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WD 2004/ 085161 PCT/ JP2004/ 003919 -1 DESCRI PTI ON
RECORDI NG HEAD, CARRI AGE AND | MAGE FORM NG APPARATUS
WG 200EGNbCAL FI ELD The present invention generBCT/§P2004/003919
relates to recording heads, carriages and inage
form ng apparatuses, and nore particularly to a
recording head for ejectinglfluid such as ink, a
carriage having at |east jgagprgeeph¢i ng head, and an 10
i mage form ng apparat us ﬁEV|ng at | east one carri age.
An ink-jet recording apparatus is used as an i nmage
form ng apparatus for printers, facsimle apparatuses,
copyin appar at uses lotters and the |ike. The
ke [FACORCSRd HAAD, (MR TR D JPBGEBRRAT IR ARPARATUS
i nk-jet recording head which 15 includes an ink flow
passage and a pressure converting neans for applying
pressure on the ink by varying the pressure wthin
TECRINLGRLf FoBLIpassage. The ink fl ow passage is al so
often referred to as an ink ejecting chanber, a

pressure chanpedsers ﬁrrﬁ@%%&gna%ﬁﬁéﬁéjl Bﬁlﬁ:&%&e&o_ an.
i nk chanber or the 20 |like. BACKGROUND ART There is a

Hwn: hoknd &l F eeanding hegd wii oo i
elect%ogneéﬁ%%iS%ﬁrcg%%grs?on!@%gnent, gﬁg%ngrgtEEes’ and
Lezoelectric elenent, as_the pressure canvertin .
Fissn 8 bF W20 b g5 FE T OBET PATTA GURGHE CLipg Llutd such
var.i ably applying _pressure on the ink within the ink
8ShadRer @ carriage having at least one recording head, and an

image forming apparatus having at least one carriage.

An ink-jet recording épparatus is used as an image
forming apparatus for printers, facsimile apparatuses, copying
apparatuses, plotters and the like. The ink-jet reéording
apparatus is provided with an ink-jet recording head which
includes an ink flow passage and a pressure converting means
for applying pressure on the ink by varying the pressure
within the ink flow passage. The ink flow passage is also
often referred to as an ink ejecting chamber, a pressure
chamber, a pressure-applied ink chamber, an ink chamber or the

like.

BACKGROUND ART

There is a known ink-jet recording head which uses
an electro-mechanical conversion element, such as a

piezoelectric element, as the pressure converting means for
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Aresiliently deformable vibration plate, which forns
a wall of the ink chanber, is defornmed by a driving
wore@n®ssiby use of the pressure converting nmeaPGT/JER004483919
to eject an ink drop by 5 varying the vol une and/ or
pressure within the ink chanber. The so-call ed
pi ezoel ectric type ink-jet-Zecording head corresponds
a head., Far_.exa

such an_ink-j et di le.
“S843HED. Bl Bl S SERE0.A0 D EH DR, cranves.
S L AN TR

pi ezoel ectric type ink-jet recording head, by

ofetbfr il ¢hprmeass, is dafozred iGa Hiiyimgcmesss, by use of
sectional view show ng the piezoelectric type ink-jet
thecprdsagrdeathweut- iabonganas) ofgidsidinaljeditr aat inkh @fo@ by
pressure-applied i nk chanber, that is, along a

veiehesyi Oe Sl RS RRAGbeUbAEsSOra Wit BG ke KAXWBh&tber.
nozzles are arranged. FIG 2 is a cross sectiona

THECWoSAOM ﬁi'%%o%!l%é@?k@“c L& iﬁ}é’—gfeﬂ %‘cjot%'égi{aﬁgﬂégéng

head cut along a direction er pendi cul ar

| ongi Lhal direction of .the pressure- applied_ ink
R AT e SR g BRA TR Foghr ch PReSiaple,
nozzl es are arranged. The ink-jet recording head shown
IFRaRPES, TATGPeR TRREPEGABP IFH IOt e 0SG84t PRoRDSeS
211 and a nozzle plate 218 which are connected. A

spEBss uptezppladdicnkypRabblr ] sreaandimocheed-to a

nozzl e 213 which ejects the ink drop. A 25 common i nk
chanber 218 degiplipgdohheilhkbé ogiten priesser ei¥ébelectric
2004/ 085161 PCT/ JP2004/ 003919 -3 applied ink chamber
t3péd VhR-PetCORRGIAG RA&H, 28 . rdferring to FIGS. 1 and 2.
FIG. 1 is a cross sectional view showing the piezoelectric
type ink-jet recording head cut along a longitudinal direction
of a pressure-applied ink chamber, that is, along a direction
perpendicular to a direction in which nozzles are arranged.
FIG. 2 is a cross sectional view showing the piezoelectric
type ink-jet recording head cut along a direction
perpendicular to the longitudinal direction of the pressure-
applied ink chamber, that is along the direction in which the
nozzles are arranged.

The ink-jet recording head shown in FIGS. 1 and 2

includes‘an ink chamber substrate 211 and a nozzle plate 218
which are connected. A pressure-applied ink chamber 214

communicates to a nozzle 213 which ejects the ink drop. A

common ink chamber 219 supplies the ink to the pressure-
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pi ezoel ectric element 217 is provided on a base
substrate 212, on the outer side of a vibration plate

wWQ1i®4mkileh forns a portion of a wall of the PCT/JP2004/003919

pressure-applied i nk chanber 214. 5 The vibration
pl ate 216 undergoes resilient deformation as the
pi ezoel ectric element 217-3s- defornmed. In order to

Lci,ent]y .conver di.spl acenent, of the

BPasSar i I IR o o ehatiee 370t e

ressure- applied ink chanber 214, the rigidity of the
P@FBP%\#%W RETER228 i 35 ¥ eldSA QFalE Besehaibstrate 212,
of other surfaces form ng the pressure-applied ink
cghahberuan. side stther vibrasion helato@ilé ahd¢ehofothe a
vibration plate 216 is normally larger than that of
rbineion hef swdldcesd fthenpngspiessipe-iapplinedchakber 214.
chanmber 214. In addition, the conmon ink chanber 219

is 15 connfﬁéeﬂiﬁﬂ&t@6niﬁkaténiléfuﬂdé¥aa@%)me_ﬂgiént

support nmenber 221 is provided between the In

a6 RapRer i Sithad rtgffe:%%%ogﬁigcﬁﬁfc SSher ug;%f qLey2de e 1

pi ezoel ectric I's deforme appryrng a
e to-the pi.ezoel ectric el enent 21% froma 20

O%@%%?%% ecffrlcculietrpc(lﬁ of Ogﬁ%ﬁfw)a} ‘%Dsﬁaﬁﬁ“?&‘ PheR%brati on
Elate 216 so as to increase or decrease the volune of
PLRECDI RS e S lePst e dnFAKE CHMRS CRERIS\RENThG coXRR TS~

of the pressure- applied ink chamber 214 increases,
appeiedit Ernathaykessdié, othe thiegistidgs wfe thpprikdatidn plate

chanmber 214 decreases, and the ink 25 fromthe commpn

21 Aiki g heoumer] 131 $riad 1 senpphaedtHat tdfe dthegsyuerd¥ds forming

2004/ 085161 PCT/ JP2004/ 003919 -4 applied ink chanmber
tRd4pwésihe-gnedt A8 BdMhbe2®14. In other words, the
compliance of the vibration plate 216 is normally larger than
that of the other surfaces forming pressure-applied ink
chamber 214. In addition, the common ink chamber 219 is
connected to an ink tank (not shown), and a support member 221
is provided between the ink chamber substrate 211 and the base
substrate 212.

The piezoelectric element 217 is deformed by
applying a voltage to the piezoelectric element 217 from a -
driving circuit (not shown), to displace the vibration plate
216 so as to increase or decrease the volume of the pressure-
applied ink chamber 214. When the volume of the pressure—
applied ink chamber 214 increases, the internal pressure of

the pressure-applied ink chamber 214 decreases, and the ink

from the common ink chamber 219 is supplied to the pressure-



Thereafter, the piezoelectric elenment 217 is driven

so as to increase the internal pressure of the
w@e@gmssier applied i nk chanmber 214. In ot her wWeeT$P2004/003919

when the 5 piezoelectric elenent 217 is driven so as

to decrease-the volune of the pressure-applied ink

chanber 214, the internal —%nessure of the

214 S, t he
PRits 2?’32?%%3??%%4%%%‘8?% PRS2 an
ink d 2 k 222 dheres on a recordlng
e um 50 {RETOSHEtH) ‘o RLAEOBABENT LG o RuEsg 4 16 ariven

i mage or the Ilke on t he recordlng medi um The

SOnRS] EP 1REEHPWH I Nreddtrapalseresapmemtal dtisePrechane—
the piezoelectric elenment for the pressure converting
appansdf bnk cehailvry t23d.i nEnt other ejeacdwd whenchhas a
thermal 15 actuator, a shape nmenory all oy actuator and

5 pdezebkettobt adlaneractdt 0k. dffieet e M wClMak-8hse the
utilizes a phase change caused by filmboiling of the

vionkmBY o HStING #¥e ShareRbpMIEG N GRMMeIliss 1 %ﬁ%CtEhg'iﬂternal

into heat, such as a heatlng resi stor. The Shape

A o, s i e

tenperat ure h ange T'8et 765
use el ectrostatic When eject| the_ink drop
anoﬁP?h% $rﬁ§J%ﬁecq%igﬁﬁpnﬁhﬁé%ﬂFggaé@ggFPbEBeaBBV% of an
it is necessary to increase the pressure of the
1pke S0P e2ppl i EtE il EHaRDEEZ 3FhemkR tdroR, resorféng medium
generated pressure not only causes the ink to be

10 (ep&csrayn WG RI040D8EDEY, PCH/ IR2Q0H/0039Ege oF bhe 1kke on
al so applied to the common ink chanber. However, when

the recording medium.

The ink-jet recording head may use elements other
than the piezoelectric element for the pressure converting
means for causing the ink to be ejected, such as a thermal

15 actuator, a shape memory alloy actuator and an electrostatic
actuator. The thermal actuator utilizes a phase change caused
by film boiling of the ink by using an element which converts
electricity into heat, such as a heating resistor. The shape
memory alloy actuator uses é metal phase change caused by

20 temperature change. The electrostatic actuator uses
electrostatic force.

When ejecting the ink drop from the ink-jet
recording head as described above, it is necessary to increase
the pressure of the pressure-applied ink chamber. In addition,

25 the generated pressure not only causes the ink to be ejected,
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the pressure applied to the common ink chanber is
again applied to the pressure-applied i nk chanber,

wao b@4psassure of the pressure-applied i nk chardEIP2004/003919

varies. 5 Particular in the case of the ink-jet
recording head having a | arge nunber of nozzles, the
pressure change at the tiT™ of a nulti-channel drive

pus karge S {rut wal i nterference)

of tﬁe iﬁiaﬁﬁgﬁsgfi%lthhg&ﬁﬂggdﬁg%égl r?ﬁden%?W%Ye¥Tm¥hen
iLb ' t iving 10 frequency of the .

t%%c%?%%%%k thghﬁ%f'gﬁeggfoﬁo O 3t ¢ Ret&b§Iatn
dﬁéeriorat the picture quality of the recorded

Pragsd Th IS SESYpPedRRt LethelHr shicameas s shPapeessite of

the resonance frequency, it is necessary to increase
thRePpr ey iR @PPris edaipknghafibécienciesof the comon i nk
chanber. Generally, this is achieved by setting the

vol une of Rantﬂnmhmmnihnkhehamﬁéﬁoﬂ(thaiih&LgétVEé&ording
| arge value. On the other hand, a Japanese Laid- Open

hPatieldviAppld Qatrigennieb6r 194030 NIeRPOses APQLLE a!lﬁ;%
whi ch provides a plurality of danper chaﬁbers %Fﬁ%e at

thbeciik Q0 charber capdyheycqmmn. hok chagber ._so as

to absorb a pressure change wt e’in
additi Lth h-for a dif ent._purpose, a
r%g%anesée @%t&géogﬁggg%ﬁnﬁpﬁ%%eoﬁn%o?g%%@ﬁS%%fS the
grqﬁﬁies a met hod gf ﬁrovjding a plurality of danper
TERAAIGS THSANPRCEnCS sthe kv R AP B3 5hes f Flaen dbieringk
tank to the ink-jet recordi ng WO 2004/ 085161
Creerm0 4/ $089r9cordingadhe nindr édect bombsordf fected

change in the ink supply pressure.
thereby to deteriorate the picture quality of the recorded

image.

In order to prevent the problem associated with the
resonance frequency, it is necessary to increase the pressure
damping efficiéncy of the common ink chamber. Generally, thisv
is achieved by setting the volume of the common ink chamber to
a relatively large value. On the other hand, a Japanese Laid-
Open Patent Application No.6-191030 proposes another method
which provides a plurality of damper chambers between the ink
chamber and the common ink chamber, so as to absorb a pressure
change within the ink chamber.

In addition, although for a different purpose, a
Japanese Laid-Open Patent Application No.2000-158668 pProposes
a method of providing a plurality of damper chambers within an

ink supply passage from the ink tank to the ink-jet recording



In other words, the danper chanbers are provided to
reduce the pressure change when supplying the ink

w0 p@asdiel out si de to the conmon ink chanber oPCT/iE2004/003919
i nk-jet recording head. 5 However, since the danper
chanber is provided for each individual ink chanber
of the ink-jet recording kh&®ad according to the

Japanese Lai d-Open Patent lication No,6- 191030, it
hREBG £ AT 15 CUPPFES BnERS gt Tna ki GEPLY Bessure.
the danper chanber, and it is difficult to effectively
Tapebher 1Pt (esSareerFapapes e PFevitpdctarge@ice the
the ink-jet recording head becones conpl ex, thereby
pregaire nghangsombleax suppoding i tre pirde dsomt thpr odtuiséd¢ heo the
i nk-jet recording head. Recently, the trend is for

cbion uibler clafmeaz zifeshef ihhejdtkredidihgcaedung head

to increase in order to cope with the 15 denmands for

5 high- speedydiRGRITI REncBUEhE NGadbd M CiH MRS R 9@0§§evia@d for
t he Japanese Lalé-Cpen Pat ent plication No.b-191030

' ' far ' [ t:hi,s strend. .1 he
B R N L
t he Japanese  Lai d- Open Pat ent | ication . 2000- 20
25BEEE At LHEDErSALr o OBE HE St SR 5 a0 - 6-
does not apsorb the pressure change of the conmon ink
18kaABer 1wnkeh difdicAk- fet spEEbrirtig yhegdurs ghevehgidity of
addition, the structure of the ink-jet recording head
thecdamgex oripimber,t hadeby isegidfiqg tatoopplfextively absorb
production process to produce the ink-jet 25

10 thecpréssgrdeadurite2004£08006 1siBQdt1R22004/ 8A3910k-3dt

DI SCLOSURE OF THE | NVENTI ON
recording head becomes complex, thereby requiring a complex
production process to produce the ink-jet recording head.
Recently, the trend is for the number of nozzles of the ink-
jet recording head to increase in order to cope with the
15 demands for high-speed recording, but the structure proposed
in the Japanese Laid-Open Patent Application No.6-191030 is
unsuited for application to this trend.
On the other hand, the ink-jet recording head
proposed in the Japanese Laid-Open Patent Application No.2000-
20 158668 reduces the pulsation in the ink supply, and does not
absorb the pressure change of the common ink chamber when the
ink-jet fecording head is driven.. In addition, the structure
of the ink-jet recording head becomes complex, thereby

requiring a complex production process to produce the ink-jet

25 recording head.
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It is a general object of the present invention to

provi de a recording head, carriage and i mage form ng
w@ppansties, in which the problenms described abOwaEP2a04003919

suppressed. 5 A nore specific object of the present

invention is to provide a recording head, a carriage

and an image formng appatiatus, which can realize a
| recording, by efficiently

2 chand® of a common chanber while

redu0|ng a resonance of the comon 10 chanber. -Stil

anot her objects & IemeTplesthect mknticopresens iprentien to
a recording head conprising a plurality of nozzles for
pepetteng actbuilthg chaedyr aldatryiagk pndssmegeappimeny apparatus,
chanbers arranged in a predeterm ned direction and
i6aghien i et Rghs1 Bevtthbad Casdes paRd isrm?; peaesefi. the
nozzl es; and a common chanber having a plurality of

wal | surfagqﬁoﬁgugﬁgyyb gURBLete 5¥”ﬁﬂé/pﬂé§%ﬁ%lﬂh9eﬁﬁlon is
the pressure-applied chanbers, at Ieast one o

t\é’aé% ?H&é age%ecgarofl gaggon, o ar e Aang ! faog, forming

erm ne I'Técti on, hav essure a

surface 20 with a ri dlty r than thos f oth
=REPFAEYF { AEREThED 58%?&5%@&3?%1 3 F8agmee Lty

chang_, the pressure absorbing surface belng fornmed
rpgondpnas sy e Hisgepitay ARNDERT M\RIRS Sarenchangef of nd
t hi ckness. According to the recording head of the
cpmesenthamventwhan,e iredusipgsai bsortancsupdr éds aommon
resonance 25 frequency of the pressure absorbing
csumbage from decreasi ng WO 2004/ 085161

PCT/ JP2004/ 003919 -8 while maintaining the rigidity

of the pressiie ARRPR BYject of the present invention is to

provide a recording head comprising a plurality of nozzles for
ejecting a fluid; a plurality of pressure-applied chambers
arranged in a predetermined direction and each communicating
with a corresponding one of the nozzles; and a common chamber
having a plurality of wall surfaces and configured to supply
the fluid to the pressure-applied chambers, at least one of
the wall surfaces of the common chamber, along the
predetermined direction, having a pressure absorbing surface
with a rigidity lower than those of other wall surfaces and
configured to absorb a pressure change, the pressure absorbing
surface being formed by a pressure absorbing member having a
non-uniform thickness. According to the recording head of the
présent invention, it is possible to suppress a resonance

frequency of the pressure absorbing surface from decreasing
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surface, so that a driving frequency of the recording
head and the resonance frequency becones different
w@anw4msasebl e fluid- jet characteristic can bePCOIR0OMDH3919

even when the recording 5 head is driven at a high

speed. For this reason, it is possible to record an

i mge having a high pictuF@‘quaIity at a high speed.
whi fairhhes obiee o theidl v entian, LS, L0 1.1

provi de a recggéing hegé 6§§8$¢§#EEEEES?HF%I??ﬁp%)lng

12l S r epecti fluid; apluralit f
Spréczs“]'é%'r eg-éa)\ptrﬂallcce)g1 Jg%%%lggsf‘%‘?%%é’d olfﬁt epF%ﬁ%%%Wﬁ dggd and
¢ irection and _each conmunicating wth a corresponding
one" Bt Mt HE N GFAYERCE RIhTE enthapfng stable fluid-
plurality of wall surfaces and configured to supply
Ithechatad o stie preskerepiplcde ¢ vehanbensthanck@rding
plurality of 15 pressure converting nmeans for varying
hep@ sisurdgsi waint laitn at hegh psmessilr e Fapplthed ebasdher sit als

| east one of the wall surfaces of the common chanber,
pedDitgi ¢ he preedetenni NeghdliHR6HL08, hihAY D&t@:@&ﬁ?ﬁ%
absorbing surface with a rigidF?y Iogerbthan those g%at @

hodhespa] | surfaces and configured to absorb a 20
pressure change, the pressure absorbing surface being

formed b ure. absorbing nenber, having a
pIuralityﬁbguggﬁg?oégj?%&t &@%fgfgﬁ?nFib?Yﬁéﬁ%ﬂﬂ is to
Acc.o din% to the recqidin head of the fyesent

PRSI i0f SCPEIRI BT Hiwhrd SdhgpRreBsU Rt Hsh mfn@ezzles for

i nve
e_frequency of the pressure absorbing surface from

iPng198dwha | R1Wed littal wifngrersuregipttiedichhbers

pressure absorbi ng WO 2004/ 085161 PCT/ JP2004/ 003919
armgngedf doep poetheermimd viimgetlonuand yeadh tddgmunicating

recordi ng head and
with a corresponding one of the nozzles; a common chamber
having a plurality of wall surfaces and configured to supply
the fluid to the pressure-applied chambers; and a plurality of
pressure converting means for varying pressures within the
pressure-applied chambers, at least one of the wall surfaces
of the common chamber, along the predetermined direction,
having a pressure absorbing surface with a rigidity lower than
those of other wail surfaces and configured to absorb a
pressure change, the pressure absorbing surface being formed
by a pressure absorbing member having a plurality of portions
with different rigidities. According to the recording head of
the present invention, it is possible to suppress a resonance

frequency of the pressure absorbing surface from decreasing

while maintaining the rigidity of the pressure absorbing



t he resonance frequency becones different and a stable
fluid- jet characteristic can be obtai ned even when

wao b@4pogsaer ding head is driven at a hi gh speedPCFair2004/003919
this reason, it is 5 possible to record an i nage
having a high picture quality at a high speed.
Anot her object of the presént invention is to provide

a carriage conpris one of the recordi ng heads
HELEFPD et aie. 2 &lﬁ APf| HFaTeEReY i AgdGo C@&géagt%ead and
supply 10 the fluid to the recording head. According
the rREcBaRE? deeBienphbeprasendiffrmsnt emd it stgble fluid-
possible to record an image having a high picture
jgtrakchbyaateni$iigh cspedd. oBthihednotdrewicly ebe obcthding
present invention is to provide an imge form ng
nRpRanat usi compit S g gdnepetdt herdb #recprdagnheadsis
descri bed above; a fluid cartridge configured to

5  pIsRRbYe! b feéBthéhtﬂM%gEeﬁ%5gh 8% headh Ardde allty at a
cartrldge accommodating the recording head angu

g%]g 8grtr|dge configured to nove in a nmain scan

didrecPTon” which. i s perpendi cular to the predeternined
di rection._Accordi (ghzo the i ma e forn1 par at us
of the preRBAPFHIRGEn OLi £0FsPTHoRat %D dfdt8n

i mage having a high picture quality at a high speed.
pROVdEeher CabfErge cTomrid sprasene Phvidir imarqrsiipg heads
provi de a recording head conprising a plurality of
deszziibsedf aboves mjkect ifigid thutdjdge ptanfdlgurngdoto supply
pressure-applied chanbers WO 2004/ 085161

10 HRET/1R28046 0039 1 corti ngr hanged Adcardimefleéieifienedrriage of

di rection and each comruni cati ng
the present invention, it is possible to record an image
having a high picture gquality at a high speed.
Still another object of the present invention is to
provide an image forming apparatus comprising one of the
15 recording heads described above; a fluid cartridge configured
to supply the fluid to the recording head; and a cartridge,
éccommodating the recording head and the fluid cartridge,
configured to move in a main scan direction which .is
perpendicular to the predetermined direction. According to
20 the image forming abparatus of the present invention, it is
possible to record an image having a high picture quality at a
high speed.
A further object of the present invention is to

prbvide a recording head comprising a plurality of nozzles for

25 ejecting a fluid; a plurality of pressure-applied chambers
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with a correspondi ng one of the nozzles; a common
chanber having a plurality of wall surfaces and

wae envitiogfused to supply the fluid to the PCT/JP2004/003919
pressure-applied chanbers; and a plurality of 5
pressure converting nmeans for varying pressures within
the pressure-applied chari€~s, at | east one of the

wal | surfaces of the.co n chanmber, al ong the : _
a5FBREELr i o TOFEEETSRSY. WaATg. B ARfpPRG s iPPaRRicating
Wwth arigidity |ower than those of other wal

ViR AceRrERTPESHIOgaredof othd stnar lespr es samecpychagnber

vi bration, the danping surface being formed by a
hprésgur eolwtsslditlyi og webbesunfaods parct icahifyghasdato supply
regi on where no danping surface is fornmed, such that

thBefdaldig iy baeesaxtendsifed charlergthaaboagplieality of
predeterm ned direction less than a total |ength of

ph-Bes R Ehanker mahaBdrb ey Predet ¢ftisaaddi (el he
15 According to the recording Head of the present

p%tnéggjtfégagplﬁlge%%h %!rgl, ea{ olggééjgntnet %%e %bg;\géﬁ.i t %Eerfaces

pres sorbing ' menber i hdepen

hape of the co n chanber, and contrgl resonance
oFr ERBETITGT PRI esSUPEd AHROIT e HFsAbERT ditection,
Consequently, the resonance frequency of the pressure
hagiagsdr AR N FhEl acgnwhih s pakEitded f Aeea Hgamh@ose of
frequency of the recording head, thereby making it
opbssi Wi El tourstaadsisl mnd cohfidhred-tjetebsloabaet pressure by
and realize a high picture quality even when the
viibeat dbmg teadiarpidy ¥anfate odirgh fotimedi by hr pguesaye
25 Anot her object of the present invention is to WO

283041 P83 L ThARZA0AL00391Dy naldl P x‘éégji@ﬁ AnERE" hd%%amping

I
conprising the recording head describ

surface is formed, such that the damping surface extends for a
length along the predetermined direction less than a total
length of the common chamber along the predetermined direction.
According to the recording head of the present invention, it

is possible to adjust the rigidity of the pressure absorbing
member independently of the shape of the common chamber, and
control a resonance frequency of the pressure absorbing member.
Consequently, the resonance frequency of the pressure

absorbing member can be separated from a driving frequency of
the recording head, thereby making it possible to stabilize

the fluid—jet characteristic and realize a high picture

quality even when the recording head is driven at a high
driving frequency.

Another object of the present invention is to



i mredi ately above; and a fluid cartridge configured to
supply the fluid to the recording head. According to
W b@4/08316i age of the present invention, it i SPEDSER0G/@®3919
to record an image 5 having a high picture quality at
a high speed. Still another object of the present
invention is to provide anlli—Hmge form ng apparat us
conpri sing the recording. head described i nmedi at el
e T A R Pag o8N g e % Bty ERELbed
fluid to_the recordi ng head;, and a cartridge, 10
igregiabak Y. HeP¥ee at“@célr é»lﬁgdheaertwq [erfiigiged to supply
cartrid configured to nove in a main scan
tdrier @dni ntQWﬁhﬁrﬁaﬁoq@emgehaadula@0¢qrdﬂng proe dbeercarneegge of
direction. According to the inmage form ng apparatus
thfe plrespnesanteritivent ianisi poksSib PO Merdrd BECOMEgAn
image having a high picture quality at a 15 high
5 heReed. afnigh theicl eeh19tyt Be priesantsddawention is to
provide a recording head conprising a plurality of
nozzles fo r
pressure a%%%?%gﬁkﬁﬂ%%zfé58§?r3ﬁge éﬁéé%#% nygpﬁ%ondls to
irection and each communi cat ) .
SR8 BN TP Drie T EPRE L3 US,; CORT L bR chgRBine
having a plurality of wall surfaces and confiqured to,
heAEpPRSCERRST i Gteng PPR¥Str®- bl cd TeRARBEr sonBkaured
| east one of the wall surfaces of the common chanber
teaviupgla theeMiils 40 dhesuetaredimaviaayt lkinck aperriohndge,
and thin portions. 25 According to the recording head
10  agicotthedpt es@nihd meewtriddng htad\dCHOFIBH cartridge,
PCT/ JP2004/ 003919 -12 is possible to effectively

HHPFREASSd aRNEl HRAA i PEeSSYESn direction which is

perpendicular to the predetermined direction. According to

the image forming apparatus of the present invention, it is

possible to record an image having a high picture quality at a
15 high speed.

A further object of the present invention is to
provide a recording head comprising a plurality of nozzles for
ejecting a fluid; a plurality of pressure-applied chambers
arranged in a predetermined direction and each communicating

20 with a corresponding one of the nozzles; and a common chamber
having a plurality of wall surfaces and configured to supply
the fluid to the pressure-applied chambers, at least one of
the wall surfaces of the common chamber having a free
vibration surface having thick portions and thin portions.

25 According to the recording head of the present invention, it
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change of the conmmon chanber, inprove the ink-jet
characteristic, and reduce both the size and cost of
wa b@4/085860r di ng head. 5 Anot her object of the PCESEN004/003919
invention is to provide a carriage conprising the
recordi ng head described imediately above; and a
fluid cartridge configuredige supply the fluid to the
.recording head.. According to the carri.age of the
1PrRIFHPIVENFTORCTIYS S PHREHIe 208 Fedr haP e
10 having a high picture quality at a high speed.
clsenge ofhdtifecopBpPecEhatbahe iFmasdst thavenkitetis to
provi de an i mage form ng apparatus conprising the
checaridhinigtilpgadndesedidedatrinadicattélzy abdveosta df dibg
cartridge configured to supply the fluid to the
réeseddinthdwend; and a cartridge, 15 accommodating the
recordi ng head and the fluid cartridge, configured to
move in a ARivheSCaR dif 66k 1k WHSER NS i nhenPeadi Sy
to the predeterm ned direction. According to the
i ma form paratus_of the . 1N i [t
oh P LI e P B B ety B TR RN PR S
,qual jty at 20 high speed, O her. objects, and rther
SR o rhOE prBdent LT ) cratar O FoBBiated it Sbply
fromthe following detailed description when read in
thenflitied iteh thiet Fechedhee dipthy | AFCodEaRpngs. ths cgyriage of
2004/ 085161 PCT/ JP2004/ 003919 -13 BRI EF DESCRI PTI ON
tF JHEHRAMNEBtion, it is possible to record an image

having a high picture quality at a high speed.

Still another object of the present invention is to
provide an image forming apparatus comprising the recording
head described immediately above; a fluid cartridge configured
to supply the fluid to the recording head; and a cartridge,
accommodating the recording head and the fluid cartridge,
configured to move in a main scan direction which is‘
berpendicular to the predetermined direction. According to
the image forming apparatus of the present iﬁvention, it is
possible to record an image having a high picture quality at a
high speed.

Other objects and further features of the present
inventién will be apparent from the following detailed
description when read in conjunction with the accompanying

drawings.
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FIG 1 is a cross sectional view show ng a
pi ezoel ectric type ink-jet recording head cut along a

wa@lreogmsiten perpendi cul ar to a direction i n whiPB€T/JP2004/003919

nozzles are 5 arranged; FIG 2 is a cross sectional
vi ew showi ng the piezoelectric type ink-jet recording
head cut along the directiBr in which the nozzles are
arranged; FIG 3 is a d| sasserrbl ed perspective view
BRfahi Pigp RLEIF N, O TREGIMVEENTS of a recordi ng head
accordl ng to the present invention; FIG 4 is a cross
sectional MAGwlsHEwWRngrene 3e¢qtsionadniydemshewEnd the
recordi ng head cut along a direction perpendicular to
pledbs battimiT itypshick-nek ztesomatimaheangedr 45okd G 5
is an inverted cross sectional view showng the first
depbee] sk e @feridieulae ot 8i Aneadt iet ial @Rgchhgozzles are
direction in which the nozzles are arranged; FIG 6 is
a?r&ﬂ]&’ S§; sectional view on an enlarged scale showing a
portion of a comon ink chanber cut along the 20
di rection ch the n Zz| es_are qar g 7. 1s
a plan vi eﬁé or expfaal Nl %g %e%crjeosnsaulr ejrl%g’bggb%ﬂ“g the
menber; FIG 8 is.,a_plan view for pl ai ni ng. anot her
pbeeeeh%et%&men@nﬂ%e%‘érrewqere heRrC Rt rhaRg the
sectional view on an enl arged WO 2004/ 085161
dpcFriPemour 008gio thejgoselge st dGNeRda common i nk
chanmber of a first conparison
FIG. 3 is a disassembled perspective view showing a

first embodiment of a recording head according to the present
invention;

FIG. 4 is a cross sectional view showing the first
embodiment of the recording head cut along a direction
perpendicular to a direction in which nozzles are arranged;

FIG. 5 is an inverted cross sectional view showing
the first embodiment of the recording head cut along the
direction in which the nozzles are arranged;

FIG. 6 is a cross sectional view on an enlarged
scale showing a portion of a common ink chamber cut along the
directioﬁ in which the nozzles are arranged;

FIG. 7 is a plan view for explaining a pressure
absorbiné member;

FIG. 8 is a plen view for explaining another
pressure absorbing member;

FIG. 9 i1s a cross sectional view on an enlarged



exanpl e cut along the direction in which nozzles are

arranged; FIG 10 is a diagramfor explaining a
wodwnmsiton node of a wall surface of the comuoPCT/IKR004/003919

chanmber when the 5 first conparison exanple is driven

at a driving frequency of 4 kHz; FIG 11-is a diagram

for explaining the vibrati-dda- node of the wall surface

of _the common i nk chanber when a second c¢onpari son .
SER&pP BOT S A Yy én SEITARGHR i ARt Gein@y EoFS 1 60%e B-son

kHz; FIG 12 is a_diagramfor explaining a_frequency
eghapaet et Aliandbfthe giasstien chrange df norelesnfbn Fhkanged;

chanber of the first conparison exanple; FIG 13 is a

di agram f ofI@xplQaiis =g daatreguénc yexdmichiacaet eibsétton

of a pressure change of the common ink chanber of the
modes b earbadi IMesiir fdfcet BE £BEOfsthitéh head chEnGerldhés the

di agram for explaining a Young's nodulus of the

5 fg S8 SUL @pféﬁrpléa&n%%b% éfgxlfﬁr&p%ﬁ%sl&ﬁvihﬁsfﬂé%gncy of 4

aracteristic of the common anmber of "t he

k%izr_st enbodi nent of the recording head; FIG 15 is a

pi/an vi ew showi ng a pressure absorbing nenber of a

first nodificatjion of the first enbodi nent of the, ,
recor di ng FEad Heddr & HgaP5RnEChr 1IRGe fffoNibration
FIG 16 is a diagramfor explaining a frequency 25

mokgr aEt ere stalsl cfurfasieess utge chan ok whapbriforhenka
chanmber WO 2004/ 085161 PCT/ JP2004/ 003919 -15 of the
skicoatl oudpd 1 icadn axaniplehésf drivterind meriviof fhequency of

10 16.8 kHz;

FIG. 12 is a diagram for explaining a frequency
characteristic of a pressure change of the common ink chamber
of the first comparison example;

FIG. 13 is a diagram for explaining a frequency

15 characteristic of a pressure change of the common ink chamber
of the first embodimenf of the recording head;

FIG. 14 is a diagram for explaining a Young's
modulus.of the pressure absorbing member and a pressure
resonance characteristic of the common ink chamber of the

20 first embodiment of the recording head;

FIG. 15 is a plan view showing a pressure absorbing
member of a first.modification of the first embodiment of the
recording head according to the present invention;

FIG. 16 is a diagram for explaining a frequency

25 characteristic of a pressure change of the common ink chamber



recording head; FIG 17 is a cross sectional view
showi ng a portion of a second nodification of the

wo peogmsanbodi ment of the 5 recordi ng head accordi/mpoe42003919
the present invention cut-along the direction
perpendicular to the direction in which the nozzles
are arranged; FIG 18 is algerspective view showi ng a

' | pent. of. . [ form.n ratus
e T EEt o R 3R, el Re L R ng o the
side view for explaining a portion of the inmage
ﬁ%ﬁ?ﬁgﬁaga %% atus shown in FIG 18; FIG 20 is a cross
sectional view showing a portion of a second .
embodi nent FHf- the ifedorcdirrg Reatiertbrdisw showiihg alportion
present invention cut along the direction
Perpendprd|radifd qaftd ondofethe ofii tst whitchiinezaz! es ane
arranged; FIG 21 is a cross sectional view show ng a

5 rpeootdong ldad heceecand esbeH: Brésdft tikeehe@eendbnd along
head cut along the direction in which the nozzles are

takr angediidd fdrBSendd chigad g55§§§QﬂE&§qj. rﬁﬂe%hkéﬁ the

vi ew showi ng~ the second enbodi nment of the recording

. j .cross sectional view on an enl arged
n?%g?gsséé%M%%}%fﬁggﬁnon i nk chanber of the second

nbodi ment the recording head cut along the
girgction ?#ngﬁégﬁstﬁep§§sﬁ SYHER HRY ShP¥Ageda ferst

2004/ 085161 PCTLJP2004/OO3919 -16 FIG 24 ig an
SPROELPRRE o dEB@gRoAAFMINGVRRIRIWtNG according to the

10 present invention;

FIG. 19 is a side view for explaining a portion of
the image forming apparatus shown in FIG. 18;

FIG. 20 is a cross sectional view showing a portion
of a second embodiment of the recording head according to the

15 presenf invention cut along the direction perpendicular to the
direction in which nozzles are arranged;

FIG. 21 is a cross sectional view showing a portion
of the second embodiment of the recording head cut along the
direction in which the nozzles are arranged;

20 : FIG. 22 is a disassembled perspective view showing
the second embodiment of the recofding head;

FIG. 23 is a cross sectional view on an enlarged
scale showing a common ink chamber of the second embodiment of
the recording head cut along the direction in which the

25 nozzles are arranged;
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t he second enbodi nent of the recordi ng head cut al ong
aline AAin FIG 23; FIG 25 is a cross sectiona

woe@wostiom ng only a 5 portion including the PORIR204/003919

i nk chanber and an ink supply opening of the second
enbodi nent of the recording head, for explaining a
pressure absorbi ng nenber -1BFG 26 is a cross
sectional vjew.showing only a portion inc¢luding,the )
conmon inﬁ¥%§aﬁﬁeﬁsaﬁ Fﬂ¥g¥?ﬁdéﬁ%ﬁ¥yseféleﬁéhiﬁbe%fShOWlng
the first conparison exanple of the recording head, )
ther sespdi saagideptessuiee aprntsling headerut RPN A jlsine
a diagramfor explaining a frequency characteristic
heRh anprESsWt¥ change of the common ink chanber of the
second enbodi nent of the recording head; 15 FIG 28 is

a Cross sexta.ornd i awcsbow Hig-wi dridiStvicidhbiveali &fly a
of the second enbodi nent of the recording head cut

p\?ﬁ%@ﬂ&ntﬂ%ﬂdﬁ@t k9B REHRSH dmylcq{anﬁé%ﬂz gﬁ_ddgﬁeﬁk Ofyhy

ich the nozzl'es are arranged; Fl IS a cross

L on i e i N rtion_i,ncl udi
oPEAAGTAL SN IR BRdYe R S AR LER-LESL L, for
econd nodification of the second enbodi nent of the

a
eF@i%?H%%% heFESSHEE BRPPEPHAG issure absor bi ng

menber; FIG 30 is a perspective view showing a third
25 enbodi eHi- & tise ar e8I PRCHer ladderdphgvingt prely a
present WO 2004/ 085161 PCT/JP2004/003919 -17-
pomteot i omgluding the common ink chamber and the ink supply

opening of the first comparison example of the recording head,
for explaining a pressure absorbing member.

FIG. 27 is a diagram for explaining a frequency
characteristic of a pressure change of the common ink chamber
of the second embodiment of the recording head;

| FIG. 28 is a cross sectional view showing a first
modification of the second embodiment of the recording head
cut along the direction perpendicular to the direction in
which the nozzles are arranged;

FIG. 29 is a cross sectional view showing only a
portion including the common ink chamber and the ink supply
opening of a second modification of the second embodiment of
the recofding head, for explaining a pressure absorbing
member;

FIG. 30 is a perspective view showing a third

embodiment of the recording head according to the present
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FIG 31. is a cross sectional view showng the third
enbodi nent of the recording head cut along a line A-A

WO poobg3161 30; 5 FIG 32 is a cross sectional vPEIIP2004/003919

showi ng the third enbodi nent of the recordi ng head

cut along aline B-Bin FIG 30; FIG 33 is a

di sassenbl ed perspective wiléw showing the third
i‘ﬁ@%ﬂgkgﬁm of the recording head; 10 FIG 34 is a
perspective view showing a vibration plate shown in

FIG 33 Viﬁﬁﬁg %](rjo_m a bottomsurface thereof; FIG 35
is a disas | &d ‘pefs FECERVESGT B ahotiany shofiipgt the third
nodi fication of the third enbodi nent of the recording
cpbadinerbr of nghe Fadeedpneskand | awermlicny 213iBEG-B6in FIG.
a perspective view showng a vibration plate shown in
3PFG 35 viewed froma bottom surface thereof; FIG 37

is a disassenbl ed perspective view showi hg a second

modi fi cati prcof3d hies Ghickdsgnbegt 11 afi SNEHERSAE I third

head according to the present invention; 20 FIG 38 Is
efb td ' ale i ti | at e _shown, i
e et romra balradad 2 ¥ R Jrfe R ingrre.
hs a di sassenbl ed perspective view showing a third

nodi fication of the third enbodi ment of the recording
head according to . the present invention; 25 FIG 40 is

a per spect’ & vitewSsRofi AgS e Irh AP PROE 206 47 8% 18 1owing
PCT/ JP2004/ 003919 "-18 plate shown in FIG 39 viewed

the obBrdotingisgntaeé thereetording head;

FIG. 34 is a perspective view showing a Qibration
plate shown in FIG. 33 viewed from a bottom surface thereof;

FIG. 35 is a disassembled perspective view showing
a first modification of the third embodiment of the recording
head according to the present invention;

FIG. 36 is a perspective view showing a vibration
plate shown in FIG. 35 Viewed from a bottom surface thereof;

FIG. 37 is a disassembled perspective view showing
a second modification of the third embodiment of the recording
head according to the present invention;

FIG. 38 is a perspective view showing a vibratién
plate shown in FIG. 37 viewed from a bottom surface thereof;

FIG. 39 is a disassembled perspective view showing
a third modification of the third embodiment of the recording
head according to the present invention;

FIG. 40 is a perspective view showing a vibration
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FIG 41 is a side view for explaining a portion of a
third enbodi nent of the inmage form ng apparat us

w@emengilnyg to the present invention; and 5 FlECT/#2004003919

a plan view showi ng a portion of the imge form ng

apparatus shown in FIG 41. BEST MODE FOR CARRYI NG OUT
THE I NVENTION First, a desgrgption wll be given of a
first 10 enpbodi ment of a recording head according to

lpéeppbewnt in i fentI%oniengdr 6F@n ra mplitenFisesfage thereof;

through 5. FIG 3 is a disassenbled perspective view
showi ng t hFEG{ i4ktierbeddrenicwf fot hexpledoridiong heatijon of
and FIG 4 is a cross sectional view showing this

af ithsrdesioodimetit off tthe [eeg&dfdemiieaditradliengdcdSrading to
| ongi tudi nal direction of a pressure-applied ink

thRapbeLent t N@berltSigi;0Rgqa direction perpendicular to a
direction in which nozzles are arranged. FIG 5 is an

inverted c S Yol o) view showi.ng this first
enbodi rrentﬁg(?' t%f‘e%?gego%glgﬂg{’ﬁ%“éd&%%ﬁl gnéjotrl%on of the
.directi on.rﬁA-A in FlIG ﬁé i n,which nozzles 20 are
TEPPENGRET R IR F595s PhRWB ol netft- oLt he recording
head, the present invention is applied to an ink-jet
recordi ng head. The ink-jet recording head shown in
FIGS. 3 through 5 includes a flow passage form ng
BEGESHPRE eF QR {IARMYANGe OUT ST t IMEENTIONMiI ch i s nade of
single crystal silicon (Si), a 25 vibration plate 2
provi ded onisstowerdesidtfipeeonfwiiie ¥d ay\AR 3004/ 8686461
PCT/ JP2004/ 003919 -19 passage form ng substrate 1, a

chB3al Pt abe 23 ARHESY RBa@MNcAREMA WS 288 Bletdie:
fl ow passage form ng substrate 1, and a

invention, by referring to FIGS. 3 through 5. FIG. 3 is a

disassembled perspective view showing this first embodiment of
the recording head, and FIG. 4 is a cross sectional view
showing this first embodiment of the recording head cut along
a longitudinal direction of a pressure-applied ink chamber,
that is along a direction perpendicular to a direction in
which nozzles are arranged. FIG. 5 is an inverted cross
sectional view showing this first embodiment of the recording
head cut along the direction (A-A in FIG. 4) in which nozzles
are arranged. In this first embodiment of the recording head,
the present invention is applied to an ink-jet recording head.
The ink-jet recording head shown in FIGS. 3 through
5 includes a flow passage forming substrate (ink chamber
substrate) 1 which is made of single crystal silicon (Si), a

vibration plate 2 provided on a lower surface of the flow



frame menber 14 which will be described |ater. The

flow passage form ng substrate 1, the vibration plate
wQ?2o0tkgs10zzl e 5 plate 3 and the frane nmenber RAT/iRRM00M/003919

pressure-applied ink chanbers 6 and a common i nk

chanber 8. Each nozzle 5 which ejects an ink drop

comrmuni cates to one of the-pyessure-applied ink

chanbers 6 which forns a flow passage. The conmon i nk

RAFEAgEr TOTBURPI FESRES Ak Ponprelpreis & appriiegdi AR an

10 chanbers 6 via an ink supply passage (comuni cating

yrpretr) suriahe cht fiorerstlovf pewsagesiotraitge pirsttiretre A, and a
st acked piezoelectric elenment 12 is provided with

fespeabmbor eht hilpt«is surld- dppheedrivkd chamher Ghenfibe
outer surface side of the vibration plate 2, that is,

ﬁ{ésta%% $beiRidS Mé& 10 the PLesstH & %ﬁ@tlee@ | BKe nozzle
chanber 6, as a driving neans. The plezoelectrlc

5 SlREat .13 1§ #orm%%ee?:aiﬁ féﬁ?iﬁfea%sﬁ‘;%?’— pgl%ao‘iﬁk

portion, whic common 1'n

ther wwth the fl ow.pass formn bstrate
SEHPETPof Btri  CHETY de FERDRFE 1 | IrClidicvds, Satbich
i nk supply opening (comunication t ube 9, mhlch
SRS 88 LRE JFRP (SPERELCAERADRC PRC Harher DrepeyReraaplied
outside, is fornmed in the frane nenber 14. This ink
imwlwbpem pgilgicls Tomseet ddovopassdgek.  Slngplopmsonr tek
(not shown) such as an ink cartridge. 25 A flexible
dhamiveed 8csupplie RXg icable tBeiSraM3ROQOHAFTEGL ink
PCT/ JP2004/ 003919 -20 connected to the piezoelectric

10 dﬂdﬁ@%&%s6131QYa§C&ﬂk”édﬁ%lyAﬁgésQ@@d(éﬂhmﬂhlcatlng part) 7
wi re-bondi ng, for supplying driving signals'. The
which forms a flow .resistance portion.

A stacked piezoelectric element 12 is provided with
respect to each pressure-applied ink chamber 6 on the outer
surface side of the vibration plate 2, that is, on the side

15 opposite to the pressure-applied ink chamber 6, as a driving
means. The piezoelectric element 12 is fixed on a base
substrate 13.
A groove portiqn, which forms the common ink
chamber 8 together with the flow passage forming substrate 1,
20 is formed in the frame member 14. 1In addition, an ink supply
opening (communication tube) 9, which supplies the ink to the
common ihk chamber 8 from the outside, is formed in the frame
member 14. This ink supply opening 9 is connected to an ink

subply source (not shown) such as an ink cartridge.

25 A flexible printed circuit (FPC) cable 18 is



FPC cable 18 is provided wwth a driving circuit

(driver 1C) for selectively applying a driving
woerwehgrim t o each of the 5 piezoel ectric el enePtBIFA04/003919

Penetrating holes for form ng the pressure-applied

i nk chanbers 6 and the groove for formng the ink

supply passage 7 are formad-+4 n the fl ow passage

form ng substrate 1 by carrying out an ani sotropic

COPERFREIoFC aLRS mjIeFceipstalc abemgnticdr Sybseidesing, AFC

having a (110) crystal orientation, using an alkaline

bendhagt os e aPqrctiagsi ﬂnrhyu{pmjde; (KAHjingokaghahs. The

The vibration plate 2 is nade of a netal plate which

Firg tebpiredl ®yi=electwickor wiiol. a Echvitay diecdhit (driver IC)

corresponding to one of the pressure-applied-ink

f%&ageﬁéétﬁvéﬁy abpifanged Hpitheg nessd @R %eeéchoohay}%

di anet er of approximtely 10 pmto approxi mately 30

5 th&gglg@f Vi rati QR s phate 2 is. fixed on the flow

passage orn1ng substrate by an adhesive. The

pressure-a i.ed.i.nk chanber gorres ndi n a .
Posate 5a SRt ariny BRAESCRo e EREr Rl di Ple GHstanppLicd
of the 20 common_ink chanber 8 along a | ongitudina

igiky 6BETBATS Herddst thengyforve Ber u%@aﬂltr@ fr&emifke SPRRYE,

so as to use the nozzle 5a as a dummy nozzle for
pagstoen’t arejlapimed inbabbl ésovw Feasdage foyotingnerkbbzate 1
5a | ocated on the respective ends of the common ink
byhaakeyifg abongri kevilsongbpidi @achihg edt izorihbheeeatystal

may be 25 used as such dumry nozzles. WO 2004/ 085161 .
10 sPETEIR20044 003 Yaviddy Ehe1nor zd eyt @ 3 ¥ thenBdeing an

of a metal such as stainless steel and nickel (N|) a

di%gghﬂétéﬁghéﬁtzﬁdgﬂ:gg ﬁega581um hydroxide (KOH) solution.

The vibration plate 2 is made of a metal plate
which is formed by electroforming. Each nozzle 5
corresponding to one of the pressure-applied-ink chambers 6 is
15 formed in the nozzle plate 3 to have a diameter of
approximately 10 pm to approximately 30 um. The vibration
plate 2 is fixed on the flow passage forming substrate by an
adhesive. The pressure-applied ink chamber 6 corresponding to
a nozzle 5a shown in FIG. 5 which is located on one end of the
20 common ink chamber 8 along a longitudinal direction thereof,
may not be used to form the image, so as to use the nozzle 5a
as a dummy nozzle for suction to eject air bubbles. Further,
both nozzles 5a located on the respective ends of the common
ink chamber 8 along the longitudinal direction‘thereof, may be

25 used as such dummy nozzles.
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a resin such as polyimde resin film silicon, or a
conbi nation of such materials. A water repellent |ayer

w0 2008/08sasned on a nozzle surface of the nozzl eP@i/an20042003919

that is, the surface fromwhich the ink is ejected,

to ensure that the nozzle surface repels the ink. The

wat er repellent |layer may -Jdae forned on the nozzle
surface by a known nethod such as plati and coatlng
the water Fepel?zrite Pdpéee. 3AmaBaParitadm Olfgaf meralasygep as
bet ween a. peri phery of the nozzle plate 3 and the
straméesenbeecl Andrniicksdal(dnt , 20 edydfaiicn ofisaasedml and
adhesi ve. Wen a driving pul se voltage of

aappeoxi satkl ys HbIVWinideappe Oxi Al ysi8Q0 Mn,Sor a
selectively applied-to the 15 piezoelectric el enents

c%%b@ﬁa%h@n'@f 418th nReRrdLng. he;@%\@é@ ng etlh%n@b9¥§er is
descri bed structure, the piezoelectric e ement

e_dr It ge
f%gPaéédg"rP#%dedY%? Bne ?n’c%@%%ﬂhes%%&er? théﬁelSI the
zoel ctrl enent .12 are st and the

BrTrae: SEOBI G TE dbRothet o0 an o6 (riseit bREbr the

t he correspondln nozzle 5. As a result, the volune
?Zéspaerfv%frqn?é% sheedpbndi Fap pralssu rersppenedlayek may

chanber 6 changes to apply pressure on the ink within

beh&orpedssurehappidzde snkfehanbera eknennd mefidodnkudh ops

is ejected fromthe corresponding nozzle 5 to enable

pllBe ihgkah@t c@bt irer ahedi RgLeWOr200UI 85 Ger. A sealant 20
PCT/ JP2004/ 003919 -22 As the ink is ejected, the ink

FRAGSSHI §adi lgélwleérh% peﬁ_»%ﬁew 3Ppinethd A CPagber 36and the
decreaseés, and a sl
frame member 14. ThlS sealant 20 also functions as an
adhesive.

When a driving pulse voltage of approximately 20 V
to approxiﬁately 50 V is selectively applied-to the

piezoelectric elements 12 of the ink-jet recording head having

the above described structure, the piezoelectric element 12

which is applied with the driving pulse voltage is displaced

in a direction in which the layers of the piezoelectric
element 12 are stacked, and the vibration plate 2 is deformed
in a direction of the corresponding nozzle 5. As a result,
the volume or capacity of the corresponding pressure-applied
ink chaﬁber 6 changes to apply pressure on the ink within the
pressure-applied ink chamber 6, and the ink drop is ejected
from the corresponding nozzle 5 to enable the ink-jet

recording.
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negati ve pressure is generated within the
pressure-applied ink chanber 6 due to inertia of the
WO 408300 I n this state, the 5 vibration pl atBCRIP2004/003919
returns to its original position and the
pressure-applied ink chanber 6 returns to its origina
shape when the applicatiez2ef the driving pul se
vol tage to tht pi ezgel ectric element 12 is stopped,.
that is, v&%sene’i%el 7 RgSChefls et idg@resstgenedthin the
OFF, and as a result, the negative 10 pressure is
PERPEWER - YaErad d@kwrhATRSE he Grersanes, apphi edsinght
chanber 6. In this state, the ink is supplied to the
npgetsue errgiAined lisnkeohanbed i flriomthle prakssuppdpplied ink
opening 9 via the common ink chanber 8 and the ink

chappéy @adsage dnewhighof ofms idie filoaw resi 8488C&ate, the
portion. Hence, after the 15 vibration of an ink

viBRASLYS SHdace rakthe fozzle %iigslngﬁiwgggit?&q r%% the

stabilizes, the driving pul se vol tage applre

i ezoel.ect L 2 1.0 eject the ink d
PEBEG P SEOSISE 1, ShBIRL J2IR, SR LB UM BP9,

ena next |
he nozzl es .5 shown &ace upwards. 20 But _when

WhER RS PRE SR RE £k . TGh e Bebkangto the

redi um such as paper to carry out the ink-jet
PIRERRAF L FdempRk 42 obs i SFjnesh edthabr tcavhgn the driving

downwards in nost cases. Accordingly, in this
Peh$pdigdimrge tise thnkedr@pF mandias karkgube, eheaiahtive

vertically downwards in FIG 5 with respect to the 25
presond ng medither §eh@étrd15ecpaﬁeihin\ﬂﬁ&h§hﬁtéeétﬁ%‘5£§ﬁlti%@ ink

WO 2004/085161 PCT/JP2Q04/Q03919 - 23 orlzontal!y,
chii@feag .l Yithg t84E bberd NketLl i@ qQr di,pgr Ply the dmage.
pressure-applied ink chamber 6 from the ink supply opening 9
via the common ink chamber 8 and the ink supply passage 7
which forms the flow resistance portion. Hence, after the
vibration of an ink meniscus surface at the nozzle 5 is damped
and stabilizes, the driving pulse voltage is applied to the
piezoelectric element 12 to eject the ink drop to enable the
next ink-jet recording.

In FIGS. 3 and 4, the nozzles 5 shown face upwards.

But when actually ejecting the ink drop on the recording
medium such as paper to carry out the ink-jet recording, the
ink drop is ejected vertically downwards in most cases.
Accordingly, in this embodiment, the ink drop may similarly be

ejected vertically downwards in FIG. 5 with respect to the

recording medium, such as paper, which is transported



Next, a description will be given of a structure of
the common i nk chanber 8 of the ink-jet recording
whead/osday1 5 referring to FIGS. 6 through 8. FlET/&P206@3919
cross sectional view on an enlarged scale showing a
portion of the common ink chanber 8 cut along the
direction in which the nozzlzes 5 are arranged. In
addition, FIG 7 is a plan view for explaining a
heirégental Hbs oHsirn gagsbee , cahdiE dnkgjes aeppading evf the
for 10 expl ai ni ng anot her pressure absorbi ng nenber.
imagehi s enbodi nent of the recording head, the common
i nk chanber 8 is forned by the frame nenber 14 and a
pressure ahses biangiemerhetidd wWixhdasvan ofi di t¥ructure of
smal l er than that of the frame nenber 14, as shown in

£k CGeafinord NPT @aHEe §5-8bsRL birn&jfrg%g@gko%aiagfﬂéa@, by

pressure absorbing surface 2la. | irection In

ich:th r re- L i Nk I, are .

> r%??%ﬁb@%q¥g endtgﬁ%§§o§§ga¢‘Iéggﬁngﬁé%og wart® sectional
surfaces of _ the conngn i nk chanber 8,a|on% t he .
VAPFeRR | Yh SR IRSr REGLBy SRR A SO ORb 5y Bifigeommon ink
surface 21a which has a rigidity 20 smaller than that

chEmMPaE HtdEr admne $hef désscChinn dissthisht fhe ppesbes & are
As shown in FIG 6, the pressure absorbing nenber 21
awhaoped or M tlipiess uFEGabsarbianglsur e Zda, ehpkaiming a
t hi ckness which is. non-uniformalong the direction X

plrBs2brot dissominds meabeent sad PEt iooAs0h bhanptess urEr
absor bi ng WD 2004/ 085161 PCT/ JP2004/ 003919 - 24 menber

to FRbEA oo Bhsnagea Ry el hufpotor s ona o
partiCU|arig”this embodiment of the recording head, the
common ink chamber 8 is formed by the frame member 14 and a
pressure absorbing member 21 which has a rigidity smaller than
that of the frame member 14, as shown in FIG." 6. The pressure
15 absorﬁing member 21 forms a pressure absorbing surface 2la.
If a direction in which the pressure-applied ink chambers 6
ére arranged is denoted by X, at least one of wall surfaces of
the common ink chamber 8 along the direction X is formed by
the pressure absorbing surface 21la which has a rigidity
20 smaller than that of the other wall surfaces and absorbs the
pressure.
As shown in FIG. 6, the pressure absorbing member
21, which forms the pressure absorbing surface 2la, has a

thickness which is non-uniform along the direction X. 1In

25 other words, a central portion of the pressure absorbing
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i f the pressure absorbing surface 21 is divided into 3
regions of approximtely the-sanme size along the
waleeoeositon X, an 5 average thickness of the certT/a#2004/003919
portion is |larger than an average thickness of the
end portions on both sides of the central portion
along the direction X. Henga- a thick portion 23 is
formed at the central portlon of the pressure
mEBBBE bf hgls nehiser oP1 thenavemye patd Siedhoengy porbiorsy of
on the end portions 10 of the pressure absorbing
tirenbees 2ureorekseihisigdaembér t he aenthtdin -poMbirenpatohgularly,
the direction X. O course, it is possible to divide
itthehpressseraksedibiggssot aeee 2l iisntdd vigereihban3 3regions
regi ons of approximately the sanme size along the

o aggkb;@ﬂn%eﬁn G HeO shREMsE DE STk tfr fdl%c%éoat x! h&

cen 15 portion of the pressure absorbing nenb

a%% %Etlii#]&k%sso %rft 't?lg %én{?%%l ap&fc}:qo% LY '1%& IF%Q an

porti ons consequen

ressur absorbin nber is forne lura |t

Frag?tﬁa@w GPFT EPanbOTt T gg%zélﬁﬁstﬂ

case, the pressure absorbing nenber 21 has a stacked
cepflial UPRX HeRTe akPrer thef FiEechigRX 21 Heasg  a2sbhbal portion
| ayer 21B. The first layer 21A forns the thin portion
222 isofaimed tdte thicbrcanitonlpbateich othdéhsepordshageabdimding
is formed on the first layer 21A, and forns the thick

mebkir0P1 23a2d tHigetdaet ivhsh22 herd | fimddayer tAdAenditpodstions
possible to easily WO 2004/085161 PCT/ JP2004/ 003919

f2%h€a§§e§§1§ré K183 9.90hehiber P LSRR SIUBENGE the
nber 21 non- unlforn1by enpl oyi ng the stacked

d%h%ggiuﬁgEtféﬂwﬁﬁ %@’t%% direction X. Of course, it is

possible to divide the pressure absorbing surface 2la into
more than 3 regions of approximately the same size along the
direction X, and to form the thick portion 23 at the central
portion of the pressure absorbing member 21. The thick
portion 23 has a rigidity larger than that of the thin
portions 22, and consequently, the pressure absorbing member
21 is formed by a plurality of portions having different
rigidities.

In this case, the pressure absorbing member 21 has
a stacked structure made up of a first layer 21A and a second
layer 213. The first layer 21A forms the thin portion 22
forming the vibration plate 2. The second layer 21B is formed
on the first layer 21A, and forms the thick portion 23

together with the first layer 21A. It is possible to easily
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formng a portion of the stacked structure by the sane

| ayer or layers as the vibration plate 2, it is
w@omsikiliert o 5 sinultaneously formthe pressurBCT/JP2004/003919

absor bi ng nenber 21 when carrying out a process to

formthe vibration plate 2, and the production

process can be sinplified-~25a this enbodi ment, a
stepped portion is formed at a boundary of the thin
m3ket E]@ﬁ i dmesehett hhekppersiem FBordinglgeragr bel non-
seen fromFIG 6. However, it is not essential to
upiﬁvtmebyhﬂ%ﬁxeﬁpedtberst@uke®nﬂnnh¢umbLckMeseovérxrby
pressure absorbing nenber 21 may change conti nuously
fbehiegna tiertiinn ofpehti ebadlednst At vl Bk pREL E@Re 2Bayer
that is, the thin portion 22 and the thick portion 23

oﬁa}fa9§1§°5§‘@&$ee%1lé|rét§oﬂ5pf% @uqtts |5\ 35995999.

portion. The pressure absor bi ng ‘menber may a so be
s%?ﬁt%ﬁe@l&ﬁfo&%&: %9&5%%% (p:)lrSDOVI %ndmex%% Jtrl Q{] when

contlnuously changi ng, porti on bet ween the t rtio
C3TUMD L o PRSP FRnESH e ST toPTy HEaF%g orgd the
of the pressure 20 absorbing nenber 21 where the thin
PpOREFBHIN 2 ae$ St Kant e crim Eihfi@ﬁw 23 are provided

does not need to be the sanme, and the nunber of

regi ons isImﬁthimJBQQOdémehtniae$t¢ppéﬁ pbiréinonber foamed at
the | ocation of each of the thin portion 22 and the

at bbakdapprdéf ame?23hiin bBet PpoesBRUrthdahlser bhhigknpsbeloz 123, as
may be 25 determ ned depending on the material, size

m_égdbé hgedh k&R rirlie ¥O 2996&9&_51@% RGT 41%@2@9&&99%%%0

pressure absorbi ng menber- 21,” and optim zed if

pgggiﬁgﬁﬁﬁe é%%ﬁﬁ@@NBokﬁlﬁ%Siaﬂa h' Eﬂﬂ&kgésgfo%hgherEfEssure

absorbing member 21 may change continuously betweeﬁ the thin
portion 22 and the thick portion 23, that is, the thin portion
22 and the thick portion 23 may be connected -via a
continuously sloping portion. The pressure absorbing member
21 may also be made to have a non-uniform thickness and
portions with different rigidities, by providing such a
continuously changing poreion between the thin portion 22 and
the thick portion 23. The size of the regions of the pressure
absorbing member 21 where the thin portions 22 and the thick
portion 23 are provided does not need to be the same, and the
number of regions is of course not limited to 3. The number
and the location of each of the thin portion 22 and the thick
portion 23 in the pressure absorbing member 21 may be

determined depending on the material, size and the like of the
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22 taken along a direction perpendicular to the
direction X, that is, taken along a shorter side of
W0 b@4psassur e absorbing 5 nmenber 21, nmay be sePCT/hR2004/003919
same as that of the thick portion 23. On the other
hand, as shown in FIG 8, the width Uy of the thin
portion 22 taken al ong the2di+rection perpendicular. to
%h% di.r cti%p X may. be é@t | arger than that of the
PERPERT Bof DTN B ISREE| 685 FPArfPlainigeddfoneseasary -
l ength of the thin portion 10 22 taken al ong the
di rection 36 HRIITANIERGE ed: a2t 6idth |hgith thef thive portion
gressure absor bi ng nenber taken along the direction X
2¥heakannabond iconk reetand phaepéddickolpar ttboah23dhaveride x,
same length Ux in this enbodi nent, but as descri bed
thboves, tteker eNghis a0bhbhet NETHHYH £0RS p22s8Afe tdWsorbing
thick portion 23 may 15 be different. By nmaking the

mbfibekness iy the eIy eaaRsgLbi - -
non-unifornfya structural vib%atFQ%to ?ﬁgéééﬁﬁ%ﬁlpqﬁ%%on 23.

o B TR Ganalar o of G ar GEeL b bR MGR Fodare

w 20 f ion, it is possible to

| [ I ddi t,
By AL RS ol Bl besBRaakentas %o che

frequency of the commobn ink chanber 8 from nmatching.

JELRE ROt &2YhPerERF ndr¥gRE Pl (ihatabgotbe nghickesrtion
21 have a plurality of portions with different 25

23t gi B tFES . tThendt Buclxrddnatids at ilengoh dhetltontmim igtetion
chanmber WO 2004/ 085161 PCT/JP2004/ 003919 -27 8

2betakes <lamy eke theeebyoraki ntd IrxPEsHELPES 4 Ototal length

suppress the generation of a |arge vibration node at
ofOMhéfp%ﬁ#ﬁﬁﬁeeﬁbsbﬁbing member taken along the direction X.
The thin portions 22 and the thick portion 23 have the same
lengfh Ux in this embodiment, but as described abdve, fhe
lengths of the thin portions 22 and the thick portion 23 may
be different.

By making the thickness of the pressure absorbing
member 21 non-uniform, a structural vibration of the common
ink chamber 8 becomes complex, thereby making it possible to
suppress the generation of a large vibration mode at low
frequencies. In addition, it is possible to pfevent the
driving frequency and the resonance frequency of the common
ink chamber 8 from matching.

Furthermore, by making the pressure absorbing

member 21 have a plurality of portions with different

rigidities, the structural vibration of the common ink chamber



10

15

20

25

addition, it is possible to prevent the driving
frequency and the resonance frequency of the common

wo pdo4osipber 8 from5 matching. OF course, theP@DIR2004®3919
of the pressure absorbing nenber 21 may be nmade to

have the different rigidities by nmaking the
t hi cknesses of the portionrg7different and/ or by
ed for the portions different.

TR B | e et Lo e BB SiTTeren

vi bratj on i ch _propagates fromthe pressure-applied
g?ﬂ%rg“ch%{ht? % “CoIChELREMFET iNfdec Ranber Sreweenciws. In
ink drop is ejected frompropagating to the other ‘
agdElsene-dppisi @gspakle chanber=rg, the Hsinecestasqudmey and
i ncrease the pressure danping efficiency at the
themmerriancec farlhieen8y ¢f thdlejorheni A6keasSddr theron
pressure danpi ng efficiency at the common ink chanber

m&;chirg.i s qFossulke, t Ehe M QY 3 smetched. Wi i
pressure change by thqu%bratﬁon of ?ﬁ%fééﬁ su??%%%lng

médisgt f210hhee £9 ink ¢ I or,. a met hqd which
coats a ng?grﬁal EaV|r§§%f R%%Pgﬁg% F%?Fyfl%ﬁé;$¥i§ by
! lo. OQ L Il surface 20 of the, comon ink
mb AR shep st linte i S skrsdenangitfgrenand/or by
Inqeforggfion of_tﬂg wal | surface of the common ink
© BatepiahiiRe iacrhgappstioes pliskfmantchange
by the vibration of the wall surface itself of the

comon i nkAcR&RBErwolls s ipacidenl &ol prowtntsfidet @rgssure
because of the ease of 25 production and the

videledtione i bhghr ppagsiuse fdanpitng pHésShenepp MY ink
2004/ 085161 PCT/ JP2004/ 003919 -28 In this case, the

cleaterob poogHE! t@findrs iGUE chambhe § eliadd usly Sin'ko‘HrSBS_‘Ls

and the relatively sinple production process.
ejected from propagating to the other pressure-applied ink

chambers 6, it is nécessary to increase the pressure damping
efficiency at the common ink chamber 8. In order to increase
the pressure damping efficiency at the common ink chamber 9,
it is possible to employ a method which damps the pressure
éhange by the vibration of the wall surface itself of the
common ink chamber 8 or, a method which coats a material
having a low elasticity, such as rubber, on the wall surface
of the common ink chamber 8, to damp the pressure change by
the deformation of the wall surface of the common ink chamber
8. The ﬁethod which damps the pressure change by the
vibration of the wall surface itself of the common ink chamber
8 is particularly satisfactory because of the ease of

production and the relatively high pressure damping efficiency.



But when the rigidity of the wall surface oflthe
comon i nk chanber 8 is reduced to nore easily
w@emenstiel t he 5 vibration, the pressure changeP@f/Jr20e4/003919
“common ink chanber 8 is generated by the resonance of
the wall surface itself. This phenonenon will now be
described with reference t88FIGS. 9 Ithroggh 12i FI G
LS4 S §eetdqnal ~vi ew, on .an enl arge scal e i
Ighgﬁﬁﬁdg%%ia con%%%giéﬁ REARMSEr- Bt 15 %P%stcBﬁ%a¥¢%ﬁﬁively
ampl e, cyt_ al ong.the direction in which the
l%‘gzcg%(es gtanrdeQCLILlaer F&ﬁ&ga?’e{ar Gl g Predycigranriesess.
expl aining a vibration node of a wall surface of the

common i niCHhafkser thRerlgidity iafsttheompadi sonfexany ehe
is driven at a driving frequency of 4 kHz, and FIG 11

CeEmen dirdyrebamber 8xph aredumed he wioheabhen y 15exmde Ofhe
the wall surface of the common ink chanber en a

5 vEeoonidrcorper pressexangiedes off ithen catmdn MY Mmber § is
frequency of 16.8 kHz. In addition, FIG 12 is a

gehagrtam 19r +8%p-akshid of “c%%u%ﬁﬁ%{kggﬁ%%%% re{ti(ﬁsetlitfﬁ eofl'his

a pressure change of the common i

pﬁéﬂéﬂeﬂ&NnWQﬁhsnggﬁ%ﬂﬂgﬁﬁg%%gTQgBLi%% e%%gg%ékaéﬁps. 9

exanpl e shown i1 n K chamber 8 formed entirely
ce ,of conmmon i nk chanber or me(

t%g“{gﬁ‘eﬁtzhi n%ggrt ?ojnS 72, CTE6 5t REETEARAE | G e tgn ¢in ehdarged

ressure absorbi ng menber 21 is reduced. ]n this case,

STHE SPPHLRE Bf FodemEm 6hE aRRbsTr bace i r¢thecupamnson

i nk chanber 8 25 becones as shown in FIG 10 when this

10 exygmpde evhpal PRGNtk alipleetOn2004%RB5H 6dhe nozzles are

PCT/ JP2004/ 003919 -29 is driven at the driving
arfreegedncyFo6. 416 Hzs d miiadehhi 08r edWeni ey W ghdi-ty;of

the pressure absorbing nmenber 21 is not
mode of a wall surface of the common ink chamber when the
first comparison example is driven at a driving frequency of 4
kHz, and FIG. 11 is a diagram for explaining the vibration

15 mode of the wall surface of the common ink chamber when a
second comparison example is driven at a driving frequency of
16.8 kHz. In addition, FIG. 12 is a diagram for explaining a
frequency characteristic of a pressure change of the common
ink chamber of the first comparison example.

20 The first comparison example shown in FIG. 9 has a
portion of the wall surface of the common ink chamber 8 formed
entirely'by the thin portion 22, so that the rigidity of the
pressure absorbing member 21 is reduced. In this case, the

vibration mode of the wall surface of the common ink chamber 8

25 becomes as shown in FIG. 10 when this first comparison example



reduced for a second conparison exanple and this
second conparison exanple is driven at the driving

wo e@gugsiey of 16.8 5 kHz, the vibration node oPCT/i2004/003919
wal | surface of the common ink chanber 8 becones as
shown in FIG 11. In FIG 10, two rectangul ar shapes
which are white correspond-Zw- perspective views of
two pressure absorbing nmenbers which are arranged,
isi ggiBgnstbethefriving EsequenanPa ¥ Kizack Ishagéstion,
show the 10 deformation of the pressure absorbing
winenbehe Fhokdity @ifd the gireestironshsorHiGy mefband211is not
show the vibration nodes for a case where the area of
rekecedl Fos us f sl doheaedsthnexdipl<hatbehi8 sscbhe
same for the first and second conparison exanples,

c%mgagmgant@mﬁmé:&@ea&i%nt be Pk td.onfQr Wragubhey 15r 16.8
wal | surface is different between the first and second

5 KEQTPALL SO, X3 RO el LHe1 1 6SRESHY & MBLL common ink
PRl g i

suffaces have erent rigi I es. may be seen
romFEIGS. 10 and 11, the.re ance fre ncy_of the
CFH“*F@]Frcéﬁ%%?‘?‘%eosn BEEMOIE Wi o hast 1 hd o drtfon 020t ik
chanmber 8 wth the wall surface having the reduced _
IECERBPEYRT sSRARTR athich BKe Volke rerfuasdprsake BerpReEd ve
to the resonance frequency of the second conparison
VagHAPPE Whe hrdrmiret kbsoohimy merkbertmnibdichs anet Artdmged
wal | surface having the rigidity which is not reduced.

sAdeobdi sidly, sl time Faesi.otl0 aind 261 Wileltk BBapek greP the
is ejected becones shorter, that is, as the WO

10 d2@04mABHdAR 1o PG R2RR4:08391 8o rb 3y Mg firhequepcyng -

of the ink-jet recording head becones higher, { he

di28BR2BHE. frequenay ghqt he wall S RS 06 chNEoGOIMPL &

case wﬁere the area of the wall surface of the common ink
chamber 8 is the same for the first and éecond comparison
examples, and only the thickness of the portion forming the
15 wall surface is different between the first and second
comparison examples so that the respective wall surfaces have
different rigidities.
As may be seen from FIGS. 10 and 11, the resonance
frequency of the first comparison example which has the common
20 ink chamber 8 with the wall surface having the reduced
rigidity is shifted in the low-frequency band compared to the
resonance frequency of the second comparison example which has
the common ink chamber 8 with the wall surface having the
riéidity which is not reduced. Accordingly, as the period at

25 which the ink drop is ejected becomes shorter, that is, as the



chanber 8 of the first conparison exanple may match

the driving frequency. Normally, the driving frequency
w@bootlgs166 i nk-j et recording head is on the orP&r/Jr04/003919

approximately several kHz to approximately ten-odd

kHz. Hence, the frequency band of the driving

frequency is |ower than thego+esonance frequency of

the wall surface of the commpn ink chanber 8, but in

SR ipgs ETAEEIREY IR (Ghy dinkyJet wReoweing 1oead rbaeenes higher,
the common i nk chanber 8 is reduced, the resonance

thee gaencince cirsagesicyand the ekt ensehcres@naheecommon ink
frequency may nmatch the driving frequency of the

chakbipet 8 retartdi g ieadomPé rissesanance peynhaetht bigs
wal | surface of the common i nk chanber 8, the

AR essyr erédseldy.of NbhRagpTOALd rﬁ%lﬁ%gc%é%ﬁéng?l of the

greatl'y changes due to the vibration of the wal

5 fﬁ%tgﬁgereégggﬁhg'W%%ﬁhageoﬁl Q 3%&%? &Eh%P§§Px1ﬁg%%g§e

conmon 7 n anber |s reduced

BoRpali Esh BB PRESHY chuan Rifar abPBEPst FSof

the pressure change of the common ink 20 _chanber 8
freeuRBSY drvh@in the Préving fremiamey predsiies thamgehe
shows a | arge value at the resonance frequency. In
rEsGnan@e fidmpiemyi wdt thendathtsridve pifesber eofkPa) ik
the common ink chanber 8 of the first conparison
chxabpkeg, and tihe talesebssawhéndi s as dtikde tfr eguensywall
(kHz). 25 Therefore, the pressure absorbing nenber 21

10  sWeirgRe VIO 2004/ Q82181 1 RieT EH BROOA/ 0391 qurdd, '%he resonance

originally provided to danp the pressure of the comon

f%%éﬁaéggpgégﬁéggg%x gﬁhu%héydééggéﬁﬁ%? e@%naﬁgésf£gquency may

match the driving frequency of the ink-jet recording head.
At a resonance point of the wall surface of the
common ink chamber 8, the pressure itself of the common ink
15 chamber 8 greatly changes due to the vibration of the wall
surféce. Hence, when the rigidity of the wall surface of the
common ink chamber 8 is reduced to form the pressure absorbing
member 21 as in the first comparison example, fhe frequency
characteristic of the pressure change of the common ink
20 chamber 8 becomes as shown in FIG. 12, and the pressure change
shows a large value at the resonance frequency. In FIG. 12,
the ordiﬁate indicates the pressure (kPa) of the common ink
chamber 8 of the first comparison example, and the abscissa
indicates the frequency (kHz).

25 Therefore, the pressure absorbing member 21 which
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common i nk chanber 8 due to the provision of the
pressure absorbing nmenber 21. In order to prevent the

w@e@gssaiel 5 absor bi ng nenber 21 from i ncreasi NBCT/IRE2004/003919

pressure change of the comon ink chanber 8, the
driving frequency of the ink-jet recording head nust
be set so as not to match-BRAe resonance frequency of
ikh 10,6 the co i nk_chanber 8, and _
Sons T, PPt U5 A e PSRSSRoP PRethaicyreon ink
[ 10 _head. becpnes restricted in this case. As
Cé%@%ﬁd b%%%’b&?ﬁ?a%ﬁ% tRETRASS th6r PERESREAbEhange of the
nozzles 5 of the ink-jet recording head to increase in
CoFER ko CeapReHi B hded et qldiendsofras ihnghs speedressure
recordi ng. However, as the nunber of nozzles 5
absrirteinse geghart Az nubberrddr 1% prdiwhduahe pressure
pressure-applied ink chanbers 6 accordingly
ehewreasesenbbe PEgtdn ofnditessagTRRe | blo ShATDeL, 8,

along the direction X in which the pressure-app

dnkorC RabensSmbe Ar N As result,

cthe | engt h of ?hégb;ggiS?%%qggsgéggﬁgaﬁ%ﬁﬁégjfil&ﬁﬁﬁﬁt
[ i l.so jncreases., But 20 as the |length

réégﬁﬁ%gﬁsgéégﬂ?éggg%%r%lﬂ qm?ﬁbEPEZEOi 1?%&5@& regRraance

| Qidity thereof js reduced therewith and the
f%éa g%ﬁ 08tf g%?rwa §He AR PLstRe ae@myn tink cbamberi Bk and

chanber 8 shifts further towards the |ow frequency

cPara eBbhEeqtRmtdsiving condétiens pfaverte timk-geitvicBgording
frequency of the ink-jet 25 recording head from not

heagst ORicAGS s heestesiortanc enf tadueosye. t he WO 2004/ 085161
PCT/ JP2004/ 003919 -32 driving conditions of the
i nk-j et resodeBagHeRGoENe] BBe SBtendNd '3 Lhet Bdnber of
nore severely.

nozzles 5 of the ink-jet recording head to increase in order

ggdof the

to cope with the demands for high-speed recording. However,
as the number of nozzles 5 increases and the number of
individual pressure-applied ink chambers 6 accordingly
increases, the length of the common ink chamber 8 along the
direction X in which the pressure-applied ink chambers 6 are
arranged increase;. As a result, the length of the pressure
absorbing member 21 along the direction X also increases. But
as the length of the pressure absorbing member 21 increases,
the rigidity thereof is reduced therewith and the resonance
point of the wall surface of the common ink chamber 8 shifts
further towards the low-frequency band. Consequently, in
order to prevent the driving frequency of the ink-jet |

recording head from not matching the resonance frequency, the



Particularly in the case of a line type ink-jet
recordi ng head having a | arge nunber of nozzles and a
wo o0vg/08516pnmon | nk chanber, a | arge pressure cPEN2004003919
generated and causes inconveni ences described above.
On the other hand, in this enbodi nrent of the
recordi ng head, the pressume_absorbing nenber 21 is
formed not entirely by the thin portion 22, but is
drévied e9GHUENEoRBi Aaei brkufelt Headsidingohepdnsudl hendet
the thick portion 23. For this reason, it is possible
ahd seappristsed hwrdesegaselpf the resonance frequency
of the wall surface of the comon ink chanber 8 while
obt ai ni ng rderipnassareidappe ng:of fecta 1iTBereber tnk-get
stable ink drop ejection characteristic can be 15
- j t heqinks | i d. i
D R g Lo A i SR air e e oo
i nj requen characteristic of.a pressure
5 cBRE B Gl B S REGEP Shholad BT ana
enbodi pent of the recording head. In FIG 13, 20 the
COL AT Pt T N ESIES St HBSpF e3P MePa) of the conmon
ink chanmber 8 of the first enbodi nent of the
recor di ng Qreddie gibrert hendbsin sduly mabegimsnthef the

frequency (kHz). FIG 13 shows the frequency
rebardtt@rhestd,c ther pacsasee ieyerting tembepolli dnsfP2ned not
on both ends of the pressure absorbing surface 2la of

ehberdby 5 e sy ehdbspbbt Neh NEPesu2 ki salfergletinBy a
direction X in FIG 6 WD 2004/ 085161 PCT/ JP2004/ 003919

10 comBinSeRastdv et @REHPY.AeeH A ean?)ttﬁle @ﬁfé]ﬁ ofti®n 23.
pressure absorbing surface 2l1a, and the thic ortion

Fg§ &Ef%”%é%%gﬁrait is possible to suppress the decrease of
the resonance frequency of the wall surface of the common ink
chamber 8 while obtaining the pressure damping effect.
Therefore, a stable ink drop ejection characteristic can be

15 obtained even when the ink-jet recording head is driven at a
high speed.

FIG. 13 is a diagram for explaining a frequency

characteristic of a pressure change of the common ink chamber
8 of the first embodiment of the recording head. 1In FIG. 13,

20 the ordinate indicates the pressure (kPa) of the common ink
chamber 8 of the first embodiment of the recording head, and
the abscissa indicates the frequency (kHz). FIG. 13 shows the
frequency characteristic for a case where the thin portions 22

on both ends of the pressure absorbing surface 2la of the

25 pressure absorbing member 21 along the direction X in FIG. 6



remai ni ng 30% of the total area of the pressure
absorbing surface 2la. As may be readily seen by
weopasitng FIG 13 for 5 this first enbodi nentP@Ena#P2BI4R03919
12 for the first conparison exanple described above,
the pressure absorbing nmenber 21 of this first
enbodi ment can obtain a highgr pressure danping
ef fect even though the rigidity of the pressure
rispechiingly neediapy Bbofoft hbef tosal corgrardfs sheepanpbere
is smaller. 10 As shown in FIG 6, this first
abroati ngnsuofatdla,eennding Bradk spyoidrs 280bkcgpdss the
of the pressure absorbing nenber 21 along the
=86t hgn3ds sowWanerotsilnee=hher thekNessuQf shB8rbing
pressurée absorbing nmenber 21 in the vicinities of the
t en [ u : t her_.portions
THPRe 15 b o iry Eheoch g nerme S CURE R FBNeLs for
i.gi di.ty, of the pressur bsorbin nmber 21 in the
> t%ﬁ%i%FF%ESQ%?Qﬁﬂggﬁéﬁﬁﬁ5$?gd g%d Ogéﬂﬁ%éﬁéég COmpar &P
to other portions of the pressure absorbing nenber
SXampile A8SphePhI RS mhke PRessuRR RS iast BeraeT ol of
of the pressure absorbing nmenber 21 as a 20 whol e
thdsgéirebnewepdimdnt, cant hbbghntdehidhiak pesssofet Hamping
pressure absorbing nenber 21 is partially increased
edifecthevenriighmtl thenetigodief éhetlps eesiyswrabapebiBbing
menber 21 slightly deteriorates at the increased
mehbeknesSoPoFitd O rstheomBgl 85691 &tdrmin Ofi <t RR91 EgI nal
function of the pressure 25 absorbing nenber 21 as a

whol e is supp i 2004/ 0 .
Y JP2004%0§31§%%-%E&§J§ i gﬁ%% i %icniéo% FREAGFEGEngF the
funct,ion of e abs menber 21

“EhREP6Ci TS S AURED ERAT Thehe Pressire  Sastbing

member 21 along the direction X. However, since the thickness

of the pressure absorbing member 21 in the vicinities of the
supported ends is reduced compared to other portions of the

15 pressure absorbing member 21, that is, the rigidity of the
pressure absorbing member 21 in the vicinities of the
éupported ends is reduced compared to other portions of the
pressure absorbing member 21, it is possible to make the
amount of deformation of the pressure absorbing member 21 as a

20 whole large. Consequently, although the thickness of the
pressure absorbing member 21 is partially increased and the
originai function of the pressure absorbing member 21 slightly
deteriorates at the increased thickness portion, the
deterioration of the original function of the pressure

25 absorbing member 21 as a whole is suppressed. The
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deterioration is negligible. In addition, both end
portions of the common ink 5 chanber 8 are nost

w@bdoeosael by t he pressure change when the resPCEHR004603919

the pressure is generated in the comon ink chanber

B. For this reason, by providing the thin portions 22
havi ng the | arge pressure -gasorbing effect at the end
Cforti.ons _where the anount of pressure change is
SAegeorptlier Yoddipicrigdnpd Ernslidhtaly thist arasshte
pressure danping effect. Moreover, the sinple

afisogbi ng eneribehe? Ipimeys ee supbses e g arentrénigtmhayi tiget the
the thick portion 23 at the central portion thereof
danertbeathom jonrtdgdrigiB2eon both sides of the thick
portions along the direction X, that is, only two

kinds 15 ofp tiddiiiessedotenableso fahPRAYeE eBmRbn ink
the pressure absorbing nenber 21. Although the

=GR & @%%@@%ﬂf"e@%& Péét 25 A ST %h%ll‘)rﬁécxtdﬁég’the

I
It 1S possible to Inprove pressure danp
effect. Furthernore, the, ressureegysor iLng nmenber, 21

SRRV RG T Ne haH-STREGr it RPRRHESE nay FERTPR ety

a stacked structure. That is, the stacked structure
Rafrpe BadeFUp WS measeny shY | RYRFiding 4he thénseeshtons 22
| ayer 21B, where the first |l|ayer 21A fornms the thin
haaringobhe 2l argsl pies ssweontdsbalyng 2 edts aftotthedend pdwetions
first layer 21A and fornms the thick portion 25 23

viheget bee amdint ef fdrestsulr-ay ehaRdd\. i Suedtrge,stiackedpd¥sible
2004/ 085161 PCT/ JP2004/ 003919 -35 structure may be

tooeredcbynian $idBH8 PhPeepsessiird Mandids b rrappodi ment
the thin portion 22 is forned by one |ayer (first

Moreover, the simple structure of the pressure
absorbing member 21 having the thick portion 23 at the central
portion thereof and the thin portions 22 on both sides of the
thick portions along the direction X, that is, only two kinds
of thicknesses, enables easy production of the pressure
absorbing member 21. Although the pressure absorbing member
21 has a simple structure, it is possible to improve the
pressure damping effect.

Furthermore, the pressure absorbing member 21
having the non-uniform thickness may be realized by a stacked
structure. That is, the stacked structure may be made up of
the first layer 21A and the second layer 21B, where the first
layer 21A forms the thin portion 22, and the second layer 21B

is formed on the first layer 21A and forms the thick portion

23 together with the first layer 21A. Such a stacked



er 21A) and the thick portion 23 is forned by two
:gzers (%irst and second | ayers 21A and 21B), but the
woeovhessief 5 | ayers form ng each of the thin pRCT/IR00203919
and the thick portion 23 is not limted to such. For
exanple, the thin portion 22 may be forned by a
single layer, and the th:cB5—ﬁor$|?R Z?hrﬁy gft{gangg
f : he | ength o e tl ( .
RGBT L i Wt Caeens ettt et
' QN . It is,possible to obtain a hi _ _
e%?é%%‘%%ggt?n% é&l& PetEiop a2 ishEggmessbyeonhahaeet s(first
enerated in the | ower frequencies due to the
l%V%?é%V@na@@ theé préskupertabyosi g Sorhadeb?lavo thajers
s, the vibration of the pressure absorbing menber 21.
(Bhrgthents secpad hanersi214 hend enghh phitt BRethidber of
portion 22 of the pressure absorbing nenber 21 is

5 lapeies shortingnetbh df reed L XporkhBnVbbr Ak o Of the
pressure agggfbing surface 21§Ois Pnprove ?3Eutf%he
PErERIUTS dammbagl 8hi el (PLelhor akes. o AGCRI ! ditts, Eagn

the size and thickness, the nodul us o

- ' | i ke ,of th ure absorbing
P ik oE Lok SuBbarr Fabery e i hick

er :
‘ i pent _to obtain he desired pressure danping
P e%g%t anlaagio% a ?W%ﬁbﬁ f&repr é8¥8Fe- absorbing
surface 2la. In addition, the nodulus of elasticity

of the matérFhAf eRPEhe ithe shinhpoprws2 &5 the
absor bi ng nenber 21 may be selected to optim ze the

10 prassysgr abyerbiog/essesl 2RCTA IR0 41 SKIBIED +1re361164RBRE DY x,
effect and vibration of the pressure absorbing surface

i 1ls. possible to obtain a high pressure damping effect, but
the pressure change is generated in the lower frequencies due
to the vibration of the pressure absorbing surface 21a, that
is, fhe vibration of the pressure absorbing member 21. On the

15 other hand, if the length of the thin portion 22 of the
pressure absorbing member 21 is made short in the direction X,
the vibration of the pressure absorbing surface 2la is
improved, but the pressure damping effect deteriorates.
Accordingly, the size and thickness, the modulus of elasticity

20 of the material and the like of the pressure absorbing member
21 may be selected appropriately in this embodiment to obtain
the desired pressure damping effect and vibration of the
pressure absorbing surface 2la. In addition, the modulus of

elasticity of the material and the like of the pressure

25 absorbing member 21 may be selected to optimize the pressure



The present inventors produced sanples of this first
enbodi nent of the recording head, wth various
wWee@3dssriel 5 absorbing nmenbers 21 and head st rRCT/IR2861/003919
Table 1 shows 32 kinds of sanples of the ink-jet
recording head produced, which were subjected to
ink-jet tests, with the fmﬂaﬁm ng evzluatlonsdA ?gd B
0 The ev ation was. nade.

CBRGEn oL FAEN ST B IS YRR g0 2 SRRBERERS [RrTace
r not the pressure absorbing nenber 21 sufficiently
Ginctions. The eval uation B was made to eval uate the

frequency dependence, that is, whether or not the
resonance ?ﬁetﬂ%@sﬁﬂésQDV@DmeﬁnnﬁQQyqmdnbempZésaéfemﬁfs
the ink-jet characteristic. 15 Table 1 Sanple No. K
fimsuesnbodigenty alfuaihe onedoFvalqiaidaen Bith 028200k >§3re?ssure
0.18 0 X 31.040 X 41.580 X 51.650 X 6 1.76

5 alsoibihd dnhb@rs822. 2nd lQeac? s'@cﬁl%t@r@s 10T§bilg Zp SQ10W151 32
4.76 00 12 4.83 00 13 4 14 5.56

kinds of samples of the 1nk—jet recording head produced, which

were subjected to ink-jet tests, with the following

evaluations A and B made for each sample. The evaluation A

was made to evaluate the mutual interference, that is, whether
10 or not the pressure absorbing member 21 sufficiently functions.

The evaluation B was made to evaluaté the frequency dependence,

that is, whether or not the resonance of the pressure

absorbing member 21 affects the ink~jet characteristic.

15 Table 1

Sample No. K Value (x 10) Evaluation A Evaluation B
.02 0 ‘
.18
.04
.58
.65
.76
.14
.2
.81
.17
.76
.83
.83
.56
.66
.87
11
.13
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15 7.66 0 0 16 8.87 0 0 17 9.11 X0 18 9.13 0 X WD

2004/ 085161 PCT/ JP2004/ 003919 -37 19 13.4 X X 20
waz02a806iX 21 22.4 X O 22 28.81 0 X 23 42. ZPCHUIPL00L2H3919

54.59 0 X 25 62.92 0 X 26 103.02 X 0 27 137.89 X O

28 172.21 X 0 29 222.62 0 X 30 711.84 X 0 31

1165.48 X X 32 2553.03 X_Qz,7 _The eval uation A was nade

Dy aC[ilgal I y mount | ngl§a4:n Samnpte of t;@e k= j el

X
recor 1 nedu ama g—ap—evatgation bHalt t
207 SO HELPhTTg AT eva g o e T
ICL IICT Ul 1TUT ,f.ll I agc AaAoTTuUT 11 U y J I p=) O
anaor od 1 n hao . nr 1Tt 4r~l saml e Ln hla_1 AL
3Lollbl LAY | LI ] LAY FJI LY AT rJ A3 LEELEL] Ao T O == A4
i i no. i

1
t glnhnnr Lity Was_ deted¢t ed by X
the_eval uation A, ARd26X" indicates ¥ hat thé image X

abnordl ity was det &t88 by the evaluation A. On th¥

ot her 2%and, the evalt@akon B has 0 X
26 103.02 X 0
27 137.89 X 0
28 172.21 X 0]
29 222.62 0 X
30 711.84 X 0
31 1165.48 X X
32 2553.03 X 0]

The evaluation A was made by actually mounting each
sample of the ink-jet recording head and printing an
evaluation chart, to judge whether or not an image abnormality
is generated in thelprinted sample. In Table 1, "O" indicates
that no.image abnormality was detected by the evaluation A,
and "X" indicates that the image abnormality was detected by
the evaluation A. On the other hand, the evaluation B was
made by ejecting the ink from each sample of the ink-jet
.recording head by itself, while varying the driving frequency,
to observe the ink-jet characteristic such as the ink-jet
velocity, ink-jet volume and ink-jet curve (or ink-jet
trajectory). In Table 1, "O" indicates that the ink-jet
characteristic showed no driving frequency dependence, and "X"
indicates that the ink-jet characteristic showed driving
frequency dependehce.

| Furthermore, the lelowing items were selected as

structure factors which may be regarded as affecting the



made by ejecting the ink fromeach sanple of the

i nk-jet 10 recording head by itself, while varying the
waleioiossyef r equency, to observe the ink-jet PCT/JP2004/003919

characteristic such as the ink-jet velocity, ink-jet

vol unme and ink-jet curve (or ink-jet trajectory). In

Table 1, "0" indicates that3sthe ink-jet

characteristic showed no driving frequency dependence,

egﬁgua§?°ﬁ%z?ﬁHF%§%es that the ink-jet characteristic

showed drivin frequency dependence. Furthernore, the

f ol | Gkilng Tftﬂé‘ﬁﬁ‘iaﬁ@r ddsdmecobdths thsir pottienf a2t or s

whi ch nay be regarded as affecting the WO 2004/ 085161

PCT/ FE2004L0089 Yy -(88- oevahelatiionpohtans B2 SFd)g the

Thi ckness Ud (m) of the thin portion 22; SF2) Length

shyrt®d ofdd henddaloF;portion 22 along the shorter side
thereof; 5 SF3) Length UWx (m of the thin portion 22

5 3 ongathe rpmaen.ue bheeololdl kackien %) . p0d Sl

Young' s nodulus E e thin“por
e structure factors SF1 through SF4 were regarded
lgggégrgﬁ% gﬁfﬂgﬁéag?lB?CEl%ﬁl d regarded as 10

fittkﬁg parameters in the follow ng formula and
opti mrzeéd, Y LB9"&s MEFUSBE oF n(Balp afarbeethknwapehion 22.
i ndi cates the performance of the pressure absorbing

~menber 21.Theh@bpgeustobcthie frartamst 6F1 Khisuglef$f4 etre
to as the Kvalue in Table 1. 15 K = Uda x Uyb x Uxc x
régarded wes viaauiathlthat ahdiea K bvalcu@ndpfr epeeat€harded as

10 fitting parameters in the following formula and optimized, so
as to obtain a parameter K which indicates the performance of
the pressure absorbing member 21. The value of this parameter

K is referred to as the K value in Table 1.
15 K = Ud® x Uy x Ux® x E¢

It was found that the K value appropriately
indicates the performance of the pressure absorbing member 21
when the fitting parameters 2, b, ¢ and d were set toa =2, b

20 =-2.5, ¢ = -3.5 and d = 2/3.

It may be seen from Table 1 that both the
evaluations A and B are satisfactory when the K value falls
within a range of approximately 2 x 10' to approximately 9 x
10%,

25 In other words, the rigidity and the resonance



i ndi cates the performance of the pressure absorbing

menber 21 when the fitting paraneters a, b, ¢ and d
woweee/0sasito a = 2, b 20 = -2.5, ¢ = -3.5 andrdI/3P28943003919

It may be seen from Table 1 that both the evaluations

A and B are satisfactory when the K value falls

within a range of approxi m@Pely 2 x 1010 to

approxi mately 9 x 1010. 25 I.n other_words, th
FRBT Ry G PN P ESORar R e B0 AP DRE L Whith foms the
PCT/ JP2004/ 003919 -39 frequency of the pressure o
PEBSSLER P SERESS SErRAre Gt Hfe OPpiBigafeso that it 1s

absorbing surface 2la can be optim zed so that it is
ppessbbt eca eosdgiivevs| phbbimia sadtleblieki-nktj eharacteristic
characteristic even at high driving frequencies, when
etrtbe dhiigre siivd ngmErefudndies,t hinenpehti hi2Rnesheaid (m) of
length Uy (n) of the thin portion along the shorter

5 thbdenihessafiod be,! engt et My Afm)t Be tAENthPRrddQANon
22 along the | onger side thereof (that is, along the

Lrect : ' ul (Ra) .
PRhE TP e 3l B FRUPRE, THIMRGER R () p e thin

1), 2 x 10 < Ud2 X Uy, 2.5 X ' E2/3 < 9
phBt0n 22 (Honoa enaSRARBer T THEEAks (5hphcTRasBiodh g he
the size (length) of the ink-jet recording head |
diigepeheest) t %Yéﬁniéstm@‘ﬁrués%r(@aéb§%r bhagthin
surface 21la of the pressure absorbing nenber 21
pontieasys . sdti sty $heafellovwing swfltatienshipl (3ueh as a
resin is used for the pressure absorbing nenber 21,

10 nore resonance of the pressure absorbing nenber 21 is
generated in

2 x 10" < ud? x Uy?® x Ux>d x E¥? < 9 x 10V -—= (1)

As the number of nozzles 5 increases and the size
(length) of the ink-jet recording head increases, the area of
15 the pressure absorbing surface 2la of the pressure absorbing
member 21 increases. In this éase, if a soft material such as
a resin is used for the pressure absorbing member 21, more
resonance of the pressure absorbing member 21 is generated in
the low-frequency band. In addition, since it is difficult to
20 process a soft material having a large area, it is preferable
to use a hard material for the pressure absorbing member 21,
even if the rigidity of the pressure absorbing member 21
becomes slightly high. Even when a material having a high
rigidity is used for the pressure absorbing member 21, it is

25 possible to obtain a sufficlent pressure absorbing effect.
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the lowfrequency band. In addition, since it is
difficult to 20 process a soft material having a | arge

w@e@a/8ilttl1 is preferable to use a hard materi aPCT/ar20041®3919

pressure absorbing member 21, even if the rigidity of
the pressure absorbing nmenber 21 becones slightly

hi gh. Even when a material-gljaving a high rigidity is
used for the pressure absorbing nmenber 21, it is 25

possi bl e tBh®REESFE dovehEpenthdreswmdd egdbsopbeagure
effect. WO 2004/ 085161 PCT/JP2004/ 003919 -40 The
rpeesente | thegrg@reg isdie of udhe damure sy ehamBsonantEr
characteristic of the common ink chanber 6 for

vealbos smaredeidlal sisksedol 0fhé herdyRESULS BRSORDI REmber 21,
menber 21, wth respect to the ink-jet recording head

whaMi PEsBedtinRernef i%lkﬂgéﬁ | Péc%;gﬁ{é;g eding hgggﬂ? Al Gurbéer of

is a diagram for expl aining ung's no us o

ess hRO er. 21 and ,.the pressure . ., .

n%%%%%%ﬁ%ég%%%ﬁaggggpgfigFgg't %:%%ﬁhﬁHagﬁEB §ﬂ5n%%91%?nlng

f the fjrst odi { of the recording head. In
tRp g § e filitnat oL P AP 55 Aeesbang MedRarl and

i ndex, 10 and the abscissa indicates the Young's
thedbressdPaleseonapkre chreastarl sftisoodi theneabeen 2ink | n

order to obtain a sinple index to indicate the degree
chamegr ehtobfthehd ipsessubedimesonafcehei rebsrdssgneshd. In

that the driving frequency band of the ink-jet

FLecol 4 nthdheadinatd5>iappeouddred @JreskulkZ ré8onance index,
approximately 16 kHz, and pressure change val ues at

ahBechd et REAPESESHI Ehd ¢ Cembin1 9ENEIAL £d Al e
A ho

total ed. Hence, the indexes indicating t egree or

pE3L&e Undd1RiREeREMEE, Sp0NANCE Of pressure

In order to obtain a simple index to indicate the
degree or extent of the pressure resonance, it is assumed that
the driving frequency band of the ink-jet recording head is
approximately 1 kHz to approximately 16 kHz, and pressure
change values at the time when the pressure resonance'is
generated are tétaled. Hence, the indexes indicating the
degree or extent of the pressure resonance of pressure
absorbing members having different Young's modulus may be
compared. For example, in the case of the fregquency
characteristic shown in FIG. 13, the resonance point exists at
the freqﬁencies of 4 kHz, 10 kHz and 10.8 kHz, and the
pressure change values at these resonance points respectively
are 0.8, 1.1 and 0.5. Hence, the index indicating the degree

or extent of the pressure resonance may be calculated from 0.8
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absor bi ng nenbers having different Young's nodul us nmay
be 20 conpared. For exanple, in the case of the

w0 e@gugsicy characteristic shown in FIG 13, tPE€r/JP2004/003919

resonance point exists at the frequencies of 4 kHz,

10 kHz and 10.8 kHz, and the pressure change val ues

at these resonance points J4gspectively are 0.8, 1.1
Hence, the index indicating the degree 25 or

e%t-éntF Bf 5 the thesdlir ML esopemtE Galyidse EhLEuiRdey
from0.8 WD 2004/ 085161 PCT/JP2004/ 003919 -41 + 1.1 +
ipdgcating they ddsrsespécekient i oh, thehipreissder resonance will
i ndicating the degree of extent of the pressure
beegefianced viid las lider 8peesedrs or&soridie e’ prassur e

resonance i ndex". As may be seen from FI G 14, when

the Young' gs snapdidl usenf ribg PIESSUY ev@l%%%ﬁbngoﬁﬁ&b@f
21 becones less than 100 MPa, the pressure resonance

mbBQEﬁsrtgjf’ Q‘Lé’ ﬂr‘%%rsﬁﬁéeéﬁséﬁ% i%egrb rds. bghgzpe% e & han

change e conmmon I n nor e easli

fects the ink-jet characteri st Accacrdin
18" BFa7 b R HRES: RECHvRrt adRed For Prbipreastie I
10 absor bi ng nenber 21 has a Young's nodulus that is
O¥HBT NEALSF %§FE§F@F$UB? TRRPEE o fhether icaMmARyVing ghamber 8
Young's nodulus that 1is 100 Pa or greater for the
mpressas blubaidiasitsg thenbek-Pat chidmrtegistithe ressdireyly,
absorbing surface 2l1a, it is possible 15 to suppress
ithésrpsefardd d tequethy hsoam el asdag foeWwrHYept&ssihe
| arge area of the pressure absorbing surface 2l1a when

abBerbMtghedmfr PAZREESa Sybied easRnand %Hst81§el@é MBE or
ink-jet  recording head becones large. For this

gkE3BQR, it is possible

By using a material having a Young's modulus that
is 100 Pa or greater for the pressure absorbing member 21
which forms the pressure absorbing surface 2la, it is possible
to suppress the resonance frequency from becoming low due to
the large area of the pressure absorbing surface 2la when the
number of nozzles 5 increases and the size of the ink-jet
recording head becomes large. For this reason, it is possible
to obtain a stable ink-jet characteristic even in the case of
the ink-jet recording head which has a large number of nozzles
5 and is large (or long).

Nickel (Ni) is suited for use as the pressure
absorbing member 21, because the Young's modulus of nickel is
apbroximately 150 MPa. 1In other words, nickel satisfies the

above described demands as the material used for the pressure
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to obtain a stable ink-jet characteristic even in the
case of 20 the ink-jet recording head which has a
wo arngessienber of nozzles 5 and is large (or |PCIyyR2004/003919
Nickel (Ni) is suited for use as the pressure
absor bi ng nenber 21, because the Young's nodul us of
nickel is approximately 13@-MPa. |In other words,
ni ckel satisfies the 25 above descri bed demands as the
2REPEPIRY TRILRPLY ol t RBIpiasalee SABY2(004PT85263 -
PCT/ JP2004/ 003919 -42 absorbing nenber 21, and is
al so easy @b fPraodedel Cenghe Totef HhengidesTuref abderbing
pressure absorbing nenber 21 along the direction X
mehbel enPtdil dikg athet Berebthion poy tien 12Ags URPert e .+HAn
sufficient pressure absorbing 5 effect cannot be

pebtabneth i fs tihgdaper t '@nsﬁfiéheeﬂﬂ" IesRALLT QRSoRZi

the pressure absorbing nmenber 21 is reduced. This is

e@@gaysga,g@% Hd %%ttﬁﬂﬁle%dffp% (P%g;%g%geggégt @ﬁ?t{}am

portrion hanges,

sufficientl bsorb the pressyre of the
PRREHES 5 A A BFE° 105 RS T MERCRBr €1 obe PApauced.
becomes long. On the other hand, if the proportion of
Thhe %%.bﬁ%ﬁ% She sHrpRtirRl plaEsinde CapBsHEDi Af haidrin
21 is increased, the vibration of the pressure
pab§©¢®|2ﬁ;qh§ﬁgas 2 @ndais/s ésecdree prioiposmitésctobedfficiently
above. 15 The present inventors prepare sanples of
abhosb fthes tpreyshodi pENthef céieor ecnr dhagbbeasd &Y a whole
varying the length Ux of the thin portion 22 al ong

whBg €he eatin pbrandnt De ttdHed angih OX fhetB€her hand, if

pressure absorbing nmenber 21 along the direction X
the proportion of the thin portions 22 in the pressure

absorbing member 21 is increased, the vibration of the
pressure absorbing member 21 causes the problem described
above.

The present inventors prepare'samples of this first
embodiment of the recording head by varying the length Ux of "
fhe thin portion 22 along the direction X and the total length
Tx of the pressure absorbing member 21 along the direction X,
and evaluated the ink-jet characteristic of the samples.
Results of the evaluation are shown in Table 2, where NG
indicates that the evaluation result is unsatisfactory (no
goed) , aﬁd OK indicates that the evaluation result is

satisfactory.
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and eval uated the ink-jet characteristic of the
sanples. 20 Results of the evaluation are shown in
wdaisesasl where NG indicates that the eval uatP@nIP2004/003919

result is unsatisfactory (no good), and K indicates
that the evaluation result is satisfactory. 25 WO

2004/ 085161 PCT/ JP2004/0039k2 -43- Table 2 Sanple No.

Ux/ Tx Evaluation Result 1 0.061 NG 2 0.121 NG 3

0.182 NG 4 0. 242 NG 5 0.B@a3ledk 6 0.317 K 7 0. 343
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portion 22 and t he 19@101311 Ix of the pressurl¥s

absorbin§ nenber 21 is oredek3bly set within a ri¥hge

of approXimately Q.25 to apm4xi matel y|0.45. | n n@ her

words, it is possible to optj3oxze the $tructure @f

the pressgure absorbi ng nenberzZI by sat|{stying ox

7 0.343 OK
8 0.364 OK
9 0.424 OK
10 0.485 NG

From the evaluation results shown in Table 2, it
may be seen that a ratio Ux/Tx of the length Ux of the thin
portion 22 and the total length Tx of the pressure absorbing
member 21 is preferably set within a range of approximately
0.25 to approximately 0.45.

In other words, it is possible to.optimize the
structure of the pressure absorbing member 21 by satisfying
the following relationship (2), where Ux (um) denotes the
length of the thin portion 22 along the direction X and.Tx
(um) denotes the total length of the pressure absorbing member
21 along the direction X. Therefore, it is possible to more
positively absorb the pressure and more positively suppress

the resonance, to stabilize the ink-jet characteristic.

0.25 < Ux/Tx < 0.45 ——= (2)

Next, a description will be given of a first



10 the followng relationship (2), where W (pm

denotes the length of the thin portion 22 along the
waleooeositon X and. Tx (pin) denotes the total |RCHIFR0GEH003919

the pressure absorbing nmenber 21 along the direction

X. Therefore, it is possible to nore positively

absorb the pressure and ne#d-positively suppress 15

€ nanc o stabilize the ink-jet
mbASFLEROMANT, 4@ SHR3L LiSdlended The( gpcon@img head

description wll be given of a first WO 2004/ 085161
aﬁﬁfﬁﬁg%d'zﬂ d‘gﬁﬁesﬁﬂh wyRTiicati &y obfeheingrsd FIGS. 15

enbodi ment of the recording head according to the
apflesent lfredti ém, abplaeferew nhawdnkl BSprabsusdthddhrbing
FIG 15 is a plan view showi ng a pressure absorbing
memnderobftitihi ikt shotbei ddicald &F ehet Be i rStbodiment of
enbodi nent of 5 the recording head. In FIG 15, those
5  thariscoiicly acadessentiatl v 4 heps, hgse
corresponding parts in FIGS. '3 t%ggﬁgﬁt% gﬁ%Fh are
cseshgnatied Ry S ef erence nunerals, and a
descri pt i%gn th%?@%f Wi i}f‘O e cc?rﬁrtetggagsﬁ% P3RLS gl FIGS. 3
a frequency characteristic of

' amp f.or .expl aini
t}gi%%rehss@ura gfec ah %“%?ﬁ%ﬁf H&'Sc 6AMEN T PR ehembumegfalishi snd a
add LSt modification of the first —enmbodiment of the
FETORHRG ﬁéﬁa@f G be emititeder dFAat €16 iialicatiegram for
t he pressure (kPa) of the common ink chanber 8 of the
¥Rl ingdif Fragienrcoichammdtierdstéabotli argmte furtdh €hange of
recordi ng head, and the absci ssa indicates the
10 tHe expuewoy itk Hzhambeib dM HHAisS £f kb6t me@OF £ d L3P POk nENS; ot
first enbodi ment of the recording head, the present
enbvaiieh@Nok Stia@ptd @k diPhebBK-1 8f, Ff@cordling head. .

indicates the pressure (kPa) of the common ink chamber 8 of
the first modification of the first embodiment of the
recording head, and the abscissa indicates the frequency (kHz).
15 In this first modification of fhe first embodiment of the
recording head, the present invention is applied to an ink-jet
fecording head.
In this first modification of the first embodiment
of the recording head, the pressure absorbing member 21 has
20 two thin portions 22 and a thick portion 23, but each thin
portion 22 has a second thick portion 24 provided within a
region of the thin portion 22.
By providing the second thick portion 24, the
reéonance frequency of the wall surface of the common ink

25 chamber 8 is shifted towards the high-frequency band. For
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In this first nodification of the first enbodi nent of
the recordi ng head, the pressure absorbing nenber 21

wham4/0206t wo thin portions 22 and a thick portPCRJIE2804/003919

but each thin portion 22 has a second thick portion 24
provided within a region of the thin portion 22. By

provi ding the second thickysortion 24, the resonance
frequency of the wall surface of the common ink 25
téRanmbeas@j slisHisf Pegstibwar Bie fhethfysubpegaenthebaereration
For WD 2004/ 085161 PCT/JP2004/003919 -45 this reason

oift the pessidiiee toihtr whehisupps ebsiting depguahtpnbamd of
the resonance point within the driving frequency band

tbe ihhejénkrdRirdiegohdbag head. In addition, the

strength of the thin portion 22 5 increases by

provi di ng iﬂ“éd&%%%@ﬁ,tQh@ksg9éﬂ§§H‘é%mthQSt inrgé?f%on 22

it becones easier to process and produce the i t

. ' .l _Fl 1 a l.id.line, sho t he
PEERREEE Y Hibviatabl Bec Serted it BiFsTERange e

t he_common ink chanber 8 of this first modification
T5PULfe Tt rRICEIRGOARTART 10 BFOTIRS 1AetoPaPRECReke Fof—iet
conparison purposes, a one-dot chain line shows the
TPregdeng yeathr adieFilSt i é6of 2t $relist dsidigr showRahle BHfequency
the common i nk chanber 8 of the first enbodi nent of
chheartentsii ing dfedtienwpirebsuse nohapreodfdettewcbimbheink
second thick portion 24. Furthernore, a dotted line

chanperf g estiency ¥3rehanagi eitsticn off the BRessUeBbodiment
change of the common ink chanber 8 of the first

SO LSS BIATBRLS! HhE Kokoblor 206008, et
chain line shows the frequency characteristic of the pressure
change of the common ink chamber 8 of the first embodiment of
the recording head which is not provided with the second thick
portion 24. Furthermore, a dotted line shows frequency
characteristic of the pressure change of the common ink
chamber 8 of the first comparison example of the ink-jet
iecording head shown in FIG. 9 which has the pressure
absorbing member 21 having the uniform thickness of the thin
portion 22. |

As may be seen from FIG. 16, this first
modification of the first embodiment of the recording head
provided‘with the second thick portion 24 has a pressure
change which is even smaller than that of the first embodiment

of’the recording head, and considerably small compared to that

of the first comparison example of the ink-jet recording head.
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absor bi ng menber 21 having the uniformthickness of
the thin portion 22. 20 As may be seen from FI G 16,

wa boog/ogdisst  nodification of the first enmbodi neEik/JR2004/003919

the recording head provided with the second thick
portion 24 has a pressure change which is even
smal l er than that of the figgst enbodi nent of the
recordi ng head, and considerably snall conpared to
that 25 ofA% He Haspdt, cohpar fiot avashiflicastionheli fle jFirst
recordi ng head. WO 2004/ 085161 PCT/ JP2004/ 003919 -46
eAbodinesul ¢f the sefordingodédd odtichn isf prbeifledswith the
enbodi ment of the recording head which is provided
swbbhdt figi cls eead chhicakhper & | e 2k frasrg saki-géactory
ink-jet characteristic having a small pressure

hed - h § nk i [
e R R e e PR oo o the
.24. .Because .t | sible to separate the.r e
lflfééaﬁenlé?/c%?&ﬂge%grggésHgéc%b%%er brlpoﬁ%g prlfg)%e? dﬁﬁgﬁg&t?%esecond
drivin frequency of the ink-jet recording head by
tBFS&iH%ﬁEE?%g“&O second thick portion 24 in the region
of the thin portion 22 of the pressure absorbing
nmenber 21,B¢tause gésdishpessibleffeddpraafeobhai Aregonance
Stable ink-jet characteristic. Furthernore, it is
feagiiency cof ridat pfressunk- pesorietor diendpelredd addr ting diieving
assenbl i ng process and the production efficiency is 15
fraghened, obegaisak-hersteesgin@fhddte by @esuti&ing the
absorbing nenber 21 is increased by the provision of

sbRengeeRndk tiGK on BT £HO0PhE4region of the thin portion 22

of the pressure absorbing member 21, it is possible to
effectively obtain a stable ink-jet characteristic.
Furthermore, it is easier to treat the ink-jet recording head
during the assembling process and the production efficiency is
improved, because the strength of the pressure absorbing

member 21 is increased by the provision of the second thick

.portion 24,

If the thickness of the second thick portion 24 is
made the same as the thickness of the thick portion 23, it is
possible to simultaneously form the thick portion 23 and the
second thick portion 24. In this case, the production process
can be simplified and the production cost can be reduced.

Next, a description will be given of a second
moaification of the first embodiment of the recording head

according to the present invention, by referring to FIG. 17.
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If the thickness of the second thick portion 24 is

made the sanme as the thickness of the thick portion
WQ@04/085165 20 possi ble to sinmultaneously fornPc@2004/003919

thick portion 23 and the second thick portion 24. In

this case, the production process can be sinplified

and the production cost cap-sbe reduced. Next, a

description will be given of a second nodification of
Fiie I7r5¢ @miodisrepttddnsheviecahdiwiggheador®bon of this

according to the present invention, by referring to
s&té&nd Ifod MO 2H04m08516Ae PG SHP2004/06:38E 90 £ - 8ife Rt aortfing

is a cross sectional view showing a portion of this

h88§0R%: rmdidfd eald a&re&w@ pefRingradi-ment + of cmeectlon in

recording head cut along t'he direction perpendi cul ar

R i R g TR

sanme as t spondi n arts in FIGS, 3 thr h
25 AP ST st Eoh 2P oo AR S SAEEORGNE? PELard: FTCS.
a description thereof will be omtted. In this second

3nbareidatd Gireodeehenptedtbeidwlisamne referhece ezorstiadg, and
head, the present invention is applied to an ink-jet

ar@emldimgimes;dherfe@fl Wilhilse secidriednodirhi this oseadnd he
first enbodi nent of the recording head, a pressure

mad5o1 & iigrerhehe?Eirst @ﬁtﬁndld@htafofatﬁ@r teebr@ind head,
wal | surface of the frame nenber 14 form ng the

tE@U@%@ééﬂﬂ< GhRIMRE6N8; s aspSTHW 41 ol Gnkliet | RecdMi% head

case, is preferable to provide a danper chanber

on 15 & rgﬂg U 368RE Y 1]@{%%%% ADFREDE DI e”n%odment

21 to nek pressure absor
Iaceab d to communi cate er. chanber
oD 0 AP uhingt Batle S BShma Shsh éng”Bember s

provided at a portion of the wall surface of the frame member
14 forming the common ink chamber 8, as shown in FIG. 17. 1In
this case, it is preferable to provide a damper chamber 21 on
a rear surface of the pressure absorbing member Zi to make the
pressure absorbing member 21 displaceable, and to communicate
the damper chamber 25 to the atmosphere via an atmosphere
communicating passage (not shown). Except for the effects
which are obtainable by forming a portion of the pressure
absorbing member 21 by the vibration plate 2, this second
modification of the first embodiment of the recording head can
obtain the effects obtainable by the first embodiment and the
first modification of the first embodiment of the recording
head described above.

According to the ink-jet recording head of the



comuni cati ng passage (not shown). Except for the
effects which are obtainable by formng a portion of
wo bw4psassur e 20 absorbi ng nenber 21 by the viPCEHIP2004/003919
plate 2, this second nodification of the first
enbodi nent of the recording head can obtain the
ef fects obtai nabl e by the fjgrst enbodi nent and the
first nmodification of the first enbodi nent of the
presenti hgvemeam deser péd aboface 25 Abeordmngnt bnk hehamber
i nk-jet recording head of the WO 2004/ 085161
iBCIb#R20 04 003AED suréBapsesienty i surefidegn anang Méhber which
surface of the common ink chanber is forned as a
FRERSSHRE Phsanhingreuvihags, s@rth & rREber n\e!ﬂLaﬂlféﬂﬁ e
the pressure absorbing surface has a non- Enl orm
S ry t avi
e Gt R s N RS ?%r%ngoéi%%?reqt
su ss th decrea of the resgnance frequenc
5 r%ﬁ@%fﬂe%%w e, SCURERRE, Ol S AT Loduency ol
igidity of the pressure_absorbing nenber, and the
SFF’\??%% %% é&}feﬁ@foaﬁnt:ﬁeflr'w?ré%y qfeddedPigSRetE dgprbing
be made different fromthe resonance 10 frequency of
stiéape edviuke mRisGabnAggstiné acieyidEdly oifi $heepsessura t
is possible to obtain a stable ink-jet characteristic
abgerbindewerdeer i pikd] eher @OV N Fhep@ncy 6Fi ¥RE Mk-3et
hi gh driving frequency. The ink-jet recording head

rae6oathRthd (i@ Peesght dﬂéféwtﬂr% ehbecbiyelNce
applied part|cularly to the line type ink-jet

o EGAIDARIE KhQ-GLIEr Ot Ut 1B L) Ynoon,
i%ngstgg%81ble to obtain a stable ink-jet characteristic even
when the ink-jet recording head is driven at a high driving
frequency.

The ink-jet recording head according to the present

15 invention effectively applied particulariy to the line type
ink-jet recording head. In other words, the line type ink-jet
iecording head has a large number of nozzles (bits), and the
length of the pressure absorbing member along the longitudinal
direction thereof (direction X) is large. Consequently, the

20 resonance of the pressure absorbing member itself, which is to
be decreased by the present invention, is notably generated in
the case'of the line type ink-jet recording head. But by
applying the present invention to the line type ink-jet

reéording head, it becomes possible to absorb the pressure

25 change of the common ink chamber while maintaining the
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| ength of the pressure absorbing nenber al ong the
| ongi tudinal direction thereof (direction X) is

wo 200ge851€onsequent | y, the 20 resonance. of the PCEIER004003919

absorbi ng nmenber itself, which is to be decreased by
the present invention, is notably generated in the

- case of the line type ink-jst- recordi ng head. But by

appl ying the present invention to the line type

THgkdiby oFf ddvt NS Shead abperibbe®d mesnsas s ebbeat stabkorink-
the pressure 25 change of the common ink chanber while

Jefi pharadier idie ANOa2004/ 6B54 ElePEReHP2004h803948 of 49 full-
rigidity of the pressure absorbing nenber, and a

1dhabtgpé nknk+{Rit chabadtagi béa¢ watte ioph aLABHLEYEN-ddbrds
the case of a full- line type ink-jet recording head

20! Ehe Skl tRBRAUS Y £CFONdSon Tale tRokuhl ! £0GE [ O 2
line on the recording medium 5 Next, a egcrlp I on

will be gi of fir et ho f pr.oduci ng_the

first enbgylnenflo SFﬁé Fé%8r%$%b%ﬁé &Vegcggraiﬁﬁr?B method
t.he present .invention. st acked piezoel ectric

o&| B@ﬂ??l%itéﬁ i &régeaﬂﬁgdgnerbi‘r e C6ROEAENFghead

means, is bonded on a support substrate 10 (base

28GREP+RY LA HhenpaesentSheEeatiake Stainl ess (SUS) by

use of an anaerobic adhesive, and a groove is forned

in the pikzoslced pdeebelreatriy alsmenft,awtlichngissaged as a
so as to forma piezoelectric elenent 12 which is

pEepat s ecbrie s ngOmee k| espashded @ACA support substrate
pressure-applied i nk chanber 6. An FPC 15 cabl e 18,

(WhEEhsiSs SRS qa)amﬁeedHftgﬁeaﬁﬂpQﬁﬁz%% Eﬁﬂgggtgg%%P use
the side surface of the piezoelectric eFenent 1 |8?V
o%ieaJéﬁé@%%ﬁMéI&dh@%i9e9o¥§d g“@f%%é%eﬁgngbrggdafnt%he
piezoelectric element by use of a dicing saw, so as to form a
piezoelectric element 12 which is separated so as to
correspond to each pressure-applied ink chamber 6. An FPC
cable 18, which is used as a conductor member, is connected to
the side surface of the piezoelectric element 12 which is
formed with the groove, by soldering, so as to form an
actuator unit.

On the other hand, a nozzle plate 3 and a vibration
plate 2 which are formed by electroforming, and a flow passage
forming substrate (ink chamber substrate) 1 made of silicon is
formed by etching. The nozzle plate 3, the vibration plate 2
and the flow passage forming substrate 1 are positioned and

stacked with high precision, and an epoxy adhesive is applied

to each interface to bond the nozzle plate 3, the wvibration
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actuator unit. On the other hand, a nozzle plate 3 and
a vibration 20 plate 2 which are forned by

webk®@enssabor m ng, and a fl ow passage form ng SPOBIN2004003919

(i nk chanmber substrate) 1 nmade of silicon is forned
by etching. The nozzle plate 3, the vibration plate 2
and the fl ow passage form-¥§-substrate 1 are

Qsi tione nd ..stacked with high precision, _and a
B335, 2R TP AR ralt et i Aare o L paC Tt
t he nozzle plate 3, the_vibration WO 2004/085161
YOBTFYF2862/ Vo 3d'o PLe5eehrat 810 @lriNaTie 12 o phssageuator
form ng substrate 1 together. A top surface of the
UpilEz o8l bended @ embackl gusfatheofadtheatvibragnbh pkate 2 by
bonded to a back surface of the vibration plate 2 by
aaneppryyaditheisiaze. 5 A franme nenber 14 made of a resin
for formng a conmon ink chanber 8 having a | ength of

35 mm al ong thend eReeer Sudgadbeseqf rediherths8iningm

o

~along the shorter side thereof, and a depth of

2 mm
cofmBh PRk Shar) b8 LhEME NEIASY clét 38 pPRRdEd
t he back surface of the ?F%ra ion p atg Ema%§g§ ég%% longer
rface of .the g?s ubstr te_é%lby an, anaer obi ¢

TR EHELE5E S AR ER TR ety ehey SedRuthosheadthereot.

opﬁning in the frame menber 14, which forns the _
2BGnAofcPHk ThZnBEr 18, PFEPaER@r cihchy-Niffe fypBeabeBper 14 is
plate 2. The vibration plate 2 used has.a 2-layer
bepderedn sthaidiapke susfaeened Hye Niikglagdonopbrheng, amhdhe
the 2 layers of the stacked structure respectively
ehdveuthackneS e dhsd8 pubsarst7.lpmy ahhenperbbod &ihesive,
the vibration plate 2 covering the opening of
so as to form the ink-jet recording head.

An opening in the frame member 14, which forms the

common ink chamber 8, is covered by the vibration plate 2.
The vibration plate 2 used has a 2-layer stacked structure
formed by Ni electroforming, and the 2 layers of the stacked
structure respectively have thicknesses of 3 um and 27 um.
The portion of the vibration plate 2 covering the opening of
the frame member 14, that is, covering the common ink chamber
8, has a central portion which is made up of the 2 layers and
has a thickness of 30 um (= 3 pm + 27 pm) to form the thick
portion 23, and an end portion on both sides of the central
portion élong the longitudinal direction of the common ink
chamber 8 and made up of 1 (thinner) layer having the
thickness of 3 um.

The ink-jet recording head which is produced in the



the frame nenber 14, that is, covering-the common ink
chanber 8, has a central portion which is nade up of

wao b@4/asdtayer s and 20 has a thickness of 30 pm ¥ET/BP200m/063919
27 pm) to formthe thick portion 23, and an end
portion on both sides of the central portion along
the | ongitudinal directionsaf- the common i nk chanber

8 and nade,%g of 1 (thinner) layer having the
PRV EKARSST 1PeS Mamnersangehavikng 200 ecerdiengShebltrtniich
I's produced in the WO 2004/ 085161 PCT/ JP2004/ 003919

nogzlapov eareyvringegondnfepiand veey imogn2e8 onzalesirker and
that is, nozzles 5 amobunting to 200 bits, was nounted

ponnt pestd ere@ndarpieat obest aver eceanti 68 M . pAN tests,
result of the print tests, it was confirnmed that a

isakh s e BT ithbkng a0 b Galky) %@iﬁtgﬂﬁ’cﬁﬁt$§w§$rried
generating a deteriorated picturée quality, éven en

5 Rt TR Mgty BALLEh el OLeRL LG D 0
from all of the nogz?es éﬁ d?ﬁf%%ﬁ%#EESﬁ i %§@sfven
I nk-jet. recording head havjn tge vibration pl ate
VB REH C GSALEERE KBTI TR S0 RABAFCBIMdeE dgik From
olely of 1 (thinner) |ayer having the thickness of 3
a£%1° Ne)MRfFdEF. °tn addition, this ink-jet recording
head was nmounted on a printer and print tests were
carri ed oufoer memparésoh tpwipddws,prnntinkeses, rédcombiig head
confirmed that the deteriorated picture quality is
hayeivey atted iprihéohSppatetd ngihiBaeeeboes, thé M&non ink
confirmed that the ink-jet characteristic is inproved
10 chymbad 8,f inf=sle apbodi &BPto0f1 tRGinner) layer having the
thickness of 3 um, was produced. 1In addition, this ink-jet
recording head was mounted on a printer and print tests were
carried out. As a result of the print tests, it was confirmed
that the deteriorated picture quality is generated by the
15 printing.

Therefore, it was confirmed that the ink-jet
characteristic is improved by this first embodiment of the
recording head according to the present invention.

Next, a description will be given of a second

20 method of producing the first embodiment of the recording head
according to the present invention.

A stacked piezoelectric element, which is used as a
pressure converting means, is bonded on a support substrate

(base substrate 11) made of Special Use Stainless (SUS) by use

25 of an anaerobic adhesive, and a groove is formed in the
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recordi ng head according to the present invention.

Next, a description will be given of a second 20
woredohossief produci ng the first enbodi ment of tPET/JP2004/003919

recordi ng head according to the present invention. A

stacked piezoelectric element, which is used as a

pressure converting neans,ghs bonded on a support

substrate (base substrate 11) made of Special Use
pSeapalessriGuderpntuby 25c obf an divderplsaw, adhess viep form a

and a groove is fornmed in the WO 2004/ 085161
pPPETHIP2OOAH OGS Rnt- 32 phedwel £Hddaratlamspt abytaise of

a dicing saw, so as to forma piezoelectric elenment

&2 &4 1 6o SR Fheds§Pea arie 0geac
Cpré%%%re applled ?ﬁk ghaﬁb§$é%?e§;1 FP%aggggFe618 &h rec

higs USE nduc connected to

%ﬁggs%%e su%ge %Fgghggp%ezoe nh??ﬁgm% snent” 1% %ﬁﬁcq?d to
' roove, sol derin so as
the, g SUEhIRR 6 CHE DLROT e o IRARAC 22 iepsite is

plate 3 and a V|brat|on plate 2 which are formed by
ferrée@l réEeh iRy 9rerdea Py owiesiaye SPoafotni Agrm an
substrate (i nk chanber substrate) 1 nade of siliconis
afbvakdr bynigtchi ng. The nozzle plate 3, the vibration

plate 2 and the fl ow passage form ng substrate 1 are

posi ti onedmanthe stthekedamdif ha MEHy 1Y @Qia$ke0B, a8A0: & bration
epoxy adhesive is applied to each interface to bond

plQ@en@Z#HftHﬂéyéef%rméaeby'éléﬁﬂfgfdyﬁlﬁbat§n3 anﬁéﬁ“%assage

fl ow passage forn1ng substrate 1 togeth

féﬁﬁiﬁ§ sﬁgsgfg%ep' éﬁ%£§ §ﬂ? }faokade of silicon is

act uni t ce o

ftP§e3'§§fgé nPlat%hz gzzle plate 3, the vibration plate 2

and the flow passage forming substrate 1 are positioned and
stacked with high precision, and an epoxy adhesive is applied
to each interface to bond the‘nozzle plate 3, the vibration
plate 2 and the flow passage forming substrate 1 together. A
top surface of the piezoelectric element 12 of the actuator‘
unit is bonded to a back surface of the vibration plate 2 by
an epoxy adhesive.

A frame member 14 made of a resin for forming a
common ink chamber 8 having a length of 63 mm along the longer
side thereof, a length of 2.5 mm along the shorter side
thereof,’and a depth of 3 mm is prepared, and this frame
member 14 is bonded on the back surface of the vibration plate
2 and the end surface of the base substrate 11 by an anaerobic

adhesive, so as to form the ink-jet recording head.
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w@p008883mn al ong t he | onger side thereof,

[ 14 made of a resin
an epoxy adhesive. A frame nenber _
' hanmber 8 having a | ength
for formng a 20 common ink ¢ P et e 4003915
i de dept h of
2.5 mmalong the shorter side thereof, and a
3 mmis pregared, and this frane _neanrt142|s 3o?ﬁ:d
urface of theb5s-bration plate an
o e e ubstrate 11 by an anaerobic

t he base 2
ggdaZE;;?$§?q%§H5%gt6nf5§ﬁ1 FEs Aest ddeortiinl Hewmns the

4/.085161 PCT/JP2004/003919 -53 An opening in
C&%ﬁzoggﬁﬁ S P4, 1ihFeverest my tthe vibmabhohnklate 2.

8, is covered by the vibration plate 2. The
ngg‘?g@e#%% &lete dsvdetiasam B-I-dpgerstaskrdd SEE LS
formed by Ni electroformng, and first through third
Toayed Sy Bt kdecitsprohei By, ayer Fi0ktt BRrshagked 1o layers,
‘structure respectively have Lﬁécknegsgz_oa ;lg?glz
tipat aied Thepm 13herposti @i dfdhey wibrati tivel
?ﬁig??ng fﬁe opgning of the frang nﬁn%erugﬁwtiiﬁﬁﬁ vely
14 0 Lk er as a cen i
hﬁ%???gﬁgﬁﬁ?gﬁgiggggdgﬂhﬁﬁggﬁfﬁgdfﬂﬁs?mthz%%gﬁxﬁﬁf#?gOf the
: O-.has_a thickness of 33 pm (= pm
V%%%l%gaggft%oz TESrA i ORePoRe; of D% Gurheameshdr 14,
rt.ion on both sides of the central portion along the
t %ﬁwgsfuﬁpﬁﬁFlﬂgrEﬁﬁiQﬂﬂmﬂn iR& cbamorr §nlhashanmvent8al
and made up of the first and second layers having the
P%ﬁﬁ%@&écgfiqugﬁﬁ Y8 qfimthel5ipsy Hlrdig ivMir®layers and
recordi ng head which is produced in the above
hagescthbelnesmnet Mdmhavi BopR6O 19Z7) es 5 é%rhattO' Sorm the
nozzles 5 anobunting to 360 bits, was nount on a
thicknpertadmtl 23, and an end portion on both sides of the

central portion along the longitudinal direction of the common
ink chamber 8 and made up of the first and second layers
having the thickness of 18 pm (3 um + 15 pm).

The ink-jet recording head which is produced in the

above described manner and having 360 nozzles 5, that is,

nozzles 5 amounting to 360 bits, was mounted on a printer and

print tests were carried out. 2as a result of the print tests,
it was confirmed that a satisfactory printing can be carried
out without generating a deteriorated picture quality, even'
when a multi-printing was carried out by ejecting the ink from
all of fhe nozzles 5.

For comparison purposes, an ink-jet recording head
héVing the vibration plate 2, which closes the common ink

chamber 8, made up solely of 1 layer having the thickness of 3



print tests were carried out. As a result of the print

tests, it was confirned that a satisfactory printing
w@amw4pgsicarri ed 20 out without generating a  PCT/JP2004/003919

deteriorated picture quality, even when a

mul ti-printing was carried out by ejecting the ink

from all of the nozzles 554F0r conpari son purposes,

an ink-jet recording head having the vibration plate

M, AP ChrRIWSss t HE eefibRonnkiES digrbet gecardenggread
solely of 1 layer having the thickness of 3 WO

wW2801H 0854 1oTPET/RIR2064/ 808901 8int S4a9hs wesepreduted.outn As
addition, this ink-jet recording head was nounted on

aarpelbt esf stttk prrint tests, Wet evaardorsd rogt. tASt Bhe

result of the print tests, it was confirmed that the

d@eggibﬁa@é@qumt@iﬂér quatu@kyt Ysi cf'erg.ﬁﬁﬁzre@it ed BYelPRinting.
printing. 5 Therefore, it was also confifmed in this

5 case that ﬁé’%ﬂ#éﬁ{en:t b Qrﬁfégréé&f %hl'iﬁprtﬁ{gd %é/e that

this first e recor ead accor

R AR I ST M R o

paratus according to the present invention, by
wgpém% o thecsecogding head MaGOTENg §oathe present
perspective view show ng this first enbodi nent of an
inrrggeiéor mi ng apparatus, and FIG 19 is a side view
for explaining a portion of the image form ng
appar at us ¥dawn d rRleksrfbGiod8wiThitse fdivehn effbadiEnest
of the image form ng apparatus enploys a first

10  cpBbadheRntonlaf iGRbel #88nasg ot th BRorRERgERS the
i nventi on.
present invention, by referring to FIGS. 18 and 19. FIG. 18
is a perspective view showing this first embodiment of an
image forming apparatus, and FIG. 19 is a side view for
explaining a portion of the image forming apparatus shown in
15 FIG. 18. This first embodiment of the image forming apparatus
employs a first embodiment of a carriage according to the
present invention.
The image forming apparatus, that is, an ink-jet
recording apparatus, shown in FIGS. 18 and 19 accommodates a
20 print mechanism 112 within a main body 111. This print
mechanism 112 includes a carriage 123 which is movable in a
main scan direction within the main body 111, ink-jet
recording heads 124 having the structure of any of the first

embodiment and first and second modifications of the first

25 embodiment of the recording head described above, ink



10

15

20

25

The image form ng apparatus, that is, an ink-jet
recordi ng apparatus, shown in FIGS. 18 and 19
wa@emenstaeat es a 20 print mechani sm 112 w t hi nPGT/SE004/003919
body 111. This print nmechanism 112 includes a carriage
123 which is novable in a min scan direction within
the main body 111, ink-jetgsrecordi ng heads 124 havi ng
the structure of any of the first enbodi nent and
CRFES1dgRE L ded FoEPLvEagi brss dfo tthe finksfeRS5recording
enbodi nent of the recordi ng head descri bed above, ink
hedgp 0t ) 8BE6 1 iIRET/ IR20844 D039 A v GBS seattr idges dadfer
for supplying inks to the ink-jet recording heads,
sapdly herdy ke l4Aspapar isuppty oasselild (efhda Papeick of a
supply tray) 114 shown in FIG 19, mhlchhholds a stack
: 4 : i ng: j:a (Jn.thi
A T N RS 25 ot i e Foper)

we ' in body 111. The.recopdj.n .
1 2hr s Ry bEfv T o e ahi T bR gt i mpi
fro front of the,ink-jet recordin apparatus. A
bﬂ%%&flf eg@‘et F&;?Oig%nﬁ et el Wadupgl §EhgoR hge paper
recordi ng medium 113 may be cl osed as shown in FIG 19
SWRRRY 19RFRAtHen lddefarm & sCopenad itheaivbuneerodoridiiree
direction when in use. The print nechanism 112 prints
apparatage. ot aeuval efeedi tipyedisufiorl Banhathy i Supplying the
supplied fromthe paper supply cassette 114 or the

raedct@ing eedlitimay 13 Lbay ansl diesde 2Bt 8dowheeRr i dI 19 when
medium 113 is ejected on a paper eject tray 116 15

n¥hi Ch i IRV iigeg?gﬂe@ 1.8 c%uql%e%fclbgﬁwigg'é%ezctjt% when

recording apparatus. In the print nechanism , e
iﬁaﬁéé?g%ﬂ%g%rﬁﬁt mechanism 112 prints an image on the
recording medium 113 which is supplied from the paper supply
cassette 114 or the manual feed tray 115, ard the printed
recording medium 113 is ejected on a paper eject tray 116
which is provided on a rear side of the ink-jet recording
apparatus.

In the print mechanism 112, the carriage 123 is
supported by a main guide rod 121 and a sub guide rod 122, and
is slidable in the main scan direction. The main and sub
guide rods 121 and 122 are provided across right and left side
plates of the main body 111. The ink-jet recording heads 124
for ejecfing yellow (Y), cyan (C), magenta (M) and black (Bk)
ink drops are provided on the carriage, so that the nozzles

are arranged in a direction perpendicular to the main scan

direction and the ink-jet direction is the downward direction.
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supported by a main guide rod 121 and a sub guide rod
122, and is slidable in the main scan direction. The

woraion/0ssiel sub 20 gui de rods 121 and 122 are prpwi/aed04/003919

across right and left side plates of the nain body
111. The ink-jet recording heads 124 for ejecting
yellow (Y), cyan (O, nmagesta (M and black (Bk) ink
rops are provided on the carriage, so that the
Ogo‘i‘%””e%e' arranged B NT deFTSn 14r pendeiettEing dhe Y,
the main scan 25 direction and the ink-jet direction
i Miard FFwingsdmay r et fomed\@2@044085460ead assembly or
PCT/ JP2004/ 003919 -56 O course, the ink-jet
urEeor divgy YhefdsM1andfik iajleatdgithesY125 Grdand RBeanly
inks may be fornmed as a single head assenbly or unit.
pildrel d6d @it andpBt i Bk Oad tirixdges $28,a88nd %Péa%%eﬁg'd
provided with respect to tge i nk-j et recprdlng aﬁa S
124. 5 They a j an._o ng i
upper po?ﬁ%gﬁn?hgégE#¥§Q§_é?%ﬁﬁ%% ggt?ﬁgh%%bt¥ﬁean upper
ortjon thereof for

e r n pening .in.a | oper

p@%pp yﬁﬁﬁﬁFﬁg & ?%#m &3 eggoﬁg?niFWQﬁpﬁ%ﬁef an

recordi.ng head 124, and a porous or cellular nenber
PR e "Thér eBYSF P Hot riferseti AR TwepIvinaapibiel dnikt yo

of the porous or cellular nenber mai ntai ns the ink ,
thithi ¥ iesPenphne etbfol ethersiowkedjiety headrihg drehd b2dote or

a slight negative pressure. Of course, instead of
colrloviadi mgmbhe foside ribgreof fezohdiagndeads ikdd f ehe

the Y, C Mand Bk inks, it is also 15 possible to
capidliade tg sEnghe povoyslor eeondiag rh‘&ﬁ’é’ef’\@da%t%lfiﬁ%t Ehe ink

the Y, C, Mand Bk inks fromthe nozzles thereof. The

wHiRd il dappi el {5t dAMILECRMSEEE A% 324 o a

c

slight negative pressure.

Of course, instead of providing the four ink-jet
recording heads 124 for the Y, C, M and Bk inks, it is also
possible to provide a single ink-jet recording head which
ejects the Y, C, M and Bk inks from the nozzles thereof.

The rear side, that is, a downstream side along a
recording medium transport direction of the carriage 123, is
slidably supported by the main guide rod 121. The front side,
that is, the upstream side along the recording medium
transport direction of the carriage 123, is slidably supported
by the sﬁb guide rod 122. 1In order to move the carriage 123
in the main scan direction, a timing belt 130 is provided
across a driving pulley 128 which is driven by a main scan

motor 127 and a following pulley 129, and the carriage 123 is
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recordi ng nmediumtransport direction of the carriage
123, is slidably supported by the main guide rod 121.

wab@4f08ant side, 20 that is, the upstream si dePEil/airego4/003919

the recording medium transport direction of the
carriage 123, is slidably supported by the sub guide
rod 122. In order to nove g carriage 123 in the

mai n scan direction, a timng belt 130 is provided
faeedssnatie | Vitigipialdy 1398 wherte i S-hir icsemribyeal AR n
scan 25 notor 127 and a follow ng pulley 129, and the
wEergage d 23¢ipMO0a2004) 08646dnPEY IHeRRA4h30894%maid 7scan
fixed on the timng belt 130. Hence, the carriage 123

matder geesim fesiqrdeald rgvapyYe@itedidr@t.ati ng the
main scan notor 127 in forward and reverse

di recti onspn Qnhd I’lﬁ:l‘@rh%%.naawgl c ﬂ:lé{[ dey t&%n%%@g'ﬁp%é

the 5 recording nedi um 113’ I's set 1n the paper

the | ower de of i nk-j et
r%ggg?%n§Q§% 1%§jf§iWhagh %e?egdﬁb réPF@F f%@pf%rcassette
p rating and supplyin the recordlng medi um 113
1R oRP CHe® pHPET™ SR 5 AaS ot PR, “eg o NGt NERTpatPY, @
132, a guide nenber 133 for guiding the recording 10
PREEFURYEREY %0 theindSdr £oF obeparaldng endr svuepdyhng atite
transporting the recordi ng nedium 113, a transport

regbkéind 3tedinm di Spushesthgapasir ayppliyphasaktsaripee a
of the transport roller 134, and a tip end roller 136

firacti@stpadtilzng a suppkymersgt €135 fAdre gﬁ@@@ﬁgl f8e recording
medi um 113 fromthe transport roller 134, "are

n@HQMmdﬁﬂ3a%aﬁhQM&pb&tFk8&lé§ 1&&%&%¥§%§@9&&ng°£$§r

134 is driven by a sub scan notor 137 via ear

tggﬁggg%ié?g E%. %%%b%HQQgUEQ§EuHIH§%,'% %ngggggt roller 135

which pushes against a peripheral surface of the transport
roller 134, and a tip end roller 136 for restricting a supply
angle of the recording medium 113 from the transport roller
134, are provided as shown in FIG. 19. The transport roller
134 is driven by a sub scan motor 137 via a gear mechanism.

A receiving member 139 is provided to guide the
recording medium 113 which is transported from the transport
roller 134 on the lower side of the ink-jet recording heads
124, in correspondence with a moving range of the carriage 123
in the main scan direction. A transport roller 141 for
transporfing the recording medium 113 in an eject direction
and a spur gearing 142 are provided on the downstream side of
the receiving member 139 along the recording medium transport

direction. Furthermore, an eject roller 143 for ejecting the



10

15

20

25

recordi ng nmedi um 113 which is transported fromthe
transport roller 134 on the | ower side of the ink-jet

WO ewangilng heads 20 124, in correspondence w tPCHEJIP2004/003919

novi ng range of the carriage 123 in the main scan
direction. A transport roller 141 for transporting
the recording nmedi um 113 iLmgan eject direction and a
spur _gearing 142 are provided on the downstream side
ISFor@¥E9rm§§%qﬂ|¥§3w§ﬁﬁérdaﬁgﬁanﬁm§rthéecEcbrdYngﬂ6 and a
medi um transport 25 direction. Furthernore, an eject
spuk| @eanig fldd ejrectilng phevIMBD004/408546de members 145 and
PCT/ JP2004/ 003919 -58 recordi ng nedium 113 towards
14 Befapirg ejreetjcttapatAbr@nct 1SRU-II8E! hBG: dfh 5 ©
al so provided, w th guide nmenbers 145 and 146 form ng
an eject pathpkokitRe ke ' iU 3. _At.the .
time of the I?;élgoitéih%g,oft lgé %}%I’ea?glgéggir%l %ﬁﬁ %e%e%eocsordlng
iven.in response to an i_nmage_si gnal ile
e S e B R PO onh, M Safe o Feet ] offi o
mgéito I]%jiect t he iggs on the stationary recording
REi UM T $24%d 2P el or (LR e MReD TReR, dhFeefion, so as to
transporting the recording nedium 113 by a
e dthsr AkEd oBnbhat Statonrem tecrediag 10edbworded and
a simlar manner. When a recording end signal or, a
re¢eprhloniendiivat i nfhehatafiver rteansendt ohigt tiee resosiing
medi um 113 has reached the recording region is
me@ned I6d, byhe preast imhapenaihe) theended andd the
recording nedium 113 is ejected. In this case, in
réashef ihhe k1] Seandin agds the, .
pressure chang§1%$£fﬁe céﬂno?hgﬁkgcﬁéﬁ%égﬂ?% it signal or,
[ 0 wand _at the s time, the )
a?%%%nggh?gtgﬁép@gagget&e srgarrhgflgaogt f GRS eg medium
lf?ﬁ{acteriﬁtic havi ng ng

as reached the recording region is received, the
recording operation is ended and the recording medium 113 is
ejected. In this case, in each of the ink-jet recording heads

124, the pressure change of the common ink chamber is

. approximately absorbed, and at the same time, the resonance is

éuppressedf so that a stable ink-jet characteristic having ﬁo
mutual interference is obtained. For this reason, it is
possible to record an image having a high picture quality on
the recording medium 113.

When viewed from the front of the ink-jet recording
apparatué, a recovery unit 147 is provided on the right eﬁd
along the moving direction of the carriage 123, at a position
outside the recording region, as shown in FIG. 18. The

recovery unit 147 recovers ink-jet failures and the like of
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mutual interference is obtained. For this reason, it
is possible to record an i mage having a high picture
waeeakiogiteon 20 the recordi ng medi um 113. WhenP@i/areeat/003919
fromthe front of the ink-jet recording apparatus, a
recovery unit 147 is provided on the right end along
the nmoving direction of thegearriage 123, at a
position outside the recording region, as shown i@
the GnkgletTRecosding ergs U4~ 14Per BEGOEPLY i HK: ot
failures and the |ike of WO 2004/085161 _
1RCTUdR? G0 4/00Eaponeassy, t hesiakipetmeavoralih@ Fd&@sing means.
124. The recovery unit 147 includes a cappi hg neans,
The Stp oy Means pndvided eardayg cieahs. infFheettappiagiing
nmeans provides a cap on the ink-jet recordi ng heads
hd@d4s Wen Jie ALl bageidds 153 ik anPhi phist NSt dteite in

in 5 which the carriage 123 is noved to a position

Wi 9L eshonding .1,Q l’l&ﬁjeié BEAVET % I Hod4¥ i 08 %c@SrdBonding to
the nozz th

mal nt al n es 1n a wet state to prevent e

i nks from dryi,ng d causi an .ink-je failwe, .
PR TREPTHY PG BEAD, ¢ HE® | ik TRIC FoPat Bl TortHe in 2 wet
recording may be_ ejected to the capping neans to ,
shabatER PEHENE0 thRk1VES cBei | 4%/ia0 apf 6RUFHY iy Ads Iet
constant, so as to maintain a stable ink-jet
fehaweet erlwting. teneaordingj dthef dinkupetoretaieed e the
occurs, the nozzles of the ink-jet recording heads
rd2éraieg seal et byethed tapphagaprdng, maadsate mabilseinn the
and the |like are sucked 15 together with the ink from

ihRevhozzdasiaf thaiinkr] ehe dSLOIH ROnBeads, 124 dy dde

suction neans, via a tube (not shown). Then, the ink,
nd¥itaPRrd 1 485 Andithe: | keradhsared son

When an ink-jet failure or the like occurs, the

nozzles of the ink-jet recording heads 124 are sealed by the
capping means, and air bubbles and the like are sucked -
together with the ink from the nozzles of the ink-jet
recording heads 124 by the suction means, via a tube (not
éhown). Then, the ink, dust particles and the like adhered on
the nozzle surface are removed by the cleaning means, so as to
eliminate the ink—jet‘failure or the like of the ink-jet
recording heads 124. The ink which is sucked by the suction
means is recovered within a recovery ink tank (not shown)which
is provided at the lower portion of the main body 111. The
recovered ink is held by an ink absorbing member within the

reéovery ink tank.

Therefore, according to this embodiment of the



the nozzl e surface are renoved by the cl eani ng neans,

so as to elimnate the ink-jet failure or the |ike of
wo ba4iosiej et 20 recordi ng heads 124. The i nk whiTIP2064/003919

sucked by the suction neans is recovered within a

recovery ink tank (not shown)which is provided at the

| ower portion of the main-gedy 111. The recovered ink

is held by an ink absorbing nenber within the
ipagsvEeymnink anpAcates Fhdreferearmegery dihgitopbdssble to

enbodi nent of the WD 2004/ 085161 PCT/ JP2004/ 003919
obg8innagetflorariimk-dppachs vsctand dthe: eaeni agen theisk-jet

possible to obtain a stable ink-jet characteristic
revendiMigrhddus iadle Het veh egoralimgheadsqar Eeééhé/@”tr?é hk-

hi gh speed, because the ink- jet recordlng heads have

jeherstsHetil e RlisaRYvaf thdes gfﬁéﬁué%q gbgggnﬁgttﬁgu%fgg

first and second nodifications o bed
t. o e . nkx Jet recor dj escri be
> 1%‘%‘gve eanlgrrazté% SF T NG %pspea?o ‘%g%g&%&Fa hgRE Ot Hee first
ent_inv forn1a inter, a facsimle
a1 Moo ppRage oA IS desFopesrrined ahove.
conposite apparatus and the 10 I|ke Furt her, the
recor di ng Headmaeeof8rminy canifratprse senbriliugnt d orheray
eject a fluid other than ink, such as DNA sanple,

presést | irparttdon mayefonh aarpirjtrft@ri,i ke fadbtmiTardpmg&tus, a
and the inmage form ng apparatus according to the 15

c@pﬁﬁ@@taﬂpaﬁﬁﬂdsonanPYot%éfU(ﬁ”d$ﬁ%d@hkg 8P68r&us and the
recordi ng head which ejects a fluid othgg t han i nk.

10 1ikeaddition, the pressure converting neans (or

Further, the recording head according to the
present invention may eject a fluid other than ink, such as
DNA sample, resist, pattern material and the like. The
carriage and the image forming apparatus according to the

15 preseht invention may be provided with such a recording head
which ejécts a fluid other than ink.

In addition, the pressure converting means (or
actuator means) of the recording head according to the present
invention is not limited to the piezoelectric type actuator,

20 and various other actuators may be used, such as a static type
actuator, a thermal type actuator, and an actuator using a
shape meﬁory alloy.

Next, a description will be given of a second
embodiment of the recording head according to the present

25 invention, by referring to FIGS. 20 through 30. In this
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actuator neans) of the recording head according to the
present inventionis not limted to the piezoelectric

W ypa/ossabuat or, 20 and vari ous ot her actuat or SPCHYP2A0&4/003919

used, such as a static type actuator, a thermal type
actuator, and an actuator using a shape nenory all oy.
Next, a description wll heggi ven of a second

enbodi ment of the recording head according to the _
sgresenerootinefte it dhe ppcpefiong ihrpd,o thleGeregent invention
through 30. In this WD 2004/085161 PCT/ JP2004/ 003919
is6éppéteddtenodimerjttofrethedieg dietichg head, the

present invention is applied to an ink-jet recording

head. FlI G F20. i%0 a<Lr:083088CkbOPRINAI 6 SNQWRENE a portion
portion of the second enbodi nent of the recording

oreddle age8s:5kh NGnd R imehRe ofr E8E N dMEN AR GU th?@ﬁhé’to

direction perpendicular to a direction in

tﬂgzé#gﬁeﬁ{eiﬁ@éﬂ%&%%gCuEI%i?%é %%df%%?ﬁi%%ogéﬁgé%gggﬁlar to a

vi e OW ng a portion o econ )
the recording head cut along the directiaon in whic
IRETHo9s | B AR, TS SERARIsh, FIG- 22 18 @ cross
di sassenbl ed 10 perspective view show ng the second

sefbbdENFENT 1Y FHewindegoPdrhiomeald. then seIcesd gobedimengh of
24, the illustration of a pressure absorbi ng nenber

the vetordihg darehd etpréssyar ehe abistrdiiing fenbatcii the be
described in detail by referring to FIG 25 through

n3@z145 #se showngad.Fl En 2ddithen, nked.eb2r egordingadeadhled
has a stacked structure made up of a fl ow passage

pbPEREAGi vS UPRIY aliRwlihK faDEs & Wld@teht3ds Bhe
nozzl e plate 38 and a
recording head. In FIGS. 20 through 24, the illustration of a
pressure absorbing member is omitted, and the pressure
absorbing member will be described in detail by referring to
FIG. 25 through 30.

As shown in FIG. 22, the ink-jet recording head has
a stacked structure made up of a flow passage forming
substrate (ink chamber substrate) 31, a nozzle plate 38 and a
vibration plate 36. A plurality of pressure-applied ink
chambers 34 are formed on the flow passage forming substrate
31, and a plurality of nozzles 33 communicating with the
corresponding pressure-applied ink chambers 34 are provided in
the nozzle plate 38. A plurality of piezoelectric elementé 37
are provided on the vibration plate 36 as pressure converting

elements. An FPC cable 45 is electrically connected to the

piezoelectric elements 37, for supplying driving signals. The
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vibration plate 36. A plurality of pressure-applied
ink chanbers 34 are forned on the fl ow passage

wo eooiosijesubstrate 20 31, and a plurality of nPERIESIBB®3919

communi cating with the correspondi ng pressure-applied

i nk chanbers 34 are provided in the nozzle plate 38.

A plurality of piezoelectrigg—elenents 37 are provided

on the vibration plate 36 as pressure converting

FELemphte . dnniFreavibed whth s2 elmicting atirpudoniéct esl tIL) 46
the 25 piezoelectric elenents 37, for. supplying

fari sehecsiyratl sppllyényOs 2004+085 161ePCEMI PR084ERN 030 19he

-62 FPC cable 45 is provided with a driving circuit

pidrbabectG)c 48 enkeart ssehect Thelps arhyicrgia diiying 37
waveformto each of the piezoelectric elenents 37.

aTbg1 &7 Qﬁi@&%iﬂdx&t%ﬁnggét%@e; Qi %‘é%gﬁgl?etx i pration

plate 36 with respect the 5 corresp I'ng

appl | ' er .34. In this_ enbodiment,

S S R e D Bt T

il anond .cutter and separated into the_ piezoelectric
B aTERe 5 QEﬁgé‘B?ae@p%ﬂﬁJﬁ&tf%CoﬁéeﬁﬁnF hes diced by a

ressure-applied ink chanbers 34. 10 Each

5 rRL458 Ped FRARa AR ENRY thikomhekne G ri@ 2 liesments
sectioned as shown in FIG 21. A support nenber 41
3éheawh igprReGpoRdingytbeonr @fi dbe prenscessasyliRnsed

on an image signal (or image form ng signal), driving
clhamgeatss 3dr.e supplied to the piezoelectric elenments 37

15 fromthe driver 1C 46 via the FPC cabl e 45. Hence,

the pi ezoel-eet FE@s@hEgEeSBpﬁ%dl)riﬂ%ggﬁ érdﬁp%rﬁ%%”%rx‘ut FIG.

(that is, contract and expand pendi ng on
281N &1 Q151908 2520800y F1G. 21. & support member 41

shown in FIG. 21 may be provided if necessary.

Based on an image signal (or image forming signal),
driving signals are supplied to the piezoelectric elements 37
from the driver IC 46 via the FPC cable 45. Hence, the
piezoelegtric element 37 undergoes a displacement (that is,
contract and expand) depending on the driving signal, and the
displacement of the piezoelectric element 37 is transferred to
the vibration plate 36. An ink drop 42 is ejected from a
corresponding nozzlé 33 by appropriately controlling an
internal pressure of the pressure-applied ink chamber 34.

The piezoelectric elements 37 are provided on a
base substrate 32, and the base substrate 32 is provided on a
frame 43 shown in FIG. 20. The frame 43 is mounted on a

carriage (not shown) of a main body of a second embodiment of
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di spl acenent of the piezoelectric elenment 37 is
transferred to the vibration plate 36. An ink drop 42
w0 g00efogsabed from a 20 correspondi ng nozzl e 33 BYT/JP2004/003919
appropriately controlling an internal pressure of the
pressure-applied i nk chanber 34. The piezoelectric
el ements 37 are provi ded em3a base substrate 32, and

tkge.basezgjbslrate 32 is provided on a frame 43 shown
' FC 20T APRREakEs| schpudird om BheSowararitagewvention.

not shown) of a main body of a second enbodi nent of
SR DETPOLLPETE JPR 00 00BIED Forhi3nyheppaBgess may have
form ng apparatus according to the present invention.
a Thieru@aied sémbodi meot tiedt tdye thrRge rEOr BNGaARRAY AAS He
may have a structure simlar to that of the first

' diarerihgot i . _that..i
iresdp® go pbﬁ@at&@ﬁ%gtorl@,nghégﬁﬁﬁ—aﬁéﬁ? ﬁ%ﬁtdff%’

the ink-jet recording 5 apparatus own 1 n

apperakds BhewhPo, cabte. 45 ia%.d. gnn e?%g d@%&g gcga%]feo A ﬁ@

el ectrical circuit (not shown) ~of

Spparatyu d i.nk supply source 44 shown in FIG
“%0, st%c %gsggne?%ﬁt%la?%r idgﬁ)é}llguéﬁw Y 9k the timage
£ r%gsure-agg%ied i nk chanbers 34. 10 FIG 23 is a
crosy SERETBhYF, v 3h 18k eHPRLpesouseml4t shownngnt FEG.
common i nk chanber 39 of the second enbodinent of the
2Q0 S5CH A§ ARatRk WREITRyer heugpl bes i tre iimk Wi ehet he
nozzles 33 are arranged, that is, along the
pPressgirevdbphiedli iméc tdhambefrst Be . pr essur e- appl i ed i nk
chanber 34. 15 In this enbodi nent, 2 colums of the

rozz] o SPIGL iy et LA oS ATl Sea
scahewshemt ¥g o Rnodl 1hRechEL£130 of the second
embodiment of the recording head cut along the direction in
which the nozzles 33 are arranged, that is, ‘along the
longitudinal direction of the pressure-applied ink chamber 34.
In this embodiment, 2 columns of the nozzles 33 are provided
symmetrically. FIG. 23 omits the illustration of 1 column of
fhe nozzles 33, and shows only one-half of the ink-jet
recording head.

As shown in FIG. 23, the flow passage forming
substrate 31 is provided on the frame 43, similarly to the
base substrate 32. A sealant 47 also functions as an adhesive.
The struéture shown in FIG. 23 slightly differs from the
structures shown in FIGS. 20 through 22, but those parts which

have the same functions are designated by the same reference

numerals.
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recordi ng head. As shown in FIG 23, the flow passage
formng 20 substrate 31 is provided on the frane 43,

W@ RevsH1bY to t he base substrate 32. A seal ant PdlJR0640003919
functions as an adhesive. The structure shown in FIG
23 slightly differs fromthe structures shown in
FI GS. .20 through 22, but tlhase parts which have the
same functions are designated by the sane reférence 25
nuner al s. D FVUELO85 161 SPOR IR0 0Y] (08$19ecosd @fbodiment
course, the structure of this second enbodi nent of
offth&heerecaidigichdgddi $snodt | limtted tto tthe structwres shown
shown in FIGS. 20 through 23. In FIGS. 20 through 23,
ihheieszze@sti3dwhods.face 5 upwards and the ink-jet
direction is the upward direction. But when actually

ej ecting the fs.dpep+AR.hbE Fecqnll glg;zz&@gi Ckh §g§wfh a8, ce

paper to carry out the ink=jet recording, the

u%&ggdésa§+sﬁksqﬂigﬁgkcﬁ%£%cgﬁ¥ng%{%%e!ﬁﬁgg%%p§ﬁ§§gtion.

ccordin I n thirs enbodi en he ™l

sim]arly be 10 ej.ected vertically dowwards fromthe
BH%Z%‘%H 3%0‘%%11]:1&@65 ?&Iﬁlwt e elsrﬁ%&i/r% OPhENE cEBF I HERT

medi um such as paper, which is transported
MRGE VR oFit e 138 DRREH Ear ¢9rFy @it e indkipet recerdinti nghe

of the image. FIG 24 is an inverted cross sectiona
igkedrehold yectsdt hersibcahly etbodiareist inf mbhe cases.

recording head cut along aline A-Ain FIG 23. FIG
A2éoshdngl  hen enosdengodbreht N theStiakedrvbengy tdenilarly be

nozzl es 33 face downwards so that the ink drop 42 is
ejected vertically downwards from the nozzle 33 in FIG. 24
with respect to the recording medium, such as paper, which is
transported horizontally, when carrying out the ink-jet
recording of the image.

FIG. 24 is an inverted cross sectional view showing
the second embodiment of the recording head cut along a line
A-A in FIG. 23. FIG. 24 shows the recording head in a state
where the nozzles 33 face downwards so that the ink drop 42 is
ejected vertically downwards. The ink from the ink supply
source 44 is supplied to the common ink chamber 39 via an ink
supply opening (communication tube) 48, and reaches each
nozzle 33 via the corresponding pressure-applied ink chamber
34 which communicates to the common ink chamber 39 via an ink
supply passage (communicating part) 40. The pressure-applied

ink chamber 34 corresponding to the nozzle 33 which is located

on one end of the common ink chamber 39'along a longitudinal
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ej ected vertically dowwards. The ink fromthe ink
supply source 44 is supplied to the common ink
wW@e banogr1689 via an i nk 20 supply openi ng ( conmeei/TR0044093919
tube) 48, and reaches each nozzle 33 via the
correspondi ng pressure-applied ink chanber 34 which
communi cates to the commonr@sak chanber 39 via an ink
suppl y passage (communi cating part) 40. The
diresturR- Bppfeda MAvk NERaAB IS o ricaspshei AYage, t3re as to
nozzle 33 which is |ocated 25 on one end of the common
usgktbhanberz B39 & @%gaadiongi temk il foMDs20B460864647ect air
PCT/ JP2004/ 003919 -65 direction thereof, may not be
busblleto fPurihdrg brapenosples 3P ldiseddhion BREZEEsRRX-tive
as a dummy nozzle for suction to eject air bubbles.

chHE! BET thd AddintR7 2h@S cB3mbos ai €4 100 he e Eéﬂ&ﬁﬁﬁ&'ﬁlal

ends of the conmon ink chanmber 39 al’ong t

ol 0t 1 i Al 11 et Lan, LIgr £01, Y, b, Usged. g, suc

S
unmy noz S a Cross sectl W

showi ng o a qQrtion including the common ink

chanmber 33%%%@ 2&'{: *nk StPpP yse%tpfé?ﬂaﬂ'g VA§WoFhPHENE i 2

enbodi nent_ of the recordi ng head shown in FIG 24, for
PeX bl e m el Y He P EESs GPENaD s ibi FpmasFn L. andoan nink supply

addi tion, for conparison purposes, FIG 26 is a cross
opetin@ndd of diesisemond embydingor tdforrhienckadrdand heead

common i nk chanber 39 and the ink supply opening 48

sbhéwh hénf FIGt 2£0nfaf isqlagxangl ehef ptBeshies 0iidibing member.
head, for explaining a pressure. absorbing nenber. 15

ThNa&diZidd, RrdidoRph8oX hiBdhe ket o8 fLaht Qfss
the figure, corresponds to the |ongitudinal direction
seétlfﬁa%%%ﬂoﬁknghéﬁ?ﬁ Ma %?Ortti%%t ih%lu&lj?r?gdilzlgee Cctolngn%n ink
I'n I ch the
chamber 39 and the ink supply opening 48 of the first
comparison example of the recording head, for explaining a
pressure absorbing member.

In FIG. 25, a direction X from the left to right of
the figure, corresponds to the longitudinal direction of the
common ink chamber 39, that is, the direction in which the
nozzles 33 (or the pressure-applied ink chambers 34) are
arranged. A pressure absorbing member 50 is provided on at
least one of wall surfaces of the common ink chamber 39
extending in the direction X. The pressure absorbing member
50 forms a damper surface for absorbing pressure by vibration.

The pressure absorbing member 50 is not provided in

recjions 51 along the direction X. Although the region 51 not

provided with the pressure absorbing member 50 is provided at
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nozzles 33 (or the pressure-applied ink chanbers 34)
are arranged. A pressure absorbing nenber 50 is

w@emnviogiael on at 20 | east one of wall surfaces PET/§#2604/003919

conmmon i nk chanber 39 extending in the direction X

The pressure absorbing nenber 50 forns a danper

surface for absorbing presgyre by vibration. The
pressure absorbi ng menber 50 is not provided in

2r bgtarotssl ait deght Rédds rettilon ommant Aokghhatieer 63 @iong
51 not 25 provided with the pressure absorbi ng nmenber
the dirquriovdrded aheWWouRbéd/ AB8Sieh PEHLIR2004/ HH39AR

-66 2 | ocations on both sides of the common ink

16barheis IF almengegiBRsdbT 60td QX1 ikResRUPBerLOfe SUEHm in
regions 51 and the |ocations of the regions 51 are

F@ﬁg %gp1ted to those shown in FIG 25. 5 Conpared to
the first conparison exanple shown in FIG 26, the

l ength of the pr ure, absor hi ng nmenher 50 sho in_ .
FI Gg 25 isdo &&egf al gﬂ% H'esh‘r é%&lﬁa& Al eﬁ?%#? igipwn 1in
thereof due to the provision of the regions 51 not
FhfoviYed e tHPPORE Ofr BRR Rk 6r BPR§TReRperemper 50 shown

_Consequently, the rigidity of 10 the pressure

1pbEYY bidfy iremberts0, abeng Heevillomatitodiphat @iBé;tion thereof
becones high, thereby shifting the resonance frequency

do¢ tde:hepressuseoabsor thagragnher 530nbevwardsi dd® with the
hi gh-frequency band. Hence, it is possible to

pBePAL adaiagonanser fsequensschemtiyhecld i Mi%ity of
frequency band of the ink-jet recording head 15

i,Sitd ' f band 0 ink-je
R A sk SHel SIS 06 2 Lo BE SNy ek,
[ esonance. t he, the first ari son

b%&%ﬁﬁﬁ 3%%%3%%F%29chh '&ﬁﬁh%%e resonancec£gghuency of the
pressure absorbing member 50 towards the high-frequency band.
Hence, it is possible to separate the resonance frequency from
the driving frequency band of the ink-jet recording head
existing in the low-frequency band, to prevent ink-jet failure
caused by the pressure change due to the resonance. But in
the case of the first comparison example shown in FIG. 26, the
pressure absorbing member 50 is long along the longitudinal
direction thereof, thereby making the rigidity of the pressure
abéorbing member 50 low, and the resonance point shifts
towards the low-frequency band, which may cause the resonance
frequency and the driving frequency to match.

FIG. 27 is a diagram for explaining a frequency

characteristic of a pressure change of the common ink chamber

of the second embodiment of the recording head. 1In FIG. 27,



10

15

20

25

pressure absorbing nenber 50 is long along the

| ongi tudinal direction thereof, thereby making the
WO p@idsttyl of the pressure 20 absorbi ng nmenber BOT/IRRY4/003919

and the resonance point shifts towards the ‘

| owfrequency band, which may cause the resonance

frequency and the drivingdtequency to match. FIG 27

is a diagramf.or explaining a fre c .
th@h&?é&?@??s%q BGites Eﬁ@s?ﬁgés%ﬂ%ngéﬁgf¥Fh§h€oﬁﬁ%%o?nknk

chanber 25 of the second enbodi nent of the recor ing d
chiseleer BR ¢f GheBeoapheoRPE8BIRY PCTyfPZessropag18°ac, an

-67 the ordinate indicates the pressure (kPa) of the
thzomivenisak indiodiers 3Geoffremeeney ofifi®nbodilifent/ofhptie the

recordi ng head, and the abscissa indicates the
eddIeauensyrékiir) . £dd G c2éeshhusef hef BwaltwatsloAengshl of the

for a case where, of the total length of the 5 comon
cdéz%nc ARben 3% Al AN 1the dheeat koBton apprpprmatiebyely 25%

5% of the length is forned as the region 51 at each

f.the t direetio i Gof2 o
o#%%?ebﬁenm@% g€Q§ofﬂéHK£§|%%E|E§SQBh B Xt eddHGof28heABu

€ Sée compar1 ng 27 wth the eval uation
resul.t indjcated by the .do d Line jn FI 16 _far
ks P8, CBOnBar TSt Toraitt & LChog 10T AR o D5 Ry
frequency at which the resonance point js . generated
compaghingt EdGgr eat Fith ovg GyaLHEthPY hE?ff“éjq‘h éﬁ%&%&ﬁ&‘ By the
according to this second enbodi ment. Accordingly, _it
détstedpdssieblie FEGdrlgefathdhenfijret FeERREl IR FEETP4E §hown
hi gh speed, and to increase the printing speed of the
ih NKeG et 6 eepedEpgqudicppymanatich. ths shsumance FHA@nt28s
the danper surface of the pressure absorbing menmber
géﬁ%f&%é&“ﬁ% $6¢epdq epbodhi NeRowiasds the high-frequency band

according to this second embodiment. Accordingly, it is
possible to drive the ink-jet recording head at a high speed,
and to increase the prihting speed of the ink-jet recording
apparatus.

As shown in FIG. 25, the damper surface of the

'pressure absorbing member 50 in this second embodiment is

desirably a single continuous region, and not sectioned into a
plurality of regions. If the damper surface of the pressure
absorbing member 50 is sectioned into a plurality of regions,

the rigidity of each of the individual regions becomes high

and the'pressure absorbing effect decreases. On the other

hand, if the thickness of the pressure absorbing member 50 is
réduced, for example, so as to suppress the pressure absorbing

effect from deteriorating, it becomes more difficult to
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desirably a single continuous region, and not
sectioned into a plurality of regions. |If the danper

waohagaenf the pressure 20 absorbing nenber BOT/iE2004/003919

sectioned into a plurality of regions, the rigidity

of each of the individual regions becones high and

the pressure absorbi ng ef fegt- decreases. On the ot her

hand, if the thickness of the pressure absorbing

PrERBER Bler iRFesSedgcabsorbing xesmiay, o ans tbespppiesision
the pressure absorbing 25 effect fromdeteriorating,
vielBeebnigie myessdickf rbabrbing WRRR04/5085h681thus the ink—jet
PCT/ JP2004/ 003919 -68 produce the pressure absorbing
reenbdind et deterpoedueki onin Yoteled: abrbBe BLEsSHfifhg the
absor bi ng nmenber 50 and thus the ink-jet recording

dBppdrdstefd & dreshel BroLBEEe WSS HiRY KQRALAOsENS: & single
danper surface of the pressure absorbi ng nmenber 50 as

k i nYous _reqi it.is ssihle.to st
CS??%@?%%%?& aQ%%rge ?ﬁegg%%ég&ﬁwio Fﬁ% d&F??Sﬁ?n?ﬁyi%?sorb
N 83i£g§ée to arrange the region 51 which is not
proeld%&%ﬁTrlthe pressure absorbi ng menber 50 at

both ends of the common ink chanber 39 along the

di recti on 4b addifdoBnoih in feEraEEe [P phsanegi bire Sdegion
were arranged at other |ocations, such as the centra
Spoviieh iof note promirdadi wkth ctieriperesdfral ahgotihing member 50
direction X, the danper surface of the pressure :

atbsothiergismerfbehe50ohrennEsk sehi@tedoi B16nd the direction
plurality of regions, the rigidity of the sectioned

X} egi ostsowkD ibegares,bi ghr £ and the pressuy,e absp Q&g@i
effect deteriorates, as descf?%%d above.rCn t%e ot gﬁ

o?ﬁggkgﬁ%%ﬁmﬁﬁ&egkgﬁbg% g@edﬁ%ﬁgﬂgego§%igﬂlngQ%agggmﬁgn ink
chamber 39 along the direction X, the damper surface of the
pressure absorbing member 50 becomes sectioned into a
plurality of regions, the rigidity of the sectioned regions
becomes high, and the pressure absorbing effect deteriorates,
as described above. On the other hand, if the region 51 is
arranged at only one end of the common ink chamber 39 along
the direction X, the pressure absorbing effect may become
insufficient at the end provided with the region 51, to
thereby cause a partial ink-jet failure. Therefore, it is
desirable to arrange the region 51 at both ends of the common
ink chamber 39 along the direction X.

FIG. 28 is a cross sectional view showing a first

modification of the second embodiment of the recording head

cut along the direction perpendicular to the direction in
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the direction X, the pressure absorbing effect may
becone insufficient at the end provided with the
w0 e@io85161L, to 20 thereby cause a partial i nk-PE&r/JpP2004/003919
failure. Therefore, it is desirable to arrange the
region 51 at both ends of the common ink chanber 39
along the direction X FIGgg28 is a cross sectiona
view showing a first nodification of the second
vwaibbdithemooflahedr ecer dingndpedd 126 FIG. aBpnghode parts
direction perpendicular to the direction in WO

w00’/ 886 1fHe RG] B208AL0038dPresfrhaiicC hat-he DRZEIES. 20
33 are arranged. In FIG 28, those parts which are

thReuSANES asrd %%ag%arcésswn%él%aaﬁé 0% AR BEEShulrals, and

through 25 are designated by the sanme reference

an S t|o eof will be omtted.
H@Eﬁ@l%dd%e%e%gr g’!sﬂ%gre a st}’g{) ng menber 50 is

formed by r [ is the sa as _the | ayer

f orni ng thﬁn:€%§ gﬁ? %REIBF%S%%F?Jg§ﬁQﬁQ}W% ?ﬁmP%Ep%%tls
to the pressure- applied ink chanber 34. In other

feerad, by e lagrsr WiicBhist et sams afs thke lovbrafeoning the
plate 36 with respect to the 10 pressure-applied ink

véhagbeen 3l atis 4 proviidad wsth hee gpreess tioe thabpoe dsunge -
menber 50 with respect to the common ink chanber 39.

apptoedi NGk tchdnibies Br st TADEERE € atd @1y, 0 hbheages ol ch
enbodi nent of the recording head, it is possible to

rahBuh banegssine qumtmsnvg;m@é | o0 vﬂt"ht ¢c3fedfded Nene
pressure 15 absorbing nenber 50, and the productlon

ePROBESS: 0,18, SUTRLLALEE. oMU i Bt RLUAY Hleasuce
aBES%BEﬁSI%§ﬁ9rb%%gwnﬁﬁbresp§g¥jéo‘%he common ink chamber 39.

According to this first modification of the second
embodiment of the recording head, it is possible to
simultaneously form the vibration plate 36 and the pressure
absorbing member 56, and)the production process can be
simplified. Normally, the rigidity of the vibration plate is
foo low for use as the pressure absorbing member{ and the
problem associated with the resonance is easily generated.
However, by applying the basic structure of the second
embodiment of the recording head to this first modification of
the second embodiment, it is possible to suppress the problem
associaﬁed with the resonance, because the resonance frequency
of the pressure absorbing member 50 can be shifted

sufficiently towards the high-frequency band relative to the

driving frequency of the ink-jet recording head.
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probl em associ ated with the resonance is easily
generated. However, by applying the basic structure

wo@toohgsisecond 20 enmbodi ment of the recordi ng PEHIPAHGH003919

this first nodification of the second enmbodi nent, it
IS possible to suppress the problem associated with
t he resonance, because thegggsonance frequency of the

pressure absor bi ng nmember 50 can be shifted

suf fici entllgwawewgr dhet reghbghs T rreguéroy nbantder pragswise
to the 25 driving frequency of the ink-jet recording

aB8adhi M R 0&D] 6 taRedt JH2004-BRRIM In #78. Howevern other

the region 51 not having the pressure absorbing

wiRARer; S0rrganot he prawided, | aFéeGSESZ%g EESQtEJgévided at

words, in FIG 28, the vibration plate IS a

rovided. at_- the individual pressure- | Led i nk .
Brorb et e e sina RE st Gih e PuBRen 28 oo Brenepding
order to formthe entire ink-get recordi ng head, usin
tehEhe ahed} oy etl rs B thr 8T ReE S AR ther RRgTERENK-J€
vi bration plate 36 nust al so be arranged at the
reeanding nkeahafidg Ibeasamneel givass sSiraicabser bithy havder
50. FIG 29 is a cross sectional view showing only a
foOmpog ttlosm vitetaidiongpllbee cdmMuUEl Kl schaabarr3fgaddcat hehe
i nk supply opening 48 of a second nodification of the

cSRROA 1 BlrhatHnBRINt 390k st BRe Sing eepihgr member 50.

expl aining a pressure absorbing nmenber. In FIG 29,

t hose part [ ar o] j
barte Ta AL G e e Bl S e SRR

ok O ENEE R e i S D, LA b b urny
opening 48 of a second modification of the second embodiment
of the recording head, for explaining a pressure absorbing
member. In FIG. 29, those parts which are the same as those
corresponding parts in FIGS. 25 and 28 are designated by the
same reference numerals, énd a description thereof will be
omitted.

Unlike the first modification of the second
embodiment shown in FIG. 28, this second modification of the
second embodiment shown in FIG. 29 is provided with regions 51
not having the pressure absorbing member 50. More
particularly, the layer forming the pressure absorbing member
50 is foﬁmed on the entire common ink chamber 39, and a fixed
member 52 is partially provided on the pressure absorbing

member 50. The fixed member 52 suppresses vibration of the

pressure absorbing member 50, and functions as the region 51.
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enbodi mnent shown in FIG 28, this second nodification
of the second enbodi nent shown in FIG 29 is provided
wowaoh/osagi ons 51 20 not having the pressure abBOT/Dr20@t/003919
menber 50. More particularly, the layer forming the
pressure absorbing member 50 is formed on the entire
common i nk chanmber 39, and7g-fixed nenber 52 is
partially provided on the pressure absorbing nmenber
HspceTheghe i Seeifase sappressbdwicbpaticdnnob st Hee
25 pressure absorbing menber 50, and functions as the
pregsere 5bsoD12Q0 40881630 RCTY JR2004d0839t8 th&lfixed
Hence, the danper surface is formed by a portion of
mehBer pPFESS Bye falysanbi Bge "B rRdieet 5previ dedowkidy of the
the fixed nenber 52. By formng the fixed nenber 52
| : ge +f erm S
e P e s ar & 1 e PRgr oRCR1 aAE (i Form
Lb j bsar bhing r 50.wi thout the ne to
t%%r%§é%u !ﬁh%gh |?igggggg%%%§§?or %nﬁlﬁfmagF_gﬁéW1thOUt the
[essure absor bi n er 50 and the vibration plate
n%% ney B 1o da%nggggﬁiﬁﬁﬁ4)P43F3§§parate | ayers. In
this case, it is possible to formthe pressure 10
absor bi ng TedFér 86, b{he heressirarabsoriingsmenbenadd and
surface formng the common ink chanber 39, and a
thai clkmegsiaf pdatpoBti nay dbe tiermmat énbabetliahtig b separate
function as the pressure absorbing nenber 50 is nade
lapérs. sarasHie tass the D8 @ssiyin1eabs0rbAT HB hels Rfke
But in this case, the material formng 15 the conmon
ab8ri§ %’Sbh3§ the ééﬂ% %%k%rﬁgh ggrghggwéiiisurface
frame 43, nust be nade thin in oréér to obtain e
FOREERINS e 2RRACAT 00y (SRORSL) Jqungtion.  and, a nore.
difficult process’I's

portion of the material that is to function as the pressure
absorbing member 50 is made thin, so as to form the pressure
absorbing member 50. But in this case, the material forming
the common ink chamber 39, that is, the material forming the
frame 43, must be made thin in order to obtain the pressure
ébsorbing (damper) function, and a more difficult process is
required to form the pressure absorbing member 50. For this
reason, the pressure absorbing member 50 may be made of a
resin such as polyamide resin, which has a lower elasticity
compared to the material forming the frame 43. By use of such
a resin for the pressure absorbing member 50, it is possible
to produce the pressure absorbing member 50 having an
effective pressure absorbing function by a relatively simple

process.
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required to formthe pressure absorbing nenber 50. For
this reason, the pressure absorbing nenber 50 nay be
wore@e/0gfien 20 resin such as pol yam de resin, whiTIP2as003919
a lower elasticity conpared to the material formng
the frame 43. By use of such a resin for the pressure
absor bi ng nenber 50, it is-passible to produce the
pressure absorbi ng menber 50 having an effective
pressure abscibiatgepictisonady o riglcatdavel yhei rpsenae
process. WD 2004/085161 PCT/JP2004/003919 -72 If an
fatteapty icf rdde pressnceeassoiting esenanceo, f tBUSACYsure
of the pressure absorbi ng menber 50, the pressure
abbseb i@ RfdRCt tisk3 €l Beflet 8 tQcal es poFoLpt bi s.1 &%,P'Sit is
it is desirable to optimze the shape, size, nmateria
d [ .af: _th r e or hi _renber .50, sa
R b Pt ARt MR TrTRh Sha he Yl
uff i ci Ly towards.the high- frequency band w thout
oFetis s AREoBPiLE i ol A CBbFector braRTAnce
fLevel that the deteriogration in the ink-jet
ERAT AT Rro8t PE PELABCHoPgkH disndr abkewardacihe thegh-
present 10 inventors produced 8 ki nds of sanples of
Traerenebiarehédhaeht devér tidmtiagotiengrasadye wikdoitieg
pressure absorbi ng nenber 50 and the common i nk
ethertbero 3qichawi higvei f tleserthesidetetrtibeatiodabh ecrd ShoWS et
8 kinds of sanples of the ink-jet recording head
chaeghicad stwhai €8 Wer Bosgdt acd1ed-ah9 el NKyl t o
the 15 follow ng eval u%%t ons A agg C ﬁ%ﬁ%e'f g@%feﬁgste%t
| SeER | gag | al uate the :
IR RiSopSra HokLAl A anTlE B8, B8 iR Spodiment

nmut ual |nterfer¢nce, er or
oP“ﬁ%?%%%o%%iS&thQd?E£$¥H éﬁ% pressure absorbing member 50

and the common ink chamber 39 having different structures.
Table 3 shows 8 kinds of samples of the ink-jet recording head
produced, which were subjected to ink-jet tests, with the
following evaluations A and C made for each sample. The
evaluation A was made to evaluate the mutual interference,
fhat is, whether or not the pressure absorbing member 50
sufficiently functions. The evaluation C was made to evaluate
the ink-jet stability at high driving frequencies, that is,
whether or not the resonance point of the pressure absorbing
member 50 is sufficiently shifted towards the high-frequency

band.
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fficiently functions. The evaluation C was made to

Z\ljal uat e t%e ink-jet stability at high driving
WO e@gugnei es, that is, 20 whether or not the rEGDIR20EE003919

poi nt of the pressure absorbing nenber 50 is ;
sufficiently shifted towards the high-frequency band.
25 WD 2004/ 085161 PCT/JP2004-003919 -73- Table 3 1 0
- =) x 10- ) Eval uation A Evaluation ¢ 1 2.01 0 2
1.520 0 31.04 A0 45 %Pl 5 3. 93 0 X 6 2.98 0

b3 W8 O Bl BTk T A R BvaTvtbeion ©
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The evaluation A was made by actually mounting each
sample of the ink-jet recording head and printing an
evaluation chart, to judge whether or not an image abnormality
is generated in the printed sample. 1In Table 3, "O" indicates
that no image abnormality was detected by the evaluation A for
all of the nozzles 33 (or channels), "A" indicates that the
image abnormality was detected by the evaluation A for 10% or
less of the nozzles 33 (or channels), and "X" indicates that
the image abnormality was detected by the evaluation A for
more than 10% of the nozzles 33 (or channels). On the other
hand, the evaluation C was ﬁade by ejecting the ink from each
samble of the ink-jet recording head by itself, while varying
the driving frequency, to observe the ink-jet stability. 1In
Table 3, "O" indicates that the ink-jet stability is
maintained for all of the nozzles 33 (or channels), "A"
indicates that the ink-jet stability is deteriorated for 10%
or-less of the nozzles 33 (or channels), and "X" indicates

that the ink-jet stability is deteriorated for more than 10%



nore than 10% of the nozzles 33 (or channels). On the

ot her hand, the evaluation C was nade by ejecting the
wo po408am each sanpl e of the ink-jet recordi neCTaRdo4x003919

itself, while varying 15 the driving frequency, to

observe the ink-jet stability. In Table 3, "0"

i ndi cates that the ink- j et-7dtability is maintained

0 I n zI r channels), "A"
olE P%alltl%%lt%t%t%t h)(é ‘?£ Shabil i ty is deteriorated

for 10% Iess of the nozzl es 33 (or channels), and
"X" indic hegmorgy the faklowingtidsmsi weresselected as

deteri or at ed for nore than 10% WO 2004/ 085161

SPEYF 915 40391 9hich maf béerawpzzieesa83afbecting the
channel s). Furthernore, the followng itens were
e¥elextiathsad astr Geture factors which may be regarded
as affecting the evaluations A and C. 5 SF11) Tot al

5 | engSHE1LX TovhlofiehEncoRTRE) | a 9. _al the

direction X; SF12) ljLengt h ded%(nt%%o?gﬁﬁgﬁdlﬁg e
aBeiid agR @flrtegeloﬁrgssure absor bi ng nenber 50 aI ong the

direction X; SF13) Length Ldy (m of the danper
surf 1 res bso b|n menber 50 al ong
t he ??%g?ehﬁ%ﬁeg%’gnﬁ“’s ‘gr ?‘ d?t”érf,%?%rpﬁ( ‘theri4)

Thi cknes il of the ressure absor bi ng nmenber 50

plf”%%stﬁrr?g 8rh tg?ﬂe‘f‘ef%‘%ﬁlt algng Shesiimeistiity cd
(Pa) of the pressure absorbi ng nenber 15 50 form ng
the S&hPelengEhakdy (e ahde sempetuserfant o3 t8E11

t hrough SF15 were
10 pressure absorbing member 50 along the direction perpendicular

to the direction X;
SF14) Thickness Td (m) of the pressure absorbing member
50 forming the damper surface; and
SF15) Elasticity Gd (Pa) of the pressure absorbing member
15 50 forming the damper surface.

The above structure factors SF11l through SF15 were
fegarded as variables, and al, bl, cl, dl and el were regarded
as fitting parameters in the following formula and optimizea,
SO as to obtain a parameter K1 which indicates the performance

20 of the pressure absorbing member 50 by taking into account the
pressure absorbing effect and the adverse or side effects of
the resohance frequency of the pressure absorbing member 50.
The value of this parameter K1 is referred to as the K1 value
in Table 3.

25
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regarded as variables, and al, bl, cl1, dl and el were
regarded as fitting paraneters in the foll ow ng

w0 ooroadsaerand optim zed, so as to obtain a parBCEIE004003919
whi ch indicates the performance 20 of the pressure
absor bi ng nenber 50 by taking into account the
pressure absorbing effect-7d&rd the adverse or side

effects of  the resonance frequency of the pressure
abs dfbind*etberx50 X Lffa G%ITgle &%Phi s paraneter Kl

is referred to as the K1 value in Table 3. 25 WD
2004/ 085161 PCT/ JP2004/003919 -75 K1 = Lxal x Ldxbl x
Ldyol x Tddl x Gdel It was found that the Kl val ue
appropri arel yas i fulirchtés tt hbepsl f vrwn cerofoprhietely
pressure absorbing nmenber 50 5 when the fitting

iRRAreLet e Bberfrmtlce @ 8RE pley@ie: S@isdrdingl membdy 50
bl =1 | =1, dl1 =-0.3 and el = -1. It nay be seen

= s C = ,
Wl'{e:%lo%-ga?hgtg’n%g@%ﬁ J¥esgur g1, abpordi nghefhegkref set to

e pressure I ng menber 50 becones hi gh when

t he K1 lue.is Jarge, put the,a r or_-side 10
a%f?éQVS%gf—thé T éb%dnég‘F}egugn%§§o the]ﬁressure

absor bi ng_ nmenber 50 becones | er . Botqﬂghe

eval uat i oR§ PRANE GoFe TIOH iTﬁggtérEIh%e G FEFRSUES

value falls within a range of approximately 1.0 X
alifb11d ngo e pprbxe et prEsFure] gb3grbingmemdier \gie RECREES

followng relationship is satisfied. 15 1.0 x 10-13 <
high vhen ki X1ldylue Tb OngeGdblt<the agvensel Pr side

Therefore, it was confirnmed fromthe above
effects of the resonance frequency of the pressure absorbing
member 50 becomes larger. Both the evaluations A and C are
satisfactory when the K1 value falls within a range of

-13

approximately 1.0 x 10 to approximately 2.0 x 1077, that is,

when the following relationship is satisfied.
1.0 x 103 < 1x™ x Idx x Ldy x Td%® x Gd™* < 2.0 x 107

Therefore, it was confirmed from the above
evaluation results that a satisfactory ink-jet characteristic
can be obtained even whén carrying out a high-speed recording,
by employing the structure of any of the second embodiment and
the firsf and second modifications of the second embodiment of
the recording head, and that it is possible to record an image
haﬁing a high picture quality at a high speed by providing

such a recording head in a carriage of an image forming



eval uation results that a satisfactory ink-jet

characteristic 20 can be obtained even when carrying
wouiod4asdibgh- speed recordi ng, by enpl oyi ng t hePCT/JP2004/003919

structure of any of the second enbodi nent and the

first and second nodifications of the second

enbodi nent of the recording-head, and that it is

possible to record an image having a high picture
apgparatysat a hi gh speed by providing 25 such a

recording head in a carriage of an imge form ng WO ‘

2004/ 0851 8e:RCT/2IE2E041 POBA1 9vi 117/ e @pipahabBsa fNNexdt n&thod

description will be given of a first method of

oI PEbEGdithd heeS eeepdd eahost init @ff ttﬂ% &segféir&g theard

according to the present invention. A st acked

aEbe&fﬂ Gt 11§,E ?ggggﬁgond %ﬁkldi_used as a pressure

convert ng nean on a support substrate

(base sub te ) nade eC| | ess
5 (309 by dbe AgranPAREeT BT ISR L AL grodied as 2

is formed in the plezoelectrlc el ement by use of a

PTG ARV 18g P8Ry i PAdsice SBePeSUPPRT | BihsHrate

37 which is separated so as to correspond to each

(pree stestamils 8)i mkdehahtipe@al NscFPCaivhdse @B]S) by use
which is used as a conductor nenber, is connected to

of han sardee=ilvifaeehebitde e zoeheetvie dsefemeadl BY tMd ch
is formed with the groove, by soldering, so as to

piofsRBaLthS AGhvabat Bitise QF RiRtihgr sBANdso 8 dAZZ @ rm a
plate 38 and a vibration plate 36 which are forned by

10 p Iéﬁﬁéi%gbl@ NG q@agve )quﬂ?l&a ng%zssae%%rgegm 0g syhsirate

er SU
correspond to each pressure-applied ink chamber 34. An FPC

cable 45, which is used as a conductor member, is connected to
the side surface of the piezoelectric element 37 which is
formed with the groove, by soldering, so as to form an

15 actuator unit.

On the other hand, a nozzle plate 38 and a

ﬁibration plate 36 which are formed by electroforming, and a
flow passage forming substrate (ink chamber substrate) 31 made
of siiicon is formed by etching. The nozzle plate 38, the

20 vibration plate 36 and the flow passage forming substrate 31
are positioned and stacked with high precision, and an epoxy
adhesive'is applied to each interface to bond the nozzle plate
38, the vibration plate 36 and the flow passage forming
suﬁstrate 31 together. A top surface of the piezoelectric

25 element 37 of the actuator unit is bonded to a back surface of
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of silicon is fornmed by etching. The nozzle plate 38,
the 20 vibration plate 36 and the fl ow passage form ng

wGagnsase 31 are positioned and stacked w t hp¢ii/air004/003919

preci sion, and an epoxy adhesive is applied to each
interface to bond the nozzle plate 38, the vibration
plate 36 and the flow passage form ng substrate 31
together. A top surface of the piezoelectric 25
téeewdhraBionipiadte 36t bat sn epdxy isdHeovided to a back
surface of WO 2004/ 085161 PCT/JP2004/003919 -77 the
vi brati on »lanen36 ik ahampexy3adhesine a Aca@RADHE | K mm
chanber 39 having a length of 37 mm along the |onger
asbee tll‘i'@rﬁﬁ*fdgela Jiergtheofo2, AN along, heo shoLigK, Side
an

t her eof, a depth of 1 mmis fornmed. A frane 5
ABRber 4id S-Hmde sof resi s _an.openi ng . havj
Sa engst' of 20 %%oaﬁ dagw&%t%pﬁf]% m;n%prg%[1 %‘d g%rg:ame
centra ortion t he wal | rface of the compn ink
"ERber 8 Rt anfasth etrd B9 APhabeHg d LAY Rhebs
of 20 pmis adhered to the frame nmenber 43 at the
15pehh iyt 2 Hhéenst suifeh adS okt My PaordABdr at Thigentral
frame menber 43 is bonded on the back surface of the
Porbren i oh Pleatwa1l3ds sanfachecrithes wdmmoa ahkt beaiase 39. A
substrate 32 by an anaerobi ¢ adhesive, so as to form
pohganmide Fetin eddmdhagihgad. thilisknads o€t 20ea@r fé ihered to
head which is produced in the 15 above described
tRBNDSim\aerBN 18d 28Nt Be PépdH 18y, aRG RhENbreb88tS MY Hbing
carried out. As aresult of the print tests, it was
s r that. a.Sak) CLOry. RLINLiNg C arr |
mout Wi t hout gengrg%#ﬁéga;%é¥%?%%¥%Fe%np?§ Bﬁ%? surface of

tﬂgaéigfétfgﬁﬂﬁfgggnBQ and the end surface of the base

substrate 32 by an anaerobic adhesive, so as to form the ink-
jet recording head.

The ink-jet recording head which is produced in the
above described manner was mounted on a printer and print
tests were carried out. As a result of the print tests, it
was confirmed that a satisfactory printing can be carried 6ut
without generating a deteriorated picture quality, even when a
muiti—printing was carried out by ejecting the ink from all of
the nozzles 33.

For comparison purposes, an ink-jet recording head
having tﬁe polyamide resin film adhered at an opening which
has a size of 37 mm x 2 mm and is provided for the entire side
surface of the common ink chamber 39, was produced. 1In

addition, this ink-jet recording head was mounted on a printer



mul ti-printing was carried out by ejecting the ink
fromall of 20 the nozzles 33. For conparison
w@eoposdasl, an ink-jet recording head having tPE€r/JpP2004/003919
pol yam de resin fil madhered at an openi ng which has
a size of 37 nrmx 2 nmand is provided for the entire
side surface of the commpigink chanmber 39, was
produced. In 25 addition, this ink-jet recording head
awels prbuint B ton wengr icatrer e\ RO04/A38%1 GEsult of the print
PCT/ JP2004/ 003919. -78 and print tests were carried
tedts, Ast avdesiddfiainetihehpti flte d@sdiSoratedapiconférded ity
that the deteriorated picture quality is generated by

% geﬁékg%é@g3 TﬁﬁJ%&Qh%lngt was confirmed that the
jet 5 characteristic is inproved by this second

emod ment .y r?é:iéfb%e,rﬁ%%g' ”goﬂfﬁgn{occc%% [&g nkbs/

present i nvention. "Next escrip on Wi |
rodUC| d enbom

ecp nmet hod of ng the seco
5 cBprRRESTER iy LT RERT=Hcth: R S GVe SPPEgeREnE OF The
invention. 10 A stacked piezoelectric elenent, which
resoge g dicad asicessing EBnties tRTRFatadEvenEipBRded on
a support substrate (base substrate 32) made of
Speci al Uskes8taianldessri8USyn byilis e gfivam arfaer ebcend
adhesive, and a groove is fornmed in the piezoelectric

melBBRNGf Ryratie-iely ahdi ebBEnS ambEDindstt @ ff @h& 8edbrding
pi ezoel ectric element 37 which is separated so as to

h%ﬁ&rgéé&ﬂﬂukgt%ﬁ%%epb%%ééﬁ€ apRdiedd .nk chanber 34. An
FPC cabl e which is used as a conductor member, i s

10 connect ed7z§. V%tl%:ﬂceeldz'p%z%%iéé&?l&fe é?r?erfE,%%?L'cﬁCEE'ﬁsed as a

el ement 3

pressure converting means, is bonded on a support substrate
(basé substrate 32) made of Special Use Stainless (SUS) by use
of an anaerobic adhesive, and a groove is formed in the
piezoelectric element by use of a dicing saw, so as to form a

15 piezoelectric element 37 which is separated so as to
correspond to each pressure-applied ink chamber 34. An FPC
éable 45, which is used as a conductor member, is connected to
the side surface of the piezoelectric element 37 which is
formed with the groove, by soldering, so as to form an

20 actuator unit.

On the other hand, a nozzle plate 38 and a

vibratidn plate 36 which are formed by electroforming, and a
flow passage forming substrate (ink chamber substrate) 31 made
of’silicon is formed by etching. The nozzle plate 38, the

25 vibration plate 36 and the flow passage forming substrate 31



formed with the groove, by soldering, so as to form an

20 actuator unit. On the other hand, a nozzle plate 38
w@pa4/a8519i brati on plate 36 which are formed byPCT/JP2004/003919

el ectroform ng, and a flow passage form ng substrate

(i nk chanmber substrate) 31 made of silicon is forned

by etching. The nozzle plat®.38, the 25 vibration

plate 36 and the fl ow passage form ng substrate 31 WO

PBOPLOEE1GNePCI PAFTALO089LD higld mrexipdsint, i anddanngpoxy

stacked with high precision, and an epoxy adhesive is

aappliied' 19 agchidditter ftach tatbofakd he mend enpl abezle plate

38, the vibration plate 36 and the fIOM/passage ~

FoOr whagvisHRstdate a3k Begghhetne AriRP pawhace rofnt e

pi ezoel ectric 5 elenment 37 of the actuator unit 1s

%@%@%Qté%? Y f a6€+8 Efa%é rﬁ) e%)gl tP!c

an epoxy adhesive. A comp

5 i3k of S aibiig: SXRE A ttt?elraggFCkaﬁHrEace o

dethoflrmnsfonmd A frame 10 nenber 43 is nmade
tae ¥ipsatHommilatas 3n bopahi ARCRRaAHESE Vel-engt h of 25
mmand a wwdth of 1.2 nmprovided at a centra

portion ofAt¢emnel |induchasbenf 39 heaciorgmen liemktbhafbad? mm
39. This franme nenber 43 is bonded on the back
adonbatke ofondrer sdider ahie@Bop| ak el &pand kemand1sHgf Bee
of the base substrate 15 32 by an anaerobi ¢ adhesi ve,

shorasrt 81 8OViEfe AdtE Oﬁﬁﬂlﬁgdé?tﬁrﬁf 1 @R sTeBRREA43 RYframe
the vibration plate 36, and the ink- Jet recordi ng

10 progr% Py qgagcfee%f hektk-Leh K8eYdipd Neadnuigh is

uced
length of 25 mm and a width of 1.2 mm provided at a central

portion of the wall surface of the common ink chamber 39.
This frame member 43 is bonded on the back surface of the
vibration plate 36 and the end surface of the base substrate
15 32 by an anaerobic adhesive, so as to cover the opening in the
frame member 43 by the vibration plate 36, and the ink-jet
iecording head was produced. |
The ink-jet recording head which is produced in the
above described manner was mounted on a printer and print
20 tests were carried out. As a result of the print tests, it
was confirmed that a satisfactory printing can be carried out
without generating a deteriorated picture quality, even when a
multi-printing was carried out by ejecting the ink from all of
thé nozzles 33.

25 Therefore, it was confirmed that the ink-jet



above descri bed manner was nounted on a printer and

print 20 tests were carried out. As a result of the
weeioapsttests, it was confirned that a sati sfapCDIBr004/003919

printing can be carried out wthout generating a

deteriorated picture quality, even when a

multi-printing was carriedggut by ejecting the i nk

fromall of the nozzles 33. 25 Therefore was
chgrprEmpts Eharls H@Plrﬁﬁejie]?yv@%c&ﬁ%@1€@0dlment of the

PCT/ JP2004/ 003919 -80 characteristic is inproved by
rehpsdies omep@ ssdindgny 06 the pressortdiimgehsadn.

according to the present invention. In order to

sati sfy thenderddsct eatticflierthe daneasy® tbhé&ureher dimgrease

speed and further inprove the picture quality of 5

thBereesss éﬁ% 298 Ehechek- ir@rdx%c‘%ﬁ@l RYcARPAr §iaBity of
it is pOSSI le to either increase the d rrving

5 tBEeﬂgégfa %ﬁ%}o&kt Eeﬁnke é%ckég% %%-8 ggatus it is

|ncrease & of nozzl S per in -Je recordlng

me er when the drjving frequ of the
CPRRLPLE L oS A ARG CRERAETS o et ad SpREcYr SEsihe ink-
in the pressure- applied ink chanbers undergoes a
JesnpreRrBERAVITHA dFe tPoinFEpRER thh rorbefe © %r Be3ptes per
propagated fromthe pressure applied ink chanbers to
inkejebmerordina edider, and it beconmes difficult to
accurately eject the ink drop. -On the other hand, 15
when t he nHoberemf wheiziee 4siviatigefrddienerydofiothe omk-jet
of the common ink chanber al ong the | ongitudina

10 rdicbeatihgmihereofi nseaBbheshdasras N AWednhsngpestire-
order t0 satisfactorily eject ‘air bubbles in the

a%ﬁqgga iﬂﬁ Eﬂgﬂggyé uﬁﬂ%regggué 6Eplex behavior due to

reflection of the pressure propagated from the pressure-
applied ink chambers to the common ink chamber, and it becomes
difficult to accurately eject the ink drop. - On the other hand,

15 when thé number of nozzles is large, the end portion of the
common ink chamber along the longitudinal direction thereof
éometimes has a narrowed shape in order to satisfactorily
eject air bubbles in the common ink chamber. But because of
the narrowed shape, the pressure change in the common ink

20 chamber becomes large towards the end portion along the
longitudinal direction thefeof, and the effects on the
pressuré of the pressure-applied ink chambers is larger from
the end portion than the central portion of the common ink
chamber along the longitudinal direction thereof. In other

25 words, the pressure behavior of the pressure-applied ink
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the narrowed shape, the pressure change in the comon
i nk 20 chanber becones |arge towards the end portion
w@bk@nagsiithe | ongitudi nal direction thereof, anBCT/r004/003919
effects on the pressure of the pressure-applied ink
chanbers is larger from the end portion than the
central portion of.the comgan i nk chanber al ong the
itudinal direction thereof. In other 25 words, the
P@ggﬁﬁ el pehbViorends depengieg som etheppdséd ionk of\each
2004/085161 PCT/ JP2004/ 003919 -81 chanbers is
pdiebberenspplepehdinkg chambhe, pasd titon ofexeaelmely difficult to
pressure-applied ink chanber, and it is extrenely

agbkbpeibtel® camQpthat pké!s@@f% r}ﬁ&héﬂ%rpbesam €of the
behavi or of all of the pressure-applied ink chanbers.

pE@EsﬁPéSa% irid dh%mﬁ@fsS only 4 E%gggnto t is not
suppr ess e pressure ange i n the conmon nk
sirable to suppres .
Oﬁﬂ??@%n%%%&e. S BBE el ok e SrHHEE Shepi in the common
essure ap lied.ink chanbers regardless of the
B%SF]F?IP}%%I of ‘ﬁwéﬁlﬁPe%a%Ea%Jp%i‘r%osqaﬂafesehaﬁee%ffqmwes in
nmet hod of suppressi the pressure change in the
tRenRBRS F ke cHERSs @% phevbxesrpzaraginl ieRarbkr chamibdyes
comon ink chanber to function as an air danper, has
rpgendpesposedtien pogitapasest Bat entedSordfapdried | nk
addition, a nmethod of absorbing the pressure
chemeeps ed by the ink ejection by using 15 a porous or
cellular elastic material for at | east a portion of

the ink chanham as F?ggrgé qg1 $¥%€éﬁgﬁh§ﬁ§n in the

Lai d- Qpen Patent App Pese
c&ﬁlﬁgﬁ%«? é:) er prgg:thllfr?g I\éon 9a1]i4]c':%amber in the common

iﬁk chamber to function as an air damper, has been proposed in
a Japanese Patent No.3069477. In addition, a method of
absorbing the pressure generated by the ink ejection by using
a porous or cellular elastic material for at least a portion
of the ink chamber, has been proposed in a Japanese Laid-Open
Patent Application No.7-171969.

A Japanese Laid-Open Patent Application No.9-141856

" proposes providing a damper chamber in a portion of the common

ink chamber, and providing an elastic member between the
pressure-applied ink chambers and an energy generating part to
section the damper chamber and the common ink chamber, so as
to use the elastic member as a damper. Furthermore, a
Jaﬁanese Laid-Open Patent Application No.2000-301714 proposes

providing an elastic layer including a piezoelectric element
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proposes providing a danper chanber in a portion of

the common 20 ink chanber, and providing an elastic
woreoobessibet ween t he pressure-applied i nk chanbeeBJIR206/003919

an energy generating part to section the danper

chanber and the conmon ink chanber, so as to use the

el astic nmenber as a danpergoEurthernore, a Japanese

Lai d- Open Pat ent Appllcatlon No. 2000- 301714 proposes

ips5the ovgrdiaiy i@k ehagbee, | ayérabsmdigionghe pressure by

pi ezoel ectric el ement WO 2004/ 085161 PCT/ JP2004/ 003919

dr@Zinag the rcicmoedectkichahdssnt alebealidagbbAgth8epressure of

pressure by driving the piezoelectric el enent

tHepesghdy 9k tdnempeessure of the conmon ink chanber
However, according to the nethod proposed in the

Japanese HH“%#E f h

the air Fﬁ?é%?érNggﬁgg?é%é f%%g@ere %O%'Pgé#?gégn%y %he
|s difficult .t t.he da ffect for.a
TRRPRERE g e Ropded 11 HS RO Sy oL6 EORBHArY Bir
control the anount of air held Mﬁthln the air
CRRABRBErCAAL Den&REPRGLR drertt BddonBad1ftnéeedsBicylt to
order to carry out such a control, and the proposed

mabphoth | Hhelidepedl eEfect efbt 7o lomdbpesied ef peirs¢ ve Hence,
when enpl oyed in the ink-jet recordi ng heads using

iaci sateressaafyheo thasthhely hesmtalolatheatmound/bseovier .held
the control itself of the anount of air within the :

wathighaidesid shdinbbirgUbht antbakSrgh %1@mén§eséé&ﬁ@§|

fromthe air chanber may enter within the

nBEESSHF- aPRA£d ltekcaﬁeyb %%f BL8 pLoyhe pressure

pressure appl 1 ed |n ers ron1fncrea5|ng

8f£ée enHﬂ%ﬁ% g.g%gégit té“}éa i eetorf Eégﬁgs egﬁen51ve

when employed in the ink-jet recording heads using actuators
other than the thermal actuator. Moreover, the control itself
of the amount of air within the air chamber is difficult, and
the air éeparated from the air chamber may enter within the
pressure-applied ink chambers and prevent the pressure of the
pressure—applied ink chambers from increasing sufficiently.
As a result, an ink-jet failure may occur in a worst case.
According to the method proposed in the Japanese
Laid-Open Patent Application No.7-171969, an additional
process is required to provide the porous or cellular elastic
materiai, and the ink-jet recording head becomes expensive.
In addition, according to the method proposed in
the Japanese Laid-Open Patent Application No.9-141856, it is

necessary to secure a sufficiently large area for the damper



According to the nethod proposed in the Japanese 20

Lai d- Open Patent Application No.7-171969, an
w@edupssapnl process is required to provide theECP@Ir200g003919

or cellular elastic material, and the ink-jet
recordi ng head becones expensive. In addition,
according to the nmethod pr@gesed in the Japanese

ai d- Open Patent Application No.9-141856, it is 25
Cﬁ3%§§§a+? ?§§§§égﬁr8g5a§8f?i%m%ﬁﬁQ%ﬁﬂtaﬂgwpameaffecttrnBut as

danger WD 2004/ 085161 PCT/JP2004/ 003919 -83 chanber
3 heevder e dleoars afs@fécdirentitdanpdchethecthafditoBshe
a result, the degree of freedomw th which the shape

cefmeneink gmapireirnkaghhabess i D @ cdesi-gnedsbecorES. and it
restricted, and it becones difficult to formthe

beoomen dini¢ichanbes WBi6ht @ RmBinegh it Bﬁ%ﬁ%ﬁg %rféf%g Z:an

satisfactorily. Furthernore, according t

5 epeeposed dil p i d-.Open Patent Application
%b.ZOOO-SO?%%&?g%gg ?%ﬁéﬁﬁ%éﬂé% ggfo control the
pi ezoel ectyt ] ment so as to effectively absorb the
pressure, %g¥ h§E§8ﬁ?fo?cfﬁﬁqlqgﬂ59 8e10ephed preposed in
r2dditional | tg control the piezoelectric elenent.
R nERAISTE ;‘fﬂ REPER rRRtente fopliRatiak-Fet 20RQaWiTg, it
. apparatus becones conplex and the ink-jet recording
1%¢%§F§#&§tb§@oﬁ@§tr@kﬁénsmdezoAdeotdi@géyemént so as to
description will now be given of a 15 third
ekfdiviedyt absorhetheqoratisngeheaddas cossh Aen tgh it st be
present invention, having a reduced size and cost, and

10 ngammde addf t i 695D NG e tirdh- 8L lﬁi‘@i@éiﬁﬂ td &1 eflent .
escription will be given of the third enbodi nment
Consequently, the structure of the ink-jet recording apparatus
becomes complex and the ink-jet recording apparatus becomes
expensive.
Accordingly, a description will now be given of a
15 third embodiment of the recording head according to the
present invention, having a reduced size and cost, and capable
6f improving the ink-jet characteristic.
A description will be given of the third embodiment
of the recording head, by referring to FIGS. 30 through 34.
20 FIG. 30 is a perspective view showing the third embodiment of
the recording head. FIG. 31 is a cross sectional view showing
the thir& embodiment of the recording head cut along a line A-
A in FIG. 30, and FIG. 32 is a cross sectional view showing

the third embodiment of the recording head cut along a line B-

25 B in FIG. 30. 1In addition, FIG. 33 is a disassembled
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of the recording head, by referring to FIGS. 30
through 34. 20 FIG 30 is a perspective view show ng

wao b@4psitsd enbodi ment of the recordi ng head. FCTAP2804/003919

is a cross sectional view showng the third

enmbodi nent of the recording head cut along a line A- A

in FIG 30, and FIG 32 isga-cross sectional view
showing the third enbodi nent of the recording head
PeusPatbhee &7 ehevpeg B-he tHigd sgbodimgali of ofie Fagerding
33 is a disassenbl ed WO 2004/ 085161 PCT/ JP2004/ 003919
he8d, pang peld.i \3d Vew Shoswert ivee wikewr ¢hewbodi aentbrsgftion
the recording head, and FIG 34 is a perspective view
p3hAOM Sigown VArDIFEG. 083 Pl @ted shiamn a hofEkGm 33rgaesethereot.
froma bottomsurface thereof. In this third

TRMRRMS r@@ircpfenﬁd&alﬁeﬁer 8t Nghdl %ofcﬂ%gp heggNt tBe present
|nvent|on is applied to an ink-jet recordlng head. The

ih{ P%génrf§%#%ﬂﬂgdh§8d §h£W£Lié%F?%§§FF§8g §%§8U9h 33

I'nc es a w passage form made of

a single crystal silicon I vi bration 4

o ovi ded oS, Sidetsarratainy Rl ArGiPpastEges. 30
formng 10 substrate 401, and a nozzle plate 403 which
thsopgbvi el uses appepvspRseRee JOFHEY FERSpaakagdl made
form ng substrate 401. The flow passage form ng
ofubssingke 40dystelie stilbeani 6%l pl & evid@2tiandpriaee nd¥z| e

pl ate 403 form pressure-applied ink chanbers 406 and

p2o9EBANoM NK Ihtbenr488e &EActherazidvwe pdBdavhi Ebriing
ej ects an ink drop comuni cates to one of the

sPhESSHEE- BPP) I8 A ﬁgzﬁménpfiﬁb‘gﬂﬁ\wﬂl%ﬁ fiar peoRidid QW an
passage, via a nozzle communication passage 405. The

mpog,, |.aK € Mgl 08, syppliescihe jnk baithee 401. The
ubpg O PEarao gL

essure-appli ers

flow passage forming substrate 401, the vibration plate 402
and the nozzle plate 403 form pressure-applied ink chambers
406 and a common ink chamber 408. Each nozzle 404 which
ejects an ink drop communicates to one of the pressure-applied
ink chambers 406 which forms a flow passage, via a nozzle
communication passage 405. The common ink chamber 408
supplies the ink to the pressure-applied ink chambers 406 via
an ink supply passage (communicating part) 409 which forms a
flow resistance portion.

A stacked piezoelectric element 412 is provided
with reépect to each pressure-applied ink chamber 406 on the
outer surface side of the vibration plate 402, that is, on the
side opposite to the pressure-applied ink chamber 406, as a

pressure generating means (or actuator means). The
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an ink supply passage (conmunicating part) 409 which

forms a 20 flow resistance portion. A stacked
w@e@zogdiectric el enent 412 is provided wth rEGpER0IL/@®3919

each pressure-applied i nk chanber 406 on the outer

surface side of the vibration plate 402, that is, on

the side opposite to the—mﬁessure-applied i nk chanber

40 25 ress eperating neans (or actuator
p%%éﬁ%?eceﬁ géglﬁ Wm 3pigal.ganversion

i ezoel ectric elenent 412 is an el ectronechanica
@8%’@%?%&5 e oys, i andel$ Kinmsh onandbesef sWestate 413
a base substrate 413 which is nmade of a highly rigid
vhaehr falnadr rlag mighly vigidersrdrds] Sulhpagtmétors or
401a is provided between two adj acent
cpressus e- appl i ed i nk chanbers 406. A support portion

414 is provided between adjacent piezoelectric

el enents 44 aﬁﬂit@onp@§i£i%%g%ﬂﬁé%%gpﬁgkggeﬁOF&gm%d%gcent

partition 401a. In this a piezoelectr

d 0 t
(ha cug? S|C|ﬁgkfgﬁ %ﬁ%lﬁﬂ% |%‘§%§gh5€§W§§€‘”§§14 is
oBFrideq Helliidesy 'fﬂﬁéo%leﬁﬁgﬂs%wé“ ot S L ook SRR nel S g &

ortion 414 by the teeth between the two adjacent
g%Je P d?orﬁﬁ?éppﬁélbg e ditr trarditdpandpls. 41 thie
upport portion 414 and the piezoelectric 15 el ement
eand t Ive pdgpeeteciuctaired erient tmbebsupperupRddcdn to a
414 does not function as the piezoelectric el enent 412

sgeteause (hadfecut) ngiotlg age fosmappkitedihher&ld Mape, so
frame nenber 415 is provided on an outer

as to form the piezoelectric elements 412 by every other teeth
of the comb shape and to form the support portion 414 by the
teeth between the two adjacent teeth forming the piezoelectric
elements 412. The support portion 414 and the plezoelectric
element 412 have the same structure, but the support portion
414 does not function as the piezoelectric element 412 because
no driving voltage is applied thereto.

A frame member 415 is provided on an outer
peripheral portion of the vibration plate 402 by an adhesive.
As shown in FIG. 33, a groove portion, which forms the common
ink chamber 408, is formed in the frame member 415. In
addition; an ink supply opening 416, which supplies the ink to
the common ink chamber 408 from the outside, is formed in the

frame member 415. This ink supply opening 416 is connected to

an ink supply source (not shown) such as an ink cartridge.
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peri pheral portion of the vibration plate 402 by an
adhesive. 20 As shown in FIG 33, a groove portion
waokdoghsfior ns t he common i nk chanber 408, is fPCTERR004003919
the frame nenber 415. In addition, an ink supply
openi ng 416, which supplies the ink to the comon ink
chanber 408 fromthe outsigeg,- is forned in the franme
menber 415. This ink supply opening 416 is connected
Fpg examake, s dppg seubee {Hotlsshede) cfuehors mesinsk or
.cartridge. WO 2004/085161 PCT/JP2004/003919 -86 For
peXgpipbey laree sulditepehbee]ddihidrs maddnof. epoxy resins
or polyphenylene sulfite, by ejection nolding. Holes,
grooves arkbldy lgirkevker aharfmdg e fezzbeming the nozzle
communi cati on passage 405, the pressure-applied ink

c%ﬂﬁﬁ@f%é%i&%.%%@s%@@ hps, | éﬁr%a%gggfeéoi% '&ambers

ormed in the fl ow passage rmng su rate y
rryi 0 nik. SOt ropi ¢ hing .of a_.singl.e

488 e o 1 Bl PP UG ' fReyacifarty £low
orientq%%gn, u%%gg an al kal i ne etchant such as | i

PREFALS i I THy W SXedEr ke Vs dutGadryieg eshrde, agisotropic
material 10 other than silicon, such as stainless
e5eking aifd 2 FHegdeordretay esibrcpphoubsensiei hayinesi n(110)
may be used for the flow passage form ng substrate
c#@dtalheridriiradtioon pbahe #02alksliade eat-hantesath pdat e
which is formed by electroformng, for exanple. In

pbbassin eitendixiest (kbhe yobiwtdon pirateutss, i s HRde-iofi
a nickel (Ni) plate having a 2-1ayer structure.

oEQUEVE@Ian &iMBIRL akuehher stan Juckebe1Sygh as other

nmetals, resins, a stacked structure of metal and
pﬁ8§é£5A§§G%f%éaQ%rapﬁgggggﬁgf%fégvl%%%i%t H§§a£e used for the
flow passage forming substrate 401.

‘ The vibration plate 402 is made of a metal plate
which is formed by electroforming, for example. In this
embodiment, the vibration plate 402 is made of a nickel (Ni)
plate having a 2-layer structure. However, a material other
fhan nickel, such as other metals, resins, a stacked structure
of metal and resin layers and a stacked structure of metél
layers, may be used for the vibration plate 402.

Each nozzle 404 corresponding to one of the
pressure-applied ink chambers 406 is formed in the nozzle
plate 403 to have a diameter of approximately 10 pm to
approximately 35 um. The nozzle plate 403 may be made of a

mefal such as stainless steel and nickel (Ni), a combination

of a metal and a resin such as polyimide resin film, silicon,



| ayers, may be used for the vibration plate 402. 20

Each nozzl e 404 corresponding to one of the
w@e@snsaiet appl i ed i nk chanbers 406 is fornmed i PCT/ME2004/003919

nozzle plate 403 to have a di aneter of approximtely

10 pmto approximately 35 pm The nozzle plate 403

may be nmade of a netal sugh_as stainless steel and

nickel (Ni), a conmbination 25 of a netal and a resin

oguehcasbpmtyfian ¢ seshnmbténiakdl i donthi® 200440851161 the

PCT/ JP2004/ 003919 -87 or a conbi nation of such

nﬁ&teélpléte|403fﬂssm%mboafnﬁnﬁlcﬁéﬁlpﬂﬂ%éalQa?b@tﬁhﬂ@@ is

is made of a nickel-plated |ayer which is ormed by

Rh-REl " 9F U THAGoFHe1 AL er fab ﬁb@eo%a(lorsh' %@ef §hﬁ9§ér shape)

of t he nozzl e 404 may "be a horn-s pr oxi mat e
n_a rOX|nate cone- sha
kgdﬁezﬁgigﬁﬁ nﬁ&gﬁéterggn T?R?R%ﬂ(ﬁR§F°§FH§E?SC§%iner_
r oxi mat el roximately 35 pm In each
5 355%%@% ARG E S Apa b e T Dm0 FBs ThBR 5hE Rotzle
arranged at a pltch of 150 dpi. A water repellent
digpekeT ©oF dhited NénIgtneide els APPIRinesedy LAermoE| e
plate 403, that is, the surface from which the ink is
aepegxtmat&ly’éﬁSMME t Bat etdle awzamire cfuthaceozriepel 404,heche

i nk. The water repellent |ayer may be' fornmed on the

nnezrée SU0 faee diyadgkaonn agdiath sechsasgphati ng and
coating the water repellent. layer. Mre particularly,

PTFE-N 1%, gieat Ix%peh%hfaglaﬁ%@cltg QUeRRS 5&109 Qbzz1e

fluororesin, evaporation of evapor ative f uor or esi n,

10 sﬂP?a«?@'%f‘gchaef B%zzl%ogﬁégg L 3y resin f' “Proref_s' A

vent as 't he K nomh

| | ent
Fci:%lck?c‘éﬁen%nfkh%sm%tjgétegpeto eensur y%hat the nozzle surface

repels the ink. The water repellent layer may be formed on
the nozzle sﬁrface by a known method such as plating and
coating the water repellent layer. More particularly, PTFE-Ni
15 eutectic plating, electrodeposition of fluororesin,
evaporation of evaporative fluororesin, and baking after
éoating silicon resin or fluororesin solvent, may be employed
as the knowh method. By selecting the water repellent layer
depending on the ink composition or characteristic, it is
20 possible to stabilize the shape of the ink drop and the ink-
jet characteristic, and obtain a high picture quality.
The piezoelectric element 412 has a stacked
structure made up of a piezoelectric layer and an internal
eléctrode layer which are alternately stacked. The

25 piezoelectric layer is made of lead zirconate titanate (PZT)
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dependi ng on the ink conposition or characteristic, it
is 20 possible to stabilize the shape of the ink drop

w@nw4nsa6i nk- jet characteristic, and obtain apP@i/ge004/003919

picture quality. The piezoelectric element 412 has a
stacked structure nmade up of a piezoelectric |ayer
and an internal electrodedgayer which are alternately

" stacked. The 25 piezoelectric layer is made of | ead

hziviipgnat ehi¢hraamst ©fPZPpr¥iRf04]l Y851 Giln to approximately 50
PCT/ JP2004/ 003919 -88 having a thickness of

pappaadi the elytk@apmetiecappaoxi #pdel s 5RdePwr andvéhe
internal electrode layer is made of silver palladium

peAgRd) uhavi, )ahhgﬁﬁ6rgs§h9£k§§§§r§% égy@rahnpmu In

addition, the internal electrode |layers aré

. el nat . t i [y t d
SBher0aL e 5 conmest ed el eole pall . Lo an ond. sy goe
CERUERP S Spiode, qud, 2 driving, o gnal i suppliod o

pressure-applied i nk chanber 406 is nmade to contract
Cgndnde% il BLackEcesht padt & orcrmrh elsansiodn, oknd e driving
pi ezoel ectric 10 el enent 412 having a piezoel ectric
sé¢gnslaht miprdd®d Thethpbezektetctades elieament FA¢2cable 417.
expands when the driving signal is applied thereto

TaBdpacshargidppltiakesnpl apgmbandidda s paggoebeebhtfact and
el ement 412 contracts in an opposite direction when

e n . | i dan ) d i ric
penghey gend %&%&geg%gs as&5 ASarafioun 'fntﬁlaﬁgpg %ilé(}ﬁc

comon 1 nk chanber h a rectangul ar s

L REEhP o il PR PR Rabhe s orh: ottt colhe

404 re arranged. This direction in which the
plezgef%ctéac éT%ment 415 expands when the driving signal is

applied thereto and a charging takes place, and the
piezoelectric element 412 contracts in an opposite direction
when the charge is discharged.

As shown in FIG. 33, the common ink chamber 408 has
a rectangular shape which is elongated, in a plan view, in a
direction in which the pressure-applied ink chambers 406 (or
nozzles 404) are arranged. This direction in which the
pressure-applied ink chambers 406 are arranged, will also be
referred to as a longitudinal direction of the common ink
chamber 408.

The vibration plate 402 which forms the wall
surface of the pressure-applied ink chamber 406 forms a
poétion of the wall surfaces of the common ink chamber 408.

This portion of the wall surfaces of the common ink chamber



pressure-applied i nk chanbers 406 are arranged, wl|
also be 20 referred to as a longitudinal direction of

wo b@4ogimeon i nk  chanber 408. The vi brati on plBCEIRX0R/003919
which forms the wall surface of the pressure-applied
i nk chanber 406 fornms a portion of the wall surfaces
of the common ink chanber 428 25 This portion of the
wal | surfaces of the common ink chanmber WO 2004/ 085161
4087/ SPzned/ oY 391D vikgetd08, plataetldy wild vebrafeoned to as
plate 402, will be referred to as a free vibration
asfirbaceidPatidis shrdaael A2FEL G AS4shburc RrOmTES 34hRhich omits
portions connected to the piezoelectric elements 412,

thie pokteenyi bsatd@rasubl ane A2d-dacdides %ﬁ%&éﬂts 412, the
portions 422 and 5 thin portions 423. The thic

ROLL LORP e A LR LB N o POLALONS, ¢ p3 A3YEA0 422 ang

approxi matel'y rectangular shape in a

re arranged jJ4, a ri .pattern extending in the .

5 PGRoPPREITER 4ot renCBiBRhRSEiRN Ttk SorlahBe: Chte.
In this case, the vibration plate 402 has a stacked
POLEGEREr & ety U FR 6PBECSIPalel g, regi@nond achFiRpe in a plan
portions 422 are forned by all of the 3 layers of the
vieyekaud sa¥reiciune@genhiiheat feripe rogiurerinorsteddsnaren the
formed by only 1 layer of the stacked structure. O
lonyisedihde dihicckipar bifotke 423nmmy b berBdrby08. In this .
| ayers with the thin portions 423 fornmed by 1 |ayer

cbe, t BBe [V SHatiN! b0ASe 1504222 5By K& dQUTBE ¥ 3re made up
“‘layers with the thin portions 423 fornmed by 2 |ayers.

10 ofhemaydrdvidgy RS eny k! 806 Olo APPIOXL IREELY A0 Y o1 of
pproximately 50 V is selectively applied 10 e
the 3 layers of the stacked structure, while the thin portions
423 are formed by only 1 layer of the stacked structure. Of
course, the thick portions 422 may be formed by 2 layers with
the thin portions 423 formed by 1 layer or, the thick portions
15 422 may be formed by 3 layers with the thin portions 423 |
formed by 2 layers.

When a driving pulse voltage of approximately 20 v
to approximately 50 V is selectively applied to the
piezéelectric elements 412 of the ink-jet recording head

20 having the above described structure, the piezoelectric
element 412 which is appliéd with the driving pulse voltage is
displaced in an expanding direction in which the layers of the
piezoelectric element 412 are stacked, and the vibration plate

402 is deformed in a direction of the corresponding nozzle 404.

25 As a result, the volume or capacity of the corresponding
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pi ezoel ectric elenments 412 of the ink-jet recording

head 20 havi ng the above described structure, the
w@e@zogdiectric el ement 412 which is applied weTIrzae /003919

driving pulse voltage is displaced in an expandi ng

direction in which the layers of the piezoelectric

el ement 412 are stacked, ang_the vibration plate 402

is deformed in a direction of the correspondi ng nozzl e

pPaeasups-Fepkigksiyik chehbey ol Wreclemasapaol tpphf phessure on

correspondi ng WO 2004/ 085161 PCT/ JP2004/ 003919 -90
theessknetdppl i presshasbepp A chiangdsmberappky and the
pressure on the ink within the pressure-applied ink

iakanbep f%xéjéﬁﬂédlf%om|BKedéé%&éé@dﬂd%%beﬂo%EQQW&@@ to

correspondlng nozzlie 404 to enable thé ink-je

L h. ej ected, the ink pressure
emﬁﬁ int -fﬁgiu%gbgéﬁ#ged i nk chanber 406

decreases, a sI| sure is
gener at ed A ?Eﬂr Er 8%%6 =S 'aptgﬁp RKeSERARDEE s the
due to inertia of the ink flow In this state, the
PEEBPAFS PR iAck 180 chetliphst % dacsegsegi nandpasstid:
and 10 the pressure-applied ink chamber 406 returns to
nggatbye ginrdsunshédsegahenatéd vapplinc ahieopretsthe-applied ink
driving pul se voltage to the piezoelectric el enent
chafbés Sidphedtct hatrtsa shethd ek @lowl. NgIRUEBEs state,
voltage is turned OFF, and as a result, the negative

£RE eoBIFAL il Tlidaen ogensrated i thish oihg: REESSUL B 115,
applled i nk gﬁanber 406. In thlslsfafe 8tlhe fﬁ f%l and

eRURBH S e S eapULERanl &cﬁjr@rugng%gﬁgg@ﬁ@g@g 1

openi ng € conmon
e Fiotl St GemRorEF e il drivifly Si1s€ Foltage o the
piezoelectric element 412 is stopped, that is, when the
driving pulse voltage is turned OFF, and as a result, the
negative pressure is further generated within the pressure-
applied ink chamber 406. In this state, the ink is supplied
to the pressure-applied ink chamber 406 from the ink supply
epening 409 via the common ink chamber 408 and the ink supply
passage 407 which forms the flow resistance portion. Hence,
after the vibration of an ink meniscus surface at the nozzle
404 is damped and stabilizes, the driving pulse voltage is
applied to the piezoelectric element 412 to eject the ink drop
to enable the next ink-jet recording.
When the pressure is applied on the pressure-
apﬁlied ink chamber 406 to eject the ink drop, the pressure

wave generated in the pressure-applied ink chamber 406



after the vibration of an ink nmeniscus surface at the

nozzl e 20 404 is danped and stabilizes, the driving
w@eiogmesiiel tage is applied to the piezoel ectriPCEIEN@M03919

412 to eject the ink drop to enable the next ink-jet

recordi ng. When the pressure is applied on the

pressure- applied ink charear 406 to eject the ink

ggog t he pr ﬁggre 25 wave generated in the

PhPRagRres a*’éopl i"50 GOHROBN ARk efhattBe W@ 08094 208B¢64nk supply

PCT/ JP2004/ 003919 -91 propagates to the comon i nk

PERgADRriAb@®RA dhendnknrusppyl gpemiass 496 . 40Ronadet hethe

i nk supply openi ng 409. However, the pressure change

Pr§s s rdenaend sdavpedbed! t ihd) ddige@ORABA T hNKhe CHHRS! ink
408 due to the thin portions 423 of the free vibration

chashef a8 42k fror thagthie yedd: Y fase ef Lhbe-commn .. o
i nk chanber 408. As a result, the pressure wave is

5 sprevented faomibgl pe *§%£§§L§%%Q§%?h%getQS?%%Rc%ﬂﬁufhamber

pressure-applied’ink cha ereby
shhe cant l.ahil i of the meniscus and the ink-jet
oPar 2ot & PEEra 1 e rer BT SUg P v i BF SV PBF ¥ rividp being
NEHTEL.I C inulations with respect to a third
r%%cgqﬁéﬁc@gﬁp%e heUE TR ePider s0kf aeambdr 406,
common i nk chanber 408 fornmed by the vibration plate
therely dapropiapnihentyn il iliidi tpoofi tme 489)isciandnd the
this third enbodi nent of the recordi ng head having the

inls-jgdl Ichegetseeistiche common ink chanber 408 forned
by the free vibration surface 421 which includes the

10 t hi ck pormhenﬁrégéntaiﬁbéﬂﬂ%r%hb@r@@f&é@nﬁuﬁ%?ﬁ Zhhe
pressure change of the pressure-applied in chanber

stf dreeatedigh FO&HLONYAl, thirg comparison example having
the wall surface of the common iﬁk chamber 408 formed by the
vibration plate 403 itself (using only the thick portion 422)
and this third embodiment of the recording head having the

15 wall surface of the common ink chamber 408 formed by the free |
vibration surface 421 which includes the thick portions 422
and the thin portions 423. The pressure change of the
pressure-applied ink chamber 406 located at the central
portion of the common ink chamber 408 and the pressure change

20 of the pressure-applied ink chamber 406 located at the end
portion of the common ink chamber 408 along the longitudinal
direction thereof, were compared for the third comparison
example and this third embodiment of the recording head.

After supplying the driving pulse voltage to the

25 piezoelectric element 412 to apply pressure on the



portion of the common ink chanber 408 and the pressure
change 20 of the pressure-applied ink chamber 406

wo cwavgdent the end portion of the common i nkPCharoer003919
408 along the longitudinal direction thereof, were
conpared for the third conparison exanple and this
third enbodi nent of the red@-ding head. After

i ng: i Vi | t the 25 ,
B DB 26 B et 06, aRtrret i

2004/ 08 1 PCT/ JP2004/ 003919 _-92 corresponding '
VS?BEEu?’g?"gbepﬁrée&Siuﬁﬁ Ehange? Abaheerressive-apalird otk

he pressure changes of the pressure-applied ink
c%ﬁ@%%r‘i%(iiudi}ﬂgn@ himpnef 020 2qs eerweprcaveedgedit Mas
was found that the pressure change of the
Toredstha: dfy ipedsenkeSchhanbest 406 beeatadeabppheeenthk
portion of the common ink chanber 408 is

5 chppbexiqtd doratsth gteahereddabtiah, at the -SRRLS &lnk
pg?Tion of th: conmon inﬁachgﬁ%er 408, and ?arge,qghr

chigndNi 408 qgna?bkggmms%@ | 50 e‘ata%rolc{qgé pand. . tpe

was found that the pressure change of

£55Ures [ L.nk chanber. 10 406, | oc d at the end

c%éﬁtl o%Egﬁﬂgheggo%ﬁ%nc?$WPQﬂﬁ§#b€PaW8§f ?égon?%d ﬁarge, for
appr.oxi mately 2% greater_than that at the centra

t%%ﬁ?F&ﬁp%PmPﬁﬁlEB AIRE ¢ h&Pp éheq08heanaRGmI 1t wasr found
the third enbodi nent of the recording head. _

theridiomE esPirRasharentof fde iessuhe-ppRbten eink chamber
absorbing efficiency is inproved 15 by form ng the

10 496 deocatisdatitonhs uefidgeod2ibrby it haet BommPOr 1h1ONshanth2? 408
and the thick portions 422. The third compari son

iexanipt epprdxtinatelNize greEhedi #BAL ghat he racOrdiRG a1
head were respectively nounted on
portion of the common ink chamber 408, and small, for the
third embodiment of the recording head. Therefore, it was
confirmed that the pressure absorbing efficiency is improved
15 by forming thg free vibration surface 421 by the thin portions
423 and the thick portions 422.
The third comparison example and this third
embodiment of the recording head were respectively mounted on
a printer and print tests were carried out. As a result of
20 the print tests, it was confirmed that a deteriorated picture
quality is generated when a multi-printing was carried out by
the third comparison example by ejecting the ink from all of
the nozzles 404. But on the other hand, it was found that a

satisfactory printing can be carried out by this third

25 embodiment of the recording head without generating a
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a printer and print tests were carried out. As a
result of 20 the print tests, it was confirned that a

waledoenssasat ed picture quality is generated WhECT/@P2004/003919

mul ti-printing was carried out by the third

conpari son exanple by ejecting the ink fromall of

the nozzl es 404. But on tn@3gther hand, it was found

that a satisfactory printing can be carried out by
dehegidhated 35 cantredonehi tpf &dhen ey di nglbeadrimt roytwas
generating a WD 2004/ 085161 PCT/ JP2004/ 003919 -93

cdetesdop@t asly RIiGciagquRe | ik BM8D aeBfathe nozzles 404.
multi-printing was carried out by ejecting the ink

fromall ofhééz%d}%zzgﬁﬁcéogt 1%‘&:% ga; ‘i%)f%ttiééngf fle wall

| east a portion of the wall sur common I n
chanber 4 is fornmed.by the free .5 . vihrati sur.fac
S5 TONeYI 7 e TRIER. BOF PORPHSZ 0 d S paomefl iy A Free
ortions 423, the pressure of the common ink chanber
ngéat%:% %é“%&?oﬂ@idhﬁyl%et%i‘%h%? Pogkdonp342npnd the
the rigidity and strength of the free vibration
thipf aeet ¥xis &P b&henprassinedbycheheommookipbr thamzer 408
422. For this reason, the 10 ink-jet recordi ng head
ceanbbealpsachwbdbybyha shimlgopriomessi23, nwaddet tioa, ridiedity
pressure change within the common ink chanber 408 can

aba stfesdtyaly thanmpede 0vivPSOIReGurdidet 81 can be
controllability of the neniscus and the ink-jet

g i:Sdt i 3 he. ] t is..a i bl e
nERALAELES Y the PAICRCpLIPIONE oz | RO LACSPPELANS the
m of . desi

PECHF BT REHRNT PR REP RorGRo sy bt Par B EReTRERS
nggégi‘é(g&m zl:u}g; %fr%gga%e act:hEQII;gee Cv\?ingkrg_rlll Itrlrlllé ggz?mngg rir?]E)Séhamber
408 can be effectively damped or absorbed, and the
controllability of the meniscus and the ink-jet characteristic
can be improved. It is also possible to improve the air
bubble ejection, and to improve the degree of freedom of
design of the ink-jet recording head.

In other words, by providing the free wvibration
surface 421 at the common ink chamber 408, the pressure of the
common ink chamber 408 can be reduced by the damper effect of
the free vibration surface 421. But since the damping
capacity increases as the free vibration surface 421 becomes
thinner,'it is preferable to provide a thin free vibration
surface 421 for the entire wall surface of the common ink

chamber 408. However, it is difficult from the point of view

of the process and the assembly to form the thin free



conmon i nk chanber 408 can be reduced by the damper
effect' of 20 the free vibration surface 421. But

W@ RmgmesIthe danpi ng capacity increases as the fPEBIP2004/003919
vi bration surface 421 becones thinner, it is
preferable to provide a thin free vibration surface
421 for the entire mall swdsace of the common ink
d]tg)anber 408. Fbme is difficult fromthe point

IGELRP28UGFAGhHE 2§T d’@é§§ GAYCEhe dssEifbieyere RBANThe

the,thin free WD 2004/ 085161 PCT/JP2004/003919 -94
sEreRgEhoff stif¢ace Win fpehviovatiomn Junfgecan@a, mandoe
the strength of such a thin free vibration surface
iazufiragibet. i ndufdd,citent. thiend esmidddisnetniti bd erbodés@ding
of the recording head provides the thick portions 422
haad phevihéskeo rﬂﬂi@ﬁsﬁ5rﬂg§né ndhedd e@evichy aki ﬁ@rtlons
surface 421, so that the ink-jet recording head can

5 4b8 phogHses by A 1HTeLe Qﬁefgééuzglhe %se%ﬂe(’{nﬁ hee

free vibration surface 421 1s s i‘ci en

e, el can obtaln and

SLoBELbE AR Be BEh e RERCeER b
reduced hi s gase the free vibration surface
Sk5enghQ © h@%.ﬁtﬁ% VGRTRFhPR wfage deli dsaFrahdetewh an
one surface of the pressure-applied ink chanber 406
efaGChEve ndatgpet [9f fteetnedn by eieaigwmes leagekhespressute
reduce the nunber of constituent parts of the ink-jet
witbondihng dwembn Bekavkembde 40bhratn e Fedptatie 402 and
the free vibration surface 421 can be forned

10  sinultaneouslyhiby dahe,SeRe PrESesHratlidns sﬁ@%ﬁb@' £21 %ng
reduce the productlon cost and the nunber of

tHéOGyﬁiéﬁibﬁﬂﬁda%%SQ@zawﬂlcﬁ5f§”3¥fdﬁ%e%TBﬁeéﬁsssuﬂ¥ﬁéé of

i s because, after the part
the pressure-applied ink chamber 406 may be integrally formed -

" by the same layer, so as to reduce the number of constituent

parts of the ink-jet recording head. Because the vibration

15 plate 402 and the free vibration surface 421 can be formed
simultaneously by the same process, it is possible to.reduce
the production cost and the numcer of production processes and
assembling processes. This is because, after the parts
forming the pressure-applied ink chamber 406 and the parts

20 forming the common ink chamber 408 are formed, the pressure-
applied ink chamber 406 and the common ink chamber 408 can be
formed by a single process which connects the layer forming
the vibration plate 402 and the free vibration surface 421.

By employing the stacked structure for the free

25 vibration surface 421, it is possible to form the thin
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form ng the pressure-applied ink chanber 406 and the
parts 20 form ng the comon ink chanber 408 are

wo eoonwski6t he pressure- applied i nk chanber 406PGHaP20642003919

conmon i nk chanber 408 can be forned by a single
process whi ch connects the layer formng the

vi bration plate 402 and thestree vibration surface

421. By enploying the stacked structure for the free
pgstwm atd r%rbys@r fSad@ela2process Ppedsinglingt shéonumpdrre of
thin WD 2004/ 085161 PCT/ JP2004/ 003919 -95 portions
l428rpyfarmsimpltéeprtbddes pobyi edmngingit-he ragpbet ©6 the

| ayers forming the thin portions 423 with respect to

nbfBer neirberyeais [fayensgh oral g dihedritiiekspanbi OnfhélZ@ree
The free vibration surface 421 can be fornmed to have

v§b§é‘1ﬁéz‘?'§l}:tfa%est4r2§naéﬁ By Po@é%lt% ﬁ%%geasﬁu9¥101ent

formng the t |ck portlons of 't ayers
YeLs Ki acked .,
Sg?gu 1fn%lu?%ey %:\Tle% p escr i %)’t :%ﬁ %%F‘\l%ﬁetcgu vgﬁl‘BF gortions
rst di atlon of the third epbodi nent of the

4?% d?% Grﬁfsatﬁ‘ 16 YSEE oM BRFYD WHEDSEr 8SehRYPRYEATAIBMY up
by referring to FIGS. 35 and 36. FIG 35 is a
the sakaest eeg:rp?@rtslﬁ@et ive view showing the first

nodi fi cation of the third enbodi nent of the recording

-head, and N&:x&, 36 descaipeispectlilvdeviggweahoWi agfarst
vi bration plate shown in FIG 35 viewed froma bottom

moaf f et ikin tdFeneef thhnd FRESHdi3erand 36het hesSr8Bd Shead
which are essentially the sane as those correspondi ng

aeééfélﬂ#‘ﬂﬂ EPe §QeSEHEOEQQe§%H6Hw3 §S§EQE§E§9 by, thss. 35
sane reterence nunerals, and cription here
aMﬁ|§6peI§fE}1§%dls a disassembled perspective view showing
the first modification of the third embodiment of the
recording head, and FIG. 36 is a perspective view showing a
vibration plate shown in FIG. 35 viewed from a bottom surface
thereof. In FIGS. 35 and 36, those parts which are
essentially the same as those corresponding parts in FIGS. 30
fhrough 34 are designated by the same reference numerals, and
a description thereof will be omitted.

The free vibration plate 421 shown in FIG. 35 which
forms the wall surface of the common ink chamber 408 has thin
portions 423 arranged in the peripheral portion thereof as
shown in'FIG. 36, and a thick portion 422 is formed at the
central portion of the free vibration surface 421 in the form

ofman island.

The third comparison example and this first



The free vibration plate 421 shown in FIG 35 which
20 fornms the wall surface of the common ink chanber
wWa®4k08d6t hin  portions 423 arranged in the pepPCPphE0ed/003919
portion thereof as shown in FIG 36, and a thick
portion 422 is forned at the central portion of the
free vibration surface 42loign the form of an island.
25 The third conparison exanple and this first WO
mogH A1 0BEIEL qfcﬁhﬁpibemoersmr%mer% Fodhei cacpsAing herd
third enbodi mrent of the recording head were
veaspeetpeeiywainumosdted anpziprtisrteancngl potinteséstwerare
carried out. As a result of the print tests, it was
ceeniédned: . t 78t aa rdeteti of atled piisturesgwal itywhs confirmed
generated when a nmulti 5 printing was carried out by

thBe & hhdscImalds eﬂcez@m{&my 8 LHrnRGathe By fL M1~
all of the nozzles 404. Buf on the other hand, it was

I
. _Sif o] i Nt . rej ut

5 ppoHPfng s SATER BELPDY Pho LY KRS o8R! LLatb by
the, recor.di ng .head w thou enerati.n eteriorate
S0EHHET O o D) Dot SR Sk othn: [ Rert the
carried out, by ejecting the ink fromall of the
OhBeE| RRNAOAL NS ,foéimﬁegéﬁp% i A Mfactea vgPyeRt oy scan be
second nodification of the third enbodi nent of the
cpecoedi ot Headhiac dordtngod bf idwt jmmedntthienvbatrd oembdyyiment
referring to FIGS. 37 15 and 38. FIG 37 is a

offi 8As seadd il rpe hepelc i YRowt eyersdraning at Hetsecongted
nodi fication of the third enbodi nent of the recording

10 pheddreashitG, WehnSwheRh SRECE S HBWGSHAW BErfied out by
vi bration plate shown in FIG 37 viewed froma bottom
e§85£f§§ the ink from all of the nozzles 404.

Next, a description will be given of a second
modification of the third embodiment of the recording head
according to the present invention, by referring to FIGS. 37

15 and 38. FIG. 37 is a disassembled perspective view showing
the second modification of the third embodiment of the
fecording head, and FIG. 38 is a perspective view showing a
vibration plate shown in FIG. 37 viewed from a bottom surface
thereof. In FIGS. 37 and 38, those parts which are

20 essentially the same as those corresponding parts in FIGS. 30
through 34 are designated by the same reference numerals, and
a describtion thereof will be omitted.

The free vibration plate 421 shown in FIG. 37 which

fofms the wall surface of the common ink chamber 408 has 2

25 thin portions 423 arranged on each side in the peripheral
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thereof. In FIGS. 37 and 38, those parts which are 20
essentially the sane as those corresponding parts in
wWOo-@%F08:361 t hrough 34 are designated by the saP@r/JpP2004/003919
reference nunerals, and a description thereof will be
omtted. The free vibration plate 421 shown in FIG 37
which forms the wall surfaee of the common ink
chanber 408 has 2 25 thin portions 423 arranged on
peathosi teerepi ke poowphénaFIMD 200481 Ghick portlon 422
PCT/ JP2004/ 003919 -97 portion thereof as shown in

ikl Gord8d andia tdintkapopbiefod2Zr iife ffatRediBlatién surface
central portion of the free vibration surface 421 in

4@&6 1 hoEm Of o @R dsSly %nQSWbBE'QléﬁEH‘éJHHWQ%% E89t§g§ 2 ang

etmeen t he adjacent thin portions 423 are

arat | on udi na i rectiaon of th
SERRER Fhir Pt Hhar Dbt r Lol 88 erkmreee
nd this second nD flcatlon of the third enbodlnent
aﬁf’nﬁhéh?eée?‘ajr‘ﬂ@d dleest |lé?§p8@t el 90%%tﬁelakoﬁ=ba&“ber 408.

printer and print tests were carried out. As a result
of the priFeetldsingd compagdsepnexamee a1@ tthis gecond
deteriorated picture quality is generated when a nul ti
mpdift cagiewasofT artra ethiadt ebpodimeenthiofd thenpacbsding head
exanple by ejecting the ink fromall of the nozzles

we@é. rBupeOniddly mRfuneedhanda piinesr fpungrihat tasts were
satisfactory printing can be carried out by this

c3e¢e8d gRdi fitatd orsphtt Be thHLrg-{n eHed) nept was LO8F i rmed

recordlng head w t hout generating a deterlorate

B BBl L YERED B L U AP M ren o i
p&&éﬁ%ga 3g§ caﬁﬁ?ga outd%§c£hgt{ﬁqggucomparlgggegxggpf% by
ejecting the ink from all of the nozzles 404. But on the
other hand, it was found that a satisfactory printing can be
carried out by this second modification of the third
embodiment of the recording head without generating a
deteriorated picture quality, even when a multi-printing was
éarried out by ejecting the ink from all of the nozzles 404.
Next, a description will be given of a third
modification of the third embodiment of the recording head
according to the present invention, by referring to FIGS. 39
and 40. FIG. 39 is a disassembled perspective view showing
the thira modification of the third embodiment of the
recording head, and FIG. 40 is a perspective view showing a
vibration plate shown in FIG. 39 viewed from a bottom surface

thereof. 1In FIGS. 39 and 40, those parts which are
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nodi fication of the third enbodi nent of the recording
head 20 according-to the present invention, by
WO edogisitng to FIGS. 39 and 40. FIG 39 is a PCT/JP2004/003919
di sassenbl ed perspective view showing the third
nodi fication of the third enbodi nent of the recording
head, and FIG 40 is a peLggective view showi ng a
vi bration plate shown in FIG 39 viewed froma bottom
egsagehbtel b theesent. asntFdGS. cB@Srempndngt hases par tBIGS. 30
whi ch are WD 2004/ 085161 PCT/JP2004/ 003919 -98
thssedli 3 lard hesignetas bHoge: G $pFBGENGe Patherdlls, and
FIGS. 30 through 34 are designated by the sane

ar§é§é§§§&d}y%re§|eéf ADd1 18 dgsidept.i on thereof will be
omtte As shown in FIG 39, the width of the common

ink 5 chagbes, 408130l gection V&%t&aeggogﬁleaéomog ey

| ongi t udi irection fhereof narrovis wards an en

M it TR B A e

forns the wall surface of the conmon |nk chanmber 408
drBsCE PR KEHRgeCToR3 T ERYS aRea s 10 Sper PPehsor2408a, so as
arranged in correspondence with the shape of the
teoafbiciek loharieet 408. bdhlates s, Thiee firbenkilpoatiangplate
423 have shapes corresponding to the shape of the end
4por shons AD8FIcaf 39t hieiclonf®@md rdhechanbesudf8ce THE the
third conparison exanple and this third 15

chRdbh i Gat | andkt Dot Ris dt@f@egmec%nef sbheshecoidi ng

head were respectively nounted on a printer and print

PREEL A . B ot LAATENT ey o1 o
cgm%éﬂtfhk ch era&sg Mhﬁhaélfgvtehe think portions 423 have
shapes corresponding to the shape of the end portions 408a of
the common ink chamber 408.

The third comparison example and this third
modification of the third embodiment of the recording head
were respectively mounted on a printer and print tests were
éarried out. As a result of the print tests, it was confirmed
that a deteriorated picture quality is generated when a multi-
printing was carried out by the third comparison example by
ejecting the ink from all of the nozzles 404. But on the
other hand, it was found that a satisfactory printing can be
carried 5ut by this third modification of the third embodiment
of the recor&ing head without generating a deteriorated

picture quality, even when a multi-printing was carried out by

ejecting the ink from all of the nozzles 404.
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printing was carried out by the third conparison
exanple by 20 ejecting the ink fromall of the nozzles

waloebd/ o861 on the other hand, it was found thaPCHIP2004/003919

satisfactory printing can be carried out by this
third nodification of the third enbodi nent of the
recordi ng head w thout geneypting a deteriorated
picture quality, even when a nulti-printing was
carried ouByyr@& dijnectthrgthive poktforem43 awf orhén
nozzl es 404. WO 2004/085161 PCT/JP2004/ 003919 -99 By
vieowigdiag dsheclidipprrdbht088 ¥YRS Bitedrvidtratibei platesi2l
of the portions of the free vibration plate 421 where

wheeW gt hy 0dt it her afhet be fheery é@rﬁﬁbﬁaiﬂgnabgaﬂgl42ﬁ in the

the di rection perpendicular to the I ongitudinal

e%%RBHE$éﬁgeﬁgiéﬁf§%nqgntﬁgkl& ﬁ% 833?%5?%@n 6f the

'S POSSI ct|vely suppr ess an
ressure Cgh e of common | nk, chanmh
¥d

4
W@P WO %ezl élaaﬁﬂsﬁhgl%a]p%cﬁq%? - gopegf%ctlvely

menber is approxi mately proportional to a cube of the
SUERGERS t Rt <GP jHhe pEepprEe vEBRRES o dlper seBmaR1ink g

pl ate 10 nenber having no thin portions 423, the
champeng4¢@pacin )Dthyrrearphfylsdeeiemd:@ridtaesiampinlqecepati’oyl of a
of the free vibration surface 421 where the wdth
plaitehm8@be OWSs dignesimayel provoshigidg tthi & pabki @AsSthe
423 at or in the vicinities of the portions of the

l%h%%thQééééPn sturdRcerddlyybese dhesuw il l§1n§§f9W§late
IS p035|ble to effectively reduce the pressure of

I%‘EES oA g (o 435 0 bar s T o i BRFCTan aPeChey

grenggy d25e§1§¥“¥25 %%8tge pgrtlon of the free vibration
surface 421 where the width which narrows. Hence, by
providing the thin portions 423 at or in the vicinities of the
portions of the free vibration surface 421 where the width
narrows, it is possible to effectively reduce the pressure of
the common ink chamber 408.

By narrowing the shape of the thin portion 423
towards the end portion of the common ink chamber 408 along
the longitudinal direction thereof, it.is possible to improve
the ink flow, and the pressure of the common ink chamber 408
can be effectively reduced while improving the ejection of air
bubbles.‘

Normally, if the cross sectional area of the common
ink chamber cut along a direction perpendicular to the

longitudinal direction thereof were to decrease towards the



the longitudinal direction thereof, it is possible to

inprove 20 the ink flow, and the pressure of the
weormssibhk chanmber 408 can be effectively rePCaeR004/003919

whil e inproving the ejection of air bubbles.

Normal ly, if the cross sectional area of the conmmon

i nk chanber cut al ong a diregeti on perpendicular to the

25 longitudinal direction thereof were to decrease
epgwapusiemea MDD 0ty 088361 udaTY PROTH0O8989d the vk of

portion along the |ongitudinal direction and the w dth
the frée Vvilmmividr airdacsuvwéas e vy E@lnserbe hawaods the end

towards the end portion, the danping capacity woul d
pdetephpraie dondiher ebyach Bereash] e giiessyeetw théreby

the conmmon ink chanber. Hence, 5 reducing the cross

1§@Eéé§@aéh@r%é§uﬂeh%l‘éﬁmoﬁé NorelHMen hawBedS thgce,

end portion would greatly affect the pressure W t hin

c n_ink ch .. But_accor this.third

5 s iien ?rﬁs Y grat et e CRRmSPE) igoer
423 are provi in the free 10 vibration surface 421
tiiagas| Hi e .Rq%%qneyoardt%%@rx i Sitre L85t RESRF SR
sectional area of the common ink chanber 408
wiEbipables  comrrie ink chambessi bl e to reduce the
pressure of the comon ink chanber 408. In addition,
it is possBbt eec¢aprdimgr dwethhe tinkrd lembdolimdecr edsting
cross sectional area of the 15 common i nk chanber 408
reevaddsg thea N HOHhiaNpoFHeses M3 dre prevRassi bheth® free
shape the comon i nk chanber 408 so that the air

10 vRUPBLSSH C@xﬁ‘r%@lﬁqt ed sat !’Lﬁf@t?é Of 1 d dh Wil eoft Ehe portion

suppressing the i1ncrease of the pressure of
whafaP Qhengroséuggﬁflongl area of the common ink chamber 408

decreases. Hence, it is possible to reduce the pressure of
the common ink chamber 408. 1In addition, it is possible to
improve the ink flow by decreasing cross sectional area of the

15 common ink chamber 408 towards the end portion. Therefore, it
is possible to shape the common ink chamber 408 so that the
air bubbles can be ejected satisfactorily while suppressing
the increase of the pressure of the common ink chamber 408.

Next, a description will be given of a third

20 embodiment of the image forming apparatus according to the
present invention, by referring to FIGS. 41 and 42. FIG. 41
is a side view for explaining a portion of the third
embodiment of the image forming apparatus according to the
present invention, and FIG. 42 is a plan view showing a

25 portion of the image forming apparatus shown in FIG. 41. 1In
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Next, a description will be given of a third 20

enbodi nent of the inmage form ng apparatus according to
W@ b@4/0g71esent i nvention, by referring to FlIGS. PAIJE064/003919

42. FIG 41 is a side view for explaining a portion

of the third enbodinent of the inmage formng

apparatus according to theqggresent invention, and

FIG 42 is a plan view showng a 25 portion of the

thirmgehiod emirpdapeatatds thhomade FI@ingl appardus, the

2004/ 085161 PCT/ JP2004/003919 -101 this third ;

peebeft nenvemfidrneld nagd ifedr ongnapparaetdsretdeding apparatus.

present invention is applied to an ink-jet recording

FRRRALA! Ughis RitleempbRigehhi s @ adne Eo?ﬁih&ea%paﬁatus

0

n
I mage tform ng apparatus enploys a third enbodi iren

e%nﬁgogéré | B el (i R L Ok hfhc? %r%\}%@i‘en iagi\éé%&zqg itél Nthe

nk-j et recordi ng appar at us
42, a carriage 703 is slidably supported by a guide
PFSEengoE”%ﬂﬁ%éxktay 702 which are fixed across right

and left side_ plates (not shown). The carriage 707 is
noved in alRadMS dF&-I6Ts EGROBIERE tARAR IS SBeWR in FIGS.
direction) CSD shown in FIG 42 by a nmain scan notor
4104ndi 42 a a iganngagel {/0305s Fhidaaly isagpeoz08di hgl adeside rod
recordi ng head unit nade up of 4 recording heads 707

70ar agflest sty V,02Cwhidcandr8kfitek sacrcash rigaer dhagléeadide
707 as the structure of any of the 15 third enbodi nent

Beshendt rafoud)r.ouanet bhtrdi a@difdrald apseaf int e i
p?hi?d g%bodié%é? of tﬁe recg%%?ng head degcr%%ed carriage

; L t [ 7
BB e ceghe ok e oo maghentar 7 pes. a2 vy

3§ 8N Lt 8 9N £53P¢130288 i ming belt 705.

The carriage 703 includes a recording head unit
made up of 4 recording heads 707 for ejecting Y, C, M and Bk
inks. Each recording head 707 as the structure of any of the
third embodiment and the first through third modifications of
the third embodiment of the recording head described above.
The no;zles of the recording heads 707 are arranged in a
direction perpendicular to the main scan direction CSD, so as
to eject the ¥, C, M and Bk inks downwards in FIG. 41.

As shown in FIG. 41, sub-tanks 708 containing the Y,
C, M and Bk inks and to supply the Y, C, M and Bk inks to the
correspdnding recording heads 707, is provided on the carriage
703. Although not shown in FIG. 41, the Y, C, M and Bk inks
aré supplied from main tanks (or ink cartridges) to the sub-

tanks 708 via respective ink supply tubes.
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to eject the Y, C, Mand Bk inks dowwards in FIG 41

20 As shown in FIG 41, sub-tanks 708 containing the
wr200408514 and Bk i nks and to supply the Y, C, REM0BHK03919

inks to the corresponding recording heads 707, is

provi ded on the carriage 703. Although not shown in

FIG 41, the Y, C, Mand Bkgonks are supplied from

mai n tanks (or ink cartridges) to the sub 25 tanks 708

vi a respec®n vidd michegpphpdt ubesapaiD 2PA/0881611s provided

PCT/ JP2004/ 003919 -102 On the other hand, a paper

teupppylpardcdrsiipovieded 712 Sufplas r‘p%@@ﬁ:dlslﬂgcl{édi en 742
such as paper stacked on a stacking part 711, such as

sR:PRPEE SMPPIMIcasseht 8s740xaJbe 5 ¢§H¥§'c§§@@k¥ep@i@ The
~includes a paper supply rol er 713 separati ng

S a d e n
R N L S e e Y S
confrontin t he paper su roI r
SBREPEE Pk P PRI TSI BaRR. 9 %gemegﬂuwaiﬂ%gssacked on
| arge coefficient of friction, and is %ed towards
thge Spapkins masty Hdr| éfldmsseﬂ@radentqga@@slo f4pgppfronting
transports the recording medium 712 which is supplied
theopapbe papely swipey past, TUnelesepadhm@tingcperdi Ag4 headsade
707. The transport part includes a transport belt 712

oEnawhbtéridie Headowdiangargdi doeFl-ishtadiferedchyon, and is
el ectrostatic attraction and transported, a counter

u&%éheﬁoﬂggdsl&ﬁeo@ab(e@ngagmyngoﬂlaef racar di ng medi um

which is received fromthe paper supply part via

a gui de 71p éﬁ?ﬁ%%%ﬁtﬁ%%r%oﬁggﬁ offgl 2%%%P§HqPéhﬁedlum

transport b a transpor QUIde rnrn
7&5ew£§ggrfgrg%ﬁnile%ﬁ%;%% %ﬂécgbﬁéktéﬁﬁﬁigorggg under the

recording heads 707. The transport part includes a transport
belt 712 on which the recording medium 712 is adhered by
electrostatic attraction and transported, a counter roller 722
for transporting the recording medium 712 which is received
from the paper supply part via a guide 715 between the counter
foller 722 and the transport belt 721, a transport guide 723
for turning the recording medium 712 which is transported
approximately vertically by approximately 90 degrees to follow
the transport belt 721, and a tip end pushing roller 725 which
is pushed towards the transport belt 721 by a pushing member
724. A Eharging roller 726 forms a charging means for
charging the surface of the transport belt 721.

The transport belt 721 is formed by an endless belt

that is provided across a transport roller 727 and a tension
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approximately vertically by approximately 90 degrees

to follow 20 the transport belt 721, and a tip end
w@oemhiosiger ol | er 725 which is pushed towards tPEr/JP2004/003919

transport belt 721 by a pushing nmenmber 724. A

charging roller 726 forns a chargi ng neans for

charging the surface of thgghransport belt 721. The

transport belt 721 is forneg by an endl ess belt 25
rohaeri 82%r oVilded racspsst abe Han&lomovies! her a7l andransport

tensi on WO 2004/ 085161 PCT/ JP2004/ 003919 -103 roller
di28ctibe BTmbpemnt iheFrG7242 mvas thie arBekbott anspbet 727

direction ETD shown in FIG 42 when the transport

1E0Lhestd@ oy I8 i@t abed RYt&- SH SeaN MLk n43le Vi @ and a
timng belt” 732 and a timng roller 733. 5 The

. p [45-721 includes a front surface 72la and
tgﬁgggkgé%%$§g§?'The front surface 721a is made of a

Cubj oct od 118 rEGHGPRRLeOEbR 7ol IR LpITFor, RaUEng G ace

t hi ckness ~ of approximately 40 pm This front surface
12223209 FrePCK FUFEarem ather Frl crurdeceadéilngis made of a
surface on which the recording nedium 712 adheres.
rehénpaskcl uasd #I@H pumadeabéridle sdneh masenpal bagnt he
front surface 721a, but has been subjected to

stiBgestadcieo cirstlantsi agntadbaihd smrad yt baktingt & obh&Skness
an internmedi ate resistance |layer or ground | ayer. 15

ofN8pEPEk Bhae 1P 140 Tim! 26 TR 0T LS (RE-FI@NG2SHT F86Rs a
721a of the transport belt 721, and rotates as the

oSSR o SRR FL AT BB ccomaing
m%ggr ingtQ egﬂgigi%gerggégrsurface is made of the same
material as the front surface 72la, but has been subjected to
resistance control using carbon, so as to function as an
intermediate resistance layer or ground layer.

The charging roller 726 contacts the front surface
721la of the transport belt 721, and rotates as the transport
.belt 721 moves. For example, a pushing force of 2.5 N is
applied at both ends. of a shaft carrying the charging roller
726. The transport roller 727 also functions as a ground
roller, and contacts the back surface (intermediate resistance
layer) of the transport belt 721 to ground the back surface.

| A guide member 736 is provided on the rear side of
the transport belt 721, in correspondence with a recording
reéion of the recording heads 707. A top surface of the guide

member 736 project towards the recording heads 707 than a
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726. The transport roller 727 also functions as a
ground 20 roller, and contacts the back surface

w@ ovesitedi at e resi stance |ayer) of the transpor/grPioed/d03919

721 to ground the back surface. A guide nmenber 736 is
provided on the rear side of the transport belt 721,

in correspondence with a rgeggrding region of the
recordi ng heads 707. A top surface of the guide 25
tapgbetiZB6l pred| eumectwagdshe heramsmrdi ngpliead3270dnd the
than a WD 2004/ 085161 PCT/JP2004/ 003919 -104

teasgent ral 1¢f N2 eiriedt suppdhe thHansparsbore! bert 7271.
and the tension roller 728 which support the

HEhBBSPeht PehispAk pehienser {heddansRefikbel by 72de itop

pushed upwards by the top surfiace of the guide nenber

d j [an;t H ot gi ' .of .t he .
HE BR8N P, MRS SR B e phS raaertip
eject the ., recordi di ym which is recorded with
rﬁhlPﬁaﬁg E@et¥1coﬁiﬁﬁgrgﬁﬁ Sﬁéiﬁs 707. The paper ej ect
part includes a separating part for separating the
recor di ng FreffRFR EUECtr BATT0L$ Hereigdashdix spert vha,
paper eject rollers 742 and 743, and a paper eject
reraydidd oedivm (2 wbiehets edecmoindivighmedi anZde bwarthe
stacked. A dupl ex paper supply unit 751 is detachably
rpeoydtled losads rEar. paht phpéhesidde jeiry eaendisy a
apparatus. The dupl ex paper supply unit 751 enters

sbﬁgréﬁﬁﬁ%%ﬁﬁt Nt Wb Pai idg WHE N dH B Redi Ry 712 from

nmovi ng the transport belt 721 in a reverse direction

PLGHEEESEG a0 el e iy 00 (he TUBUERTEDha, ana o
pg%graggeéget}£§“y%%o%% Qﬁ££h7€§é ejected recording media 712
are stacked. A duplex paper supply unit 751 is detachably
provided on a rear part of the ink-jet recording apparatus.
The duplex paper supply unit 751 enters the recording medium
712 which is returned by moving the transport belt 721 in a
reverse direction and reversing sides before supplying the
reversed recording medium 712 again between the counter roller
722 and the transport belt 721.

The recording medium 712 is separated and supplied
one by one from the paper supply part, and the recording
medium 712 which is transported approximately vertically is
guided by the guide 715, and transported in a state pinched
between the transport belt 721 and the counter roller 722.

Thereafter, the tip end of the recording medium 712 is guided

by the transport guide 723 and pushed against the transport
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The recording medium 712 is separated and supplied 20
one by one fromthe paper supply part, and the

WO e@angilny  nmedi um 712 which is transported — PCT/JP2004/003919

approximately vertically is guided by the guide 715,
and transported in a state pinched between the -
transport belt 721 and theggunter roller 722.
Thereafter, the tip end of the recording nedium 712 is
bgditdédl 25y byhe Helnt reawdls poshigui del 1723 721 poshedn the
agai nst the transport WD 2004/ 085161 PCT/ JP2004/ 003919

trd@Spbet t d72dctiort he tthp esdopdbty ngediehd grn2785, to
turn the transport direction of the recordi ng nmedi um

apb2oRYma BPPY 0X4 <90 degrees. An alternating
vol tage froma high voltage source 5 (not shown) is

suppl i ed tghtgfkéﬂ?%%%@9v59£%8£S%&$%g¥qgfhoﬁﬁg%égé Mirce

a control ‘¢circui shown

out put and a negati.ve output is alternately repeated
Bethehofihels TR Rar BImgTR Ao a0 oo ch, Dager
alternating charge voltage pattern, that is, a charge,
cpatret nohnt ckritsr %Fff:eiigaﬂ%w Hafged Sco thosi & pesitive
and negative polarities in a band-shape having a
optpdet andi metkgdtdtte iontaus ubs szHrerrditedgt irepeatsd with
formed on the transport belt 721. The sub scan

raispecti bo €10s respQidy rollbe 1O NHaldgChinoa10érhifieing
transport belt 721. \When the recording nedium 712 is

ﬁﬁ@@éiﬁglﬁ&%@_ﬁéﬁ:é{%,t £AREPOL ! DedHa Rl picelni §hich is

charged i hi's manner, the .recording nedium 712-is

SJELPELCER O SIAO%, QAR EE L, AR PSS PN, 1o »
oRanall el Gonection capacitorsy As,g resul Ly the,
direction, is formed on the transport belt 721. 'The sub scan
direction corresponds to the moving direction of the transport
belt 721. When the recording medium 712 is supplied onto the
transport belt 721 thch is charged in this manner, the
recording medium 712 is polarized to charges opposite to
éharge pattern on the transport belt‘721 to thereby form
parallel-connection capacitors. As a result, the recording
medium 712 is attracted to and adheres on the transport belt
721, and the recording medium 712 is transported in the sub
scan direction when the transport belt 721 moves.

By driving the recording heads 707 depending on an
image signal while moving the carriage in the main scan

direction CSD, the ink drop from each driven recording head

707 is ejected on the recording medium 712 which is stationary,



medium 712 is attracted to and adheres on the
transport belt 20 721, and the recording nmedium 712 is
wo e@asgiast ed in the sub scan direction when tPEr/JP2004/003919
transport belt 721 noves. By driving the recording
heads 707 depending on an inmage signal while noving
the carriage in the main sqag- direction CSD, the ink
drop fromeach driven recording head 25 707 is ejected
tenre@erd ekdridieng Addruntie 2rednchings metatimoRakyisa WO
2004/ 085161 PCT/ JP2004/ 003919 -106 to record 1 line.
tAbhspotted ecer diregetedinimed I2ndumt,t caaspextelihy Bs
predet erm ned anmount,-the next line is recorded in a
rétotdad ImNeiniVaenmanhesor dinh enNde3bgAahgOknd &ignal or,
signal indicating that the rear end of the fecording
' AR e e [ oi .S ;

A e TR o A ner Spsr et ia 1L ShEohthk pg medtom

cordin dj 712 is..ejected onto _the,paper, eject .

5 TP RT AR fPe £R5RTAIIY ERGLET Jen&ePetSral N heads
707, . the pressure change of the-common ink chanber is
TEGRPIHE PSP tRafnaedt Ml Ehenkscerdéndraederm stit is

i s obtained, as described above in conjunction wth
ef petedhionteribedipaprr andct herdy re¥. t hrough third
nodi fications of the third enbodi nent of the
" recor di ng heathisFansehi snreasonf ithd seposdihbehéads 707,
record an image having a high picture quality on the
theCOFrsk fAGrdRMiavidle b3 ¥AL. chmthidhenk Ehﬁmbéﬁoig'§@?$¥3§%ed so
a uid

according to the present invention nay eject
10 tRhbes Ihavd Pkk-SUENCASracteristic is obtained, as described

above in conjunction with the third embodiment and the first
through third modifications of the third embodiment of the
recording head. For this reason, it is possible to record an
image having a high picture quality on the recording medium
15 712.
Further, the recording head according to the
present invention may eject a fluid other than -ink, such as
DNA sample, resist, pattern material and the like. The
carriage and the image forming apparatus according to the
20 present invention may be provided with such a recording head
which ejects a fluid other than ink.
Further, the present invention is not limited to
these embodiments, but various variations and modifications
may be made without departing from the scope of the present

25 invention.
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DNA sanple, resist, pattern material and the |like. The
carriage and the image form ng apparatus according to

w0 ba4/Aa851pr esent i nvention nmay be provi ded w t hPGUIEIR0G4/003919

recordi ng head which ejects a fluid other than ink.
Further, the present invention is not limted to
these enbodi nents, but variigus variations and

nodi fications mnay be nade wi thout departing fromthe
scope of the present 25 i@i@ddson. WO 2004/ 085161
PCT/ JP2004/ 003919 -107 CLAIM5 1. A recording head
conprising: a plurality of nozzles for ejecting a
fluid; 5 a plurality of pressure-applied chanbers

arranged ip, & piRARtienThasd dikectdQny.and each
conmuni cating with a correspondi ng one of the

nozzl es; .a..C I [ a plurality of
wal | %d?%%%gé%gnggmg%ﬁ%?guré&i%ﬁggggggygtﬁ%u%#ﬁid to
the pressure-applied 10 chanbers, at_ |east one of the
w1 A Rl d BT OF Her R ehie: cheBboky Trenoed T
predeterm ned _direction, having a pressure absorbing
pygfpaeEniRedh HH9GLent pRPodeeh t pRIMWHESE 180 vihBrawal |
surfaces and configured to absorb a pressure 'change,
ctirsapdnping sure cdbsbebnngzsesf aaed bei ng formed by a
pressure absorbi ng nenber having a non-uniform

t hi ckinessimon? chdiiBer e€OF HNG RAaGaastol af eal 1 st fRice®s and
1, wherein the pressure absorbing surface is divided

dAlF@gfred to supply the fluid to the pressure-applied

n a

chambers,

at least one of the wall surfaces of the common chamber,

along the predetermined direction, having a pressure absorbing

surface with a rigidity lower than those of other wall

-surfaces and configured to absorb a pressure change,

said pressure absorbing surface being formed by a

pressure absorbing member having a non-uniform thickness.

2. The recording head as claimed in claim 1,
wherein the pressure absorbing surface is divided into a
central portion and two end portions on both sides of the
central portion along the predetermined direction, and an
average fhickness of the pressure absorbing member at the
central portion is larger than an average thickness of the

pressure absorbing member at the end portions.
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20 central portion and two end portions on both sides

of the central portion along the predeterm ned
waleooeosilton, and an average thickness of the pPEBIR20EH/003919

absorbi ng nmenber at the central portion is |arger

than an average thickness of the pressure absorbing

menber at the end portionsgpga WO 2004/ 085161

PCT/ JP2004/ 003919 -108 3. The recordi ng head as

cl ai ned i B¢l dh@ recopfengimeahepradssmed absotdimgl,

menber has a thin portion and a thick portion having
whtrébasthe wrdssnds absohbiknesseser had. aTHRif esOrtlidi0 and a

head as clainmed in claim3, wherein the thick portion
thScRrvigesth alavangestr sdaPordidniofis birerRl essid fos.

absor bi ng nenber along the predeterm ned direction,

and the thin portion is provided on both sides of the

central portion of the pressure absorbi ng nenber al ong

the 10 predetermned direction. 5. The recordjn ead

as cl ai rred43'| n ceairﬁwcg’,:glg\%é?eeq‘ﬁ Fh&lprBsduis & mg

menber has a stacked structure nade up of a plurality
wiereln e G aPRERbRR b3 BEREdedopt1s epetrsaharrtion of

structure formng the thin portion is different from
the repargunst dbgpebingfmenees tadaied ther predeee froimidg.

the thick portion. 6. The recording head as cl ai ned
directaim ZIndMthehth?0 satticfd ds proetdebossbdc? s6des of

1010 ' < W2 X W 2.5 x Wx 3.5 x E213 < 9 x 1010 where

thisl ¢t ENYRE 1ant BF Ckine SSrfsuree abBbPb PR thdfbe M1y the

predetermined direction.

5. The recording ‘head as claimed in claim 3,
wherein the pressure absorbing member has a stacked structure
made up of a plurality of layers, and a number of layers of
the stackéd structure forming the thin portion is different
from a number of layers of the stacked structure -forming. the

thick portion.

6. The recording head as claimed in claim 3, which
satisfies a relationship
2 x 10" < ud? x Uy3® x Ux 3% x E¥3 < 9 x 10%°
where Ud' (m) denotes a thickness of the thin portion, Uy (m)
denotes a length of the thin portion along a direction
pefpendicﬁular to the predetermined direction, Ux (m) denotes a

length of the thin portion 22 the predetermined direction, and
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denotes a length of the thin portion along a direction

perpendi cul ar to the predeterm ned direction, Ux (m
waletwengdenrn 25 | ength of the thin portion 22 t heBCT/JP2004/003919

predeterm ned direction, and WD 2004/ 085161

PCT/ JP2004/ 003919 -109 E (Pa) denotes a Young's

modul us of the thin portiod03 The recording head as

cleal ' ' wherein the. pressure absorbi ng
Enéﬁ%g'rsgﬁl}gt% \a?iou@r?éh g % %‘ﬁﬁgu%fOf %}’_FOG%NPaPBFtb‘P%at er.
8. The recording head as clainmed in claim1l, wherein
the pressure absorbing nenber is made of nickel. 10 9.
The recordi ng head as clained in claim3, which
satisfies & rdhgt F6RSKIPNO. PSadk agx/chained. 46 whair 1X
(pm denotes a length of the thin portion along the
wheselbt el etk seéiure cebsorbd amn dnshbel) thak Qem@@@?' @ dtalus of
length 15 of the pressure absorbing nenber al ong the
10 edied evurigreghtedi.r ecti on. 10. The recordi ng head as
claimed in claim2, wherein the end portions of the
pressure absorbi ng nenber 20 includes a second thick

portion provided in a portion thereof. 11. The
wherein the

recor di ng head..as iped i.n claimlo0, ]
t hi ck porf?on%g%drgégr%%% AFd iaékcéBFP?gnl%fc¥4%W 1,
ressur.e absorbin mber, have the same thi ckness. 25
W@%?iﬁbi?ﬁ%@f@fSEEg/ o ¥eyer. 1ggnade of nickel.

9. The recording heéd as claimed in claim 3, which
satisfies a relationship
0.25 < Ux/Tx < 0.45
where Ux (um) denotes a length of the thin portion along the
predetermined direction X and Tx (um) denotes a total length
of the pressure absorbing member along the predetermined

direction.

10. The recording head as claimed in claim 2,
wherein the end portions of the pressure absorbing member

includes a second thick portion provided in a portion thereof.

11. The recording head as claimed in claim 10,
wherein the thick portion and the second thick portion of the

pressure absorbing member have the same thickness.



10

15

20

25

12. The recording head as clained in claim1, further
conprising: a vibration plate form ng at | east one
waoagaenf the pressure-applied chanbers, 5 REIR0M/@3919
| ayer forns said vibration plate and at | east a
portion of the pressure absorbing nmenber. 13. A line
type recording head conprisgijpg a recording head as
claimed in claim1. 10 14. A recordi ng head
conpri si ngtZa Pihe aeicoydohignioead ess forigjeectinnglaim 1,
fluid; a plurality of pressure-applied chanbers
farthagecbmprisimgr:edet erm ned directi on and each
communi cating with a 15 correspondi ng one of the

N0ZZl£%:ibzat@BADP1 SAA MRS RAY bRY18aBE USSR | v ﬁcé’\@lfl the

surfaces and configured to supply the fluid to the

pggggﬁfgjéé?%]ééuéha&ggggers and a plurality of

pressure verting neans for varylng 20 pressures

within the pressure i ed.cha east

the WRESLar Patabt: PR Soiiot Branber PlaiomY A least 2
predet er m ned dlrectlon havi ng a pressure absor bi ng
PeEk AR P i PLSSFVERt § breeing MmeFdsFose of ot her wal |
surfaces and configured to absorb a pressure change,

25 said pressure absorbing surface being fornmed by a

WO 2004/ 085161 PCT/JP2004/ 003919 -111 pressure

absor bi ng enber lHawei ngpa peosedidy Hefadp@ohbensimg td

recording head as claimed in claim 1.

14. A recording head comprising:

a plurality of nozzles for ejecting a fluid;

a plurality of pressure-applied chambers arranged in a
predetermined direction and each communicating with a
corresponding one of the nozzles;

a common chamber having a plurality of wall surfaces and
eonfigured to supbly the fluid to the pressure-applied
chambers; and

a plurality of pressure converting means for varying
pressures within the pressure-applied chambers,

at least one of the wall surfaces of the common chamber,
along the predetermined direction, having a pressure absorbing
surface with a rigidity lower than those of other wall
sugfaces and configured to absorb a pressure change,

said pressure absorbing surface being formed by a



different rigidities. 15. A line type recording head
conprising a 5 recording head as clained in claiml14.

wWAagno4Ms8ar ri age conprising: a recordi ng head aRCTUR0OE®3919
inclaiml; and a fluid cartridge configured to supply
the fluid to the 10 recording head. 17. A carriage
conprising: a recording headjas clainmed in claim 14;
and a fluid cartridge configured to supply the fluid
pPresshee A QREGHmegbrsabavigy Apliunedd tiopli pgriions with
apparatus conprising: a recording head as clained in
déFéererdt mididiitdesartri dge configured to supply the
fluid to the 20 recording head; and a cartridge,
accomodating the recording head and the fluid
cartridge, configured to nove in a nmain scan direction
which is endiqGull.a t ] I i.on.
25 19, A"l vmge Far B appar A g oot SoRpEt gt
2004/085161 PCT/ JP2004/,003919 . - a recordi ng head

> r§§QE Al :hfﬁé:%ﬁ éﬁﬁgT?dal?V%ﬁﬁu%ééﬁridge configured to
supply the fluid to the recording head; and a
cartridge, accomodating the recording head and the 5
fluid cartridge, configured to nove in a nmain scan
di recti on 1&hi ¢h dagrgegpendietisimaio the predet er ni ned
di rection.
a recording head as claimed in claim 1; and

a fluid cartridge configured to supply the fluid to the

10 recording head.

17. A carriage comprising:
a recording head as claimed in claim 14; and

a fluid cartridge configured to supply the fluid to the

15 recording head.

18. An image forming apparatus comprising:
a recording head as claimed in claim 1;
a fluid cartridge configured to supply the fluid to the
20 recording head; and
a cartridge, accommodating the recording head and the
fluid caitridge, configured to move in a main scan direction

which is perpendicular to the predetermined direction.

25 ‘19. An image forming apparatus comprising:



20. A recording head conprising: a plurality of

nozzles for ejecting a fluid; 10 a plurality of
w@em@gmstiet appl i ed chanbers arranged in a predeCEIRR0OAD3I919

direction and each conmunicating with a correspondi ng

one of the nozzles; a common chanber having a

plurality of wall surfacesignd configured to supply

the fluid to the pressure-applied 15 chanbers; and a

pl ur & inepostlipgebead eas orhadmeicngnnedasmfbr varyi ng

pressures within the pressure-applied chanbers, at

| easta diieidf caheridde satifiageedofot bepsbymee Cﬂaﬁraprt,o the
al ong the predeterni ned direction, having a danpi ng

reubtacey &by tdhaa rigidity |ower than those of other
wal | surfaces and configured to absorb a pressure by

vi br af ic%ntggg?g 020D SR 2 RCL-00, @{H&%% And the

pressure a i ng par
no da n face is forned such .t hat
> f;L A& da %eUr - gp %?Sad VSR ﬁ%ﬁgf‘ﬁlﬁ‘SSSPBnﬁl%%%tlon
redetern1ned direction less than a total |ength of WO
5662/ DBRBPPEFCYP2H0EP0DRY 19 el inece SikBRt ePaNber
al ong the predeterm ned direction. 21. The recording
head as clainmed in claim?20, wherein the pressure
absor bi ng nenber has a continuous surface 5 formng
t he danper2Gur fraceco2dinghres@casnbmigimead as cl ai med
in claim?20, wherein the region is arranged on both

ends Oplsehdialy beasdzz1ne fr thecwahy surfaces of the
common chanber al ong the
10 a plurality of pressure-applied chambers arranged in a
predetermined direction and each communicating with a
corresponding one of the nozzles;

a common chamber having a plurality of wall surfaces and
configured to supply the fluid to the pressure-applied
15 chambers; and

a plurality of pressure converting means for varying
?ressures within the pressure-applied chambers,

at least one of fhe wall surféces of the common chamber,
along the predetermined direction, having a damping surface
20 with a rigidity lower than those of other wall surfaces and
configured to absorb a pressure by vibration,

said damping surface being formed by a pressure absorbing
member which partially has a region where no damping surface

is formed, such that the damping surface extends for a length

25 along the predetermined direction less than a total length of
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10 predeterm ned direction. 23. The recording head as

clainmed in claim20, wherein: at |east a portion of
wadok/osusf aces form ng the pressure- 15 appl i eBICT/JP2004/003919

chanbers has a rigidity | ower than the other wal

surfaces to forma vibration plate of the pressure

converting nmeans, and botdii3re vibration plate and

¢ Qecgggggr surface_are formed by a common first

ayer. PRt 21oRGr HhAgPFRRE SEnides adechiohai m

23, further conprising: a second |ayer partially
formed on the common first layer and formng the
region, 25 said common first |ayer extending in the
predet er nidled VADe20€©4008546 Ih&AT/aHP20044R3949c1ad 40,
direction and form ng the danper surface by a surface

whheeofthaqirdsavirag abB@rléSﬁgt? nekbrie hako érrgngrzl%Eﬁ{é&?Q'surface

25. The recordi ng head as aimed in cla

roheieh ntidey egysusface has an elasticity |ower
than those of the other wall surfaces of the compn

chanber. 26. The recording head as clained in claim
20, wherein an elasticity Gd (Pa) of the pressure

absor bi ng nb%g 10 form ng the danper surface
sati sfies % 'r efdfi BASAFPLAY (rsad @s1g1aimgd- inxclafm R0,

%g% X Td-0'3 x Gd-1 < 2.0 x 10-13 where Lx (m
vashotedhe readetR % aneangathom bbahbendal ofigsahe at least

one of the wall surfaces of the common chamber along the

predetermined direction.

23. The recording head as claimed in claim 20,
wherein:
at leastAa portion of wall surfaces forming the pressure-
applied chambers has a iigidity lower than the other wall
surfaces to form a vibration plate of the pressure converting
ﬁeans, and
both the vibration plate and the damper surface are

formed by a common first layer.

24. The recording head as claimed in claim 23,
further comprising:
a second layer partially formed on the common first layer
and forming the region,

said common first layer extending in the predetermined
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predeterm ned direction, Ldx (m) denotes a |ength of
the danper surface of the pressure absorbing nmenber

wa@b@ngsithe 15 predeterm ned direction, Ldy (mnmPCBERNEL003919

a length of the danper surface of the pressure
absor bi ng nmenber along a direction perpendicular to
the predeterm ned directiofl4and Td (m denotes a

ressure_absorbing nepber form ng
dhgggggﬁ%er surcpte?nll?l %% amﬁ?%eﬁ?ﬁé%ﬁ? éahﬁrﬁgﬁﬁgceathereof
no%cg qg_tead as clalned in claim?20; and a fluid

ShiT P Leges ubpred Heemegnd to t he
fggordlng head. 25 WO 2004/ 085161 PCT/ JP2004/ 003919
-115 28. An image form ng apparatus conprising: a
recording head as clainmed in claim20; a fluid
cartri dge ¥onf iTher edcbedsupphead hes fJ1uiigetioihhersim 20,
recordi ng head; and 5 a cartridge, accommobdating the

wheceini g hﬁﬁ@e&néukbgcefﬂxé& e %rltarslt_dngtgcﬁ?&ﬂéJgut{ edn tt%ose

nove in a main scan direction which is erpendlc

ordlng head
Oggﬁﬁfﬁgﬁﬁgd%%%&gbggg?g% ity Sgﬂ%ozg?%s ? Ferting a

fluid; a plurality of pressure-applied chanbers
arranged in a predetermned direction and each

th a correspondi ng one of the
Connunlcagﬁng Wke recording ﬁéad as claimed in claim 20,

nozzl es;

wherein an elasticity Gd (Pa) of the pressure absorbing member
forming the damper surface satisfies a relationship

1.0 x 107 < 1x™ x Ldx x Ldy x Td°3 x cd™* < 2.0 x 10713
where Lx (m) denotes a length of the common chamber along the
predetermined direction, ILdx (m) denates a length of the
damper surface of the pressure absorbing member along the
predetermined direction, Ldy (m) denotes a length of the
damper surface of the pressure absorbing member along a
difection perpendicular to the predetermined direction, and Td

(m) denotes a thickness of the pressure absorbing member

forming the damper surface.

27. A carriage comprising:
a recording head as claimed in claim 20; and
a fluid cartridge configured to supply the fluid to the

reéording head.
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a common chanber having a. plurality of wall surfaces

and 15 configured to supply the fluid to the
w@em@gmstiet appl i ed chanbers, at |east one of tPET/IR2004/003919

surfaces of the conmon chanber having a free

vi bration surface having thick portions and thin

portions. 20 30. The recordildg head as clained in

claim 29, sghengn. er.formng the free vibration
surface integrall ymgﬁgfgngrgl%%r%pf 3fas; emprising:

ressure- ' chanmber. 25 31, The recording head as
ol ai %eggfgpgg#%gdmh%g 02 66APE851 631 T/ AP2004/ 003919
-116amgfrein a menber formng the free vibration
surf ActTHAY GPristifge Foatigered eteresleoniy afhed fluid to the
plurality of stacked |ayers. .32. The recordi ng head
l]???ﬂ%%%ﬁgﬁaﬁﬁ éhdim 30, 5 wherein the thick portions
have a thickness equal to a thickness of a menber

f or ni ngrat medde s wrdcaatoaht i e PEESUNEY; '
chanber. 33. The recording ﬁ%ad as cIaiﬁ%@pkﬁgglg?%wthe

f12gd ch@twﬁagélncéﬁﬁi%dyéa Q%r?ﬁggsiﬁr I%%Li?%%%lbggpggéon

vicinities of a portion of e free vi

whik@r € sapw f vi bration, surface along a
directigﬁkgéﬁgéé%ﬁégigﬁ'Egg Pﬁgdeﬁﬁ¥ﬁﬁﬂ%ﬁrﬁ%ﬁ9§tlon-
direction narrows conpared to other portions. 15 34.
The recording head as clainmed in claim?29, wherein
the thin 8rtions are arranged in vicinities of a
portion o t hé® cormsiliggahbad Qbrep el s rgy:0SS secti ona
area of

a plurality of nozzles for ejecting a fluid;

a plurality of pressure-applied chambers arranged in a
predetermined direction and each communicating with a

corresponding one of the nozzles; and

a common chamber having a plurality of wall surfaces and
configured to supply the fluid to the pressure-applied
chambers,

at least one of the wall surfaces of the common chamber

having a free vibration surface having thick portions and thin

portions.

30. The recording head as claimed in claim 29,
wherein a member forming the free vibration surface integrally

forms a surface of the bressure-applied chamber.

31. The recording head as claimed in claim 29,
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t he common chanber cut along a direction perpendicul ar
to the predeterm ned direction decreases conpared to

woedvensyoerti ons. 20 35. The recordi ng head aspci/at0ed03919

in claim?29, wherein a cross sectional area of the
common chanber cut along a direction perpendicular to
t he predeterm ned directiodlédecreases towards an end
ion c r alo 25 the

WBPEELTce Mk, ST U0 Shd Datput o Shrface bas o
PCT/ JP2004/ Q03919 -117 36. A carri,age conprising: a
SF%E%?%i?Efqé% eagﬁgFaPﬁeaﬁi% RIugahisy: ognggéckﬁﬁi%ﬁyers'
cartridge configured to supply the fluid to the
recording head. 5 37. An inmge form ng apparatus
conprising: a recording head as clainmed in claim?29;

a fluid catdri dfe cecbirdinedh¢ad suppllpimee fhuctaim 30,
the recording head; and 10 a cartridge, accommobdati ng
whbeeiecidielithg dke@drandnk hgavé | dlitth ieahlekisdg88ual to a
configured to nove in a main scan direction which is

tggé]@@é@é i & rleRibkhe rBERES e mned i lrack! 88 +1Q prOssure-

applied chamber.

33. The recording head as claimed in claim 29,
wherein the thin portions are arranged in vicinities of a
portion of the free vibration surface where a width of the
free vibration surface along a direction perpendicular to the

predetermined direction narrows compared to other portions.

34. The recording head as claimed in claim 29,
wherein the thin portions are arranged in vicinities of a
portion of the common chamber where a cross sectional area of
the common chamber cut along a direction perpendicular to the

predetermined direction decreases compared to other portions.

35. The recording head as claimed in claim 29,
wherein a cross sectional area of the common chamber cut along
a direction perpendicular to the predetermined direction
decreases towards an end portion of the common chamber along

the predetermined reaction.
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36. A carriage comprising:
a recording head as claimed in claim 29; and

a fluid cartridge configured to supply the fluid to the

recording head.

5
37. An image forming apparatus comprising:
a recording head as claimed in claim 29;
a fluid cartridge configured to supply the fluid to the
recording head; and
10 a cartridge, accommodating the recording head and the
fluid cartridge, configured to move in a main scan direction
which is perpendiculai to the predetermined direction.
15
20

25



