction
of the drive 5 control Besi des, in the head
drive control device according to the present
Winrent i afgedpoamisks aargiangiatdesp, Imetitrmanrgee,othehe
driving voltage of the actuator may be controlled by a
&QEyQQSQdQnOEhé-&E%Hgﬂédﬁ prapsessedst ond herdmdistioddaks a

10 el ectrodes while a magnitude of a potentia

ERQ_ ?duggn%hgh ee%ﬁ?%xg%%ckgﬁgﬁofﬁaéJﬁké rd&ﬂ Sto the

compfi ca river nodul e for e Cco
el ectrode, and therefore i nnre gﬁefe

RHPSHS PRESBLORMTEI Hone. 1eRdedraphr &Y i P?tg{fhdme

common el ectrode; however, a nanufacturing process

5 omtteron degighi ch of the dlaphragn1and t he opposi ng
el ectrodes should formthe common el ectrode;
t her ef or e, Betdielepr, esenthe i myashtdmrve §ogtwbﬂad$ydce according
appl i cabl e when t he opposing el ectrodes formthe
€O AN peleeht 0deveZDid¥gX tupona ddeshargingra viddp, behe change
gi ven of maxi mum val ues of potentials inpressed to

SheHd 1554 vand §§?9&9e e O deS natdhenpptiehtdaditsolled by a

|npresse to'the first and second electrodes have

G B Shesrerm, shmmt g um s noa o

10 iS, ﬂﬁgﬁé%oﬁgéggsggﬁéfﬁkédgg JEh% %g% H£§1\€%§¥§%§%%.%gethe
common electrode may be fixed; this does not complicate the
driver module for the common electrode, and therefore is more
preferable.

Besides, in the present embodiment, the diaphragms

15 form the common electrode; however, a manufacturing process
determines which of the diaphragm and the opposing electrodes
should form the common electrode; therefore, the present
invention is similarly applicable when the opposing electrodes
form the common electrode.

20 Next, a description will be given of maximum values
of potentials impressed to the first and second electrodes.
The potentials impreéssed to the first and second electrodes
have substantially the same absolute value as in the fourth

and fifth examples shown in FIG.6D and FIG.6E. That is, it is

25 preferred that the absolute values of the maximum voltages are
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substantially the sane. Besides, the above-nenti oned

wOnredionesse vol t age” i ncludes a margin voltage POT/JP2003/011851

tenperature conpensation and so forth. Additionally,
"substantially the sane" s that 5 w thstand
pressures of P-channel MOSFETs and N-channel MOSFETS
conposi ng the driver nodul es are substantially the
SamesubsSianicdtllyy hlosessne. f or reasons nenti oned
hereinafter, it is preferred that an absol ute val ue

of a maxi mugivrlsue tot aoohedréh Y RINEPOmaKiZ8] voltage”
potential anong the potentials inpressed 10 to the

fi . [ .
%I%%<%%2qbgﬁggﬂg §£f€£QQQ§§:|aH%§&a Q%Qrc$$5gh§§£10n and so

of a nmaxi mum v of a

ositively-polarized ,patential -thereanong by
g%ﬁ@%xiﬁﬁ%%&§o§945¥0r %gééﬁﬂ%ﬁla&ﬁﬁbﬁgeiEa%%“nmﬁﬁ%ﬁnt a5

a voltage used for the logic parts of the drive
eHM TN OFeesures AEcRTehiayIsh MOBFBde ord NirffedusdaMpSFETS

to provide a transistor having a promnently |arge
et ianwd theeslsiver mddhates sire Iseoststhal &Y eghtsame.

whi ch occupies a |arge area by itself. Besides,

ki dgl o heonietrb st andr pressatie smesitishadt hatéinafteer, sdme is
avoi ds conplicating a manufacturing process, as a 20

ﬁféf@frég tMaichnasbebalt£osd 1 Rf dfhe dekyRueoMT@ of a

device 1ncluding materials and manufactures thereof

SA e sl vy Sard e Lokt teprprosses

ds of noz

tuators, .the reducti f__the total t _exhihjt
Farte® s 206 SSHRRT (TAEr 5o " oBob nESHFT et o °

control device controlling a 96-bit electrostftic ,
absolute value of a maximum value of a positively-polarized

potential thereamong by approximately 5V, for example, which
is equivalent to a voltage used for the logic parts of the
drive control device.

Accordingly, it becomes unnecessary to provide a
transistor having a prominently large withstand pressure.
That is, there is no element which occupies a large area by
itself. Besides, making the withstand pressures substantially
the same avoids complicating a manufacturing process, as a
result of which a total cost of the drive control device
including materials and manufactures thereof can be reduced.

Especially, as in the inkjet head, when there are
hundreds of nozzles, i.e., many actuators, the reduction of
the total cost exhibits a large advantage. Specifically, in

the drive control device controlling a 96-bit electrostatic
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an experinental basis, 96 driver nodules wusing

wonremaResor s having a |large withstand pressurePGEIR2003/011851

required according to the conventional driving voltage
I mpressing nethod (FI G 6F). >N the other hand, in the
head 5 drive control deV|ce (the exanpl e of FIG.6D)
according to the present invention, only 97 (=96+1)
mctm&ﬂonnmmdeegnushngXperimEntakmb§Shaviag Hal vex meodules
wi t hstand pressure were required. Thus, it was

GO 4 riethdikabra havgeg costargdudtheRasanpbes saehivasted
for the drive control device as a whole. 10 Besi des,

EQ%M%&%%%QG%%@@ %ﬂ«éﬂt&o%%&heglwﬁg S8 age

n electrode”is conpletely different froma

T e nd R0 R Bl e P, P U BN QRALOREAAS M i D aa

respec of e I'Npressin

voltage and effects thereof escr 10

LTS Beorgiipan CoF iy &1 67 1015 GLakEFaby) | Hprebted t5 the
the first and second el ectrodes. Potentlals |npressed
poesert cowmntienectndde tofiMidd dafiEetrrmeapliss using

t hroughout the actuators are preferred to have pul se
‘mmneémtrrs::aslasdm@n hiahf FtiGz: 68 thetEnG eEesknre hiere aswuired.
20 pul se voltages inpressed to the conmmon el ectrode

ands | hee ayliconduahet! g4t ofesamyee qpsef eededtion hae be
substantlally the sanme pulse width. That is, other

%E?%*I’A Can V%EE@Qecoﬁtf’éI eqdi GUBEeRt wMQiéage

so be inpressed to the comon

eIectrode,ngghéQPr SSE%%V%h8e9&£f§gdqgﬁﬁ?%&l%%hgaﬁgthod for

or the

the common electrode is completely different from a driving
method used in a conventional optical mirror and so forth in
respect of methods forximpressing a voltage and effects
thereof.

Next, a description will be given of waveforms of
potentials impressed to the first and second electrodes.
Potentials impressed to the common electrode combined
electrically throughout the actuators are preferred to have
pulse waveforms as shown in FIG.6B to FIG.6E. In this case,
pulse voltages impressed to the common electrode and the
individual electrodes are preferred to have substantially the
same pulse width.

That is, other than the pulse voltage, a direct-
current voltage (FIG.6A) can also be impressed to the common

electrode, and impressing the direct-current voltage or the
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does not result in substantially different

wohemaeései stics. However, biasing with the PCT/JP2003/011851

direct-current voltage produces a nerit of
sinplifying circuit structwes. However, in a head
having a small sumof a 5 restitution force of the

di aphragm upon turning off the voltage, i.e., a
pestétwitayd aloes doe resthe in giutisttpnafial hg different
di aphragm and a repul sive force of gases existing

BRLWESFer B ey . 0daswalbel wOBIRsSiian theedpresenserint
the direct- current bias may inhibit the restitution

le{:g@e %Jgdr%gfc%%ma gngrﬂt Qf rﬂngfl%nﬁﬁn_tgo c&?@uﬁ.'ﬁ' eﬁﬁﬁéﬁf’ﬂes .

curve B shown in FIG5 1gnori'ng the existence

of gases (air)_ between .el ectraodes,_ on

t he- above-ﬁ%‘ﬁ%‘f%rﬁedmasas&r?ﬁ?i F&%Y”ﬁ% %rsd?earllt osmséjga?at e

t he di aphragm once contacting the el ectrode therefrom
Fﬁét%‘P’%Jﬁégﬁ%ﬁ@e%eHh?od%%h%&P&n {HEBFBE | e5F 1yhe

needs to 15 be set to OV. However, in an actual

yostans, when it ke TeApibuteon Toiqaghid $or EBacEEgi@ley of the
certain value, the diaphragm separates fromthe

el ephrage, detausepufhével Boteosifatjaseat brastion between
gener ated upon the di aphragm contacting the el ectrode

E$eBPtodds I d¥idH empeeaysen ,oftrt&gu@ge&b@n@@ ohe tdterect-
el ectrode insulating filmprovided for preventing an

al.eeLat G ahond gtﬁﬂbﬁtuﬁgg 00t glieet Hedefe diaphragm.

contacti ng eac er; a a repul sivel expansi ve

force occurs, afte ases ., existi bet ween e r.ode
are conpr e@%%%.r #cecornd:lené: “t gﬁ? h?ge%%%lzﬁ}qs né]u%\%/% 5 ngt %Iéd B
vol tage 25 inpressed to the dj aé)hragm cont acti ng tt‘ga
ghevh r 5 3% 3 d9uegdng the existence of gases (afr) between

electrodes, on the above-mentioned assumption, in order to
separate the diaphragm once contacting the electrode therefrom,
the voltage impressed to the actuator theoretically needs to

be set to 0OV.

However, in an actual system, when the impressed
voltage is reduced to a certain value, the diaphragm separates
from the electrode, because: the electrostatic attraction
generated upon the diaphragm contacting the electrode is not
infinite because of the existence of the electrode insulating
film provided for preventing an electric short circuit upon
both electrodes contacting each other; and a repulsive/
expansive force occurs after gases existing between electrodes
are compressed. According to this mechanism, when the voltage

impressed to the diaphragm contacting the electrode is reduced
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val ue, the di aphragm separates fromthe el ectrode.

wohewnmaegsn, by maki ng actuators 1 and 2 havi ngPCT/JP2003/011851

paraneters shown in Table 2 on an experinental basis,

maxi mum vol t ages capabl e bi asi ng the common

el ectrode are 5 investigated. In both actuators, it is
assumed that the diaphragmcontacts the el ectrode

tpon déschiat gralmed dhepdiaghabbe 2epPasteset@ersn dthe electrode.
experimental -basis actuators and maxi mum vol t ages

capabl e of rihd Asi A% ﬁng&n At Ul s 2 RiShansfing
betmeen el ectrodes excludlng el ectrode
| r e
Biaan Langr ) 0o Ao oy St i, masioun

clectiote 02,03, Losilating Layers () Meter e

290 170 Shorter-side width of diaphragm90 125 (m
nvekpessast dilaphrPani¢tptard At pgl sEswRad ntit the

i npressed voltage 6 6 (s) Voltage causing di aphragm
#0a7ra8in contacts the electrode upon discharging a drop.

<Table 2>
Parameters of experimental-basis actuators and

maximum voltages capable of biasing

Actuator 1 | Actuator 2
Distance between electrodes 0.5 0.2
(excluding electrode insulating
layers) (upm)
Material of electrode insulating S10, S1i0,
layers
Total thickness of electrode 0.2 0.3
insulating layers (um)
Material of diaphragm SiN Si
Young’s modulus of diaphragm (GPa) 290 170
Shorter-side width of diaphragm 90 125
(pm)
Thickness of diaphragm (um) 0.9 2
Pulse width of impressed voltage 6 6
(1s)
Voltage causing diaphragm to 67 37
contact electrode (V) )
Maximum voltage capable of biasing 54 23
(V)

As shown in Table 2, the voltage causing the
diaphragm to contact the electrode is 67V for the actuator 1,
and is 37V for the actuator 2, and the maximum voltage capable
of biasing is 54V for the actuator 1 and is 23V for the

actuator 2. In the drop discharge head, the driving voltage



contact electrode (V) Maxi mum vol t age capabl e of

biasing 54 23 (V) 10 As shown in Table 2, the voltage
woaosingesst he di aphragmto contact the el ectr oBeTUB2067/M 1851

for the actuator 1, and is 37V for the actuator 2,

and the maxi num vol tage capable of biasing is 54V for

the actuator 1 and is 23V ot the actuator 2. In the

drop di scharge head, the driving voltage WO

20844 026582, PCTIc2P2003/ BddBS 1so -a30 teeedsptasigvefdr changes

certain range so as to conpensate for changes in

L@ MP&RSL A &yreY, aRﬂa%&!a@E]én@“&%ﬁtgqgf he,AGluaLehss aé‘r‘i’d S forth,
forth,” or to adapt to a plurality of inage-quality

d I d
the’S s, olema Py YR e ae
t d t tuat
Ther cupon, SE SR ToptPRaPe<bHS. Vol 13550 FRGREEeRd"R ot

the common el ectrode according to the present

paventonl (1S H56r 5%i RAY el e Mesipom: Hgétagepragssged to
to the actuator, the bias voltage inpressed to the 10
toamant &l ot ode Bst40y 40V. t Hheartuganoer sincansh tdmgimal
bias voltage inpressed to the common el ectrode is 23V

hoks thiel tad Uadoele sded ASo afioy &sondidic @ 1khe roaxi aaudrding to
vol tage capable of biasing is 54V for the actuator 1,

{:H@ d@ﬁ%é@{tormlfehwth% 29 r 2t Tyeﬂ‘al@”thgev@j. A

he maxi num vol t age ‘capabl e of biasing is

118?%"% hseetf‘cctou%th%r a%tugﬂ;]fh ’&}’?e GRS § vfc:) rt%.gg fotﬁf'essed to the

age | npresse e’ conmon

consi de
common gfgééggde is 40V for the actuator 1, and the bias

voltage impressed to the common electrode is 23V for the
actuator 2.

As above, since the maximum voltage capable of
biasing is 54V for the actuator 1, the actuator 1 involves no
problem. On the other hand, the maximum voltage capable Qf
biasing is 23V for the actuator 2, which is equal to the bias
voltage impressed to the common electrode. In consideration
of reliability, in the actuator 2, the bias driving methéd
using the direct-current voltage in which the voltage is
constantly impressed cannot be selected. However, even in the
actuator 2, if the voltage impressed to the common electrode
is a pulse-form voltage, the actuator 2 can be used.

Further, when the actuator is driven for a long time,
adiabatic expansion and contraction are repeated in the gap

between the electrodes so as to induce moisture. This
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of reliability, in the actuator 2, the bias driving
met hod wusing the direct-current voltage in which the

woabwagesses 20 constantly i npressed cannot be Bergr10081011851

However, even in the actuator 2, if the voltage

I npressed to the common elﬁftrode is a pul se-form

vol tage, the actuator 2 carr e used. Furt her, when the
actuator is driven for a long tine, adiabatic
rEpahsiOrcandscanhydebgon worel raepeat eédqundt beidgaind Force so
between the el ectrodes so as to induce noisture. This

YO 2004{ 026582 ~RCIAI 2008601482k 1edliclBi ShET SofEs8Sg

a hydrogen bond and a Tiquid bridging force so as to

'e{ﬂ&& Axfe 4N %%1&5!589 é%r?%vﬁe% “t’?h”r*eg%%&?@l@r‘%tf e of the
élr ecirodes. erefore, éven en the restitution force

f the diaphragmis large, driving the_actuator for a
CoRd T & datoBs 3 PR AR ROEre. Hr it

Is stuck to the electrode, if the direct-current bias
Gansay e lencgenothépefat@ thfpddssihagor pal seagorin the
voltage to the common el ectrode ensures reliability of
thecdrage diist thregdirhetdecudeiNextiasa vdétege pexk ot i | |

be given of polarities of potentials inpressed to the

conmon el echénsomnd ipeesknagva dodl sl oot edesagdheo the
above-nentioned | evel shifter shown in FIG 11 is a

BOhdA V&1 Al 288 <R 0YEE SHOM dipviale Shisf k8 §b8b discharge
converts 5V 15 into 12V, for exanple. On the other
HQ??’ the level shifter shown in FIG 12 is a negative
vol'tage conversion |evel shifter that converts 5V

Into -12V, Nézg{, eaxag?%lc%ipltnioga%{]lffbet hgeixle%v%lf polarities of

potentials impressed to the common electrode and the
individual electrodes.

The above-mentioned level shifter shown in FIG.11l is
a positive voltage conversion level shifter that converts 5V
into 12V, for example. On the other hand, the level shifter
shown in FIG.12 is a negative voltage conversion level shifter
that converts 5V into -12V, for example. 1In each of the level
shifters, a voltage input from an input terminal Vin is
subjected to level-shifting, and is output in-phase from Vout2.

Here, a description will be given of the negative
voltage conversion level shifter shown in FIG.12. When a
voltage VH is input to the input terminal Vin, a P-channel
MOSFET PMOS2 turns on so that the voltage VH is impressed to a
drain of an N-channel MOSFET NMOS2. Besides, an N-channel

MOSFET NMOS1 turns on by the voltage VH being impressed to a
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shifters, a voltage input froman input termnal Vin
is subjected to level-shifting, and is output

wone@haes2f rom Vout 2. 20 Here, a description weCi/ypmo3/011851

given of the negative voltage conversion |evel

shifter shown in FIG 12. a voltage VH is input

to the input termnal Vin, & P-channel MOSFET PMOS2

turns on so that the voltage VHis inpressed to a

dtad nlofrent , Nacbanneke VMESEFE a$2 veBesildege @nh to a gate of
N-channel 25 MOSFET NMOS1 turns on by the voltage VH

bgi Ng- dHEHRSS e@streTanM®s 2004/ 026582 PCT/ JP2003/ 011851
-32 gate thereof, and inpresses a negative voltage VL

to a gate pf_.1he N.channel, NOBFET NMOS2, Acgardinglyessure
nown, -a Wit re

as is well stand pressure Tequ

bet ween th ate _and the drain of, the N-channel 5

REEFE WS B 5 58S r b A1 e BBl Fas ST TRannAYy

to the N-channel MOSFET NMOS1. That is, when usin
VPTG 810 ibfgorRE $¥HET | Ebkol lﬁkvé%/apeé,le?ré%%ﬂs%rglr&é to the
conposi ng the negative voltage conversion |evel
Nhcidmre r PHEES AMP&kger wi t hstand pressure 10 than

transi stors conposing the positive voltage conversion

l evel shifrest Besiwdes, usAngrdertiged nordasge tae same
reversing speed upon a signal reversal, the P-channe

MEFETs RMaIGL, andRVOS260f cddidiegatheendght 888 voltage

conversion level shifter may often need 15 to have a

955 $o At h qeg;reaeggg?fé@rt &gu% gﬁggggé&t W@hg?%%@g%essm

conver si on vel ter, ependl n a manu I Ng
? §$Z@@gg%%%&gpu%8%@029M§V€Hé ﬁggy%%v%h%glggégcéknversion

level shifter.

Besides, in order to increase a reversing speed upon
a signal reversal, the P-channel MOSFETs PMOS1 and PMOSZ of
the negative voltage conversion level shifter may often need
to have a gate width larger than that of the positive voltage
conversion level shifter, depending on a manufacturing process
to be used. However, since this method increases power
consumption during the course of reversal, there is another
method using additional transistors for increasing the
reversing speed.

As described above, when using voltages having the
same absolute value, the negative voltage conversion level
shifter becomes larger, i.e., more costly, than the positive
voltage conversion level shifter.

Accordingly, when driving an electrostatic head by
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consunption during the course of reversal, there is

anot her nethod using additional transistors for
wonowi@aeisng t he 20 reversing speed. As descri bedTabme®911851

when usi ng vol tages having the sanme absol ute val ue,

t he negative vol tage convegéion | evel shifter becones

| arger, i.e., nore costly, “than the positive voltage

conversion |l evel shifter. 25 Accordingly, when driving

&e eleadt Hestrat contead duyv\We 20684H026582he bias method)

PCT/ JP2003/ 011851 -33 the head drive control device

dadaptinRgtbhenbi gsesmithodlvendgear 8iyngs18y thee piraseny

I nventi on by usihg the driving waveform as shown in

FLGBE which, appl | £SROSI ig POLERTE 8L Sood A WITRIRUS 1ol s

W%ﬁﬁﬁ%rgugf ngg r%@ggﬂgh gbpfﬁesgg negZE?VE:% °

potential to anly on r several _cqmmon, el ectraodes.,.

theshres &8%?V¥@uﬁﬁﬁg%%:&ﬁﬁeﬁeaﬂéd%p?%%§%6%§F5g%éﬁg

smal | . Next,.a_ description will be given, with _

paifartdmde tPoONEY P09 ¥ PMEGAL5 COBROR S tXAMAR of T drive

i nkj et recording device according to the present

tontemtli cleviEEGedd be magrerigpepenge veé0and esafl a

mechani sm part of the recording device. FIG15 is a

si de sectiwnal, W ewselipbeon eciordibeg deengcewith tédfesrence to

i nkj et recording device, a printing mechanism part

%ﬂé. BN SO el th, ape SON:AIMAd bF Anr 6RY & NEcdlRMinge device

ody 211. The printing nmechani smpart 212 conprises a

15 Saria A TR SE3ANT 0G; d1d 6ld Rt ive

?%%%?%fﬁb%%héégsgg§%g®§ﬁ%§§%1 o?fthe ?n&?e% hegﬁisgﬁ

g%%?&g%gpg%%hggﬁﬁmgéggfrt gg%?@%%%gdgggnég§ﬁégttI?%@_lS is a

side sectional view of the recording device.

In this inkjet recording device, a printing
mechanism part 212 and so forth are contained in a recording
device body 211. The printing mechanism part 212 comprises a
carriage 223 movable in a main scanning direction, recording
heads 224 composed of the inkjet heads according to the
present invention mounted on the carriage 223, ink cartridges
225 supplying inks to the recording heads 224, and so forth.

A feeding cassette (or a feeding tray) 214 capable of carrying

- multiple sheets 213 can be inserted detachably from a front

side in a lower part of the body 211. Besides, a manual
feeding tray 215 can be opened for manually feeding the sheets
213. The sheet 213 fed from the feeding cassette 214 or from
the manual feeding tray 215 is taken into the recording device,

and a desired image is recorded by the printing mechanism part
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225 supplying inks to the recording heads 224, and so
forth. A feeding cassette (or a feeding tray) 214

woapabhkessof carrying 20 nultiple sheets 213 caaThr2003/011851

inserted detachably froma front side in a |lower part
of the body 211. Besi des, q%ganual feeding tray 215
can be opened for nanually 2edi ng the sheets 213.

The sheet 213 fed fromthe feeding cassette 214 or

prom the-gmmueal, teedshget rzns 215 ded ivaked tota ddieivery
recordi ng device, 25 and a desired inmage is recorded

9%# he privtdpeamaehani-sm parde WO 2004/ 026582
P JP2003/ 011851 -34 212. Thereafter, the sheet 213

is deliver t I r t a :

rear side. ﬁ%w rﬁt%%gln\ﬁ%cyla %%ﬁﬂs par?ljz?%llh ghe e~ e
carrlage slldably b ui_ de rod

g @maeblryoibézmélamﬁd%rreoég%de nBer P siTapd 222
hori zontal | y across right and |eft side_boards not

whooln are 19 dy gerbsrsortpiatdechdwaronkgely229ress right and
capable of sliding freely in the main scanning

defecsidn Herwmlisr eotti shoper perthe fligures aosbhfbickhafcarriage
FI G 15). The heads 224 conposed of the electrostatic

bnRj et heads sl rdissehangi Aged K idr ape ehisokoasnidg
yellow (Y), cyan (C), namgenta (M and black (Bk) are

H?EQ&E}?O&” (4 8 reRRAbATBe 233nERu At B aPkuUr8hid Yo OfFIG. 15) .
di scharge openings are arranged in a direction

OS§I é%t 4 g%h%ﬁggangkn?%gléf%?%ﬁﬂ%ta% g Eﬁﬁ%e@'hea

I on O rgli ng aces ovvnvvar

ﬁﬂécﬁége'g,%iq G Seher o ol nbnaciazy 4PE areen o

nount ed repl aceably on the carriage 223.
magenta (M) and black (Bk) are mounted on the carriage 223 so

that a plurality of ink discharge openings are arranged in a
direction crossing the main scanning direction, and that a
direction of discharging‘the ink drops faces downward. The
ink cartridges 225 for supplying the inks of the respective
colors to the heads 224 are also mounted replaceably on the
carriage 223.

Each of the ink cartridges 225 includes an air
opening at an upper part, a supply opening at a lower part,
and a porous member in an inner part. The air opening
communicates with air. The supply opening supplies the ink to
the inkjet head. The porous member is filled with the ink
inside. The ink supplied to the inkjet head is maintained at
a slight negative pressure by a capillary force of the porous

member.
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Each of the ink cartridges 225 includes an air

openi ng at an upper part, a supply opening at a | ower
weQani4/0268® and a porous menber in an inner par PCT/TA®03/011851

air opening conmunicates with air. The supply opening

supplies the ink to the Lg%Let head. The porous

menber is filled wwth the ik inside. The ink

supplied to the inkjet head is maintained at a slight

negati ve messsiese bythowagtpitteatpatisr 2840bLt Hlee premestive

25 menber. WO 2004/ 026582 PCT/ JP2003/ 011851 -35

Besidesrealit8oUGh e REads hdddsofnttiee respeciti wabodiment,

colors are used as recording heads in the present

%‘?ﬂeg%%iﬁgeghclua gt*}ﬁg&ﬂéﬂscldli%ﬁgra% | ©Sc dirSCRBIGsNEF the

rops o respective colors nmay be used
i nstead. 5 The nmai n quide %ﬁqn%%%aés inserted into the
TEARSCAgES 993°8F i HHOIY at®the PeaF " si de (downstreamin
a sheet conveyance direction _of caonveying the .
sheets). Tfihe &aip dgéede 253 i<t &ﬁﬁF%Eeguﬁnbﬁi?ﬂ§rQﬁfrlage
222 slidably at the front side (upstreamin the sheet
2ohyigabe vdit eth¢ ordar Besieddslovnatigamrerd t3Sfdve
the carriage 223 in the main scanning direction, a
ddrvidygniel Hi286tisn séf etatveyibgt weenskeelrs vi nghsulckeyiage
228 and a driven pulley 229 rotated by a main

SCANR RG+MBhOEhd2dub duieid iv¥dng2bekl 13301y satf itked firont side
the carriage 223, and the carriage 223 is driven back

ML o s d e ot
%@%&? ¥géﬁ%§fﬁﬁ?ﬁ§§ﬂ%%%§3§§§,E% %HS &§fgi&g¥ﬁ%§§9%ﬁ§ection,
a timing belt 230 is stretched between a driving pulley 228
and a driven pulley 229 rotated by a main scanning motor 227.
The timing belt 230 is fixed to the carriage 223, and the
carriage 223 is driven back and forth by forward and backward
rotations of thé main scanning motor 227.

On the other hand, in order to convey the sheet 213
set in the feeding cassette 214 to beneath the heads 224, a
feeding roller 231, a friction pad 232, a guide member 233, a
conveying roller 234, a conveyance roller 235, and a leading-
edge roller 236 are provided. The feeding roller 231 and the
friction pad 232 separate and feed the sheet 213 from the
feeding cassette 214. The guide member 233 guides the sheet
213. The conveying roller 234 reverses and conveys the fed

sheet 213. The conveyance roller 235 is pressed against a

circumference of the conveying roller 234. The leading-edge
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feeding roller 231, a friction pad 232, a guide nenber
233, a conveying roller 234, a conveyance roller 235,

wand4a268adi ng 20 edge roller 236 are provi dedPCTHR2003/011851

feeding roller 231 and the friction pad 232 separate
and feed the sheet 213 fromthe feeding cassette 214.
The gui de nenber 233 guidé§“%he sheet 213. The
conveying roller 234 reverses and conveys the fed

sbeedr 28% rLhe]1608YeYANGeyI0ldtekhddh tBepsiessed®13 is sent
agai nst a 25 circunference of the conveying roller

8\%@ fr%c{?[f (ﬁﬁ%?%igﬂ?'ggﬁﬁgit 0 2004/ 026582 - PCI JE2003/,Qh%851 234

es an angl'e at which the sheet

213 is sent __out,_fromthe conveying.raoll 2
SO et 5a 203 R rarrpSarsiel By 418 o
sub-scanning notor 237 via a series of gears. 5 In
aefeies o, 9®3BBi-nt receptacl e menber 239 is provided.
The print receptacle nmenber 239 is a sheet guide .
menber gui B rafdide ovheat 218t seegeRiaCe RE 239 1is
conveying roller 234 beneath the recordi ng heads 224

phoaldad damee wriht acoeyiagle argeeaf 26Reisar rslage 2RE de
In the main scanning 10 direction. A conveyance roller

R4faNd & SR tB42spEet PIDViLRd ewsbheans f caind higg
print receptacle nenber 239 in the sheet conveyance

ggifgéi ' 5@%%F§8n¥ﬁ¥apgébféﬂﬁéﬂhé%ﬁ% and 1fhe-SPiHard4? with

are rotationa driven so as 1o send out the sheet

213 in a deliver irection. Futher Liv -
EoRPEInS 5 5s SF thhr SSHH Sihd gur de THEDEE SHENRF
246 are provided. The deljvery roller 243 acg he
dptrChirn sedd CORVEYABCEhERt e ¥ 47Ché §BFF L}}y %y

216. The gui de nenbers 245 and 246 .
provided downstream from the print receptacle member 239 in

the sheet conveyance direction. The conveyance roller 241 and
the spur 242 are rotationally driven so as to send out the
sheet 213 in a delivery direction. Further, a delivery roller
243, a spur 244, and guide members 245 and 246 are provided.
The delivery roller 243 and the spur 244 send out the sheet
213 to the delivery tray 216. The gulde members 245 and 246
form a delivery path.

Upon a recording operation, the recording heads 224
are driven according to an image signal while moving the
carriage 223 so as to record one line by discharging the inks
to the halted sheet 213, and record a next line after
conveying the sheet 213 by a predetermined distance. Upon
receiving an end-of-recording signal or a signal indicating an

arrival of a trailing end of the sheet 213 at a recording area
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forma delivery path. Upon a recordi ng operation, the
recordi ng heads 224 20 are driven according to an

wonrem®26isgnal whil e nmoving the carriage 223 s8CagP1003/011851

record one line by discharging the inks to the halted
sheet 213, and record a next line after conveying the
sheet 213 by a predeterniﬁ@ﬁ’distance. Upon receiVving
an end-of -recording signal or a signal indicating an

Bénadit e @bcardiiag|heunLndQf thhersbeedidd bpdradion is
recordi ng area WO 2004/ 026582 PCT/JP2003/011851 -37

aeneath 4 e reqoLdi Hos gle;?gjselaﬁf%reahe recor di ng

operation 1s ended an e sheet 213 is delivered.

Besi des, recovery device 247 for recoverin :

di schar gea]?eeﬁﬁ i ¥it hECREEHE 224-5% Zglf’oé."aeag%?"%“ng a
position 5 rightward in the noving direction of the |
ehreharge 72815uPsi Be MRS &dr dPngrarEaed e & &OGWHErPn
device 247 includes a capping part, a sucking part,
amghtvasidedni fgepaevinduitirrrtaonspantby ¢arripdatdddgoutside
the carriage 223 is noved to the recovery device 247,

ansl tdwreads a224. arehe apped/dy theidd 2appimgluyskrst aso
as to keep the discharge openings in a wet state,

thss ey Rireveat khgkand iéﬁepﬁa,r gad auktconigi nading Mueing a
e

a dryilng of the ink. sides, inks irrelevant of

LELY gf%nrgéﬁingkﬁggaﬁ%dc%gi:? itzgg Esqecf@é@%o el |

SO as e viscosity of t nks at all of the

di schar ge, openi constant, ther 15 i ntai.ning _a
SR di%éﬁSFgggzer?ré‘? T 2%(9%?95‘59 ea&sj‘ hat'a
di scharge fault occurs, the dLscharge %genqus,gfhe
PRIRINE PAST FRe2fendskos Wik Weahegde openings in a wet

state, thereby preventing a discharge fault originating from a
drying of the ink. Besides, inks irrelevant of recording are
discharged during the recording, etc., so as to make viscosity
of the inks at all of the discharge openings constant, thereby
maintaining a stable discharge performaﬁce.

In cases, such as that a discharge fault occurs, the
discharge openings (the nozzles) of the heads 224 are sealed
hermetically by the capping part, and air bubbles and so forth
as well as the inks are sucked out of the discharge openings
by the sucking part via tubes; inks, dusts and so forth
adhering to surfaces of the discharge openings are removed by
the cleaning part, thereby recovering the discharge fault.
Besides, the sucked inks are ejected to a waste ink holder
(not shown in the figures) provided in the lower part of the

body 211, and are absorbed in an ink absorber in the waste ink
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hernetically by the capping part, and air bubbles and

so forth as well as the inks are sucked out of the
wdizehvaége openi ngs 20 by the sucking part vi aPCobR®D3/011851

i nks, dusts and so forth adhering to surfaces of the

di scharge openings are rengﬁed by the cleaning part,

t hereby recovering the discharge fault. Besides, the

sucked inks are ejected to a waste ink holder (not
ewr.in the figures) provided in the | ower part of

the 25 body 211, and are absorbed in an ink absorber

in the waste +inakh YL 20844026582 iRCH dRRY88/ 8dd8kding device,

-38- holder. In the heretofore-described inkjet

recardi.n vi.ce . | Nk et : ' t,h ;
oEariRy Rebes o B s R e R G g ariven
control device according to.the present i nyenti on. .
SPhdSie PREST BECFS TR NI T 3H CANCBECT o et By P e

I nkj et heads having a high degree of nozzle

icoresdrionat | Shuat Bhe |XREEESRT PRefebY2 butalt MendorRed by the
i nexpensi ve inkjet recording device capable of
irdgetdhegdei havandighigmgegyesl cfynoBeks dumicanigation at a
above-descri bed enbodi nent is an 10 exanple in which

tde disaphragreb{ osin d e repmmen iakepenothes iaridiett hecording
opposi ng el ectrodes as the second el ectrodes formthe

dadiod Féllé%'abgéesffh?cg@émﬁ{gﬂ%thhﬁ di RN AL A8 ity.

unitari ormed t hroughout the acfuators so that the

di aphr ag | e;s(%{%‘irsggghgﬁ?f){)%%ld Aséﬂﬂe%d%%baaﬁngﬂebw%

el ectrica 0 actuators. However, as
SO, BRONE AR RIS, (2 SCLLR05RS Wtctroce, ane
t hroughout the actuators so as to formthe conmpn
the opposing electrodes as the second electrodes form the
individual electrodes, since the diaphragms are unitarily
formed throughout the actuétors so that the diaphragms forming
the first electrodes are combined electrically throughout the
actuators. However, as mentioned above, the opposing
electrodes as the second electrodes may be combined
electrically throughout the actuators so as to form the common
electrode, and the diaphragms may be separated for each of the
actuators so as to form the individual electrodes.
Additionally, the common electrode may be formed by
the first electrodes or the second electrodes combined
electrically throughout all of the actuators, as mentioned
above; alternatively, all of the actuators may be divided into

a plurality of blocks, and a plurality of common electrodes

may be formed for the blocks (a number of the common
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el ectrode, and the di aphragns may be separated for

each of the actuators so as to formthe individua
weheniedes. 20 Additionally, the comon el ect POTGPIAY011851

be formed by the first electrodes or the second

el ectrodes conbi ned elecggggally t hroughout all of

the actuators, as nentione above; alternatively, al

of the actuators may be divided into a plurality of

chleeeksdeantde ingl stial idry tofanc ammtaél ecinbedest 2Bhemgcigators) .

formed for the blocks (a nunber of the common WO

2004/ 026582 RETL) P2RO3! DI85 headd9sebesl s Daas Heivegas an
small er than a total nunber of the actuators).

Further, -the inklets ' b pefbabove Bstablled b
L Febgfpﬁﬁéﬂgﬁgﬁh%%@%ﬁgé ﬁéﬁ&a& d =Y

rge head driven an

control |l ed, by the head, drive_control devi LNg

8 PRECpRBLEh ST IoRE GRS FORBUA™ | 1o Hiead aerus
control device accordin to the present. i nvention is..
igiveptappli cHBYRVSlor 1S VeRg SREVE com ity iRy 1§ SdrEperaing
di scharge head di scharging a drop of |iquids other
tchame pkessuothimeertidrgdisd atesi sppliseabfeorfor driving and
patterni ng, or a gene analysis sanple. 10 The present
ddntentiiongi 8 asép |diddiedgeohthd dspetafdica lay drop of

di scl osed enbodi nents, and variations and

1@5&5‘3 athepstARY Hec Mdennakhaul i departddigt needt fier
scope of the present invention. The present

EEEGn ko™ 2009 2729531 T 0H ah Sept enber 19,

2002, the entire contents of which are.he y
i ncor por at @iengge}%ﬁ%%Elon is no% ElHEESQ to the

specifically disclosed embodiments, and variations and
modifications may be made without departing from the scope of
the present invention.

The present application is based on Japanese
priority application No. 2002-272383 filed on September 19,
2002, the entire contents of which are hereby incorporated by

reference.
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WD 2004/ 026582 PCT/JP2003/011851 -40 Cains 1. A
head drive control device for driving a head

wonoed4odéssy a plurality of el ectrostatic actuat 8CE/JIRPHOI011851

5 including a diaphragm used also as or including a
first electrode formng a, ﬁa surface of a discharge
room conmmunicating with a“hozzle discharging a drop,
and a second electrode opposing the first el ectrode,

t he di aphragm bei ng def or m8cilmg generati ng an

el ectrostatic force between the 10 first el ectrode and
the second el ectrode, wherein the first electrodes of
the electrostatic actuators are conbi ned

electricahly, tﬁgg&“ﬁ%%ﬁ@”d%QES??ta@$18§W&ﬁeder1ng a head

conprising: a part app yi ng erently polarized

potentials t t .el ctr de and .t c

RIS Bles Bt Soh S A TSe ST I THpe 5 STRE Read
drive control device as clainmed in cl n11 wh relg
%ﬂﬂh@dpagtaa§$ﬁEQ%99¥-ﬁ@@ﬁt?&éPyapo?%r% diggr enfi-bpFtt

the second el ectrode. 20 3. A head drive contro
devitcedeofodning ry welHesdrfaael afi agdsPlandsl reghof

el ectrostatic actuators each including a diaphragm
deseehnakaeias with nclnwdizig dibchstgimy ectdmage Bodnngegond
wal | surface of a discharge room 25 conmmunicating with

& Nezzle ggé&@ﬂﬁ%'ﬂ}ga FiHs@Pc18R8radseceid dMBphragm being
2004/ 026582 PCT/JP2003/ 011851 -41

deformed by generating an electrostatic force between the
first electrode and the second electrode, wherein the first
electrodes of the electrostatic actuators are combined
electrically, the head drive control device comprising:

a part applying differently polarized potentials to

the first electrode and the second electrode upon discharging

said drop.

2. The head drive control device as claimed in
claim 1, wherein said part applies a positively polarized

potential to the second electrode.

3. A head drive control device for driving a head
including a plurality of electrostatic actuators each
including a diaphragm used also as or including a first
electrode forming a wall surface of a discharge room

communicating with a nozzle discharging a drop, and a second
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el ectrode opposing the first electrode, the di aphragm
being deforned by generating an electrostatic force

woebwmeessthe first el ectrode and the second ebPeTiipd®011851

wherein the second electrodes of the electrostatic
actuators are conbined 5 elgftrically, the head drive
control device conprising: a part applying differently

pol ari zed potentials to the first electrode and the
seeonto@ efigdequpar disehas hdtgrodkqi dhdr apapibadm being
The head drive control device as clained in claim3,
WREL Bhdk S G dRtaraRB! heSeBePOSIddMalY FBRLAr haefkeen the
potential to the first electrode. 5. The head drive

ontrol. devic [ in.15 cl.aim.1, j

PRRFTOH SR B kBETR ral R s pHREE2A kne secona
potentials applied.to the first electrode and the
SeEERBOTRT €t rioife HETETERBS T Hnt 3 1 BGuSF abeBP R
val ues. 6. The head drive control device as clained in
gdeet vl maBLY wérehsagadi fiitn valiesl sievilke aPrrpetemdy

pol arized potentials applied to the first el ectrode
and the sezqralrt elppdtyiodedhéversnibst artlisalilzgdegahéntials to
absol ute values. 7. The head drive control device as
¢hai fedst el @l andl, tnbesetshdaiefaraBieotipbhedischarging
differently polarized WO 2004/ 026582 PCT/ JP2003/ 011851
s42qPQtsptials applied to the first electrode and the
second ‘el ectrode are pul se waveforns. 8. The head
drive control device as clainmed in 5 claim3, wherein
waveforns of the differently polarized

4. The head drive control device as claimed in
claim 3, wherein said part applies a positively polarized

potential to the first electrode.

5. The head drive control device as claimed in
claim 1, wherein maximum values of the differently polarized
potentials applied to the first electrode and the second

electrode have substantially equal absolute values.

6. The head drive control device as claimed in
claim 3, wherein maximum values of the differently polarized
potentials applied to the first electrode and the second

electrode have substantially equal absolute values.

7. The head drive control device as claimed in

claim 1, wherein waveforms of the differently polarized
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potentials applied to the first electrode and the

second electrode are pulse waveforns. 9. An inkjet
woeceodéssg devi ce recording an inmage by 10 di sciaprmosigiissi

an ink drop, the inkjet recording device conprising:

a head drive control device for driving a head

including a plurality of el*éctrostatic actuators each

i ncludi ng a di aphragm used al so as or including a

dddstcihasebgpliedecd ol ng ratwah bcsdbd@candfti® second
di scharge room conmunicating with a nozzle

i scharqi a , 9H%E econd el ectrode opposing
%ﬁﬁéﬁﬁqggtggFegﬁgggéf the diraphragm bei ng deforned by

generating an electrostatic force between the first

el ectrode and the second el ectrode, wherein the first
20 el ectrodes of the electrostatic actuators are _
conbi ned 8el e@hpi BaRPYITEHRI ARE TRdad Ui PR T dntaigied in
device conprises a part applying differently

¢ iar iz edhpotent varsfewng g fihestli féerent by coaled itzise
second el ectrode upon discharging said drop. 25 10. An
hoddreti aiec apgilngd deyi e ricendiengcanotianged Whe second
2004/ 026582 PCT/ JP2003/ 011851 -43 by dischargi ng an

LRy atheplinkh efavecomgdi ng device conprising: a
ead drive control device for driving a head
including a plurality of electrostatic actuators each
5 including a diaphragm used also as or including a

LSt ol sty ade Lonaing. & uell, suifoge oL R oSS by
gggtégég?g%ngn ink drop, the inkjet.recording device
comprising:

a head drive control device for driving a head
including a plurality of electrostatic actuators each
including a diaphragm used also as or including a first
electrode forming a wall surface of a discharge room
communicating with a nozzle discharging a drop, and a second
electrode opposing the first electrode, the diaphragm being
deformed by generating an electrostatic force between the
first electrode and the second electrode, wherein the first
electrodes of the electrostatic actuators are combined
electrically, and the head drive control device comprises a

part applying differently polarized potentials to the first

electrode and the second electrode upon discharging said drop.

10. An inkjet recording device recording an image
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el ectrode opposing the first electrode, the diaphragm

being deforned by generating an electrostatic force
woetmmessst he 10 first el ectrode and t he secondPCT/JP2003/011851

el-ectrode, wherein the second electrodes of the

el ectrostatic actuators ar g conbined electrically,

and the head drive control *dévice conprises a part

applying differently polarized potentials to the first

18) ealscadeqand sheisecons, ekeet fadeetposcaidichargiige
sai d drop.
comprising:

a head drive control device for driving a head
including a plurality of electrostatic actuators each
including a diaphragm used also as or including a first
electrode forming a wall surface of a discharge room
communicating with a nozzle discharging a drop, and a second
electrode opposing the first electrode, the diaphragm being
deformed by generating an electrostatic force between the
first electrode and the second electrode, wherein the second
electrodes of the electrostatic actuators are combined
electrically, and the head drive control device comprises a

part applying differently polarized potentials to the first

electrode and the second electrode upon discharging said drop.



