WD 2004/ 007205 PCT/ JP2003/ 007992 -1 DESCRI PTION HEAD CONTROLLER, | NKJET
RECORDI NG APPARATUS, AND | MAGE RECORDI NG APPARATUS THAT PREVENT
DEGRADAT I YOI 2bd/doFMASE 5 QUALI TY DUE TO ENVI RONVENTAL TENRERRIIORE) GHANCES
TECHNI CAL FI ELD The present invention relates to head controllers and

i mage recordi ng apparatuses. 10 BACKGROUND ART I nkjet recordi ng apparat uses
used as inmage recording apparatuses (iHirge form ng apparatuses), such as
printers, facsimle apparatuses, cgg Iaia]pparatuses and 15 plotters, are
equi pped with an inkjet head as a g%ﬁ scharglng head that includes:
a nozzle for discharging ink drops; an ink channel (also referred to as a
di scharge conpartnent, pressure conpartnent, pressurizing conpartnment,

| i quid conpartnment, and so on) conmunicating with the nozzle; 20 and
pressure creating nmesrAd GONFRESEBR| ZINKJTETREQORDAWGI ARPARKEHNe|ANDDr opl et
di schargi ng heads al so include, for exanple, a droplet discharging head

that dischauges Redditiing ReShRATUS THA® Hrenvmnaf pdeepbet son and aadeop! et
di schargi ng head that discharges a sanple of DNA in the form of droplets.

2004/ 007208 Rt S FGb 3 bOggapo GRS Mgt chiwgsyen w i focus on 1O

TE ICAL FIELD
The present invention relates to head controllefs
and image recording apparatuées.
10
BAQ;KQRQ!JND ART
Inkjet recording apparatuses used as image
recording apparatuses (image forming apparatuses), such as
printers, facsimile apparatuses, copying apparatuses, and
15 plotters, are equippéd with an inkjet head és a droplet
discharging head that includes: a nozzle for discharging ink
drops; an ink channel (also referred to as a discharge
compartment, pressure compartment, pressurizing compartment,
liquid cbmpartment, and so on) communicating with the nozzle;
20 and pressure creating means for pressurizing ink in the ink
channel. Droplet discharging heads also include, for example,
a droplet discharging head that discharges a liquid resist in
the form of droplets, and a droplet discharging head that
discharges a sample of DNA in the form of droplets. In the

25 following, however, a description will be given with focus on



the inkjet head. Inkjet heads such as the so-called piezo inkjet, the
so-called thermal inkjet head, and an electrostatic inkjet head are known.
The pi ezowporek§4to7208f orns a vibrating plate 5 that fornsPaTa@kdo3semdnce of
an ink channel by using a piezoelectric element as the pressure creating
means for pressurizing ink in the ink channel, and varies the vol une of
the ink channel so as to discharge ink-drops (refer to Japanese Lai d-Open
Patent Application No.. 2-51734). The 10 thermal inkjet head discharges ink
dropS\Mtrﬁ¢ﬁe§§Wﬁ€1@ﬁ&ﬁ is, created by generating bubbles through heating
ink in the ink channel by using a heat resistive elenment (refer to
Japanese Lai d- Open Pakget Wgpld catdhoasNohesgo5goiligd pigzehanki ekt rgt atic
i nkj et head, the vibrating plate formng the 15 wall surface of the ink
channel  angh-ash 16l T tiredaaar enlif sangedi, iamdaanutbattyooppdsi igkjanner, and
the vibrating plate is deformed by an el ectrostatic energy generated

bet ween t hg, d"a%itldﬁwmp' atrge apfe 1 hei Blieat tedermt heretyraramy paathe vol une
of the ink channel so as to di'scharge |nk drops (refer to 20 Japanese

Lai d- Open gaten% r%pdspsc%%ﬁhogugga?% ngl%n kSEHEEH%lSﬁ&?huél N et heads are

driven by hargi ng e ere y In rops are dlscharged by

pushi ng the V|brat| pl.at e towar the ressuri zi nt'so as to
decr ease tB%@%Rﬁ%ﬁﬁ? Fﬂ@mﬁPésiﬁr? &Hﬁ&rFﬁ%ﬁggn g%ltlon some

i nkj et heads are driven by a pull dlscharglng WO 2004/007205
PCT/ JP2003p08¥992izirgy ink” in the ink channel, and varies the volume of

the ink channel so as to discharge ink drops (refer to
Japahese Laid-Open Patent Application No. 2-51734). The

10 thermal inkjet head discharges ink drops with pressure that is.
created by generating bubbles through heating ink in the ink
channel by using a heat resistive element (refer to Japanese
Laid—-Open Patent Application No. 61-59911) . In the
electrostatic inkjet head, the vibrating plate forming the

15 wall surface of the ink channel and an electrode are arranged
in a mutually opposing manner, and the vibrating plate is
deformed by an electrostatic energy generated beﬁween the
vibrating plate and the eleqtrode, thereby varying the volume
of the ink channel so as to discharge ink drope (refer to

20 Japanese Laid-Open Patent Application No. 6-71882).

Some of such inkjet heads are driven bf a push
discharging method whereby ink drops are discharged by pushing
the vibrating plate toward the pressurizing compartment so as
to decrease the volume of the pressurizing compartment. In

25 addition, some inkjet heads are driven by a pull discharging



met hod whereby ink drops are discharged by deformng the vibrating plate
with a force directed toward the outside of an ink conpartnent so as to

i ncrease wheosaiomzos of the ink conpartnent and then briPagiJrgposherond br at i ng
plate to the 5 original state so that the ink conmpartnent is returned to
its original volune. Additionally, regarding the inkjet heads, the
viscosity of ink is varied in accordancg-with tenperature changes in
different environnents, which |eads to speeding up 10 or reducing of the
speed (i nkmeftlopd ditsgtelygiing dpeed)ang dischagredr Bpsdeimueing HES npact
positions of ink drops on a recording paper may be shifted, and the vol une
(i nk drop vibscthiargigigteokint) aMonte aliraukedr cpwarng bee i nwcksd@dsedfopn
decreased. Consequently, the intensity of an i mage may be 15 changed or

i mage qual ity fepphenehangedasFust hedressidnatet helunakofree dikchar gi ng
speed V] is increased and decreased, in sone cases, injection bending

occurs, angd_injectl C i i QG S.
Therefore,g%¢ esé%} él%w%hfgpg%gggﬂ%%?g¥%ggﬁ§%§?§%?§ng%g%bpIication No.

11-268266, for, e I as for. a _drivin f. i d of
t he pul dPE%?%H%fE§E$§b§% tﬁ%ﬁiE%egﬁy?%gﬁ%%%E%gn?eﬁ%E?ggﬁgég%ﬁ%ﬁgége?nt8

consi deration, as shown in FIG 1, a nethod is known in which a first
si gnal Ploé%ﬁaﬁﬂ%‘ﬁﬂﬁpﬁbsure creation conmpartnent, a second signal P2 25

mai ntai ns an expanded state of the pressure creation WO 2004/ 007205
PCT/ JP2003/ 007992 -Additionally, regarding the inkjet heads, the

viscosity of ink is'varied in accordance with temperature
changes in different environments, which leads to speeding up

10 or reducing of the speed (ink drop discharging speed) Vj of
ink drops. Thus, the impact positions of ink drops on a
recording paper may be shifted, and the volume (ink drop
discharging volume) Mj of an ink drop may be increased or
decreased. Consequently, the iﬂtensity of an image may be

15 changed or image quality may be changed. Further, since the
ink drop diséﬁarging speed Vi is increased and decreased, in
some cases, injection bending occurs, and injection down
accompanying the spray bendingloccurs.

Therefore, as described in Japanese Laid-Open Patent

20 Application No. 11-268266, for example, as for a driving
method of the piezo type head of the pull discharging type,
taking environmental temperature‘changes into consideration,
as shown in FIG. 1, a method is known in which a first signal
Pl expands a pressufe creation compartment, a second signal P2

25 maintains an expanded state of the pressure creation



compartment, and a third signal P3 discharges ink drops by contracting the
pressure creation conpartnent in the expanded state. Based on a

t enper at We 2de®cioson result of tenperature detecting PEINB009HE92 he
tenperature is high, the difference 5 between a first potential difference
A V1 (that is, the potential difference between the first signal Pl and the
second signal P2) and a second potenti alga-difference A V2 (that 1is, the
potential difference between the third signal P3 and the second signal P2)
i s w denedcgriwrriamsdd) andhanthied 19 edp EtatdsehprEIeHW R K OBST P¥r ence
between the first potential difference A V1l and the second potenti al

di f f er encecénMadisingnaheopedsfdeer@asedlon lcompahtnembr ds , thehexpehded
tenperature is high, the potential of the first signal P1 and the

potential gfsthe Haddi bd si geabpePBrdre ddacieasadrasul t nif canpdrhyurbe
broken Iines in FIG 1. On this occasion, by making the decreasing anount

of the thi -‘Qﬂﬁl re he4f Lo rRLenthe

di fference&%%%/vee t"ifuégéngi'rg%g%oglgﬁﬁ%%ﬁaﬁhﬁeﬁgehE%V? and the second
potential difference A V2 i i deped. t he 20.pt her .hand, en the

t enper at ur BSFES D\ ft%éthPgﬁ\fl\l%h?focglf[ﬁ%enﬁer évgi Qﬁ%ﬂt Pt afd"t he potenti al
of the third signal P3 are increased as indicated bi/ %re twog-dot chain
line and thetewaid differercel betvieer ddifedtinedl §19RE thr & ° by making
the increasing anount of the third signal P3 greater than that of 25 the
first signabcéid diumadi PRer endeabstoweh ndienfiipdt AW o0eRPOO¥ Y85 (that

PCT/ JP2003/ 007992 -5 .
is, the potential difference between the third signal P3 and

the second'signal P2) is widened (increased). When the

10 temperature is low, the differepce between the first potential
difference AVl and the second potential difference AV2 is
narrowed (decreased).

In other words, when the temperature is high, the

potential of the first signal Pl and the potential of the

15 +third signal P3 are decreased’as indicated by the broken lines
in FIG. 1. On this occasion, by making the decreasing amount
of the third signal P3 greater than that of the first signal
P1l, the difference between the first potential difference Avi
and the second potential difference Av2 is widened. On the

20 other hand, when the temperature is low, the potential of the
first signal Pl and the potential of the third signal P3 are
increased as indicated by the two-dot chain line and the chain
line in FIG. 1, respectively. At this point,:by making the
increasing amount.of.the third signal P3 greater than that of

25 the first signal P1l, the difference between the first



potential difference A V1l and the second potential difference A V2 is
narrowed. However, in the conventional inkjet head driving nethod

descri bedwelzowo70ien the tenperature is high, the 5 di fricenempsotmeoeen t he
first potential difference A V1 and the second potential difference A V2
is increased, and when the tenperature is low, the difference between the
first potential difference A V1 and theg-second potential difference A V2
is decreased. Thus, when the tenperature is |low, the pressure 10 creation
conpartnenpotentmaﬂtdaéfedemueaA§ﬂaa@dmhbﬁeS¢¢@ﬁdrﬁQﬁQﬂ§}§ll§1f€%€ETﬁﬂl ed
back than it is in ordinary tenperature. Even if neniscus is pulled back
the pressupne?2 gkeatippwe®NMpartnent i s excessively contracted. Accordingly,
t he discharging volume M of an ink drop is increased. 15 That is, since

the ink viscosity ispypet@d, iim w@eceodsaaeivhah impaf altadedrithingnk drop
dlscharglng speed V] is i ncreased at hi gh tenperatures, while the ink drop

di schar gi n &Poeo.eqiegcﬁﬁg gegﬁﬁ@ée%ﬂa&n QW t-enperatiFesis AsigH neheated by the

conti nuous™ T I nNes owever, the ink 20 drop discharging vol ume M
G 11 or énc oS bETGEITA REPPRR! %E%f%rﬁ”cfs G B oA LU A e R ekshd
potential difference A V2 is decreas when the tepp tu Iom/ t he
pressure cseedidmaBniiapatifEprenee c‘gﬁgr a8t SUCTeASE%t é‘t’@ \Y%@Pe
meni scus of the WD 2004/ 007205 PCT/JP2003/ 007992 -6
temperature is low, the difference between the first potential
difference AV1 and the second potential difference AV2 is
decréased; Thus, when the temperature is low, the pressure
10 creation compartment is contraéted in a state where the
meniscus is léss pulled back than it‘is in ordinary
temperature. Even if meniscus is pulled back, the pressure
creation compartment is excessively contracted. Accordingly,
the discharging volume Mj of an ink drép is increased.
15 That is, since the ink viscosity is varied in
accordance with temperature, the ink drop discharging speed Vi
is increased at high temperatures, while the ink drop
discharging speed Vj is decreased at low temperatures. As
indicated by the continuous lines in FIG. 2, however, the ink
20 drop discharging volume Mj is increased both at high
températures and low temperatures. |
Here, 1f the difference between the first potential
difference AV1 and the second potential difference Av2 is

decreased, when the temperature is low, the pressure creation

25 compartment is contracted in a state where the meniscus of the .



nozzle is less pulled back than it is at ordinary tenperature. Even if the
meni scus i s pulled back, the pressure creation conpartnent is excessively
cont r act ewO 2bler®e205t he i nk drop discharging volune M PETIIRZIV@AGEL as
indicated by the two-dot 5 chain line in FIG 2. As described above, in the
conventional inkjet head driving nethod, there is a problemin that the
ink drop discharging speed Vj.and the gk drop discharging volume M are
varied in accordance with tenperature changes, resulting 10 in degradation
of image quakily.is B S6L 8RB FREChag/ENT [ieNAltt ordinagene? e IGHUEt of
the present invention to provide an inproved and useful head controller,

i nkj et 15 Eeenrif nthappariatcus, iandul hedédadcortiiengrapparatersedationhi ch the
above-nenti oned probl ens are solved. A nore specific object of the present

invention pgmphPriiyiide cxdkeadvedit éohtRictddik Hehceecttidi g ajppar at us,
and i mge recordlng apparatus that prevent inmage quality 20 degradatlon

due to enva&gaggp% g MRIMEIAYT §5ChaNgesd %soa%%&caeeéc@yem?e thR-dot

above-nent rone | ects, according to one aspect of the present invention,
there i EbOVId d a he%§ troller for controlling pressure creating
means for EoAtPactihg'a ganding a volume of a pressurizing 25

conpartnent conmmunicating with a nozzle of a droglet VWO 04/00%2% q
PCT/ JP2003/ 007992 - 75 BFSERAPET PHERd 11 AEPUEP &entlona inkjet hea

driving method, there is a problem in that the ink drop
discharging speed Vj and the ink drop discharging volume Mj
are varied in accordance with temperature changes, resulting

10 in degradation of image quality.

DISCLOSURE QF THE INVENTION

It is a general object of the present invention to

provide an imp;oved and useful head controller, inkjet
15 recording apparatus, and image recording apparatus in which
fhe above—mentioned problems are solved.

A more specific object of tﬁe present invention is
to provide a head controller, ink jet recording apparatus, and
image recording apparatus that prevent image quality

20 degradation due to environmental temperature changes.

In order to achieve the above-mentioned objects,
according ts one aspect of the present invention, there is
provided a head controller for controlling pressure creating
means for contracting and expanding a volume of a pressurizing

25 compartment communicating with a nozzle of a droplet



drive waveform generating neans for outputting a drive pulse that includes
at least a first waveformel enent for expanding the volune of the

pressuri zwogoecomwpast nent, a 5 second wavef orm el enent f ®@CTARR2B/80T99NQ an
expanded state of the volune of the pressurizing conpartnent caused by the
first waveformelenent, and a third waveformelenment for contracting the
vol unme of the pressurizing conpartnent 4n-the expanded state so that
droplets are discharged fromthe pressurizing 10 conpartnent; and neans
for decreadiAgharding drastbe IBELWEERTF i rst and second potential differences
when environnmental tenperature is higher than a first predeterm ned

t enperature and i ncr éasivegwathéodn fdereeredd nigetngera fhe dutrsittiang second
potential 15 differences when the environnmental tenperature is |lower than a

second. pregdelerpinad defmenaiubes dheldidista Faert walefdid feleres being a
potential difference between the first waveformelenent at the beginning

of expansi %Br%ﬁ%%gdm}% vOfLuhBeo Pl €58 Ubld 25169 MBakbABAL cradigh the second

waveform 20 el e and the second potential difference being a potential

di fference bet enih t hi rd ef.orm el enent. h traction of
the vol ume SSFOPRe" Presyth iFiAy \céorfng)lér §1r§ alannlél%t taheg}éé%g%g \/\?avg%orO%C

elenent. In the head controll er according to the present %%Oi rhve Jdon, when
the first (BEeRPLEMe ¥ it REESPEL §F BT er IR 2 66¥F B 72h5- e Tirst

PCT/ JP2003/ 007992 -8 the second potential difference, it is preferable
that the waveform element, and a third waveform element for contracting

the volume of‘the pressurizing compartment in the expanded
state so that droélets are discharged from the pressurizing
10 compartment; and
’means fqr deéreasing a difference between first and
second potential differences when environmental temperature is
higher thaﬁ a first predetermined temperature and increasing
the difference between the first and second potential
15 differences when the environmental temperature is lower than a
second.predefermined temperature, the first potential
difference being a potential difference between the first
waveform element at the beginning of expansion of the volume
of the pressurizing compartment and the second waveform
20 element, and the second potential difference being a potential
difference between the third waveform element at the end of
contraction of the volume of the pressurizing compartment and
the second waveform element.
In the head controller according to the present

25 invention, when the first potential difference is greater than



potential of the first waveform el enment be varied. In addition, when the
second potential difference is greater than the first potential

di f f er encwp 2004/G03205r ef er abl e that the 5 potential of thecrhrew3smerdef or m
el enent be varied. Additionally, according to another aspect of the
present invention, there is provided an inkjet recording apparatus that
i ncludes: a droplet discharging head forgdischarging ink drops 10 and
having a pressurizing conpartnent; drive waveform generating neans for
out put ti ngthe decved pudismttizdt diffeudese atit s orgierpbl ewabat orig el ement
for expanding a volune of the pressurizing conpartnent of the droplet

di schar gi ngokeadiad secons savef aureebeneatedart He wairntdi ni g an expanded
state of the volunme of the pressurizing conpartnment caused by the first

wavef or m el,gpeRt on , afge2 4 rdMRvebeLah el £Medi s fcdfencant Eaghédigert htharol une
of the pressurizing conpartnment in the expanded state so that ink drops

are discharged £Lom L0E A IS WHiet 08, COMPAL LIPTY o c 20pk eMPELAL YL det ecting
neans for eteechl ng = envi ronnent al terrpéra ure; ana neans Tt or ecreasi ng a

di fference between_first. and ., second_potential differences when the
envi ronf’renﬁ’&fcentté%e‘?ﬁtmeeqﬁq?rﬂ @’ﬁg?fgﬁrﬁneéer?efq’tstbeprvgaéfe fm ned tenperature

25 and increasing the difference between the first and second WO
2004/ 007205 PCT/ JP2008idgAooallyy peterding th FPerBRtedshpeh ahhdhe
environnmental tenperature is

present invention, there is provided an inkjet recording

apparatus that includes;
a droplet discharging head for discharging ink drops
10 and having a pressurizing compartmenf;
drive waveform generating means for outputting a
drive pulse that includes at least a first waveform element
for expanding a volume of the pressurizing compartment of the
droplet discharging head, a second waveform element for
15 maintaining an expanded state of the volume of the
pressurizing compartment caused by the first waveform element,
and a third waveform element for contracting the volume of the
pressurizing compartment in the expanded state so that ink
drops are discharged from the pressurizing compartment;
20 temperature detecting means for detecting
environmental temperature; and
means for decreasing a difference between first and
second potential differences when the environmental
temperature 1is higher than a first predetermined temperature

25 and increasing the difference between the first and second



| ower than a second predeterm ned tenperature, the first potenti al
difference being a potential difference between the first waveform el enent
at the begomiay7ws expansi on of the 5 volune of the pr@EIUP2EOBME92
conpartment and the second waveform elenent, and the second potenti al
difference being a potential difference between the third waveform el enent
at the end of contraction of the volumyof the pressurizing conpart nent
and the second waveformelenent. 10 In the'inkjet recording apparatus
accor di ng potéemeialpraisErreneesnrhen, tiwheanvirenepsal pbeepeTalivaf fference is
greater than the second potential difference, it is preferable that the
potenti al obwethetddn & semvetiopreabeamnindik heaieedtuka, atdde t fiorgt when t he
second potential difference is greater 15 than the first potenti al

di fferenceyoibnt fa Prefarakled batnbhe poaiantEiabigketBace betthemy afher m
el ement be varied. Further, ~according to another aspect of the present

i tion, .there i Qvi i g ANRALS Ry o 20
aropl et o Sthargrince Rl Hetee SFart: N dRearE 8 Laltpsifh e 0

droplet dis gl ng head argi ng and having a

pressuri zing. conpartment; drive waveform generating apns for out ting a
drive ﬁ%ls@g%ﬂg? ?%dﬂgﬂégfﬁﬁuféééPgaP?TQ%guﬁﬁgéﬁg angeﬁé% néﬁ%?“%%%ghding
a volunme of the pressurizing conpartnent of the 25 dropl et discharging
head, a seebfEeNayetwst e ERSERAf BP LoRF Db AFFPEE5PCREIFR DT #1710

mai nt ai ni ng an expanded state of the volume of the
difference between the third waveform element at the end of

contraction of the volume of the pressurizing compartment and
the second waveform element.

10 | In the inkjet recording épparatus according to the
present invention, when the first potential difference is
greater than the second potential difference, it is preferable
that the potential of the first waveform element be varied.

In addition, when the second potential difference is.greater

15 than the first potential difference, it is preferable that the
potential of the third waveform element be varied.

Further, according to another aspect of the present
invention, there is provided a recording apparatus that
includes:

20 a droplet discharging head for discharging droplets
and having a pressurizing compartment;

drive waveform generating means for outputting a
drive pulse that includes at least a first waveform element
for expanding a volume of the pressurizing compartment'of the

25 droplet discharging head, a second waveform element for



pressuri zing conpartnent caused by the first waveformelenent, and a third
waveform el enent for contracting the volunme of the pressurizing

conpar t mewo 2004/Gohmsexpanded state so that 5 droplets ar@cdiJgatangee from
the pressurizing conpartnment; tenperature detecting neans for detecting
environmental tenperature; and neans for decreasing a difference between
first and second potential differencesighen the environnental 10
tenperature is higher than .a first predeterm ned tenperature and

i ncr easi ngmé hetalifirer emc expendednstaee fof stheavelv@eond thotentia

di fferences when the environnental tenperature is |ower than a second

pr edet er m pedseRPLIrai Wokpathtehtr stusq@btigntihal fdirktevaenetobeigigmant,
potential difference between the. 15 first waveform el enment at the

begi nni ng gf jexpansiPVyRfedhia cYehiie Afr thatessuy Zhagvenapadiment and
t he second waveform elenent, and the second potential difference being a

potential _difference be i W@ﬁﬁf r n e end of
contractioﬁr8?5?¥k5%ﬁﬁﬂﬁéﬁﬁ%ﬁipﬁg%pégséﬁéi2|néﬁ%%%%gsgﬁe%?agﬁﬁp 20 the
second waveformel enent,, In the recordj.ng apparatus_according tq the
present® | AVEREELR, hiheh SHePRAsET t%ﬂéﬁgﬁg%ﬁufﬁé%gﬁcgo?%aﬁré%ﬁ@r t han

t he second potential difference, it is preferable that the potential of the
first waveform el eneferperaipreddeterPngagereoh°r WAt He'Second pot entii al
difference is greater than WO 2004/ 007205 PCT/JP2003/ 007992 . -11 the first
potenti al dnffiecense;al ttempepesbizrabiredt hat the

means for decreasing a difference between first and

second potentiai differences when the environmental

10 temperature is higher than.a first predetermined temperéture
and increasing the difference between the first and second
potential differences when the environmental température is
lower than a second predetermined temperature, the first
potential difference being a potential difference between the.

15 first waveform element at the beginning of expansion of the
volume of the pressurizing compartment and the second waveform
element, and the second potential difference being a potential
difference between the third waveform element at the end of
contraction of the volume of the pressurizing compartment and

20 the second waveform element.

In the recording apparatus according to the present
invention, when the first potential difference is greater than
the second potential difference, it is preferable that the
potential of the first waveform element be varied. 1In

25 addition, when the second potential difference is greater than



potential of.the third waveform el enent be varied. As descri bed above, wth
the head controller according to the present invention, when it is assuned
that .5 wbeopotoerwsi al di fference between the first wavetCarmmbeomo at the
begi nni ng of the expansion of the volunme of the pressurizing conpartnent
and the second waveformis the first potential difference, and the
potential difference between the thirdiwaveformelenent at the end of the
contraction of the 10. volune of the pressurizing conpartnment and the
second waveher fii ret gnermntialt Héfferenck pottents arederpbienteat jthe
environmental tenperature is higher than the first predeterm ned

t enper at ur gotehbeadi §f errenad ikt weearshe dliangintabe secded. potenti al
differences is decreased. On the other hand, when 15 environnental

tenperature is |ower dhapsthenegconse Pradet ensl Reddt esmeratere, the
di fference between the first and second potential differences is

| nereased. HRNER Lol Snd QRRLALE 1 0/8ROIAPT L Alel YLCoLT EChyuldie diap speed

and the drop "volu pect tenperature changes. Thus; It is 20
possi ble to_inprove |  quality. ditignal ly, wth the i e recaqrding
appar atus tl&@gg?ﬁ@h@%‘ﬁ%@%?@%n?#‘ﬁ%%ﬁ%%,fylvﬂ?gnwﬁf’e?%rnégésalgerrrnf %[ﬁlgt t he
potential difference between the first waveformel enent at the begi nning
of the expihsi baobininme afoItfe SEP2RAECD P hrds i3 RgCEopar t ment and t he

second waveformis the first WO 2004/ 007205 PCT/JP2003/ 007992 -12
potential dirtssuehzing arwhpdmmeoteand atheli ffanmehveveéonmens tHe first

potential difference, and the potential difference between the
third waveform element at the end of the contraction of the

10 volume of the pressurizing compartment and the second waveform
element is the second potential difference, if environmental
temperature is higher than the first predetermined temperature,
the difference between the first and second potential
differences is decreased. On the other hand, when

15 environmental temperature is lower than the second
predetermined temperature, the difference between the first
and second potential differencés is increased. Hence, it is
possible to appropriately correct the arop speed and the drop
volume with respect to temperature changes. Thus, it is

20 possible to improve image quality.

Additionally, with the image recording apparatus
according to thé present invention, when it is assumed that
the potential difference between the first waveform element at
the beginning of the expansion of the volume of the

25 pressurizing compartment and the second waveform is the first



third waveformel ement at the end of the contraction of the volunme of the
pressuri zi ng conpartnment and the second waveform elenent is the second
pot ent i alwoizbbé«0emwse, if environnental 5 tenperature isPairgrzno3péras t he
first predeterm ned tenperature, the difference between the first and
second potential differences is decreased. On the other hand, when
environnmental tenperature is |ower thaniphe second predeterm ned
tenperature, the difference between the first 10 and second potenti al

di f f er enceBotent ik cHfd@repshceant the PYsadilbile I 6L apprOpraciiEry: &6er ect
the drop speed and the drop volunme with respect to tenperature changes.
Thus, it ishipdssildfeno dlepeoteat neye apdbldft yheCchetrabieo of theat ur es
and advantages of the 15 present invention will becone nore apparent from

t he. f ol | owyBDuméeed aidred eselirpkiog adigisferRet BndoBhansécad Walvie folif
draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS 20 FIG 1 is a graph of a drive

vavef or m f of ogxpl &l NG _cCARVERLELPA!1 NeaFCRALEO! kel endd Gnménits1a 9raph

for explaining variation in an ink drop discharging volune M wth respect

por spott | vECUVELT Chong AT B abr s OIS & U5 2G0nT 0706 HEr TBB065 67000

-13 nmechanism part of an_inkjet recordi ng apparatus as_an_jmage recording
appar at us aB8otHHHY 6S ke F@Eeﬁ?ei%ﬁqi - secon Botential”

differences is decreased. On the other hand, when
environmental temperature is lower than the second
predetermined temperature, the difference between the first
10 and second potential differeﬁces'is increased. Hence, it is
possible to‘appropriately correct the drop speed and the drop
- volume with respect to temperature changes. Thus, it 1s
possible to improve image quality.
Other objects, features and advantages of the
15 presént invehtion will become more apparent from the. following
detailed description when read in conjunction with the

drawings.

E IPTION THE_DRAWIN
20 FIG. 1 is a graph of a drive waveform for explaining
a conventional head controller;
FIG. 2 is a graph for explaining variation in an ink
drop discharging volume Mj with respect to temperature changes
in the conventional head controller;

25 FIG. 3 is a perspective view showing an example of-a



FIG 4 is a cross-sectional view of the nechanism part of the inkjet
recordi ng apparatus; 5 FIG 5 is a cross-sectional view for explaining an
exanpl e oWoimé4/@r208eads constructi ng recordi ng heads of PCHEP2G08/k§7092
recordi ng apparatus, taken along the longitudinal direction of a liquid
conmpartment of the heads; FIG 6 is a cross-sectional view taken along the
10 width direction of the liquid conpartiment of the heads; FIG 7 is a plan
view for explaining a part of the heads; FIG 8 is a block diagram for
expl ai ni ng Meslagden Rert o?f ArcdMKI6t Parereing MPrRatigtes pecakdimrge
apparatus; 15 FIG 9 is a graph of a drive waveformfor explaining a first
enbodi nent mefcoadhegdappataiold erccacddndi hg tloe thesqriesentnichventi on; FI G
10 is a graph for explaining variation in the ink drop discharging volune

M with respect to tempuerat ysea 20oshaggesidinit Reechi b5t teahasimentmof a
head controller; FIG 11 is a flow chart for explaining the process in

the-first %ﬁﬂgﬁb%eﬁﬁé FiGed2d3a:19HaRBpotar e i ve wavef orm for  expl ai ni ng

a second ertbodi ment of a "head controll er according 25 to the present
nuentt g0 W0 2004100740 U JrR00RL 00158 e M ol AP B
to tenperazg;%ple of inkjet heads constructing récording heads of the
inkjet recording apparatus, taken along the longitudinal
direction of a ligquid compartment of the heads;
FIG. 6 is a cross—sectional view taken along the
10 width direction of the liquid compartment of the heads;
FIG. 7 is a plan view for explaining a part of the
heads;
FIG. 8 is a block diagram for explaining the outline
of a control part of the inkjet recording apparatus;
15 FIG. 9 is a graph of a drive waveform for expléining
a first embodiment of a head conﬁroller according to the
present invention;
FIG. 10 is a graph for explaining variation in the
ink drop discharging voiume Mj with respect to témperature
20 changes in the first embodiment of a head controller;
FIG. 11 is a flow chért for explaining the process
in the first eﬁbodiment;
FIG. 12 is a graph of a drive waveform for

explaining a second embodiment of a head controller according

25 to the present invention;



changes in the second enbodi rent of a head controller; FIG 14 is a graph
of a drive waveformfor 5 explaining a third enbodi nent of a head

cont rol | ewoaeediosg to the present invention; and Fl GPCITBP2®3/a0799Aaph for
explaining variation in the ink drop discharging volune M wth respect to
tenperature changes in the third enbodi nent a head controller. 10 BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON A degcription will now be given of
preferred enbodinments of the present invention, with reference to the
acconpanyi ng draw ngF.IG &3 3si3 graphcing iXPEispRet TR OR 19 &hea
mechani sm part of an inkjet recording apparatus as an inmage recording
appar at us aegoddongdischdreyipoe yeitimenMewidn. redple@t 4oi Semperasssesect i onal
view of the working part. The ink jet recordi ng apparatus houses, inside a

recordi ng apRARALUSH badly sbcohddehBbiN@eifechan s8@acbnrafieonstructed by a
carriage that can nove in a main scanning direction, recording heads

formed by inkj et hea%%egoggtgg ﬁngfégﬁaéﬁﬂgidﬁyée fvé Rk ard,r i dge t hat
ead,

supplies ink to the Trecording or exanple. The inkjet recording

apparatus brings.in a sheet o aper. 3 that. is fed, fr a paper..feed 25
cassettg 465Pi89%lﬁ%a‘? %élpré ef%ggllg?% %% T RGHS ogtﬁgg:ﬂgrﬂédg ?/% % 007205
PCT/ JP2003/ 007992 -15 inage by the printing nechanismpart 2, and

t her eaf t er todéRPVRFES e e PHFHELICH a®Baper deliver tray 6 that is attached

FIG. 15 is a graph for explaining variation in the
ink drop discharging volume Mj with respect to temperature
chaﬁges in the third embodiment a head controller.

10

BEST MODE FQR CARRYING QUT THE INVENTION

A description will now be given of preferred
embodiments of the present invention, with reference to the
accompanying drawingsi FIG. 3 is a schematic perspective view

15 of a mechanism part of an inkjet recording apparatus as an .
image recording apparatus according to the present invention.
FIG. 4 is a cross—séctional view of the working part.

The ink jet recording apparatus houses, inside a

recording apparatus body 1, a printing mechanisﬁ part 2

20 constructed by a carriage that can move in a main scanning
direction, recording heads formed by inkjet heads mounted on
the carriage, an ink cartridge that supplies ink to the
recording head, for example. The inkjet recording apparatus
brings in a sheet of paper 3 that is fed from a paper feed

25 cassette 4 or a manual paper feed tray 5, records a desired



to the rear face of the recording apparatus body 1. The printing mechani sm
part 2 holds a carriage 13 in 5 a slidable manner in the main scanning

di r ect i orw(Qi2a04/dee205per pendi cul ar direction to FI G -4) bycaJrmiosogusdde rod
11 and a sub-guide rod 12 that are guide nenbers laid on sideboards (not
shown) on the right and left. Heads (also, referred to herein as inkjet
heads and recordi ng heads) 14 dischargeisfnk 10 drops of yellow (Y), cyan
(©, magenta (M, and black (Bk), respectively, and are attached to the
carri age 18nage Pyt Héei BRinEiB) BRIEHESY BGTE £ ectPOn-MIRRI Ak tanks (i nk
cartridges) 15 of the respective colors for supplying inks of the
respect i vedeblwsrs ahe atpached 4 ader wspérvesi Heapf6 tHetl S scakithaged13 in
an exchangeabl e manner. The ink cartridges 15 each include an air hole in

t he upper & dend heszgofathab reomaurs &aidshgvabbatSeuatvmsphere, a supply
port in the bottom side thereof that supplies an ink to the corresponding

i nkjet head 14, and &,pofPus: D020 Rk i Hed: thefgidy thakriksabéliedwi th
the ink. Inks suppli ea %oﬂ?ﬁwnkj etal klleadg 14 are maintai ned Elg[mder sl i ght

negati e ressur.e by capillary faorce of o] ody. .The,i.nks are

suppl i \eéd fgoﬁjt eiien}E“"’l(r:lfal tr %ag%%e %@u‘a]?lo Slcr‘?léjlg ggt %gy Cedgls 1(23:5 %‘% back side

(the downstream side' of a paper 25 Conv%i gg direction) of the._carriage 13
030

is fit to PHEPFRITUNOT206EF6672D5-PEHTIP 8789 % eglﬁoale?[tloanﬁl in a

slidabl e manner, and the front side (the upstream side of the paper
conveyi ng di$whnqui@p aPdt @ that are guide members laid on sideboards

(not shown) on the right and left. Heads (also referred to
herein as inkjet heads and recording heads) 14 discharge ink
10 drops of yellow (Y), cyan (C), magenta (M), and black (Bk),
respectively; and are attached to the carriage 13 with‘the ink
drop discharging direction down. Ink tanks (ink cartridges)
15 of the respective colors for supplying inks of the
respective colors are attached to the upper side of the
15 carriage 13 in an exchangeable manner.
The ink cartridges 15 each ‘include an air hole in
the upper side thereof that communicates with the atmosphere,
a supply port in the bottom side thereof that supplies an ink
to thé corresponding inkjet head 14, and a porous body
20 provided therein that is filled with the ink. Inks supplied
to the inkjet heads 14 are maintéined~under slight negative
pressure by capillary force of the poroué'body. The inks(are
supplied from the ink carfridges 15 to inside the heads‘l4.
The back side (the downstream side of a paper

25 conveying direction) of the carriage 13 is fit to the main



carriage 13 is disposed on the sub-guide rod 12 in a slidable manner. In
order to nove the carriage 13 and scan in the main 5 scanning direction, a
ti mng beWwO 2801/G03208t r et ched between a driving pulley lCraranadoiy2 a main
scanning notor 17 and a sub-driving pulley 19, the timng belt 20 is fixed
to the carriage 13, and the carriage 13 is driven in a reciprocating
manner by the rotation and reverse rotatéen of the main 10 scanni ng notor
17. Additionally, in the case above, the heads 14 of the respective colors
are used aguideoicdi Ad Readsslideklemamsy, peddthaviTpthoiAced thRat

di scharge ink drops of the respective colors may be used instead; Further,
regar di ng tpetteadsité, oISthevpdpat i supveyving florathipmt dfeddte a part of the
wal | surface of an ink channel and a piezo type inkjet head deformng the

vibrating phatedy 18 Riseaoebesédi 6n elrenenib-anedesedd as2 i adedddiabed bel ow.
In order to convey the sheet of paper 3 that is set 20 to the paper feed

cassette gméxﬁ’xﬁﬂe ynderpeat hooftheridkiBtri sheads dq 408l e ArdePravhded a
ro

paper fee er 21 that separates and feeds the sheet of paper 3 from

the paper feed . cassette.4, a_frict] d,22, _.a i hat
gui des% t h&STHEE § lr&&%érOhB, aa&(:%{nl{l/ ;r/i)érglo Izér 1348?#%?8?%%%%525

conveys the fed sheet of gager 3, convey roller,25 that i% WD 2004/ 007205
PCT/ JP2003700798p PUlipyplés £862 553 M3 (e SPPRRLDMIHY donv&? Fol | er 24,

and a front roller 26 that defines the feeding angle of the sheet of
sub~driving pulley 19, the timing belt 20 is fixed to the

carriage 13, and the carriage 13 is driven in a reciprocating
manner by the rotation and reverse rotation of the main
10 scanning motor 17.

Additionally, in the case above, the heads 14 of the
respective colors arxe used as recording heads. However, one
head having nozzles that discharge ink drops of the respective
colors may be used instead. Further, regarding the heads 14,

15 a vibrating plate fo;ming at least a part of the wall surface
of an ink channel and a piezo type inkjet head deforming the
vibrating plate by a piezoelectric element are used as is
described below.

In order to convey the sheet of paper 3 that is set

20 to the paper feed cassette 4 to the underneath of the inkjet
heads 14, there are provided a paper feed roller 21 that
separates and feeds the sheet of paper 3 from the paper feed
cassette 4, a friction pad 22; a guide member 23 that guides
the sheet of paper 3, a convey roller 24 that inverts and

25 conveys the fed sheet of paper 3, a convey roller 25 that is



paper 3 fromthe convey roller 24. The convey roller 24 is rotated by a
sub-scanning notor 27 via a suitable gear train. 5 Additionally, there is
provi ded wWOoreeeiovioig menber 29 as a paper gui de nenber PChaP2@aha©s2 under
the recording heads 14, the sheet of paper 3 conveyed fromthe convey
roller 24 in accordance with the noving range of the carriage 13 in the
mai n scanning direction. On the downstream side of the 10 paper conveying
direction after the receiving nenber 29, there are provided a convey

rol | er 31 RARESac@prEaBEE HAle AUEireeapedthe morﬁf@ﬁvéyﬁﬁsrt he, skt of paper
3 in the delivering direction. Further, a paper deliver roller 33 and a
spur 34 thd@tosbnveylet 6 stheet d@ﬁipapethé ferding papée dél thershaeday of, and
gui de 15 nmenbers 35 and 36 that form a paper delivery channel are arranged
as illustrakgdr 3nrr@goind ndnvRy dblvéngw4 he mecebdiveg headsr 124 ik

accordance wth image signals while noving the carriage 13, inks are

di scharged, ge%ee&r@y%}eﬁ}b—gca&%ﬁﬁb Rot Atz Svlsdt %pB%_stanga@Qaﬁ hug, specor ding
is perforne one l'ine. The recording o ollowing line is
perforned after the t_.of er,3 _1s.C for rm ned
annuntm?The recordlngkﬁgﬁépg ?g thém%ﬁ' ﬁ%gtg gc%%g?%éﬁeﬁb gllvered
by receiving a recording end signal or a SI g%lng t hat, 25 t he end
of the sheéf Bf PpapareB FHAHEE eFeE]B?JEhc-ﬁbl g

PCT/ JP2003/ 007992 -18 Further, a recovery deV|ce 37 gFIG. 3) for
r ecover i ngheagdelbiat eheli el Gifn§apeTt hecdmmrred 708 sheapgadey roller

24 in accordance with the moving range of the carriage 13 in
the main scanning direction. On the downstream side of the

10 paper conveying direétion after the receiwving member 292, there
are provided a conveyiroller 31 and a spur 32 that are rotated
for conveying the sheet of paper 3 in the delivering direction.
Further, a paper deliver roller 33 and a spur 34 that convey
the sheet of paper 3 to the paper deliver tray 6, and guide

15 members 35 and 36 that form a paﬁer delivery channel are
arranged as illustrated.

In recording, by driving the recording heads 14 in

accordance with image signals while moving the cafriage 13,
inks are discharged onto the sheet of paper 3 that is stopped,

20 and thus recording is performed for one line. The recording
of the following line is performed after the sheet of paper 3
is conveyed for a predetgrmined amount. The recording |
operation ends and the sheet of paper 3 is delivered by
receiving a recording end signal or a signal indicafing that

25 the end of the sheet of paper 3 reaches a recording area.



at a position outside the recording area on the right end side of the
noving direction of the carriage 13. The recovery 5 device 37 includes cap
means, suwDi200/e28s, and cl eaning nmeans. During suspemsiTaR2B8/0@m99nt i ng,
the carriage 13 is noved to the recovery device 37 side, and capping is
perfornmed on the heads 14 by the cap nmeans, thereby maintaining

di scharging hole parts (nozzle holes) 4182 wet condition so as 10 to
prevent inadequate discharging due to drying of inks. Also, by discharging
(purging) inks not rEhathes td nesOFegyngevice stich(fFd§ -t Ré &PAdi e of
recording, the ink viscosity at all of the discharging holes are

mai nt ai nedrdéa i inondhadtgusherdimchamiingaphi hige shedrdse 1di dshargenged
performance. 15 In cases where, for exanple, inadequate discharging

occurs, the: di shargongolekese (1102 zlerdahgt hecheatstted dht sral etidy t he
cap neans, air bubbles and the like as well as inks are punped out of the

dischargiqgft é§§6Q§S§?83E88tﬂ@@Q§E'ﬂﬂéacérEEQSe and it deslergnd the like

adhering to aces of the discharging holes are renpoved by the

I [ . Jrhus, -inad te disch I ' AN ddi tion,
I o L i o e e S

provided in the | ower part of the recordin apgaratus.body1§ and absor bed
and ret ai MRRHY- aPUrARI25USBEBF A 95 ATHE ThAdY e - RKCFESENoitr . 17D

2004/ 007205 PCT/ JP2003/ 007992 -19 Next, by referring to FIGS. 5 through 7,
a descri prooed wid [thise rgicesarpfdaed B edReadBd f RRRIMY tifeperformed

on the heads 14 by the cap means, thereby maintaining
discharging hole parts (nozzle holes) in a wet condition so as

10  to prevent inadequate discharging due to drying of inks. Also,
by discharging (purging) inks not relating to recording in
such as the middle of recording, the ink viscosity at all of
the discharging holes are maintained to be constant, thereby
maintaining stable discharging performance.

15 In cases where, for example, inadequate discharging
occurs, the discharging holes (nozzles) of the heads 14 are
sealed by the cap means, air bubbles and the like as well as
inks are pumped out of the discharging holes by suction means
via a tube, and ink, dust, and the like adhering to the

20 surfaces of the discharging holes are removed by the cleaning
means. Thus, inadequate discharging is recovered. In
addition, the puméed inks are exhausted to a waste ink
reservoir (not shown) provided in the lower part of the

recording apparatus body 1 and absorbed and retained by an ink

25 absorber in the waste ink reservoir.



recordi ng heads 14 of the inkjet recording apparatus. FIG 5 is a
cross-sectional view taken along the longitudinal 5 direction of a liquid
conpar t mewo 2064/G0h®sr ecor di ng heads 14. FIG 6 is a cro®sTgeniosoora2 vi ew
taken along the width direction of the liquid conmpartnent of the recording
heads 14. FIG 7 is a plan view of a part of the recording heads 14. The
i nkj et heads include a channel plate 433dorned 10 by a single-crystal
silicon board, a vibrating plate 42 bonded to the undersurface of the
channel plate 41, anBestpnoyziwefesrareg 438 Boaed tEaweht dp &urface of the
channel plate 41, which formpressurizing conpartnents 46 and ink supply
channel s 4Jesdhigtdroes suilliizbaggtompart robet 1487t headskidBickanhel with

whi ch a nozzl e 45 discharging ink drops, which are droplets, comrunicates

via a nozzt& SRRy ineabisngichanned imBat TheokbknguppbaraahanneFI47 Serves
as a fluid resistor that comrunicates with, via an ink supply opening 49,

a common | { gl ¢ SOMRAILIBALY 485 LT AURPLYLAG LK 1ohdhGdikassurizing 20

conpart nen am nat ed type piezoel ectric elenent 52 as an

el ectrqomechani cal converting, el enent_.t hat i S e cr i ans

(act uator 5 ForPpfe %ﬁﬁ?gi?ﬁﬁﬁa Hey P%egﬁgr%%éﬁ?%%ﬁﬁéeggﬁpggtnents 46
is bonded to the outer surface. 25 (surface opposite to the lLiquid

conpar t ment 3G ofé tife a/iBPEET RS WP TDOXAGY7 205SPCH- 82008 007892 - 20 pl ate
42 so as to correspond to each pressurizing conpartnent _46. The

pi ezoel ectdicectiomemt 5he éib@i@e@mmratrf@a@e%ggh@ Bgcording heads 14.

FIG. 7 is a plan view of a part of the recording heads 14.
The inkjet heads include a channel plate 41 formed

10 Dby a single-crystal silicon board, a vibrating plate 42 bénded
to the undersurface of the channel plate 41, and a nozzle
plate 43 bonded to the top surface of the channel plate 41,
which form pressurizing coﬁpartments 46 and ink supply
channels 47. The pressurizing compartment 46 is an ink

15 channel with which a nozzle 45 discharging ink drops, which
are droplets, commuhicates via a nozzle communicating channel
45a. The ink supply channel 47 serves as a fluid resistor
that communicates with, via an ink supply opening 49, a common
liquid compartment 48 for supplying ink to the pressurizing

20 compartment 46.

A laminated type piezoelectric element 52 as an
electromechanical converting element that is pressure creating
means (actuator means) fof pressurizing inks in the
pressurizing compartments 46 is bonded to the outer surface .

25 (surface opposite to the liguid compartment) of the vibrating



Additionally, bracing parts 54 are provided such that each of the bracing
parts 54 is interposed between the piezoelectric 5 elenents 52 so as to
corr espon@ot200400d208i di ng wal | 4la between the pressuri ZCTgpremapentnents 46
provi ded over the piezoelectric elenments 52 (FIG 6). Here, slit
processing by half-cut dicing is perforned on the piezoel ectric el enent
menber so as to divide the piezoel ectrigpel enent nenber into 10 teeth of a
conb-li ke shape, and the piezoelectric elements 52 and the bracing parts
54 are arrphges 4 tser pat sby coThespand Ut wachobrefsubt adihFPRpEtBants t he
sane as that of the piezoelectric elenment 52. However, the bracing parts
54 nerel yiser vBs as davatestsiacel anari \AB2ng.svbbhdgé ts andiasspplored 535
thereto. Further, the periphery part of the vibrating plate 42 is bonded

to a franead@beinA4 0y bahcaghesives 5 e peoded gath MBEekach 68ncave
portion serving as the comon liquid conpartnment 48 and an ink supply hol e

o1 (refer g lGcily [k g0sexiorfaldouipltiidehnige [ e cemon |1 qui d

conpart nen are r nt r44. The franme nmenber 44 is

formed by, for examnpl e, injection noldi usi €RoXy resin.aqr

pol yphehyl & %m%rtﬁspﬁﬁ_t E° Rgr&? ?%%r%%oé’éggcop& Eggﬁ l%%d"af_%zlerhﬁgl BST¥EFYi ng as
25 the nozzl e communi cati ng channel s 45a, the pressurizing WO 2004/ 007205
PCT/ JP2003} 00 70958 SUrAE I8gnFarPREFIRN b, A CamF OVAESANRYSEIpPS channel s 47 are

formed in the channel plate 41 by performng anisotropic etching using
piezoelectric elements 52 (FIG. 6). Here, slit processing by

half-cut dicing is performed on the piezoelectric element
member so as to divide the piezoelectric element member into
" 10 teeth of a comb-like shape, and the piezoelectric elements 52
and the bracing parts. .54 are arranged alternately. The
structure of the bracing ﬁart 54 is the same as that of the
piezoelectric element 52. However, the bracing parts 54
merely serves as braces since a driving voltage is not &pplied
15 thereto.
Further, the periphery part of the vibrating plate
42 is bonded to a frame member 44 by an adhesive 50 including
a gap member. A concave portion serving as the common liquid
compartment 48 and an ink supply hole 51 (refer to FIG. 7) for
20 externally supplying inks to the common liquid compartment 48
are formed in the frame member 44. The frame member 44 is
formed by, for example, injection molding using epoxy resin or
polyphenylene sulphite.
iHere, the concave portions and the holes serving as

25  the nozzle éommunicating channels 45a, the pressurizing



an al kaline etchant, such as potassi um hyndroxi de water solution (KOH), on
a single-crystal silicon board of crystal 5 face direction (110), for
exanpl e. Wwowea07206he single- crystal silicon is not a [PCHJP10B/067992A

stainl ess board, a photosensitive polynmer, for exanple, may al so be used.
The vibrating plate 42 is forned by a netal plate made of nickel, which is
manuf actured by an el ectroform ng 10 metihod, for exanple. However, other
metal plates, resins, and joint nenbers of netals and resin plates may

al so be usemhpaEteenichr 46i ngnp| e X FHPREY FheBRPFRH0RFeN§OFBRAtTdN to
the pressurizing conpartnments 46, thin-walled parts (diaphragm parts) 55
for facilitd idigndefiopiatieosl dnd gerifckmiabl edipattepils eticsiiaadushaged
protrusions) for bonding to the piezoelectric elenent 52. The vibrating

plate 42 alisq fienneet Birekawel | &ckn pay o ta st tmCRyidspdnd mgteel ation to the
bracing parts 54 and junctions of the franme nenber 44. The flat surface

si de of FQ&%@ibqﬁ]it(kpﬁ)P' hes 42 4§ Lded ot 0st hecghanngld plrateyd4dady 20

adhesive join e 1sfand protrusions 56 are bonded to the piezoelectric

el enments 52 b dhesi.ve joint. Further. .the LCk= eqd. . s 57 are
bondedtSt 0 %%%gtﬁﬁicﬁc%doﬁar(?g&fsﬂ and e}%ahng)lﬁ'an}eiggr%%wﬁf%;}%%% adhesi ve 50.
Here, the vibrating_ plate 42 is formed hy doubl e-I ayer nickel

el ect r of or ¥F¥REAY $125COR| §5cBQk, 2 thd T dRes s of LR HE FiapiPagm Bart 55 is
3 gm and WD 2004/ 007205 PCT/JP2003/007992 -22 the width thereof is 35 ,u m
(one si de)phdtmsensdzligepbalengs, fHrTeRHPlozPRES2ES (19 @SS,

The vibrating plate 42 is formed by a metal plate

made of nickel,-which is manufactured by an electroforming

10 method, for example. However, other metal plateé, resins, and
joint members of metals and resin plates may also be used.
The vibrating plate 42 forms, in corresponding relation to the
pressurizing compartments 46, thin-walled parts (diaphragm
parts) 55 for facilitating deformation and thick-walled parts

15 (island shaped protrusions) for bonding to the piezoelectric
element 52. The vibrating plate 42 also forms thick-walled
parts 57 in corresponding relation to the bracing parts 54 and
junc£ioﬁs of the frame member 44. The flat surface side of
the vibrating plate 42 is bonded to the channel plate 41 by

20 adhesive joint. The island protrusions 56 are bonded to the
piezoelectric elements 52 by adhesive joint. Further, the
thick-walled parts 57 are bonded to the bracing parts 54 and
the frame member 44 by the adhesive 50. Here, the vibrating

plate 42 is formed by double-layer nickel electroforming. In

25 +this case, the thickness of the diaphragm part 55 is 3 .um and



each having a dianmeter of 10 - 35 gm for the respective pressurizing
conpartnents 46. Also, the nozzle plate 43 is 5 bonded to the, channel

pl ate 41 W9 2adti@3iode joint. As for the nozzle plate 43pcCaJreoaboreech as
stainless and nickel, a conbination of a netal and a resin such as
polyimde resin film silicon, and a conbination of these nmay be used.
Here, the nozzle plate 43 is forned by2such as a N plating filmby 10
using an electroform ng method. In addition, the internal shape (inside
shape) of tihe wégdzhethsreaf figy dd #6 bene Sotan - shape (may al so be a
substantially cylinder shape or a substantially truncated cone shape). The
hol e di aneter of the Thzrizeléspilstaphd okdrmg el 20zz185 4MBIE.t 19 ,i nk
drop exit 15 side. Further, the nozzle pitch of each rowis 150 dpi.

Addi ti onal lgacha hwet ag- ée@.@éxnlleﬁﬂitr logyen (N9t HOWELrORhe WREShesURfACE
treatment of water repellency is perforned is provided on the nozzle

surface (SIgﬂe%%%rhalhaec&hO@Q@r@iﬂgg 46di rg@éb onipdirgehaegg spLfage)s of the
nozzl e plate 43. As for t he mater-repe ent Iayer a mater-repellent

| ayer SE' e%to% edNto %?%1—%\ gttehﬁl'ﬂg @Mesé to}{nts p&é"’#é’redc Hy such

as PTF ect0| el ectr ep05| coatin
quorocarbon r ep |t|on ating of quorocarbo res n. havi ng
evapor at i vit3F=® ?F 1ég§n%?e a[ﬁq G r?ﬁe?ta%ﬂﬁfqiaﬁpagnig rstlicone
resin/fluorocarbon resin after application of WD 2004/ 007205

PCT/ JP2003/0%392t10230E 4 veahal $8dag resitapidh 26 PREYIMABRSTHER f | ying

characteristics of ink drops and to obtain high grade inage
film, silicon, and a combination of these may be used. Here,

'the nozzle plate 43 is fofmea by such as a Ni plating film by

10 usinq‘an electroforming method. In addition, the internal
shape (inside shape) of the nozzle 45 is formed to be a horn
shape (may also be a substantially cylinder shape or a
substantially truncated cone shape). The hole diameter of the
nozzle 45 is approximately 20 — 35 um on the ink drop exit

15 side. Further, the nozzle pitch of each row is 150 dpi.

Additionally, a water-repellent layer (not shown) on

which surface treatment of wéter repellency is performed is
provided on the nozzle surface (surface in the discharging
direction: dischafge surface) of the nozzle plate 43. As for

20 the water-repellent layer, a water-repellent layer selected in
accordéncé with the ink physicalityuis provided by such as
PTFE-Ni eutectoid plating, and electrodeposition coatiﬁg of
fluorocarbon resin, deposition coating of fluorocarbon resin
having evaporativity (for example, pitch fluoride), and baking

25 of silicone resin/fluorocarbon resin after application of



quality. The piezoelectic element 52 is forned by alternately 5 stacking a
pi ezoel ectric layer 61 of lead zirconate titanate (PZT) having a thickness
of 10 - 5@opm4/@yms and an internal el ectrode |ayer 62PpPafi/g2doseedeal | adi um
(AgPd) having a thickness of several g nmlayer. The internal electrode

| ayers 62 are electrically connected to individual electrodes 63 and 10 a
common el ectrode 64 in an alternate nanper that are end face el ectrodes
(external electrodes) on the end faces. The pressurizing conpartnment 46 is
cont r act ed sadderkpasclets iy sdapaddzenthadsioaprs gadi 6AYHRIt he pi ezoel ectric
el ement 52 having the piezoelectric constant d33. Wen a driving signal 15
i s applieddnhartbeepi ezned et rink elrepenind2t@nsbtahiar giio gsadeetdayared, the
pressuri zing conpartnent is expanded. On the other hand, when the :
piezoelectbkglgggnent 52 is discharged, the pressurizing conpartnent is
contracted to the opposite direction. 20 It should be noted that one of

the end face electr s_qf L€Z0 I G~el r.q Lyvided by
hal f-cut dicing into %%Fﬁﬁé?gﬁﬁgg gé%%c réﬁgg %g??§%5&¥ﬁ§?531 595§%§§he
end face el ectrodes is, not divided due to th | im tation, of rocess such
as notcﬁin&t&ﬁ lF%r%sp%?ﬁfgﬁﬁﬁEE*CZ%aX?Ecg}dﬁgJéfdwﬁéfgogﬁﬁ?i7£ﬁ%%ﬁ*% nmade
through all of the WO 2004/007205 PCT/ JP2003/ 007992 -24- piezoelectric

el enents 52APZEh RRCieabt eteZknessonfietfed 3® & Rélpner variian internal

electrode layer 62 of silver/palladium (AgPd) having a
thickness of sevéral pum/layer. The internal electrode layers
62 are electrically connected to individual electrodes 63 and

10 a common éleétrode 64 in an alternate manner that are end face
electrodes (external electrodes) on the end faces. The
pressurizing compartment 46 is contracted and expanded by
expansion and contraction of the piezoelectric element 52
having the piezoelectric constant d33. When a driving signal

15 " is applied to the piezoelectric element 52 and charging is
performed, the pressurizing compartment is expanded. On the
other haﬁd, when the piezoelectric element 52 is discharged,
the pressurizing compartment is contracted to the opposite
direction.

20 : It should be noted that one of the end face
electrodes of the piezoelectric element member is divided by
half-cut dicing into the individual e;ectrodes 63, and'the
other of thekend face electrodes is not divided dqe to the
limitation of a process such as notching énd forms the common

25 electrode 64 where continuity is made through all of the



el ectrodes 63 of the piezoelectric elenment 52 by solder joint, ACF

(ani sotropic conductive film attaching, or wire bonding, 5 so as to apply
the a driwbpregosiogwal . The FPC cable 65,is connected toPaThead3deiove
circuit (driver 1C 71 for selectively applying a drive waveformto each
pi ezoel ectric elenent 52. Also, the common el ectrode 64 is connected to a
ground (GND) el ectrode of the FPC cabl ee6h by providing an 10 el ectrode

| ayer at the end of the piezoelectric element 52. In the inkjet head thus
const r uct edidzoelexanprtecléyentippldri ng the drive waveform (a pul sed vol t age
of 10 - 50 V) to the piezoelectric elenents 52 in accordance with a
recording signal, defiorFst iceiblef 66héspeenosttest rdoc thkeeiedieid2ain the 15
stacking direction takes place. Thus, inks in the pressurizing

conpart mentes; 46 - 3HBsPEESSHIMtEL b d1Re v Br at éht ALy 4314dandjéher,
pressure is increased. Accordingly, ink drops are discharged fromthe

nozzl es 45, heLaatbelopds Lifadiachalahng of rlaku gl ORS 3dS: poRlidak

pressure 1 n € pressurizing conpartnents ecreased, negati ve

pressure is created in.th ressuri,zi ng.conpartpent 46 e.lnertia of
t he flogloF“iﬁ¥§%8n8p8%¥cﬁ%$d?ﬁ%nggnﬁhglga? ViﬁgﬁﬁJﬁgéFaggé %Eel%rocess

proceeds to an ink filling -process. On this _occasion, inks supplied from
i nk tanks (GR5nesteghsang Feddy Snvieh&igeiitn (AFHRe XOnpdr £R8nt 48, 1 ow

fromthe WO 2004/ 007205 PCT/JP2003/ 007992 -25 common |iquid conpartnent 48
to the fluisklregdiivedysanZlyHEGS dEvendareiorm theeddik pgppeyc6pEhE ngs 49,
and the pressuri zing
element 52. Also, the common electrode 64 is connected to a
ground (GND) electrode of the FPC cable 65 by providing an
10 electrode layer at the end of the piezoelectric element 52.
In the inkjet head thus constructed, for example, by
applying the drive waveform (a pulsed voltage of 10 - 50 V) to
the piezoelectric elements 52 in accordance with a recording
signal, deformation of the piezoelectric elements 52 in the
15 stacking directién takeé place. Thus, inks in the
pressurizing compartments 46 are pressurized via the vibrating
plate 42, and the pressure is increased. Accordingly, ink
drops are discharged from the nozzles 45.
Thereafter, as the discharging of ink drops ends,
20 ink pressﬁre in the pressurizing compartments 46 is decreased,
negative pressure is created in the pressurizing compartments
46 by the inertia of the flow of inks and discharging of the
driving pulse, and .the process proceeds to an ink filling

process. On this occasion, inks supplied from ink tanks (not

25 shown) flow in the common liquid compartment 48, flow from the



conpartments 46 are filled. In addition, the fluid resistors 47 have the
effect 5 of attenuating residual pressure vibration after discharging,
whi | e serwDrego#m®7208si stance in refilling by surface ten®CaIP200B907992
appropriately selecting the fluid resistance value of the fluid resistor
47, the bal ance between the attenuation of the residual pressure and
refilling time is kept, and it is 10 possible to reduce a tinme interval
(driving frequency) until the process proceeds to the next ink drop

di schar gi nepmreprerlgtdudsl cRerertrenerdd iy therF&igd, res RS gti SRI@PH be
given of an outline of a control part (head controller) of the 15 inkjet
recor di ng Bippad dt)uszialec dnkr shppay todemdhgded®a grd ntlee wossroliikéng70 and
an engine controller including the head drive circuit 71. The printer

control | erdfhd neldides 4anaicBt eifage. (hereinafter referred to as an "I/ F")
72 that receives print data, for 20 exanple, froma host conputer, for

exanpl e, via a cabl eqr : rk, KN Sls P 1,243 kpenmedehy a CPY,
RAM 74, for exanple?gt g?lgg%¥ggﬁﬁhﬁéﬁgﬁdr§§5?§iﬁ%, Roﬁ 75 that stores,

for ex | e, routines for data processing,. .an il i . Circuit 76, a
drive agee?%r%FEﬁﬁﬁﬁ goEGE%PBE?tPﬁéﬁ%ﬁfegFF@éagggﬁa%§¢%§2?6%%%%§??%g means
generating a drive waveform Pv to WO 2004/ Q07205 PCT/ JP2003/ 007992 -26 the
i nkj et headizlhe SefVINOF P8RS STRRFR M 5ot LEBIt He H CHHVE P rcuit 71,
such as print data converted into dot :

By appropriately selecting the fluid resistance value of the

fluid reéistor 47, the balance between the attenuation of the
residual pressﬁre and refilling time is kept, and it is
10 possible to reduce a time interval (driving frequency) until
the process proceeds to the next ink drop discharging
’operation.
Next, réferring to FIG. 8, é description will be
given of an outline of a control part (head controller) of the
15 inkjet recording apparatus.
The control part includes a printer controller 70
and an engine controller including the head drive circuit 71.
The printer controller 70 includes an interface (hereinafter
referfed to as an “I/F”) 72 that receives print data, for
20 example, from a host computer, for example, via a cable or a
network, a main contrél part 73 formed by a CPU, RAM 74, for
example, that stores data and the like, ROM 75 that stores,
for example; routines for data processing, an oscillation
circuit 76, a drive waveform generation circuit 77 as drive

25 waveform generating means generating a drive waveform Pv to



pattern data (bit nmap data) and the drive waveform and a tenperature

sensor

80 t hat

is tenperature detecting neans for 5 detecting environnental

t enper at Wwe 20aktoeznsed tenperature) T. Illustration of paTL2end?®INI ng

mai n scanni ng,

sub-scanning, and drive control relating to areliability

mai nt ai ni ng/ recovering nechanismis omtted. The RAM 74 is used, for
as various buffers 10 and workierg menory. The ROM 75 stores

exanpl

vari ous control

dat a,

e,

routines carried out by the main control part 73, font

gr aphiec inkneti bazds tiesrofl/Br 6ée€|@ﬂ? csransFr tdiagpl §° The Hach

contr ol

di fferent I%ﬁ@%&ﬁf:ﬁk@egeﬁé&ﬁ 400 thhe RAM diffne 20 Mieyberdn

part 73 reads the print data in a reception buffer included in the
|/ F 72 anddedmeertiscthe dht suait @si prénhedit eccifrepdeds inThedont er nedi at e
code data are stored in an internediate buffer fornmed by a predeterm ned
area in theakAMrn7datdhecieathy nlearedhat ene e wWatavarernpnyeited into dot
pattern data by using font data stored in the ROM 75 and stored again in a

R AL dat a

corresponding to one line of the recording heads 14 are o%talned the main
contr ol

seri al

ata

synchroni z
B

WD 2004/ 00
on the driver
si gnal

10

15

20

25

bard,. o£3; hian gle Lsnddie ot pattern. data o ane Line in,the o orm of

Ive CIr

Lon with a ock si naI CK. fromthe oscillatio 25 circuit 76.

éﬁsﬁﬁFﬁ@? [RAFTEIPSTEOTIRG et AW i r EHPTS T HS Srount ed

I C and includes a shift resistor 81 receiving the clock

and drive control relating to a relilability

maintaining/recovering mechanism is omitted.

The RAM 74 is used, for example, as various buffers

and working memory. The ROM 75 stores various control

routines carried out by the main control part 73, font data,

graphic functions, types of procedures, for example. The main

control part 73 reads the print data in a reception buffer

included in the I/F 72 and converts the data into intermediate

codes.

The intermediate code data are stored in an

intermediate buffer formed by a predetermined area in the RAM

74.

The read intermediate code data are converted into dot

pattern data by using font data stored in the ROM 75 and

stored again in a different predetermined area in the RAM 74.

When the dot pattern data corresponding to one line

of the recording heads 14 are obtained, the main control part

73 transmits the dot pattern data of one line in the form of

serial data SD to the head drive circuit 71 via the I/F 78 in

synchronization with a clock signal CK from the oscillation

circuit 76.



CK and the serial data SD that are print signal, which are both supplied
fromthe printer controller 70, a latch circuit 5 82 that |atches a resist
val ue of wbeoefioftosresi stor 81 by a |atch signal LAT sweplirzm3feom t he
printer controller 70, a |evel conversion circuit (level shifter) 83 that
varies the level of the output value of the latch circuit 82, and an
anal og switch array (switch circuit) 8429 which OVOFF is 10 controlled by
the level shifter 83. The switch circuit 84 receives the drive waveform PV
suppl i ed fromthe driTe hpadel®s¥ iR Gafetati dh &F rEeiRtedy B WRepLVRAt er
controller- 70 and is forned by a swtch array. The switch circuit 84 is
connected T0 &he pidzoeseeat shifel eaeidtd?2 sdomeespyhddnghe ccliBkesdhnadzz| e
of the recording heads (inkjet heads) 14. The print data SD serially

transf err edgbynd hehshidrtialr gstst on Slatarard eparasibyal atwiieth et he | atch
circuit 82. The latched print data are pressurized to a voltage val ue at

whi ch the ﬁm%ﬁhf&ﬁ f%\etnt ‘Eﬁeclﬁ%fﬁ%ér %n@&%l@%rdﬁbveﬁ 14 2Q rexanpl e, a
predeterm ned vol'tage value on the order of several dozen volts, and then

SuP! [ ol 0o e WAl LoULL, 80 a5 Su¢ ccplengh%@@egggord@ﬂ% wavef or m

Pv sup ve wave orm generation circul is applied to

t he i nput S|de of 25 the sw gch C rcw 84. . The outlg %ﬁ[ f the switch
circuit WO'260% DeTEds BETAIPROHRE e PEI8ESFsCebh to fhe

pi ezoel ectric el ement 52 as pressure creatl ng nmeans. Accordi ngl¥1, for
exanpl e, d@ﬁVﬁb @pqﬁgqayyn circuit (level shifter) 83 that wvaries the

level of the output value of the latch circuit 82, and an
analog switch array (swifch circuit) 84 of which ON/OFF is
10 controlled by the level shifter 83. The switch circuit 84
receives the drive waveform PV supplied from the drive
waveform generation circuit 77 of the printer controller 70
and is formed by a switch array. The switch circuit 84 is
connected to the piezoelectric element 52 corresponding to
15 each nozzle of the recording heads (inkjet heads) 14.
The print data SD serially transferred by the shift-
resistor 81 are temporarily latched by the latch circuit 82.
The latched print data are pressurized to a voltage value at
which the switch of the switch circuit 84 can be driven, for
20 example, a bredetermined'voltage value on the order of several
dozen volts, and then suppligd to the switch circuit 84 as
switching means.
The drive waveform Pv supplied from the drive
waveform generation circuit 77 is applied to the input side. of

25 the switch circuit 84. The output side of the switch circuit



when the print data given to the switch circuit 84 are "1", a drive pulse
P obtained fromthe drive waveformPv is applied 5 to the piezoelectric

el enent 5&0 200w00ptoszoel ectric el ement 52 expands and c®@QTrIRR103/007992
accordance with the drive pulse P. On the other hand, during a period when
the print data given to the switch circuit 84 are "0", the supply of the
drive pulse P to the piezoelectric elespgnt 52 is suspended. 10 The drive
wavef orm generation circuit 77 may be formed by a discrete circuit.
However, hérdeist hendecved wmvdfoipiegendeation ehemantt SZ7apnpresRigrea ROM
storing pattern data of,the drive waveform PV and a D/ A converter

per f or m ng cridbAiagnMesass on Xurodatiagdl, t fier detamp mayv efuarimgt hapetrisod ead but
15 fromthe ROM Moreover, here, the drive waveform generation circuit 77

stores in ag\aNeReapPi kit alddy QAfedr t¥erMavalorin faldarngscaréesponding to
environnmental tenperatures, and the drive waveformto be output is

sel ected agequding Lo penylr PR LAIDEr ATUNE dRkecbed; Lenperatyre) T

detected by nperature sensor description w gl ven of
enbodi nents of _the, head control.ler accordi to the.present jnventi -
el uded | S CHE PHRFSELT S AR EBDar At sl B T B8 e BLEI T Bed Above.
First, referring to FIG 9, a description will he 25 given of a first
enmbodi nent s¥PaadReald cERFHI S 18cEEFAFAYRED WG RGeS do7FesPulse P.

PCT/ JP2003/ 007992 -29 the present invention. In the first enbodi nent, an
i nkj et he&d phevotkdrwhand i indingzeeberiod cwidretdist P3Ankadiby Iieen

to the switch circuit 84 are “0”, the supply of the drive
pulse P to the pieéoelectric’element 52 is suspended.

10 The drive Waveform generation circuit 77 may be
formed by a discrete circuit. However, here, the drive
waveform generation circuit 77 incluaes a ROM storing pattern
data of the drive waveform PV and a D/A converter performing
D/A conversion on data of thé'drive waveform that is read out

15 from the ROM. Moreover, here, the drive waveform generation
circuit 77 étores in advance a plurality of drive waveform
patterns correspoﬁding to environmental temperatures, and the
drive waveform to be output is selected according to
environmental témperature (detected temperature) T detected by

20 the temperature sensor 80.

A description will be given of embodiments of the
head controller according to the present invention included in
the inkjet recording apparatus constructed as described above.

| First, referring to FIG. 9, a description will be

25 given of a first embodiment of a head controller according to



pi ezoel ectric constant d33 is driven by a pull discharging nethod to form
ink drops. 5 As shown in FIG 9, the drive waveform Pv (drive pulse P)
used i n twoxoerdomsment is a waveformthat includes at PCEFAR2003/0679925t
waveform el enent (first signal) Pl expanding the volune of the
pressurizing conpartnent (pressure creation conpartnent) 4'6, a second
wavef orm el enent (second signal) P2 10_pgLntaining the expanded state of
the pressurizing conpartment 46, and a third waveformelenent (third

si gnal ) P3tbenpras¢nnginvdngivel.undnothe helpsessipodiimegteompainhi@it 46 in

t he expanded state so as to discharge ink drops. In the drive waveform Pv,
t he pot ent habhddpiber@ataritlb thet weepothectiiste waveatobm rhetmnttdd at the
begi nning of the expansion of the volunme of the pressurizing conpartnent

46 and th%l%%%@ﬂgcﬁ\@i/@fc%ﬁﬁt%h%nﬁﬁg P2 dsidakely aspaifi asscmotentd a
difference A V1, and the potentla di fference between the third vvaveform

el ement P3 e,_en ractl on of the 20 volune of the
pressuri zi n%tt égn%grf%ﬁlt ’Qé:} t'he second waveform el ement P2 is taken

tial diff A V2 It K di t
gﬁaﬁggg ?2 Ienvi :On%enc Of”&nﬂ)@rg{e%r\éé SC dyrflE{F %gg‘é%ﬁ%%‘qlﬁevs @rgg{rgel \r/]\gerg

an ink drop of a volune Ma_is obtained at environnental 25 tenperature Ta
when the dPEewWAYerdrdn ity thidi eabediBsnt hes \ID"P0S4,oD 7803t includes

PCT/ JP2003/007992 -30 solid line in FIG 9 is applied, the speed Vj of ink
drops is iatcileaseda abimtviveyrefomnmakl ememper 6frse Iségoaes Bl giewanddmd t he

the volume of the pressurizing compartment (pressure creation
compartment) 46, a secénd waveform element (second signal) P24
10 maintaining the expanded state of the pressurizing compartment
46, and a third waveform elemeﬁt (third signal) P3 contracting
the volume of the pressuriiing compartment 46 in the exﬁanded
state so as to discharge ink drops.
In the drive waveform Pv, the potential difference
15 Dbetween the first waveform element Pl at the beginning of the
expansion of the volume of the pressurizing éompartment 46 and
the second waveform element P2 is taken as a first potential
difference AV1l, and the potential difference between the third
waveform element P3 at the end of the contraction of the
20 volume of the pressurizing compartment 46 and the second
waveform element P2 is taken as a potential difference AV2.
| The viscosity of inks varies according to changes in
environmental temperature. Thus, for example, in a case where

an ink drop of a volume Mja is obtained at environmental

25 temperature Ta when the drive waveform Pv indicated by the



volume M of an ink drop is increased as indicated by the solid line in
FIG 10. On the other hand, as environnental 5- tenperature falls, the
speed V) wbD 2ekoodzosps i s decreased, and simlarly, theprcalieo@3m79ef an i nk
drop is increased. Therefore, as indicated by the broken line in FIG 9,
according to environnmental tenperature changes, when environnental
tenperature is high, if the potential afgthe 10 first waveform el enent P1
at the beginning of the expansion of the volunme of the pressurizing
conpar t nenso#fd anchd hiev FIGteft ial applidd, tihier dpaadeVdrof eldneinopR3iat t he
end of the contraction of the volunme of the pressurizing conpartnment 46

are decr easgdrbysiVll antiAoMrAdntsEspantdnalure drdorey1Highelk Aato VB2 are
set such that A V11 > A V21 is satisfied, the difference between the first

potenti al %i&ﬁ%%c%f“a\fﬂ 1aRdathg 1secondpAienti ahadiifas ancard V2 is

decreased. I'n this manner, when environnental tenperature is high, if the

di fferenceagﬁ ; lnnet r}Le {51 G‘st 18(_)t e&tligjl? gjgﬁeelr en g’a%%)oéa\)@r&%n%g second

pot enti al gnce I"s “nar r owe ecrease rding to

envi ronnment al tenperature changes, isch e.ener becones s | . _Hence,
referrithg FETREERTULE fqltlsi'stﬁgﬁ?%‘?‘g L& %%’%ag Og%elfn eﬁeﬁ%’séﬁgr gi ng

speed Vj and reduce the ink drop discharging volume M in the direction 25
i ndi cat ed Bymabasky oWh® volume Mevef am Jiraﬁi SPedsbyneRea389 2004/ 007205
PCT/ JP2003/ 007992 -31- broken line in FIG 10. In addition, as indicated
by the two-dot chai nThiemefore, as indicated by the broken line in FIG. 9,

according to environmental temperature changes, when
environmentai temperature is high, if the potential of the

10 first waveform element P1 at the beginning of the expansion of
the volume of the pressuriziﬂg compartment 46 and the
potential of the third waveform‘element P3 at the end of the
contraction of the volume of the pressurizing compartment 46
are decreased by AV1l and AV21, respectively, and AvV1l and A

15 V21 are set such that Avil > AvV2l is satisfied, the
difference betweeﬁ the firstapotential difference AVl and the
second pétential differénce AV2 is decreased.

In this manner, when environmental temperature is

high, if the difference between the first potential difference

20 AVl and the second potential difference AvV2 is narrowed
(decreased) according to environmental temperature changes,
discharge energy becomes small. Heﬁce, referring to FIG. 10,
it is possible to decrease the ink drop Aischarging speed Vj
and reduce the iﬁk drop discharging volume Mj in the direction

25 indicated by an arrow A to the level as indicated by the



in FIG 9, according to environnmental tenperature changes, when
environnental tenperature is low, if the potential of the 5 first waveform
el enent PWoOabnogdee205egi nni ng of the expansion of the volPawaPui306M992
pressuri zing conmpartnent 46 and the potential of the third waveform

el ement P3 at the end of the contraction of the volune of the pressurizing
compartment 46 are increased by A V12 -a3id- A V22, respectively, and A V12
and 0 10 V22 are set such that A V12 > A V22 is satisfied, the difference
bet ween t héFakes: 1poeenri &BIGdi¥terence A V1 and the second potenti al
difference GL V2 is increased. In this manner, when environnment al
tenperature is |ow &ccotdlitigrnt,o0asnihdboabed by tEreparat-drs chahgesing f t he
15 difference between the first potential difference A VI and the second
potential dif fraenoe AcY3rdsnam e nafidonteaasediempeisstuposthbhest o nake
the amount of neniscus the same as the ampbunt of meniscus at ordinary

t enper at ur%hép%%%&eg}ngntgﬁf@érﬁp%tutx@ ELGy 030, 1fttnes ﬁ&%%‘t@la@ be tmerease
the ink drop 20 di scharging speed Vj and reduce the ink drop di scharging

I t di gat ed
by the tuo- e AAY s%ﬁ%faig%%ﬂ%}%"ﬁa%tb%ﬁﬁ%”b@ééﬁfé%%%eﬁ%%me% B
i ncluding three _kinds _of waveform.elenents as shown n Fl %@‘69 (the solid

line 25 réptedont®@eacd g %?/%?‘B?%lﬁ\gocofﬂﬁérm%rk%n resents a WO
2004/ 007205 PCT/JP2003/007992 -32 drive waveform Pvl and t he two-dot
chain |ine notgnésent 9Tather Fvbrdaiasesormpeipnart B3 credtion sROWPES thee drive
wavef orm

contraction of the volume of the pressurizing compartment 46

are increased by AV12 and AV22, respectively, and AV12 and A
10 V22 are set such that AV12 > AV22 is satisfied, the
difference between the first pofential difference AV1 and the
second potential difference AV2 is increased.
In this manner, when environmental temperature is
low, according to environmenfal temperature changes, if the
15 difference between the first potential difference AVl and the
second potential difference AV2 is widened (increased), it is
possible to make the aﬁount of meniscus the same as thé amount
of meniscus at ordinary temperature. Accordingly, referring
to FIG. 10, it is possible to increase the ink drop
20 discharging sﬁeed Vj and reduce the ink drop discharging
’volume Mj in the direction indicated by an arrow B to the
level indicated by the two-dot chain line in FIG. 10.
Thus; drive waveform patterns each including three
kinds of waveform elements as shown in FIG. 9 (the solid line

25 represents a drive waveform Pv0, the broken line represents a



generation circuit 77 as the drive waveformpattern, for exanple. As shown
in FIG 11, the detected tenperature T is 5 |loaded fromthe tenperature
sensor 30wpreoet@p2051. Then, in step S2, the detected t@cpaPANEIT2 | S
conpared with a first predeterm ned tenperature T1 and a second
predeterm ned tenperature T2. Mre specifically, it is determ ned whether
or not T2 < T Tl is satisfied. Wien T2 <2F < T1 is 10 satisfied, the drive
wavef orm PvO is selected and output in step S3. Wien T > T1 (high

t enper at ur €riveheavef ven \Ritlef Gne thel tvg-det cthadd: dAdcoUepUESeRtStaep S4.
Wen T < T2 (low tenperature), the drive waveform Pv2 is selected and

out put in dstep Boveldbrieud), are isstopedsibl ROM @i efhecdrigei wdveafodm i nk
drop di scharging volune M caused by variation in the viscosity of inks

due to tenpenatHteoshangas .+ Consequant i¥ive itaderpaspabierho £ontrol
degradation of image quality. Further, in the case above, the two kinds of

or cdet br m REd BARoNCEL Cvar Bty 6 12) b o be ol Tar cwi T CheRg The” dFl ve

pr edet er m ne cond tenperature ) are used for swtching

wavef or However . by i.ncreasing.the kinds of.the .dri eform and the
ki nds o tﬁg\ég?gdgf%rﬁn#}h%§?@r%%ftgfﬁr a8¥1SPy %Os Hos&B) é‘if \gla%%?rfbrlﬁ nor e
fine control. In addition, it 25 is possible to vary the potential of the
drive waveFSER PA - athd SVRA RSy S65PPEFFIF2 0D D FRIT2red3 81 e af L Tidnner

with respect to the detected tenperature T. Additionally, in the
above- descpirigddteamened heemqranediurey Tdf and a’ second predetermined

temperature T2. More specifically, it is determined whether
or not T2 < T £ Tl is satisfied. When T2 = T = Tl is

10 satisfied, the drive waveform Pv0 is selected and output in
step S3. When T > Tl (high temperature), the drive waveform
Pvl is selected and output in step S4. When T < T2 (low
temperature) , the drive waveform Pv2 is selected and output in
step S5.

15 ’ Hence, it is possible to reduce variation in ink
drop discharging volume Mj caused by variation in the
viscosity of inks due to temperature changes. Consequently,
it is possible to control degradation of image quality.

Further, in the case above, the two kinds of

20 temperatures (the predetermined first temperature Tl and the
predetermined second temperature T2) are used for switching
the drive waveform. However, by increasing the kinds of the
drive waveform énd the kinds of the predetermined temperature,
it is possible to perform more fine control. In addition, it

25 is possible to vary the potential of the drive waveform in a



ki nds of drive waveform patterns are stored in advance and the drive
waveform pattern to be output is selected in accordance 5 with the detected
t enper at LWe 2004/ddomsver, it is al so possible to output @cpliee@bioeydnf drive
wavef orm patterns within one drive cycle (sequentially output the drive
wavefornms PvO, Pvl, and Pv2 within one drive cycle, for exanple), and
select the drive waveformpattern to bg3applied to the piezoelectric 10

el enent by the switch circuit. Next, referring to FIGS. 12 and 13, a

descri pti oRingpr| mppney vehofregpsetohd e oHitasitedoterPREaE et rol ler. In
t he second enbodi nent, the potential of the first waveformelenent Pl at

t he begi nnRddiofotdkl expandihen abbvehéesdiSihal umesegf thheppuaskiiry zing
conpartment 46 is set higher than the potential of the third waveform

el ement P3xahgtheredei v wadiReoeanphacsioh He theredl unraglahde fHiesduri zi ng
conpartment 46. Also, the potential of the first waveformelenent P1 is

od i . i t; Of '
varied 1n é%ﬁg%g@?ﬁgf%%r# ]tbattbc%rqettgcﬁgdoﬁﬁﬁ.gé 1 O 8BULEQNIEM &bo2llince

t enper at ur e, erence between t first potential difference A

V1 and t he_sego potential .difference A V2 is_ varied,_ That is,_.i.n.a case
where the FEEd CBBLERIGS GErPErarace Ll vET e anttr Ehan T O eihia
potential difference the speed Vj of ink drogs i s .inhcreased, and

25 A N2,
t he vol umetR) OWEPYH 0/ BRI HWCPL I BEOHR/ RVAFEF™ PRATEFRA N HKHIBE i s

i ncreased at high tenperatures as shown in FIG 13. On the other had, at
Iomrtenperd#éV@sGY¢h% gyggﬁmmially output the drive waveforms Pv0, Pvl,

and Pv2 within one drive cycle, for example), and select the
drive waveform pattern to be applied to the piezoelectric
10 element by the switch circuit.
Next, referring to FIGS. 12 and 13, a description
will be given of a second embodiment of a head controller.
In the second embodiment, the potential of the first
waveform element Pl at the beginning of the expansion of the
15 wvolume of fhe pressurizing compartment 46 is set higher than
the potenfial of the third waveform element P3 at the end of
the contraction of the volume of the pressurizing compartment
46. Also, the potential of the first waveform element Pl is
varied in accordance with the detected result of environmental
20 temperature, and the difference between the first potential
difference AVl and the second potential difference AV2 is
varied.
That is, in a case where the first potential
difference AV1 is greater than the second potential difference

25 AV2, the speed Vj of ink drops is increased, and the volume Mj



of. ink drops is decreased, and the volume M of an ink drop is increased
as showmn in FIG 13. 5 Consequently, as in this enbodi nent, based on

envi r onmewpabo4/®@nsr at ure, when the potential of the fi PST/IPe@sed®©IM
elenment Pl is decreased as indicated by the broken line in FIG 12, the
first potential difference A V1 is reduced. |If the potential of the third
wavef orm el enent P3 is not 10 varied, thg_difference between the first
potential difference AVI and the second potential difference (c)V2 is
reduced. Whgnantirk fduogt ipotienreasedidt drimhcaempwtatsresdue ethawe thi s
manner, the discharge energy becones small. Accordingly, it is possible to

decrease thegi nk3 dr Qpl dirgC bangirngas@pedt: \fowardmpihatedaep tiwe speleddvop
di schargi ng vol une in the direction indicated by an arrow A to the

llevel indig tﬁq}? t&]ﬁéﬂ% g Q{Ié%QeaEé&e ddl F’dl’@ vb3 umkNMRdGE t 40 n1atadopwi s

t enper at ur es, otenti al of the first waveformelenent Pl is

i ncreased as indic tedgaﬁ 20 tp -dot chain line in FIG 12, the first
potenti al UrFFerEn i's |ncreased Thus, if the potenti al of the
third waveformelenent P3 is not varied, .the djfference. between the first
pot ent il d|fferencecﬁn9ﬁq3ﬁﬂt}%eé?%d&h&hlﬁoﬁgh??ﬁwaﬁ AT 8PA V2 s

i ncreased. When the first 25 potential difference A V1 is increased as

descri bed abvieonmentad JGORETEEROS, PO AFG0BOGER021 oBsthe fHagsdible to

make the meni scus the same as the neniscus at ordinary tenperature. As a
resul t, itwesepossidilend Eﬂcneadecreased as indicated by the broken

line in FIG. 12, the first potential difference AV1 is reduced.
If the potential of the third waveform element P3 is not

10 varied, the difference between the first potential difference
AVl and the second potential difference AV2 is reduced. When
the first potential difference AVl is reduéed in this manner,
the discharge eneréy becomes small. Accordingly, it is
possible to decrease the ink drop dischargihg speed Vi and

15 reduce the ink drop dis;harging volume Mj in the direction
indicated by an arrow A to the level indicated by the broken
line in FIG. 13.

In addition, at low temperatures, if the potential

of the first waveform element Pl is increased as indicated by

20 the two-dot chain line in FIG. 12, the first potential
difference AVl is increased. Thus, if the potential of the
third waveform element P3 is not varied, the difference
between the first potential difference AV1 and the second

potential difference AV2 is increased. When the first

25 potential difference AV1 is increased as described above, it



the ink drop discharging speed Vj and decrease the ink-drop discharging
volume M in the direction indicated by an arrow B 5 to the |level indicated
by the twodoes/@hasn line in FIG 13. Accordingly, in &Cragzoshene2 t he
potential of the first waveformelenent Pl is higher than the potential of
the third waveform el enent P3, the potential of the first waveform
element Pl is varied so as to change thesfirst potential 10 difference A
V1. Hence, it is possible to. conpensate for wvariation in the amount of

i nk drops tausessiiylesdo apkenthe memesdusk tiies 6aBPt §S difee teeniemyer atur e
changes. Thus, it is possible to inprove inmage quality. Next, referring to
FIGS. 14 a@ﬂiﬂ:ﬁarya weperapuiren A§aMxtelswtﬁ&,gii\temsopoasibﬁed:oeri:tmadiweﬁt of a
head controller. In the third enbodinent, the potential of the first

wavef orm el geffy Rl diRenhegingi ﬂgeé?i Whenexpanskese ofhd hek-webyme of t he
pressuri zing conpartnent 46 |s set lower than the potentlal of the third

wavef orm el e nﬁ£%¥ﬁéohﬁﬁﬁ h %%Et&giéa¥ybha§FHQ?a9 M0lye 08 the

pressuri zi ng co Al'so, the potenti ird waveform

el enent P3|s ri a nce W th the de ected.result
envi r omrental th¢ gﬁi’(ﬁqallﬁtdé,cagSggé tJE;“e(:h%‘(‘ﬁ’géith(g¥1 Pfféi%ence FItgween the

first potential difference A V1 and the second potential difference
LV2. WD 2004/ 007205 PCFPIHPOBBEY 00FDF2 Casg6WIREE FRS RS dadeOhnele the

second potential difference A V2 is greater than the first potenti al
dlfferenceflrst waveform element Pl is higher than the potential of the

third waveform element P3, the potential of the first waveform
element Pl is varied so as to change the first'potential
10 difference ZSVl.. Hence, it is possible to. compensate for
variation in the aﬁount of ink drops caused by variation in
the ink viscosity due to tempgrature changes. Thus, it is
possible to improve image quality.
Next, referring to FIGS. 14 and 15, a description
15 "will be given of a third embodiment of a head controller.
In the third embodiment, the potential of the first
‘waveform element Pl at the beginning of the expansion of the
- volume of the pressurizing compartment 46 is set lower than
the potential of the third waveform element P3 at the end of
20 . the contraction of the volume of the pressu;izing compartment
46. Also, the potential of the third waveform element P3 is
varied in accordance with the detected result of environmental
temperature, so as to change the difference between the first
potential difference AVl and the second potential difference

25 Av2.



A V1, the speed of ink drops Vj is increased, and the ink drop discharging
volume M is increased at high tenperatures as 5 shown in FIG 15. On the
ot her hamap 2a04/400205t enper atures, the ink drop di schargiPeg/Jep®ado79p2 i s
decreased, and the ink drop discharging volune M is decreased as shown in
FIG 15. Thus, as in this enbodi nent, based on environnental tenperature,
when the potential of the third waveforggel enent 10 P3 is decreased as

i ndicated by the broken Iine in FIG 14, the second potential difference A
V2 is decreased. HenEbatiis, tire posst waeref th@es¢sonst DRFeatérm el enent P1
is not varied, the difference between the first-potential difference A V1

and the S@Q@f'@rémieemifal 1 6 fer@ncehAnVehist dect epseshti\Mhedi fherdicsecond
potential difference A V2 is decreased as described above, the discharge

energy becargs § Vgpeég fd;k&% tardds k§ 1ROSSERPLESLS, %ﬁf%ﬁ%elhﬁedféﬂf drop

di schargi ng spee e the ink drop discharging volume M in the
direction £O ekl s Fpdi dsheg sbroken 20
line in FI (&iLS dl?frag&&g% t on y\%%f%év%%%%ﬁj!e%\aét hrl %ﬁﬁ 1%& potsenti al of
the third waveformel enent P i ncreas S ica ed thet -dot
chain 13 neShAWEE Fif- nﬁﬁe sgeo *ae %b?reﬁltaingi & fgg‘lge i3 E\H 8| ncr Feased.
Thus, if the potential 25 of the first waveformelenent Pl is _not varied,

the differénsediND ZHEAIEEPI0T FEIP PADGSY GFPEsesedr7ahdt ke i khEXPPr st

potential difference A VI and the second potential difference A V2 is
i ncr eased. dehatdimesendmte Mj is decreased as shown in FIG. 15.

Thus, as in this embodiment, based on environmental
temperature, when the potential of the third waveform element
10 P3 is decreased as indicated by the broken line in FIG. 14,
the second potential difference AV2 is decreased. Hence, 1f
the potential of the first waveform element Pl is not varied,
the difference between the first potential difference AVl and
the second potential difference AV2 is decreased. When the
15 second potential difference AV2 is decreased as described
ébove, the discharge energy becomes small. As.a result, it is
possible to decreése the ink drop discharging speed Vj and
reduce the ink drop discharging volumg Mj in the direction
indicated by an arrow A to the level indicated by the broken
20 line in FIG. 15.

Additionally, at low temperatures, when the
potential of the third waveform element P3 is increased as
indicated by the two—dot chain liﬁe in FIG. 14, the second
potential difference AvV2 is increased. Thus, if the potential

25 of the first waveform element Pl is not varied, the difference



potential difference A V2 is increased as descri bed above, the discharge
energy becones great. Consequently, as shown in FIG 5 15, it is possible
to i ncreawe 20600728 dr op di scharging speed V) and i ncr @asdaprrtegoémde dr op
di scharging volume M in the direction indicated by an arrow B to the

| evel indicated by the two-dot chain line in FIG 15. Accordingly, in a
case where the potential of the 10 thiggd-waveform el enment P3 is higher
than the potential of the first waveformelenent P1, the potential of the
third wavebetweereldrefirB potentiald & feyencecafigenchdheessfangot enti al
difference A V2. Hence, it is possible to conpensate for variation in the
amount of parémkiLdr op rrausadeb\ Warisatineiebbed 15 Witen itle wiesoodi ty due to
tenmperature changes. Thus, it is possible to inprove imge quality. -

Addi ti onal #é’teﬁ 1 416y :39Qvendes arybed %ﬂ?@éhgs@tés ddrugied bobseasshsed .

that the plezoelectric elenent is PZT of d33 direction displacenent, a

f 1 exi bl i i t 0 bed e P4 9owd33ndirect i
exi bl e VH?é?@iﬁg%é¥E§ﬁ§ﬁ§sg§¥e%H%ﬂ%fg & %%%& M@fﬁ, X’ 9033 FLEction

di spl acenen ment possesses higher reliability.

Furt her e jjmage recardi ng apparatus ,accardi o) Lpventi on
i's applﬁ'edago thet5 Hgs riD?L«?cg?digﬁ FeHpara euén%egg?%p%%gﬁﬁﬁ%ﬁgggreggl et
di schar gi ngﬁheads. that discharge ink 25 drops. However, the present
i nvention WayaRd s geasspthedith WeRobaBGFLAEIPYH YB2065/°00 - 38

i mage recordi ng apparatuses equi pped with, for exanple, droplet
di schar gi ngiheadont HatdigiageHabyeadropiat $ 60 &hej 4gvel indicated by

the two-dot chain line in FIG. 15.
| Accordingly, in a case where the potential of the
10 third waveform element P3 is higher than the potential of the
first waveform element Pl, the potential of the third waveform
element P3 is varied so as to change the second potential
difference AV2. Hence, it is possible to compensate for
variation in the amount of an ink drop caused by variation in
15 the ink viscosity due to temperature changes. Thus, it is
possible to improve image quality.

Additionally, in the above—deécribed embodiments,
though it is assumed that the piezoelectric element is-PZT of
d33 direction displacement, a flexible vibration type PZT may

20 also be used. When PZT of d33 direction displacement is used,
however, the element possesses higher reliability. Further,
the image recording apparatus according to the present
invention is applied to the inkjet recording apparatus
equipped with thé droplet discharging heads that discharge ink

25 drops. However, the present invention may also be applied to



other than ink, for exanple, a liquid resist for patterning, and droplet
di schargi ng heads that discharge a genetic test 5 sanple. As described
above, w wb 206uoonmad controller according to the preseRCTIR€SADITOL, when
it is assunmed that the potential difference between the first waveform
el enent at the beginning of the expansion of the volune of the 10
pressuri zing conpartnment and the second3gwaveformis the first potential
difference, and the potential difference between the third waveform

el enent at image erecafdirte apparriesede@iingre WEhumEosf SX¥-Pessuri zi ng
conpartment and the second waveform elenent is the second potenti al

di f f er encedropfeeniisarareninal hasds etipet adigchargehdghptethamt tehe ifgudst
predeterm ned tenperature, the difference between the first and second

potential oghiferencesd s rdeceraspte, Q 1ot hesibandor Whettedivig,onment al
tenperature is lower than the second predeterm ned tenperature, the

di ff erenceaﬁét &@&5‘1'%{1%5%%& gggaﬂgaé@%dc Rotentigl di fEesencasds

i ncreased. nce, i'S pos e to appropriately correct the drop speed
and the drog olunme with respect to tenperature changes. Thus, it is
possi bl® t8 Wﬂ%?ove image quality. Additionally, with the inmage recording
apparatus 25 according to the present invention, when it is assuned that
VO 2004/ 007205 PCT/ JBB0GSFOE70%2 2RaP 1 e thot8Rt NEFI FPHHUIEE bet ween t he

first waveformel enment at the beginning of the expansion of the volunme of
t he according to the present invention, when it is assumed that

the potential difference between the first waveform element at
the beginning of the expansion of the volume of the

10 pressurizing compartment and the second waveform is the first |
potential difference, and the pofential difference between the
third waveform element at the end‘of the contraction of the
volume of the pressurizing compartmenf and the second waveform.
element is the second potential difference, if environmental

15 temperature is higher than the first predetermined temperature,
the difference between the first and second potential
differences is decreased. On the other hand, -when
environmental temperature is lower than the second
predetermined temperéture, the difference between the first

20 and second potential differences is inc;eased. Hence, it is
possible to appropriatelf correct the drop speed and thé drop
volume with respecf to temperature changes. Thus, it is
possible to improve image quality.

Additionally, with the image recording apparatus

25 according to the present invention, when it is assumed that



pressurizing conpartnent and the second waveformis the first potenti al
difference, and the potential difference between the 5 third waveform

el enent awotzaev@mzdsof the contraction of the .volune ofPCrhezqsesser i zi ng
conpartment and the second waveform elenent is the second potenti al
difference, if environmental tenperature is higher than the first
predeterm ned tenperature, the differempe- between the first and second
potential 10 differences is decreased. On the other hand, when

envi ronmentdle rerpgatandr é1fferengs hataieenhshsefbhgt wiadereayr gilpegnt at
tenperature, the difference between the first and second potenti al

di f f er encestlies Hegdnedsgdof Hene esxpandisn pdsshbl eolwneapd dpre atel y correct
the drop speed and the drop 15 volune with respect to tenperature changes.
Thus, it i Sordaessibhagt BohpRFavent RGP tidakbbynd Therd¥RSeAls tA¥eRLEon i S
not limted to the specifically disclosed enbodi nents, and variations and
nodi ficati ek 1t ho I SCORE t

present in ent&{}(@f[{a Qvﬁggggﬁ O%é;?(%n%ect?%%%gg%}%%%%%iﬁ4o CL%TelF/quégrll.Eie head.
control Ler far _contrallin ressure . .creatin ans for cantracti and
expandi ﬁg at%(ﬁﬁ@%?oﬁmSg]p%%%%Braltzitﬁlf 5"8%8& Rt CEOMATHTCA P%g#’aﬁgth a
nozzl e of a _droplet discharging head, conprising: _ drive waveform
gener at i ng-¥AE&HS Pér tBEt BEetF Wl 2Nt GorRapimeBt tFrd thicISGFesdatareset™a

first waveform el ement :
element is the second potential difference, 1f environmental

temperature 1s higher than the first predetermined temperature,
the differehce between the first and second potential |
10 differences is decreased. On the other hand, when
environmental temperature is lower than the second
predetermined temperature, the difference between the first
and second potential differences is increased. Hence, it is
possible to appropriately correctvthe drop speed and the drop
15 volume with respect to temperature changes. Thus, it is
possible to improve image quality.
The present invention is not limited to the
specifically disclosed embodiments, and variations and

modifications may be made without departing from the scope of

20 the present invention.



for expanding the volunme of said pressurizing conpartnent, a 10 second
waveform el enent for maintaining an expanded state of the volune of said
pr essuri zwogoecomwpast nent caused by the first wavef or m elcamento3/oenek a t hird
waveform el enent for contracting the volune of said pressurizing
conpartment in the expanded state so that droplets are discharged from said
15 pressurizing conpartnent; and neans f4@r decreasing a difference between
first and second potential differences when environnental tenperature is
hi gher than a first predeterm ned temf@®dtSre and increasing’ the

di fference between the first and second potential 20 differences when the
environnental tenperature is |lower than a second predeterm ned
tenperature, the first potential difference being a potential di fference

between the first wayefgQripel emBit-oat el-hecPegiividg iefy expassten of the
vol une of said pressurizing conpartnment and the secong.waveforn125

I t dth

20041 007205 BET TRo00% D0TH6 T B Des e TRELaeh et Re” P12 viwef or m
I t at th do t t f th | f d

Conpar { onE ARE AL cEOTRE WSO FATBBREHL b 2. Prite "HERUCQOR(T of | or as

clainmed in claiml1, wherein the drive waveform generating neans generates
and out putdsopleii désARIEd RN AR nGOFRELF RS} potential difference

greater than the second potential difference and varies a potential of the
first wavef orm el emendriace oradiefgrinogenerating means for outputting a

drive pulse that includes at least a first waveform element
for expanding the volume of said pressurizing compartment, a

i0 second waveform element for maintaining an expanded state of
the volume of said pressurizing compartment caused by the
first waveform element, and a third waveform element for
contracting the volume of said pressurizing compartment in the
expanded state so that droplets are discharged from said

15 pressurizing compartment; and

means for decreasing a difference between first and

second potential differences when environmental temperature is
higher than a first predeﬁermined temperature and increasing
the differenée between the first and second potential

20 differences when the environmental temperature is lower than a
second predetefmined temperature, the first potential
difference being a potential difference between the first
waveform element at the beginning of expansion of the volume
of said pressurizing compartment and the second waveform

25 element, and the second potential difference being a potential



10 environnmental tenperature. 3. The head controller as clainmed in claim1,
wherein the drive waveform generating neans generates and outputs a drive
wavef or mwevoegporiee second potential 15 difference greatem/Jrbmsoeioe fir st
potential difference and varies a potential of the third waveform el enent
according to environnental tenperature. 4. An inkjet recording apparatus,
conprising: 20 a droplet discharging heag-for discharging ink drops and
havi ng a pressurizing conpartnent; drive waveform generati ng neans for

out put t i ngdaffeirénae metseenhibei Heltdewnvatoraastenortrat e emer fifel enent
for expanding a volune of said pressurizing conpartnent of the 25 dropl et
di schar gi ngotrestst s edonteway efios m £l senenpress u 200 4 @E20Fent and

PCT/ JP2003/ 007992 -42 maintai ning an expanded state of the volune of said

pressuri zi fge COUMHI RRR roamsetdehint he first waveformel enent, and a third
waveform el enent for contracting the volunme of said pressurizing

conpartnent in the expanded state so that 5 ink drops are discharged from
sai d pressurizing conpartnent; tenperature detecting neans for detecting

enviro ntal tenperature; and. nmeans for _decreasin di f-ference between
first and second po?en#ﬁglﬁ%ﬁqf%ﬁééﬁﬂg SWhéR %ﬁ%”%%%?ybﬁﬁgﬁ al’10

tenperature is higher than a first predeterm ned ten&erature agq
i ncreasi ngWhRES i fEET SHEF SHERVRENTT HEEH I NN BISEBE oGRS Tates an

outputs a drive waveform having the first potential difference
greater than the second potential difference and varies a
potential of the first waveform element according to

10 environmental temperature.

3. The head controller as claimed in claim 1,
wherein the drive waveform generating means generates and
outputs a drive waveform having the second potential

15 difference greater than the first potential difference and
varies a potential of the third waveform element according to

environmental temperature.

4. An inkjet recording appafatus, comprising:
20 a droplet discharging head for discharging ink drops
and having a pressurizing compartment;
drive waveformvgenerating means for outputting a
drive pulse that includes at least a first waveform element
for expanding a volume of said pressurizing compartment of the

25 droplet discharging héad, a second waveform element for



potential differences when the environnental tenperature is |ower than a
second predeterm ned tenperature, the first potential difference being a
pot ent i alwoizbé4«002wse bet ween the 15 first wavef orm el eneat/JaLoosherotegi nni ng
of expansion of the volune of said pressurizing conpartnent and the second
waveform el enment, and the second potential difference being a potential

di fference. between the third wavef ormebenment at the end of contraction
of the volunme of said pressurizing 20 'conpartnment and the second waveform
el ement. SmaTheaimkietanr eswedided appbe aelistlhes velargeafi A21€1 ai m 4, wherein
a drive waveformhaving the first potential difference greater than the
second pot pptsabriifierenparitsncit genssdtind Hred Huspuvavehorma gplomentti, al  of
the first waveform WO 2004/ 007205 PCT/JP2003/ 007992 -43 elenent is varied

accordi ng tQqat heremvd RAENal ot BRBRE at &l ezonthractiag Akketol@edrad ng
apparatus as clainmed in claim4, wherein a drive waveform having the

second pot ggg&g]lﬁrésﬂ%i{] fn%};%gmggmsﬁtr%fn%};&%héﬂa&%dpe‘cseéi@A i erence

is genera do pot enti € third waveform elenent is

vari ed accordi to the environnental te rature. .7._An | aor di ng
apparai%s,lEgngg?E?rﬁfe SEargste rﬂ?s%%%f&?ﬁﬁﬁ%é&éngrC%lgcﬁafgﬁﬁg
droplets and having a pressurizing conpartnent; drive waveform generating
means for out putting ETPEEAFETBUIREEEHAIT MFERSdEST ateFRAS ™A first wavef orm

el ement for expanding a volunme of said pressurizing conpartnent of the
environmental temperature; and

means for decreasing a difference between first and

second potential diffe;ences when the environmental

10 temperature is higher than a first predetermined temperature
and increasing the difference bétween the first and second
potential differences when the environmental temperature is
lower than a second predetermined temperature, the first
potential difference being a potential difference between the

i5 first waveform element at the beginning of expansion of the
volﬁme of said pressurizing compartment and the second
waveform element, and the second potential difference being a
potential difference between the third waveform e;ement at the
end of contraction of the volume of said pressurizing

20  compartment and the second waveform element.

5. The inkjet recording apparatus as claimed in
claim 4, wherein a drive waveform having the first potential
difference greater than the second potential difference is

25 generated and output, and a potential of the first waveform



15 dropl et discharging head, a second waveform el enent for rmaintaining an
expanded state of the volune of said pressurizing conpartnent caused by

t he firstwoavefwrosel enent, and a third wavef orm el eme®CTI®2006/06T992ACt | NQ
the vol une of said pressurizing conpartnment in the expanded state so that
20 droplets are discharged fromsaid pressurizing conpartnment; tenperature
detecting neans for detecting environmental tenperature; and neans for
decreasing a difference between first and second potential differences
when the emliementrehs atarbed anverdingetpsthe gheringimengati ESTPPFREBi%®r ni ned
t enperature WO 2004/ 007205 PCT/JP2003/ 007992 -44 and increasing the
difference between the first and second potential differences when the
environnmental tenperature is |ower than a second predeterm ned

tenperature, the firsg, uj@fét@;ﬂkirjéi; difbedansadriragus pot eémdimdd didf f erence
between the 5 first waveform elenent at the begi nning of expansion of the

vol une of $ai.d,PRessHLIZiNg, COMA LaBEE.ANhINsSasand chmyehor el aent

and t he second poten ference being a potential difference between
the third wagveformel enent at .the_ _.end.of contraction.of_th ojunme of said
pressur?ziﬁﬁffﬁrgaﬁ%a?¥?ﬁﬁﬁreﬁﬂfntﬁ@esgéﬁﬁa:%%Vgﬁgfﬁielgﬁg% Sc%.i#he i mage
recordi ng apparatus as clainmed in claim 7, wherein aﬁg[ive maygforn1having

the first Gsresetaf awifPerifoe agdest BPLEREIAL T S&GOAGLpEt BRYFET™

difference is 15 generated and output, and a potential of the first
waveform element is varied according to the envirommental temperature.

7. An. image recording apparatus, comprising:
10 a droplet discharging head for discharging droplets
and having a pressurizing compartment;
drive waveform generating means for outputting a
drive pulse that includes at least a first waveform element
for expanding a volume of said pressurizing compartment of the
15 droplet discharging head, a second waveform element for
maintaining an expanded state of the volume of said
pressurizing compartment caused by the first waveform element,
and a third waveform element for éontracting the volume of
said pressurizing‘compartment in the expanded state so that
20 droplets are discharged from said pressurizing compartment;
temperature detecting means for detecting
environmental temperature; and
means for decreasing a difference between first and
second potential diffefences when the gnvironmental

25 temperature is higher than a first predetermined temperature



elenent is varied according to the environnental tenperature. 9. The image
recordi ng apparatus as clained in claim7, wherein a drive wavef orm havi ng
t he secorwopotsmrieoal 20 difference greater than the fipet/Jpatoent7iosd
difference is generated and output, and a potential of the third waveform
el enment is varied according to the environnmental tenperature.

44—

and increasing the difference between the first and second
potential differences when the environmental temperature is
lower than a second bredetermined temperature, the first
potential difference bging a potential difference between the

5 first waveform element at the beginning of expansion of the
volume of said pressurizing compartﬁent and the second
waveform element, and the second potential difference being a
potential difference between the third waveform element at the
end of contraction of the volume of said pressurizing

10 compaftment and the second waveform element.

8. The image recording apparatus as claimed in claim
7, wherein a drive waveform having the first potential
difference greater than the second potential difference is
15 generated and output, and a potentia; of the first waveform

element is varied according to the environmental temperature.

9. The image recording apparatus as claimed in claim
7, wherein a drive waveform having the second potential
20 difference greater than the first potential difference is
generated and output, and a potential of the third waveform

element is varied according to the environmental temperature.



