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-1 DESCRI PTI ON RECORDI NG HEAD, CARRI AGE AND | MAGE
FORM NG APPARATUS 5 TECHNI CAL FI ELD The present

i nvention generally relates to recordi ng heads,
carriages and i mage form ng apparatuses, and nore
particularly to a recording head for ejecting fluid
such as ink, a carriage having at |east one recording
head, and an 10 inage fpeatRgpAQREr at us havi ng at

| east one carriage. An ink-jet recording apparatus is
used as an inmage form ng apparatus for printers,
facsim | e apparatuses, copying apparatuses, plotters

and t [ i nk- e di r '

o oviES TR BHEPHC A ARG A RE AR, besarus
i ncludes an ink flow passage and a pressure converting
nmeans for applying pressure on the ink by varying the
pressure wthin the ink flow passage. The ink flow
TERE¥agALI EIBLRBo often referred to as an ink ejecting
chanber, a pressure chanber, a pressure-applied ink
chanber, abhénkredmanbanhventibe g@tetdKe: BAGKEROUDD
ART There is a known ink-jet recording head whi ch uses
rRitoRHeRY Re @S haniGalageaNYRA STty €l RIBAhg SPphratudeLd and
pi ezoel ectric elenment, as the pressure converting

n&??ﬂﬁﬁ£?%%ﬁlﬁ%ﬁghﬁpEYr%BBk¥%£§i§g§§ 9@&@%c&§ggigfuid such

=

chanber . i ent orma

vi bration_pl ich f |
as gnﬁE g c rfgéae\MAJing 8£"fe§s¥%%ne 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 recording
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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of the ink chanber, is defornmed by a driving neans, by
use of the pressure converting neans, so as to eject
an ink drop by 5 varying the volunme and/ or pressure
within the ink chanber. The so-called piezoelectric
type ink-jet recording head corresponds to such an

i nk-j et recording head Fdﬁ}éxanple a Japanese

Jé¥1gb eQ b%@tbﬂn ﬁ@ fhﬂiﬁi éanﬂ gﬁ ﬁ%ﬁg@@r

such a plezoelec r|c type |n -] et recor

d |ven of . the zoeI [

H RS E bl SOp P et ah PR v YErEl Torls prall
F g% l.is a cross sectlonal VIGM/ShOMAng t he

Oﬁ% GelBEt FRAMDGEnd 5 ARIPERed dovrali g Hesdmeansal byiguse of
| ongi tudi nal direction of a pressure-applied ink
divapbersurhaeon e ridingngeandi r setdortd jpetpendiokl drop by
to a direction in which nozzles are arranged. FIG 2
viagryangr s sebine rald /vireprshswiageitre pitkzoehRCcthatber.
type ink-jet recording head cut along a direction

TRRS I@@n@hﬁyé@rﬁai&defl%c‘tQﬂgl Lk nah k- didecld@Rd9higt Head
pressure- applied ink chanber, that” is along tﬁ

c@fr%% bﬂ&s i o %ﬂ%‘p atnh ﬁgeg o%ééﬁ@f P%Ea{iang%gr gggmple , a

I nk-] recor hea

jagékég%i%gfw%% BAEEhRteT e ot e B3 Prefponse

chanber 214 —communicates to. a nozzle 213 which ejects
S EnRigrepledteis fyRpRoAnknket epfsaidingo heagpl i es t he
ink to the pressure -3 applied ink chamber 214 via a
connect i nghpdescrizgion wpilézbel etven ofeltdeeptie20@lestric
provi ded on a base substrate 212,

type ink-jet recording head, by referring 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 te 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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on the outer side of a vibration plate 216 which forns
a portion of a wall of the pressure-applied ink
chanber 214. 5 The vibration plate 216 undergoes
resilient deformation as the piezoelectric el enent
217 is deforned. In order to efficiently convert a

di spl acenent of the piezdé?éctric element into a

%41}5@% qh@neﬁ%rg{;ef he prassyr Eanﬂ@ekizfrg rﬁa@% chanben

the rigi y of the vibration plate 10 7216 is

I 1 TRl t hat of ot f f '
RS L ST e, SERTTea 2k onarBer oL S 1 e oRBrAdte 212,
the_  conpliance of _the vibration plate 216 is normally
PLRE CLRSR S(PROHIE (HETEEAGR BLFFACES FBHfngoms a

pressure-applied ink chanber 214. In addition, the
RegThieR PAkackabberf L@ ipressuconapet el timkaghamketraks .
(not shown), and a support nenber 221 is provided

bet ween t h&@henkilstwimrar Suhst cateudddrarus tesibdsat
substrate 212. The piezoelectric element 217 is

difrad oY as 2 Vit R 1¢ek-3geel Onddie piezeelRebirheEd. 1n
el ement 217 froma 20 driving circuit (not shown), to

| om & 20 d _
B 36ecEPOCYLILA) IO REALS 216,90: 450 dinghgase o

ecrease the volu re- éip iedn

chanb rﬁ%14. en t.he volune of th ress - applied
SHEBRSREE! C2THTSIT 4b8s & TROUT AL QTS (ot Bepsire-
t he pressure-applied ink chanber 214 decreases, and
e iek 105 FRvehe lomWbR FARIEhEYIRY BhED vilbratppni pdate
to the pressure -4 applied ink chanber 214 via the
ZlénAscrengapay tsedlgler Theneghabr of tdthqr ezodleeesr forming
el ement 217 is driven
the pressure-applied ink chamber 214. 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-
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SO as to increase the internal pressure of the
pressure- applied ink chanber 214. |In other words,
when the 5 piezoelectric elenent 217 is driven so as
to decrease the volune of the pressure-applied ink
chanber 214, the internal ressure of the
pressure-applied i nk chanbét™ 214 i ncreases, and the

' i jec tshe.-no e §L4Ns f.or f an
AL Ehg R D RO ol b B8 g

"mage or t FESTPREA Wi b7 SRR UPRG Hedt e T | &5 driven

inkéjet [ecording:head na% use el enents_other than
§hé&Spitez dBFERETE 1 Pdr PERESHFe Rlurd e BFPestrfg
means for causing the ink to be ejected, such as a

grpdiggl ink geankenrilia sHapethernorgrds | osheactthat or and
an electrostatic actuator. The thernml actuator

pitdzoedestaiphabanattajd dausedvehysd idsntwiddargagt the
i nk by using an el ement which converts electricity

ddlimheh @t ths Ushe Afinde-RpplliiRa L8R Sh&fbed P8 4ShaBR internal
menory all oy actuator uses a netal phase change caused

ﬂBééQErEeHEGEEétﬁf% %gpi%%dehﬁﬁtéﬁgﬁﬁgf %lquﬁg%géﬁes,

uses electrostatic forc en"ejecting the in

fr the ink-jet re di ng, head_a r.ib ahove,

e T SRk o tar 19 th oL n%, Flg= Fe oot drbfHEndoth of an
pressure-applied ink chanber. In addition, 25 the )
Jg%é#rgpeBZEr es5iff HotA SR ¥22aadRRTehHe R fk HeFoEEing medium
ejected, -5 but is also applied to the common i nk
@rdmsbpvWnHofeokras \Hemer,t fe peessdran appideednt thehéike on
conmon i nk chanber is again

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

the generated pressure not only causes the ink to be ejected,
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applied to the pressure-applied ink chanber, the

pressure of the pressure-applied ink chanber varies.

5 Particular in the case of the ink-jet recording

head having a | arge nunber of nozzles, the pressure

change at the tinme of a nulti-channel drive is |arge,

and causes resonance (nufﬁ51 interference) of the ink
anheg; bf . 0 c Y e Vi Lon

e P i ne 10 Tr equany AOr RIS o HPREFLED inen

hnk_ej L.oNn_ i s .af t her eby, t.o deteriorate the
Erlgll%cP glragg%lﬂ%l ?E%p;h%df t% %e%ggc%? o %%g‘%"mﬁ? Tordef 9t "
prgye t the $rob|en1associated,mﬁth the resonance
FPLAGENEY, ThE REEIRICESERPYLED e rdlieihe thPeRERFEUAS OF
danmpi ng efficiency of the common ink chanber.
thenergFFyretaprligds iakhirhembebyvanridd .ng t he vol une of

the conmon ink chanber to a relatively |arge val ue.

On t he ot heartiand,am ibhaparesestavfl-tHPpamiPgeentrecording
Application No.6-191030 proposes another nmethod which

Hiaevheesng P HA)d tiymkrdafipsz£hanbeans Rebyweabet BRange at -
i nk 20 chanber and the conmmpn i nk chanber, so as to

tRRS Q% RedoPr tsfﬁﬁo[}gh-cgﬁaaagﬁ dg&q’;;@é n; 4 hey i gak %ﬁagES{lseén

addition, a or a erent purpdse,

Japanese lLai d- Qpen Patent l'i cat,i on _No.2000- 1586
=ST0RRER8 M s BT SOPRl o ot ol (P TBR danperthe
chanbers within an 25 jnk supply passage fromthe ink
TesRRapGet RECTHRGR L 88 UihErtHomh é%ﬂiE,C%eﬁ &P8efriging
absorb a change in the ink supply pressure. |n other
fweamsncy hef diifparecsirdibor sthe el pk ovietdd.oro iseddfect @

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 efficiency of the common ink chamber. Generally, this
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 proposes
a method of providing a plurality of damper chambers within an

ink supply passage from the ink tank to the ink-jet recording
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pressure change when supplying the ink fromthe
outside to the comon ink chanber of the ink-jet
recordi ng head. 5 However, since the danper chanber is
provided for each individual ink chanber of the
I nk-jet recording head according to the Japanese
Lai d- Open Pat ent Appllcatrﬁh‘hb - 191030, it is
ficyl f] t i-gj di
H@éﬁ ¢H! br&Or St d d%% Eycé§?§ Lﬁ*%hé'%éﬁgs ¥P8%|9£Q§sure.

damper  chanber, t to

b 10 _the pressyre. thernore, the structure
]ﬁhégﬁg Qo¥dsT§%or aﬁEeEeSQa%%%%ﬁnﬁ¥ (ﬁﬁﬂW&gegt 8rth fee the
requi ring. a conplex production process to_produce the
Hrﬁ%-sjué? g]é%?%n%efhééﬁﬁplymaem yink Heomr §hg pyteade to the
the nunber of nozzles of the ink- jet recording head
qopmopc Leisehambeyn ¢y the énpeler treadwsling dendnds for

hi gh- speed recordi ng, but the structure proposed in
t he JapaneHewdwm- QiewePahentaipert | cadnber Ne. 6rd91838 for
is wunsuited for application to this trend. On the

eelchef nhagddud heidinlchagbeieser ¢hadifieadtt ReepeasH 'Head
t he Japanese Lald Open Pat ent Application No. 200 8

aé:%%§9§n?egﬁsor Plssation_ b;geﬁ hey tﬁg@&&&@&ﬂ No.6-

oes no € pressure cnange o common 1 n
Lven

ZABPEr ohl The %f%eﬁ% 58" GhEERGiTHRY ?&%%%o?&ﬁng%%ty o

becones conplex, t hereb requiring a conpl ex

ProdaePrEnciAtys A6 prodfcet fhkc ik foeptigstively absorb
recording head. -7 DI SCLOSURE OF THE I NVENTION It is a
tenprgbsobg ect Fwftheyoopeesthe $tmerinimen afothe ink-jet

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
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-
158668 reduces the pulsation in the ink supply, and does not
absorb the pressure change of the common ink chamber when the
ink-jet recording 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

recording head.
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provide a recording head, carriage and i mage form ng
apparatus, in which the problens descri bed above are
suppressed. 5 A nore specific object of the present
invention is .to provide a recording head, a carriage
and an i mage forn1ng apparatus whi ch can realize a
hi gh- speed and hi gh- quallty recording, by efficiently

HARORGRE PEeSSRIAraRagR of a common chanber while
Teducing a resonance of the conmon 10 chanber. Still

d
2 T ecor di nCHEAC ST RS IBHI T ey, SPEE o o

ectln a fluid; lurali of pressure-applied
HJ—JW TEFPAAYRY “herd %a%ta&ﬁmwd grpectPERLAg japParatus,
each connunlcatlng 15 mnth a correspondi ng one of the
ifp xhiiel; thadrrokemh fesisarber aheve mrea plopresised.- of
wal | surfaces and configured to supply the fluid to
t he pressuRemnappl smekbidhianerisectadf| eastporrenf invbation is
wal | surfaces of the common chanber, along the

Y edelensl BededbrEiGld GRadhaui BErAi AEE ST @raRRERI Rrming

surface 20 with a rigidity |ower t an t hose of "ot her

ééﬁ%a dratiisl 2GRS Vhn 1 QUr Edhi (Pﬁﬁ u&ﬁaldlty

nge, the pressure absorbi ng u ace elng orne
ress re Sor bi nber havin uni form
B BS PR e BT Y PREDIREof i TR IS P PBReor
resent invention, it |s possible to suppress a
FoembsT{ YRl FSAUSENEhE FREQRIACE Afsébsi Fgmmon
surface fromdecreasing -8 while maintaining the
ghiagibgint-y of the pressure absorbing surface, so that a

driving frequency of the recordi ng head and
Still another object of the present invention is to

provide a recording head comprising a2 plurality of nozzles for
ejecting a fluid; a plurality of pressure-applied chambers
arranged in a predetermined direction and each communicating
with a corresponding cne 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
present invention, it is possible to suppress a resonance

frequency of the pressure absorbing surface from decreasing
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t he resonance frequency becones different and a stable
fluid- jet characteristic can be obtai ned even when
the recording 5 head is driven at a high speed. For
this reason, it is possible to record an i mage having
a high picture quality at a high speed. A further
obj ect of the present invetion is to provi de a
WhBaer fhige hearh C oMY irSighd: 8y PhE Ahd t s naZ2hes fa?lgg
10 ejecting a fTuird; a“plurality of pressure-appfle

rs ed, i.n.a predet erm ne i rection,an
nggc gbrr?r%ﬁlﬁcg:a igﬁnghjlv[?\’/ilf~l H gr%g??%%oongit g 5ﬁgoggl{1ﬂe ead and
nozzl es; a co n chanber having a plurality of wall_
o FRERLatGT COTIGWeRramea i SESIaE ARG @ pbabhe Tluid-
pressure-applied chanbers; and a plurality of 15
JSteSbareceonlalyitq mgmbansbtainedraiany whess sheeseaprdimg
the pressure-applied chanbers, at |east one of the
hegadl isudfaces atofa tighcepwed. chEsbeathisalreagohheit is
predeterm ned direction, having a pressure absorbing
pRuEfiBte ¥bthedodd Gindiitigbonetitdan hitzjgpiaqc%ret BBLility at a
wal | surfaces and configured to absorb a 20 pressure
HiRBNgEeeihe pressure absorbing surface being forned
by a pressure absorbing menber having a plurality of

portions ith different rigidities. Accarding.to the

recor di ng e%%Féherlﬁ?@?ﬁFeggngh?rﬁﬁﬁﬁ?éﬁxanFn%§on 15 to
possi ble to suppress a resonance frequenq¥ of the
BrPE4EEr @ BHEUrHingGg Pearr SEBPF Y et dakedd tysofinnpezles for
mai ntaining the rigidity of the pressure absorbing -9
eJgFtane, asblubht sapdriralagyf e opregrsunsi-aphé irdc ohaingr s
head and the resonance frequency becones different
aamengedt aibl ® gredledtermined 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 chambers; and a plurality of
pressure converting means for varying pressures within the
pressure—applied chambers, at least one of thé 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
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jet characteristic can be obtained even when the
recording head is driven at a high speed. For this
reason, it is 5 possible to record an inmage having a
high picture quality at a high speed. Another object
of the present invention is to provide a carriage
conprising one of the recoﬁﬁ‘ng heads descri bed

AhPee, and ankiul 1
TR, b LS SRR e SR e ana

%gﬁaﬁée Eggmﬁﬁﬁig%ecoﬁggn&i9f rént oss%%%ﬁgtgluld—

I'mage pIC ure qua

St ano her obj ect of the present

Jﬁﬁ Shers gﬁgl%lc 1By e ORH A HEG ST rw*h‘%l dPFarscasding
1§%g£r|3|ng one of the 15 recordi ng heads descri bed

és drivepdeiea thidyeresati ghieedthin mmansny fikeis
fluid to the recording head; and a cartridge,
Recdimedati ngeotd Erredana@iengam‘eagl andidheifdturé quality at a
cartridge, <configured to nove in a main scan
Hligheebieea. whi ch is perpendicular to the predeterm ned
direction. According to 20 the image form ng apparatus
of the PreaRBERLAVAMdANorl knbSprROSSt Mlifddt O%C%d an
|nage havi ng a hi gh picture quaPlty at a Jh 5

%hgr obkect of t he present ﬁv t|on IS
prOV| 7

e“a“Fecor ui ne qﬁ§%§ln8n8rls P U4l qﬁﬁ? BFadS
s for 25 ej ectln a flui Iurallty of
‘%ﬁ PQ aBpr e &h ﬁfﬂed EBrEF%%%‘gébm}ﬁiLgém‘-‘d to supply

redetern1ned direction and each conmmunicating wth a
fé@'lféeleénﬁpn’@h%nleeq}’rrqlﬁl@ hezd} esAceprdimeiccltagberrriage of

recor

the present invention, 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 one of the
recording heads described 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
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
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
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having a plurality of wall surfaces and configured to
supply the fluid to the pressure-applied chanbers;

and a plurality of 5 pressure converting neans for
varying pressures within the pressure-applied

chanbers, at |east one of the wall surfaces of the
common chanber, al ong the’ﬁy%ﬂeternined di recti on,
dﬁﬁéﬂ@édaiﬂaﬁppf@ﬂéﬂHfM¥ﬂ%dWBEQeétibﬂ'éﬂd3éédNN%BmﬁﬂgﬁcaEing
those of other wall surfaces and configured to absor

S : Vi ti.@n h na. s ace bei
v?&?ﬂ%d%%§§g %?é%gﬁ#gﬁﬁhﬁgoFB%n§°%%%%%}QVﬁ¥b OBaFBF@Eg§

has a region ere no in surface is_fornmed, such
RS ReDUaRB! Moy G PAUL BRELRRSS THR Eontaspendakeng pPLy
thefpredeternined direction_ | ess than a total Ilength

e dheidohfiohhe Rerafsure-anglind Phatansniandda plurality of
direction. 15 According to the recording head of the

Ppressare coveariorg ndansi fopossirpimg tmreadjuusts whehin the

rigidity of the pressure absorbing nenber

préepeadeppl yedfchdidestrapatol cbbe e ghanhen, saPdaces
control a resonance frequency of the pressure

cﬁb%%bbEBﬂmBﬁn§ﬁﬁmbef93%ﬁ%ﬂBeEBéypré{EEéfﬁﬂﬂgﬁnggrect%gn,

frequency of the pressure 20 absorbi ng nmenber can

rate i.ving.freguenc f .the record
R A RS el b PP RSy dier, ER8pnEhdse of
fluid-] chapacteristic and realize a high picture

T @Eivéﬁrﬁmﬁf? A cep Fa}lﬁﬁg heAPRO By Bregeuge by
high driving frequency. 25 Another object of the
BEesAPny nteat damping perfacepbeingfarmeg bvagepressure
conprising the recording head described immediately
aisovbingndembét uild daparitdgélgonds gurmdyitom sippkyno damping

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
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the fluid to the recording head. According to the
carriage of the present invention, it is possible to
record an inmage 5 having a high picture quality at a
hi gh speed. Still another object of the present
invention is to provide an _inmage form ng apparatus
conprising the recording Head descri bed i mredi ately

pﬁ%‘%\i@e 4 ééyfgagfé“‘rcf?%{ﬁqg.ﬁ gn&i@g{&%r&l‘ﬂ %th?%g&:lbed

fluid to the reco a cart

Car?nnggfy a o;hs r%f ?%u%%vggg%ggg t?%n%&gHred to supply

tg{ﬁerectlon which is perpendlcular to t.he predeterm ned

r ECBLENtO AR IAGRF LRI hRRd; rm%ﬁFQRQ%ﬁghﬁanBﬁr§@E§1age of
of the present invention, it is possible to record an
theageeRant ngneerHiign pilst mﬁepqmibley tat rgcor8 hhghmage
speed. A further object of the present invention is to

havdwigde higlecuiaing headicgnptisimga spleedal ity of
nozzles for ejecting a fluid; a plurality of

pressur e- ag@ilradars‘cttaimeb&;a&faage@hé fbﬁaé@n@&h%ﬂ\:ﬂ@ﬂ is to
di rection and each communicating 20 with a

%waapgﬂdm% Pghspggzgkqﬁ Caﬁbdng,ﬁgma 9@@3?&{1@

aVI ng surraces "an I gure

L %ﬁé‘%@fl'#ﬁ@e%tfe%ﬁﬁ%%&r%fﬂhﬁé oy SRaR T gured

having_a free _vjbration surface haeﬁ%Q thick portions
tandPRLY Poftf bl 55 thec5PaPRELRD hawslir ed6r ai Rgrhebdoe,

of the present invention, it -12 is possible to
a@hb@@pﬁaéiygsuppﬂégpr@ﬁdgdhﬁ@dtM@dnﬂesiuméd chahgedoé,

t he conmmon chanber, inprove the ink-jet

configured to move in a main scan 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
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
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.

According to the recording head of the present invention, it
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characteristic, and reduce both the size and cost of
the recording head. 5 Anot her object of the present
invention is to provide a carriage conprising the
recordi ng head described imediately above; and a
fluid cartridge configured to supply the fluid to the
recordi ng head. According & the carriage of the

i%sgggibi@vstgté c_tiitvehg gggﬁ%seaa{n%a%%@gg@hénggg@g&e

aving a high pictur spe
til | apot.her object.of.the present invention is to
BRI Ao Al AP0 PRERGSAppHPRE U dGIfprPE AGTt he

recordi ng head described inmredi ately above; a fluid
cRarertagesetnf i 8dues Baphl e ide gnd £8sthef the

recordi ng head; and a cartridge, 15 acconmodating the

negovdinggherdd and the fluid cartridge, configured to
nove in a main scan direction which is perpendicul ar

to the pretesion rededitr et tha. pActardiingehtiohhes to

i mage form ng apparatus of the present invention, it

provipessi &herifyd eeal Qiamngnm@ ARG A REER BLEELHISd
quality at a 0 high speed. Other objects and further

i @hfﬁﬁ%lfﬁﬁ%éyg;p%%§g tfﬁgggeggiégk .élcogﬁﬁgﬁgg&egéi?Ppply

ro_m t _ QVM ng al _ESCYI | o_n nrea
CSEUESLO0 Wt e accoanyt g o i 1gs (B8 10 o
t%gcéggggktViéggéﬂygg,n%tais 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
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
high speed.

Other objects and further features of the present
invention will be apparent from the following detailed

description when read in conjunction with the accompanying

drawings.



pi ezoel ectric type ink-jet recording head cut along a
direction perpendicular to a direction in which
nozzles are 5 arranged; FIG 2 is a cross sectiona

vi ew showi ng the piezoelectric type ink-jet recording
head cut along the directign in which the nozzles are
arranged; FIG 3 is a di sassenbl ed perspective view

sRiew NeserTAPrdN Ioxt TaEbegdheRts of a recording head
—according to the present r1nvention; FIG 4 is a cross

sectional uiew Wi_Nn he first mhadi ment of the
recordi ng #e(g'd fcuos Al %ﬁésg J|D‘(lrmé%:(i’rf“%n W‘r%“r Eg‘ﬁgil@gl ar to
a dirfction in which nozzles are arranged; 15 FIG 5
PrEZ8R PrvErt RS d38 488t FBRAFIViRsdfofthga lPRE #i rst
enbodi ment of the recording head cut along the
ddreetiporrerrsidichlefe taoz zi e e orarimangagh Bpezlssiare
a cross sectional view on an enlarged scale showing a
apoehged; of a conmon i nk chanber cut along the 20
direction in which the nozzles are arranged; FIG 7 is

a plan vi em¢or2 expladictoB8 3eOf ESSAN 671 APEPLRIAG the
menber; FIG 8 is a plan view for explaining anot her

pREESSEEC ANSAPING RRADPT 28-S 1R RLCLISAy the

section view on an énl arge 14" scal e show ng
G nink ¢ anQFr aof _a fhrst conpar.ison exanpl e cut

da%%ﬁgl?%el%HWEiﬁl(§§eiHoﬁﬁ Th #oZ %ﬁ?%%%g;arranged;

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 secticnal view on an enlarged
scale showing a portion of a common ink chamber cut along the
direction in which the nozzles are arranged;

FIG. 7 is a plan view for exﬁlaining a pressure
absorbing member;

FIG. B is a plan view for explaining another

pressure absorbing member;

FIG. 9 is a cross secticnal view on an enlarged
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FIG 10 is a diagramfor explaining a vibration node

of a wall surface of the common ink chanber when the 5
first conparison exanple is driven at a driving
frequency of 4 kHz; FIG 11 is a diagram for

expl aining the vibration node of the wall surface of
the common ink chanber wheélt% second conpari son

LLARP LRl Indr b¥ & Rbrdrdihk! Bl beAUSNGY lrst!BodBaBison

; FIG 12 is a diagramtor explaining requency

aracterjistic of .a pr.essute change gf the.common ink .
CalledE, Bty ond o PhEEREEPr OR Bk e SR RS pifgpaca;
di agram for_explaining a frequency 15 characteristic
of a presstf@- cHange orifFEaRorRbre M@ idHA%hEr Vigkathen
first enbodi ment of the recording head; FIG 14 is a
mgidgg eanif vl bxplredasten @fatieungnson ngdulahambert when the
pressure absorbi ng nmenber and a pressure resonance
fohatactepa st son odxanpd ec dendpi vak sthaarhbri wihgt EeedQency of 4
first enbodi ment of the recording head; FIG 15 is a
WMzgn vi ew show ng a pressure absorbing nenber of a
first nodification of the first enbodi nent of the
recordi ng d [ h r P .00 '
FG 16 s o i ohagahar o A R O prat don
characteristic. of pressu change of .t he _common, i nk
MR e o5 Bt (W A P | ORI b PRECET Bpen &
enbodi rent of the recording head, o
second comparison example is driven at a driving frequency of

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

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

characteristic of a pressure change of the common ink chamber
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FIG 17 is a cross sectional view showing a portion
of a second nodification of the first enbodi nent of
the 5 recording head according to the present
invention cut along the direction perpendicular to
the direction in which the _ nozzles are arranged; FIG
18 is a perspective view shoWwing a first enbodi nent

f R ifRge HOAIENLARPALE! !‘Eﬁea§§9§giéﬂ:&ﬂ{&e§]ﬁ of0the
present invention; FIG 19 is a side view for

0] portion of the image form ng apparatus
[ oﬁﬁhﬁﬁnEF%9'18; FIG 20 is a cross sectional view

showi ng a ti . of a second enbodj nent of the )
record?ng %géd g@c%ﬁcﬁrﬁfQﬁ? SREC1I9BAL B (SHO¥ &8 RoRortion
cut along the direction perpendicular to the

*fi Pe EECERC] BodhE EFRtH®R Iods tgeeférwargmdime@t 2f ithea

cross sectional view showi ng a portion of the second
revvodiimgnheafl adwordigyr dionghkepdesent alrormttib® cut along
direction in which the nozzles are arranged; 20 FIG

2ie idd recdii.saspertdred RAGFPE6! EME ¥i LY-SRAMIRI whiiBB the
second enbodi ment of the recording head; FIG 23 is a

Q9% sS8eki 9Paknydew on an enlarged scale showing a
common i nk chanmber of the second enbodi nent of the

recordi ng @féq fgtigkgn t he gkégc%%ggﬁgp mhicgﬂ%ggagg

nozzl es are”afranged;” - e _
STATRRE He o iteta Sl S S s WM g e "Ehe
present invention;

FIG. 19 is a side view for explaining a pertion 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
present 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;

FIG. 22 is a disassembled perspective view showing
the second embodiment of the recording 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

nozzles are arranged;

e
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A-Ain FIG 23; FIG 25 is a cross sectional view
showing only a 5 portion including the comon i nk
chanber and an ink supply opening of the second
enbodi nent of the recording head, for explaining a
pressure absorbing nmenber; FIG 26 is a cross
sectional view showing onl & portion including the

common i nkpghanper; and, the i-pkSupply <19 .0peni ng gfshowing
Fe Og %lﬁ d— eas,

the first conparison exanp e recording h

faor explaining.a pressure absorbin nber. Fl 27 i s,
4y E5Pah PP ST ROty Pk st aiPagi @ Line
of a pressure change of the common i nk chanber of the
BsécoRdFébotifrent of the recording head; 15 FIG 28 is

a cross sectional view showng a first nodification

of the secbhd. eshddi retrost shetieuwol diley sdadingubnly a
along the direction perpendicular to the direction in

poltitdbnt hechedzi@stia eorfbANgek; clidibe2SnidS ad §hRSSupply
sectional view showing only a 20 portion including

Jdpee 1 68MEP Nt hd ks & ibandmb he &fkt@&@de,rd%gniaggdg;feor

a second nodi fication of the second enbodi nen

or  th et of
AR, e e R e B i ng & thi

25 enbodi of _the recordi ng head according to the
present _ngfé.]ip is a cross sgctfgnal view sh%wing only a

portion including 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 recording 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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15 20 25 invention; FIG 31 is a cross sectional view
showi ng the third enbodinent of the recordi ng head

cut along aline AAin FIG 30; FIG 32 is a cross
sectional view showing the third enbodinment of the
recording head cut along a line B-Bin FIG 30; FIG

33 is a disassenbl ed perspéctive view showing the

itlEhRd; gpbodi ment of the recording head; FIG 34 is a
perspective view showing a vibration plate shown in

FIG 33 vi d frama bottom surface thereof; _FI 35, ..
is a di sas@é?rblge]d I5e s FERPP VRSV e &h dWisy s&ow_pgt he third
nodification of the third enbodi nent. of the recording
SARH1BERbr of ' FaRedpreshard i fteRiwe aFflinesd-hsin FIG.
per spective view showing a vibration plate shown in

3PFG 35 viewed froma bottomsurface thereof; FIG 37

is a disassenbl ed perspective view showi hg a second

modi fi cat i PIGof32 e thickdsenbedt tmid]l ofidvhehbeengding third
head according to the present invention; FIG 38 is a

cRBbaRREHE VEE W@Nﬁ&wama?ahaé@r@lﬂ ok &t 180081 I}, FIG.
FIG 37 viewed froma boftom surface thereof; FIG 39
3lps a di sassenbl ed perspective view showing a third

modi fi cation of the third enmbodi ment of the recording

FIG. 33 is a disassembled perspective view showing
the third embodiment of the recording head;

FIG. 34 is a perspective view showing a vibration
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 vibration
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



10

15

20

25

head according to the present invention; FIG 40 is a

perspective view showng a vibration -18 5 plate shown
in FIG 39 viewed froma bottom surface thereof; FIG
41 is a side view for explaining a portion of a third

enbodi nent of the image form ng apparatus according to
the present invention; andi®G 42 is a plan view

i por t fo LE j forn a S ]
Thoan rafr e R Hosy et Bl iR BT TR thereot
I NVENTI ON ELrst,. a description wll be given of a . |
first 10 BHbodi e Sof 55 BLOF df ol T ader ai Rgrtdon of
the present invention, by referring to FIGS. 3
& hhdughesboginents ofs the #Nggs sEMBMEY F@pssatupyacepeding to
showi ng this first enbodi nent of the recording head,
thredpEe&enY inventdrgssasdcti onal view showi ng this
first enbodi ment of the recording head cut along 15 a
| ongi t udi nptGdi4edts enpobnavpeesshbweiaprl ipedtiBk of the
chanber, that is along a direction perpendicular to a
itabECELPRi b APl G UR0ZRLES BherAtranged. FIG 5 is an
inverted cross sectional view showing this first
enbodi nent of the recording head cut along the
direction (A-Ain FIG 4) in which nozzles 20 are

In this first enhodinent of the recording
Bhe4gMODE OB CAIAING QA Tl fRVENIEEGNG t o an ink-j et
recording head. The ink-jet recording head shown in
FI GS. 3 thFetgfh & daserdneson vibl hagsiage Pérm Agrst
substrate (ink chanber
embodiment of a recording head according to the present

inventioﬁ, 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 (8Si), a

vibration plate 2 provided on a lower surface of the flow
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substrate) 1 which is nmade of single crystal silicon
(Si), a 25 vibration plate 2 provided on a | ower
surface of the flow -19 passage form ng substrate 1, a
nozzl e plate 3 provided on an upper surface of the

fl ow passage formng substrate 1, and a frame nenber
14 which will be describedd%ter. The flow passage

glygfag fgyﬁ%g a&ﬁﬁa%tratt%e 1V'Wgrﬁ%%§ﬂ? gélaatt% % 161A4%2LE an

rame me

[essure-ap chanmbers 6_and.
B S BRL e TS S o BaRr RS BT BEND SRatRop, and 2

connunlcates to one of the pressure-applied ink
AR BEEPE T wh ¥y i 1d PrRodepasEerib. Latiss -cofiBn i Ak
chanber 8 supplies the ink to the pressure-applied ink
PEG selganterning viubshiratek lsupbeyvpasstign derneuii cahengozzle
part) 7 which forns a flow resistance portion. A
sliaaek 8dapdeznel £fdnid tetbefel fdrh prysdir@edppilibd ink
respect to each pressure-applied ink chanber 6 on the

NH®lersSHr EAGCa @ ihechlbet i ®n Rake n%vzzt_LEatj hﬁlch

on the side 15 opposite to the pressure- app |ed

eg]:%erren%m %nﬂsdlenggé)\fﬂrr%%lc SQStO (%'% if%:%%s% ssure %pplled
h fornms_ the co n i nk chanb

e et |Wﬁa§s§3§wfa?%ﬁ%ﬂf o BEe, Semmen ink

20 i s forned in the franme nenber 14. |In addition, an

Qhﬂ@bﬁﬁpﬁl?uBE%%ﬁ%djﬁté##uﬁpcﬁh@oﬁﬁ?%ﬁﬂﬁe1§PP®ﬁﬁéhlnk
supplies the ink to the common ink chanber 8 fromthe
admbede, 6i gidoxmeichk suppdyf paseagee yermiid.cating pakt) 7
supply opening 9 is connected to an ink

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
opposite to the pressure-applied ink cﬁamber 6, as a driving
means. The piezoelectric element 12 is fixed on a base
substrate 13.

A groove portion, which forms the common ink
chamber 8 together with the flow passage forming substrate 1,
is formed in the frame member 14. In addition, an ink supply
opening (communication tube) 9, which supplies the ink to the
commeon ink chamber 8 from the outside, is formed in the frame
member 14. This ink supply opening 9 is connected to an ink
supply source (not shown) such as an ink cartridge.

A flexible printed circuit {(FPC) cable 18 is
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supply source (not shown) such as an ink cartridge. 25
A flexible printed circuit (FPC) cable 18 is -20
connected to the piezoelectric elenents 12 by
sol dering, AFC bonding or wre-bonding, for supplying
driving signals. The FPC cable 18 is provided with a
driving circuit (driverI(JQGTor sel ectively applying
Ry bAgt yaved orim ey each; of | L5
eﬁénents 12. Pe éiratingEEé?e%igg?ﬁng%%% ?%gaéflng"AFc
ressure-applied_j.nk chanbers and §he.groove for
B o CF nEe T Py RRo SRR Y (g SHAneps:  The
fIOM/Bassage form ng substrate carrying out an

1 b
EXfi €8P1L8pie BF dMigvgded Highn@%ﬁc‘fifyﬁ H1rcisy (fesper IC)

substrate having a (110) crystal orientation, using an
fark aeilaetevehampsiyingas golussg uravsidroxitdecaKDHPE the
solution. The vibration plate 2 is nade of a netal
gieatelabteici €l dnmmed 18y el ectrof orm ng. Each nozzle 5
corresponding to one of the pressure-applied ink

chanbers 6pkfet At fr)f TRAesNcbherORgEl L t@i@bﬁce%sh?eh%%ﬁlied

a dianeter of approximately 10 pmto approXi mately

B, I0Bet 01000 40 By ol 2608 L0 Sy

passage 1orm ng subs
ressure-applied i pk _chanb 6 corres ding to  a

FREPIPE LasbROLTTTIST FIGIPE MAPEPTS 190 4relion SHRSERREe 1

of the 20 common ink chanber 8 al ong a | ongitudina

Ry FEEEY ORIt Plet BT 2nigRfrABLChRt e (f PosANERE FrREfe]

so as to use the nozzle 5a as a dumy nozzle for

ssddcponstbsefaint Maivingubbl(830) Ferydier], orienhandez) essing an

5a | ocated on the respective ends of the comon

alkaline etchant such as potassium 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

formed in the nozzle plate 3 to have a diameter of

approximately 10 pm to approximately 30 um. The wvibration

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

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

used as such dummy nozzles.
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i nk chanber 8 along the | ongitudinal direction
thereof, may be 25 used as such dummy nozzles. -21
The nozzle plate 3 may be made of a netal such as
stainless steel and nickel (N), a conbination of a
metal and a resin such aséfolyinide resin film
silicon, or a conbination ol such materials. A water

repel | ent rpyersi-s o fiokped HQXS?$Qﬁ%i cﬁyﬁgﬁﬁgﬁgfﬁégﬁ as

nozzle plate 3, that “i's, the ace from t

' i | ed, to _ensure fhat the .nozzl.e surface

i8gan &8l EEHEE = S R0RET (MiPe) # i SRt Befetal and
formed on the nozzle surface by a known nethod such as
DIFESTRgSEARY RDRINGTRE FaPaR Fohed 1B LRy ePr A

seal ant 20 10 fills a gap between a periphery of the
qesbinat prat ef Fugiy materiflane Aewbesr kepelieptsdayantis

20 al so functions as an adhesive. Wen a driving

fiouined wol & agezafe appfaxematetye 20bdz1d @laper 6xi R4€! ¥s, the
50 Vis selectively applied to the 15 piezoelectric

seirgaeBt Srdw wihidthaHenknikel sr 8§0E€hdg theadishavi pat tHge
above described structure, the piezoelectric el enment

né:_%zl\é’h.bﬁi?f Jiée ajgéﬂcﬁl%d t\H!et tﬂnfch e\/\ﬂigéc \éhlr.-{‘%rp lfjegygl\ighf. a?%%éis’ may

I splaced 1In rectron in e [ayers o

I ezoel ectri elenent 12 _are stacﬁggi and Ph
o EPaTPEnpl B Poai SuSHOFAGE 26 7 B AELhPEBFR
égrnesponding nozzle 5. As a result, _the volune or
PapaBft §Af COHel Kb ihes BBRET ngepe bEily daxsHl-i ed Seakant 20
chanber 6 changes to apply pressure on the ink wthin
fiilds preapupetwgyl icederikhehandertles rardlehplahk drapd the
is ejected
frame member 14. This sealant 20 also functions as an
adhesive.

When a driving pulse voltage of approximately 20 V
to approximately 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 ié deformed
in a direction of the corresponding nozzle 5. As a result,
the volume or capacity of the corresponding pressure-applied
ink chamber 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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fromthe correspondi ng nozzle 5 to enable the ink-jet
25 recording. -22 As the ink is ejected, the ink
pressure within the pressure-applied ink chanber 6
decreases, and a slight negative pressure is
generated wthin the pressure-applied ink chanber 6
due to inertia of the inkfZ%w. In this state, the 5

vi bration . et ur Ihts i.gi,nal ition, and

t he pressgéggg%éfﬁgégi%ae%g%ﬁbe$§%:§t Fﬁ%%%ggi?gtﬁln the
original _shape when the application of the drivi

PR GPSETG oTRRL] d T EhaPE 0Bl ACTTT S e At 21511 8AT
stopped, that is, when the driving pulse voltage is .
negrhede ORTSSHIE 4§ goresaled vhehHedds paesguppesppibed ink
is further generated within the pressure-applied ink

cbhairber 6 6dué ntq hinerstiat ef the imk flwsupphi editostéaee, the
pressure-applied ink chanber 6 fromthe ink supply

vopeatign Yplatd 4 heteerEDtoi Dks chedgiela18 pardttibR bAK the
supply passage 7 which forns the flow resistance

pRREELeB-a NG 3K ehahBEr1e MeBEALd QR QEgaBg%ggnal shape

nmeni scus surface at the nozzle 5 i s danpe
billz t dri vizn ul,se voltage is Iieg t

w@%@ k%%e%%%}%c%?EQ'é#eggﬁtdiﬁv%%gé?ece Wﬁgggﬁﬁ ?ogh?o
enablg the, next ink-jet recording. In FIGS .3 and 4, = .
RHfEOROTSTHELC 5 facésSuphareRd, Bptade wibfn the driving
actuallz ejecting the ink drop on the recording .
PragruiPstRde as Jayaedt 8FEaraydoag a Hesudk-j ghe negative
recording, the ink drop is ejected vertically
pdessvae dss | Tundstr gasesatedcedtidimdgihg presshirs—applied ink
enbodi ment, the ink drop nmay simlarly be
chamber 6. In this state, the ink is supplied to the
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
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ej ected vertically downwards in FIG 5 with respect to
the 25 recordi ng nmedium such as paper, which is
transported -23 horizontally, when carrying out the
ink-jet recording of the inmage. Next, a description
will be given of a structure of the conmon ink
chanber 8 of the ink-jet redording head, by 5

f.er o Rl CS. 6 through 8., FIG, 6 is a
e BRI e o afPap s e bW AR OO PBre

of the common ink chanber 8 cut along the dlrectlon
iM#9%hi ch the nozzles 5 are arranged. In addition,

FIG 7 is a plan view for explaining a pressure

absor bi ng Rewbera dasfEPGios velh b afivarewif gr stgucture of
expl ai ni ng anot her pressure absorbing nmenber. In this
tErbodmment iwf dHeenbeac @r difnghbeadk-1dte recomidngi hkad, by
chanber 8 is forned by the frane nmenber 14 and a

HUTRSSHNE BHSPIdE NG MHFRRGh2E . WhiFtd). has A of icgtodist ¥ectional
smal | er than that of the frane nenber 14, as shown in

Jiéﬁ oﬁ agh 'é%a&% gﬂ§g%§é”§ ég¥gl n %% Eﬁ@nﬁoﬂmon ink

pressure a SOF ng surtrace Irection In

gg?%ﬁéeg g{esﬁureéﬁgidkreg E$%2§$qgﬁé§bqhﬁappzzles 5 are

surfaces of the comon _i nk_chanber_ 8 al ong the

aFreegefon Xiddidrimse BYG-t HelpraRtite V&ﬁgfoﬁeﬁngxplamlng a
surface 21a which has a rigidity 20 smaller than that
pofesshgeoeheprivald membleacesndnBiGabsbriss a mdanpvéswufer

As shown in FIG 6, the pressure absorbing nenber 21
asplah nf g nandtieeprasssiecabbsobbhyy swenftace 21a, has a

In 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
absorbing member 21 forms a pressure absorbing surface 21la.
If a direction in which the pressure-applied ink chambers 6
are 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 21a which has a rigidity
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 21a, has a
thickness which is non-uniform along the directicn X. In

other words, a central portion of the pressure absorbing
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t hi ckness which is non-uniformalong the direction X
In 25 other words, a central portion of the pressure
absorbing -24 nenber 21 is thick on the average, and
both end portions of the pressure absorbing nmenber 21
are thin. Mre partlcularly, if the pressure
absorbi ng surface 21 is dir¢idded into 3 regions

m%%é?xéﬂf'%té?ce onEhe? 6§r£z%cator%n@%o@hr eG4 B{Jr%&or?g‘ of

aver age hi ckness port on I s
n an aver,age.thi ckne the d portions on both
cbR RSt A B ROeR e, O LS SRR Ol b 280 o £ ey,

Hence, a thick portion 23 is forned at the centra
150ERE oA RFSUIRe BHEOEBiRe BBEER%R M ireRBEided 1mke 3 Higpions
portions 22 are formed on the end portions 10 of the

offir eppueeimstnbithge sembesi2d arprgptthesddescoionhg, an
central portion along the direction X. O course, it

avBrageschitindss difvicte thetpiESSortd oabser bhhges UFhACean
2la 1nto nore than 3 regions of approximately the

a%éﬁﬁgé' Z51 AGs e thdl éﬁ&%%&f‘tf&n@% b%th%mjé@eof the

thick portion 23 at the central 15 portion of the

REISH" S, ARG MO JTRABSE, 2o I L1 Gl cBOTLI 001 28 coreion

as ar
and co sequ tI th ressure orbin nenbe

23 p e PRty T GEUEAR L BOBr Port N6 REGERGES Sbsorbing
di fferent r|g|d|t|es 20 In this case, the gressure .
meBberb? hg ardbidrim porasong 22 suke dosmed Por EhAmeed Lpertions
of a first layer 21A and a second |ayer 21B. The
offi the payesud Alfsomidnghaenben Pordn dotd2 siflesnpfigthide
vi bration plate 2. The second |layer 21B is forned
central portion along the direction X. Of course, it is
possible to divide the pressure absorbing surface 21a 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 21B. The first layer 212 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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on the first layer 21A, and fornms the thick portion 23
25 together with the first layer 21A It is possible
to easily -25 make the thickness of the pressure
absor bi ng menber 21 non- uniform by enploying the
stacked structure. Mreover, by formng a portion of
the stacked structure by tH®same layer or |ayers as
r At i Yo . 0.5
mehe FhI AL AE R Fhe' brhlehe Ui menbey 23 non
when carryi out rogces o formthe vibration
BEPEm oY (F e % T SERCRe prOCeke i ploreovel, by
sinmplified. In this enbodinent, a stepped portion is
fearied atPOR-BIURfaPeoftarbed P ditticoRY2bhenganpelayer
thick portion 23, as 10 nmay be seen fromFIG 6
odoweyers as tihe nutbresdent padte o2 pridviide roseibiepped
portion, and the thickness of the pressure absorbing
simnbean2dusghy £iranagheC oitlsBUDH Shlysdeiiwee metbert D1 nwhen
portion 22 and the thick portion 23, that is, the thin

d&%&&&ﬁ? o¥E ANkddiesst RbCkopRr thON A3 4Mbrbe1680BNECt 861 the
via a 15 continuously sloping portion. The pressure

p@:%%i%@k?%r Sle &h ggya%%gﬁfeg}ade to have a

non- uni I ckness an rons with different
rigidities, b rovi di such _a _continuously changin

porti on belhel S FEEHITIRbr t Fof2Peth P i gk tommed at
portion 23. The size of the regions of the pressure
32@°§B§6Fbiﬁ§ Fhaidr 2 PoRkRePR ? ea@¢nqhﬁuﬁ“ﬁqﬁn§0221@ﬂdg3r as
the thick portion 23 are provided does not need to be
relye beamseen ahdon HELG .nibnbeHowevergi nsid siodf essansdahoto
limted to 3. The nunber and the location of each of
pre&ritihi ohpostémped daattdohheahlli €e thickness of the pressure
absorbing member 21 may change continuocusly between 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 portion between the thin portion 22 and
the thick portion 23. The size of the regions ©f 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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portion 23 in the pressure absorbing nmenber 21 may be
25 determ ned depending on the nmaterial, size and the
i ke of the -26 pressure absorbing nenber 21, and
optim zed if necessary. As shown in FIG 7, a width Uy
of the thin portion 22 taken along a direction
perpendicul ar to the directdfon X, that is, taken

I r. Si e SSUr.e. . or.bing 5
e S sl B T AT SR B o Rpaney-
portion 23 t he other pand, as shown in FIG ., 8, )
Phe widt h 25 SOHhan KA-por 15 KL (BEH APenghiheportion
direction perpendicular to the direction X may be set
2kaFgkent 1beng Ratdigecthent ppErepdraylay teathpndirestion X,
and 8, Ux denotes a length of the thin portion 10 22
thakems al tankert fed cthigr ecshontey simik ©E déropessautret absorbing
l ength of the pressure absorbi ng nmenber taken al ong

mkehBedi 2RCUMDP Be sckhaHNigamROkkl @Rgt28fatHe t fRidNiSdetion 23.

portion 23 have the same Ilength Ux in this

oabadi gBRt Mﬁ,a%sdgggghfﬁg Etaﬁf;.vea, the gnhaggt ggy&% e

the thin portions 22 ck ‘porti
e different maki the thickness of the pressure
B BOPBF R A0 SHOR U GRS Ie0Y Ge¢ HPRRLCalat Fo the
vi bration of the commpn i nk chanher 8 becones, ,
dAEREFERD X HETRHRF FEki A§TPET pb3R tiett ©F §figpFadckipertion
generation of a large vibration node at | ow 20 ' .
2Pr eqlenETE@S. 1 ergd@irt P8ndenetes pdsyidihe ofotpretein portion
the driving frequency and the resonance frequency of
2Cheakenmalong rihec kidoket i8nf X prambtThidegotEBer theot®l elength
by maki ng the pressure absorbing
of the pressure absorbing member taken along the direction X.
The thin portions 22 and the thick portion 23 have the same
length Ux in this embodiment, but as described above, 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 prevent the
driving frequency and the resonance frequency of the common
ink chamber 8 from matching.

Furthermoxre, by making the pressure absorbing

member 21 have a plurality of portions with different

rigidities, the structural vibration of the common ink chamber
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menber 21 have a plurality of portions with different
25 rigidities, the structural vibration of the conmon
i nk chanber -27 8 becones conpl ex, thereby making it
possibl e to suppress the generation of a |arge

vi bration node at |ow frequencies. In addition, it is
possi bl e to prevent the dri2ving frequency and the

resonance frequen of . the conmon ink chanber 8 fromb5

o SE e cos iR She iRk Baf PR GPSern, Eostpebtile tne
absorbing penher 21 may be made to have the different
gﬁpﬁFaF%?%so%ya]ﬁﬁﬁﬁnglpﬁ@t%%?dW%%%§§s18W ?ﬁ%qB%P?%%%s in
di fferent and/or by nmaking the materials used for the
agditions i fieressible| hoopreveniorids drivépdefreguency and
prevent the pressure 10 vi bration which propagates
theomebteapte sstecgreapl bédtha@kconmiantierk chtobéhes cHnomn

i nk chanber 8 when the ink drop is ejected from

mREeAAEq! | NGF tedriR  OLher pBFessis &RARMe edekBlire absorbing
chanbers 6, it is necessary to increase the pressure

n%@%@irnﬂl ﬁ?{lgéiﬂé %B‘a%s%%hé%e‘l&@%ﬂ e‘fﬂagggﬁ.cﬁtiég by

er to 1 rease pressure danping erticlency

at .t he_common .i nk chanher. 9, it.is p ible to I
kBB L IRaES Phothr dRetiiens Rinearsyt, Ras/Sr By
vibration of the wall surface itself of the_ comon
makEnghBhe g2 B 1o L Sa UREEHh 8T WHRR PXdd 8 5a B EEFFRF -
having a |l ow el asticity, such as rubber, on the wal
surface 20Infotlmr comdsn inkortenier M evientdahp phessure
pressure change by the deformation of the wall
wWhttatenofhidte pammmateskfetantiss psstre-appbhoddwhnkh

danps the pressure change by the vibration of the
HahbesUsT 86 erid $Riinodl ihRecKLHON d Nnegh@RBeink drop is
ejected from propagating to the other pressure-applied ink
chambers 6, it is necessary 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
change 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 pressuré change by
the deformation of the wall surface of the common ink chamber
8. The method 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.



10

15

20

25

8 is particularly satisfactory because of the ease of
25 production and the relatively high pressure danpi ng
efficiency. -28 In this case, the ease of production
is due to the relatively Ilow cost-and the relatively
si npl e production process. But when the rigidity of
the wall surface of the c@®ron ink chanber 8 is

reduced to nore easily_generate the 5 vibratjon, the .
R T
generated by the resonance of the wall surface itself.

1PHi §oshhaRdnigHoF St vRdYW BERIER RYWRFEARhPFeFRFRNCe

to FIGS. 9 through 12. FIG 9.is a cross sectiona

vi ew on anBenlwrgedhescabedshpwhihdlef waldosuphiatakot the
chanber of a first conparison 10 exanple cut along the

cdinfnefit iR ¢ciantdrc8 tike ragdzé@st@moraldaaidgdgehttatd khe
is a diagram for explaining a vibration node of a

WRl-b+ SUAf acige Qfrd i reOPRRAGE NKE ChalRmmMAe RnkNBhadibd St is

conpari son exanple is drivén at a driving frequency of

G [ ' r LNk e :
R e s o d B oTRE b Poai Rod o R asten This
i,nk chanber, when a_ second, conpar,i.son exanple is
PhEPORRNGR ‘élﬂf iRAhES AEgaERRS of  H &R Ce fo FIGS- 3
addition, FIG 12 is a diagramfor explaining a
threyabnéy - chetact®riss@i €r0FS aSPFlekdiirle Vdigdnge 8P ehbarged
common ink chanmber of the first conparison exanple.
2@ 1€hehbwisg chmpadmson erEnphamizowt ian TErGt gohparison
portion of the wall surface of the comon ink chanber
Xatnpl Bedut eflof®l dhdyirbet i bhniPosiicn 22, nsezlbat athe

rigidity of the pressure absorbing nmenber 21 is

Jedueed. !préhify c@se dill§ram for explaining a vibration
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
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.

The first comparison example shown in FIG. 9 has a
portion of the wall surface of the common ink chamber 8 formed
éntirely by the thin portion 22, so that the rigidity of the
pressure absorbing member 21 is reduced. 1In this case, the

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

becomes as shown in FIG. 10 when this first comparison example
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vi bration node of the wall surface of the common ink
chanber 8 25 becones as shown in FIG 10 when this
first conparison exanple -29 is driven at the driving
frequency of 4 kHz. In addition, when the rigidity of
t he pressure absorbing nmenber 21 is not reduced for a
second conpari son exanpl e~@% this second conparison
. eX [ jven..at._th I Vi q cy 38 5
BT § ola b ot il UL B Al on,

0 i nk_. ehamber becones as .sho in FIG 11, In
VG Pho, P ot o, Bl BroRRa SRR, BOPPE Sl 18 not
correspond to perspective views of two pressure
rgeeee8i Fer mentsicadWsPER B ECRreEHYREE a9ddEhby segend

and in FIGS. 10 and 11, bl ack shapes show the 10
cdmbpar habh cerafpliche spdesvean eatabgor bimgimgnieequency,of 16.8
and z directions. FIGS. 10 and 11 show the vibration
kiR eshé ovilgratiase moder eft bee argrl furtficeWaF| +BYr E@fifon ink
of the common ink chanber 8 is the sane for the first

cRAfbS L CHNGL SHIRALSS QRowRXBAPHRS, BNd anl ¥1Ehe1g tyo
thi ckness of the portion formng the 15 wall surface

i i ff n t nth irsst, and second onparison .
A o
different rigidities., As ray be seen fromFIGS. 10 and
VEEVSRE TUQ GTRERSE TS PRGRBHLYS GRS MPSChcBRR R T SRRE
exanpl e which has the conmmon 20 ink chanber 8 with
Stlﬁ@ngﬁl sidey fanck iRaVilRG- t he 2@ ubld bliagkdphypes show the

shifted in the | ow frequency band conpared to the
deésomanien f o duen pyesburheakecdnthe ompdeirsohnexanpl &nd z
whi ch has the common ink chanber 8 with the wal
dswetacendavirgsd.heo and 11 show the vibration modes for a
case where the area of the wall surface of the common ink
chamber 8 is the same for the first and second comparison
examples, and only the thickness of the portion forming the
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 rescnance
frequency of the first comparison example which has the common
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

rigidity which is not reduced. Accordingly, as the pericd at

which the ink drop is ejected becomes shorter, that is, as the
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rigidity which is not reduced. Accordingly, as the
period at 25 which the ink drop is ejected becones
shorter, that is, as the -30 driving frequency of the
i nk-jet recording head becones higher, the resonance
frequency of the wall surface of the common ink
chanber of the first conﬁﬁk1son exanpl e nay mat ch

e.drivin freque Nor, mal the .drivin enc
Sr%fe ‘I‘geﬁw%t i diity oS Tahho neSd BFRF higner,
approxi mately_several kkh to roxi mately ten-odd
QPﬁtreFBH@%Cetﬁﬁﬁqq%quu8ﬁ0§ %dﬁﬂﬁngQQﬁ§Q$'P§|FBe common ink
frequency is lower than the resonance frequency of
chismbezl B efirthe digfstt kempanhemn i erkamcisamser mgtchuthen
the case where the rigidity of the wall 10 surface of
diieingmipaquakcychamaemallys tledubeid:irthd reemenancef the
frequency decreases, and the decreased resonance

ﬂﬂkageengécaﬁalngnﬂéaa tikeoflr tMé NerddeBreRgprokihbtely
i nk-j et recording head At a resonance p0|nt of the

u C Ko qg%e e

%%ﬁ?ggargﬁ?tg%cgpﬂ%b ggﬁnnéﬂ {ﬁl chambi EE 8the

eml an tothe\/brm i on

derpapby PERREE Wi, dlrﬁe(lpigg BRSSP dive IRaF ShPPabes
of the common ink chanber is reduced to formthe
TH56850FE BEITIBITY O%ﬁlﬁewaéi 23rfare 1 fiheseommon ink
conpari son exanple, the frequency characteristic of
dhagbpre§subet change efsehwhepembire i milg 12D tyhafbéhe8wall
becones as shown in FIG 12, and the pressure change

shidasecaofatige o@inee dinkt bRambsongnce fadegieelcyhel Besonance
FIG 12, the ordinate indicates the pressure (kPa) of

ARREANIDAe & Rka s ENARRY tBe0BethBaddd S_Iesc:ﬁﬁl%@ $¥9Bquency may
exanple and the absci ssa
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
chamber 8 greatly changes due to the vibration of the wall
surface. 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, the frequency
characteristic of the pressure change of the common ink
chamber 8 becomes as shown in FIG. 12, and the pressure change
shows a large value at the resonance frequency. In FIG. 12,
the ordinate indicates the pressure (kPa) of the common ink
chamber 8 of the first comparison example, and the abscissa

indicates the frequency (kHz).

Therefore, the pressure absorbing member 21 which
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i ndi cates the frequency (kHz). 25 Therefore, the
pressure absorbing nenber 21 which -31 is originally
provi ded to danp the pressure of the common ink
chanber 8 may actually increase the pressure change of
the comon ink chanber 8 due to the provision of the
pressure absorbing menber33t. In order to prevent the

iR 8234 fa? ?rg:{xﬁfié%hr{%”’ﬁ% Zélhé QJE#%%‘E%%' EH?LQSmmon ink

ress re c anmber "8

ng.fre the ink recordi ng. head st
og@%' ) qu%F&t‘ya@gYn&PEﬁe?ﬁ%J&e%cﬁﬁﬁ?éémer PBatgRcot oFbe

t he mall surface of the conmon ink chanber 8, and
coBmeBq iRkt Phamhate BiCug Ky EBAMPEIGE o Tt hhej RResagre
recording 10 head becones restricted in this case. As
albeschbiibednabosme ,21t.he Itr ender std gwravmminthkeprefsure
nozzles 5 of the ink-jet recording head to increase in

a®Eeehind Om&tRer W1 Friohe i depBasEnd athdhipgesspeedchange of the
recordi ng. However, as the nunber of nozzles 5

a urber
C%@@?Euﬁgﬁég%%?%%?fﬂk%@%aﬁggYéé% accord#ﬁgfg the ink-jet

i ncreases ngt h o the co a

AR ehed Tl S K2 ek, Mty ERE pfpappnce

i nk chanbers 6 are_ arranged increases. As a result,
TrREUEBRYL AT ofR% N ldr S¥LhRES %s%*?%ucrﬂﬁ‘%r&é‘# Qﬁa'ap%ﬁg and

the direction X also increases. But 20 as the |length
conseauepF ks Uthe abiaibongongiben famdheadag jetheecording
rigidity thereof is reduced therewith and the

heasiohancmes poesttrigftedhénwahiis scadace of the common i nk
chanber 8 shifts further towards the |owfrequency

band. Consggu@ddyibdd)above, the trend is for the number of
nozzles 5 of the ink-jet recording head to increase in order
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 increases. 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-freguency band. Consequently, in

order to prevent the driving frequency of the ink-jet

recording head from not matching the resonance frequency, the
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order to prevent the driving frequency of the ink-jet
25 recording head from not matching the resonance
frequency, the -32 driving conditions of the ink-jet
recordi ng head nust be set and restricted nore
severely. Particularly in the case of a line type
i nk-jet recording head havddmg a | arge nunber of
S n nb r

c%‘?iééé rg&é‘%l@lgn g)fgé:%x%medjggofgao cﬁrfg %eag %ust be set
Eaittﬁconvemen s descri bed_above. On the other hand, in

Leghboat e ftorH %Qﬂ?reﬁgcording head, the pressure
absor bi ng nenber 21 is formed not entlrely by the
thin portiBarbiculanly 4nf shaedady @f 10 ldawbitivaei dnkofet
the thin portions 22 and the thick portion 23. For
Heltiogdi agsbead i havingaesdabbe tamisempprfesoaiesdenteaskong
of the resonance frequency of the wall surface of the

coRBNihRKch&hsebera 8 anel probéatdidrhridee iRr gesEk8ted and
danpi ng effect. Therefore, a stable ink drop ejection

c% %'Ee%%ﬁ&bﬁ%é%%%%?g%%@%&&' fsg,even when the

| et recor riven at a high speed.

AERRRCE LAt AL PRI v

characterlg?l
chanber of the flrst enbodi nent of the recordi

ng
TRE2A0Ihg RPES) e RFASRECE: AP RATSI I RS inds formed not
pressure (kPa) of the common ink chanber 8 of the
efitdgelynbydihenthisl pordiracd? dilbgt Headformed byhe
absci ssa indicates the frequency (kHz). FIG 13 shows
ddmbintkéqueot ytlehattsict porstbnsf22 and ate whéck pbetion 23.
thin portions 22
For this reason, it is possible to suppress the decrease of
the resocnance 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
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. In FIG. 13,
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

pressure absorbing member 21 along the direction X in FIG. 6
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on both ends of the pressure absorbing surface 2la of
the 25 pressure absorbi ng nenber 21 al ong the
direction Xin FIG 6 -33 respectively occupy 35% of
the total area of the pressure absorbing surface 21a,
and the thick portion 23 occupies the remaining 30%
of the total area of t he pr3éssure absorbing surface

21la. As b 5
Ak S IO U SR
conpar.i son ‘exanpl.e descrlbed above, the pressure
2R595PANAGSHERMRE 2B-0RRdt e ERIGE RAMGAPNEAt OegHPies the

obtain a higher pressure danping effect even though
nefrainigodify of thwe tptedsareaabdorty myesssrbenb2érbing

the first conparison exanple is smaller. 10 As shown
SurfBEe 26a.t As fdy die esbddl geséewlby ompaedandiEng. 13 for
head supports both ends of the pressure absorbing

tFREDeH 3t ak9Adiddie dnkestboniX fckpvvﬁiéerm@tneembgslson
t hi ckness of the pressure absorbing nmenmber 21 in

e‘ééaﬁlg?ﬁt hSécQ{bé&‘%b ‘E[q% fAre0d5-d SaH<Ed ?%%nglgﬂng%%egl of

portions 0 pressure a

, that |d|t f t he ressure absor .
tﬁ\%ﬁb%ﬁrﬁ ?ﬂbfefﬂlé“ BEahR ¢HRLS &&Fﬁé&rsngem ing

reduced conpared to other portions of the pressure

A sestbPHgn h the rigidipysef bike tRrafsag et Rbsorbing
amount of deformation of the pressure absorbing nenber
mgibes 81201 whint ef 1 ratgeomBans equeaxdnplealishcngh lehe

t hi ckness of the pressure absorbing nmenber 21 is

partially hBcseasedimrid.hg, enigi fatst wagiddamedt bHethe
pressure absorbing menber 21 slightly deteriorates at

dernanenssd SPSIReSHoRAr £hAY: of Mehe pressure absorbing
member 21 along the direction X. However, since the thickness
of the pressure absorbing membér 21 in the wvicinities of the
supported ends is reduced compared to other portions of the
pressure absorbing member 21, that is, the rigidity of the
pressure absorbing member 21 in the vicinities of the
supported 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
whole large. Consequently, although the thickness of the
pressure absorbing member 21 is partially increased and the
original function of the pressure absorbing member 21 slightly
deteriorates at the increased thickness portion, the
deterioration of the original function of the pressure

absorbing member 21 as a whole is suppressed. The
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deterioration of the original function of the pressure
25 absorbi ng nenber 21 as a whole is suppressed. The
-34 deterioration of the original function of the
pressure absorbing nenber 21 nmay be suppressed to a
m nimum so that the deterioration is negligible. In
addi ti on, both end portions%f the conmon ink 5

q%$%¥E8Ea§i&£%n?QEb %&ﬁ%ﬁhﬁ? ?MnéPfoﬁﬂﬁ§%ﬁkﬁp&%§gg§e
en the ~résonance 0 e pressure is generated in
he comon i.nk hanber 8. For this reason, .b
PG FRAPAGRENEET fn 5T PPoRUPBESSHEY 1y A HUDATge SO that the
ressure absorbing effect at the end portions where
raRdahionfipresEdiodbdRange is large, it is possible
10 to efficiently obtain the pressure danping effect.
Mor eover, Theadditplam,stoddt end pbrthengpres $imee common ink
absor bi ng nenber 21 having the thick portion 23 at the
dtefibeal 8 peethedt tdffetkdang the phedsrer dhange2@hend the
both sides of the thick portions along the direction

réscnBdbel 85 O Yol HNAS dandbatdl ChDaIReSonRRAP lﬁﬁ

easy production of the presSure absorbing nenber

éﬂ%%g%%ge.thﬁ?Préﬁ§%ﬁf%é%%%orB&Bﬁg&%ﬁﬁﬁﬂﬁ)E%% Q%ﬁgaportions 22

€ structure, S péss rove

ressure d i ng effect. Furthernor the pressur ,
S3RbIRG haRER P S50 o 2PPREPLG FEiEdh AtotRe Shd portions

t hi ckness may be realized by a stacked structure. ]
vigae ite ﬁﬁ@u%ﬁéﬂkééaﬁﬁﬂﬁ@tGhénﬁ%yl%ékﬁﬁﬁe iy 68 PpREible
first layer 21A and the second | ayer 21B, where the

tfd edfificiapety 2dA ior rhet peetbiine pdampiony 2F feamtd t he
second | ayer 21B

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
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is formed on the first layer 21A and forns the thick
portion 25 23 together with the first |ayer 21A. Such
a stacked -35 structure may be forned by a sinple
process. In this first enbodinent, the thin portion
22 is fornmed by one layer (first |l|ayer 21A) and the
thick portion 23 is fornmed @7 two layers (first and

s?t@‘ﬁ@ﬁgré%%%g%r%@ BIBY. s Mt 1 d ggﬁ{aa%g‘%tef oh éh{iéyﬂfst

;
orm ng each of the thinh portion he thic
I 3 t. lim t9. such. For, exanmpl e, _t he .
eﬁ%%ﬁm%%%t i%k?]e %% e E%éfggr?r%dl By Oamsﬁ%gﬁeg}%y%?ﬁ,’eﬁn&f”s‘c
the thic rtion 23 may be formed by three |ayers.
lpyer hgi%’*tn@‘fcﬁ Rtﬂe e SEhPRTHTR | oh B2 Tormerebyotwo layers

pressure absorbing nenber 21 is made long in the
(dilrset R second liayepsssibl and o2 bt.aibnta theghupbes sof e
danmpi ng effect, but the pressure change is generated
liagerhefooming fasejuerlicibs then parttitem Zi2bmatli eheothidie
pressure absorbing surface 2la, that is, the

perrbiahi 2B D ddie 19HESsHr Eoabs@ bi N rREbep12]. tR8 {he,
15 other hand, if the length of the thin portion 22 of

p&)EEiBﬁ_e§§%§y q!é;%*ﬂnaa Hg@egjf@hé Sla&%qe shar hjan%ltlf@k

irection X, the vibratifon o e pressure absor bi ng

urface,2la i iprove ut the pressure danpi ng
PE’F act %I%t%aﬁf oSDreat e@EdAggo%%eglmfyeﬁ’?é si ze and
thickness,%%hﬁﬁgodulus of elasticity 20 of the

material aht e JeRENoPEt Hae phlalyy o tissorBi R Refber

21 may be sel ected appropriately in this enbodinent to
repeaihe aiproudia agmpeesslr ks deans dgpnef flacthandirection X,
vi bration of the pressure absorbing surface 2la. In
iaddst possibe twodhitasnod high pressure damping effect, but

the pressure change is generated in the lower frequencies due
to the vibration of the pressure absorbing surface 2la, that
is, the vibration of the pressure absorbing member 21. On the
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
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 21la. In addition, the modulus of
elasticity of the material and the like of the pressure

absorbing member 21 may be selected to optimize the pressure
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el asticity of the material and the like of the
pressure 25 absorbing nenber 21 may be selected to
optim ze the pressure -36 danping effect and vibration
of the pressure absorbing surface 2la. The present

I nventors produced sanples of this first enbodi nent
of the recordi ng head, wi t186rari ous pressure 5

bsor bi ng_nenbers 21 and head structures. Table 1
BRETRSBE: R0 AbaRRTalTF Pt iFREle PBRGFaTng surace
head produced, which were subjected to ink-jet tests,

i“h the following evaluations A and B made for each
sanpl e. The evaluation A was nade to eval uate the
mut ual i nt €he cpegrant tipyentersvpeediered Fagplest ofhthis
pressure absorbing nmenber 21 sufficiently functions.
fireteeabodihent Bivahemradeotrdiny ahesat e wid fraedoancyressure
dependence, that is, whether or not the resonance of

A3 rph A§SHEELERS rbizka rerBest Alcalfact s hhgel Nkshéls 32
characteristic. 15 Table 1 Sanple No.K Val ue (x

1Ry S1helen 1 FBos W a0 a0 v o proditia, whicn

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
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.

Table 1
Sample No. K Value (x 10) Evaluation A Evaluation B
1 0.02 0 X
2 0.18 0 X
3 1.04 0 X
4 1.58 0 X
5 1.65 0 X
6 1.76 0 X
7 2.14 O 0
8 2.2 0 0
9 2.81 0 0
10 4.17 0 O
11 4.76 0 0
12 4.83 0 o)
13 4.83 O O
14 5.56 0 0
15 7.66 0 O
16 8.87 0 0
17 9.11 X O
18 9.13 0 X
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92. 8100 104. 1700 114. 7600 124. 8300 134.8300 145. 5600
157. 6600 168. 8700 179.11x0 189.130x -37 1913. 4XX
2015. 220X 2122. 4X0 2228. 810X 2342. 26XX 2454. 590X
2562. 920X 26103. 02X0 27137.89X0 28172. 21X0 29222. 620X
30711. 84X0 311165. 48XX 322553. 03X0 The eval uation A
was made by actual |y mountid each

19 13.4 X X
20 15.22 0 X
21 22.4 X O
22 28.81 0 X
23 42.26 X X
24 54.59 0 X
25 62.92 0 X
26 103.02 X e
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 the printed sample. In Table 1, "O" indicates
that no image abnormality was detected by the evaluation A,
and "X" indicafes 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-ijet
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 fcllowing items were selected as

structure factors which may be regarded as affecting the
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sanple of the ink-jet recording head and printing an
eval uation chart, to judge whether or not an inage
abnormality 5 is generated in the printed sanple. In
Table 1, "0" indicates that no image abnornmality was
detected by the evaluation A, and "X" indicates that
the image abnormality was &8tected by the eval uation
A..On, the her Egnd, the evaluation B was nade by
SIPEREFHYS He 195 5 rom each sanple of the ink-jet 10
recording head by itself, while varying the driving

f r equEridy, TRFnstsseUfe (BheOf nkh§ dthidh&C5EAeRI €27 ¢ such
as the ink-jet velocity, ink-jet volune and ink-jet
cur véSE2ir lengliretUy timaj eft bhy)thim pratiien] 22" glong the
indicates that the ink-jet characteristic showed no
stholrz engs fde qitenepfdependence, and "X' 15 indicates
that the ink-jet characteristic showed driving
frequangy depgndencqm)Fekt BBEMhen dditilsl bowangnyt ens
were selected as structure factors which may be

U LR S
L [ ' .
Long L Gl ol SRR LOGO0EL | 8 22,8000 Lhern co

portion 22 along the |onger side thereof (direction

' X); and SFE)e ahntg $trvetlrygs Eaereys offk Adrengh SF4 were

portion 22. The above structure factors SF1 through

8B4 rvdedeas regaradddsas andr gabbese antl cawelye cegadded as
were regarded as

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 parametex

K is referred to as the K value in Table 1.

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 a, b, c¢ and d were set to a =2, b
= -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%.

In other words, the rigidity and the resonance
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10 fitting paraneters in the follow ng fornmula and
optim zed, so as to obtain a paraneter K which

i ndi cates the performance of the pressure absorbing
menber 21. The value of this parameter K is referred
to as the K value in Table 1. 15 K=UdaxUybxUx xEd It
was found that the K val ue3bpropriately indicates

éﬁ%@ﬁggogm Fed e PLESSHLE SURINNNGITRAREL Pdins cne

paraneters Wer e
d=2/3. 1t
@&éﬁ@?oﬁ?%ﬁ?@ﬁ Sﬂlfgf"cﬁo?ﬁatﬁ%n cié‘?/aﬂﬂffalﬂl&ﬁg E\Oaﬁ]aa% it is

are satisfactory when the Kvalue falls wthin a o
nosrdelef tappeoid ivmlel phiainl1gistaklapitovetachpyagteristic
1010 25 In other words, the rigidity and the resonance
ev®d htehuehcyrfirtchd rpgessoaies abgurbitig mbilockne2% Ud (m) of
which forms the pressure absorbing surface 2la can be

et ichi AePoB0idMal2,i tthieS 1eAQSE| B €10 dIOLHe vahy BBEEidn
a stabl e ink-jet Characteristic even at high driving

118 %H@'QﬁorMQ@QuRﬁpth@k@%fesé?ékﬂéﬂgtﬂﬂbXS(ﬁpeokhfﬂe thin

por ion 22, the length hin portion

d h h h
Ereten 4 e Shes Tebng Tt v dde ﬁsﬁ?a%ong the
that aloqg the direction X) and the You
&‘ﬂt&QnE { dihs HOUPHi & ‘E}Bii’tﬂr‘b% B o B3t ot &hﬁhEhm

follomnng relatlonshlp S
portion 22 satisfy the fo low1ng relationship (1}.

2 x 10! < ud® x Uy?® x Ux3® x E¥® < 9 x 100 — (1)

As the number of nozzles 5 increases and the size
(length)} of the ink—jet recording head increases, the area of
the pressure absorbing surface 2la of the pressure absorbing
member 21 increases. In this case, 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
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

possible to obtain a sufficient pressure absorbing effect.
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2 x 1010 < W2 X W 2.1 x Wx 3Sx E2/3 <9 x loll As
t he nunber 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 nenber 21 increases. In this case,
if a soft naterlal such as40x resin is used for the

pressure 0L PP IREL N2 drs RS gt%t%%g%nsepgg $0f

pressure a sor i g me s generate

Iomrfrequ ncy band. IL.n addjition, since. it di f uIt
TEG°28pr o FTIFtirallr FAF AWy 12K &P@J@bﬁF e%

is preferable to use a hard material for the pressure

vapienpi pateehber wed feyehhe forersunegialiseybongt pember 21,
pressure absorbing menber 21 becones slightly high.

wittenrebpech tattdrd dnkhjetngeeoiiigly heiagh dbtvyngsa usedber of

for the pressure absorbing nmenmber 21, it is 25

neessktbl 8 éocadiiaig) 2aosuf Ficl et i esEGraksesbi &gplaining
effect. -40 The present inventors have studied a

tRECTSURG" s IRSANARC & ChALa I:@éél?:_‘é Cat%f REGCRAMBO: | K and

chanber 6 for various na erials use or t e pressure

t% sorbsn rnenbe %c gg h ct £ %% |gk et.
ScBFaPRg" heat HEVI g CA2Rd gognb
exceeding 200. FIG 14 is a dla ranrfor expl ai ni n

REDSE RGOS %Lﬁ%ﬁ%?@ﬁ@”ﬁ‘?@ss‘tﬁ §%§8F8Fﬂ§nﬁeﬂ%%ﬁi In

21 and the pressure resonance characteristic of the
FdermdA, i Bike erdimsde dndficahes f3 ixtesvwyediresanapget hedex,
recording head. In FIG 14, the ordinate indicates a
goieshar ebsesosmnceliicadex, ti wmdhd he malednssgMPa) of the
i ndi cates the Young's nodulus (MPa) of the pressure

pesenkPENgh 8BAPRIg Zbmber 21.

In order to obtain a simple index to indicate the
degree or extent of the pressure rescnance, 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 totaled. 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 freguency
characteristic shown in FIG. 13, the resonance point exists at
the frequencies 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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In order to obtain a sinple 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 15 approximately 1 kHz to
approximately 16 kHz, and pressure change val ues at
the tinme when the pressure $¥sonance is generated are

tatal gdg Hence, 4t hep %%%ﬁgesﬂif& J'c%gne,; gc%riesdq%sg or

extent of the pressure resohance 0

ab I nb havi i f ' dul ,
SASRRS TEINSLA IR A0 50 YU DL MY )

frequency ~characteristic shown in FIG 13, the

RS L6HEREEIDEP RS SISt PTRSSUERe TP F QRARFR i 166IeH -4 Kz,

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

at these résohavices pistant $noespdé6t i V&l ywhenr &h@ Fouhgls
and 0.5. Hence, the index indicating the degree 25 or

nexhdmis of the pressite abesebangemdamye b iCdltidhm@keless than
from0.8 -41 + 1.1 + 0.5 = 2.4. In this specification

100 spandere prssSatd NG SNEneeIk 88=Rf r&d N idkrbh8es. 1n
pressure resonance will be referred to as the

y re I idex; y. fr. Fl G
R o R BN har R BPVHRE SRR, PR Bhfhwer o
absor bi ng nepper, 21 becones less than 100 MPa, the
I%Orf&?&ﬁég?eégf%%se]‘%f}?dé%’%-asfﬂdF AP AT PSS C | nAcEPREinaly;
words, the pressure change of the common ink chanber 8
Yrorldé exsieyehie dehal the makerépl chepddiary itde pressure
Accordingly, it is preferable that the material used
ghmorbiagpresker 21 hashsoNoung ' sembadul s thed dsYd0AgMBa or

nodul us that is 100 MPa or (greater
greater.

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
approximately 150 MPa. In other words, nickel satisfies the

above described demands as the material used for the pressure
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By using a material having a Young's nodulus that 1is
100 Pa or greater for the pressure absorbi ng nenber 21
which forms the pressure absorbing surface 21a, it is
possi bl e 15 to suppress the resonance frequency from
becom ng | ow due to the large area of the pressure
absorbi ng surface 2la whern4€he nunber of nozzles 5

i.ncreases and t size of the ink-jet _recording head
~BaGEERR e 28, °pRR 00 Al S fb pEEEREFL" o
obtain a stable ink-jet characteristic even in the .
case of 20°% Hd'S Helpdt 1PREbY dFhPhdd® WRFERUREs¥sorbing
| arge nunmber of nozzles 5 and is large (or |ong).
nRiieRe| 2¥ Nihoniss thgi daegetbionse ddha Hengitbs8uref the thin
absor bi ng nmenber 21, because the Young's nodul us of
porrtkeh 23 isapmpoxitematel yA 150f fMRaientn paebenraosldsorbing
ni ckel satisfies the 25 above descri bed demands as the

eftet | gdnnsiebd @bthRBelr e5stiie prbbaRSenbbRg-ABNDLIn
1, and is also easy to process. the total |ength

2

ft?énéhfz PLESSY Brals f%Lth o] 'H?g(e chbed Qﬂ.g'gh d d.
p§|rect|on X ?%E ?%ngtﬁ o? {gia ﬁ}n portlén g% ?%F
nportant. A's &ficient ressure .absorbing 5 effect .
TRARNDT B BB BIhEd S F CERBE P SIS CPALREY Rf nctie thin
portions 22 in the pressure absorbing nenber 21 is
PPgdLeR(Z2 MTESSs BafatisePeREnet rdBIFeaP 8ahpi Aigtficiently
capacity of the thin portion 22 changes, and it
absooheshe mpussiwiee cfothaf ¢omnemtink chissbel Bhas a whole
pressure of the common ink chanber 8 as a whole 10
whbanthdet il ooqraribno A3 2BebatedElorilqang OnOhhehethéhetiand, if
hand, if the proportion of the thin portions 22 in
thBepPsBSSti¢h 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 -
the 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

good), and OK indicates that the evaluation result is

satisfactory.
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absorbi ng nenber 21 is increased, the vibration of the
pressure absorbi ng nenber 21 causes the probl em

descri bed above. 15 The present inventors prepare
sanples of this first enbodinent of the recording
head by varying the length Ux of the thin portion 22
along the direction X andt33e total length Tx of the
pressure absorbi ng nmenber g%bﬂiq?g the direction X
and evaluated the ink-jet characteristic of the

sanpbggpl@idiesul ts| of the gyarbation ale SAOWAHiIBn Result

Tabl e 2, where NG |l ndi cat 6§, gt the eyaluation yg

resurt— g unsatisfactory (g, 7 good), ang oK 1mdh €S

1l " 1l 1 — [y b P rd oY b))

LTldl U1Ie ,Evdal uUaltT Ul resurt atTsSTactyulry.— 20 =

Tahlao .2 Al A N | IT\I:\IF\I(?I:lBI?f\H Rociyl 10 NEA kvﬁd
AT S Ul LU, UO0UITY

TaAdT U [ \4UII’JI A>3 TNO . UNT TNV

~31FOK 70, 3430K

80 3640K90 4240K 100 485N -303 OK
6 0.317 OK
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

(pm) 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
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Fromthe evaluation results shown in Table 2, it may
be seen that a ratio Wx/Tx of the length Ux of the
thin 5 portion 22 and the total Iength Tx of the
pressure absorbing nenber 21 is preferably set within
a range of approximately 0.25 to approximtely 0. 45.
In other words, it is possiddfie to optinze the

. e of ressur or bi.n er 21
B Rf o e R S R P R s o5 =B g head
Ux % n% denotes the length of , the thin portion 22
a&ce 51 et F AIGTeRtahBV IR 1 ePmPY ES1pfetPolBFS. 15
| ength of the pressure absorbing nenber 21 along the
agicdr ééti oRLKX- drfeffopdani Vi¢w powsing @ pyeAspse absorbing
positively absorb the pressure and nore positively
memppress 4bis helrsgsowdhcecatbost@bittHez €itrbe enkeoflihent of
characteristic. 0.25 < Ux/Tx < 0.45 --- (2) Next, a

theseebbtHoRg Wddd.be tai ves. ofsa hdsd pA4smidiEhcatéon
of the first enbodi nent of the recording head

. ¢ . , . . ¢
FPRRShR0 ol ookl 5560k 0. B0E) Dbt L L Ao .
ressure absorbi.n er_.of this first nodification
BeO3RH B, 523 et hardr B cBy M nadbrle helEtRiey and 8
FI G .15, those parts_which are essentially the same as

desesértorretpRnftiingigar P8 PREFresS: F1G-hASudR 8 diegram for

desi gnated by the sanme reference nunerals, and a
efpdernpnon frequssicwichhrpeten stie ofFlaGpre6siigeachange of
diagram for explaining a frequency characteristic of
thepressuneichariganefr b8 thescHimsin modd fikarhen of thésfirst
first nodification of the first

embodiment of the recording head. 1In FIG. 16, the ordinate
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).
In this first modification of the first embodiment of the
recording head, the present invention is applied to an ink-jet
recording head.

In this first modification of the first embodiment
of the recording head, the pressure absorbing member 21 has
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

resonance frequency of the wall surface of the common ink

chamber 8 is shifted towards the high-frequency band. For
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enbodi nent of the recording head. In FIG 16, the
ordinate indicates the pressure (kPa) of the common
ink chanber 8 of the first nodification of the first
enbodi nent of the recording head, and the absci ssa

i ndi cates the frequency (kHz). 15 In this first

modi fication of the first &#odi nent of the recording

d Nt _j ' [ lied._t Lpk-j et Y
PR rah A e 1Y PRl b e Pii Spkls2l; iRt Sheration
first enbodi nent of the recording head, the pressure
b EBPL T RSN POITth HAThED Th® i fEFGRENSY BRRA £

thick portion 23, but each thin portion 22 has a

thec dpd-1 Ak ckegrordiingn headpr ovi ded within a region of

the thin portion 22. By providing the second thick
portion 24Intdmditriesgnaheestreguenayf afhed hdinwapbrtion 22
surface of the common ink 25 chanber 8 is shifted

inewakdsst b phaghdingduaacye8amd. t ik pABibAI 841 eaﬁ@::‘a
0

it is possible to further suppress thée generation

rtg%%lrteSQE ﬁiE@ n@% ity S\MSEENI:B %grgcg% én Va{rgg .p{ﬂoﬁﬁgg? ﬁée bfr@]g—j et

the Ink-jet recording head. addition,

SO NS LS R —

.t becones easier to process and produce the ink-jet
GhecararhyShEadPT Itheppaeseare .cngs 95 Ades FelBoRhenk
frequency characteristic of the pressure change of
ahirgbeonfionfi Hkis dHawtemogificahicn fafr dhenmfdirbicambodiment
of the first enbodi nent 10 of the recordi ng head. For
cforhar reocor@iipdsesi. aroreedgparison purposes, a one—-dot
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
recording 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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chain line shows the frequency characteristic of the
pressure change of the comon ink chanber 8 of the

first enbodi ment of the recording head which is not
provided with the second thick portion 24.

Furthernore, a dotted |ine shows frequency 15
characteristic of the pressifie change of the common

ink chanmbgr 8 of the first_conparison exanpl e _of.the,
i ot TBRof i Y ead eRofa P R PR Saghpngirst
pressure absorbi ng nenber_ 21 having the uniform .
FRCERAERE BF the RSN ILpEr pea which o nPreyyded wakR the
fromFIG 16, this first nodification of the first
seviondi backopoxtiecon edohdisng RebdsEpriovividadkniel t he
second thick portion 24 has a pressure change which
dmravesrsisait diatiran a Baklaf préestite sthaeeodicorphredf to the
the recordi ng head, and considerably small conpared to

it e25refkotBend iHHaCQMRah 508 s¥aPt&iRfed R thnknketecond
recording head.” -46 As a result, this first

qﬁgﬁggﬁ?EEBH 9f the first enbodiment of the recording

I's provided with the second thick portion
24 has a sgtisfactory. ink-jet. characteristic having a
Sl | presBEPE ehatigad GoTSAPAY [0 THATAL S gesdnance
recordi ng heads which are not provided with the second
FIGRRIEEr P oS LT EH s 8PSPTPsng Jasdisie 4o 28€pabgt ériving
the resonance frequency of the pressure absorbing
fnsapencg1ofinthe himkhjet mgcotdénaehesd diy treviidingethe
recordi ng head by providing the 10 second thick
geachnidonh24ki poition ey dm ehet begidh nopaiHd ahiA2portion 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. 1In this case, the production process
can be simplified and the production cost can be reduced.

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

according to the present invention, by referring to FIG. 17.
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of the pressure absorbing nmenber 21, it is possible to
effectively obtain a stable ink-jet characteristic.
Furthernore, it is easier to treat the ink-jet
recordi ng head during the assenbling process and the
production efficiency is 15 i nproved, because the
strength of the pressure aﬁgorbing menber 21 is

creased by t he praovisio secand thi
bt o s %Ostshseﬁﬁﬁ-eﬁﬁiés%l%‘% BeREEGn bRy of this
portlon 24 | made the sape as the thickness of the

SERPBR ’B%‘ii%%?ﬁtzlém P FEe2bi o FRUIMERS pfil FARebRSPAing
formthe thick portion 23 and the second thick

headt Foh 2Uong rFhehidd regséont perprrstisitliasn tpr bhesdireafion in
be sinplified and the production cost can be reduced.
wNdxh, the destzliqy iaae wricbndedgi vEn KfG.a 19¢cthdse parts which
nodi fication of the first enbodi ment of the recording

ahteadssaRt 28T0f dinkd shRet BE PRESE MoriERRINdOAg B¥rts in FIGS.
referrlng t%gélG. 17. -47 FIG 17 is a crosg gectlonm

ARSI St PR RGP, onc
% AEsRbLSF AT S BRBEL NG BF SRR " b8% Peett ©
which 5 are essentlall¥ t he same as those

MOBHEASRBHAR iR pAte: £ 1A trpmeodiment of fheg rgperding head,

designated by the sane reference nunerals, and a
tdesprepenbrintentdon wisl kpbéiedi te exh ink-gkitsreecpddng head.
nodi fi cation of the first enbodi nent of the recording

head, t heIprdsentsddaneninodnfisaiajy il the ddrsnkejbbdiment
recording head. 10 In this second nodification of the

Jil tek e88eAIIMNthead, a pressure absorbing member 21 is
provided at a portion of the wall surface of the frame member
14 forming the common ink chamber 8, as shown in FIG. 17. In
this case, it is preferable to provide a damper chamber 21 on
a rear surface of the pressure absorbing member 21 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)}. Ezxcept 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
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of the recording head, a pressure absorbing nenber 21
is provided at a portion of the wall surface of the
frame nenber 14 form ng the comon i nk chanber 8, as
shown in FIG 17. In this case, it is preferable to
provi de a danper chanber 21 on 15 a rear surface of

t he pressure absor bi ng menrd®— 21 to nake the pressure

absor nenber 21 dIS acea conmuni ¢

P RRRhE e ise PSS R0 s R TP SHnGPE GPNGH AR chanmber
at nosp here comuni cati ng passage (not shown). Except
%FOH}% e F et tRFCSHHrehaBF R Db %I HEBIAEShy aPGr%ﬁﬂ@m%er which
portion of the pressure 20 absorbi ng nmenber 21 by the
fwirpsathenpptsgure? abshirbisgcondfagmdiasi @anponunifote

first enbodi ment of the recording head can obtain the
whfitkatss obdicald @lhyatheyfof shoemmred Martingnditherent
first nodification of the first enbodi ment of the

Higsandi88. head desenibedy abovsos 4 1AC el dupgrbst fige

i nk-j et recording head of the -48 present invention,

RAeHaL! of uﬁﬁéa %651@8 E?Q&R&w Ko W;%réb 58 W% °£1E’§<9'rbmg

as a pressure a SOorplng surrace and

fornms the.pressure absor ng su ce a non uni form
THifekRets! %d?ao‘rnté‘lﬁrlﬁﬁa ‘?yr Jo‘-Fl%’g} N ihﬁaEFﬁasure
different 5 rigidities. As aresult, it is Eosslble

qg§°§ﬁﬁbge@§m@¢ﬁé aﬂgbFéﬁsérb?lﬁ%ef¥%ﬁﬂﬁﬂﬁﬂb@ff EauéﬁEyjet

of the pressure absorbing surface while maintaining
reicordiggdheyd ofart e padssdiffendsioriiony tirenbbespnande

the driving frequency of the ink-jet recording head
fragubacyade thd frfeariirbr apsbhe: figsanaee . 10 Fbregueacyeason,
of the pressure absorbing surface. For this reason,

it is possible 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
invention effectively applied particularly to the line type
ink-jet recording head. In other words, the line type ink—jet
recording head has a large number of nozzles (bits), and the
length of the pressure absorbing member alcng the longitudinal
direction thereof (direction X) is large. Consequently, the
rescnance 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-Jjet recording head. But by
applying the present invention to the line type ink-jet

recording head, it becomes possible to absorb the pressure

change of the common ink chamber while maintaining the
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it is possible to obtain a stable ink-jet

characteristic even when the ink-jet recording head

is driven at a high driving frequency. The ink-jet
recordi ng head according to the present 15 invention
effectively applied particularly to the line type

i nk-j et recording head. |m4ther words, the line type
L= e ' d ] ar 0 S.
LRy ghGEn A BB i A By BEEBL 8 i
menber al ong, t he | ongi t udj nal i recti,on thereof
s e s AL C e ot S R NEER
of the pressure absorbing nmenber itself, whichis to
laedéypeasrl- I8t tiRepddaenhendyvei gl s inmud tapeapp)y records
generated in the case of the line type ink-jet

freec theti iglhedengtButothy lappl gnngh¢ heequresegt medvent i on

to the line type ink-jet recording head, it becones

possi bl e t BeRbs i ida-iprasauwel 25 € hapings off bheirst method
conmmon i nk chanmber while maintaining the -49 rigidity

cjf%{e tp‘r%%u@&ﬁ?%‘lﬁ@ A0S RBBITRERE! o r AUE GetlcahiSg! HKad

characferistic can be obtalned even in the“case of

full.- I'ine type ink-jet recording head which
%§3%Eﬁﬁgﬁe%asF§gr%ﬁﬁﬁg & nganﬁgnfu|| | ength of -a Iine

on the recordin dium 5 Next, a description wll be
gi ven of aAfFF%%kaiﬂﬁﬁﬁoe&FcﬁFbau%*?ﬁqunaWhHQQ 1s used as 2

enbodi nent of the recording head .according to the

QHeSSERE FAVERTH O MRafiSackRedbpndededred SUpperénepbstrate
which is used as a pressure converting neans, is

(rersce dubnt aa e plr tmesigh stfr &pecidl (s Staibbdkeisat €SUE) by use
made of Special Use Stainless (SUS) by use

of an anaercbic adhesive, and a groove is formed in the
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 vibration
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of an anaerobi c adhesive, and a groove is forned in
the piezoelectric elenment by use of a dicing saw, so
as to forma piezoelectric elenment 12 which is
separated so as to correspond to each
pressure-applied i nk chanber 6. An FPC 15 cabl e 18,
which is used as a conductotOmenber, is connected to
sid u C |.e rd n '

gigfter 2 ng LhETFI QL deiab RBnEN) bRy RHEO 1 EBpBEheER.
forma actuyator unit. On the of her hand, ozzl e

PaPHTSaGRAOR VbRl asis 1855 bF b LRl ich O &nPopfERator
by el ectroform ng, and a fl ow passage formng
Wifstfabengdefkte maiiek sussarat f thedtdretion péaheid by
formed by etching. The nozzle plate 3, the vibration
gl &pexg adhdsive. fl ow passage form ng substrate 1 are
positioned and stacked with high precision, and an
epoxy adhesi feahs mppdred 42hatie €acH idHRl fRee rfbembagda

-the nozzle plate 3, the vibration _50 plate 2 and the

édmﬁﬂnpﬁﬁﬁagﬁaﬁﬂﬁfﬁg“héyﬂﬁﬁtéaignﬁtEQQﬁtﬁﬁﬁFl?ﬁgﬁ&pthe longer

surface of the piezoelectric elenent 12 o

u nit j tg a urface.of th
o Trbsoblat S 0 Tefuts PATK B et Piflg trereos,
meber 14hnage of a resin for fornigg,a common | nk .
oAb PPEN A i hd"h 4 RFERAGFA853 0 HHoh P FERGeF 14 is
side thereof, a length of 1 nmalong the shorter side

hapsiegoPn thadoackiepitfase 2inthe svipepdicsd plake £hpsd the

frame menber 14 is bonded on the back surface of the
andsatrifenepbiit eh kot tshbsiOatadls ury aue aofctrbbibasdhesive,
substrate 11 by an anaerobi ¢ adhesi ve,
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 pm 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 pm (= 3 ym + 27 pm) to form the thick
portion 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 1 (thinner) layer having the
thickness of 3 pm.

The ink-jet recording head which is produced in the
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so as to formthe ink-jet recording head. An opening

in the frame nmenber 14, which forns the comon ink
chanber 8, is covered by the vibration plate 2. The

vi bration plate 2 used has a 2-|ayer stacked structure

15 formed by Ni electroform ng, and the 2 | ayers of

the stacked structure respdctively have thicknesses

f The .p ' ihrati late
§ou8 B Al Blberngfar Rt b Mo etsd: S1afFefafs.

i s,_covering the commy ink_chanber 8, has a cenira
DRGALEB N v 5% e BB g%“ﬁhe“% MRS %aRl 20PRERter and
thickness of 30 pm (=3 pm+ 27 |lim to formthe thick
ppépti bastsy, wered carrasd pBEt i o oh WSSt tsiofeshef priet tests,
central portion along the |ongitudinal direction of
itthwasonomiirmed thldnbesa8iafactmde mpindfing ¢ahi baecgdrried
| ayer having the thickness of 3 pm 25 The ink-j et
oec i thoge Ngadraftiiely bSdptedusestdd dikeurdlqab®yey, even
descri bed manner and havi ng 200 nozzles 5, that is,
Wh@AZ L & Pr ARG 19s200-Pids oD REeYngNche ink £
printeruand p?%ﬁtgfesfs mére cé?rie&ngﬁt. Agea resﬁ?t rom

f the print_tests, it was confirned that a
a@&t?%f%@ d?%zzf?%ﬁrng can be carried 5 out w thout
generating_a deteriqgrated picture quality, even when

a nul ti-prioE i SRIRAES-SO8r PREBCSRE: IRP effdctilg TeRETHHRI head
from all of the nozzles 5. For conparison purposes,
hamipgkthet vikeadignnglhgad2, hehlely alnsas Hhat commph atek

2, which closes the common ink 10 chanber 8, nmade up
chehmbky 8f madd hitmmedkllivapér 1 havhirhdhe layer having the

thickness of 3 um, was produced. In 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
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
method of producing the first embediment 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

of an anaerobic adhesive, and a groove is formed in the
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t hi ckness of 3 pm was produced. In addition, this

i nk-jet recording head was nounted 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 confirmed4hat the ink-jet

_ po s e £ di
FBRZERSLELLEL B IOHSE BY TN S Erpachiee fhom o
i ion. . Next d | ptj ill b i f

PO BERRNCS0: KoMDY fPollEr LT HPRT Tt CeFoarmERt of

the recording head according to the present

QQ¥¥€ﬁPPBﬂ.t9\%QQRﬂﬂﬁﬁsﬁpéﬁﬁép%%%?dcﬂnﬁiéﬁ@ﬁp?rmﬁkchﬂ$sFPC
used as a pressure converting neans, is bonded on a
cslpdpoi 8, swlbsthr atse usghlase subshdutioor Memprde 0F Speoeated to
Use Stainless (SUS) by use 25 of an anaerobic
thdhestdgesunfuca off abeepiszbols®trid dlMen$212 which is

pi ezoel ectric elenment by use of a dicing saw, so as to

HoRfBtiawi Bh 6208l BidveG  BleaB e AZnyhiLh JsS t8epaLAt 84 SO
as to correspond to each pressure-applied ink chanber

PC..cable 18, which is used as a conductor
a%%ﬁé@?? ﬁ%lgbnnected to 5 the side surface of the

O cove, byPRoTTRANE Bgnl oneEFHT A ruster Sukipration
On the other hand, a nozzle plate 3 and a vibration

IRAFe2 VIR IR LR & FBEReBY b1 8T BED FMe, ngndaAd T hov | paFsage
passage 10 form ng substrate (ink chanber substrate)
formage sfbsitdtton(ing 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 vibration
plate 2 and the flow passage forming substrate 1 together. A
top surface of the piezoelectxric 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 therecf, 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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formed by etching. The nozzle plate 3, the vibration
plate 2 and the flow passage form ng 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 15 plate 2 and the

fl ow passage form ng subseﬁ@te 1 together. A top
surface of the i.ezoel e el enent, 12

cotuator - B YT GordedbE of BEPS NS dde leeﬂefoms the
vi bration plate 2 by an epoxy adhesive. A fr

CREmpar 11k ehageoest Ba Aesravesed fof kg vabzetéeﬁne%at%@
chanber 8 having a length of 63 nmm al ong the | onger
Thedeibhat tof ,plateegtisedf has 52 ninlayery sthekstost enucture
side thereof, and a depth of 3 nmis prepared, and
flolinedf banei &efheofdmi agpoatkedronstd tirbagk shifaceapdrs,
the vibration plate 2 and the end surface of the base

t%HQSEEatﬁhéJBk%éj@}sagﬁefﬁg'§taé¥éé“§¥%ﬂd%%res9e§§e&€hvely
formthe ink-jet recording head. - An opening in the

4, f n
h@?%”ﬁh%%%%a@% P4 Re b8t B M‘?”@P ThS BUBFERh oo ene
ate. 2 us S 3- Ia er stacked struc
B&i’rﬁﬁtl@t’efe ?r’rrﬁoﬁ’ﬁrlé‘%dttl?r%’&’eﬁjtﬂgo htﬁlﬁ %aatneylé?@?er 14,
5 that is, the 3 layers of the stacked structure
tbe§pe§t|V@V%rlnﬁnR?QIQOQQQESéeg @hambqﬁ18rlba§nﬁaﬁan15al
~m The portion of the vibration plate 2 covering the
porénpbngwbiclh hies frradee upepiiethd 4f i rathathricsighc hérdngaydes and

comon i nk chanber 8, has a central portion which is
Hade dpieknéde df 38 pihrieughh hi rak hayer 9 5ansh) 18chasrm the

thi ckness of 33 pm(= 3 Inn + 15 pm+ 15 ~Hn) to form
ey portion 23, and an end portion on both sides of the
central portion along the longitudinal direction of the common
ink chamber & and made up of the first and second layers
having the thickness of 18 pum (3 pm + 15 um).

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. BAs 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 the nozzles 5.

For comparison purposes, an ink-jet recording head

having the vibration plate 2, which closes the common ink

chamber 8, made up solely of 1 layer having the thickness of 3
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thick portion 23, and an end portion on both sides of
the central portion along the | ongitudinal direction
of the common ink chanber 8 and made up of the first
and second | ayers having the thickness of 18 pm (3 pm
+ 15 pm). 15 The ink-jet recording head which is
produced in the above desédi-bed manner and havi ng 360

nozzles 5, . that i zzl es amounting,to 360.bit

Wl RB T e P AEGS Chdr BRINE VGaEE ABFarantd lird
out. As a_result of the print tests, it was confirned
wefafounsed | ¥t VP EEE ARF R tln WS tSarPredCabTbEt out. As
wi t hout generating a deteriorated picture quality,
aeveauliheh thenpnintpiteats nglwars aanfdgmedt thyt the
ejecting the ink from all of the nozzles 5. For
deagpactsiosd pmiqrages quabitpkis efenceacaredi by hhadpriayimg.
the vibration plate 2, which closes the common ink 25

chamber 8, r@derdie sakelMdsohldo | @verihad N4 thes case that
thi ckness of 3 -54 5 pm was produced. In addition,

Lo . . orint
thl TokPiet g SRATI08020 il VE B BIBEL" b
i.t was ¢

int tests nfirmed.that the eteriorated

BPeBiPeTE.aF 1P MetgenaPa: e byRaiRe Bt Congne pReSén:
Therefore, it was also confirmed in this case that
IONETEARD} et characteristic is inproved by this first
enbodi ment of the recording head according to the

present iNeeht iorlesNaiptiandestl ilpe ighven ldf befgksen

of a first

embodiment of an image forming apparatus according to the
present invention, by referring to FIGS. 18 and 18. 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
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 192 accommcdates a
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

embodiment of the recording head described above, ink
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10 enbodi nent of an inmage form ng apparatus accordi ng

to the present invention, by referring to FIGS. 18 and
19. FIG 18 is a perspective view showing this first

enbodi nrent of an image form ng apparatus, and FIG 19
is a side view for explaining a portion of the inmage

form ng apparatus shown im3®5 FIG 18. This first

dj t he _i .form.n rat .enpl oys
R Pt RO it SPERLERT | U AeE 0P, e oot etoeding
grgsent 'nventL%%. The image formn apgaratus, t hat
hpads o PRt KEG %t T rPec of PP AP PHREMUSASSROWA (AT F? G&RPSB
and 19 accommopdates a 20 print nmechanism 112 within a
SHEPAY bloesy 1 1.4 Bhicwnpin nf Leechbnivyhchi holde| adetack of a
carriage 123 which is novable in a main scan
pduretitwmoidduordihg madia body iHis dask, | ebcorétoy dhayger)
heads 124 having the structure of any of the first

1e8hods ngntaagh1f bebvandd see and sl foedt bANSE Ofhd heain

first 25 enbodi nent of the recordi ng head descri bed

SR M LR i UBR MpESeh T, e

recordi ng I 1 ke. pap
supply cassett gor a _papgr _supply tray) . 114 shown. in
SEPELY 16 th 111 G508 St SER0fom TR APk IEy Breorcing
recording nedia (iin this case, recording Eaper) 5 113,
appagataghatf Yaiew deadokray | bierfgfomangaley sHerhwing the
body 111. The recording nmedia 113 may be set on the
rpapeding upgrliyu ddSemay e 4ciozed &t shiwwnofint REGH nk® jwdten
recording apparatus. A nanual feed tray 115 for
noanial tye samppliy rgpenbd ines orolimge radickan $&3dimycbion when
cl osed as shown in FIG 19 when
in use. The print mechanism 112 prints an image on the
recording medium 113 which is supplied from the paper supply
cassette 114 or the manval feed tray 115, and 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 ejecting 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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10 not in use and is opened in a counterclockw se

direction when in use. The print nechanism 112 prints

an i mage on the recording nedium 113 which is

supplied fromthe paper supply cassette 114 or the

manual feed tray 115, and the printed recording
medi um 113 is ej ected on aifaper eject tray 116 15

othiceli ks, PERYT dad R 3.L82 iﬁ%dﬁeﬁs U 180 LSboting the v
recordi ng apparatus. I'n the print nechanism 5 % !
arriage.l123 is_supported hy a main gquide rod 121 and

Ay R A R F

direction. _The main and sub 20 guj de rods 121 and 122
U -pr 60Pded Gctb$aidr B§hiningareridagsyyd 25pracegepiagprbly
mai n body 111. The ink-jet recording heads 124 for
rajoEdBedgwieh | xaerErt, toyshe( Dhk-ieigerar@ingahdabatk4.
(Bk) ink drops are provided on the carriage, so that

t he nozzl eShe atrek atarangedei 128 Wit et icpergegpPendagulgper
to the main scan 25 direction and the ink-jet

gAirt@ehi @Rctsof X Qwawahdcat {1 £§tEOehe %@m@%pﬁ@ﬁﬁé? €an

the ink-jet recording heads 124 for ejecting the'Y,
n i f S i.ngle.hea .
enghBiinct 14 B8y ChBR o d e BB O 8, Praginx o
25 are repl aceahl .provided with re ct to the
thiey Pefer BT g Toabt "1oa5T ot ek S8k pidgs memous or
has an opening in an ggper portion thereof for

CEIAHLAT CRETRRYT tidsiNe APrbSphefer hmldiggeihrgink.a The

| ower portion thereof for supplying the ink to the
cepidéspohdi e tihek Hoetuseoor dehulmadei®4r andnaaposotise ink
or cellular nenber inside thereof for holding the

wihikh Thesupplied to the ink-jet recording head 124 to a
slight negative pressure.

Of course, instead of providing the four ink—jet
recording heads 124 for the Y, €, 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 ﬁedium
transport direction of the carriage 123, is slidably supported
by the sub guide rod 122. In 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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10 capillarity of the porous or cellular nenber
maintains the ink which is supplied to the ink-jet
recording head 124 to a slight negative pressure. O
course, instead of providing the four ink-jet
recordi ng heads 124 for the Y, C, Mand Bk inks, it is
al so 15 possible to provide-a single ink-jet

.eC rdin head whi | st M and.BKk i
450 Phothooonl FBa5,A50%, Ainck. dneh Apiafde. 163
downstream si de along a recording nediumtransport
HAPEEPFBN2 oF SRS gBOTSRENT OV SIqt@daRg StifpBRriRdscan
by the main guide rod 121. The front side, 20 that
mogort fd7upBt Ferard dadalrsrgrededieadiidingg medi um
transport direction of the carriage 123, is slidably
supported Ohythdethdr guinde fodod@r Ho tratepotr@ thee
the carriage 123 in the main scan direction, a timng

RRIdralrg hSAPERVI LG idsr 98Ssat 0fh iHg elreguégﬁy cassette
which is driven by a main scan 25 notor 127 and

]glkgmkﬂg ngéfxﬂiﬁgbfa?ﬂfsgﬁkg {'ﬁﬁﬁﬁ%ﬁ% rﬁeaég 1%%, a

|xe on the timng bel nce riage
undergoes.a r ti novenent by rotati .Lhe
B SORRLY R bt oY 0P RRR AR GiRe FARoCEPLying the
directions. On the other hand, in order to transport
RAOTEIPECBRA WY IetifRem EheWRRBRL | SURRLY (GRSERELEapef. 2
supply cassette 114 to the |ower side of the ink-jet
ractidnnpadeddls, R4uigle papbersuppl Sor guising3theorecording
separating and supplying the recording nedium 113
raddmint h@3papetraypuint ceddekt 234 18cr arevidrsdhigoangad
132, a guide nmenber 133 for guiding the recording
transporting the recording medium 113, a transport 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 reoller
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
transporting the recording medium 113 in an eject direction
and a spur gearing 142 are provided on the downstream side of

the receiving member 1392 along the recording medium transport

direction. Furthermore, an eject roller 143 for ejecting the
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10 medium 113, a transport roller 134 for reversing
and transporting the recordi ng nedium 113, a
transport roller 135 which pushes against a
peri pheral surface of the transport roller 134, and a
tip end roller 136 for restricting a supply angle of
the recording nedium 113 f®¥m the transport roller 15
\ a E e n rt
b raphd Byt Sbvzﬁv%%%@ s iy wel? 15371 ioa =
ear mechani receivi 39 i.s provjded t
HiaCereid Lk Gy it aﬁ?‘?@?@ﬁ guifgnagEbeEy 145 and
fromthe transport roller 134 on the |ower side of
1ke IPERIPSIAR RIGH RELhefas thxe merordingesedévpobbience
with a noving range of the carriage 123 in the main
scan di r eckt orhe Aimeandspbhe retdwdirinl ther ink-jet recording
transporting the recording medium 113 in an eject

heébHeCl PONard@ndtiarespin gespbnge 12 a1 mdigeVkigHa DM ies
downstream si de of the receiving nenber 139 al ong the

o9 859ERE gmllgaet n3ASPAN + hd S esféanoalréuﬂe roSess to

an eject roller 7143 for ej ecting the - recordi ng

nedlu 113 1 omar aper_eject tr.a and

S5 GRS T e M BBl et s n%éh S0 hond

145 and 146 forn1n an_eject path far the recor di ng

TREQT nPEE 3L L% t HETi nB8ThFT t EARRYdineg © Fh‘éeFﬂRd}%‘i
recordin heads 124 are driven in response to an

TeRAYE %iLgnlaY aitiegersrnaged hameunti dde D23ti dindeismin
scan direction, so as to eject the inks on the
retatrdedaiy aexbﬁdbugmaadénn1ﬁm&ﬂandremeadﬂdgoaﬁdlsignal oxr,
Then, after transporting the recording medium 113 by

ad spgedet efdl aed ramenat, theerdgxtedd E ithe recording medium
113 has 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

suppressed, so that a stable ink-jet characteristic having no
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
apparatus, a recovery unit 147 is provided on the right end
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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10 recorded in a simlar manner. Wen a recording end
signal or, a signal indicating that the rear end of
the recording medium 113 has reached the recording
region is received, the recording operation is ended
and the recording medi um 113 i s ejected. In this
case, in each of the |nk11ﬁ9Tecord|ng heads 15 124,

e e f e
té?%p ferier e%%ﬁdé%%b%&aﬁg RS %ﬁntﬁ 147
i gance IS gpressed SO that a stabl e ink-

TOrAPEEE i SEPRIFAVIT S10 @ MU AEARFefRRcR F eamng means .
obtai ned. For this reason, it is possible to record an
Thea§EPRAVY HEE A hIRFPVEOEE UReCAR 0T t §heorinkzjethsecording
recordi ng medi um 113. \Wen viewed fromthe front of
helaelsi hR4 | ehen edor dangyiagppakat Us,im a eodwnér ptandby ldFate in
is provided on the right end along the noving

vwiicBCcthencefridife @3 iagfotdd, tata Ppdaildnoboredksbi@ing to
the recording region, as shown in FIG 18. The 25

trh%C%EWek'g'ﬁmlt?f714r7ec%\6%§ LOknh i+ 48 I ﬁo%gﬁeéhfn a wet
ke of the ink Jet recording heads 124
suct |

8¢ 2VeL yHr VEIile tzne u %%ma%%frg Eg'lt h g‘;:aa%%%H% an 1n jet

means an ani ng

rovi des a cap on the nk recordi ng heads 124 wh
Ye&rri B@-‘él‘fi)‘%?l}es eﬁoﬁdﬂa 9ntt]%‘t‘~ atbyicdt ZedafRrd BO the

whi ch the carriage 123 is noved to a position
reseréd penErigee ol attedr eotbeycapping JEanso tesmpgntain the
mai ntain the nozzles in a wet state to prevent the
imkksiscoaitigs it ald odushagnanzlek-gatstahai, | epeas to
During the recording, the ink not related to the
n=8e@aidhng sBybhe ejegedcharhbeeeaPPidg means to

mai ntai n the

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
shown). 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 1s 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

recovery ink tank.

Therefore, according to this embodiment of the
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10 ink viscosities at all of the nozzles constant, so
as to nmaintain a stable ink-jet characteristic. Wen
an ink-jet failure or the like occurs, the nozzles of
the ink-jet recording heads 124 are seal ed by the
cappi ng neans, and air bubbles and the |ike are sucked
15 together with the ink f®m the nozzles of the

1 0k= ar.di a 1 b uct.i ot [
Bl Ebrl U ends 126, b e ckion TRAlE M o
he.li ke adhered on _the nozzle surface are renopved by
Oioﬁé‘lEl Baft HY FrERS IS0 SR T RO e Rt T i h &VET HBSPnkDF etk det
failure or the like of the ink-jet 20 recording heads
regprding headsyreh drd velcRede A dh&Ereeey i bacapsanthe sink-
recovered within a recovery ink tank (not shown)which
jes peovrdiny dieadse hegeethpost rwrtwfe toife angi nfbody fidst
The recovered ink is held by an ink absorbi ng nenber

enbbli et Heand atRyY @iy sitnknfagkecordb mbudrecateonacepr €hdldrirst
to this enbodi nrent of the -60 image form ng apparatus

AR RENC A 1aRE ikl 5b8 POSESHR &y HRad qt?'gjbeiaeat 2BL¢e.
I nk-j et characterlstPc even when the 1 nk-jet
recording_ﬁgads are driven at a.{géglés ee ecau

e

. Db e
t he ink- Jeter%%%¥ﬁiﬁﬁnﬁggd§pﬂ%5 §FF%%Pgr o?h%ny
of the first 5 enbodi nent and, the first and, second
PABEPPF RTINS Bt ™ole TPFs® PEHYGH ménttasFiPRée| aRPRERUS, 2
recordi ng head described above. The inmage formng
Ceppapdt aRPaEeIdi Rgrletthe, prewwmnsitey eépprosatwayandrihe
a printer, a facsimle apparatus, a copying
lapparatus, a plotter, a conposite apparatus and the

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
preseht invention may be provided with such a recording head
which ejects 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,
and various other actuators may be used, such as a static type
actuator, a thermal type actuator, and an actuator using a
shape memory alloy.

Next, a description will be given of a second

embodiment of the recording head according to the present

invention, by referring to FIGS. 20 through 30. In this
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10 like. Further, the recording head according to the
present invention nmay eject a fluid other than ink,
such as DNA sanple, resist, pattern material and the
like. The <carriage and the inmage form ng apparatus
according to the 15 present invention may be provided
with such a recordi ng head®hich ejects a fluid other

di t n, t he essur onvertin an
$e5 e, Binon Tpdie ot Whs, LERaPRERT e OHEE! be g E P fifvent on
to th resent invention is pot limted to the
154 @?BZFget FP 2R yigl AL ZEEPTISRY P Yrar i ous ot her
actuators may be used, such as a static type
actuator, BIEhetGrals tay gaogst 6aEbEONIN I iHAY sbowanera portion
using a shape nmenory alloy. Next, a description wl]l
dﬂau@eveacohdaembndmméntemﬁoﬁhaenecmﬁdiﬂgaheaﬁoadbngdhﬁ@dto
according to the present 25 invention, by referring

tHe phk&Sen0ihhetigh 3%t bNchhi s dfﬂeé@ﬁﬁﬂ%@%ﬁ@ﬁahﬂﬁﬂér to a.

of the recording head, the present invention is

dﬂygc%ggntha@h1éﬂgd6§z e%CQEg'Qgrgﬁﬁgéﬁjqﬁig.zgliis %ross

cross section VIGM/S oW ng a por e secon
nt .of the recording.head cordin
&8&”5. TSR T O P8Ry dPT ectt &ﬁ%&%&ﬁ@oéwsﬁﬁ of
rection_in which nozzles are arranged. FIG
té‘f |r§caré%agshe%%a%ﬁé|on9| Ehe sHBYRFHgLoR dér thdRhoEREhe
second enbodi nent of the recording head cut along the
rfizzdesi anei arwmads -t hdn adgitesnarelGr rZdhgeda Hisassembled

addition, FIG 22 is a disassenbled
perspective view showing the second embodiment of the

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 elements 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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10 perspective view showi ng the second enbodi nent of
the recording head. In FIGS. 20 through 24, the
illustration of a pressure absorbing nenber is
omtted, and the pressure absorbing nenber will be
described in detail by referring to FIG 25 through
30. 15 As shown in FIG 22.°%he ink-jet recording head
t ek re.md . 0f | .pa

e orBlS BG e /e L ER R PPl 19188 86er 10) 46

zzl ate 38 and.a vihration plate 36. A pluralitf
20 BrSelh b Ry ® EREkel PR G o mBaon (e
f.l ow passage form ng substrate 20 31, and a Iurality
PdFZHSE‘iFE%l%?JC%Wi Sdti n&hei E’%P%Q%le%rllce§86ﬁ§ﬂ’ﬁg3
CE{rﬁessure-applied i nk chanbers 34 are provided in the

pZzReepl e B rafivhupabiey3ofwiilezmsipectsr to €henent s
37 are provided on the vibration plate 36 as pressure
cogmeepbhiing ehenenire—aApLERE trbl chAdbdrs 3dl.ectrhi €at sy
connected to the 25 piezoelectric elenments 37, for
BBl ¥eAd, & | MAGHRHRRabS e zd8Be et FRG LRBIe: 454k Sed by a
provided with a driving circuit (driver 1C) 46 for

[ [ L Vi vef ar a_of. the

R A e B e s R

7 displaces the vibration plate 36 with respect to
Tng5hcBr FESTRAMIRY SPocety of aif IRRPae SoRERDarT otk
In this _enbodi nent, a rod-shaped piezoelectric

RE $$-diced by a dianond cutter and separated

into the piezoelectric elenments 37 each correspondi ng
to one of Eaehprsure-applied imk clehlmieie3d 3lown in FIG.

22 is sectioned as shown in FIG. 21. A 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
piezoelectric 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 nozzle 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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10 Each pressure-applied ink chanber 34 shown in FIG
22 is sectioned as shown in FIG 21. A support nenber
41 shown in FIG 21 nay be provided if necessary.
Based on an i nmage signal (or inmage form ng signal),
driving signals are supplied to the piezoelectric
elements 37 15 fromthe d&3ver IC 46 via the FPC
tglabl.e 45. fkbnce t he ezoelectdlc e% n?ﬂt 3; £ i £
fdéPge8s T HR S(EFEOTENT EBntPackTang's trventton.
expand) depending on the driving signal; and the
T&Psﬁ?ﬁ%%ﬂe@ﬁbQﬁlmﬁ%§ E?eEbﬁlé%@Q?cfQﬂm%%§h?P37rP§us may have
transferred to the vibration plate 36. An ink drop 42
3 stejeturel $yomaxr 20 tbeFesporkk niginrdz sbog3mpyt of the
appropriately controlling an internal pressure of the
ipagesjoemapp| apgdhratkis¢c hahber i 84. thl himkpijezoekectding
el enents 37 are provided on a base substrate 32, and

abparhess subsd rial ¢1823.1 38PsRY I ded Ome rptr aEB14345hpyn
in FIG 20. The frame 43 is nounted on a 25 carri age

c%@%%gﬁ@&"‘@% A A 'r":lcQ?Ld&PIEufts %h%%{?db?e%e I mage

i mage form ng apparatus accor
fParesent i nventi on The s odi nent

e Al Rtk P e el 4l shOFp' TRofre.

of the flrst enbodi nent of the 1image form

ZQppﬁlﬂ‘a'Pu%S Phatnk Sartrddpfk- F‘éE’PPé?:%rt@iendné ngEP%t us
shown in FIGS. 18 and 19. The FPC cable 45 is
reespoceetppbiet lglkecheibakscB4cuit (not shown) of the
imge form ng apparatus, and an ink supply source 44
shown in FrG. 29,issuckrassapetbkos#l tvilcdgen aupphig&sged

the ink to the pressure-applied i nk chanbers 34.

scale showing the common ink chamber 39 of the second
embodiment of the recording head cut along the direction in
which the nozzles 33 are arranged, that is, along the
lbngitudinal direction of the pressure-applied ink chamber 34.
In this embodiment, 2 columns of the nqzzles 33 are provided
symmetrically. FIG. 23 omits the illustration of 1 column of
the 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 aahesive.
The structure 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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10 FIG 23 is a cross sectional view on an enl arged
scal e showi ng the conmmon i nk chanber 39 of the second
enbodi ment of the recording head cut al ong the
direction in which the nozzles 33 are arranged, that
is, along the longitudinal direction of the
pressure-applied i nk chamyé?34. 15 In this

enbodi ment f I § Vi .

synnetrica?F5?5%%%¥n§§%oﬁ%?gcgﬁééi?fd%ﬁfgfggﬁggf%ﬁsgdlment
| um_ of he nozz] es 33 nd, sh I ne- hal f of

e PSP ert e dor g ool RE o T ERESChgrep pghown

flow passage fornmn 20 substrate 31 is provided on

1Phglﬁgan%o4%PrQﬁ9h ﬁgrly to the base substrate 32. A

seal ant 47 also functions as an adhesive. The

struct ure ShotWG3n J0 Ghr28gbl Eghtihe didfzdies BBoshthe face

structures shown in FIGS. 20 through 22, but those

upwatr@swahe hthdavve-tke samectusetionhanpwdes gnatediby.
the same reference 25 nunerals. -64 O course, the

Bl WREH! 8c0fa i) £5049Rd enbogh pentsy, O the Efgﬁegﬁ?!&@,@

head is not linmtéd to the structures shown

g e R e e R R T
P LSSl P S0, AL L PS8 Lok

out the ink-jet recording, the ink drop is ejected
Ageprpéngly, dwmmﬁd@ibﬁdwgﬂtca%lé%.lnwfr@pdmﬁm gimiharly be
this enbodinent, the ink drop may simlarly be

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 secticnal 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 wvia 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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10 ejected vertically dowwards fromthe nozzle 33 in

FIG 24 wth respect to the recordi ng nedium 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 15 the
second enbodi nent of the ré%%Tding head cut along a

1 : A- A oL di h
dlf@%tlénAtﬁé%éﬁféI%ﬁ%nEkaFess%QQ$ggi RS Egéagb £3%s to

In a state ere nozz ownwar

that . the_ink, dr 42 | ejected vertical ly dowwards. _.
SRR TR PPBAN e 1o QBT Bt oot SRS e BT Pt pat 2it
t he _comon i nk chanmber 39 via an ink 20 supply opening,
QubSdfani cREF et uhRott8023h8S r 2ackREAtese R (B Fespactive
via the correspondi ng pressure-applied ink chanber 34
axisisc b £ c sheruetmreare sinko chaabesnd®relang dheneng3gudinahn

i nk supply passage (comrunicating part) 40. The
diresstion- tpptéet], nank behagbarasdsuslt respgneiorgles. t he
nozzle 33 which is |ocated 25 on one end of the common

i nk chanberr89 2 ong A JreBgi EHeENGhar 85l Bkl only a
thereof, may not be used to formthe image, so asS to

S R
SR 5 A PEngH AT SRBPRUSRT oMY LGP Copay PHchead

used as such du nozzles. FIG 25 is a cross .

¥ dRaF G eqd g]r%w nFRI iRy fbet PeRSFHEEuAPAGLPHRY member.
comon i nk chanber 39 and an ink supply opening 48 of
Trheddétdad, efdodiomparisbnt herpeses diFlg -heéd ishewnross

FIG 24, for explaining the pressure absorbi ng nenber
sectional view showing only a portion including the common ink

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
nezzles 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 memberxr
50 forms a damper surface for absorbing pressure by wvibration.

The pressure absorbing member 50 is not provided in
regions 51 along the direction X. Although the region 51 not

provided with the pressure absorbing member 50 is provided at
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10 In addition, for conparison purposes, FIG 26 is a
cross sectional view showing only a portion including
the conmon ink chanber 39 and the ink supply opening
48 of the first conparison exanple of the recording
head, for explaining a pressure absorbing nenber. 15
In FIG 25, a direction X% mthe left to ri ght of

zt ﬁ%cB’c%ﬁ@'o&%Jﬁ? Rapds Le %\2@ &ﬁ%& udinal, 'éfC§é0£hong

conmmon i nk chanber t he rec

fh%a#%g%t%ﬁs‘? < e, P F 5%%@2%%%3%%&2"%1[114%' "
menber 50 iis provided on_at 20 | east one of wall
@E?Fé@% of ?}F‘)f% TEFHOR kaa%a?r‘b‘érl%@teéxFQthﬁ@elwown in

the direction X. The pressure absorbi ng nenber 50
HI6r-nB>a danper surface for absorbing pressure by

vi bration. The pressure absorbing nenber 50 is not

provi ded i Gompagpdns Thealfdngt t densh riaeti ekaXple shown in
Al t hough the region 51 not 25 provided with the

FIGES 4l et R SDER M) JTERBEr pPOssSrP IMEH8A ndt mefiBe? 50 shown
| ocations on both sides o? t he common i nk "chanber 39

I h h 5
R ond B R oo
to the fir

Bl ThemPer e gﬁf&ﬂéSﬁegﬁfapr%a Byt @rPangen Bith the
the pressure apsorbing nmenber 50 showmn_ in FIG 25 is
PERSFEER 2PSNEPHIME NICThETt B85 neFORR IRy 1 KbPestaiify of
to the provision of the regions 51 not provided with
thigeprppeysar @bedydums ngmvenbe?, 56 Wonsdyrentby, plake 36,
g!c%;g;tzigé, thereby shifting the resonance frequency 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
absorbing 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. In FIG. 27,
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10 the pressure absorbing nmenber 50, as the vibration
pl ate 36, becones high, thereby shifting the
resonance frequency of the pressure absorbing nenber
50 towards the high-frequency band. Hence, it is
possi ble to separate the resonance frequency from the
driving frequency band of 1% i nk- j et recordi ng head

tl‘z'fé exushhpg iﬁ}iic!lﬁ:éso%ter E%@Eﬁi’e banshy tF RLEVEBkmon Jink

ink-jet failure caused the pressure change due t

el fe%oa%f%@;# e it e, o
50
ARSERSRIRL0 bon o e one i gl i

pressure 20 absorbi ng nenber 50 | ow, and the resonance

e HatsAnT Fesulhinrds Fﬁéelwhﬁ¥$eq@éﬁép Betdl Wanghh of the
may cause the resonance frequency and the driving
domggoenoy tlamedt B8 BlGng2¥hesdarelt@igram,f approximately 25%
expl aining a frequency characteristic of a pressure

arhangelehgthei € ommid ak ehanbegfioRS0fatt Racsesengdhe two
enbodi ment of the recording head. In FIG 27, -67 the

eqlrd@ Babiyl ﬂqéqﬁfe%&%% RT ¢aspte. (kPa) of Lhe %OEEBH by

i nk chanber 39 of e second enbodlnent o)

di b di
JFERE Ao e it B2 ERETLEPRA Rt rbilCated by the
({or ase where, of the total length of the 5 conmmon
egh ﬁﬁ%rl%g%ﬁ ong {tRE HP%EH% RTRFHECR] REEBPYS shown

25% of the length is formed as the region 51 at each

igx e £@o thadsregusagyt e dhiektilyn nedomapre pesnt Abs
may be seen by conparing FIG 27 with the eval uation
gaﬂemhtedndscshxﬁtdq/qﬂaatlgotbedrdsruhe|h1@hefré6uéﬁty band
the first conparison exanple shown

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

reduced, for example, so as to suppress the pressure absorbing

effect from deteriorating, it becomes more difricult to
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10 in FIG 26, the frequency at which the resonance
point is generated is shifted greatly towards the

hi gh-frequency band according to this second

enbodi ment. Accordingly, it is possible to drive the
i nk-jet recording head at gshigh speed, and to

i ncrease the printing speée &t the i nk-j et recording

pg?dtﬁﬁﬁaﬁﬁ& USre 51N QWA ol B i fl GredPe r tHIE HRMREE BYLEALLIon

e pressure absorbing frenmber 50 in this second

di [ i.rahbl . S C ' u egLpn, . . .
3RaenE Ehe o BBt B AL RHE 0 B TRLSOLRE, fueset
da rr surface, of the pressure 20 absorbj ng, nenber K 50
HeG R B PR ORETH | R SBRPSI | { §9 of Hig GHES, PHofOmming the
rigidity of each of the individual regions becones
demger ahafesr P ddsupEcapyse bilpRPrTit megbered8ess @nsingle
the other hand, if the thickness of the pressure
cabsénbong regbsr, 5 iis predibkd, td arosx afiflieienblgsabeorb
suppress the pressure absorbing 25 effect from
thet pi-eegaténg, it beconmes nore difficult to _68
produce the pressure absorbing nenber 50 and the

producti ontpyi&ha iQn t he Rgeaégfﬁg§g§ PG gb@ﬁefgegion

and thus the ink-jet recording eteriorates.

t het rds, by for.mng t anper surface of .the
A SREaHe g e st PB e B8 B e, 2E8e8hi b eper 50
region, it is_pqssible to npst efficiently absorb  the .

257 B2l endy (L% icoAoP: 118 SRSTIHI S ¢0 Cafr St Fection
region 51 which is not provided with the pressure

Xabg6r Bhayn nem kG 5@ 5 -at IfotheereBiaif Iheregenmapmanakrd at
chanber 39 along the direction

other locations, such as the central portion of the common 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 392 along the direction X.

FIG. 28 is a cross sectional view showing a first
modification of the second embodiment of the recording head

cut aleong the direction perpendicular to the direction in
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10 X, as shown in FIG 25. If the region 51 were
arranged at other |ocations, such as the centra
portion of the common ink chanber 39 al ong the
direction X, the danper surface of the pressure
absor bi ng nenber 50 becones_sectioned into a
plurality of regions, the'TQ%ﬂcﬂty of the sectioned

WHEHORBe1RoDECONER NigharaRfdqtle Pr eSS € 2aDSeRBLRUparts
effect deteriorates, as described above. On the ot%er

Lol ' [ .y on of
PR S ek aahosh PEREM Rty Bate0RR,ihse 20
_ﬁﬁgss re absor bi ny effecé ng beconme insufficient at

SU8HAZr B5F (P WIHTSEHRY [ Bl o8 TG LERCehaPBgyals, and
cause a partial ink-jet failure. Therefore, it is
HESSCEBPELPD Bhezanfe wiHé PegpBhtBadat both ends of the
common ink chanmber 39 along the direction X. FIG 28
is a crossIseEiGorkdl, whewpshewniing @bdortsing member 50 is
nodi fication of the second enbodi mrent of the recording

fieaed B sulapdonildhe idi £Ret bohe pas pendileyedr fHemiAg the
direction in -69 5 which the nozzles 33 are arranged.

: Son2 - i a _
Sl atbone s eyl o ubasee

GRS SRS P, AL SEBRF v Yy %% e
WRCEROPS FRoCRarBRIeoRg PIkF Fortiolh HHRPSCH bPathen
plate 36 provided with respect to the pressure-
Rﬁﬁﬂspéé“?HR1%¢ﬁﬂﬁﬂﬁ'Q@@Wbﬁﬁ 8¢ helsqwfunctione pgyshe pressure
;gyoiging member 50 with respect to the 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
too 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
associated with the rescnance, 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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functions as the vibration plate 36 with respect to
the 10 pressure-applied i nk chanber 34 al so functions
as the pressure absorbing nenber 50 with respect to
the common i nk chanmber 39. According to this first

nodi fication of the second _ enbodi nent of the ,
recording head, it is possf%Té to sinultaneously form

the vibratjgheplal @13 2BdohNS1 HEES A LS ABSOLBLOGr o

menber 50, and the pro I on process ca

i Lfie r ly, th lgidity.of .th I bratio
iR h oot o1 5rheE Re%bRe R o & tibebPoi i other
nmenber, and the problem associated with the resonance

WardsasipyEi@nertt ddie ViGREY P BiAtHpi& ity atRe BagyEded at

structure of the second 20 enbodi ment of the recording
theadnddvitual fpregsursdibpéaed onlofchaners @dopdrresponding
enbodi ment, it is possible to suppress the problem

tas shei atgtomi 51, tahel rieseordaceto bemausthd katiesonakeet
frequency of the pressure absorbing nmenber 50 can be

reltich bigdgSHESD Chitd Y howands1sier Mdhrdiggueray pPapdy
relative to the 5 driving frequency of the ink-jet

) .7 h > 5 )
ifesaiche) 'EﬂehngE tlé%b?%gﬁégﬁgeru%%Tgﬁg&NEe ﬁgggégggréggthe

t he pressure apsor cannot

in FIG 28..1n ot ds, in FIG_ .28, .the vibrati
e 38K e Bl GraheapmeTREY aivisige Herber 0.
pressure-agglied i nk chanmber 34 corresponding 5 to the
regi on 51, FafAd ¥ 6t FeFrP§St 8EAT PR eitiqvwe ShRkipgt only a
recording head using the same |ayer structure, the
dcafden foehiu@ding Hdey idomapnomnk| cham3d Mpsandl sbebénk supply
arranged at the comon ink chanber 39 as the pressure
cglendnbi 1§ cEnbesecahd 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, and 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 formed 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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FIG 29 is a cross sectional view showing only a 10
portion including the common i nk chanber 39 and the

i nk supply opening 48 of a second nodification of the
second enbodi nent of the recording head, for
expl ai ning a pressure absorbing nenber. In FIG 29,
those parts which are the <dme as those corresponding

S F 8.ar te me
R e R S S e e Bt o,
ted. Unlike the |rs ficat.i pn of, second
pIEEth P ot MRmbeE boghot et &qaflﬁ%dﬁl?c e

of the__second_ enhodi nent _shown in FIG_ 29 is provided

TFPRT Y 84t oneY SPEG ot PRaf i Hge (IR e o2u Py abgarmwg of the
menber 50. More particularly, the layer formng the
fapespaseagdsorming sebbtrats03ls fohesdmes pheseblérteo form
common i nk chanber 39, and a fixed nenber 52 is

thar regiby P o dé@d ehbirheipnesisstrbials aebbag 50eRbEiout the
50. The fixed nenber 52 suppresses vibration of the 25

nReaSSHr a2y Ul PG BEARel R @wkddinctions as the
region 51. -71 Hence, the danper surface is fornmed by

a portion gf # .S ge%ggrﬁegrgégfgza}%ﬁg%gn mggbggtso and

provided wth t

d f t f
P8 W RGE el %%ﬁ%teey 3 Ry %2%3@&6@8&#@@8 f¥hy separate
the region 51 on the vibration absorbin nenber 50

laversut thethifeddsto dhri§ BosSHN AdE fPsMathpr pERSSUre
In FIG 28, the pressure absorbing nenber 50 and the
apsbrraing rrnepmlxtre 396 byayhbes e meatdriddpesdehel yaby surface
separate

forming the common ink chamber 39, and a thickness of a

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
frame 43, must be made thin in order to

absorbing (damper} function, and a more

material forming the
obtain the pressure

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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| ayers. In this case, it is possible to formthe
pressure 10 absorbi ng nenber 50 by the sanme materi al
as the wall surface formng the common ink chanber
39, and a thickness of a portion of the material that
is to function as the pressure absorbing nenber 50 is
made thin, so as to form tHe& pressure absorbing

menber 50. y % caﬁ“%‘lé’% ggSﬁaﬁghe? f@&&{ga@e ft%"%ggo&énce

t he connDn mat er

h h
SSRERPROY KEE sk ETEs SRR BP P He (GNP PlncEPSrorarepre
a nore difficult process is, required to formthe
3HERERIRS %%%%ﬁ%.%&eﬂaénee?ieseorms{ hif®T tBaS§opcaspp, it is

d;@essure absor bi ng nepber 50 may be made of a 20 resin
dmahie plod yenii gk zcethe, shhpeh $iee,a Madweriadl andi the ylike -
conpared to the nmaterial formng the frane 43. By use

off thachressussiabsoabihbemphiess B®, adzs anhitngheerbesndce

it is possible to produce the pressure absorbing

freahehch O AT L caf %aetwferpﬂg,smr@l@,s ehLRi Y b
function by a relatively sinple 5 process. -72 ?

%%&?EHE% ' ﬁaﬁ@qﬁf %utn 8%@@§fo%%€1r§§ S Efr%s SBS:SqHSQS}_(blng

ressure al sorblng me ressur
Faor this yeason

0 ng_ef.fect IL ﬁ]% ri rates
SRR EAF T d s Loptri She SRR Lop 7B, the TRR-jet
material and the like 5 of the pressure absor bi ng
GherBEFeSESt LD 1har (ReJREsERRPER LT r efleErey EBA Beesent
shifted sufficiently towards the high- frequency band
iwvehbars detetduanchtt fkgntheopr ezmpires alfs dblsi sgcopflf emthodiment
to such a level that the deterioration in the ink-jet
of the recording head, with the 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,
that 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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characteristic is no longer to

| erabl e. Hence,

t he

present 10 inventors produced 8 kinds of sanples of
the second enbodinent of the recording head, with the
pressure absorbi ng nmenber 50 and the conmon ink

chanber 39 having different st

ructures. Tabl

e 3 shows

8 ki nds of sanples of the77ﬁKljet recordi ng head
produced, which were subjegfgf.t9 ink-jet tests, with

the 15 follow ng evaluations A and C nmade for__each

stamille NPhe | BlaVahie ofx AOWa$ [mileluatéwval Bafe BEshduation C
mutual interferencez.0that is,| whethey or not the A
presspre absprbing mepher 50 |[sufficignily Tyinctionsy

The evyaluatipn CWwag_ pRAE 10 evaluare, the TMR-Jet 5
Stabi ity at higE dEtgbng fre ugnfleix+£hat iS;—26 0
absor ;ngl ;J;b;?CEBC? ”gu;fi”ient!y %hiftgd t owardst

the hPgh-frehuency 2paRd_ 25 173 Tahl® 3 Sampl e No K&

Val ue’ (X 10-13Fval udtP8n AEvalluation @ 12, 010A 21. 5280

31. 0470 45.4Px0 53.9330% 62.980x 72. 03DA 81. 0700 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 the printed sample.

In 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 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 stability. In

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%
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The eval uation A was nade by actually nmounting each
sanple of the ink-jet recording head and printing an 5
eval uation chart, to judge whether or not an inmage
abnormality is generated in the printed sanple. In
Table 3, "0" indicates th%t no i mage abnormality was
detected by the evaluayioﬁ'A'Tor all of the nozzles
o33 ther nehanee! : , (crAchhfAfdLE8f €s that the image
abnormality was detected by the evaluation A for 10%
or 10 | ess Q?VHQ?Z I, ' S nd - X"

%ﬁé&ﬁ ; Eﬁg %éli&hl $QH£§E L&gge% %%c%ﬁd as

i ndi cat es e I'mage abnor mality was

h luat i Af th 10% of th I 33
EOREHERnET S5O e BRKoPe TEARFAh @ FaFHat Lo Ehe

was made by ejecting the ink fromeach sanple of the
SVaRkUpELoRecraithG-head by itself, while varying 15 the
driving frequency, to observe the ink-jet stability.
In TRlle BotdD"léngdihcakedm) haf ithee dommonetingt abahbéy 39
is maintained for all of the nozzles 33 (or
atbagnehs)dirdtidmdi;cates that the ink-jet stability
is deteriorated for 10% or |ess of the nozzles 33 (or
channgdg)), .angkn Kad N CakesnOudfiad s the Fapk- het ¢
stabilitQ IS deterioﬂaged for nore F%an 18@6-74 o?ethe
. C l.s) «nFurthernore,. the.foll ow ng
p&%é%%e%%é%@é@%@ser g?r:ﬁ% W et actars \%ﬁpcg’ may be
regar as affectjn he _evalyations A and C_ 5
sm)SdF%gi)afE%%t#YL%mé npfothe AR AR RE bR 39

along the direction X; SF12) Length Ldx (m) of the

DIFgRpEES sapfaing mepber 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

50 forming the damper surface.

The above structure factors SF11 through SF15 were
regarded as variables, and al, bl, cl, dl and el were regarded
as fitting parameters in the following formula and optimized,
éo as to obtain a parameter Kl which indicates the performance

of the pressure absorbing member 50 by taking into account the

pressure absorbing effect and the adverse or side effects of

the resonance frequency of the pressure absorbing member 50.

The value of this parameter Kl is referred to as the K1 value

in Table 3.

et e AR
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pressure absorbi ng nmenber 50 along the direction X
SF13) Length Ldy (m of the danper surface of the 10
pressure absorbi ng menber 50 al ong the direction
perpendicular to the direction X; SF14) Thickness Td
(m of the pressure absorbing nenber 50 form ng the
danper surface; and SF15) glast|0|ty &d (Pa) of the

pr essir e aksorbivag - enpert k5Ta® Kkosating the danper

surface. The above structure factors SF11 through SF15
were regarded as variables, and al, bl, cl, dl and el
were regarded as fitting paraneters in the foll ow ng

formul a an 0 t| Qbt.ai n _a_par aneter Ki

whi ch i ndi at‘gs t % FPaF ERe KL e REPRPBELaF oL

) Bsorblng menber_ 50 by taklng i nto account the

1hAesetrR HR RiedmerFecPL abe (R ssnrer sbsarbinggnember 50
effects of the resonance frequency of the pressure
whBBoFbe nfl Heitte pagemetThe whl Uelofclhidd padasibteerdiset to
is referred to as the KI value in Table 3. 25 -75- K1

at Exel, xbldxWdl, xileydl, #1Tdd+0X3 Giell €1t =wa3.f ound t hat
the K1 value appropriately indicates the perfornance

of the pressusf, akseebhngrsRMbs1S% Eth\é{%e@hghsréséﬁfélg
paraneters al, bl, cl, dl and el were set to " al

?lsorb_gm Céff'ecgqh o‘%l th 5 grésggfje eéb orbl_L Iﬁe@?%(e(tﬁo Skseé]omes

romT Ie 3 at t ressure sor ng
hlgg RLERSH I?lb %ﬁ%E”QSWEQPEé, %utbet%e adverse or side

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
approximately 1.0 x 1073 to approximately 2.0 x 107, that is,

when the following relationship is satisfied.
1.0 x 107 < 1x! x Idx x Ldy x Td%3 x ¢d?! < 2.0 x 10718

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

such a recording head in a carriage of an image forming
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hi gh when the K1 value is large, but the adverse or
side 10 effects of the resonance frequency of the

pressure absorbing nenber 50 beconmes larger. Both the

eval uations A and C are satisfactory when the K
value falls within a range of approximately 1.0 x

10-13 to approxi mately 2.0%™10-13, that is, when the
dpblawi;g relationship is satisfied. 15 1.0 x 10-13 <

X 1 x Ldx x Ldy x Td-03 x Gd-1 < 2.0 x 10-13

Ther ef or e, Is fr t.;he above _eval uatjon
resul ts th%.i%xgif%%¥%%%g§§ni% T ets :%?%EFngsF?EsédmethOd

n_be. opt ai ned even whe arryi ng.out a hi gh-speed

EBEPIIRTS HyF cmsoash REPPHLTEAT Uk die SeCalyion e
second enbodi nent and the first and second
peareinat fondoPnasenseibrantei@odi nent of the

recording head, and that it is possible to record an

i mge havd etackedyipipzotlieetgial e tgmeatt , awhiigh speesed as a
by providing 25 such a recording head in a carriage of
padskBgecdOfditithy feadppal athSnddNeXdn =2 sdepekt PEI9S:rate

wi Il be given of a first nmethod of producing the
sasendussbodidrenty ghakhger in . di
(the pr esent invegtioﬁ% ng%%%gc:%gk%fgggéﬁggg%iéggsfcby use

I i.ch_.is used as pressure cqnvertin
o%egﬁggﬁ?%mg%hdéﬁﬁﬁﬁlgesu%%%r? %ﬂ%@??éf%%ofwggelg the
substrate 32) nmade of Special Use Stainless (SUS) by
DI6200 LFC o SRRt PHRES | 96, 2 AP % Pabv e 5P sap oFprPmm a
in the piezoelectric elenent by use of a dicing saw,
Piszagleetfigt plegment 37 which is separated so as to

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
actuator unit.

On the other hand, a nozzle plate 38 and a
vibration plate 36 which are fofmed by electroforming, and a
flow passage forming substrate (ink chamber substrate) 31 made
of silicon is formed by etching. The nozzle plate 38, the
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
substrate 31 together. A top surface of the piezoelectric

element 37 of the actuator unit is bonded toc a back surface of
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10 piezoelectric elenment 37 which is separated so as
to correspond to each pressure-applied i nk chanber
34. An FPC cable 45, which is used as a conductor
menber, is connected to the side surface of the

pi ezoel ectric element 37 whj.ch is formed wth the
groove, by soldering, so as’ to forman 15 actuator

tHal Lip@Atibe GINQ ARG, af BEZE S dAli®38 and a

vi bration plate 36 which are formed by electrofornlng,

and a ro g&&&gg%_fors esuggtﬂateéé ¢ gboﬁ937 T

substrate) 3 rconis

he n | at e 38, vi bratiaon pl ate 36 and the
B Boes SROThrHasy tEaBEo ot e STt G s T BAGRSaHE
stacked wi th high precision, and an epoxy adhesive is
shiosTtEEdside cberaaft-epndca fepboref thamhdsz ferpedt e A frame
38, the vibration plate 36 and the fl ow passage
nfepbgirng3 $absadeatef 3 resdst And . has taap cperfiagehatrihbea
pi ezoel ectric 25 elenment 37 of the actuator unit is

lkewrgedofo2a hacknd W WAaehobs- 772 the prdvialedontphaténsfal
by an epoxy adhesive. A common ink chanmber 39 having a

|
doRgbh 8k §1?e FWQJIla et EQG och erccélbngygj ; &% eRbmbar 39 A

Iength of ong t er eo and

nm | forned A r 43 i s _made

%ﬁ re5|ﬁe%ﬁ% %%glgﬁvéﬁgn?ngﬁﬂﬁ%q zgnﬁphlgfag%ered to
nd a width of_ 1.2 pm provided at a centra

tES% ETGHE FERET Wi 135 P FaBBOBANG her% drftfo HPARUERaRBEPLDing
39. A polyam de resin filmhaving a thickness of 20
msbes - adRet 2dfxane meabprafd henperdeB cat thikebeplnsugface of
as the pressure absorbing
the vibration plate 36 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 out
without generating a deteriorated picture quality, even when a
multi-printing was carried out by ejecting the ink from all of
the nozzles 33.

For comparison purposes, an ink-jet recording head
having the 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. In

addition, this ink-jet recording head was mounted on a printer
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10 menber. This frame nmenber 43 is bonded on the back
surface of the vibration plate 36 and the end surface
of the base substrate 32 by an anaerobi ¢ adhesive, so
as to formthe ink- jet recording head. The ink-jet
recordi ng head which is produced in the 15 above
descri bed manner was mount¥®on a printer and print

55%3%%1ﬂfr€e§fgrdé¥é %ﬂ&raé?hg?EeSQQ%ls e%ﬂ%tpgfn£h? gfint

was confiTne a sa actory prin

R o R LG8 s

carried out ej ectln% the ink fromall of 20 the
o gepesatad ¢%fuﬁ%ﬁﬁ& -dBH- pur poses, an ink-j et
recordi ng head having the polyamde resin film
adher ed at Theropsrd,ng twwashcohftrrmedittatofth®7 imn-3e
mmand is provided for the entire side surface of the

cheireenet bt L aid eimpIdvedaby ptody cathorld edboddfleht OBF the
this ink-jet recording head was nounted on a printer

re3raffgPhésd dRTRIWS’ €oCRET SEL MU Asfeat&eﬁult of

the print tests, it was confirmed that the

deteriorat %x@' éLHeesc‘}lH%lt&B}{ wifl 950 Og‘:t% d ?het hS

printing. erefore Was contTre 1 Jet

R O BTN 19 50 SRELOR PR e O £BEnFoco g

i nventi on. hbxt a descrlptlon will be given of a
hee€oAGCORBIID - DSy FEEERRE LRESRE®hd enbodi ment of

the recording head according to the present

i nventi on. A stacked piezoelectric element, which is used as a

pressure converting means, is bonded on a support substrate
(base 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
piezoelectric element 37 which is separated s0 as to
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
actuator unit.

On the other hand, a nozzle plate 38 and a
vibration plate 36 which are formed by electroforming, and a
flow passage forming substrate (ink chambef substrate) 31 made
of silicon is formed by etching. The nozzle plate 38, the

vibration plate 36 and the flow passage forming substrate 31
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10 A stacked piezoelectric elenent, which is used as a
pressure converting nmeans, i s bonded on a support
substrate (base substrate 32) made of Special Use
Stainless (SUS) by use of an anaerobic adhesive, and
a groove is fornmed in the_;ﬁ%gzoelectric el ement by
use of a dicing saw, so as forma 15 piezoelectric

£l Rt t34nvhi £Hq | St opaAr ated ﬁi’gl@?fé?:iﬁ@hr esRANdnt 8poxy
each pressure-applied ink chamber 34. An FPC cable

égheéwggcﬁsi§p§%§%€?§)%?%$ﬂqHEnga m%$QXHk§t%%n ?E%ig plate

to the side e plezoelectric elenen

[ is..forped wth e_gr.opve, sol dering, sQ as
' EevARESEIEE At nARa BHE, £Ew s g oRin
nozzle plate 38 and a _vibration plate 36 which are
FHSrEGtHy 3é1 BRI Ay tornguatase v pdes Rgezpelathgic
substrate (i nk chanber substrate) 31 made of silicon
dlemepitndd by erehicipatireundizie pirdesl 38 at becR5surface of
vi bration plate 36 and the fl ow passage formnm ng
tSebstibatieidn plStar3s pysikhi epedy asndhediacked with high
preci sion, and an epoxy adhesive is applied to each

interface hocgﬁﬁﬁhtfﬁk'E%éﬁb%rpbgtﬁavfgﬁ éiT%ﬁgtﬁr@Eigﬁ mm

plate 36 and the flow passage form ng ~ substrate 31
. ; th ' el ic 5.ele t
R e A R S e A CRE e
he vi bratio late 36 b n_epox dhesi ve. A commpn
T CERaRBOr SUEFERANGTS FeRGPRhoFE 3 HimiSaltoRgetine A Trame
| onger side thereof, a length of 2 mmalong the
SHBEre A 3si 8emifR o rafdnaapdphds Gin [opRRing hevied. a A

frame
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
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
recording head was produced.

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 out
without generating a deteriorated picture quality, even when a
multi-printing was carried out by ejecting the ink from all of
the nozzles 33.

Therefore, it was confirmed that the ink-jet
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10 menber 43 is made of a resin and has an opening
having a length of 25 mMmmand a width of 1.2 mm
provided at a central portion of the wall surface of
the comon i nk chanmber 39. This franme nmenber 43 is
bonded on the back surface of the vibration plate 36
and the end surface of theé%4se substrate 15 32 by an

HaRaEeRECsaihes Vg 3ReBShY Ot ROY Sleddift QREBUAGhP bPChe
frame nenber 43 by the vibration plate 36, and the

1.nk- | r.di d r : L.ak-j et
15T RS IR i EnB RPN plvens3ta.

descri bed nner was nounted on a_printer and print, 20
fests wer e RarFael SUCEIASTY FBe Rats fre gRERper increase
tests, it was confirnmed that a satisfactory printing

then TBECEALRY etPenft and £HsGhegeHmr AT Ghe @érsnrer geebity of
picture quality, even when a multi-printing was

thar reedrded lwees edt ithg the-jek feamding ebpatheus, it is
nozzles 33. 25 Therefore, it was confirmed that the

podlsipet 80 LhadGiRireskbCths AP RUWLd iyukbhty 58CORE ink-
enbodi ment of the recording head according to the

Ah-€ j i . n: t
PPN of ) koL st ann s ST e

Jd npr.oye the picture quality of 5 the recorded inmge
5 Pﬁé i Qfeﬁn3e55¥%ing apparatus, it is possible to

ei ther increase the driving frequency of the ink- jet
recor di ng R4 T (B ShEREasElvHed Gy RbziPEsink-Jet
per ink-jet recording head. However, when the driving
recegdéneyhead tie ingksased, the pressure in the pressure-
applied ink chambers undergoes a complex 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,
when the number of nozzles is large, the end portion of the
common ink chamber along the longitudinal direction thereof
sometimes 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
chamber becomes large towards the end portion along the
longitudinal direction thereof, and the effects on the
pressure 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

words, the pressure behavior of the pressure-applied ink
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10 recording head is increased, the pressure in the
pressure- applied ink chanbers undergoes a conpl ex
behavi or due to reflection of the pressure propagated
fromthe pressure- applied ink chanbers to the comon
i nk chanber, and it becones _ difficult to accurately
ej ect the |nk drop. On t he Bther hand, 15 when the
d]iéﬁ%%ﬁ:soﬁ.snaj'@f@&ﬂts de%ﬁ@&n& hgn ende &9{%_'&3)' nOb £t BEch

conmon i nk chanmber al ong the”l ongi tudi rection

SASLE0L BOTPLLBS, NS0 Loued Shaps Ofdgfﬁggmu to

SatIS eject alr S|ntec

chanber.. . But becau e of the narrowed shape, th
AHELSTH 8T ERENGR AP Y rESc BRASAUF RICSE Eirintod: abdcefeshe

| arge towards the end portion along the |ongitudina
RiSeEEEPoAPPhEe@ oMk sligmbresef f Bex stivks tieasopredbuie oot
the pressure-applied ink chanbers is larger from the
ey pestranléhiam suppresst the poesswre afhdarye damabhe cokmon
chanber along the longitudinal direction thereof. In

jetkhehazbewprigist 1% PleeseHbee bebaMhrefs e differences in
pressure-applied ink -81 chanbers is different

tggperdkag, anci ep:;o%ft 'tﬁ@ f:eg?w?/ dl%l Ciﬁtg %n@pehbﬁﬂers

i nk”chanber, an i s ext

[, .th beh . '
ABRLTCLR! B, Z°$Js"l&ltone gESERY S B elon?

s not 5 only desirable to suppress the pressure
‘%ﬁﬁh &5rn the comon ink chanber, but al so desirable
to suppress the differences in the pressure changes
of the pre3suereppl cyrprrsehngbers pregmarmd ebenge in the
the positions of the pressure-applied ink chanbers.
common ink chamber by providing an air chamber in the common

ink 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.9~14185é
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
Japanese Laid-Open Patent Application No.2000-301714 proposes

providing an elastic layer including a piezoelectric element
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10 A nethod of suppressing the pressure change in the
comon i nk chanber by providing an air chanber in the
common - ink chanber to function as an air danper, has
been proposed in a Japanese Patent No.3069477. In
addi tion, a nethod of absorhjng the pressure generated
by the ink ejection by using 15 a porous or cellul ar

8l askl eor@ber i@t dHmal, | 8aat aBsPRSIdPheObER8LEBKLy
chanber, has been proposed in a Japanese Lai d- Open

Barent Rop PSR NG6 rhrli BT R PG r%‘g’g%sure of
R RBBPO R (ARG, an ol asti c monber between t he

pressure-applied i nk chanbers and an energy generating
part to sEEYEVR+ REWPaFIag ERakherneitrd peopeareninnkhe
chanber, so as to use the elastic nenber as a danper
Joapenksenbetenta NQJ.@oPd5d , Lahd- SpemtPatferti rAppkhiat tha air
No. 2000- 301714 proposes 25 providing an elastic |ayer
dhagibeai BgnAcPi ey aelRriteired Blefesdl f SZirid) ithesCamPicult to
i nk chanber, and absorbing the pressure by driving

i@ tRk 8Z Rk Cqirdsr @rgRRt rdepgnihing (k- lhe o' %tiﬁg re 9fnce,

the common i nk chanber. However, according to

ret.ho ' apanese, Ratent No.3069477,
T SICASRER0ERF L] Rl 1y 2080828, Tl Ul PR LY neno
recovered by itself, and it js difficult to,  maintain
"ERE Lt SOF f QARE B oRgPBRF 1R TremenePerBRes.

it 1S necessary to constantly control the anount of
rEGesgard 1 FHRSF tHee CRTEYcRukbarch pytcantredy i agd the

el ement becones

proposed method is difficult to realize or becomes expensive

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 separated 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
material, and the ink-jet recording head becomes expensive.
In addition, according to the method propesed in
the Japanese Laid—Opén Patent Application No.9-141856, it is

necessary to secure a sufficiently large area for the damper
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10 necessary in order to carry out such a control, and
the proposed nethod is difficult to realize or
beconmes expensive when enployed in the ink-jet
recordi ng heads using actuators other than the
thermal actuator. Moreover,_ the control itself of the
anount of air within the &% chamber is difficult, and

chRrbBe #hlos@PArd) efbtafinom LHer fkfe W AR MRYFEBLET But as

within the pressure-applied ink chanbersS and prevent

t Ss e - [ Lnk.chanmbers

4 Ao Eer BAE el el RS P AR e SRR o
failure ogcur in rst cqi . According to the .
RRTRBALPF G Faph £e] 63HERET BRF MRy Jegbn i Pheantand it
Application No.7-171969, an additional process is
hesgtee el 5L grlvitde fora Bbroaemen gl @hambelrayhich can

material, and the ink-jet recordi ng head becones
egeptnsheeait rowddias eatiafeotdinlyt o t he net hod
proposed in the Japanese Lai d-OQpen Patent Application

No. 9- 14185BurtheinoredS akeee8saf Yt d Lt od proposed in
sufficiently large area for the danper -83 chanber in

t@led %F’Eﬁeggt@éirﬂ—@p%%f %%%Eﬁet;mi?%tvﬁr{ ﬁl%:.ﬁo%t—:aé’fn it

resul the degree of freedo e shape of’

{185 FRTDE L0IDEC A B AFRLones HEGOIESce ac o

Ficl ecore Icu (
R R I T
proposed in the Japanese Lai d-Open Patent Application
PYevagded- 8ddiirnglily ite gpptrellthe dicmeedeltriie element.
pi ezoel ectric element so as to effectively absorb the
Qonessueet landtle contucdlirencf thustinde-jet recording apparatus
becomes complex and the ink-jet recording apparatus becomes
expensive.

Accordingly, a description will now be given of a
third embodiment of the recording head according to the
present invention, having a reduced size and cost, and capable
of 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.
FIG. 30 is a perspective view showing the third embodiment of
the recoraing head. FIG. 31 is a cross sectional view showing
the third 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-

B in FIG. 30. In addition, FIG. 33 is a disassembled
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10 provided additionally to control the piezoelectric
el ement. Consequently, the structure of the ink-jet
recordi ng apparatus becones conplex and the ink-jet
recordi ng apparatus beconmes expensive. Accordingly, a
description wll now be given of a 15 third

enbodi ment of the recordiﬁ§4ﬁéad according to the

p@&gﬁseﬁl{r@v\emw AhowlAY! BHe ack LAY CEEh R i4RnANE FCRRL r@éwrdmg
capabl of inprovingthe ink-jet characteristic.

ht%%acraﬁa'ﬁbv%eag agbueple D8 HiUf danhad geegbr%mn

e’recordi ng errlng to

20 FI G, 30 j per.s tLve view show ng_the thlrd
elfbsarnent B OFiﬁswe%PeXa?ﬁ?ﬁgfﬁ%& BYtEoms FUrE g chageof
sectional view showing the third enbodi ment of the
Ipeébiai H@lﬁéa%nk&s‘ilm&rl%ngf athe neegordinon hepd, 3be preisent
FIG 32 is a cross sectional view showing the third
iswbotioents ofpplHied ¢oordi hgkhped wraoralimgghaabi.ne B 25
Bin FIG 30. In addition, FIG 33 is a disassenbl ed
- 84 per spethé imkrijew Feewratng heeddidrbwnhediroest 96
the recording head, and FIG 34 is a perspective view

t3ReWLAT3 8 Vibratdon robat Bashoy fcﬂ:‘nﬁ,lng sﬁ%s\ékﬁ‘é@dml made

froma bottom surface thereof.

oBMIOdi B0l of,dha 1R90chneshead Jg RLeseRt 9. soz,

|nven n 'S 0 an'in Jet Fecordin

i nk- record| head shown in FIGS. 30 throu h 33
Pﬂfﬁafﬁhaésoa 3 IR SE585F oP i R SkeSt PREE2961 PAREET of

a single c%fstal silicon (Si), a vibration plate 402
shpebrded dhla ansher negeiacelate t4HE3 Mhdwhpassprgevide on an
form ng

upper surface of the flow passage forming substrate 401. The

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 respect 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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10 substrate 401, and a nozzle plate 403 which is
provi de on an upper surface of the flow passage
form ng substrate 401. The flow passage form ng
substrate 401, the vibration plate 402 and the nozzle
pl ate 403 forn1pressure-ag% ied ink chanbers 406 and
a common i nk chanber 408. “h nozzl e 404 which 15

Hie@6bI cdiri ke TR CATBUALCAL €514 O R PantiR81 conversion
pressure-applied ink chanbers 406 which forns a flow

&%ﬁéﬁgeasvié @e%lg?@fgg,cggggFé Cﬂ)%t%[‘ &a%sgggfeﬁggbsyggte 413

comon | nk cha I es e 1 nkK

N T A ERE RN

flow resistance portion. A stacked piezoelectric
EreéfeRf-412 is provided wth respect to each
pressure-applied i nk chanber 406 on the outer surface

si de of thé pabraticn 4pllat és4pRovided berween tlwe adijdeent
opposite to the pressure-applied ink chanber 406, as a

e spueesspel geneirdd ichgmbeansi(er actugirtMparsionThes is
-85 piezoelectric elenent 412 is an el ectronechanica

YRRV B8R e@tw@ér?r@}tac%%ti piWeb1 koown, e"’lrégrﬁb%ﬁf pxed op 4
e

a base substrat 13 which is made of a highly rig

SRRELA SHEL AR AIRIALS Rhe SELAN LS f18.PATH! LAY

als provi adj acen

essure-applied ink chanbers 406. A _support portion
FrRSEenhy o) RRFIAIAREER ) SEERt TR REcErPaected to a
el ements 412, at a position _corresponding to the
St ohablzculin dilsiag Eabbermentits ipi @ézeembcehape, so
el enent nmenber is subjected to a
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 piezoelectric
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 fxame 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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10 sem -cut (half-cut) dicing to formslits in a conb
shape, so as to formthe piezoelectric elenents 412

by every other teeth of the conb shape and to form

t he support portion 414 by the teeth between the two

adj acent teeth formng the piezoelectric elenents

412. The support portion 44 and the piezoelectric 15
rire@Rahptd 2 BYerdhe SRRBeSt AUSTLN Gadilinst agiﬁ PROLins or

portion 414 does not function as the piezoeleCtric

b i ; \ Ui ed
FgPERhyIoke PEOAMI . BO OFRULIG MIAGG. S0P i

i pher al i f the vibratj 402 b
e v BBt Wnclires"and BhELLOM Pl iRt oYt nozale

which forms the common_ink chanber 408, is forned in
QGHEVRL AL AR RRTSagEs 40Pp SR PressusaTapplisdppny chambers
openi ng 416, which supplies the ink to the comon ink
dd¥vanbdr tHO8itk omply passade, 403 dmwr Medmed tthethér Ahew
menber 415. This ink supply opening 416 is connected
Hags3geafotnikng Mt raeur 201 (Hetcshopmg SwehaasaaisbPkopic
cartridge. 86 For exanple, the frame nenber 415 is

JrRAengl cE8PXYi AP RS REa1P8k YPESOVL 8018 Skl Lntd@@;ya (110)
the like fo

ej ection nol di ng. Hol'es, grooves an

LRg zl e conmmunicali on. passage 405 he
s T R R R SR e e
suppl ssage 407 are forped. in the fl ow passage )
Wgﬁﬁﬁﬁﬁﬁgﬁﬁ%ﬁ A5PHhy SeAFFYPIy ARt CRNTSRY sBt Fdprrial

etching of a single crystal silicon substrate having a
qthew) thepysibicwyy encht penstabrlrparstaslabhde et chant

such as potassi um hydroxi de (KOH) solution. O
pbotiosendachiver fcal photosensitive) resin, may be 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
than nickel, such as other metals, resins, a stacked structure
of metal and resin layers and a stacked structure of metal
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 pm. The nozzle plate 403 may be made of a
metal such as stainless steel and nickel (Ni), a combination

of a metal and a resin such as polyimide resin film, silicon,
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10 other than silicon, such as stainless steel and
phot oconductive (or photosensitive) resin, may be used
for the flow passage form ng substrate 401. The
vibration plate 402 is made of a netal plate which is
formed by electroformng, for exanple. In this 15
enbodi nent, the vibration plate 402 is nmade of a
ot ekebombiMhatiphad® haH RAtar2al ayeristiiie WhPodiment, the
However, a material other than nickel, such as other
S [ St-RLK trk angd. .
4§§§%$ F%§E§s@g%&ﬁ% stacEghﬁs?gﬁ%%%;égéﬁquyéger Pg§%?s}s
e,.Us he .vi bration.p] ate 402. 20 Each
o8 e ok iiony Ch20iBr S aheTiane (62 nner shape)
Cﬁg;};ure-aggléﬁg i nk _chanpers 406 is forned in the
eROBELE e* D I"a% Brafe PRTHT PR Yr FPIOFPRGkPNAY bigyder-
10 pmto approximately 35 pm The nozzle plate 403
Shapeheoknde aWPEPXimEtsl conehshapsi ajurleshadt bk nodzle
nickel (Ni), a conmbination 25 of a netal and a resin
dlaoketes pol yheidek-rieti mitiel iy sppiccmatedy Q0 8m to
conbi nati on of such materials. In this enbodi nent, the
dpprokemptal e #3m.s madeaeh doNimkels MY 8628481 404, the
which is forned by electroform ng. The internal shape
kAN S he.nqz 40 .a
I%%F%thggé,Q%%g%ﬁ%?%%%%ggy?ié%gﬁhééQQS%%?@%f an
approxi matg cone-shape,. such_that.the nozzle dianeter
on the inkgjgﬁt%ﬁcﬁ?é%?%?ﬁgrgﬁyﬁﬁiiﬁ I @ nozzle
a roxin?tel 35 pm I n each_colum of the nozzles
SHGA2CEh8 Az o plate 4PPangat diSqa et Brérce 5hrom
dpi. A water repellent layer is formed on a nozzle
which the ink is ejected, to ensure that the nozzle surface

repels the ink. The water repellent layer may be formed on
the nozzle surface by a known method such as plating and
coating the water repellent layer. More particularly, PTFE-Ni
eutectic plating, electrodeposition of fluororesin,
evaporation of evaporative fluororesin, and baking after
coating silicon resin or fluororesin solvent, may be employed
as the known method. By selecting the water repellent layer
depending on the ink composition or characteristic, it is
possible to stabilize the shape of the ink drop and the ink-
jet characteristic, and obtain a high picture quality.

The piezcelectric element 412 has a stacked
structure made up of a piezoelectric layer and an internal
electrode layer which are alternately stacked. The

piezoelectric layer is made of lead zirconate titanate (PZT)



10

15

20

25

10 surface of the nozzle plate 403, that is, the
surface from which the ink is ejected, to ensure that
the nozzle surface repels the ink. The water

repel lent |ayer may be formed on the nozzle surface
by a known nethod such as plating and coating the

wat er repellent |ayer. NbF@%ﬁNticularly, PTFE-N 15

Hat et gctﬁiéhi#ags S epbkedenosiiy oy ﬂﬁn@gﬁ%‘bgg‘é?%@ately 50

evaporation of evaporative fluororesin,

t tl j A i.n or fluororesin_.solyent,
Bl 2he ER8) L, R R et h o s Bost ARG he
g@ er.repg%le t | ayer depending on_the ink
B ﬁrBS%PJi“i ] &G 8r FELFEDNeTE G5 SByS3edsiBre 1B
stabilize the shape of the ink drop and the ink- jet
eRataerer Foe i integmalopilarhradai bty tance adtarhayelThe
pi ezoel ectric element 412 has a stacked structure
agmadectpdotlecipriezddlyetbr an tay esuafabcarlicattebdal (external
el ectrode layer which are alternately stacked. The 25

i eadeleatsl Celattiiodey BRECa Ofolst AIdGIRREE and a driving
titanate(PZT) -88 having a thickness of approxi mately

leQ;;nQT 9 Qi%%d@toeltgeégf e_lg;gi‘:tlaé@eg gﬁagg%lﬁkﬁ?kgﬁla}e 417.

el"ectrode layer 1s nmade ver p
V] a_thickness, of ;several p I.n _addition, the
I?I%t Efqgg U e‘—ic[:t’prrlol(%:1 Ilz%]feFéalgﬁ%r aﬁ%r?af‘?ic% %OCSHH&?%JB and
electricallé to an end surface eleptrodeﬁggxternal or
I

SXRANGi BYathel U TEEE)-OBnanY FRRH A &t thgePigagebectric
driving signal is supplied to these electrodes via an
cpgprephbt &2 Agvingrize ppeassleet abpl ¢adstianit offadBar 4Tige

is made to contract and expand by the contraction and
réepanteonrdd d¢lwenepiteAde| egpands 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
portion of the wall surfaces of the common ink chamber 408.

This portion of the wall surfaces of the common ink chamber
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10 el ement 412 having a piezoelectric constant of d23.
The piezoelectric elenent 412 expands when the
driving signal is applied thereto and a chargi ng
takes place, and the piezoelectric elenent 412
contracts in an opposite direction when the charge is
di scharged. 15 As shown in%G 33, the common i nk
a8k ndQ8yPaghe &itReHABAULAEtSMARLE WRI1GNbESreferred to as
el ongated, in a plan view, in a direction in which
t r . ' i_n ha r 6 .(Or..-n0Zzl es. .
D e R il i B P ? #ich omits
ressure-applied ink chanpers. 406 are arranged, wl|
S BOBETRE e Her Goathe BUrEhRIAAAC GIEBEhFEnibR, the
t he common ink chanber 408. The vibration plate 402
fsec F1bsrhbor halfdae 43dr faetudds tHEGR Eostiiengppl? eand
i nk chanber 406 fornms a portion of the wall surfaces
Wiint pertoomeniihk dhentbickOgor2toriEhid22pentd theothihe
wal | surfaces of the common i nk chanber 89 408,
goatciedsby 28 hgawd imtippfopi At Ee AP Zredtdrgier ehepeednt® plan
as a free vibration surface 421. As shown in FIG 34

WG 2081 §Se ADSRUL 1ANS PRPSELeO O RS tending in the

pi ezoel ectric elerments 412, the “free vibration

rf. .4 LN es thi portions, 422 and 5 LN .
e PRRIAES LSRR B e PREMR AR ReY PR 1o wnis

ortiopns 423 have an appr.oxi mtely regtangul ar shape
By DR v Traaon tlhPa 0P R THRCK A pOCEaTEgRRAde up

extending in the Ilongitudinal direction of the conmon
qfhR@ dpipbEr A0B. then thAick peaseons W23 idscatlicamepl Byeall of
402 has a stacked structure nade up '

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
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
piezoelectric elements 412 of the ink-jet recording head
having the above described structure, the piezoelectric
element 412 which is applied 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,

As a result, the volume or capacity of the corresponding
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10 of 3 layers, and the thick portions 422 are forned
by all of the 3 layers of the stacked structure,
while the thin portions 423 are formed by only 1
| ayer of the stacked structure. O course, the thick
portions 422 may be forned 2 layers with the thin
portions 423 forned by 1 I'ayeér or, the thick portions

pk%s@%@enﬁﬁgFﬁbé‘%HTE@hQ%bérl@U@réh \ﬁé& khey ?%? ressure on

portions 4 formed by 2 | ayers en a d pul se

t%%'&ﬁ ew? Bfﬂﬂ&% 18 §h¥e2$%%;léé)fﬂﬂ) teg%gggﬂ¥% the

i's Se y ap e plezoelec

412 the ip ecordln head 20, havi ng the above

14k CRPBetS StTSS Er O b P RAHES BPdrbaL AGA 2o
which is applied with the driving pulse voltage is
cgbpratld 1mkaieteisgedrAaBddi rection in which the

| ayers of the piezoelectric elenment 412 are stacked,

and the vibsathennd diseej40Reds def dmkegressare within the
direction of the correspondi ng nozzle 404. 25 As a

preselite-4Hsl Vol Utk ehafBRaciy fcAdites9r BAGPANSL fht
90 pressure- applled i nk chanber 406 changes to apply

n%b%%§9&epﬁébsﬁf53 eﬁb&%k@d“ﬂﬁjﬂﬁ?%§ﬂ§ é@FQhESd?Eéiied ink

chanmber 406, and drop Is eJect rom-t
p i R ozzle 404 Lo enable e in
c%%@%§%|%gg(§%%s RES k3 8 ejectlcr ﬁﬁ? E pE%%%u?%@te’
tg% g t he pressu % gglled i nk chanber 406
cVEREREIOR R S 40gh et HERRL R 6t b5t edgipalsposition and
enerated within the ﬁressure applied ink chanber 406
ePrBSPREPTaRPlofed Raki Akanbewy, 404 nevivgnst dpeitstemiginal

vibration plate 402 returns to its original position
shage when the application of the driving pulse voltage to the

piezeoelectric 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. 1In this state, the ink is supplied
to the pressure-applied ink chamber 406 from the ink supply
opening 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-
applied ink chamber 406 to eject the ink drop, the pressure

wave generated in the pressure-applied ink chamber 406
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10 the pressure-applied ink chanber 406 returns to its
original shape when the application of the driving
pul se voltage to 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 fﬁ@’bressure 15 applied ink

dopithin C1 ssure 15 applied |
p?ﬁgggﬁggégg%-%%plgiEehédhoiﬁnghghgltﬁ%g?éﬂgg6d8?P’gﬁw PhbCthr Supply

' ' h n i h 08 d
SBUBA BP0, .y SRR T LB 105 o

pply —passagée
resistance@gort]on after the vibratjon of an

Hence, ViR .
PERRSHER| SEHIR (s 2080%Pethand(daRe ¢ thHAn) Ehaanpmeen ink
and stabilizes, the driving pul se voltage is applied
chempbRE HP@des dt the shépeperiiong 328 edt thRefrak dilwmtion
to enabl e the next ink-jet recording. Wen the
spréasar €21 stappilriedhenwahd pnefsesr eof appl cetimbonkink chamber
chanber 406 to eject the ink drop, the pressure 25 ‘

408ve gengradad 4,n thike ppe8ssHE enaiP| i rehkneBanbesm 406ing
-91 propagates to the common i nk chanber 408 via the

: | ) . | .
r?ggééﬂgﬁ HacPQ%ﬁggﬁbéggsgﬂge— 14 S cﬁﬁﬁggP'EQG,

However, essure change 1S abso and

d wthin th ' b 8 due.to th
CHARE MRS OMRRL oo ENE G 190 QUL TS, e

formng the wall, syrface of the conmon ink chanber
l@883e§50%3¥%ﬁﬁﬁ§¥3tﬁﬁé pressure wave is prevented from
being reflected back to the pressure-applied ink

chanber 40Bhe preassty INFpRbOrAgPeomEst noeabrilty of
the neniscus and the ink-jet characteristic.

simulations with respect to a third comparison example having

the wall surface of the common ink 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
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
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

piezoelectric element 412 to apply pressure on the
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10 The present inventors performed nunerica
sinmulations with respect to a third conpari son exanpl e
having the wall surface of the common ink chanber 408
formed by the vibration plate 403 itself (using only
the thick portion 422), and this third enbodi nent of
the recordi ng head having'@ﬁé 15 wal |l surface of the

CRNERAhAKN G e 408 5 95 BB DY LihedeQpeVi QE%&%%

surface 421 whi ch i ncludes the thick portions 4
hj t] 3..Ih re re _change of the . .
vgileh bl A AR changel SOt S eiba  Ee ppeled ink
ent r al ortion of the co n i nk chanber 408 and the

Eﬁr%‘)gréfﬁé’gz@ S mEhet ms%iﬁ%-%ﬁ PEETRARIchahbetas
406 | ocated at the end portion of the conmon ink
fenapbehaiosharnaFste FbagEe uelk ridie ryiesstreoarPhiedoink
were conpared for the third conpari son exanple and
chiambetrh# @@ brdxodidrent thé ¢heé pecorai rf héadcodhbterink
supplying the driving pul se voltage to the 25

chizepeel 208 ri€ KlpmRihadd2yt PSRRI ERERetRAtt BE 182
correspondi ng pressure-applied I nk chanber 406,

cBhEPEH! ¥6rt 1A U8S 0l LBEAnDA CRoLY 9980 ahle) £
pressur%-app |g§§|2k cﬁgn%er 40‘%1 uring a‘tirne of 20 T
sec. were_averaged. |t s f uqﬂﬁgh E¥gr1 r,essure
QRS 0 OHE T 65 GFETRBBI i o 1 HIE S OfdnbaRIaoht vas found
located at the end portign of the comon ink chanber
thas Flgea&ﬁ%%&%tcaagl%gf@gﬂé%t@e%ww&lls@ {pE chamber
central portion of the common ink chanber 408, and
40&r decated at Héet nddreshper i sorflexapimen Onkt feamipdrerd08
hand, it was found that the pressure change of the
ipr esdur eppiptined aliyk 28hgrbeter than that at the central
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
by forming the 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
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

embodiment of the recording head without generating a
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10 406 | ocated at the end portion of the common ink
chanber 408 is only approximately 2% greater than
that at the central portion of the common ink chanber
408, and small, for the third enbodi ment of the
recordi ng head. Therefore, it was confirnmed that the
pressure absorbing effici e¥dy is inproved 15 by

f [ s .
ST Q%%ﬁgﬁzéfétﬁl&% B PR e e B epb R Py was
ar,i so exa .and this th nt of the
PETORH: HE HohPIRSEa e shBcEPb ek YPTheis &4 GHS BSgrleR 404

and print tests were carried out. As a result of 20

the print Feetafons, wABCEoRt| +eRel thacrdige: efi shateall
picture quality is generated when a nmulti-printing
swargaceasr dEdtputedmmont hekt bhambeo e iisofoexadpbe blye free
ejecting the ink fromall of the nozzles 404. But on

vibgaeti ber shafube i421Wasviagnehd helick watiishachoryand the
printing can be carried out by this third 25

tﬁﬁhogb%ﬂéngﬂzﬁe th%CBEQéQQrQG@ﬁ Md E%H&noﬁeﬁﬁ!c%h&%@r 408

3 deterlorated picture quality, even when a
captied out b ct t
b Rt S Sosr B oo P BTN ?&8595@ F]e%JscElty

portlon of th surfaces of the connon
“GrhREEraEs % tﬁ'@r\/\%é”&eb JUbreCfoncrutt A Aot BAPSRR f ace
421 haV|ngQEhe t hi ck portlons 422 and the thin
maptpdRed 428, thehdhicksparbiens t 42 coiven thaR chasber the
408 can be absorbed by the thin portions 423, while
inkejetgrecoydirandhesdr eagt be oprodecdd dy wai biampilenprocess.
surface 421 can be nmaintained by the thick portions
T423ddfFeioh )i the 3%@Burkheéhange within the common ink chamber
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



10

15

20

25

10 ink-jet recording head can be produced by a sinple
process. In addition, the pressure change within the
common i nk chanber 408 can be effectively danped or
absorbed, and the controllability of the nmeniscus and
the ink-jet characteristic _can be inproved. It is

al so possible to inprove tT#air 15 bubbl e ej ection

A2l oh "B P¥ £-d h@zld%gﬁ%ﬁ efwéf@e&lq%fge desi 9anaf thbe

i nk-jet recording head. In other words, by providing

free yipbration, .sur e 4 LN
%ﬁ%%ﬁggﬁ ZéSQu?%éig¥g§%£%%%oyl§ %@{%%Hﬁgﬁﬁg%ﬁﬁggaﬁ%grbe
408 n.be reduced by.the damper effect of _ 20 the .
RS A PRET PG i E1S B CES Y o2 kB AScording
capacity increases as the free vibration surface 421
heacopesVidhs nHes thick poptépapable and ghevitddck pharhions
free vibration surface 421 for the entire wall
K% flacghef frée Cidmainonnksurfhaebhé?2]l AGR: tHawevée, ihk-jst
difficult fromthe point of view 25 of the process and
At ras sgnhbydt @ad Bengrid@utBanbr 2es i<k o/ iddicakisen the
surface 421 which covers a large area, and the
SHreBRghh off tBUCH-& Wiathi8R ¥hPEALd O SUS age
be ?%su?ficient. ance? th?s tg?rd gﬁ%ogﬁneﬁtfggl?ﬂgy an
[ ,ng vi.des the thjck rtio 422 and
ST A e e M

k I ons n ree vibrat
421, so. that the jnk-jet. recordi ng head can be
'ﬁ]riﬂd&é&eba}%m%wﬂ @§s§8? he?l 2% RIFEEF t he
free vibration surface 421 is sufficient, an
effective danplis gt then fsecopilralbn avgrfelge 421 and

pressure wthin the common ink chanber 408 can be
thedwdbdation plate 402 which is arranged on one surface of

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
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 number of production processes and
assembling processes. This is because, after the parts
forming the pressure-applied ink chamber 406 and the parts
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

vibration surface 421, it is possible to form the thin
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10 In this case, the free vibration surface 421 and
the vibration plate 402 which is arranged on one
surface of the pressure-applied ink chanmber 406 may
be integrally formed by the same |layer, so as to
reduce the nunber of constituent parts of the ink-jet
recordi ng head. Because t he A bration 15 plate 402 and

pokeibheesyi hyatd %ran%%f BE6cd2d KRN ™ He number of

si mul t aneousl’y by the same process, it 1S possible to

l%?%ggefofrnﬁjpfrﬁ%u%tniiﬂn g%ggggggmi%ﬂ%gggég £o the

uct1 on ocesses a I Ng proce

BSE. P SR d P Eh R oF s RARFOHe §a7e s Boe fres

form ng the common ink chanber 408 are forned, the
vgbsatire-supkisedZlinkaphhabEprmed thdapkeacsnfibhciemt
chanber 408 can be forned by a single process which
stoengthsby he dimpde pooreag, bhefonmbnat ithe phatk d@Ptions
and the free vibration surface 421. By enploying the

sgapiedl Btoficihy € afyelrst MRaki®en RhbarboE 1afesyf fRERIing up
421, it is possible to formthe thin -95 portions 423

£BY arsSEPPA &L REESS by changing the nunber of [ayers
formng the thin portions 423 wth respect to the

puber of ABYELS, |UIRG,0s L £ poegns ez, The

‘free vibratidn surface can 0 :
TBHESL R EROm L | D15 Lha23 BYPATPRGT: (o thay SPOOTRIRE HifAd
nunber of |ayers) making up the stacked structure.
aReREding ded cilip s et fnpengiven bt referring to FIGS. 35
nodi fication of the third enbodi nent of the recording
apdadé. FIG. 35 is a disassembled perspective view showing
the first modiﬁication 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
through 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

of an island.

The third comparison example and this first
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10 according to the present invention, by referring to
FIGS. 35 and 36. FIG 35 is a disassenbl ed perspective
view showing the first nodification of the third
enbodi nrent of the recording head, and FIG 36 is a
per spective view showing a_vibration plate shown in
FIG 35 viewed froma bottGfsurface 15 thereof. In

ol E81cab1i G BGnd ha3edrakbsahieh & @cheezi»lé(%gc&%&yhead

the same as those corresponding parts in F
[ ed b referenc
e ORI Bt A SRLAREEn B (AR L LRI RR Boota grere
The.free vibration plate éZlhshomm in FIG 35 which
EPiECE 0

CHHTEEM Rt he Amld & ¢ R W¥mi6T tonk 1endaBeFonfirmed
408 has thin portions 423 arranged in the periphera

- Bhakt podetereruisttess pishonp aweHiy i36 geasdagedhibgn a multi-

portion 422 is forned at the central portion of the
piripting bvat icarrsied aoe B2lthe tlhierd compaafisan eshkapte by
25 The third conparison exanple and this first -96

efedtingathonimf fidde hhir 8 erle didiles0fsouhe BAEOHAI Fige
head were respectively nmounted on a printer and print

ok8ELShMRA € 11Cafdd duAHt th Q-ééﬁ?gfad%%rg?gagékg%%rcan be

tests, it was confirned that a deterior e

ANAN r.at en_a.pulti. 5 prdnting, wa .

BRSSP HrtP Rediborash B Hirotpy B emvodinent
' gtin the ink fromall of the nozzles 404. But on

O%hg eo’c’%% r head WAEheyh PRt 1% & FetgEisrgted

printing can be carried out by this first

PREEIFE c@d br-f evira whERda epbil TREHMt il wAe recoied mpt by
head wi t hout generating a deteriorated

ejecting 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
and 38. FIG. 37 is a disassembled perspective view showing
the second modification of the third embodiment of the
recording head, and FIG. 38 is a perspective view showing a
vibration plate shown in FIG. 37 viewed from a bottom surface
thereof. 1In FIGS. 37 and 38, those parts which are
essentially the same as those corresponding parts in FIGS. 30
through 34 are designated by the same reference numerals, and
a description thereof will be omitted.

The free vibration plate 421 shown in FIG. 37 which
forms the wall surface of the common ink chamber 408 has 2

thin portions 423 arranged on each side in the peripheral



10

15

20

25

10 picture quality, even when a nmulti-printing was
carried out by ejecting the ink fromall of the
nozzl es 404. Next, a description will be given of a
second nodification of the third enbodi nent of the
recordi ng head according to the present invention, by
referring to FIGS. 37 15 and 38. FIG 37 is a

ﬁéﬂr%%ﬁeﬁﬁéféoﬁ%fss%%%hh@n%%’osi‘émaﬂﬂi Pt tﬁlﬁ Ecgagtm 422

nmodi fication of the third di nfent o cord

d_Fl 38 h
1038y RA% ! G Yk, REEPBSAY Sy BB B B e cace
(8%Be' IS5t b 40} ST S KIS5°RB1S0 123 ana

corresponding parts in FIGS. 30 through 34 are

bgéypgnathe ayiadentsihanr pprtore 4dhmwihalch, agadseparated
description thereof will be omtted. The free
alicbgathenlphat euditi Ishbiwecitdokl G 8Fewhomhon f xtlschidiber 408.
wal | surface of the comon ink chanber 408 has 2 25

thin portions “WadRidoapaetsen eashpid ded r&htlaesecond
peri pheral -97 portion thereof as shown in FIG

w2k LGk POTOIAZE chsedanied t%%ﬁ%s&@#gf%?ag

f I i thi h thi t 3 bet
wRirg B Reantvaty MbmERionh " e e et BedRt, seshe oreve
al on the I0@g|tud|nal direction of the comon ink

CEREAGEr OUBS. AT HERFVAY e5npat i Ro etette aRdvWehi gonfirmed
second nodification of the third enbodi nrent of the

thatondilagehkhtiag @icsypecuiabl iy nourgesg¢raned phént@rmulti-
and print tests were carried out. As a result of the
prinhingesds, catriwels onanbyr ke 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 second modification of the third
embodiment of the recording 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.
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 third 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. In FIGS. 39 and 40, those parts which are
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10 that a deteriorated picture quality is generated
when a nmulti printing was carried out by the third
conpari son exanple by ejecting the ink fromall of
the nozzles 404. But on the other hand, it was found
that a satisfactory printin%tcan be carried out by
this second nodification 6f%he third 15 enbodi nent of

[ it ' : [

SSBSpEaLory o 1AL Wl Lotk SO alaliR kel PSS, 30
arried t_by. ej.ectin he_ink fromall of the

e OB 38 e KR SRR TSRy RT ovlG FETBESgrg cHuprate, and

third .nmodification of _the third enbodi nent of the

3 SESFUIRE L PR e IO tawd bt dPRPR B 195E present inventi on,

by referring to FIGS. 39 and 40. FIG 39 is a
di sassenbl 28 Feawpdet V6. vABw thowidih ofethhi cdmmon ink

nodi fication of the third enbodi mrent of the recording
cheaberafdls Flica 40 regtdopepspesetd v lbirewos bhwi bgn@itudinal
vi bration plate shown in FIG 39 viewed froma bottom

Sebasen 26nd fetfarrbsFt&Rardd MNE0pctR968 POELS so as

which are -98 essentially the sane as those

tgag%:ffg?’ﬁgt?ggt%&g PULS B L8O Y qyah %ﬁgﬁéﬁi%n plate

t'he sanme reterence nunerals,

scription r eQf }Ihnge omtted. _-As shawn in_.F|.G
A3 ShRBh BT SRR hmo Rtk B 5B Ag8 Ph e
di rection perpendi cular to the |ongitudinal direction
OREPBoLN K aFRFWRE T AR&r B8Sahhifl RIS 488a2ndothin to
efficiently eject air bubbles. The free vibration
poir&tiens4233 stiowended EnGeoog9espinderfas wgthhgéhaabhape of the
surface of the common ink chanber 408 has thick
cpafmbhonsk 4Ramsed t40i8n  That is, the 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
carried 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 out by this third modification of the third embodiment
of the recording 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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10 portions 423 arranged in correspondence with the
shape of the comon ink chanber 408. That is, the
think portions 423 have shapes corresponding to the
shape of the end portions 408a of the conmon ink
chanber 408. The third conpari son exanple and this
third 15 nodification of tHthird enbodiment of the

recording BeagroyRithd @RREEHE ¥ ehyYrfRUN e300 a-pr it er
and print tests were ~carried out. As a result of the

ri.at .t est ' fir that a .deteriorate
BedreB3usr: e MR i el Rareet st Rofhg 421

s carried out by the thjrd_conparison exanple by 20

&t itﬁa VHEER (S T5i6mod FDBf Ffe HORAteTBAat Buf2bnin the
the other hand, it was found that a satisfactory
diresting panrerdiadmn & dhe bynahiwlimglr direction of the
nodi fication of the third enbodi mrent of the recording
deaagnwiihk ochamgesne rdis mgraocdef eit aratedsipilet ibeeffectively
quality, even when a nmulti-printing was carried out by

SApprekest bng 846 itHe Pre@sakk Ghaddie OAHLEAMAREn 181
By providing the thin portions 423 at or in

ebniti ¢ . ) ti ate
FETR L0 7 SRR OB e et pRBaPEY or
lLlate 421 in.th di_r.ect.i di cul to th
5% PEAPRS! i TR U AP LU nBL PR OmIBIY 1 enaHBer oot
narrows, it s possible to effectively suppress and
TERe5ht Eéeﬁ?ggsdf% thfafgecor PRttt fame 4€RakBep Plate

408. In other words, since the danping capacity of a
msibes hawbey e HWppy eerwmpaby4pd opdre idamelingo capagbby

of the length thereof, if the free vibration surface
gi2htily depeaterates at the portion 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
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10 nmenber having no thin portions 423, the danping
capacity greatly deteriorates at the portion of the
free vibration surface 421 where the w dth which
narrows. Hence, by providing the thin portions 423 at
or inthe vicinities of the portions of the free
vibration surface 421 wherdQ%e width 15 narrows, it

&y Be§§wheai ri@l’fe“l‘o%%&¥u&f§é‘fedff&tﬁr %S%Haetﬁ{e w%&‘ﬁ‘l of

comon i nk cha By narromnng the shape 0
rtion 423 rds._t ortlon of
hBR] ROERGL ™ O8oH) BRGS THE° | BhgFLgarnkpUards the end

dlrectlon thereof it is OSSIb|e to i nprove 20 the

PRk LPRowt %n%lal{lﬂi‘élgprcégéﬁﬁgyo‘f’o‘t‘% EHRFIPRNR ERaRBRFELY
408 can be effectively reduced while inproving the
igicseprentoe BIeSSUNFLBILESLINNehera¢dmymor finkhehembes. Hence,
sectional area of the comon ink chanber cut along a
réiduedhgohhpecperxlisadtdonbd dhea 25 |1drgidonthionalink chamber
direction thereof were to decrease towards the -100

teREreer Ehenewd Qardike hetdlt yebaely iRt eRcafdethre

wdth of the free vibration surface were also to

WDEFQM%BQM@éﬁﬁbﬁrEEEE Q tlon t he danpi ng capacity

eteriorate to there i ncrease the pressure
within the

wEhn [hepgpnEn Lk FaThe e ﬁéﬁ%&”gf £

towards the end portion would greatly affect th

IEF8§§6P€ headhi th HEICoRRBALPRR thiafys Prayd 8@06?d¥%@ free
to this third enbodi nent of the recording head, the
vibratpont fonfad 32 @tppoviidethe vidiaifties of the portion

where the cross sectional area of the common ink chamber 408
decreases. Hence, it is possible to reduce the pressure of
the common ink chamber 408. In addition, it is possible to
improve the ink flow by decreasing cross sectional area of the
common ink chamber 408 towards the end portion. Therefore, it
is possible to shape the commeon 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
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

portion of the image forming apparatus shown in FIG. 41. 1In
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10 vibration surface 421 at or in the vicinities of

the portion where the cross sectional area of the

conmon i nk chanber 408 decreases. Hence, it is

possi ble to reduce the pressure of the conmon ink

chanmber 408. In addition, it is possible to inprove

the ink flow by decreasingqépGSs sectional area of the
i I t S . 0n.

£ COMRA LAKo 0?98 %@éﬁ £d Igg‘%g%%—%bcg%k the

Therefore, 1t 1s possible to ape t

r. hat the . ajr_ bubbl.es can be ejected

pgaé%:gg a%?‘ %?P?%oé\h# ea%pﬁLplper T A Fgggtgb?gt fRparatus.
ressure of the comopn i nk chanber 408. Next,  a

Eﬁ’é&?ﬁ?pt FBﬁsmﬂF%mgeeH&a%WeaF gt i his divage deBBdPAeAPPaFatus

the i mage form ng apparatus according to the present

spdensi enthbydr imegtt efFLIES. cauriaue 4zcorddng4to the
is a side view for explaining a portion of the third

perEsedtméntventidde | mage form ng apparatus according to

the present invention, and FIG 42 is a plan view

showi ng a 2h P& tie-jefc kieckARE _é%ﬁmétgls.a%%%t Y8 FIGS.
shown in FIG 41. In -101 this third enbodi ment of the

dﬂﬂ%ﬁa angn@a Qﬁk?h%§’ighsli§£§%%2%g#%§i%HLg?th:?uide rod

applied fo an ink-]jet recording a

is_third enbﬁﬂi nt.of the.imge formn p ara#u )
P S R T B S O SRR
to the 5 Eresent invention. In the ink-jet recording .
BlG5&FatBET sh i n  FPescaraiagnd’/ Ub, 1s moyied dgea70arriage
slidably supported by a guide rod 701 and a stay 702
Spignc Aigeetien etinaiigy eoany dghechihon) ed3D sidem phaté§. 42 by a
(not shown). The carriage 707 is noved in a carriage
main scan motor 704 via a timing 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 nozzles of the recording heads 707 are arranged in a
direction perpendicular to the main scan direction CSD, so as
to eject the Y, 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
corresponding recording heads 707, is provided on the carriage
703. Although not shown in FIG. 41, the Y, C, M and Bk inks

are supplied from main tanks (or ink cartridges) to the sub-

tanks 708 wvia respective ink supply tubes.
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10 scan direction (main scan direction) CSD shown in
FIG 42 by a mnmain scan notor 704 via a timng 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 recordigg1head 707 as the structure
of any of the 15 third enbe aent and the first

through t hppde@didiegatizons af papde AJB;@ eabedi BBRLoyvided
of the recordi ng head descri bed above. he nozzl es of

r g I ' i tLon
L EsERaTchrarr TaR hefild, 112 ShEATEE hadss” acflLiEg LB
to ej.ect _the Y,. C and Bk_i nks downwards in Fl 41.
SGREBENBIRE | Ter G 0H, 255 AP PRk R o GEaERERg Lhe  The
Y, C, Mand Bk inks and to supply the Y, C, M and Bk
BoRRS FYPPRE PR A@SHEAEPNg PeReF drurPlveaed lrg771Bsfor
provi ded on the carriage 703. Although not shown in
separagingt fled SupplvingngaBk rakerdine msdiiphi 8d2f sbatked on
mai n tanks (or ink cartridges) to the sub- 25 tanks

tHe8 sthakirg peatt VA 1, nkn8Uppbypétiehg pHR 702 tbAafebReing
hand, a paper supply part is provided to supply

theC ehgbRIsBEH @ rGhd cSUGH3aS PRPCESAGKEE BAd2714 is made
stacking part 711, such as a paper supply cassette

c%%%iggggiﬁg?gﬁ£g§§£B!Xa étc&@ffﬂgﬁﬁp?cﬁaggﬁcﬁggglyand is

parat rng and supplying €ac
recardin di.um 712 stacked on__th t acki ng part
YT gﬁagﬁggeﬁ}%ﬁ E R0 ] EHBP%E%WF g]r]'tS“)]'ng t he paper
supply roller 713. The separating pad 714 is nmade of
a mat eri al AhEXAHPOFY Regé Esensperentthst recoedipg, madgum

is urged towards the paper supply roller 713.
712 which is supplied from the paper supply part, 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
roller 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 charging 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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10 A transport part transports the recordi ng nmedi um
712 which is supplied fromthe paper supply part,

under the recording heads 707. The transport part
includes a transport belt 712 on which the recording
medi um 712 is adhered by electrostatic attraction and
transported, a counter rol1¥3-722 15 for transporting

41§ Le695 di ng, IRdi @gzl-% rr@rd{»‘h%g ng%%%' ‘i%d LLom Egaensport

paper suppl y part et ween the Coun

the .tr 1, transpo
GeaEiod FriGhar g Tohesr Bl fradraRoTE STakieh 727
is transported apprOX|nater vertlcall by
igpprbafaatiey @ sy sgreesoterf 53} i@ ftﬁ@lflgahgp’ér?32 and a
belt 721, and a tip end pushing roller 725 which is
tpméhedrobh@xdkiihe transport belt 721 by a pushing
menber 724. A charging roller 726 forns a chargi ng
means for Tkdargimgpddtebsltfl a2 Dichhrd wakspatt shefice
721. The transport belt 721 is fornmed by an endl ess

7@@btana5at$éﬁk'§hﬂ¥aaé'de@hécffgﬁ%E&Jff@@%pQQﬁar9E|{??e of a
727 and a tension -103 roller 728. The transport

[ ra di recti BTD shown in
ESE TR Y et AR PukeoBRES ey e Para B
S%gb s%aa tor 731 via atim ég bel t 732 and a tim

PPEFe B SHR- RN SPBFFOhetd BIFelyPagesdant Pakgkness
sur face |721a and a back surface. The front surface
of2 BRPrexHadiee bf 4 Wesi RhigyEronds sErRcgurélpnferhala
whi ch has not been subjected to resistance contro
mexdd upueshyriny i vy attheckhegs swffappooxiwimthl hdOrgmrding
This front surface 72l1a forns a
medium 712 adheres. The back surface is made of the same

‘material as the front surface 721a, 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
721a 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
region 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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10 medi um adhering (or attracting) surface on which
the recording nedium 712 adheres. The back surface is
made of the sanme material as the front surface 721a,
but has been subjected to resistance control using
carbon, so as to function gs_.an internediate

resi stance | ayer or groundllﬁyer 15 The chargi ng

t%%béﬁ&lgzGlfﬂE“éBHﬁ%cEEﬁ fepate sidRos r%%léroﬁzﬁh§nd the
transport belt 721, and rotates as the transport bel t

L1 RYe8) 1 £O AXANLE, oBoBURD! N TALSEAL 208 M 45y

s of yin arg ng

oIIer 726. The tr roller 727 al so fupctions
HeSCg, g FBG ki DB RS BFL ba ﬁé ORI ppvBacR Bl FaEeto
(internedi ate resi stance er) of the transport belt
sprfacg gf obitl IHepAERDSYr ¥ &%eanc}\ GRiidesl FanbBe 7seofding
provi ded on the rear side of the transport belt 721,
riegioonr p€spioademerdirihhaadec®®di ng regi on of the
recordi ng heads 707. A top surface of the guide 25
nmenber 736App@pEctefepwapdstt he pesididaNeddst7Oie
than a -104 tangential l[ine connecting the transport

fe%'oh:@&n%zlzeé‘% he hgRel 98 £QJ:J>£=‘<§1 ed %ﬁt‘i‘ﬁ'aﬁhlﬁq'glgfg%g the

he transport belt 721." Hence e transport

S RRTRSSRuRNer iy DY pheoton: suLlace df theaulde

and gui‘de or diy reg
recordrng heads_707. A gager ej ect {ﬁﬁ% is provided to
Séipé‘E? tRE PRECOTRN FFPREGTLRT 7Y 100 BEFAHRd T I t hrom

an image by the recording heads 707. The paper eject

Uhar trepepodesbelt skdar REPAY paett forllssar4li agdt hé3, and a
recordi ng medi um 712 from

paper eject tray 744 on which the 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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10 the transport belt 721, paper eject rollers 742 and
743, and a paper eject tray 744 on which the ejected
recording nmedia 712 are stacked. A dupl ex paper
supply unit 751 is detachably provided on a rear part
of the ink-jet recording apparatus. The dupl ex paper
supply unit 751 enters thé*“g%brding medi um 15 712
Bgtthcthbpe{;Hé N RAITBNIsRInbheoi 1&PSRR t Rkt -42LnkN

reverse direction and reveéersing sides before

Lng .t Y r r.di medi.um ain
PR reT LD LB Sl FEROSL, TG RGBT e
721. The rgco ﬂi nmedi um 712 i s separated and
SRR PFTREte 28 % éﬂ%VIﬁﬁb from the paper supply part,
and the recording nedium 712 which is transported
appr oxi mat 8ryalieginatdmgy vied taggi feem by hish goildegzlspurce
and transported in a state pinched between the

trodnspowt) bies t sl isad tohéheouhd rgin®|dcdrle#2226 under
Thereafter, the tip end of the recording medium 712 is

cpitated 35 Hycédherdlr a1sRONt gHbEesHEA BNEPHRRRAa positive
agai nst the transport -105 belt 721 by the tip end

dﬂ%ﬂ@tngnﬁoélﬁ%gé%g%e1d%tbﬂEni%?ﬁltéfﬁgﬁﬁﬁéﬁgg%gg%&ithh

of "the recording nmedi um 712 appr oxi

rees | t.ernatin [ ta fr a high voltage, .
e SHREE" o P BRI Retdborrey (e flaPqPROTSting
6 under contrg%got a control circuit (not

rol | er 7i : .
SRGHT) VOSHAERRA IS (PRE 18ut putharap Sarégapi veich is
output is alternately repeated with respect to the
Bfergrrgly ofhargerpd.o Rerdsivanand tregaitivegpodhaigies in a
vol tage pattern, that is, a charge pattern which is
band-shape having a predetermined width in a sub scan
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 which is charged in this manner, the
recording medium 712 is polarized to charges opposite to
charge 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,
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10 alternately charged to positive and negative
polarities in a band-shape having a predeterm ned
width in a sub scan direction, is forned on the
transport belt 721. The sub scan direction
corresponds to the noving direction of the transport
belt 721. \Wen the recordrﬂé“hbdiun1712 is supplied
t%ﬂﬁ:@c&f‘@ ﬂﬁﬂr{eﬁgsmrtterb@h& L rde%ii&aaﬁgﬁdign

I S manner, recording medium712 is polarized to

t

it pattern the_transport
LA AR L P S AR P G Sl B b T IRE L
capa i%ors. As, g result, the recording medium 712 is
TEEPrdt ot (b S 8dnBRBASEn (MR 1T iSFoRELBEI PRaos TRl or,
and the recording nedium 712 is transported in the sub
as gaanal r edicntinge fhekethe areporanchelft thelraooedin@ymedium
driving the recordi ng heads 707 dependi ng on an i mage
73Rghat mwhadledrohiengethedtagrragieorn nist keceiirvadscaie
direction CSD, the ink drop fromeach driven recording

rbeadd2hg TSkt ieint e keenaadt fikd raro dceg NBE MEBNTIR 712 is
which is stationary, -106 to record 1 line. After the

e e6etdi Hi% dBGid i Papls 5§ﬁ<:£r@£§y0{44‘%d by a

predet erm ned anount, e next” 1ine is recorded in a

sim.l ar ner,.. Wien a necorqgn d signal,.or,. a

si gnal | ggp%ak}lr?g “Crar the°te rg%ﬁcgleofre%f?@d?ggopﬁ?ﬂ@ 707,
dium5 712 has reached the recording region is

EPECRI GRS ihancsc 8EdFhg SpEreR ilgik ichapRaEdianguppeessed so

recording}nediuny?lZ is ejected onto the paper eject

thphya 7gigable, inki-§etasharpatenistisf ishebtetnedi ngs hdestsribed

707, the pressure change of the common ink chanber is

abuper esseshBmction with the third embodiment and the first

through third modificatioris 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

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
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 wvarious variations and modifications

may be made without departing from the scope of the present

invention.
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10 that a stable ink-jet characteristic is obtained,
as described above in conjunction with the third
enbodi mrent and the first through third nodifications
of the third enbodi mrent of the recording head. For
this reason, it is possible to record an inmage having
a high picture quality on‘ﬂﬁg‘recording medi um 15
712. Further, the recordin@LﬁgE? according to the
present invention nmay eject a uid other than ink,
such as DNA sanple, resist, pattern material and the
like. The carriage and the imge form ng apparat us
according to the 20 present inventjon nay be provided
with such a r%mrﬁgnﬁeaaadmﬁ?WJeilé%s a fluid other
than ink. Further, the present invention is not

li mi tedlvgalibgsef enbozligrmfior, efertingi autlwiadi ati ons
and nodifications my be made w t hout departing from
t he scqimreflitheopresesdura2appliedt chambedd AdANIY in a
A recording head conprising: a plurality of nozzles

gretieebent hdy &idddtidn and PAMK addiMilfcating with a
pressure-applied chanbers arranged in a predeterm ned

c%&&@g%5§§%ﬁ£g¥§fg§E%ggnygggfg;nga ith a corresponding

one of and a“conmbn ¢ anber having a
PO el MR AA0R8, 30 COTLLGULEY, 0 A e an
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 pther 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 thickness 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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at |least one of the wall surfaces of the common

chanber, along the predeterm ned direction, having a
pressure absorbing surface with a rigidity |ower than
those of other wall surfaces and configured to absorb
a pressure change, 15 said pressure absorbing surface
being formed by a pressurd®sorbi ng menber having a

-uni f ' ridngT | .
Craimed i1t op i £ Rhard Rt el 2 Blpim 1.

BBy EPB S ir ot RESPBRLS 8P VEHE” (i PalAp: PYRion and

al.ong the predeterm ned direction, and an average
HRrkkRession haelnsr eédsdeashbser bifsedoéhigknepges.
central portion is larger than an average thickness of
the pressure absorbing nenber at the end portions. 25
-108 3. The recording head as clained in claima1,

wher ei n t he. press Weecabld agbhegd nesrherain@s] ant BlAim 3,
portion and a thick portion having at |east two kinds

whkrkhhCkReserRsek Dotribhe segpbdid head asnehah MBdrifon of
claim3, "wherein the thick portion is provided at a

n ti . S sSor hi r
SR er Aok il ne B BEE Lo WY o TR R
ortion is provided.,on both sides of , the central |,
BEFEEOnor el G0t BOSBLGR bt R HEHSI QoG Ehhaidap of
redeterm ned direction. 5. The recording head as
aFRBETRh RPEFHATB CL Wher Brasshee pheoniiagapsebhr nglong the

menber has a stacked structure
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 stacked 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 Uy 2 x Ux% 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
perpendicular to the predetermined direction, Ux (m) denotes a

length of the thin portion 22 the predetermined direction, and
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made up of a plurality of layers, and a nunber of

| ayers of 15 the stacked structure formng the thin
portion is different froma nunber of |ayers of the
stacked structure formng the thick portion. 6. The
recordi ng head as cl ai ned HQ)cIain13, which 20
satisfies a relationship 2 91010 < Wd2 XU Z'S x W

B3’ (Pa¥ B2Astes % W0 sWhssg1We Mcrlensties parthbgkness

1 ( n
of the thin portion,” Uy (n) denotes a length of the
thin portion along a direction perpendicular to the
predeterm ned direction, Ux (nm denotes a 25 |length of

the thin portiqQn 22 the.predeterm ned direction, .an

1100 B (pa)- aetth ded oo et i i o' Shpin L
portion. 7. The recording head as clainmed in claiml,
WhisERANN thA P HR T FH @b§@§gr-ag nBERSID d1ash as Yaunglagnedulus of
nodul us of 5 100 MPa or greater. 8. The recording
IW@atiPasor| areated-n claim 1, wherein the pressure

absor bi ng nenber is nmade of nickel. 10 9. The

recording head as clained in claim3, which satisfies
a relationship 0.25 < Wx/Tx < 0.45 where Ux (pun)

denotes a hengflk AledB@ibBl NeRQrdd WY AlRI0 16N81a1im 1
predeterm ned direction X and Tx (pm denotes a total

. ' I
BELN A2 Bl i R Hb e R RS TR o RO
claimed in claim 2, _

9. The recording head 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.
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wherein the end portions of the pressure absorbing
menber 20 includes a second thick portion provided in
a portion thereof. 11. The recordi ng head as cl ai ned
in claim10, wherein the thick portion and the second
thick portion of the "pressure absorbing nenber have
the sane thickness. 25 -1 . The recordi ng head as

clai med i nysl aifhd reddtding hEQAPLE Sh1NGimed YiPEALERN]
plate form ng at | east one surface of the

ﬂﬁﬁﬁgg%iﬁgﬁ%phmmas,5vmaeh1alawwfoum

sai d vi ron pllate and at least a portion of the

pressure.  absarbin er., 13. A.line type recordin

head SOTMTSIRE RYPEEof i h@kd 1885EI QM Ferit1Ree dimthe

1. 10 14. A recording head conprising: a plurality of
nyeeErEs el g cdampexsti uid; a plurality of
pressure-applied chanbers arranged in a predeterm ned

di r ectheoreiane éaghrcdommmismitd mbmathoa ghate and at least a
correspondi ng one of the nozzles; a common chanber

poatiieg af pthe ghidssudrfe wakbrbund atagand configured to
supply the fluid to the pressure-applied chanbers;
and a plurality of pressure converting nmeans for
varying 20 pressures within the pressure-applied

chanbers, 13. A line type recording head comprising a

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
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 wall
surfaces and configured to absorb a pressure change,

said pressure absorbing surface being formed by a
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at least one of the wall surfaces of the comon

chanber, along the predeterm ned direction, having a
pressure absorbing surface with a rigidity |ower than
those of other wall surfaces and configured to absorb
a pressure change, 25 saidggafssure absor bi ng surface

being fornmed by a -111 pre e absor bi ng nenber

pivkige 2aBssF i d Yne@bePORLLORS M AN, 1fifer 87t portions with
15. /A line type récordi ng head conprising

A2l ehPr dipyhead as claimed in claim14. 16. A

rigidities. 15.

carriage conprising: a recording head as clained in
claim1; and a fluid cartridge configured to supply
the fluid to the 10 recording head. 17. A carriage
conprising; a recording head as _clainmed in claim14;
and a fl ui 8 car® rliidge to¥BRf rgeeeding haashlopmprésingi 2
to the 15 recording head. 18. An inmage form ng
rggpadangsheatms silagmedainecbaidirigh.head as clained in
claim1; a fluid cartridge configured to supply the
fluid to the 20 recording head; and a cartridge,
accomodating the recording head and the fluid

cartridge, 160nfA GUned A8 BBYSr{ L gy M n scan direction
whi ch is perpendicular "to the predetermnined direction.
25 19, ANJR0G hoLd 19 ARPAA Y3 S2MDL! B! Ndig

a fluid cartridge configured to supply the fluid to the

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

recording head.

18. BAn image forming apparatus comprising:
a recording head as claimed in claim 1;
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 perpendicular to the predetermined direction.

19. An image forming apparatus comprising:
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-112 a recording head as clained in claiml1; a fluid
cartridge configured to supply the fluid to the
recordi ng head; and a cartridge, accommobdating the
recording head and the 5 fluid cartridge, configured
to nove in a main scan direction which is

per pendi cul ar to the pr edetet4ii ned direction. 20. A

recor di Ad-d1eRG L SBBHI §5NGiafnd UrAld1kYmOf ; nozzl es for
ejecting a fluid; 10 a plurality of pressure-applied

chanber Jdn_.a e I n direction an
cacn ot SR Mo TR AL B RMoRIVORRE P o ene
nmon. chanber having a plurality of wall

nozzl es; cQr
SEELRE gﬁag’cﬁﬂ$igured to supply the fluid to the

pressure-applied 15 chanbers; and a plurality of

pr ess@r@EgriAsieri A§CAEBEa B ey iregorging shead and the
within the pressure-applied chanbers, at |east one of
fhe dvakirt siidfac esordfigurede sompove hambeemainalseag theection
predeterm ned direction, having a danping surface 20

witildh dsr pgkgehdi v thanet PRseBd rivtte] dabklktion.
surfaces and configured to absorb a pressure by

vi bration, said danping surface being forned by a
pressure absorbing nenber which partially has a

regi on whe no, danpi ng surface is_forned, such that
56, 1% JATRI NG SuUELag

t he danpi ng sur%é%%(g& sePorC%P?E%ﬁﬁ%gQS al ong t he

redetermn direction.less than a total | ength of
PllS a pfﬂréﬁity o% nozzles for é%ecting a fluiék

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
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 damping surface
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

along the predetermined direction less than a total length of
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the conmmon chanber al ong the predeterm ned direction.
21. The recording head as clained in claim 20,

wherei n the pressure absorbi ng menber has a conti nuous
surface 5 formng the danper surface. 22. The
recordi ng head as clained in_claim20, wherein the
region is arranged on bot iléRds of said at |least one

86 EBmdR! dnsidaeesngl thi e LM RRRADAE r8Lefngn t he
10 predeterm ned direction.” 23. The recordi ng head as

claimed in claim20, wherein: at |least a portion of
wal | surfaces formng the pressure 15 applied chanbers

has a rigidjty lLower than the other wall surfaces to
forma vibibt | GepRELaTaEng Hase s SHa BefvERt Fhgim 20,
means, and both the vibration plate and the danper
WBEERHR ethe rgssiured abgosbteamssnidan das| ayepntigueuas surface
The recording head as clainmed in claim?23, further
foompng sting: deanpsecendfbager partially formed on the
common first layer and form ng the region, 25 said

comon first |ayer extending in the predeterm ned
-114- direction and form ng the danper surface by a

surface thes eoraotoRBXLAfy ! Head SRONA JiRKEM $HhOLEH 20
t hereon. 25. The recorgingghead as c alneg In nglm ’
w%grein the region is arranged on both ends of said 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 least a portion of wall surfaces forming the pressure-
applied chambers has a rigidity lower than the other wall
surfaces to form a vibration plate of the pressure converting
means, 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,

sald common first layer extending in the predetermined
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5 wherein the danper surface has an elasticity | ower
than those of the other wall surfaces of the common
chanber. 26. The recording head as clainmed in claim
20, wherein an elasticity Gd (Pa) of the pressure
absor bi ng nmenber 10 forini@%;the danper surface
satisfies a relationship I 42 10-13 < Lx-' x Ldx x

diPecxidf- Hhd %ok fﬁ% dgmﬁeﬂos'l%&ad@gyle aLéuG:%ce thereof

denotes a |l ength of  the conmon chanber along t

e ' ' [ L enotes a |l ength of
r?%eﬂgggéggg%gdg%%%gf&%gFﬁegéFéggdggggﬁgﬁrbing nmenber
al ong the 15 predeterm ned direction, Ldy (m denotes
a length of the danper surface of the pressure

absorbi ng nenber along a_ direction perpendicular to

the predet?mnm & diaceetiing, haad a7 clairedenst edaam 20,

t hi ckness of the pressure absorbing menber formng
wheeredanpee damgeaceurZ@c27had sarelage cddypiliogergthan those
recording head as clainmed in claim20; and a fluid

ofarhei dgiee oM iguiadaessypptie td@middlichaidet-he

recordi ng head. 25 -115 28. An image form ng apparat us
conprising: a recording head as clainmed in claim 20;

a fluid cartridge configured to supply the fluid to

the recorsing feadiandifs™n 88t £l 996 ,RePQARdat kg,
wherein an elasticity Gd (Pa) of the pressure absorbing member
forming the damper surface satisfles a relationship

1.0 x 1072 < Lx™ x Ldx x ILdy x Td%® x 6d* < 2.0 x 10713
where Lx (m) denotes a length of the common chamber along the
predetermined direction, Ldx (m) denotes 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
direction 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

recording head.
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fluid cartridge, configured to nove in a nmain scan
direction which is perpendicular to the predeterm ned
direction. 29. A recording head conprising: 10 a
plurality of nozzles for ejecting a fluid; a plurality
of pressure-applied chaany%égfranged in a
predeterm ned direction and-‘each communi cating with a

correspondbBy ome adehForpzahesppafith s CUMPRA s hgaber
having a plurality of wall surfaces and 15 confi gured

10 SUpDldtcl Hedal g L8, BLESSUY 812pRI bgd charber s

at | east one of the wall surfaces o conmon

chamber.. having.a.f.ree vibration, surface having thjck
por t | oris A Fhich I8 €% g.unfdp 36. S*I*HBJE'Y e%?)‘? d%d‘bl%&?d the
as clainmed in claim?29, wherein a nmenber formng the
recez N Pgr BeRdh At face integrally forms a surface of

the pressure-applied chanber. 25 31. The recording

head ascantziivee i acchmmeddOing £he weepediina menbemnd the
formng the free vibration surface has a stacked

Surdctareridge, uprdfigarpdutal mbye ofn o agked skayelsrection
32. The recording head as clained in claim30, 5

whiehek B béﬁgéﬁlﬂ‘dﬁm ttboaﬁ_ehgf@d@téﬁﬁi%aea%r%eg% to a
t hi ckness of a nenber formng a wall surface o tﬂe
pressure- applied chanber. 33. The recordi ng head as

clainmed in claim 29,

29. 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
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 pressure-applied chamber.

31. The recording head as claimed in claim 29,



10

15

20

25

10 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 predeterm ned

di rection narrows conpared .t.o.other portions. 15 20
34. The recording head as?ﬂ%ﬁhmd in claim?29,

whizgeehnat Hembdt NEREHigORBeaFeedl ¢ ANAAG I sVirehBLt HES 5
of a portion of the conmon chanber where a cross

stackianat raked-Ohnaddh glF)C Ry E}gf@%%'%g{e;{ G .s@ag'ﬂgdal ayers.

di recti on perpendi cul to t erm ne

di rection decreases conpared to other portions. 35.

The recording head as clainmed in claim?29, wherein a
Cross sect'gnal area of the common chanber cut al ong

a directi on perpP¥ndiccaraingolead §F seitigied Aegclaim 30,
direction decreases towards an end portion of the
vherrdn Ehanbtickinorfions havepa cduicimessegauedctooa.

-117 36. A carriage conprising: a recording head as
thizkmedsi of ch avemt?d; famdiagf b uval T andriadge ofonhbgpf€8sure—
to supply the fluid to the recording head. 5 37. An

appaged§ enatmer apparat us conprising: a recording head
as claimed in claim?29; a fluid cartridge configured
to supply the fluid to the recording head; and

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 28,
wherein a cross sectional area of the common chamber cut along
a direction perpendicular to the predetermined direction
decreases towards an end porticn of the common chamber along

the predetermined reactiocn.



10 a cartridge, acconmmodating the recordi ng head and
the fluid cartridge, configured to nove in a main
scan direction which is perpendicular to the
predeterm ned direction. 15 20 25

~117-

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 perpendicular to the predetermined direction.
15
20

25



