WD 03/ 049951 PCT/JP02/ 12790 -1 DESCRI PTI ON DROP DI SCHARGE HEAD AND METHOD
OF PRODUCI NG THE SAME 5 TECHNI CAL FI ELD The present invention generally

rel at es twoasmuopl di scharge head, a nmethod of produci ng trlag/Jgenre7el schar ge
head, an ink cartridge and an ink jet printing device. 10 BACKGROUND ART
An ink jet printing device, which is-used as an inmage formng device in a
printer, a facsimle, a copier, a | otter _and the like, is provided with
an ink jet printhead as a drop di EBTh&Md. The ink jet printhead
conprises a 15 nozzle for ejecting the ink drops, an ink channel (also
referred to as a |lip chanber, a pressure chanber, a pressurized drop
chanber, or an ink cavity) connected in fluid comunication to the nozzle,
and a drive nmechar0BnDISCHARBR SHAND AYDI METHOD td¥e PRORUChIGMERE IHmMrEhough t he
following 20 description is mainly related to an ink jet printhead as a
drop di scharge head, the drop di scharge head conprises a head for
discharging a liquid resist as a drop and a head for discharging a DNA
piece @s a drop. Wth a piezoelectric ink jet printhead, the volunme 25
change of the ink channel resulting froma deformation of a WD 03/049951
g?gégPOZ/lﬁgggﬁlcgi g&gggragn1u5|ng a piezoelectric el enent causes the ink

The present invention generally relates to a drop
discharge head, a method of producing the drop discharge head,

an ink cartridge and an ink jet printing device.

10  BACKGROUND ART
An ink jet printing device, which is used as an
image forming device in a printer, a facsimile, a copier, a
plotter and the like, is provided with an ink jet printhead as
a drop discharge head. The ink jet printhead comprises a
15 nozzie for ejécting the ink drops, an ink channel (also
referred to as a lip chamber,.a pressure chamber, a
pressurized drop chamber, or an ink cavity) connected‘in fluid
communication to the nozzle, and a drive mechanism for
pressuring ink in the ink channel. Although the following
20  description is mainly related to an ink.jet printhead as a
drop discharge head, the drop discharge head comprises a head
for discharging a liquid resist as a drop and a head for
discharging a DNA piece as a drop.
With a pilezoelectric iﬁk jet printhead, the volume

25 change of the ink channel resultihg from a deformation of a



to be expelled (for exanple, see JP 61-51734A). Wth another type of ink
jet printhead, the bubbles generated by heating ink in the ink channel
usi ng a hwaetosfgesesi st ance el enent 5 causes the ink dropsPCape/eipel | ed
(for exanple, see JP 61- 59911A). Wth another type of ink jet printhead,
t he volune change of the ink channetZ2eaused by a deformation of a
diaphragnlgs a result of eneratigg an electrostatic force between the

el ectrode SHAPERBIHI EHHGRGnPLgEeesetHe G Md MeThsCabs D Be rpefFeRs (f or
exanpl e, see JP 61-51734A). Anong these types of ink jet printheads, the

pi ezoel ect FPcPEnRxptlest i (FoReayamake adiftidgéd -85 peth)al Withornotiéor
printing, because the potential for degradation of the .ink drops due to

t hermal entypy ¢85 Bik nigtapedntiespdcitdld ypukiles gébnexdted bgkheatbige |ikely
to be degraded by heat). Furthernore, flexible control of the anmount of

ink drops ¢AR be tlascamplhahedl bys GeNta leadfi nghee dafarmmt k9Bnappunt of the
pi ezoel ectric vibrator. Accordingly, the piezoelectric ink jet printheads

are suig edcfQ5e60Rfd G @Qo%g'etcj) e I8 AN |2y 20 HiMiCe ULt Bp 85 £apabi | ity
for high quality color printing. By the way, in order td acconplish a

h gher Quak iy of koL BLLOL A 3 ghet coppl IO ! 9 depmiced To s

end, the sizes of  the piezoerec c Vibra
are | nevi LSBTIST CThICRE SHH FHELT0 THGS0651 5. SSPOTAIROR 25790 | nor cased
accuracy is required in fabricating and assenbling
diaphragm as a result of generating an electrostatic force
between the electrode and the diaphragm causes the ink drops
10 to be expelled (for example, see JP 61-51734A).

Among these types of ink jet printheads, the
piezoelectric ink jet printhead has advantéges especially for
color printing, because the potential for degradation of the

. ink drops due to thermal energy is eliminated (especially, the
15 color ink is more likely to be degraaed by heat). Furthermore,
flexible control of the amount of ink drops can be
accomplished by control of the deformation amount of the
piezoelectrié vibrator. Accordingly, the piezoelectric ink jet
printheads are suited for configuring the ink jet printing
20 device with a capability for high ‘quality color printing.

By the way, in order to accomplish a higher quality
of color printing{ a higher resolution is demanded. To this
‘end, the sizes of the piezoelectric vibrator and the parts

related to the ink channel (for example, the partition walls

25 between pressure chambers) are inevitably reduced and thus



t hese parts. Under the circunstances, in order to f inely fabricate the
conplicated parts having mcrostructures such as a pressure chanber,

m cr omachwoiong499echni ques in which 5 ani sotropic etching iPSTAp@/i2eeh to a
single crystal silicon substrate are proposed. In this case, the parts
(for exanple, a spacer that is arranged between a nozzle plate and a

di aphragm and _constitutes the pressure chanber% made from single crystal

silicon bas® HaVEh e rafchan SHH a9 ffn&alriepting smcarrseO W AT t he

parts nmade from a photoresist and thus the overall distortion |evel of the
ink jet priitfRRpihie Usdeyithatdisicwistrneepi ezvatusery ito fibehyor is
reduced. Furthernore, it becones possible to make the pressure chanbers
uni form bedaniszttehahet chepll ivd teds prafrase haok ng hel quosssuceudss chadberss are
normal to the surface of the spacer. JP 7-178908A di scloses a printhead

made usi Ngx prevsurenebhinbeéng e aGhening wokER fulke aRi RI&PPI C etching is
applied to a single crystal silicon substrate with crystal orientation

(110) 50 forindharossus e bartgss e e.pg! Lol 20:L0e pLERSY e chante

adjacent to its outlet is by si x surfa is to say,

t he four r.fa | .ta the.single crystal silicon substrate,
each of m@&s%gﬁnégtésg?%eed'n%ngﬁcg%rsiﬁ Sﬁal?ryes@ﬁﬁéeéf%)f eEJ’EE“LFEL@'angI es,
and two surfaces c ngcted to the particular one of these four 25 wall
surfaces at “AFSHt %2‘8 angl FXFE5A 58W8§§-§&??%P19F§MP%4)3/ 049951

PCT/ JP02/ 12790 -4 of the single crystal silicon substrate. This traditional
t echni que HEPHRFER ?BdaQ%Wﬁlgl%aﬂihénpéﬁS@h‘ée tiigpbes) bpade from

single crystal silicon base have higher mechanical stiffness
10 in comparison with the parts made from a photoresist and thus
the overall distortion level of the ink jet printhead due to
vibration of the piezoelectric vibrator is reduced.
Furthermore, it becomes possible to make the pressure chambers
uniform, because the etched wall surfaces of the pressure
15 chambers are normal to the surface of the spacer.

JP 7-178908A discloses a printhead made using a
micromachining technique, in which the anisotropic etching is
applied to a single crystal silicon substrate with crystal
orientatioh (110) to form the pressuré chambers. The potion of

20 the pressure chamber adjacent to its outlet is defined by six
wgll surfaces, that is to say, the four wall surfaces normal
to the singlé crystal silicon substrate, each of which
connects to the neighboring wall surfaces at obtuse angles,
and two surfaces connected to the particular one of these four

25 wall surfaces at an obtuse angle, from a cross—sectional view



maki ng the ink flow uniformas soon as possible in the area adjacent to
the outlet (i.e., the opening on the nozzle plate 5 side) of the pressure
chanber wwerog/ogwagnati on of the flowis likely to occur. PEP/JIPOZARIAOBA

di scl oses the printhead made using a mcromachi ning technique, in which
the potion of the pressure chanber a#ilfacent to its outlet is defined by

five wall 1 éﬁrface%tnorna¥ #0 the single cr¥stal Silicon substrate, each
of which cOhnEet S IHETREFFhET HHP e dPsEGrFGceP it hrdiGhPE&e angl e.
Further, one wal]l surface of the pressure chanber is fornmed by an extended
surface of “RFRAIMIS ajftempEs tesavais] stapmasienaelf tihendlubbdennbyue attenpts
to elimnate 15 stagnation of the bubbles in the nei ghborhood of the

openi ng orelting ndw liakplfate ideoty asomooni eat pows irdtevdenthbearseser voi r
and the pressure chanber snmoothly and | ocating the outlet of pressure

chanber neadiacanith shanbutIom the walkhe spehaseordfcHh@oRy 8sSpIL-Lhanber.
20 JP 10-264383A discloses a printhead conprising an ink cavity (pressure

chanbes) g M) ¥ ivhe bSePEESS WHABRr UBkRY g’eggrpaﬁo%e'o%%ﬁ%cf%&_ t to be

expel l ed outside. A hydrophilic and al kali-proo I m such as nickel
oxi de and i 14 oxjde, is deposited on the inner surface of the ink 25
cavity so %gié%yfﬁéﬂ%%qgg'elution of silicon into inks WO 03/049951 -5

T 902012790 (espechallfyol0uA S350 0 ol 1, A0SO € 4048)s, 3",
micromachining technique, in which the potion of the pressure
chamber adjacent to its outlet is defined by five wall

10 surfaces normal to the single crystal silicon substrate, each
of which connects to the neighboring wall surfaces at an
obtuse angle. Further, one wall surface of the pressure ’
chamber is formed by an extended surface of one wall of the
reservoir. This traditional technique attempts to eliminate

15 stagnation of the bubbles in the neighborhood of the opening
on the nozzle plate side by communicating between the
'rgservoir and the pressure chamber smoothly and locating the
outlet of pressure chamber nearly equidistant from the wall
surfaces of the pressure chamber.

20‘ JPV10—264383A discloses a printhead comprising én
ink cavity (pressure chamber) in which ink is pressurized
using the piezoelectric element to be expelled outside. A
hydrophilic ana alkali-proof film, such as nickel oxide and
silicon oxide, is deposited on the inner surface of the ink

25 cavity so as to minimize elution of silicon into inks



fastening a first substrate to a second substrate having nozzle bores
therein using an adhesive. The first substrate 5 has recesses in a

st agger edwearisanmgsnent al ong the edge of the ink cavity amdTuR&/12e®er voir.
It becones possible to prevent redundant adhesive fromflowing into an ink
channel , because the redundant adhesbve flows into the recesses. However,
in the cas egf naK%ﬁ? t.he ﬁ acer (the .10 conponent having the ink channel
formed ther et Ry 13 omd a NsHF cGHF S Hs 53¢ BPLeRehi HyS)it is difficult to
process the silicon substrate into a desired structure, because the
etching process is deffeddedt8dds Hblsalpsesl aopiréntkzaacdbmage blie silicon
substrate. Furthernore, the etching results in 15 roughness on the silicon
surfaces ofastenipressdfiesthamberrateThe af seenrdt suineadapei Abhieags accor di ng
to prior art have failed to reduce the stagnation of the bubbles and the

retention wbzilk dared subiéh amimdpeneadnEspeei atley/ £irlaviags ARL& than four
wal | surfaces of the pressure chanber 20 results in a detrinental effect on

the inks fligys duedsadshen g tdadlirmensi-0nabeRbhl Aot Liic! Uags apdymkes it

difficult to control the ink ow. Furthérnore, 1n-t eposi ting

a filmof ; i . i t,any jtrid Luid (ink ro fil on the wal
25 ;urfacéug§“%ﬁgggf%?§u?%g2%é§ Eﬁpﬁ%r(?ﬁgbéﬁéé%ﬁ)34%51§ﬁ8v£%33¥&Y%M§

03/ 049951 PCT/%fgﬁ{l 90.-6 %he elution of silicon into inks, the internal
stress of Y& AIBPELYS 151 HQ¥EBIalhFet 3 titn ChBBRPhg)PIF2USRe Over al

spacer. If the other components such as the nozzle plate, the
, he redundant adhesive flows into the recesses.

However, in the case of making fhe spacer (the
10 component having the ink channel forﬁed therein) from a
silicon substrate by etching, it is difficult to process the
siliqon substrate into a desired structure, because the
etching process is dependent on the crystal orientation of the
silicon substrate. Furthermore, the etching results in
15 roughness on the silicon surfaces of the pressure chamber.

The aforementioned printheads according to prior
art have failed to reduce the stagnation of the bubbles and
the retention of ink to a sufficient degree. Especially,
having more than four wall surfaces of the pressure chamber

20 results in a detrimental effect on the ink flow due to the
multi-dimensional surface structures and makes it difficult to
control the ink flow.

Furthermore, in the case of depositing a film of
oxide or titanium nitride (fluid (ink) proof £ilm) on the wall

25 surface of the pressure chamber of the spacer for preventing



di aphragmin the case of the thernmal and el ectrostatic types 5 of
printhead, and a cover for constituting the ink channel (for exanple, a
pressure whanhbewyl are fastened to the spacer, it often | @eaggromi2iigul ty
bondi ng between these conponents and the spacer and thus a decrease in
reliability. DI SCLOSURE OF THE | NVENB-ON 10 It is a general object of the
present inyention.to rovide a .drop,djscharge head, a nmethod of producing
t he drop n%lles&%&Fd@%@gd?l%ﬁdmaﬁnitﬁklflkﬁ' pHFRtiIGTaeYi seresmeic he

di scharge ink drops with high stability. It is another and nore specific
obj ect of flédrprppésEntmiGarsssi ndistprbivnielbevwdng) df sthmrayerhdad, a
met hod of producing the drop discharge head, and an ink jet printing
devi ce t hapacaw.opér the atiltdr mohpghedegr seclofas ehkeahbbily wheae, tthe | ong
run. To. achieve the objects, according to one aspect of 20 the present

i nvent i ondiaptirapmdi fcties gskead eREPEhSABaR arehanagtrdoHFdHing t%E@gﬁnt made
froma silicon substrate, wherein the channel-form ng el enent has a

channeb f @empeihRAEEHN addOUBICRNEGh Soddid chidibgnenl O3 A NAZELey Sai d

channel having a surface whose surface rolghnes i's not greater than

2,um 25 LS e t__i_nprov the reliahilit f t WO 03/ 049951
PCT/JPOZ/f%ggoeg%&gggbqgggfﬁggég ﬁg%ﬁb%ﬁh Tﬁ%q%fgﬁg?thDgﬁ“HFBBCEFSCharging
per f or mance, cause it prevents air bubbles fromgetting snagged on the
nicroscopﬁg 82%8Pi§?%§33£>#ﬁ@lgﬁrggg%%nQﬁbquﬁencﬁgﬁﬁ%|qomponents and

the spacer and thus a decrease in reliability.

DISCLOSURE OF THE INVENTION

10 It‘is a general object of the present invention to
provide a drop discharge head, a method of producing the drop
discharge head, and an ink jet printing device that can
dischargeuink drops with high stability.

It is another and more specific object of the

15 present invention to provide a drop discharge head, a method
of producing the drop discharge head, and an ink jet printing
device that can operate with a high degree of reliability over
the long run.

' To achieve the objects, according to one aspect of

20 the present invention, a drop discharge head comprises a
channel-forming element made from a silicon substrate, wherein
thé channel-forming element has a channel formed therein
through which a fluid flows to a nozzle, said channel having a
surface whose surface roughness Ra is not greater than 2um.

25 This arrangement improves the reliability of the



5 To achi eve the objects, according to another aspect of the present

i nvention, a drop discharge head conprises a channel-form ng el enent that
i s made fworms@4®sl i con substrate and has a pressure chaniremr/Jaond2a90

nozzl e- communi cati ng channel- formed therein; and a nozzle plate that is
provi ded on one 10 side of the channef-form ng el enent and has a nozzle
connected ,in fluid co ni cation to the_gressure chanber via the nozzle-
comuni cat P éJrfaerg’é’IrF’ 8721 44 Hden§£2Pé L & bYmerhi T R SCBARHRI  has four

corners inside the channel -forming elenent, while the nozzl e-conmmunicating
channel hdegiormspassebanghes 115 @Fevenssaeit tisukhilidsetfron géetimyzl e plate
side. This arrangenent inproves the reliability of the drop discharge head
and t he stsimddeady cof theopidicohmyrigi rgpepétfios nehcthe baeduses idf pirevent s
adhesive fromflowing into the nozzle communicating channel due to
capi |l l ary @&¢drn@1 .20 during assenbly and thus prevents a deviation of drop
trajectory due to adhesive set inside the nozzle comrunicating channel.

Furthegnore, this arﬁ%nggz é@e‘%ﬂéﬁo%gggﬁsgigé%é%ﬁfdgeggegﬂpgﬁ régﬂgcQg the

fluid flow, since the n e-communi cating channe sh ave ‘nore than

four corne hnside the 25 channel -fqrm ng. el .enent 03/049951

PCT/ 3P02/ 12740 é% SS1S, 53 i 8o UFRR Thschanas be nGOBP TSR 3 he

nozzl e-co ni cati channel is bounded on_its four sides by four surfaces
e

subst ant i LBY| SRS Abaho2 3| BagE feom anAilecen fuhst¥aEel e pl ate

side the nozzl e-comunicating 5 channel is bounded on its four sides by
four such @nd has a pressure chamber and a nozzle-communicating channel

formed therein;:and a nozzle plate that is provided on one

10 side of the channel-forming element and has a nozzle connected
in fluid communication to the pressure chamber via the nozzle-—
communicating channel, wherein the nozzle-communicating
channel has four corners inside the channel—forming element,
while the nozzle-communicating channel has six obtuse angle

15 corners at its outlet on the nozzle plate side.

This arrangement improves the reliability of the
drop discharge head and the stability of drop discharging
performance, because it prevents adhesive from flowing into
the nozzle communicating channel due to capillary action

20 during assembly and thus prevents a deviation of drop
trajectory.due to adhesive set inside the nozzle communicating
channel. Furthermore, this arrangement eliminates difficulties
in controlling the fluid flow, since the nozzle-communicating
channel doesn’t have more than four corners inside the

25 channel-forming element.



per pendi cul ar surfaces and two additional surfaces inclined wth respect
to the nozzle plate. Wth this arrangenent, it becones possible to prevent
t he st agmaiDiosn4ws1 air (or gas) bubbles and fluid flow w TR/ 27® of the
inclined surfaces 10 and thus prevent a discharge mal function. To achi eve
the objects, according to another aspget of the present invention, a drop
di scharge head conprises a channel-formng elenent that is made from a
silicon substrate arfFeigsallpr esBikde dhgnbBAnlel aphEgIE silgeerhairel 43),
a 15 nozzl e-comuni cati ng channel and a sub-chanber (nozzle-side channel
42) for mednoheretqgmmanicarli egptidmndlhdts bsupdediadrditon foomessdee gf t he
channel -form ng el enent and establishes the sub-chanber together wth the

channel - f oFBhAGs & RIMRAL sapdthAsiaBlyN@ezbena@Bhest eth ithe ndizg1€osmayd cation
to the pressure 20 chanber via the sub-chanber and the nozzl e-conmuni cati ng

channel ; apg; f. di pRAAABLL étgié rW0eH0RcL Nee Ol dighurdicde nf  the

channel -form ng el enent and establishes the pressure chanber together with

the chgnnel:formn | ement. and. can. deforms change the vol une of
the pr gsu?%a%rhegﬂrrbl%r %Oﬁg‘a\?ﬁe?gi %‘lg? hnfewr?o?gfig]?cm%‘%%aﬁr&%g channel has four
corners, WO 03/049951 PCT/JP02/ 12790 -9 whi.le on the fnozzl e Eiate si de an

openi ng shBpEPHLGdaguEUrERSRBD (7o REAVELPPRT ySHITANTE ABZ 21 | s
defined by four |lines connected at obtuse angles. This arrangenent
i nproves tHeth efesasiati ©p shet hezzbe drlopedi Yéhar el haadraagemens, sktability of
drop discharging performance, because it prevents adhesive fromflow ng
into becomes possible to prevent the stagnation of air (or gas)
bubbles and fluid flow with the aid of the inclined surfaces
10 and thus prevent a dischargé malfunction.
’ To achieve the objects, according to another aspect
of the present invention, a drop discharge head comprises a
channel-forming element that is made from'a silicon substrate
and has a pressure chamber (diaphragm—sideichannei 43), a
15 nozzle—communicatiﬁg channel ;nd a sub-chamber {(nozzle-side
channel 42) formed therein; a nozzle plate that is provided on
one side of the channel—forming element and establishes the
sub-chamber together with the éhannel—forming element and has
a nozzle connected in fluid communication to the pressure
20 chamber via the sub-chamber and the nozzle-communicating
channel; and a diaphrégm that is provided on the other side of
the channel-forming element and establishes the pressure
chamber together with the channel-forming element and can

deform so as to change the volume of the pressure chamber,

25 wherein the nozzle-communicating channel has four corners,



t he nozzl e communi cati ng channel due to capillary action and thus prevents
a deviation of drop trajectory due to the adhesive accepted inside the
nozzl e cowowaioe®wsi ng channel . 10 Furthernore, this arrang®c@npPoxi2re nat es
difficulties in controlling the fluid flow, since the nozzle-comrunicating
channel doesn't have nore than four cprners inside the channel-formng
element. Preferably, on the nozzle plate side in the 15 vicinity of the
nozzl e t hevlsie cmaivber nezzbounddd ¢ridet ant ppeRingishepehptt reesdur f aces
substantially perpendicular to the nozzle plate and an additional surface
i nclined whdnbeaspeat the ovidiningz dfe thleahezz Wt hig liefiaedahygefiont , it
becones possible to. prevent the stagnation of air bubbles and fluid 20

flow with thedaidnebctbe dncdiiied swgilases and thus prevent a discharge
mal functi on. To achi eve the objects, according to another aspect of the

present invention, aTﬁﬁgp?P'%f%@{&& head o ¢eaPHLS 6% 18 araharpebs f-ordri ng

el enent that has a channe ormed therein 25 through which a fluid flows to

d h first, WO 03/ 049951 PCT/ JPO2/ 12790 -
i do and AEEL GRS BOFPACATOR T BUner B bl Ghereen tRearyRiS O" o

substantially no difference in surface area, excludin% concave portions,
bet ween t REF{IIANSEy f BREAWIRI HhPTVEESAdAS T Atk TrOTTALSVARY nt
inmproves the reliability of the drop discharge head and can reduce
manuf act ur¥lig) eostle pewauRicating shapard ghe o stamitilenyl aveion ed¥l t han 2g
m even in the

thus prevents a deviation of drop trajectory due to the

adhesivé accepted inside the nozzle communicating channel.

10 Furthermore, this arrangement eliminates aifficulties in
controlling the fluid flow, since the nozzle-communicating
channel doesn’t have more than four éorners inside the -
channel-forming element.

Preferably, on the nozzle plate‘side in the

15 vicinity of the nozzle the sub-chamber is bounaed on its three
sides by three surfaces substantially perpendicular to the
nozzle plate and an additional surface inclined with respect
to the nozzle plate. With this arrangement, it becomes
possible to prevent the stagnation of air bubbles and fluid

20 flow with the aid of the inclined surfaces and thus prevent a
discharge malfunction.

To achievé the objects, according to another aspect
of the present invention, a drop discharge head comprises a
channel-forming element that has a channel formed therein

25 through which a fluid flows to a nozzle and has a first



case of a fluid-proof filmsuch as an oxide filmor a titanium nitride
filmbeing forned on the surface of the channel. 10 Preferably, a

pseudo- chaipnal4d9avi ng a shape simlar to the shape of the@cethamieno s
formed on the first surface side and the pseudo-channel is connected in
fluid comunication to the outside -ofpthe channel-formng elenent. Wth
this arrangenent, it becones possible to mnimze the 15 expansjon of air
in the pseyd&acrarRePneveis fansedt SesoRPPFLEERCE 1t ABecAlRRIelSYSrni ng

el enent at the bonding process. To achieve the object, according to another
aspect ofwhdreipr ébent isvaristemtialdyopodilstfergemehdadsenfpre se=aa

channel -form ng el enent having a pressure chanber and a 20

nozzl e- corsRylucahighgobatdaodanime]d bheween, tlendfixstozakeacdlaie thikat is
provi ded on one side of the channel-formng elenent and has a nozzle
connect ed . fluisd-¢9aguni cation to the pressure chamber; wherein a
pseudo- chanber having a shape simlar to the shape of the pressure chanber

i's forged on the 25 §zle glagﬁf%%ggmggi%gg E@@. %ﬁk&9i§¥£91§2 giPt_and

t he depth VI)03/0499§ PCT! of "Sai'd pressure c S

greater than or equal to 85um _ This arrangenent inproves the reliabilit
of the drddfﬁpdrﬂgéﬁaﬁgaeh%%%ﬁj and che §F§BF?iIP§mb¢aCd?15€rn8i SUhar JiSrguse ’
per f ormance, because it becomes possible to reduce the 5 distortion |evel
of the chdrmelanf orkienghel ¢hwmrtdod lsueli teentthamns @pphyevdie iinnkheven at a
hi gh di scharging frequency in the case of using a high-viscosity fluid.
Pr ef er abl ysasteheft hi €knedspufoft Ha lsi kiicbnasudsteside film or a titanium

nitride film being formed on the surface of the channel.

10 Preferably, a pseudo—-channel having a shape similar
to the shape of the channel is formed on the first surface
side and the péeudo—channel is connected in fluid
communication to the outside of the channel~forming element.
With this arrangement, it bécomes possible to minimize the

15 expansion of air in the pseudo-channel even if heat is applied
to the chaﬁnel—forming element at the bonding process. -

To achieve the object, according to another aspect
of the present invention, a drop discharge head qomprises a
channel-forming element having a pressure chamber and a

20 nozzle—communicating channel formed therein; and a nozzle
plate that is provided on one side of the channel-forming
element and has a nozzle connected in fluid communication to
the pressure chamber; wherein a pseudo-chamber having a shape
similar to‘the shape of the pressure chamber is formed on the

25 nozzle plate side of the channel—forming element and the depth



bet ween the pressure chanber and the pseudo-chanber is greater 10 than or
equal to 1008 m Wth this arrangenent, it becones possible to possible to
reduce t wodBm¥wsti on | evel of the channel -form ng el enerCTARG/2QUal | ze
the ink drop speed between driving a single bit and sinultaneously driving
multiple bits and thus control the i+iki-drop placenment with 15 great
accuracy. To achieve the objects, according to another aspect of the
present i riferfdichpragspar € HgE IBRPEREeENIMOY wRual efo pt Mthead
according to the present invention; and an ink tank that contains ink to
be supplied and is i@hégrarrypgdnarie impgovag ke yaligbhdéaty dhithe
arrangenent inproves the reliability and the yield of the ink cartridge,
because t hixralr ajisdhachar jeadhead! thecetdbnyity dhelyppedéstharysant i on can
operate with a high degree of reliability and discharge the drops with

hi gh 25 stabifddWn’Bd BesahaL Y.t WOBRLI4885di vl HRCHdROL/42/90 To achieve

the objects, according to another aspect of the present invention, an ink

jet printidig.deviies §oUDIi 52%nd Meahikil ebrRIAthieadagogRiding o the

present invention; Ink tan at contal ns to be supplied to the ink

jet 5 priqﬁl dﬁ a arria £ t %§.§ pggrtsa he .ink jet Réiniheaq and is
novabl e in Y %@XnﬁFﬁg Wi cfﬁ%n; ahd %Hﬁ%ﬁlfgéﬁ H&difani sm for
transferring sheets froman input tray to an output tray via a printing
ar ea. frequency in the case of using a high-viscosity fluid.
Preferably, the thickness of the silicon substrate
between the pressure chamber and the pseudo-chamber is greater
10 than or egual to 100um. With this arrangement, it becomes
possible to possible to reduce the distortibn level of the
channel~forming element and equalize the ink drop speed
between driving a single bit and simultaneously driving
multiple bits and thus control the ink drop placement with
15 great accuracy.
To achieve the objects, according‘to another aspect
of the present invention, an ink cartridge comprises the ink
jet printhead according to the present invention; and an ink
tank that contains ink to be supplieduand is integral with the
20 ink jet printhead.
This arrangement improves the reliability and the
yield of the ink cartridge, because the drop discharge head
according to the present invention can operate with a high

degree of reliability and discharge the drops with high

25 stability and accuracy.



Thi s arrangenment inproves the reliability and the 10 print inage quality
of the ink jet printing device, because the drop discharge head accordi ng
to the prweesn4d9aventi on can operate with a high degree eCTue/ebrddity and
di scharge the drops with high stability and accuracy. To achieve the

obj ect, according to another aspect -115- of the present invention, a nethod

of producing a drop discgar e head_ conprises the steps of providing a
silicon substrate; aRd3FOrAThdTe Eﬁéﬁggﬁ'iﬁg??ﬁg%ﬂqit@oﬁngtkﬁﬁréﬂp§cﬁy wet
et ching using a potassium hydroxi de solution, wherein the concentration of
t he pot assqfu%hﬁy@lr@ﬁﬁaé spyertion i gngiekt det 20ritdmgodeeiual canprds¥sand t he
process tenperature is greater than or equal to 80C. This arrangenent
nmakes it ddsy inég fietnprhetidahrecoriangngo atissrfrasensheseestiidracanr oughness
Ra is not greater than 2jimin producing the channel-formng el enment from

the 25 siinkceangubhbtatentaiR030R49850e PEIIQY 13790 - 4% Rraf erably, a

process for preventing the adhesion of air bubbles to the éetched surface,

such ag swayinRgebhi! Li Bg Rﬁ&k i.l kcon. substrate an
app! yi ng gﬁbersgnic mavéé to Fﬁggs%ﬁéég%t%u §%f§?€9gg §§%1%§§§ PRt he step

of 5 form;ng hannel . Wth this arrangenent, it becomes possible to
prevent hﬁ'rgggﬁbggné?a et duriFRgthe %&Eé%?ﬁfﬁjr&@gsg FhReh d%@ﬁering to the

wal | surface and to_easily formthe channel whose the surface roughness Ra
is | ess tﬁgﬁhén65ﬂ1for transferring sheets from an input tray to an

output tray via a printing area.
This arrangement improves the reliability and the
10 print image quality of the ink jet printing device, because
the drop discharge head according to the present invention can
operate with a high degree of reliability and discharge the
drops with high stability and accuracy.
To achieve‘the object, according to another aspect
15 of the present invention, a method of producing a drop
discharge head comprises the steps of providing a silicon
sﬁbstrate; and forming a channel in the silicon substrate by
wet etching using a potassium hydroxide solution, wherein the
concentration of the potassium hydroxide solution is greater
20  than or equal to 25% and the process temperature is greater
than or equal to 80C.
This arrangement makes it easy to form the channel
having a surface whose surface roughness Ra is not greater

~than 2um in producing the channel-forming element from the

25 silicon substrate.



10 To achi eve the objects, according to another aspect of the present

i nvention, a nethod of producing a drop discharge head conprises the steps
of provi dawo@3a4®51 i con substrate; and form ng a channel - PorIPIg2890e MENT
fromthe silicon substrate having a pressure chanber for containing a 15
fluid to be pressurized, and a nozzl e1gemuni cati ng channel for conducting
the pressurized fluid to a nozzle, wherein the nozzle-comunicating
channel is fornmed by BFRESEREYI cacPERFRTS I EHEVERELBGntRRssthestenaf t er
form ng a non-through hole (internal passage) by dry etching of the silicon
substrat e. of28iWhitbhIvs tar thrgetehed surfzeeonmeschossi eyt i(mhioiey

t hroughput and the reliability of the drop di scharge head. BRI EF

DESCRI PTI ONaCk JiiE fRAW)NGEeFi@11dos havss afatex Bhadedp DRl spasidey8oNiew of an
ink jet printhead accordlng to the present invention. 25 Fig. 2 shows a

secti onal Wh@@%t%gQﬂm@hﬁﬂgc@nvghg§éﬂ§&§%% 1%%lﬁggéjf§2£%% lB@g'tUd'na

dlrectlon of the ink jet printhead of Fig. sectlona

Vi ew t ak | at er irection of the main parts of the ink jet
en pLa0s ! leT iy main p:

prlnthead shows a sectional view of a spacer 1 5
(channel - fornlng elenenH% f the first enbodiment of the jnk jet
printhead. Fig.5A shdlish Pianatranggreitre EpReermes whets14%ew@d from t he

nozzle plate 3 for illustrating the nozzle plate-bonded surface of the
spacer 1. prevent hydrogen generated during the etching process from

adhering to the wall surface and to easily form the channel
whose the surface foughness Ra is less than 2pum.

10 To achieve the objecté, according to another aspect
of the present invention, a method of producing a drop
discharge head comprises the steps of providing a silicon
substrate; and forming a channel-forming element from the
silicon substrate having a pressure chamber for containiﬁg a

15 fluid to be pressuriied, and a nozzle—communicating channel
for conducting the pressurized fluid to a nozzle, wherein the
nozzle-communicating channel is formed by anisotropic etching

- of the silicon substrate after forming a non-through hole
(internal passage) by dry etching of the silicon substrate.
20 With this arrangement, it becomes possible to imprbve

throughput and the reliability of the drop discharge head.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an exploded perspective view of an ink
jet printhead according to the present invention.

25 : Fig. 2 shows a sectional view taken along a



10 Fig.5B shows an enl arged detail of the nozzle conmmunicating channels 5.
Fi g. 6A shows a plan view of the spacer 1 when viewed fromthe di aphragm 2
for illuswoasisyst he di aphragm bonded surface of the spa®em/Jpo2/1390Fi g. 6B
shows an enl arged detail of the pressure chanbers 6. Fig.7 shows an

enl arged sectional view taken along -lde-line A-A of the Fig.6B. Fig.8A
shows a plan_vi.ew of the nozzle plate-bonded 20 surface of the spacer 1'
accordi ng tOGLEBAPRR LT VEEHETdPRehe 1Tk gl HB HoREcad @hlBiged -detail of
t he nozzl e comruni cati ng channels 5 of the spacer 1'. Fig.9A shows a plan
vi ew of the di aphr agn¥bdndedhosisr basecbionhk wigacerkeéh atooy diatgrad a
conparative enbodiment. 25 Fig.9B shows an enlarged detail of the pressure

WO 03/ 049981 retsiPCTo 0 FOR 1HAI0 paltazbers the @hkt het spaGahebd. ofi 140 shows
an enl arged sectional viewtaken along the Iine B-B of the Fig.9B. Fig.1l1

shows a sectional viem®fl 4 haowacandeor eobodiyirnt o¢f aaszémﬁﬁfl of an ink jet
1ZA thr

printhead according to the present invention. Figs. ough 12E show

one exapl q HEnB?@—f%ﬁ%@%ﬁ%mgHm ngdtﬂé) rfims%d%%joggir%ehn SHAGRS }.nﬁf the

: ol
first enbodi nent.
jet printhead.

Fig.5A sho&s a plan view of the spacer 1 when
viewed from the nozzle plate 3 for illustrating the nozzle
plate-bonded surface of the spacer 1.
10 Fig.5B shows an enlarged detail of the nozzle
communicating channels 5.
Fig.6A shows a plan view of thé'spacer 1 when
viewed from the diaphragm 2 for illustrating the diaphragm-
bonded surface of the spacer 1.
15 Fig.6B shows an enlarged detéil of the pressure
chambers 6.
Fig.7 shows an enlarged sectional view taken along
the line A-A of the Fig.6B.
Fig.8A shows a plan‘view of the nozzle plate-bonded
20 surface of the spacer 1’ according to a comparative embodiment.
Fig.8B shows an enlarged detail of the nozzle
communicating channeis 5’ of the spacer 1°'.
Fig.9A shows a plan view of the diaphragm-bonded
surface of the spacer 1’ according to a comparative embodiment.

25 Fig.9B shows an enlarged detail of the pressure



10 Figs. 13A through 13E show the continuation of the processes enployed
for producing the spacer 1 of the first enbodinent. Fig. 14 shows the

ef fect arwbtobe4war f ace characteristic (roughness) of the ®cmgemyrat on of
the 15 potassium hydroxi de solution and the tenperature for the

ani sotropi c etching. Figs. 15A through535E show one exanpl e of the

processes |.oyed f,or producing the spacer 41 of the second enbodinent.
20 25 Figs. %gf‘ﬁshr‘{)uﬁﬁ ;fgﬁ EBﬂg?rnu]e the exanple of the processes enployed

for producing the spacer 41 of the second enbodinent. Fig. 17 shows the
test results of an iAf€ctPofilovpearmtsmugied: Recthingletvipwi tbkendakong pped
with the spacer 1. Fig. 18A shows a plan view of the nozzle plate WD

03/ 049951 ¥oT/Jpe2BtB706 thé homddl surface of the spacer 11 according to
the third enbodiment. Fig. 18B shows an enl arged detail of the nozzle -

communi cati ng channelFsg5b1 5Shég.a 1QAShews ik adr wWrewsaboLhe spacer 11
for illustrating the diaphragm bonded surface of the spacer 11. Fig. 19B

shows an esthryedndebai b Qﬁaé§@<ﬁﬁgﬁ§ﬁhi jggaﬁpﬁﬁ%e%@'according to

the present invention.

Figs. 12A through 12E show one example of the
processes employed for pfoducing the spacer 1 of the first
embodiment.

10 | Figs. 13A throqgh 13E show the continuation of the
processes employea for producing the spacer 1 of the first
embodiment.

Fig. 14 shows the effect on the surface
characteristic (roughness) of the concentration of the

15 potassium hydroxide solution and the temperature for the
anisotropic etching.

Figs. 15A through 15E show one example of the
processes employed for producing the spacer 41 of the second
embodiment.

20 Figs. 16A through 16EAcontinue the example of the
processes employed for producing the spacer 41 6f the second
embodiment. ‘

Fig. 17 showé the test results of an injection

operation of the ink jet printhead equipped wiﬁh the spacer 1.

25 Fig. 182 shows a plan view of the nozzle plate-



Fig. 20A shows a perspective view of the part of 10 the spacer 11
according to a conparative enbodi nent. Fig. 20B shows a perspective view of
the part wbosimwsspacer 11 according to the third enbodi meatr/Jeé2/t2he present
invention. Figs. 21A through 21E show one exanple of the 15 processes
enpl oyed for producing the spacer 11-gfs-the third enbodinment. 20 Figs. 22A
t hrough 22E continue_the exanple of the processes enployed for producing

t he spacer berded swefacgs ref tdwbeppaent 1l mepprdizgdshewshe Wdad onal vi ew of

t he spacer 441 of the fourth enbodi nent. Figs. 24A through 24E show one
exanpl e of embedipemicesses enpl oyed for produci ng the spacer 441 of the
fourth enbodinent. 25 Figs. 25A through 25E continue the exanple of the WO

03/ 049951 PCT/ JP02/ 12F99. -118B SnpeCeESEsl D yREal or o preadiciong1the spacer
441 of the fourth enbodinment. Fig. 26 shows an expl oded perspective view of

anot her i nk.j.ghnPEiPilead Accesdseg to the present invention. Fig. 27 shows
|

a sectional view taken along a Ilongitudinal direction of the ink jet
printhead of Fig. 26.p,,Fig, 3830008, 7 $80Ld003 cileypiaken 2lgno I ateral

illustrating the diaphragm-bonded surface of the spacer 11.

Fig. 19B shows an enlarged detail of the pressure
chambers 36.

Fig. 20A shows a perspective view of the part of

10 the spacer 11’ gccording to a comparative embodiment.

Fig. 20B shows a perspective view of the part of
the spacer 11 according to the third embodiment of the present
invention.

Figs. 21A through 21E show one example of the

15 processes employed for producing the spacer 11 of the third
embodiment.

Figs. 22A through 22E continue the example of the
processes employed for producing the spacer 11 of the third
embodiment.

20 Figs. 23 shows a sectional view of the spacer 441
of thé fourth embodiment.

Figs. 24A through 24E show one example of the
processes employed for producing the spacer 441 of the fourth
embodiment.

25 Figs. 25A through 25E continue the example of the



direction of the main parts of the ink jet printhead of Fig. 26. 10 Fig.
29 shows a sectional view of a spacer 331 of the ink jet printhead of Fig.
26. Fig. 8OA3m®ods a plan view of the nozzle plate- bondeadCIurézrednf the
spacer 331. Fig. 30B shows a plan view of the di aphragm bonded 15 surface
of the spacer 331. Fig. 31A shows a pian view of the nozzle plate- bonded
surface of the spacer 331' according to a conparative enbodinent. Fig. 31B
shows a pl arowdssesofempheyeilaphr agredurided theOspardm et lofoft ke shaweh 331" .
Fig. 32 shows a neasured test result of the relationship between the ratio
of the di aphbbedimaanded surface area to the nozzle plate-bonded surface
area and distortion |level of the spacer. 25 Fig. 33A shows a plan view of

the nozzle plate WO G3/,049854nb%d/ JPAUHph2480 peitSHdrondad auifaee of the

spacer 331 according to an alternative enbodinent. 5 Fig. 33B shows a plan

[ f th | - - - Fi. th h
SAE Show oRE ELama . OF T R o e BB oy R P i RSt R pacer

331 OfSthe fifth en%%%{nggtéhows a sectional view taken along a

longitudinal direction of the ink jet printhead of Fig. 26.

Fig. 28 shows a sectional view taken along lateral
direction of the main parts of the ink jet printhead of Fig.
26.

10 Fig. 29 shows a sectional view of a spacer 331 of
the ink jet printhead of Fig. 26.

Fig. 30A shows a plan view of the nozzle plate-
bonded surface of the spacer 331.

Fig. 30B shows a plén view of the diaphragm-bonded

15 surface of the spacer 331.

Fig. 31A shows a plan view of the nozzle plate-
bonded surface of the spacer 331’ according to a comparative
embodiment.

Fig. 31B shows a plan view of the diaphragm-bonded

20 surface of the spacer 331°’.

Fig. 32 shows a measured test result of the
relationship between the ratio of the diaphragm-bonded surface
area to the nozzle plate-bonded surface area and distortion
level of the spacer.

25 Fig. 33A shows a plan view 6f the nozzle plate-



Fi gs. 35A through 35E continues the exanple of the processes enployed for
produci ng the spacer 331 of the fifth 10 enbodinment. Figs. 36A through 36E
show anotwero3ex®@spl e of the processes enpl oyed for produecCagrerie’spacer
331 of the fifth enbodinent. Figs. 37A through 37E conti nues the exanple
of the 15 pr ocesses enpl oyed for pred@eing the spacer 331 of the fifth

enbodi ment % 38 thr% gg 38D show yet anot her exanple of 20 25 the
processes 8%?1 @eﬁ“ﬁ‘ POHALET ntP R &rce8ding ther itk rapbbee nent .

Figs. 39A thr ough 39C continues the exanple of the processes enployed for
produci ng BReCSHERE- 331 of the fifth. embodiment. Fig. 40 shows an

expl oded perspective view of the 1ink jet printhead according to an

al ternative enbodi merftig.FB@B Alowhowsp lersedeivondl tivé el aphrbhe-bokdéet WO
03/ 049951 PCT/JP02/ 12790 -19 printhead of Fig. 40. Fig. 42 shows a

perspecti.veuyfeye off tdhe kpkcéet3zprinthead according to another alternative
enbodi nent. Fig. 43 shows an expl oded perspective view of the 5 ink jet

printhead of Fig. 42rifg. 344 Shovsy? N SRSH LiE AW 3 ehannel -

processes employedAfor producing the spacer 331 of the fifth
embodiment.

Figs. 35A through 35E continues the example of the
processes employed for producing the spacer 331 of the fifth

10 embodiment. |

Figs. 36A through 36E show another example of the
processes employved for produéing the spacer 331 of the fifth
embodiment.

Figs. 37A through 37E continues the example of the

15 processes employed for producing the spacer 331 of the fifth
embodiment.

Figs. 38A through 38D show yet another example of
the processes employed for producing thg spacer 331 of the
fifth embodiment.

20 Figs. 39A through 39C continues the example of the
processes employed fér producing the spacer 331 of the fifth
embodiment. |

Fig. 40 shows an exploded perspective view of the
ink jet printhead according to an alternative embodiment.

25 Fig. 41 shows a sectional view of the ink jet



formng elenment viewed fromthe ink channel-formng side. Fig. 45 shows the
evaluation results as to ink drop speed in the cases of driving a single
bit and swouwBbaeepusly 10 driving nmultiple bits. Fig. 46Pshore/12n®

eval uation results as to the relationship between height Hl of the
pressure chanmber 6 and discharge nallPunction rate. Figs. 47A through 47E
show one exanpl e of the 15 processes enployed for producing the spacer of
the sixt hPTIRHRRRA RInt"19Fi G8*. 48A through 48D continues the exanple of the
processes enployed for producing the spacer of the sixth. enbodinment. 20
Figs. 49A through 4985%hé% shether exesgrelige vhew pf ocussiak @6l oyed for
produci ng the spacer of the sixth enbodinent. Figs. 50A through 50C

cont i nuespthetiexadipd @ catiihbeto prrocEsse s ldgrnay éde f @nbgtiodudi.ng t he spacer
of the sixth 25 enbodi nent. WD 03/ 049951 PCT/JP02/ 12790 -20 Figs:. 51A

through 51D show yetriaflotuResnhg¥anih ee8hl oddte pREOFEEE L5 SO YEdther
produci ng the spacer of the sixth enbodinment. Figs. 52A through 52C

contidesiBEejg§3%ﬁh&m%%dtgg Fggpnggpsses enpl oyed; for producing the
spacer of the” si enbodi ment

Fig. 44 shows a perspective view of a channel-
forming element viewed from the ink channel-forming side.

Fig. 45 shows the evaluation results as to ink drop
speed in the cases of driving a single bit and simultaneously

10 driving multiple bits.

Fig. 46 shows the evaluation results as to the
relationship between height H1 of the pressure chamber 6 and
discharge malfunction rate.

Figs. 47A through 47E show one example of the

15 processes employed for producing the spacer of the sixth.
embodiment.

Figs. 48A through 48D continues fhe example of the
processes employed for ﬁroducing the spacer of the sixth
embodiment.

20 ‘ Figs. 49A through 49D show another example of the
processes employed for producing the spacer of the sixth
embodiment.

Figs. 50A through 50C continues the example of the

processes employed for producing the spacer of the sixth

25 embodiment.



Fig. 53 shows a perspective view of an ink tank integral-type ink
cartridge. Fig. 54 shows a perspective view of an ink jet 10 printing

devi ce. FWQ.03B8®9shows a di agranmatical side view of the meghaom/rado parts
of the ink jet printing device. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON I n
the follow ng, principles and enbodi ments of the 15 present invention wl|
be described with reference to the acconpanying drawi ngs. Figs. 1-4 show
the first enbodi ment Bigan 3k Ghaoughr PAP heler a%ta agosbedi soarige offiead
according to the present invention. Fig. 1 shows an expl oded perspective
vi ew of th&h20prokessss pmiplidyedd foFi groQushanshz seateonat theewikaken al ong
a longitudinal direction of the ink jet printhead. Fig. 3 shows a
sectional whBwdimken. along lateral direction of the main parts of the ink
jet printhead. Fig. 4 shows a sectional view of a spacer (channel-form ng

el ement) of the ink jef prigthead, R dhe | =i o] WAl &&inlu a
spacer 1 made from WO 0%/ 049951 P%%JPO%?l%i}gbﬂn%f :thg %‘?n lee %rfyggél
silicongsu e, _a di.aphragm 2. a.nozzl | ate 3, an i ezgel'ectric
el ement 15.}?8%1%%8%? a%"r‘ﬁla@‘g}’%’g%% PRt Y gd}eﬁée‘ga&%roguﬂf%@éx spacer 1.
The nozzl e ate 3 is. bonded to the upper surface of the spacer 1. A
nozzl e bor E¥°8YRRBY1 es) 4 from which the ink drops are discharged are

connected to an ink source via ink channels conprising nozzle
communi cati ng channelBLl%, 35 edolifeachantesatiye vdsivspanae ink tank

integral-type ink cartridge.
| Fig. 54 shows a perspective view of an ink jet
10 printing dévice.
Fig. 55 shows a diagrammatical side view of the
mechanical parts of the ink jet printing device.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, principles and embodiments of the
15 present invention will be described with reference to the
accbmpanying drawings.

Figs. 1-4 show the firstkembodiment of én ink jet
printhead as a drop discharge head according to the present
invention. Fig. 1 shows an exploded perspective view of the

20 ink jet printhead. Fig. 2 shows a sectional view taken along a
longitudinal direction of the ink jet printhead. Fig. 3 shows
a sectional view taken along lateral direction of the main
parts of the ink jet printhead. Fig. 4 shows a sectional view

of a spacer (channel-forming element) of the ink jet printhead.

25 The ink jet printhead includes a spacer 1 made from



channels 7, and a reservoir (comon ink chanber) 8. The pressure chanbers
6, the resistance channels 7 and the 10 reservoir 8 are |ocated between the
di aphr agrmwvD oafgboshe spacer 1. The surfaces of the pressuPeTdretizess 6, the
resi stance channels 7, and the reservoir 8 of the spacer 1, which define
the surface of ink channels, are coveegd with a fluid-proof film 10 such

as a filmof oxide, tltanlunlnltrlde and or gani %¥§ie3|n such as

pol yani de. tHReS kS CF&?@Pédstéﬁ%%l%Rﬁﬁqqétéke %%%P H &' BohdeH %o the
| oner surface of the diaphragm 2, wherein each of the piezoelectric

el ement s lﬁlaseﬁbsmmﬁonedzpeﬂactvectﬁiamﬁ@tsoﬂzth%h%ﬂﬁgﬁﬁﬂ@g@h&nb%rs 6. The
mul ti-layered piezoelectric 20 elenents 12 are bonded to a base 13 made
from an i nsuhééd ngp uvhet ebwalk suchaas dfarspaceti L anBie nedzie pdagadd is.
forsterite. An internedi ate nenber 14 (not shown in Fig. 1), which is

|l ocated bgtugsn thend nEBéég%Bfé‘@@' dhankaspaddr is daorgdedet Botbe base

13. The internedi ate ne 14 surrounds the rows of 25 piezoelectric

el enents 1 nBXQ.eOﬁ%/ Q99h BRICAPOAL 12/00-0p2 The @isansleal pig of enents 12

nmay be nad ternately ayering a piezoelectric layer 15, such as |ead

rconate tit PZT 10-50 t hi d t. I | ectrod
?6 such aEI E?ﬁg‘?/ %ﬁﬂ A dllm% Eﬂ‘df"a% ‘(;)nlfa Ié\cfngfinh% ‘??1 CO?‘ng%tgé‘ergn?(ﬁ nggsro ©

The el ements having el ectronechanical properties are not limted to PZT.
The respecEPPBURHiaEiRg ChapBelfodesPUATHTE GRERRCHUL Al F4ERFS to eit her

side to electrically connect to a common el ectrode pattern and an
channels 7, and a reservoir (common ink chamber) 8. The

pressure chambers 6, the resistance channels 7 and the
10 reservoir 8 are located between the diaphragm 2 and the spacer
1. The surfaces of the pressure éhambers 6, the resistance
channels 7, and the reservoir 8 of the spacer 1, which define |
the surface of ink channels, are covered with a fluid-proof
film 10 such as a film of oxide, titanium nitride, and organic
15 resin such as polyamide.

The multi-layered piezbelectric eléments 12 are
bonded to the lower surface of the diaphragm 2, wherein each
of the piezoelectric elements 12 is positioned relative to one
of the pressure chambers 6. The multi-layered piezoelectric

20 elements 12 are bonded to a base 13 made from an insulating
material such as barium titanate, alumina and forsterite. An
intermediate member 14 (not shown in Fig. 1), which is located
between the diaphragm 2 and.the base 13, is bonded to the base
13. The intermediate member 14 surrounds the rows of

25 piezoelectric elements 12.



i ndi vi dual el ectrode pattern fornmed on the base 13, which in 10 turn
electrically connect to a control unit via a flexible printed circuit (not
shown). TWe opioewsel ectric elenents 12 exhibit a def or mat ipem/Jpoe/R790ayer ed
direction (i.e., d33 direction) when a certain drive pulse voltage is
applied via the internal electrode 1%p_The deformation (displacenent) of
15 the piezoelectric elenents 12 can pressurize the ink in the pressure
chanbers 6 sufficientlhg poeagelectatiowltehenitakl? ondie beexpdkl bd out of the
nozzle bores 4. It is noted that the pressurization of the ink also can be
acconpl i shebcesiatglivheaydeing ratpidzceflccheipi eaped adl,r isackl ggendad i n the
d31 direction. 20 A through hole (not shown) through which the ink fromthe

external | AAHee difghatoM)n) $:C90dugAH 1A i8St eSEAY A findoha) ! or med

in the base 13, the iInternedi ate nenber t he di aphragm e
structure of snacer 1% that is %4{ y ég%Fgorgi n r espondi ng
to the presghre chanbér s g and Jhg%%bpggﬁgggéﬁl( 7B Zgig?ég[-23
reservq@ir 8, and channel portio cor.respondj ng, to the resistance channels
7. 1's Por TAFPHRPHE Sall SOEROH © RCATRGSBES B LrirIc SEEyerarhant fon
substrate with crystal orientation (110% using an al kal i ne solution such
as a pot as¥iATHi@coRIFBenst (KaHtesbiter PéR: The FrRePACElvenmbmibeeRal ng
channels 5 are formed by a conbination of dry etching and ani sotropic
et chi ng. Fledirmgesadgm 2re sdymde coft alietabtplate efitheckeide bye
el ectrof orm ng. The di aphragm 2 has thin-walled portions 21 formed therein
in rel ati esldaxrdikelpyesshrnect haneemmoaoedsctvode pattern and an
individual electrode pattern formed on the base 13, which in
10 turn electrically connect to a control unit via a flexible
printed circuit (not shown). The piezoelectric elements 12
exhibit a deformation in a layered direction (i.e., d33
direction) when a certain drive pulse voltage is applied via
the internal electrode 16. The deformation (displacement) of
15 the piezoelectric elements 12 can pressurize the ink in the
pressure chambers 6 sufficiently so as to allow the ink to be
expelled out of the nozzle bores 4. It is noted that the
pressurization of the ink also can be accomplished using the
deformation of the piezoelectric elements in the d31 direction.
20 A through hole (not shown) through which the ink from the
external ink source (not shown) is conducted to the reservoir
8 is formed in the base 13, the intermediate member 14, and
the diaphragm 2.

The structure of spacer 1, that is to say, concave

25 portions corresponding to the pressure chambers 6 and the



10 facilitate its deformation. The diaphragm 2 al so has thick- walled
portions 22 formed therein in relation to the piezoelectric elenents 12 so
as to prowpDda/0osde81 bonded surface for the piezoelectric elPemaRez121IN.
Further, the diaphragm 2 has thick-walled portions 23 fornmed therein in
relation to 15 partition walls 20 andjsizhe upper surfaces of the
thick-walled portions 23 (i.e., the planar upper surface of the diaphragm
2) are bondegeryoinhed spri@rchirnpsilngonhi eithessinresrongpoyt to piet i ons 24 are

| ocat ed between the thick-walled portions 23 and the base 13. The support
portions 24caistande ¢lhgeidler 720iwi Ebrmdd lpi eheclkadtboteorl €m@iahs ng2oby
dicing the piezoelectric elenent block and have the sane structure as the

pi ezoel ect &i gingl &nERAY St .sifheon0Zaber Pt §13nhasyEhg1 NozZd e ahorgs 4 of
10-30/i min diameter formed therein in relation ?o the pressure 25

pCT] 3P0/ 19730 - 06 Sgere 12??2%3%%%*? (Bh o BiEealufy Mgl 2a2®>!

arranggge conveni ence o | anat i % The no zl a s made
from a et FBQLC%O BUEh AS es§°§?2$ éﬁﬂfqﬁ9§%% 9§ EBﬂ% 5?F%ﬁ E:_BFH“F"!rlue
metal and resin such as a polyamde resin film silicon, 5 and a
combi nat i oRYof FPRPIRAEYMIE fiﬁ§r%B‘Fhl%é%iillléo%PPh%ethht}f}Eer surface in
Fig. 3) of the nozzle plate 3 is coated with a water repellency film
using a wel | -known t €Btmidjphsaghn asis angsleatifng fiekal cobdingfandchel
wat er-repell ent coating, so as to exhibit water repell ency against the
ink. 10 Wbh é¢hestiafognetngpr iThehéashhissire@t heel yhapphyli gl dortions 21
formed therein in relation to the pressure chambers 6 so as to
10 facilitate its deformation. The diaphragm 2 also has thick-
walled portions 22 formed therein in relation to the
pilezoelectric elements 12 so as to provide the bonded surface
for the piezoelectric elements 12. Further, the diaphragm 2
has thick-walled portions 23 formed therein in relation to
15 partition walls 20 and the upper surfaces of the thick-walled
portions 23 (i.e., the planar upper surface of the diaphragm
2) are bonded to the spacer 1 using an adhesive. Support
portions 24 are located between the thick-walled portions 23
and the base 13. The support portions 24 are made together
20  with the piezoelectric elements 12 by dicing the piezoelectric
element block and have the same structure as the piezoelectric
elements 12.
The nozzle plate 3 has the nozzle bores 4 of 10-30u

m in diameter formed therein in relation to the pressure

25 chambers 6. The nozzle bores 4 are aligned in two rows in a



pul se vol tage of 20-50V to the piezoelectric elenents 12 causes the

pi ezoel ectric elenments 12 to be deforned in the |ayered direction (in the
case of FWQ.0383995t her eby causing the diaphragm 2 to be detConrext2roward the
pressure chanmbers 6. 15 Then, the ink in the pressure chanbers 6 is
pressurized according to the volune-ghange of the pressure chanbers 6 to
bé expelled out of the nozzle bores 4 as ink drops, A slight negative
pressure WERPEC¥3R rasgementchiBiderds Hhovws gepbrat@t mrudmeemaptt fer of the
ink flowat the 20 time the internal ink pressure decreases due to the

di schar ge obnvaeiéende adfops. ekpléhasist)at €heasothie pplexioel X disr madel enent s

12 are turned to the inactivated state, the diaphragm?2 returns back to

its originakositatistathiseleni Ber sases1de Jreel anaf nidkenegaldonpinsessure. At
that tinme, the ink fromthe ink 25 source flows into the pressure chanbers

6 via the pesepyold+f \%3315%%9%&%35’056%@ 22.<and £ihg rgﬂf&ﬁﬁce

channels 7 that act as resi stance por After the Vibration of

t he i nk: neniscus_ suyr.face of _t nozzl e har 4 i tenuated intpo a stable
stater T neand g oedtilnd el ps ol Rt AN ettt MRS a S
applying the pulse voltage to the piezoelectric elenments 12. Referring to
Fig..4, thé"RBPT Srfegcedn Bigf Skkcd® porELBnelR: redsorarhgit Bl the
pressure chanbers 6 of the spacer 1 and the wall surfaces Ib of nozzle
communi cat ngatehaamelld epeyr 1imr i nelch vehitkpeen sigdhadaueoagihess ( Ra)
10 (Ra: neasured surface roughness average) does not exceed 2,u m As for
a det ai | edaegphairgt ifaim gothisgragdral water—repellent coating, so as to

exhibit water repellency against the ink.

10‘ ' With this ink jet printhead, selectively applying a
pulse voltage of 20-50V to the piezoelecﬁric elements 12
causes the piezoelectric elements 12 to be deformed in the
layered direction (in the case of Fig. 3), thereby causing the
diaphragm 2 to be deformed toward the préssure chambers 6.

15 Then, the ink in the pressure chambers 6 i1s pressurized
according to the volume change of the pressure chambers 6 to
be expelled out of the nozzle bores 4 as ink drops.

A slight negative pressure within the pressure
chambérs 6 is generated by the inertia of the ink flow at the

20 time the internal ink pressure decreases due to the discharge
of the ink drops. In this state, as the piezoelectric élements
12 are turned to the inactivated state, the diaphragm 2
returns back to its original state, which increases the level
of the negative pressure. At that time, the ink from the ink

25 source flows into the pressure chambers 6 via the reservoir 8



referring to Figs. 5-10, Fig.5A shows a plan view of the spacer 1 when
viewed fromthe nozzle plate 3 for illustrating the nozzle pl ate-bonded
surface oWotobe4wpacer 1 and Fig.5B 15 shows an enl arged aerdapro2/ofon he
nozzl e conmmuni cating channels 5. Fig.6A shows a plan view of the spacer 1
when viewed from the diaphragm 2 forgiskl ustrating the di aphragm bonded
surface of the spacer 1 and Fig.6B shows an enlarged detail of the
pressure chBALERS ¥esiNtgnrespbagnehs ehl HrajedHeesi dhald visaiszancaken al ong
the line A-A of the Fig.6B. Fig.8A shows a plan view of the nozzle

pl at e- bondedrtéons ackftafr tthe spacaridl @tddradiing henibsaoTpandbiceeot

enbodi nent and Fi g. 8B shows an enl arged detail of the nozzle

comuni cat ikhg abaanelsorks af ishgrspacefed intd @ 9SO A25tpkan vi ew of
t he di aphragm bonded surface of the spacer 1' WD 03/049951 PCT/ JP02/ 12790

- 26 accor dkigstQuén £ URAAL| geofr@wii@@hzg%% Eggigﬁré%yﬁ\g%fggghenl ar ged

detail of the pressure chanbers 6" of the acer oWs an

enl arg S i i ew taken ong .the.line B-B of the . Fig.9B._ Features
of t he%éorr%é%%??l\% éeﬂrrebgélllrsr’r?n}mgjc%? rrﬁoa?chteo PT&°F g%ﬁﬁjecs e&‘remgﬁ‘gsf 115 st
enbodi ment according to the present invention_are described using sane
reference synbols adfiftSTEAREI §° rk%ed: witthe Well swefageicdesof, 1' have
concave portions 31 fornmed in their nozzle plate-bonded surfaces for
accepti ng FeUtATRIRCID-caghesryesrInding diof [thfs PRRestchehapheers61od' are
bonded to the nozzle plates 3,3, respectively. The spacers 1,1' also
have concatkepspac¢onsl 32df theewklh suiiacedi Aphpégmebdrdednmunicating

channels 5 are formed such that the surface roughness (Ra)
10 (Ra: measured surface roughness average) does not exceed 2um.

As for a detailed explanation in this regard,
referring to Figs. 5-10, Fig.5A shows a plan view of the
spacer 1 when viewed frem the nozzle plate 3 for illustrating
the nozzle plate-bonded surface of the spacer 1 and Fig.5B

15 shows an enlarged detail of the nozzle communicating channels
5. Fig.6A shows a plan view of the spacer 1 when viewed from
the diaphragm 2 for illustrating the diaphragm-bonded surface
of the spacer 1 and Fig.6B shows an enlarged detail of the
pressure chambers 6. Fig.7 shows an enlarged sectional view

20 taken along the line A-A of the Fig.6B.

Fig.8A shows a plan view of the nozzle plate-bonded
surface of the spacer 1’ according to a comparative embodiment
and Fig.8B shows an enlarged detail of the nozzle
communicating channels 5’ of the spacer 1’. Fig.9A shows a

25 plan view of the diaphragm-bonded surface of the spacer 1’



surfaces for accepting the redundant adhesive that overflows when the
spacers 1,1 are bonded to the diaphragns 2,2', 15 respectively. As shown
in these Wogane®s1 according to the first enbodi ment of tReTHPEREMA0
invention, the wall surfaces |a of the pressure chanbers 6 opposed to the
di aphragm 2 are fornmed such that the2surface roughness (Ra) does not
exceed 2 um This 20 surface characteristic is achieved by taking special
action foRCPPEIEMT i FR) h\RAPBGERTEER crBbedingnty andsELe- B sHewsegthing from
adhering to the wall surfaces. For exanple, swaying the silicon substrate,
creating achbehged cddtadlbdt tba pfessere siHamberss Ghsof attes spacappl yi ng
ultrasonic waves to the silicon 25 substrate during the etching process can

prevent theigdh@ssiswINArD3nA4996d s&dt RGE1IRA2412406n of1d1dragenih® the
wal | surfaces. Therefore, the aforenentioned surface roughness of the wall

surfaces |8-onppsac 1.8 drapbi Agin gr AP WorbAg Ll didbddigupgmothly in

the pressure chanbers and prevents the 5 bubbles Ba fromgetting snagged

on thegnc j rigdl n sw.faces la..as shown in Fig. 7, and
t hus preve%%éf? ecuﬁa %Lg%Fﬁgﬁe%fo%[E??r1lﬁ %tég%PﬁfTﬁﬁﬁi%ﬁﬁ@ﬁdéggégﬁischarge
mal functiopn. Thus, the ink jet printhead according to the present

i nvention g%% Qﬁ%ﬁﬁﬂﬁgﬁ?%?ﬁ@kPﬂkg%ﬁ T hPGANI0STRAFHSTEFRCON t he
contrary, according to the conparative enbodinment, the wall surfaces |a

of the pred3¥theltifsibdionglly marked with 7.

The spacers 1,1’ have concave portions 31 formed in
their nozzle plate-bonded surfaces for acceptihg redundant
10 adhesive that overflows when the spacers 1,1’ are bonded to
the nozzle plateé 3,3’, respectively. The spacers 1,1’ also
have concave portions 32 formed in their diaphragm-bonded
surfaces for accepting the redundant adhesive that overflows
when the spacers 1,1’ are bonded to the diaphragms 2;2’,
15 respectively.

As shown in these figures, according to the first
embodiment of the present invention, the wall surfaces la of
the pressure chambers 6 opposed to the diaphragm 2 are formed
such that the surface roughness (Ra) does not exceed 2um. This

20 surface characteristic is achieved by taking special action
for preventing hydrogen generated as a result of the etching
from adhering to the wall surfaces. For example, swaying the
silicon substrate, creating a mechanical vibration of the
silicon substrate, or applying ultrasonic waves to the silicon

25 substrate during the etching process can prevent the adhesion



opposed to the diaphragm?2' have a surface roughness (Ra) greater than 2,u
m This is because the bubbles (hydrogen) 15 generated at the etching of
the silicwoosipwsr ate adhere to the wall surfaces and nalPeTiIPod/1Epwssi bl e
to make the surface roughness of the wall surfaces la' |less than 2,um
According to the conparatrve enbodi mezt7- since the surface roughness of
the wal l s%rf §s | &' gﬁged g the 20 di aphragm 2' exceeds 2,u m the ink
cannot floW's tRPT" | E Wﬁﬁ sSUFEaedanbers 6' and the bubbles Ba easily
get snagged on the asperrtres on the surfaces la', as shown in Fig. 10.
Thus, the potential Feprefrrarithansfooemaitidmed mhrfe@ernuw@ﬂmead oguch as
a di scharge mal function becones | arge. Therefore, the 25 ink jet printhead
accor di ng thet Well ovpaiatass daenppdsadnto WRDHiQ49954m PCH11B02/ 13490, 28
cannot di scharge the ink drops with stability. The wall surfaces, mhich
define thetooZrbw scvUALY Gal itAE SRSEMIBS c§1arr§3|%§spée§1§&’ "rg% IEEEJE% "

suc At their

resi stance channels 7, and the reservorr 8, may be

5 surfare paugleess (ﬁf&n ﬁg@%e%d east
surfaces la of the pressure c anbers angpkﬁb ¥F°smﬂ?f588§er£%ﬁsnozzle

conmmuni cat p i y meel t he urr ment of the surface
roughness. giT_'errl ng atces rla ﬁ Shgra s]é‘c% ﬁboa?ﬁe?husoprﬁvellés spaer of
an ink jet g nt ead acc to the present’ invention is shown in

sect i onal Fﬁ% rJ??)Hqﬁ?thﬁéétﬁPég Fescdlsedanpeh reference

to Figs. 1 4 are descri bed mnth reference to Fig. 11 using sane reference
synbol s. |ppltunction. Thus, the ink jet printhead according to the

present invention can discharge the ink drops with high

10 stability.

On the contrary, according to the comparative
embodiment, the wall surfaces la’ of the pressure chambers 6’
opposed to the diaphragm 2’ have a surface roughness (Ra)
greaﬁer than 2um. This is because the bubbles (h&drogen)

15 generated at the etchiﬁg of the silicon substrate adhere to
the wall surfaces and make it impossible to make the surface
roughness of the wall surfaces la’ less than 2 um.

According to the comparative embodiment, since the
surface roughness of the wall surfaces la’ opposed to the

20 diaphragm 2’ exceeds 2um, the ink cannot flow smeoothly in the
pressure chambers 6’ and the bubbles Ba easily get snagged on
the asperities on the surfaces la’, as shown in Fig. 10. Thus,
the potential for the malfunction of the ink jet printhead
such as a discharge malfunction becomes large. Therefore, the

25 ink jet printhead according to the comparative embodiment



thi s enbodi nent, the spacer 41 has nozzl e-side channels 42 and 15

di aphragm si de channels 43 fornmed therein, which act as ink channels for
conduci ngwOhe/0i9k1 t 0 t he nozzl e bores 4 of the nozzle pl @ce/JBo2/12m900t her
words, while the spacer 1 of the aforenentioned first enbodi ment has
singl e-sided ink channels, the spacex841 of this second enbodi nent has
doubl e-sided ink 20 channels. I n this enbodi nent, the di aphragm side

channel s PPngh diSchpEgR RS didnbieres(pBlERstitaPthdinel s) for appl yi ng

pressure to the ink with the aid of a pressurizing neans such as a

pi ezoel ectric el enenftheThalhoxwifacsisdewbhahndéEing tdeenpgsztonnected to the
di aphragm si de channel 43 via the WD 03/049951 PCT/JP02/ 12790 -29

communi catéomguechiannehy 4dadielSisncehthpragzute-GiadetbBannetss ktamae t he

di aphragm si de channels 43 are forned with respect to the nozzle bores 4

of the nozzlsnhat @ ,3antiNend NMeRressH BZefa) bd Adigiedl 800K agigSigeichannel s
43 (pressure channels) is conducted to the nozzle bores 4 not only via the

conmuni-cat j channel s 44 the nozzl e-sid annel s 42 bu | so,_via
commn?catgldr%gfac ea%ﬁegéni%‘ Wat hdto Ps™ }Z‘r% %eeerr(%n '!,zlmi'tﬁ%"é%"ber?ésa pgggis%l eto

sufficiently re-fill the i even.during high .10 frequenc erations.
Ref erri ng Jﬁ%e Megd. sfﬁ%a?ﬁ? n%%é’é%&ﬁp?ﬁeg?mf%ecmﬁbﬁﬁsge@“%rf%?%?’@élby t he
inventors of the present invention for producing the spacer 1 of the

af or enent i BHERCESr 4P CEnBo#HE He METMENSABARI FPHNIES 3l PaY geexhdf® in Fig.

12A, the
requirement of the surface roughness.

Referring to Fig. 11, the second embodiment of a
10 spacer of an ink jet.printhead according to the present-
invention is shown in sectional view. Features similar to the
features described with reference to Figs. 1-4 are described
with reference to Fig. 1l using same reference symbels. In
this embodiment, the spacer 41 has nozzle-side channels 42 and
15 diaphragm-side channels 43 formed therein, which act as ink
channels for conducing the ink to the nozzle bores 4 of the
nozzle plate 3. In,other words, while the spacer 1 of the
aforementioned first embodiment has single-sided ink channels,
the spacer 41 of this sécond embodimentlhas double-sided ink
20 channels.

In this embo&iment, the diaphragm-side channels‘43
act as pressure chambers (pressure channels) for applying
pressure to the ink with the aid of a pressurizing means such
as a piezoelectric element. The nozzle-side channels 42 are

25 connected to the diaphragm-side channel 43 via the



15 single crystal silicon substrate 61 (in this exanple, silicon wafer
base) with crystal orientation (110) of 400g m thickness was provided.
Then, on wotob/ogd98es of the silicon substrate 61 were formed/JRoZi2I90coN
oxide film®62 of 1.0,u mthickness and a nitride film®63 of 0.2g m

t hi ckness. The nitride film63 was 202berned by LP-CVD (| ow pressure

chem cal vapor deposition). Then, as shown in Fig. 12B, on the nitride
filme3 (GAMPRRLGRIZACe chrEReLBoAYeAD si de) of the silicon substrate 61 was
formed a resist pattern 64 having the apertures for the nozzle

conmmruni cat i ng channel$sinseattlet hezzbaecaide phiennehs 84 24l fidre t he redundant
adhesi ve. Then, the apertures 65, 66 for the WD 03/049951 PCT/JP02/ 12790

-30- nozzl eispmrami-Galdenghehasne! 63 mandorhedcaitRveefdd eastid were
patterned by the dry etching of the nitride film63. A resist (not shown)

was for mdné&él&‘kﬁ{refsh% B@”tﬁécﬂgngé 49%+Qf 3, 1 bge Sid) %ﬁ%s%‘d?%&é&‘tﬁ 616‘ 5.

Then, as shown in Fig. 12C, after filling in'the apertures 66 of

n|tr|d 6 i st resi attern 7 g.the apertures
whose georregl? é;la rrreagmonésetcc)ha?’ﬁefsge%rre %?S(S)]f]r? he annonz\ﬁ1§ c8muni cat | ng
channels 5 was forned on the nitride film®63 (on the nozzle plate-bonded
si de) of 18°F ‘éCEEiq iTCoFREURCEF A PBIES ThéRL PREY bt tiie SOBBURLFR t Y -
nozzl e communicating channels 5 were patterned by the dry etching of the
silicon oxFaentslsmés ansi figet hezkssissitdepghperals 672 dita adgskvidhen, as
shown in Fig. 12D, on the nitride film63 15 (on the di aphragm bonded
side) of tbhemsilicdringubbbnates 645 wabith this arrangement, it becomes

‘possible to sufficiently re-fill thé ink even during high
10 frequency operations. |
Referring to Figs. 12, 13, one example of the
processes employed 5y the inventors of the present invention
for producing the spacer 1 of the aforementioned first
emquiment is shown. First of all, as shown in Fig. 123, the
15 single crystal silicon substrate 61 (in this example, silicon
wafer base) with crystal orientatibn (110) of 400 um thickness
was provided. Then, on both sides of the silicon substrate 61
were formed a silicon oxide film 62 of 1.0um thickness and a
nitride film 63 of 0.2um thickness. The nitride film 63 was
20 formed by LP—CVD (low-pressure chemical vapor deposition).
Then, as shown in Fig. 12B, on the nitride film 63
(on the nozzle plate-bonded side) of the silicon substrate 61
was formed a resist pattern 64 having the apertures for the
nozzle communicating channels 5 and the concave portions 31

25 for the redundant adhesive. Then, the apertures 65, 66 for the



formed a resist pattern 69 having the apertures for the pressure chanbers 6
and the concave portions 32 for the, redundant adhesive. Then, the

apert ur eswd0®3/0fmsf or the pressure chanbers 6 and the coneargpgureons 32
were patterned 20 by the dry etching of the nitride film63. Then, as shown
in Fig. 12E, after filling in the apeptures 71 of the nitride film63 with
aresist, aresist pattern 72 having the apertures whose geonetry

cor r espondieidle t¢tpmmyadgatipd othate lor &s stide thRaadRayV 6 PRES1PDENRH on t he
25 nitride film®63 (on the di aphragm bonded side) of the silicon WO

03/ 049951 wedé IR ek280by 3ths udst reetich iy, ofhehe hieriakerfiamnes373afor the
pressure chanbers 6 were patterned by the dry etching of the silicon oxide

film 62 ugéfgst hehdteshslinpahd&rforiedsia BBsk. tHdetbn-a%cRaWEid8s R, 13A,
the holes 74 for the 5 nozzle comrunicating channels 5 were patterned by

the dry e{g@i$%%ﬁ%?{ggbgkkgfgn%%ﬁpstrate 61 fromthe di aphragm bonded

si de using an nductively pled Plasma) dry etcher. At that tine,
the filunthickness of . the resist 72 . 8m. .The r t.chi ng. usj the |1 CP
dry etcher was term HAtSd ﬁﬁeﬁh?%%:T%qﬁébtﬁ2§¥ ?ﬁga%&f 174 FBatﬂ%d 300g m
Then, as shown in Fig. 13B, after renopving the resist 72, the through

hol es 75 f¥F¥HESD |efc5qu%g‘-116h§ﬁnwt% NS 1BE nBdTBFLIEhe

ani sotropic etching of the silicon substrate 61 using a potassium

hydr oxi de Battrimr/ 1evihgsthaiarantopies eheoRengeprasessowasspenrdarired from

both sides (i.e., the nozzle plate-bonded side and the di aphragm bonded
the geometry of the nozzle communicating channels 5 was formed

on the nitride film 63 (on the nozzle plate-bonded side) of
10 the silicon substrate 61. Then, the apertures 68 for the
nozzle communicating channels 5 were patterned by the dry
etching of the silicon oxide film 62 using the resist pattern
67 as a mask.
Then, as shown in Fig. 12D, on the nitride film 63
15 (on the diaphragm-bonded side) of the silicon substrate 61 was
formed a resist pattern 69 having the apertures for the
pressure chambers 6 and the concave portions 32 for the.
redundant adhesive. Then, the apertures 70, 71 for the
Pressure chambers 6 and the concave portions 32 wére patterned
20 Dby the dry etching of the nitride film 63.

Then, as shown in Fig. 12E, aftef filling in the
apertures 71 of the nitride film 63 with a resist, a resisf
pattern 72 having the apertures whose geometry corresponds to
the geometry of the pressure chambers 6 was formed on the

25 nitride film 63 (on the diaphragm—bonded side) of the silicon



side) of the silicon substrate 61. Al though inclined portions were created
by the anisotropic etching just after the through holes 75 were created
(i.e., jusDoabsws1 the silicon substrate 20 61 was first etrchgdoytzrough by
the ani sotropic etching), the inclined portions were renoved conpletely by
this etching process. Then, as showazhn Fig. 13C, the apertures 76 for

the pressure chanbers 6 and the apertures 77, 78 for the 25 concave
portions 3%3uBotigke Glat tTyemed the @p@rwaseﬂ@mfﬁg the I GBug4995ambaps

PCT/ JP02/ 12790 the silicon oxide film®62 using dilute fluoric acid with the
nitride fibnwéBe gratataraskl biheéhe dsy sdioviningn ofi ghe 1811 iddre ogideafelnporti ons
80 <corresponding to the pressure chanbers 6 and the concave 5 portions

31, 32 meresﬁougfﬁbtahgIyésa@msggﬁggtﬁ &t Y Rgm@kkt he silicon substrate 61
usi ng a potassi um hydroxi de solution. In this process t he concentration of

the potassium hydr°¥v§§15%!UEhBQn“ﬁééﬁ&{ gp%'tQﬁe E%§%4t§ {ﬁéure was

85C. Further, the silicon substrate I con nechani cal | y

swayed.. This_s tlon rev n the en d at this
etchlndsprggéégafr6%$5§ﬁ?rﬁﬁa ot hie WeF§UP¥g%8 %Wé%é gg Ythe surface
roughness éRa%$ t he bottom surfaces (i t he surfaces opposed to the
di aphr agm ng 1if G%Wcé\}élEBPt?%t@Tecérlr §§B’6nﬁﬁlﬁgj3ta@htrﬁém handpdssur e

chanbers 6 to be less than 2,u m Then, as shown in Fig. 13E, the silicon
oxi de fil nfide using an ICP (Inductlvely Coupled Plasma) dry etcher. At

that time, the film thickness of the resist 72 was 8um. The
dry etching using the ICP dry etcher was terminated when the

10 depth of the holes 74 reached 300 um.

Then, as shown in Fig. 13B, after removing the
resist 72, the through holes 75 for the nozzle communicating
channel 5 were formed by the anisotropic etching of the
silicon substrate 61 using a potassium hydroxide solution.

15 This anisotropic etching process was pefformed from both sides
(i.e., the nozzle plate-bonded side and the diaphfagm—bonded
side)lof the silicon substrate 61. Although inclined portions
were created by the anisotropic etching just after the £hrough
holes 75 were created (i.e., just after the silicon substrate

20 61 was first etched through by the anisétropic etching), the
inclined portions were removed completely by this étching
process.

Then, -as shown in Fig. 13C, the apertures 76 for
the pressure chambers 6 and the apertures 77, 78 fo? the

25 concave portions 31,32 were patterned by the wet etching of



62 and the nitride film®63 were renoved. Then, after the silicon oxide
filmof 1g mthickness was fornmed as a fluid- proof film10 (not shown),

t he proceweas/0iwst produci ng the 20 spacer 1 were conpl et e®CTIIROY/ 12890

af orenenti oned processes, the special operation for making the surface
roughness (Ra) less than 2A m was caf33d-ed out against the surfaces of the
pressure CQ%ﬂberi. 6 opposed_to the diaphragm 2. Consequently, the ink jet
25 print headt Rat+E8h Qte W OF Yskpgrd €lgpriel pabd Wity We

03/ 049951 -33 PCT/JP02/12790 and guarantee a smooth ink flow w thout the
bubbl es bePA§ridfafhte h ashe saskaces was obtai ned. Here, the description
wll be directed to the anisotropic etching of the silicon substrate with

reference to 5 Fig. TenFias shbwahawsridie 13 atthensBhPaPEtME8 ons 80
concentration of the potassium hydroxide solution and surface

charact eri sbireespon®ing S Fdee ph-ad9hAE S antle N6 Qg&s%% O&En%a%%chi ng. The
hi gher the concentration of the potassium hydroxide solution becones, the

A h _ it t hat
esser g ep§H£i@§§ §fU§¥1W%&% fég?ggﬁ%yg%%ggﬁaso ﬁ§§¥§;§ﬂ%?§%f8%? ﬁgcregtegn

excessively high concentration ssium

t Lon. d.w the (110) .surface of silicon, which
2tr5£?u£gs%gﬂé%ﬁ%;n GQ§§¥%%%gduﬁbnésa ‘Nﬁgﬁﬁﬁmp9¥3ﬁ?%ﬁéeI%?LP¢QEH-14, t he
area indicated by the synbol Ais where mcro pyramds 15 are not created.

The area indicated by iféisyREBFees; sththeiomcenisatipn ae® theughtessi@iRa) i s

| ess than 2, u m_ The area
hydroxide solution was 30% and the process temperature was 857C.

Further, the silicon substrate 61 (silicon wafer) was
10 mechanically swayed. This swaying operation prevents the
hydrogen generated at this etching process from adhering to
the wall surfaces and enables the surface roughness (Ra) of
the bottom surfaces (i.e., the surfaces opposed to the
diaphragm 2) of the concave portions 80 corresponding to the
15 pressure chambers 6 to be less than 21um.

Then, as shown in Fig. 13E, the silicon oxide film
62 and the nitride film 63 were removed. Then, after'the .
silicon oxide film of lum thickness was formed as a fluid-
proof film 10 (not shown), the processes for producing the

20 spacer 1 were completed.

In the aforementioned processes, the special
operation for making the surface roughness (Ra) less‘than 2um
was carried out against the surfaces of the pressure chambers
6 opposed to the diaphragm 2. Consequently, the ink jet

25 printhead that can operate with a high degree of reliability



i ndi cated by the synbol B is where mcro pyramds are not created and the
surface roughness (Ra) is less than 2u m Thus,. the process condition of
t he ani sowoopioessst ching is preferably 20 determ ned to falPCTiaPodizmon he area
B as well as in ternms of the prevention of the adhesion of the bubbles
(hydrogen). Additionally, in the cas&-of using the potassium hydroxide

solution for,the anisot ro%ipcg%ﬁc,hi the, etchin rate of siliconis

n
maxi i zed WHErEERETESnRe o‘rfl]b%lPHerE%O‘bBt iR ear bxie sol ution
is within 20-25% In the state of WD 03/049951 -34 PCT/JP02/ 12790 this
concent r at FRAFTSNGE, thAesprEreas wasnmebtaine@- hi gher than 80C is preferred
internms of the requirenent related to the area B. An appropriate
sel ection of the prodess, comelidesonsiptioonseht riad i direartddt eapeiat ure) and
the mnimzation of the 5 variation in the etching proceeding allow

i nprovenendnisotirdeicr etildbid idy e theibok $@3stpddd head. rKef idngot o
Figs. 15, 16, one exanple of the processes enployed for producing the

spacer 541 pfgthe ?E?Feﬂ?Qﬁ&ﬁﬂ?QjéﬁQ@mgtf%ﬁgﬁﬁﬂnﬂgtdéégo@@nééh%ﬂ%%i0%1) I s

shown. 10 First of a as shown in Fig. 15A, “the single crystal "silicon

substrate i_n I X I silicao fer_base) with _crystal '
orientati OO%L( foygg%gig‘ﬂél%c&?xékﬁegg V\ggmbr FeFfaceneher it agdeihisi des of
the silicop substrate 91 were fornmed a siljicon oxide film92 of 1.0p m
thi ckness an® a' APEFRTR FRUIRTSSS1526f the 2Rl sptnopdenesshinte nitride film

93 was formed by LP-CVD (| ow pressure chem cal vapor deposition).
The higher the concentration of the potassium

hydroxide solution becomes, the lesser the surface roughness
10 (Ra) becomes. However, it is known that an excessively high
concentration of fhe potassium hydroxide solﬁtion creates a
protrusion surrounded with the (110) surface of silicon, which
structure is commonly referred to as a “micro pyramid”. In Fig.
14, the area indicated by the symbol A is where micro pyramids
15 are not created. The area indicated by the symbol C is where
the sﬁrface roughness (Ra) is less than 2um. The area
indicated by the symbol B is where micro pyramids are not
created and the surface roughness (Ra) is less than 2um. Thus,
the process condition of the anisotropic etching is preferably
20 determined to fall within the area B as well as in terms of
the prevention of the adhesion of the bubbles (hydrogen).
Additionally, in the case of using the potassium
“hydroxide solution for the anisotropic etching, the etching

rate of silicon is maximized where the concentration of the

25 potassium hydroxide solution is within 20-25%. In the state of



Then, as shown in Fig. 15B, on the nitride film93 (on the nozzle

pl at e- bonded side) of the silicon substrate 91 was forned a resist pattern
94 havi ngwDha/oageert ures for the 20 nozzl e-si de channel s 4Pcang#orirgsoconcave
portions 31 for the redundant adhesive. Then, the apertures 95, 96 for the
nozzl e- side channels 42 and the conc&ve portions 31 were patterned by the
dry etchinq:of the nitride film93. A resist (not shown) was forned al

over the non-=&t ERBASRTTRISOBF TPRESsi FRR gPr ot as FeMPaFatoia higheg3thangs1
PCT/ JP02/1279Q -35 Then, as shown in Fig. 15C, after filling in the
apertures %8 of 1% Herafiemriedeihi ten@8 ofa thesirstiupashern lathaviagihde
apertures whose geonetry corresponds to the geonetry of the comrunicating

channel s 44148 RasAf apredponatkesSlattiodeff itha B3ofess tdadiezzhe
pl at e- bonded side) of the silicon substrate 91. Then, the apertures 98 for

the comunicoatkngrahiasnens ‘Eémﬂérél‘@ﬁﬁ‘e)paér{dertﬁ%dmk?ﬂiﬁf%ﬂro\ﬁk%%igh%_g of the
SK.

silicon oxide film92 using the resist pattern 97 as a na hen, as

shown im Figer; t itk j e. di aphragm bonded si de)
oot e 3, Az dbton O (e Bebhifg diodd anlg(e%?%%)apjé BTES At ﬁ‘aethe

apertures : l.ap m - sjde channel s 43 and the concave portions 32
for the r%%gﬁégﬁ%ﬂégﬁ?’si%vs 1RKehet e H res 100, 101 for the 15

di aphragm si de channel s. 43 ;and the, concave portions 32 were patterned by
the dry etching of tHEWErPHetPi FH993.15Thdf, a8esteiRplen ofi ghel5E,. after

filling in the
‘ processes employed for producing the spacer 41 of the

aforementioned second embodiment (shown in Fig. 11) is shown.

10 First of all, as-shown in Fig. 15A, the single crystal silicon
substrate 91 (in this example, silicon wafer base) with
crystal orientation (110) of 400um thickness was pfovided.
Then, on both sides of the silicon.substrate 91 were formed a
silicon oxide film 92 of 1.0um thickness énd a' nitride f£ilm 93

15 of 0.2um thickness. The nitride film 93 was formed by LP-CVD
(low-pressure chemical vapor deposition).

Then, as shown in Fig. 15B, on the nitride film 93

(on the nozzle‘plate—bonded side) of the silicon substrate 91
was formed a resist pattern 94 having the apertures for the

20 nozzle-side channels 42 and the concave portions 31 for the
redundant adhesive. Then, the apertures 95, 96 for the nozzle-
side channels 42 and the concave portions 31 were patterned by
the dry etching of the nitride film 93. A resist (not shown)
was formed all over the non-etched sides of the silicon

25 substrate 91a.



apertures 101 of the nitride film93, a resist pattern 102 having the
apertures whose geonetry corresponds to the 20 geonetry of the

conmruni caworig/ogdsannel s 44,45 was forned on the nitride fiPCHJIP®/(26% t he

di aphragm bonded side) of the silicon substrate 91. Then, the apertures
103 for the conmunicating channels 44545 were patterned by the dry etching
of the silicon oxide film92 using the resist pattern 102 as a nask. 25
Then, as shown in Fi gThareA ag isbolpl &8 B fIAC t ke tWO 681 DUGO5h the

PCT/ JP02/ 12790 -36 communi cating channels 44,45 were patterned by the dry
etching ofpeheusés i TOSUERt nateidd filmade adiraphsagrahensed7si de using
an | CP (Inductively Coupled Plasma) dry etcher. At that tine, the film

thi ckness pivihg #1eSiflerkQdMAGhETe Bednc8N codeSPONS i) khg. 16B, after
removing the resist 102, the through holes 105 for the commrunicating

FREY Sy T R

nozzl e-si dé chan wer e € ani sofropic ‘etc 0
silicon subs rq%% .%Hg i.,ng a potassi um 1Q hydroxide so|lutiaon. Then, as
shown ?% FPb%r ,é% %ngPPuEgg %8s -4 at%G °Pﬁ%§H5¥%1ep§iBBechannels 42
and the diafhragn}side channel s 43 and the apertures 108, 109 for the
concave pdttiENs SIRIraks dlpatheh nddioyPereures 28 ciithghef the 15 silicon
oxide film92 using dilute fluoric acid with the nitride film93 as a
mask. ThenS¢oBBURIERMLTICh cRiagnel B4 t4fe weorec pedtponed dms thklGrglétching
corresponding to the nozzl e-side channels 42 and the
of the silicon oxide film 92 using the resist pattern 97 as a
mask.
10 Then, as shown in Fig. 15D, on the nitride film 93
(on the diaphragm-bonded side) of the silicon substrate 91 was
formed a resist pattern 69 having the apertures for the
diaphragm —-side channels 43 and the concave portions 32 for
the redundant adhesive. Then, the apertures 100, 101 for the
15 diaphragm-side channels 43 and the concave portions 32 were
patterned by the dry etching of the nitride film 93.
Then, as shown in Fig. 15E, after filling in the
apertures 101 of the nitride film 93, a resist pattern 102
having the apertures whose geometry corresponds to the
20 geometry of the communicating channels 44,45 was formed on the
nitride film 93 (on the diaphragm-bonded side) of the silicon
substrate 91. Then, the apertures 103 for the communicating
channels 44,45 were patterned by the dry etching of the

silicon oxide film 92 using the resist pattern 102 as a mask.

25 Then, as shown in Fig. 16A, the holes 104 for the .



di aphragm si de channel s 43, and the concave portions 31,32 20 were forned
by the anisotropic etching of the silicon substrate 91 using a potassium
hydr oxi deweaBig99sn. In this process, the concentrati on of PCREP@t2a%si um

hydr oxi de sol uti on was 30% and the process tenperature was 85C. Further,
the silicon substrate 91 (silicon waf¥- was 25 nechanically swayed. This

swayi ng operatiqon prevents th /049951 PCT/JP02/ 12790 - 37 hydrogen
gener at ed Cm%l§agﬁBﬁi i a’ﬁ?%ﬁse\sﬁg '?1 omeﬁahB?FE%rQ#ﬁyhézﬁ/aﬁy ﬁﬁ%’a‘*@é’s and
t hus enabl es the surface roughness (Ra) of the bottomsurfaces (i.e., the
surfaces &Ppddedsidiche swpapriyMl2fren the dnrimpeanpbepdehsitm
corresponding to the 5 pressure chanbers 6 to be less than 2,u m Then, as

shown i n Risgngleg, I€Re (Andu¢derdliy ©o8BladdPladmes)sidryc encbhar dAtf idhat92 wer e
removed. Then, after the silicon oxide filmof 1g mthickness was forned

as a flui dimer,0@hef £k Mo 16h{Mle @M khet REs PIOCEBS QS ST @I gor 0duci ng the 10
spacer 41 were conpleted. In the aforenenti oned processes, the speci al

operat son for nakingrhhg, sysf ackad AORRESS16R)a#€5S AhBYiRY ¢he Was carried
out agai nst the surfaces of the diaphragm-side channels 43 (pressure

chambers) .gpnosedobo Lhe dhABDisam 2. 155 PRSSHENtlyy, 20, Lnkc 1 et pri ntead

that can operate wtha gree o ia ity an guaré%tee'a snoot h
Fur t her o Sen8RiEe A nSsptbn FPTRE T F oS, HAPRATERFES SRIIonR channel s
on its nozzle plate side (i.e., the ,
to the nozzle—side channels 42, were formed by the anisotropic
etching of the silicon substrate 91 using a potassium
10 hydroxide solution.
Then, as shown in Fig. 16C, the apertures 106, 107
for the nozzle-side channels 42 and the diaphragm-side
channels 43 and the apertures 108, 109 for the concave
portions 31,32 weré patterned by the wet etching of the
15 silicon oxide film 92 using dilute fluoric acid with the
‘nitride film 93 as a mask.
Then, as shown in Fig. 16D, the concave portions
110,111 corresponding to the nozzle-side channels 42 and the
diaphragm-side .channels 43, and the concave portions 31,32
20 were formed by the anisotropic etching of‘the silicon
substrate 91 using a potassium hydroxide solution.
In this process, the concentrationvof the potassium
hydroxide solution was 30% and the process temperature was 85C.

Further, the silicon substrate 91 (silicon wafer) was

25 mechanically swayed. This swaying operation prevents the



20 nozzl e-side channels 42) for supplying the ink, it was possible to
sufficiently re-fill the ink even at high frequency operations and thus
i ncrease wbhe3jps99at i ng speed. Referring to Fig. 17, Fig. 1PCIheIE1209e t est
results of an injection operation of the ink jet printhead 25 equipped
with the spacer 1 (the surface roughness (Ra) not WO 03/049951

PCT/ JP02/ 12790 -38 greater_than_2,u m, which was produced according to
the af or e PERBAI$TS%R LshifdditReft StEping RIOPSEEi §bAN adheningc &8s
condition (i.e., the concentration and tenperature of the potassium
hydr oxi de gdleuwpdh sunfades emddithuenenabkds rigpet sutrhec® adiysiess dRal he
bubbl es) was varied so as to produce several test spacers with the

respecti ve cfurhackottsighiiassess( Ra) e0f Bhe Murkadss apsoSatoAThshown in
Fig. 17, it was found that the nmalfunction of the ink jet printhead such

as a di schayigeniQoied)f WetiQn andag0 SOPLIsHY QR 1 BheELdOshpGeuLLedrin the
case of thé'gurface)roughness (Rg) bging(zreater than:§¥2n12ft mggé al so
found that the greater .the surface roughness_.(Ra) becane, the |arger the
potentigl F6r° F?dﬁgFﬁﬁﬁxb% Fﬁegﬁnief%faﬁ¥1ﬁﬂﬁgad becane. As opposed to

these test printheads, it was _15 found that such malfunction didn't occur

in the case of the i?ﬂ??%ﬂaﬁaﬁpﬁﬁﬁeéﬁ W9h e SHacRITE1GS He uPPaged

roughness Ra) not greater than 2,u nm) produced according to the present
i nventi on. "/RexElliedn qesidls Filn 9di Verderatiovest edhen, tdetathithe 20
enbodi ment of the spacer according to the present invention

silicon oxide film of 1lum thickness was formed as a fluid-

proof film 10 (not shown), the processes for producing the

10 spacer 41 were completed.

In the aforementioned processes, the special
operation for making the surface roughness (Ra) less than 2um
was carried out against the surfaces of the diaphragm -side
channels 43 (pressure chambers) opposed to the diaphragm 2.

15 Consequently, an ink jet printhead that can operate with a
high degree of reliability and guarantee a smooth ink flow
without the bubbles being snagged on the surfaces was obtained.
Furthermore, since the spacer 41 was provided with the
additional channels on its nozzle plate side (i.e., the

20 nozzle-side channels 42) for supplying the ink, it was
possible to sufficiently re-fill the ink even at high
frequency operations and thus incfease the printing speed.

Referring to Fig. 17, Fig. 17 shows the test
results of an injection operation of the ink jet printhead

25 equipped with the spacer 1 (the surface roughness (Ra) not

1



with reference to Figs. 18-20. Features simlar to the features described
with reference to Figs. 1-4 are described wth reference to Figs. 18-20
usi ng sam&origfedence synbols. Fig. 18A shows a plan view eCTURE/RpEcer 11
25 according to the third enbodinent for illustrating the nozzle WO

03/ 049951 -39 PCT/JP02/ 12790 pl at e-bopgded surface of the spacer 11 and Fig.
18B shows an enlarged detail of the nozzle comrunicating channels 55. Fig.
19A shows grppaarvilean ofunhe wpsdemwakl piroducktdusteatding thethe

di aphragm bonded surface of the spacer 11 and Fig. 19B shows 5 an enl arged
detai |l of atﬁerpmels“simmectrﬁjmer smB36dinkérg: . Hok showspawn suer,Spaet precysew of
the part (i.e., the part for printing -one bit (dot)) of the spacer 11

accor di ng tendaitospalald.ve thenbedtdmitatainth Bngd. +2Q5 5% drperspective
view of the part of the spacer 11 according to the third enbodi ment of the

10 present pha¥g0] i Oyd?@ofﬁa@t 091405 & Gnc? Al @Bflalt O Rdkihl! ystoal ! ng

the conparative enbo he openi ng shape o onmuni cati ng

channel 55 he n onded__si. d aral | el ogram havi ng two
acute ang| edfg%?%%?sofl f B#éée%{; US| 573G Sos%bg 1 PLofuErgseveihnd Fig.

9A), each of .which is def| ned two |ines connect ed at an acute angl e,
and. two oBEEEeSEHYFE dBrtets e(% G Rfeh iSER taeri FRAEBPSERS ((Rabsof
connected at an obtuse angle) (see Fig. 8B). This opening shape increases
t he potent ivat, floem;etnidnd Aage.air bubbl es and 20 ink at the two acute angle
corners. Likew se, the opening

As shown in Fig. 17, it was found that the

malfuﬁction of the ink jet printhead such as a discharge
10 malfunction and an empty-drop injecticn occurred in the case
of the surface roughness (Ré),being greater than 2um. It was
also found that the greater the surface roughness (Ra) became,'
the larger the potential for malfunction of the ink jet
printhead became. As opposed to these test printheads, it was
15 fcund that such malfunction didn’t occur in the case of the
ink jet printhead with the spacer 1 (the surface roughness
{Ra) not greater than 2um) produced according to the present
invention.
| Next, the description will be directed to the third
20 embodiment of the spacer according to the present invention
with reference to Figs. 18-20. Features similar to the
features described with reference‘to Figs. 1-4 are described
with reference to Figs. 18-20 using same reference symbols.
Fig. 182 shows a plan view of the spacer 11

25 according toAthe third embodiment for‘illustrating the nozzle



shape of the pressure chanbers 36' inmmediately below the nozzle

comuni cati ng channel 55 on the di aphragm bonded side is defined by the
three |inwe oBiedosdi ng the acute angle corner (indicated PgTAPE/T2¢90 Synbol
in Fig. 20A and Fig. 9B). In the 25 case of this opening shape, when the
spacer 11' is bonded to WO 03/ 049951 -RGW JP02/ 12790 -40 the di aphragm 2
usi ng an adhesive, the adhesive flows into the nozzle comunicating
channel 55PlgyecRprfedrsuEaGoRt Fhecrpraessds 2addFéehat @ shalwsuast i on or a
deviation of ink drop trajectory. 5 On the contrary, according to the
third enmbogindenged déeabper rides hapelofciimeimiezazliege ohamme atsisngregannel 55
on the nozzle plate-bonded side is defined by six |lines connected by

obt use angllea ehbysandoldnissikas ofi ¥xnebipeerangl €ceor Nenstr{1568g the circle
synbol in Fig. 20B and Fig. 18B). Likew se, 10 the openi ng shape of the

pressure claaBaraGh-haRmRel AeikBEbPWAL NbNEZhe SRR Cabkng,ghanne! 55

on the di aphragm bonded side is defined by the s ‘connected at

obt use anglLes S obt use angle _corpers, (indicated by the
oo Sympo orEipled Wil oS Re B BREeE 08 g 1 ORISR
above- nentioned conparatiyve o%en%ng shape, this _opening shape can prevent
the flow of PRESRANESYS & it 65t kB 2t el L -ComithP cBRF hgf Sh&%ABELIBG by

capillary action and thus prevent a discharge nalfunction or a deviation
of ink dropRerijectdrs) Répéhlei fBaeer Hilg. argardaggotdi ageamparheiconparati ve
20 enbodi nent, the inner surface of the nozzle communicating channel 55
in the i-medbadéngnttiand Figl. £ABR shhowd @ lperepdcsive view of the part
of the spacer 11 according to the third embodiment of the
10 present invention.
Referring to Fig. 20B (and Figs. 8,9) illustrating
the compérative émbodiment, the opening sﬁape of the nozzle
eommunicating channel 55’ 6n the nozzle plate-bonded side is a
parallelogram having two acute angle corners (indicated by a
15 circle symbol in Fig. 20A and Fig. 9A), each of which is
defined by two lines connectedkat an acute angle, and two
obtuse angle corners (each of which defined by two lines
connected at an obtuse angle) (see Fig. 8B). This opening
shape increases the potential for retaining air bubbles and
20 ink at the two acute angle corners. Likewise, the opening
shape of the pressure chambers 36’ immediately below the
nozzle communicating channel 55’ on the diaphragm-bonded side
is defined by the three lines including the acute angle corner

(indicated by a circle symbol in Fig. 20A and Fig. 9B). In the

25 case of this opening shape, when the spacer 11’ is bonded to



defined by four surfaces perpendicular to the nozzle plate- bonded surface
of the spacer 11'. Likew se, the inner surface of the pressure chanbers
36" on thwodBapsagm bonded side is 25. defined by three POTiIREXR790

per pendi cul ar to the di aphragm WO 03/ 049951 PCT/ JP02/ 12790 -41 bonded
surface of the spacer 11'. On the othap-hand, referring to Fig. 19B,
according to the third enbodi nent, the inner surface of the nozzle
communi cat ith§ Ehapeagss usinHeanmpdesive vithenpehesive Heldysndntbethore 4
is defined by four surfaces perpendicular to the nozzle plate-bonded
surface of nbhelspaserunitaandgt wbannel i fed bysupbatésry witclongr @htonnected to
the nozzl e pl ate-bonded surface at an acute angle (as viewed fromthe

sectional veewks FWid@hrgehRal fagELSeH fRce abviheidn assug akapgber 66 on
the 10 di aphragm bonded side is defined by three surfaces perpendicular to

the di aphragoxbopded surface of the spacer 11 and an inclined surface,
which is connected to the di aphragm bonded surface at an acute angle (as

viewed fromthe sectign vi e . _As_opposed to e above- nenti oned
conparative 15 enbodf%%%k? Fﬁgﬁ%aF%CI??ég% f§8eég%a. ﬁﬁgﬁﬁﬁPdfﬁﬁnt’
retention of air bubbles and ink and thus prevent a malfunction such as a
di schar ge 8P BRER1h SRRBaRT cFPR yRH DFF IGFFBERL6AT LR rdRePdr €2 88 has been
di scussed with reference to Fig. 19B, the cross-sectional profile of the
nozzl e 20 &8ANDAEEER iDdgtehhandedssidhamyasiineth byt i dgaesi nshdectdérd
spacer 11 to a hexagon in the immediate vicinity of the nozzle bore 4.
Thi s crossbgecbtwsmlanprleki belgaandotives thaes phgbbletmse angle corners

(see the circle symbol in Fig. 20B and Fig. 18B). Likewise,

10 the opening shape of the pressure chamber 66 immediately below
the nozzle communicating channel 55 on the diapﬂragm—bonded
side is definea by the four lines connected at obtuse angles
only and thus has two obtuse angle corners (indicated by the
ci;cle symbol in Fig. 20B and Fig; 19B) . As opposed to the

15 above-mentioned comﬁarative opening shape, this opening shape
can prevent the flow of the adhesive into the nozzle
communicating channel 55 by capillary action and thus prevent
a discharge malfunction or a deviation of ink drop trajectory.

Referring to Fig. 19A, according to the comparative

20 embodiment, the inner surface of the nozzle communicating
channel 55’ in the immediate vicinity of the nozzle bore 4 is
defined by four surfaces ﬁerpendicular to the nozzle plate-—
bonded surface of the spacer 11’. Likewise, the inner surface
of the pressure chambers 36’ on the diaphragm-bonded side is

25  defined by three surfaces perpendicular to the diaphragm-



such as a difficulty in flow control and an increased resistance against
the flow due to conplexity of the multi 25 di nensional inner surface (as

di scl osedwDr3@P»9¥t 178908A) WD 03/ 049951 PCT/ JP02/ 12790 - 4PCRIPey12790g t O
Figs. 21, 22, one exanple of the processes enployed for producing the
spacer 11 of the aforenentioned thitgh-enbodi nent is shown. Features
simlar to the features described with reference to Figs. 12, 13 are 5
descri bed hended suafeneeof otl® gpacer, 122 .usi ng sane reference synbols.
First of all, as shown in Fig. 21A, the single crystal silicon substrate
61 (in this exanple, o8 ltheootlvef érandjagefemrihgctytial. dPBendatdmhingl10) of
400g mthickness was 10 provided. Then, on both sides of the silicon

substrate & W ehifrar BRHo@imddd,CameOXhderf EhAF bk ff thOgns2 41 ckness and a
nitride film63 of 0.2 g mthickness. The nitride film®63 was forned by

LP- CVD (I O%n%&i%ggﬁpgpgqﬂ‘%gﬁéllé%?% QEQO%L@QJC m%agéggeﬁb%ei n Fig.

21B, on the nitri on the nozzle plate- ) of the
silicon substrate 61 ,was forned resi st _pattern 64 having,the apertures
For the VAR Gothull SR TPE P e B hRG T He TEIREATORHT rsnats  For
t he redundant adhesive. Then, the apertures 65, 66 for the nozzle

comuni catBREeh @iadrsbsaded Fute cCoREatrBepdPefons 13 #rdotwaete fd¥ % ned by
the dry etching of the nitride film63. At that time, the apertures 65
for. the nerxAdasesonwhicbatiagorgieaed sos5sheenez plat pdrhedosindtl as to be a

hexagon defined by the six |lines connected at obtuse angl es.
surface at an acute angle (as viewed from the sectional view).

Further, the inner surface of the pressure chamber 66 on the

10 diaphragm-bonded side is defined by three surfaces
perpendicular to the diaphragm4bonded surface of the spacer 11
and an inclined surface, which is connected to the diaphragm-
bonded surface at an acute angle (as viewed from the sectional
view). As opposed to the above-mentioned comparative

15 embodiment, these inclined surfaces can prevent the retention
of air bubbles and ink and thus prevent a malfunction such as
a discharge malfunction and an empty—drop injection.

Furthermore, as has been diséussed with reference

to Fig. 19B, the cross—sectional profile of the nozzle

20 communicating channel 55 changes from a tetragon inside the
spacer 11 to a hexagon in the immediate vicinity of the nozzle
bore 4. This cross-sectional profile can solve the problem
such as a difficulty in flow control and an increased
resistance against the flow due to complexity of the multi-

25 dimensional inner surface (as disclosed in JP 7-178908A4).



Then, on the nitride film63 (on the nozzle plate- 25 bonded side) of the
silicon substrate 61 was forned a resist WO 03/049951 -43 PCT/ JP02/ 12790
pattern 6WOhawiaegl t he apertures whose geonetry correspond®Craroxirgsgeonet ry
of the nozzle communicating channels 55. Then, as shown in Fig. 21C, the
apertures 68 for the nozzle comuni caid.ng channels 55 were patterned by the
dry etching of 5 the silicon oxide film®62 using the resist pattern 67 as
a mask. Then, as sh8efiernikggto FiQs.oAlt hd2nieng dwaficllm 68 thHeon t he

di aphragm bonded side) of the silicon substrate 61 was fornmed a resist

pattern 6%haesaest bapapped Uf®S graduciaglBhergsssre 1ahafbeks 36 and the
concave portions 32 for the redundant adhesive. Then, the apertures 70, 71

for the NRISHEELERATRCLS: AP AbdiREnEONsaYIRMOr tHRRS 33 YAKE arPabt er ned
by the dry etching of the nitride film®63. Then, on the nitride film®63 (on

t he di aphragm. 1 nd i the sil] ate,61; yag formed a
resi st pé?%bFﬁa359%3v§%33¥ﬂ§;%§ér u?ggégkggg-gggﬁ%%fyﬁgbr%espéhds to the

geonetry of the pressure chanbers 36. .Then,_ as shown in_ Fig.. 21E, the
apert uPes GESEIPeLHEL R ESIFEP G AT0eF$986 Gt ezzsﬁif'rltné’r REEC by e FFy
etching of the silicon oxide film®62 20 using the resist pattern 72 as a
mask. Thersym®®ls$hown in Fig. 22A, the holes 74 for the nozzle

comuni cating channels 55 were patterned by the dry etching of the silicon
substrate 61 from t h&idisapbf aght bhasdetiown in Fig. 21A, the single

crystal silicon substrate 61 (in this example, silicon wafer
base) with crystal orientation (110) of 400um thickness was
10 provided. Then, on both sides of the silicon substrate 61 were
formed a siliéon oxide film 62 of 1.0um thickness and a
nitride film 63 of 0.2um thickness. The nitride film 63 was
formed by LP-CVD (low-pressure chemical vapor deposition).
Then, as shown in Fig. 21B, on the nitride film 63
15 (on the nozzle plate-bonded side) of the silicon substrate 61
was formed a resist pattern 64 having the apertures for the
nozzle communicating éhannels 55 and the concave portions 31
for the redundant adhesive. Then, the apertures 65, 66 for the
nozzle communicating channels 55 and the concave portions 31
.20 were patterned by the dry etching of the nitride film 63. At
that time, the apertures 65 for the nozzle communicating
channels 55 were batterned such as to be a hexagon defined by
the six lines connected at obtuse angles.
Then, on the nitride film 63 (on the nozzle plate-

25 bonded side) of the silicon substrate 61 was formed a resist



side using an I CP (Inductively Coupled Plasma) dry etcher. At 25 that tine,
the filmthickness of the resist 72 was 8/2m The WD 03/ 049951

PCT/ JP02/ WD 19049984 dry etching using the ICP dry etcher wasTieexi2ngx ed when
the depth of the holes 74 reached 300,a m Then, as shown in Fig. 22B,
after renoving the resist 72, the thtédugh holes 75 for the nozzle

communi catin re formed by the anisotropic etching of the
silicon SUB%%%%EQB 1%6§FH8 ﬁo?%@ﬁﬁqﬁﬁshVHPﬁﬁlQﬁ?@ﬁﬂﬁﬁ|Q9ﬁresﬂ¢n¢5 to
anlsotroplc etching process was perfornmed fromboth sides (i.e., the

nozzl e pl atiee tﬂﬂm@%rm 8& &he nhezlH aymaghchoiriechagirgd)s 66. tTieers,i lascon
substrate 61. Although the inclined 10 portions were created by ani sotropic
et chi ng j ushowaf tier Flibe 280 otigh dwireards dereorcrent edzkilee., just after the
silicon substrate 61 was first penetrated through by the anisotropic

etching), ¢heniniclaitiag PRELKODS YRKRrLepRYLL: L ttﬁleydb%! eﬁéﬂlﬁlg%%hi ng

process. 15 Then, as shown in Fig. 22C,  the apertures 76 pressure

chanberss 3@1@%41tﬂ&%n38§5&8r1‘-‘§1r§762 ?}%Jn tﬂ@eresfio e?%‘ﬁt@"”é?r‘s 31, 32 were

patterned by the wet etching o he s | 'con oOXi 162° Us n dilute
fluoric agj ith the nitride filme63 as a nask. 20 Then, as shown in Fig.
22D, the concave portions 80 corresponding to the pressure chanbers 36 and

t he concave portlons 31,32 were forned by the anisotropic etching of the
silicon substrate 61 HEMng?8 FRAEsPuRLEy R Hki @8 sHleupishideadn &8 shown

in Fig. 22E, the silicon oxide film
(on the diaphragm-bonded side) of the silicon substrate 61 was

formed a resist pattern 69 having the apertures for the

10 pressure chambers 36 and the concave portions 32 for the
redundant adhesive. Then, the apertures 70, 71 for the
bressure chambers 36 and the concave portions 32 were
patterned by the dry etching of the nitride film 63.

Then, on the nitride film 63 (on the diaphragm-

15 Dbonded side) of the silicon substrate 61 was formed a resist
pattern 72 having the apertures whose geometry corresponds to
the geometry of the pressure chambers 36. Then, as shown in
Fig. 21E, the apertures 73 for the pressure chambers 36 were
patterned by the dry etching of the silicon oxide film 62

20 using the resist pattern 72 as a mask.

Then, as shown in Fig. 22A, the holes 74 for the
nozzle communicating channels 55 were patterned by the dry
etching of the silicon substrate 61 from the diaphragm-bonded
side using an ICP (Inductively Coupled Plasma) dry etcher. At

25 that time, the film thickness of the resist 72 was 8um. The



25 62 and the nitride film®63 were renoved. Then, after the WD 03/049951
PCT/ JP02/ 12790 -45 silicon oxide filmof 1,umthickness was forned as a
fluid- prwofosidom 10 (not shown) , the processes for prodeciragori2e spacer
11 were conpleted. .In this way, according to this enbodinent, the 5
openi ng shape of the nozzle comuni caténg channel 55 in the nozzle

pl at e- bonded surface of the spacer 11 is defined by the six lines

connect ed FY obteincangieg &he tHR Ypemtrgesndpe Birminpéspr e8sur e hanber s
36 immedi ately bel ow the nozzle comunicating channel 55 in the

di aphr agm QeptiebSutfeabeles 10 deddheed 309 the four |ines connected at
obtuse angles. Accordingly, by not formng any acute angle corners, it
becomes possi bl e to pmewentst Bigodh oim &fid.he2ndhestare deticerihethaozzl e
comuni cating channel 55 by capillary action at a subsequent process in

whi ch the spacer 7121 lpebendedyt hd e 15 rezzige pA@ztzeieB cemingitheiadhesi ve.

Furthernore, by f ornlng the i nclined surfaces, beconmes possible to
prevent. the, _ret r t he
el i abid i 5P the MR e%%?ﬁ%ﬁ&%hfa%%@o”c%f@%eé%”—?lt.f%*n%gu be

directed to, the 20 fourth nmbodj nent of the spac according.to the
present |ﬁ%%h???n?qﬂsﬁﬁaF@fg}eFE%PQ(f'ﬁ°§asﬁéum ﬁﬂ%&? s?ﬁ#Pg? %o the

features described with reference to Fig. 11 are described wth reference
to Fig. 23Ths mpiwiropéferbptENd \WIRSISSS TRE PIPERIEEULTIOBf PPRR sS¥RF t h
enbodi ment has doubl e-si ded ink 25 channels as discussed with reference to
Fig. 11. Tk&.spacgre nozzle plate-bonded side and the diaphragm-bonded

side) of the silicon substrate 61. Although the inclined

- 10 portions were created by anisotropic etching just after the
through holes 75 were created (i.e., just after the silicon
substrate 61 was first penetrated through by the anisotropic
etching), the inclined portions were removed completely by
this etcﬁing process.

15 . Then, as shown in Fig. 22C, the apertures 76 for
the pressure chambers 36 and the apertures 77, 78 for the
concave portions 31,32 were patterned by the wet etching of
the silicon oxide f£ilm 62 using dilute fluoric acid with the
nitride film 63 as a mask.

20 ‘Then, as shown in Fig. 22D, the conéave portions 89
corresponding to the pressure chambers 36 and the concave
portions 31,32 were formed by the anisotropic etching of the
silicon substrate 61 using a potassium hydroxide solution.

Then, as shown in Fig. 22E, the silicon oxide film

25 62 and the nitride film 63 were removed. Then, after the



WO 03/ 049951 PCT/JP02/ 12790 -46 441 of this fourth enbodi nent has a
structure identical to that of the spacer 41 of the aforenenti oned second
enbodi mrerwo ognempt that the inclined surfaces 441a. are foPoEdPe/ 12090
corners of the 'nozzl e-side channels 42 and the diraphragm side 5 channel s
43, as is the case with the aforenert4®ned third enbodi nent. The opening
shape (not shown) of the nozzle-side channel 42 i mediately bel ow the
nozzl e boreili¢an dqutideediBy of Het ohirkness ctithderagdats obtilsedangl es, as
is the case with the aforenentioned third enbodi nent. Likew se, The

openi ng 10pstehe ilnotl Os Howh) sldwit)he thicaphragasss d@n:Mndel:$n@13thé mredi at el y
bel ow the nozzle bore 4 is defined by the four |ines connected at obtuse
angl es, asspacdihel lcaseaWcbipldiesd.af orenenti oned third enbodi ment. According
to the fourth enbodi nent, by not formng 15 any acute angle corners of the

opening shape on bot hsiggs fby, ti&o%maar th4inid terRRAMBILPOSRL Dl € to
prevent the flow of adhesive into the comunicating channel's 44, 45 by

capillary , x’iing[) ‘M},Eaurtg tﬁ@%o%&‘é“?co&nﬁuﬂ%?ﬁf’n# tﬁ%ﬁgg"%%'gnpéh e 3

usi ng the eS| ernore e aces, it
becones possi bl e t the etentlo of t he ir b i nk and
Phoo e PR i BB ey SEtae. St AP oEPhe T (Hedd. 3&5}%% Biose by

form ng the additional channels on the nozzl e plate side (i.e., the

nozzl e- si d‘él%rﬂamﬁ?el@mzr)ctﬁ@rafsWn@ngnﬂaés|W? the |9peBRBS Poassd Wife to 25
sufficiently re-fill the ink even at the high frequency WO 03/ 049951

PCT/ JP0O2/ 1&®(pressure chambers 36 immediately below the nozzle

communicating channel 55 in the diaphragm-bonded surface is

10 definéd by the four lines connected at obtuse angles.
Accordingly, by not forming any acute angle corners, it
becomes possible to prevent the flow of the adhesive into the
nozzle communicating channel 55 by capillary action at é
subsequent process in which the spacer 11 is bonded to the

15 nozzle plate 3 using the adhesive. Furthermore, by forming the
inclined surfaces, it becomes possible to prevent the
retention'ofbair bubbles and ink and thus improve the
reliability of the ink jet printhead.

ﬁext,‘the description will be directea to the

20 fourth embodiment of the spacer according to fhe present
invention with reference tq Fig. 23. Features similar to the
features described with reference to Fig. 11 are described
with reference to Fig. 23 using same reference symbols. The
épacer 441 of this fourth embodiment has double-sided ink

25 channels as discussed with reference to Fig. 1l. The spacer



-47 operations and thus to inprove the printing speed. Referring to Figs.
24, 25, one exanple of the processes enployed for producing the spacer 441
of the afwopesmssoned fourth enbodi ment is shown. Feature®CsiImd/arono 5
the features described with reference to Figs. 15, 16 are described wth.
reference to Figs. 24, 25 using sane-ugterence synbols. First of all, as
shown in Fig. 24A, the single crystal,silicon substrate 91 (in this

exanpl e, sﬁﬁﬂc@ﬁ V@ﬁ%ﬂfqg}t%a§@?0dﬂmﬁntr@éﬂaﬂ sgrueReaei blelite)l 66 400,u m
t hi ckness was provided. Then, on both sides of the silicon substrate 91
were fornebtad ofl tloorspadede 4fli bM B2 ddf drefibh tdohbd ckaessd anthodiment ri de
film93 of 0.2/ 1mthickness. The nitride film93 was - fornmed by LP-CVD

(I ow pr essekeepheriLalineapac1 dapasstirfbes 1212h8Re BSrHLOWY kReFi g. 24B, on
the nitride film93 (on the nozzle pl ate-bonded side) of the silicon

substrate %grngﬁé(QPHﬁEQhéé&QéL§ian$ﬁéﬂﬂél%44Ea¥h§%t¢%§i%ﬁgﬁ%§é§§ﬂ%%atthe

nozzl e-si de channels 42 and the concave portions dun

adhesi ve. he, .apertures, 95, 96 far the nazzle 20, sid hannel s 42 and
t he coﬁ%avgngg??%%ﬁgQBf%N%Fe%%St?%?%éHL tﬂ?hggaFﬁm%?EﬂFﬁﬁfgglfﬁe nitride

film93. At thgt time, the apertures 95 for_ the conmmunicating channels 45
vere patt eFRBAGIRGRY d&er GPBBRLDGT FRARE b\POthERPBTE 9f nEte cwiRéeretiat obt use

angles. 25 Then, on the nitride film93 (on the nozzle plate W 03/ 049951
PCT/ JP02/ 12¢8pnelygi2 immediately below the nozzle bore 4 is defined by

the four lines connected at obtuse angles, as is the case with
the aforementioned third embodiment. Likewise, The opening

10 shape (not shown) of the diaphragm-side channels 43
immediately below the nozzle bore 4 is defined by the four
lines connected at obtuse angles, as is the case with the
aforementioned third embodiment. |

According to the fourth embodiment, by not forming

15 any acute angle corners of the opening shape on both sides of
the spacer 441, it becomes possible to prevent the flow of
adhesive into the communicating channels 44,45 by capillary._
action when the spacer 441 is bondéd to the nozzle plate 3
using the adhesive. Furthermore, by forming the inclined

20 surfaces, it becomes possible to prevent the retention of the
air bubbles and ink and thus improve the reliability of the
ink jet printhead. Furthermore, by férming the’additional
channels on the nozzle plate side (i.e., the nozzle-side
chénnels 42) for supplying the iﬂk, it becomes possible to

25 sufficiently re-fill the ink even at the high frequency‘



bonded side) of the silicon substrate 91 was forned a resist pattern 97
havi ng the apertures whose geonetry corresponds to the geonetry of the
comuni cawprg/iogrannel s 44,45, Then, as shown in Fig. 24Cpcrheozpess ures 98
for the communicating 5 channels 44,45 were patterned by the dry etching of
the silicon oxide film92 using the_gesist pattern 97.as a mask. Then, as
shown in Fig. 24D, on the nitride film93 (on the diaphragm bonded side) of
the silicorpsxdsiaorst en8ltinas td cmpeve tbei pripainerspedd.havi ng t he
apertures for the 10 di aphragm -si de channel s 43 and the concave portions
32 for the redundanRregidheshyeto Hiefs. ©LAe aper bt esxah@e d@Llther the

di aphragm si de channels 43 and the concave portions 32 were patterned by

the dry etghifgsQfs Lh818V4d 1 A8 TAJBR3ngTRAER, sPddha i b deefil m 93 (on

t he di aphragm 15 bonded side) of the silicon substrate 91 was forned a

resist  palier, 407 nawi Bg, Lhe %ggggélﬁgﬁwggéﬁ?grgg@%tg (GRrLERPENIS f o (he

geonetry COmTURN Ca ing c 24E,
the apertures 103 for the ¢ nlc tin channel s_44, 4 r atterned by
the dry et tht nfdfERedoB LS & SFPRAT 0% JSi%y ﬁﬁ }gs 5% pattern

102 as a mask. Then, as shown |n FI%; 25A, the holes 104 for the
comuni cat ieecethashelshinetorsnae toattierneds by2 Hes idigy seme hFAELTHICE he
silicon substrate 91 fromthe di aphragm bonded side wusing an |ICP
(I nductivesymiolmpl ed Pl asma) dry etcher. ‘At that 25 time, the film
t hi ckness of the resist 102 was 8g m WD 03/ 049951 PCT/ JP02/ 12790 -49 Then,
as shown in Fig. 25BrigktesfrenoyiZig dho@n in Fig. 24A, the single
crystal silicon substrate 91 (in this example, silicon wafer
10 base) with crystal orientation (110) of 400um thickness was
provided. Then, on both sides of the silicon substrate 91 were
formed a silicon oxide film 92 of 1.0um thickness and a
nitride film 93 of 0.2um thickness. The nitride film 93 was
formed by LP-CVD (low-pressure chemical vapor deposition).
15 Then, as shown in Fig. 24B, on the nitride f£ilm 93
(on the nozzle plate-bonded side) of the silicon substrate 91
was formed a resist pattern 94 haviné the apertures for the
nozzle—side channels 42 and the concave portions 31 for the
redundant adhesive. Then, the apertures 95, 96 fof the nozzle-
20 side channels 42 and the concave portions 31 were patterned by
the dry etching of the nitride film 93. At that time, the
apertures 95 for the communicating channels 45 were patterned
such as to be defined by the four lines connected at obtuse

angles.

25 Then, on the nitride film 93 (on the nozzle plate-



resist 102, the through holes 105 for the communi cating channels 44,45,
whi ch connect the di aphragm side channels 43 to the nozzl e-side channels
42, wer e woroaodhoby t he ani sotropic 5 etching of the silicecTdntistrat e 91
usi ng a potassium hydroxide solution. Then, as shown in Fig. 25C the
apertures 106, 107 for the nozzl e-sidg-channels 42 and the di aphragm si de
channel s 43 and the apertures 108, 109 for the concave 10 portions 31, 32
wer e pattepradedysidhe) vl Wiechildjcot shestmrtls ddnwesi fierrfed m @Rsiistng
dilute fluoric acid with the nitride film93 as a mask. Then, as shown in
Fig. 25D, pheteoncaVehpaoirg ahe apdbididds aoidwes pgebtebgy tariteepnadz! €ssi de
channels 42 and the 15 di aphragm side channels 43, and the concave

portions 3%tn3d2guehetFPraecHay chiitu A sotdPRifarekehi 09, of  thensi kkcon
substrate 91 using a potassium hydroxi de solution. Then, as shown in Fig.

256, the nippide, ik 9% and . Lhe SLLLGOD xiede LLLM.92.pere sgpoved. Then,

after the si |1 con Oxi ness was fluid-

proof film10 (npt shown), the océsses for' producing the pacer 441 were
conpl etéed. cﬁl@?‘ﬁ?fﬁf hazb’cf}evggﬂqr& PB%EWIF&F&@@ dﬁ%’ee%ffgdefgﬁh%% o F‘?‘ﬁ enbodi ment
of the spacer according to the present invention 25 wth reference to Figs.
26-29. WD 63A629053xid®) W JRoRFIDT I Fingsizs BREGRIAM Texs| sdadsk-

per spective view of the
Then, as shown in Fig. 24D, on the nitride film 93

(on the diaphragm-bonded side) of the silicon substrate 91 was
formed a resist patﬁern 69 having the apertures for the

10 diaphragm —side‘channels 43 and the concave portions 32 for
the redundant adhesive. Then, the apertures 100, lOl for the
diaphragm—-side channels 43 and the concave portions 32 were
patterned by the dry etching of the nitride film 93.

Then, on the nitride £ilm 93 (onythe diaphragm-

15 bonded side) of the .silicon substrate 91 was formed a resist
pattern 102 having the apertures whose geometry corresponds to
the geometry of the communicating channels 44,45. Then, as
shown in Fig. 24E, the apertures 103 for the communicating
channels 44,45 were patterned by the dry etchiné of the

20 silicon oxide film 92 using’the resist pattern 102 as a mask.

Then, as shown in Fig. 25A, the holes 104 for the
communicating channels 44,45 were batterned by the dry etching
of the silicon substrate 91 from the diaphragm-bonded side
using an ICP (Inductively Coupled Plasma) dry etcher. At that

25  time, the film thickness of the resist 102 was 8um.



ink jet printhead. Fig. 27 shows a sectional view taken along a

| ongitudinal direction of the ink jet printhead. Fig..28 shows a sectional
vi ew t akewoaBomysi ateral direction of the 5 main parts of PCarizike79oet
printhead. Fig. 29 shows a sectional view of a spacer (excluding the
reservoir 8 and the resistance channgds 7) of the ink jet printhead.
Features simlar to the features described with reference to Figs. 1-4 are
described with refeffbroe &9 Figen 26F1g.usbhg &y rmsfrevéngetisynbol s. 10
The spacer 331 of this fourth enbodi nent has a structure identical to that

of the spagsyisk ab2t henaf of eskdH iried fLosstoenhiadideiiunexeepigt hat the
spacer 331 has pseudo-pressure chanbers 26 (which doesn't constitute ink

channel ) afh£RAGAYE , BET L{RNSh 2ol RIFEEnaNai figy SdR! ahendd Panded side
and has concave portions 27 formed on di aphragm bonded side. The concave

ortions 2 7 accept the r dant ,-ad LV verfl .t he
gpacer 33ié?§§fb%8559 Bgfﬁ% E%%§¥%% 6Fét2§§§ %ﬁ%ﬂgtggdﬁgﬁhgﬁgﬁﬁgsglk

respectively. By the way, . jn the. aforenmentioned first enbodinent, 20 the
spacer °1 HﬁéﬁPﬁg Bfe%@ﬁr%ltﬁﬁﬂ%éF§@§F fie ié%?%Fbﬁb?ogéﬁﬁﬁWEIs 7, and the

reservoir 8 formed on the nozzle plate- bonded side (see Figs. 1-4).
However, ilvdueixddet gpéutipe. difference in the surface area between the
nozzl e pl ate-bonded surface and the di aphragm bonded surface is large. It
shoul d 25 be not ed t Baent, hes ssindwaceirafég. i 85CetBraniaped thasedl@mn tUP¢ WO
03/049951 -51 PCT/JP02/ 12790
for the nozzle—-side channels 42 and the diaphragm-side
channels 43 and the apertures 108, 109 for the concave
10 portions 31,32 were patterned by the wet etching of tﬁe
silicon oxide film 92 using dilute fluoric acid with the
nitride film 93 as a mask.
Then, as shown in Fig. 25D, the concave portions
110,111 corresponding to the nozzle-side channels 42 and the
15 diaphragm—-side channels 43, and the concave portions 31,32
were forméd by the anisotropic etching of the silicon
substrate 91 using a potassium hydroxide solution.
Then, as shown in Fig. 2D0E, the nitride film 93 and
the silicon oxide film 92 were removed.‘Then, after the
20 silicon oxide film of 1um thickness was formed as a fluid-
proof f£ilm 10 (not shown), the processes for producing the
spacer 441 were completed.
Next, the description will be directed to the fifth

 embodiment of the spacer according to the present invention

25 with reference to Figs. 26-29.



surface of the spacer meking contact with the surface of the target nenber
(i.e., the nozzle plate 3 and the diaphragm2). In other words, in this
case, theweusfamel area of the nozzle plate-bonded surfacecirgraxt2esom ned by
not counting the concave 5 surface relating to the nozzl e communicati ng
channels 5. Likew se, the surface ar8a-of the di aphragm bonded surface is
determ ned by not counting in the concave surface relating to the pressure
chanbers 6, the resiéPéhcg6cﬁﬁﬁH§I§n7?xR%%§e?hEer?E%%ﬁ%NﬁIV#@W ob e | arger
the difference in the surface area between the nozzle plate-bonded surface
and the di &pRrigimPaieideddsuFiace2beiomssa shetienajervitche tpgtemalialg for t he
occurrence of the distortion (bowi ng) of the spacer becones because of the
occur r enceaofomgiresk nadsddeetheof | aff ceher aak 156t fptintkdadEspegi abdy, in the
case of the fluid-proof film10 fornmed by a highly fluid-proof materi al

such as sibhe D¥edeioand vibantdariaibhgelatden it tiign powing) of the
spacer is nore likely to occur. For this reason, the spacer 331 according

ol 8 2ondid WihabRE NRE! she {OX TRA-MENal WAl ! W0 A0S QLEA QL 1 Ne

nozzl e pl ate-bonded surface 1s s ntia hat "o

di aphragm e urface. ecifically, this substantially same surface
area is acﬁ?%é% %ys S(réreﬁngg%‘ﬁjeum&%‘?ng?éﬂY%lr ch @t oG fcave
portions 25 on the noz%le pl at e-bonded 25 side of the spacer 331 and the
concave potiFBifdsS27) oRTVIE D310l gRs1 PPEREIPRR/ Erpdmires? sdinaphk demtbended

side. features desc;ibed with reference to Figs. 1-4 are described
with reference to Figs. 26-29 using same'reference symbols.
‘10 The spacer 331 of this fourth embodiment has a
structure identical to that of the spacer 1 of the
aforementioned first emboaiment except that the spacer 331 has
pseudo-pressure chambers 26 (which doesn’t constitute ink
channel) and concave portions 25 formed on the nozzle plate—
15 Dbonded side and has concave portions 27 formed on diaphragm-
bonded side.‘The concave portionsAZS, 27 accept the redundant
adhesive that overflows when the spacer 331 is bonded to the
nozzle plates 3 and the diaphragm 2, respectively.
By the way, in the aforementioned first embodiment,
20 the spacer 1 has the pressure chambers 6, the resistance
channels 7, and the reservoir 8 formed on the nozzle plate-
bonded side (see Figs. 1-4). However, in this state, the
difference in the surface area betweén the nozzle plate-bonded
surface and the diaphragm-bonded surface is large. It should

25 be noted that the surface area.is determined based on the



In the case of formng fluid-proof film10 on the wall surfaces of the ink
channel, this substantially sane surface area between both sides of the
spacer 33Woaswensntes 5 the difference in stress in the fiPCRaPL2A®en bot h
sides and thus relieves the distortion (bowi ng) of the spacer 331.
Therefore, it becomes possible to inpfbve the reliability of the bonding
bet ween the_spacer 3%5 and the nozzle plate 3, and _the bondi ng between the
spacer 331° hELJIEBFhFRYFTS . MH el CPRER FBr &1 thyi HiaisyrAgee aef t§hehondi ng
during manufacturin enabl es i nprovenent in yield and thus cost reduction.
As for a d*é%%effeé‘e@gsrarﬁatﬁﬁon,th%f@milﬁgpﬂ-@tﬁi@]sand el tliaPhgagB®A .shows a
pl an vi ew of the nozzle pl ate-bonded - surface of the spacer 331 and Fig.
30B shows In pitervivewdsf 15 ties dizaehr aper bonfieck siydae€ ehe thwzSpacer 331.
Fig. 31A shows a plan view of the nozzle plate-bonded surface of the

spacer 33dlatceRhdeadstOfics NP HAiMeneqodi Amnt.And Rl gtheo’]c%rﬁ%@\éfs a
pl an vi ew of the di aphragm bonded surface of the ébace% %31'. As shown in

Fi gs. 30B, s3dBc0Rt Bes g a@@ra@ﬂm@%dco&&ﬁ%;&%ggﬁg\gg;ge%sg b’ the

spacers 331, 331" have the concave portions corres he pressure

chanbers 6, 8 t concave portiaqns, 27,27 for accepting the redundant
adhesi ve fo%rerrwg%g" nggﬁ 3 %fao%eo eﬁaé’%i ﬁlﬁf’ q’%‘ﬁ%}?rat%%é’f}ﬁggv%mbﬁ%rlﬁ on
di aphragm(sb) nded sarfaoe 331b of the spacer 331 is sane as 25 that of the
di aphr agm eo'tr‘?&BBnE rPRCROBFPINENG hE EHARINPYE SURERES/ VIUOENT 53
PCT/ JP02/ 12790 On the other hand, as shown in Figs. 30A, 31A, the

the pressure chambers 6, the resistance channels 7, and the

reservoir 8.

10 The larger the difference in the surface area
between the nozzle plate-bonded surface and the diaphragm-
bonded surface becomes, the larger the potential for the
ocqurrence of the distortion (bowing) of the spacer becomes
because of the occurrence of stress inside the fluid-proof

15 film 10. Especially, in the case of the fluid-proof film 10
formed by a highly fluid-proof material such as silicon oxide
and titanium nitride, the distortion (bowing) of the spacer is
more likely to occur. . (

For this reason, the spacer 331 according to the

20 fifth embodiment is formed such that the surface area of the
nozzle plate—ﬁonded surface is substantially equal to that of
the diaphragm-bonded surface. Specifically, this substantially
same surface area is achieved by forming the pseudo-pressure

chambers 26 and concave portions 25 on the nozzle plate-bonded

25 side of the spacer 331 and the concave portions 27 on



concave pattern on the nozzle pl ate-bonded surface 331la of the spacer 331
is different fromthat of the nozzle pl ate-bonded surface 331a' of the
spacer 33W0.038pw6si fically, the spacer 5 331" accordi ng toPChaPexIZpar ati ve
enbodi ment has a plurality of the nozzle comunicating channels 5 and the
concave portions 57" for accepting-tle redundant adhesive, while the
spacer 331 according to the present invention has a plurality of the
pseudo- pr 84sbhEagndimeied 569t he concave portions whose 10 opening shapes
are simlar to the opening shapes of pressure chanbers 6) and a plurality
of the concave portilonstizs caseusf Seorwoiuni g uic-theot ofphr a0 wa &hbdodi ment ,
the difference in the concave profile and thus the surface area between
t he nozzl eapl aserhordedsihbadak33Hanmald, tihd s15ulsagpht ghivvbended surf ace
331b" is large. It has been determ ned through experinents that the

di storti 0RuRkastCikeSRRAGSkeA3DotEXSEEES & UhR kRatde Tasa@knliataing the
silicon oxide of 7000A thickness as a fluid-proof. film In this case,

the fault ondi ' .QC en_t r . 0 t he
noszl o pl Pe B e R T, e I e Rhesc ot ¢ e
adhesi ve n _prevent t f aul bondi.ng to,so xtent, this increases the
overflom/gﬁthEElHﬂﬁﬁki §ﬁa%§FFha% Qﬁgﬁ¥myh8%§F %dﬂ%ﬁ?ﬁbg3ﬁn terns of the
stiffness of the overall assenbly. 25 On the contrary, accaording to the

fifth enbd8rrehere woOHes2D951PPETIRPD 70 A19EOVE4thd el 1ab1ddl¥t Shtial Iy no

difference in the concave profile and thus the surface area between the
nozzl e pl &he- bondiety between the spacer 331 and the nozzle plate 3, and

the bonding between the spacer 331 and the diaphragm 2.
10 Furthermore, minimizing faulty bonding during manufacturing
enables improvement in yield and thus cost‘reduction.
As for'a detailed explanation, referring to Figs.
29-31, Fig. 30A shows a plan view of the nozzle plate-bonded
surface of the spacer 331 and Fig. 30B shows a plan view of
15 the diaphragm-bonded surface of the spacer 331. Fig. 31A shows
a plan view of the nozzle plate-bonded surface of the spacer
331’ according to a comparative embodiment and Fig. 31B shows
a plan view of the diaphragm—bonde& surface of the spacer 331’.
As shown in Figs. 30B, 31B, on the diaphragm~bonded
20 surfaces 331b, 331b’ the spacers 331, 331’ have the concave
portions corresponding to the pressure chambers 6,6’ and the
concave portions 27,27' for accepting the redundant adhesive
formed in an analogous fashion. Thus, the concave pattern on
diaphragm-bonded surface 331b of the spacer 331 is same as

25 that of the diaphragm-bonded surface 331b’ of the spacer 331’.



surface 331a and the di aphragm bonded surface 331b, because the spacer 331
has the pseudo-pressure chanbers 26 on the 5 nozzl e pl ate-bonded si de
accor di ngwoe3piespr essure chanbers 6 forned on the di aphPagaPtonded side.
It has been determined through experinents that the distortion of the
spacer 331 doesn't exceed 2g min thé&3case of formng the silicon oxide of
7000A thickness as a fluid-proof filmand such a distortion 10 | evel

(i.e.,. 2,u m cannot %ad&e Oftgﬁfft $aBBndR HEHRTEN 1PnBigpacki?d, 338, shponded
to the nozzle plate 3 or the diaphragm2. Referring to Fig. 32, Fig. 32
shows a ne&StFedctRRttewsont the noezie|midndondetesuetaresdifiiacefatiea ratio
of the diaphragm bonded surface to the nozzl e pl ate-bonded surface 15 and
di stortionspever 331 tie dijffeeentnftde wase «df ther nbngld e sl bean=@xi de of
hi mthi ckness. It can be understood fromthe neasured test result of Fig.

32 that theus8atace3pd e ahbOsshost BPe Wdhich£0ch12. Ocﬂe”ngQSE to make
the distortion |level of the spacer be 20 |l ess than 2,;u m The spacer with a

di st or tg ongbevelL&ssid 3B 2ned - bak nevent the faulty
bondi ng due to _di storr%(‘:{lon. Reéfger)r ngé%ﬁg%i%gﬁbgg%g%?ghass%ApéHﬁ;l pl an
view of t zz] e pl ate-bonded, surface of the spacer 331 according to 25
an al terna ?vgﬁ%n%%%;{)lneeﬁtongﬁﬁlﬁ&n% AREAS g fﬂl‘gnﬂ%ﬁ ERPGEVRD 03/ 049951
PCT/ JP02/ 12790. - 55 the di aphragm bonded surface of the spacer 331. The
spacer 331PREELPHF my 't FOFhecEPR B fat iR resvpganeriherdy spsuehibe pelessur e

chanbers 28 forned for every
spacer 331 according to the present invention has a plurality

of the pseudo-pressure chambers 26 (the concave portions whose
10 opening shapes are similar to the‘opening shapes of pressure
chambers’ 6) and a plurality of the concave portions 25.

Thus; according to the comparative embodimenf, the
difference in the concave profile and thus the surface area
between the nozzle plate-bonded surface 33la’and the

15 diaphragm-bonded surfaée 331b’" is large. It has been
determined through experiments that the distortion of such
spacer 331’ exceeds 6um in the case of forming the silicon

oxide of 7000A thickness as a fluid-proof film. In this case,
the faulty bonding will occur when the spacer 331’ is bonded

20 to the nozzle plate 3 or the diaphragm 2. Although the
increased thickness of the adhesive can prevent the faulty
bonding to some extent, this increases the overflow of the
adhesive and brings about thg disadvantage in terms of the
stiffness of the overall assembly.

25 n On the contrary, according to the fifth embodiment,



bit, each of which pseudo-pressure chanbers 28 is connected to 5 the

out side of the spacer 331 via comunicating channel (s) 29 extending to the
end portiwp 0ef4m9Be spacer 331. Making the pseudo-pressur @Cthamser® 28 for
every bit open to the outside of the spacer 331 can prevent faulty bondi ng
due to heating during manufacturing-mecesses. 10 As opposed to the
pseudo- pressure ¢hanbers 28 _according to this alternative enbodi nent, the
pseudo-preggﬁFE lEh%%?%ﬁ%ﬁ?&?%%&bP@n@hg$%ﬁﬁRFQM%PhtPéféP@ﬁ%%?tpioﬁﬁée 5 have a
| arge encl osed volume insulated fromthe outside. In this case, when the
heat and t Radptbysutke agwrZgssl iagdat betieers pdeemnod3lelplalte-iogdiede bondi ng
process, the expansion of the air within the pseudo-pressure chanbers 26

may cause faulfbyeb®dh nghd Wld hidughregnduatdany sut€abenging, oreratkon at
roomtenperature can prevent the faulty bonding, this increases the

overal | pregessphise fd Héw%h@ngHéﬁéleer&u‘i%srch_aﬁge% id&nother hand,

according to,the alternative enbodinment, by formng e communi cating

hannel _ : . 28 to, the putsid
oi' the * SpEoer Sl R S8 R ERRM TR, e R D aklpbhS " Che
[ if. h ' lj.ed.to th . 331 duri the 25 ' bond

o1 0cosS. andERCE i i 26 AH 0ep Ao pr tilsss T hB® REoSbasm6ne

PCT/ JP02/ 12790 -56 Referring to Figs. 34, 35, one exanple of the processes
enpl oyed f SRTRYORRFRRF ieaitspabaE B3 Histordipnf PR terburiiaeend3is shown.
First of all, as shown in Fig. 34A the single
doesn’t exceed 2um in the case of forming the silicon oxide of
7000A thickness as a fluid-proof film and such a distortion
10 level (i.e., 2um) cannot cause faulty bonding when the spacer
331 is bonded to the nozzle plate 3 or the diaphragm 2.

Referring to Fig. 32, Fig. 32‘shows a measured test
result of the relationship between surface area ratio of the
diaphragm-bonded surface to the nozzle plate-bonded surface

15 and distortion level of the spacer in the case of forming the
silicon oxide of 1um thickness.

It can be understood from the measured test result
of Fig. 32 that the surface area ratio should be within 0.5-

2.0 in order to make the distortion level of the spacer be

20 less than 2um. The spacer with a distortion level less than 2

pum can substantially prevent the faulty bonding due to

distortion.
Referring to Fig. 33, Fig. 33A shows a plan view of
the nozzle plate-bonded surface of the spacer 331 according ﬁo

25 an alternative embodiment and Fig. 33B shows a plan view of



5 crystal silicon substrate 61 (in this exanple, silicon wafer base) with
crystal orientation (110) of 400g mthickness was provided. Then, on both
si des of wbe3midosron substrate 61 were forned silicon oxipde/JPod/1289062a, 62b
of 1.0g mthickness and nitride filnms 63a, 63b of 0.2,4mthickness. The
nitride filns 10 63a, 63b were fornmedsgy LP-CVD (| ow pressure chem cal

vapor deposition). Then, as shown in Fig. 34B, on the nitride film 63a

(on t he noZReedippiradyohoadedi geyfate tdie Wiel speaesubsitrate 61 was forned a
resist pattern 640 having the apertures for the 15 nozzle conmunicati ng
channel s 5, the concave ppatedn3325acddeiimpsevdohpressanraatcianbers 28, and
the communi cating channel (s) 29. This exanple relates to the spacer shown

in Fig. 33chB¥iftent hRsagdbtiionghe $QNARROELEONS Zanfll fdeCeptipg the -
resi dent adhesive during the bonding process. Then, the apertures 650, 20

660 for thg; pozzle, GOMMALAALLAGEHANELS <5 AL e £ONGANS,DOELEONS 25 as

wel | as the apertur pseudo- pressure chanber 8 and the
conmmunicat | channgl (g) .29 were ter.ned by the dry etching,o e

o Trrae 1 FAR e SRR 582 HERRer R RS feRhun G Sl Finagrrn (Bhet? 2
apertures 660, 680, and 690 of the nitride film63a, a resist W 03/049951
PCT/ JP02/ 12%58nd g &t {tenen8oPPavicRy athéhgpePetres Ahodkgaanthey
corresponds to the geonetry of the nozzle conmunicating channels 5 was
formed onpseedninyssgarei chegBars o theyr ruzziebpt arerbddddiespdeyidd  t he
silicon substrate 61. Then, the apertures 710 for the 5 nozzle
communi cat bfigtichapaeles 53Wecen patdwsntedamy tyheotiyng due to heating

during manufacturing processes.

10 As opposed to the pseudo-pressure chambers 28
according to this alternative embodiment, the pseudo-pressure
chambers 26 aforementioned with reference to Fig. 5 have a
large enclosed volume insulated from the outside. In this case,
when the heat and the pressure are applied to the spacer 331

15 during the bonding process, the expansion of the air within
the pseudo-pressure chambers 26 may cause faulty bonding.
Although conducting the bonding operation at room temperature
can prevent the faulty bonding, this increases the overall
process time and thus manufactufing cost.

20 On the other hand, according to the alternative
embodiment, by forming the communicating channel (s) 29 to make
the pseudo-pressure chambers 28 open to the outside of the
spacer 331, it becomes possible to minimize the expansion of
the air even if heat is applied to the spacer 331 during the

25 ‘bonding process and thus minimize the overall process time.



etching of the silicon oxide film62a using the resist pattern 700 as a
mask. Then, as shown in Fig. 34D, on the nitride film63b (on the

di aphr agnwbondedssi de) of the silicon substrate 61 was 1@CTarPeR7® resi st
pattern 720 having the apertures for the pressure chanbers 6 and the
concave portions 27 for the redundantsgadhesive. Then, the apertures 730,
740 for the pressure chanbers 6 and the concave portions 27 were patterned
by the dry etching of RefRrming it@eFipsm 88b. 395 oNgegxamrlehofivthien Fig. 34E,
after filling in the apertures 740 of the nitride film63a, a resist
pattern 750ropnassag ¢hel@per foreprotiosngednetsppcenr 3es pahdsd difflka
geonetry of the pressure chanbers 6 was forned on the nitride. film63b

(on the di ephboagmehoniediwde) of the silicon 20 substrate 61. Then, the
apertures 760 for the pressure chanbers 6 were patterned by the dry

etching of the silicop; Oxigesfhl nhgzslﬁé‘{zﬂgirf]%g?e§hﬁt PRl LAY r(‘%QSO as a

mask. Then, as shown in Fig. 35A' the holes or the nhozz

communigcat | n S was _patterped, b he dry 25 etchi,ng of the silicon
substra%e E?g??%?n ?Jﬁiel%g::}laﬁﬁi’ggﬁglﬁ%nggd(%%?FOE%@R%SBSJQG'F’%‘PU? $5790 side
using an I CP (| nductively Coupled Pl asma? dry etcher. At that time, the
filmthi ckRags) ofithecrwsiadt orbentmsion ullh0)TRE 409 y rettbhickgessiwas t he | CP
dry etcher was term nated when the depth of the holes 770 reached 300g m
5 Then, asPsfAvhRedn Then, 5BbodRteideemivithe shéicon substrate 61 were

formed silicon oxide films 62a; 62b of 1.0um thickness and
nitride films 63a, 63b of 0.2um thickness. The nitride films
10 63a, 63b were formed by LP-CVD (low-pressure chémical vapor
deposition).
Then, as shown in Fig. 34B, on the nitride film 63a
(on the nozzle plate-bonded side) of the silicon substrate 61
" was formed a resiﬁt pattern 640 having the apertures for fhe
15 nozzle communicating channels 5, the concave portioﬁs 25, the
pseudo-pressure chémbers 28, and the communicating channel (s)
29. This example relates to“the spacer shown in Fig. 33 having
the additional concave portions 25 for accepting the resident
adhesive during the bonding process. Then, the apertures 650,
20 660 for the nozzle communicating channels 5 and the concave
portions 25 as well as the apertures 680, 690 for the pseudo-
pressure chambers 28 and the communicating channel(s) 29 were
patterned by the dry etching of the nitride‘film 63a.
Then, as shown in Fig. 34C, after filling in the

25 apertures 660, 680, and 690 of the nitride film 63a, a resist



resist 75, the through. holes 780 for the nozzle conmunicating channel 5
were formed by the anisotropic etching of the silicon substrate 61 using a
pot assi uwbydieestde sol ution. This ani sotropic etching pPOTIRE2/12a%)
performed fromboth sides 10 (i.e., the nozzle pl ate-bonded side and the

di aphragm bonded side) of the silicofysubstrate 61. Al though the inclined
portions were created by the anisotropic etching just after the through
hol es 780 patewmy d0etiayiing. th¢ uanexifures whese sgedrairs Wostrespendsl was
first penetrated through by the 15 ani sotropic etching), the inclined

portions Wwete Jgeiiaies oE0fpkehelylddmhiufiekehdochumaedss 5 whenfomsedshown
in Fig. 35C, the apertures 840 for the pressure chanbers 6, the apertures

850 for the, cancaveriBer £k 9RSe 3 (ANEnkNBcaReE t Y1 £8e-Bdhded20:aand 830
respectively 20 for the concave portions 25, the pseudo-pressure chanbers

28, and t c icati.ng. | ( 29 wer o) ' t etching
of the Si|?§%ﬁ%bXI e ?%F%?ﬁ%%?qggbiﬁ%thtﬁgl§?£§#4§%$ﬁ@lggpgh€& h the
nitrid% film@63 as a mask, , Then, as shown in FLg. 35D thg concave portions
25 860 “cor? HHGUPS CEREPPr ScRalBER sPBT & Th&Ye ShE aveY wo

03/ 049951 PCT/JP02/ 12790 -59 portions 25, 27, and the concave portions

cor r espond? HLINY (He theseiidbcon evsifice fehanbér suPB A Ad S FesévhmRAT e ng
channel (s) 29 were forned by the anisotropic etching of the silicon
substrat e BI0 usi rgmaspot assi um hydroxi de solution. In this 5 process, the
concentration of the. potassium hydroxide solution was 30% and the process
tenperature was 85C. Then, as shown in Fig. 34D, on the nitride film 63b

(on the diaphragm-bonded side) of the silicon substrate 61 was

10 formed a resist pattern 720 haying the apertures for the
pressure chambers 6 and the concave portions 27 for the
redundant adhesive. Then, the aperturgs 730, 740 for the
pressure chambers 6 and the concave portions 27 were patterned
by the dry etching of the nitride film 63b.

15 Then, as shown in Fig. 34E, after filling in the
apertures 740 of the nitride film 63a, a resist pattern 750
having the apertures whose‘geometry corresponds to the
geometry of the pressure chambers 6 was formed on the nitride.
film 63b (on the diaphragm-bonded side) of the silicon

20 substrate 61. Then, the apertures 760 for the pressure
chambers 6 were patterned by the dry etching of the silicon
oxide film 62 using the reéist pattern 750 as a mask.

Then, as shown in Fig. 35A, the holes 770 for the
nozzle communicating channels 5 was patterned by the dry

25 etching of the silicon substrate 61 from the diaphragm-bonded



Then, as shown in Fig. 35E, the silicon oxide film 62a, 62b and the
nitride filme63a, 63b were renoved. Then, after the silicon oxide film of
1/2m t hi clkpasw49eas formed as a 10 fluid-proof film 10 (noPCIhBX279% he
processes for producing the spacer 331 were conpleted. In this way, it
becanme possible to nmake the distort+®os-1evel less than 2,cmeven in the
case of forq& the fluid-proof film because the patternlng was perfornmed
such 15 t h&t9% S iPhaPndC8ul FagecHied YoRotRéCR 0B F 38| slre- bbrltkid AAtde
becanme substantially the sane as the surface area on the di aphragm bonded

side and tHeBHdpe, othehéipsetidbelpreassvfethe haadiests 7289 east e mozake
pl at e- bonded side becane simlar to the shape of the pressure chanbers 6

on the di apty agmbiondeding sheelCHudryheranee, wid hocammtRasshdl o prevent
the faulty bonding due to the expansion of the air within the pseudo-

pressure chafbels heahothe PeFl-baRdingogpeyali on, because  the

communi cat i ng channel were fornmed so' as to allom/the respective
pseudospressure cha 2 n tequit 25 out si

03/ 049851 PCT/ JP02/ rfg%é %?J %?fsr“@ﬂe}ﬂrﬂ Wﬁ? be%%’rre p%esrsurt?F‘S"%B f emthe
pressure cha reat .acgcyrac nd thus mnimze the variation in
the ink disc argggcﬁ%$3c£%¥?§¥?§1%ﬁﬁciﬁg 9? ne) [o#? LRa SO A tHAES t he
silicon su?strate and the ink_ channels such as 5 t he pressure chanbers and

the nozzl & nPcEEF Aot @FEEMhdls therRisoFFrRRL bhyetehdoabphatticon of dry

etching (for deeply etched portions) and wet anisotropic etching.
silicon substrate 61 using a potassium hydroxide solution.

This anisotropic etching process was performed from both sides
10 (i.e., the nozzle plate—bonded side and the diaphragm-bonded
side) of the silicon substrate 61. Although the inclined
portions were created by the anisotropic etching jusf after
the through holes 780 were created (i.e., just after the
silicon substrate 61 was first penetrated through by the
15 anisotropic etching), the inclined portions were removed
- completely by this etching process.

Then, as shown in Fig. 35C, the apertures 840 for
the pressure chambers 6, the apertures 850 for the concave
portions 27, and the apertures 810, 820, and 830 respectively

20 for the concave portions 25, the pseudo-pressure chambers 28,
and the communicating channel(s) 29 were patterned by the wet
etching of the silicon oxide film 62a, 62b using dilute
fluoric acid with the nitride film 63 as a mask.

Then, as shown in Fig. 35D, the concave portions

25 860 corresponding to the pressure chambers 6 and the concave



Further, since the wet etching processes were perforned using the
multi-layered filmof the silicon 10 oxide/silicon nitride as a mask, only
two, wet wO®B/o#ys1 processes were required to formthe spa®em/Jpon/12m90s
exanple. This inproved the throughput and thus reduced the manufacturing
cost in conparison with the case of #6Bm ng the nozzl e comunicating
channels only by dry etching. 15 Referring to Figs. 36, 37, another exanple
of the prBE%E%%é? | &Yed2P8r TR 0BRRIFHF IREL4PRZ eFOBITERIMALRE £ Elte

enbodi nent is shown. First of all, as shown in Fig. 36A, the single

crystal siPPebfosRisstsugee cbampens t 1§ sanak diiel epmmih i croningafobannal (dase) with
crystal orientation (110) of 400/ 1mthickness was provided. Then, on both
si des of .f2hewsid iftomesiubgt tht eabisoverapid eraRihdgidf iwle fdillAeof3a, 93b of
150nm t hi ckness.. The nitride film93a, 93b were fornmed by LP-CVD

(1 ow pressyfBs€herd @l usYaBos SeRasd hindMydrdRiddeshl As showy tRi ki 9. 36B,
on the nitride film 93a WO 03/049951 PCT/JP02/ 12790 -61- (on the nozzle

pl at e- bond i f il t formed .a resist pattern
540 havi ng e he anertor sorror TRE A o Bobte e T 1 TsE, OB B €
concave portiqgﬁ,ZS, he Pseudo- ressure chanbers 28, and the

comuni cat YAy tHaRRE! %’E? BLORSSTHHUNSFaHEe Y&t &%S-to the spacer shown in
Fig. 33 having the additional concave portions 25 for accepting the

resi dent adhesive ddPPRy BReSHYMRIIHY fiocdsE, Tersilierapaitar 851950,

960 for the nozzle comrunicating channels 5 and the concave
62a, 62b and the nitride film 63a, 63b were removed. Then,

after the silicon oxide film of 1lum thickness was formed as a
10 fluid-proof film 10 (not shown), the processes for producing
the spacer 331 were completed.

In this way, it became possible to make the
distortion level less than 2um even in the case of forming the
fluid-proof film, because the patterning was performed such

15 that the bonding surface area on the nozzle plate-bonded side
became substantially the same as the surface area on the
diaphragm-bonded side and the shape of the pseudo-pressure
chambers 28 on the nozzle plate-bonded side became similar to
the shape of the pressure chambers 6 on the diaphragm-bonded

20 side. Furthermore, it became possible to prevent the faulty
bonding due to the expansion of the air within the pseudo-
pressure‘chgmbers 23 at the heat-~bonding operation, because -
the communicating channel (s) 29 were formed so as to allow the
respective pseudo—-pressure chambers 2é to communicate with the

25 outside.



portions 25 as well as the apertures 980, 990 for the pseudo 10 pressure
chanbers 28 and the communi cati ng channel (s) 29 were patterned by the dry
et chi ng ovotobe499stride fil m93a. Then, as shown in Fig. 3@CrJeem/th® nitride
film93b (on the di aphragm bonded side) of the silicon substrate 61 was 1
formed a resist pattern 802 having thegoapertures for the 15 pressure
chanbers 6 and the concave portions 27 for the redundant adhesive. Then,
the apertures 803 forF¢fdgi-ed§uPecenanpreysitdea® fhEMapEs tAnessu804 for the
concave portions 27 were patterned by the dry etching of the nitride film
93b. Thenchasbghswiitiin driegt 36Burany boid Sidenioninibe @3 siariethosubstrate
61 were fornmed high-tenperature oxide filnms 805a, 805b of 250nm thi ckness.

Then, as shawshénifk giisilargenchihechd gistiRpeeabuss ©xd dgaldeknia§05a, 805b
were formed nitride filnms 806a, 806b of 150nm thi ckness by LP-CVD. Then,

t he oppose e 7,7 4 OBmUNY ' hannel s 5
wer e forne%agg f%§ﬁ§§v§g}éﬁ?%§)%€6?%e ($gﬁﬁbEF%3?gﬁdg%%h§%%/§g8§/§§790 -62

t enper at ur xide_ fil s .805a, 805 nd the.nitride filns 806a, 806b. Then,
ne Bhouh | BB B TR Y SRS Mgt h o dd ShodTlen e SRRrPRLS 1 1 e
806b, the holes_810 for the 5 nozz|e comunicating channels 5 were ,
patt erned BFTERECHRSE Rt ehicAgPOR tHe? ST 9o 56BLRY at &0 ferpdih ehehed

di aphragm bonded side using an ICP (Inductively Coupled Plasma) dry
etcher. AtPorhaentl mid fied ARLavEreRIMedehdndthe resist 809 was 8g m

Further, since the wet etching processes were
performed using the muiti—layered film of the silicon

10 oxide/silicon nitride as a mask, only two‘wet.etching
processes were required to form the spacer in this example.
This improved the throughput and thus reduced the
manufacturing cost in comparison with the case of forming the
nozzle communicating channels only by dry etching.

15 Refgrring to Figs. 36, 37, another example of the
processes employed for producing the spacer 331 of the fifth
embodiment is shown.

First of all, as shown in Fig. 36A, the single
crystal silicon substrate 61 (in this example, silicon wafer

20 base) with crystal orientation (110) of 400um thickness was
provided. Then, on both sides of the silicon substrate 61 were
formed nitride films 93a, 93b of 150nm thickness. The nitride
film 93a, 93b were formed by LP-CVD (low-pressure chemical
vapor depocsition).

25 Then, as shown in Fig. 36B, on the nitride film 93a



Then, as shown in Fig. 37B, after renoving the 10 resist 809, the through
hol es 811 for the nozzle conmunicating channel 5 were fornmed by the

ani sot ropwo ogoetesng of the silicon substrate 61 using a PCTARE/ 12090

hydr oxi de solution. Then, as shown in Fig. 37C, the nitride filns 806a,
806b were renoved by heated phosphat e6usi ng the high 15 tenperature oxide

filnms 805a, 805pb as a blocking filmand the high-tenperature oxide filns
805a, 805b RBrEN? SRR W-adErheaded | sisie)c odcithe ThéhcomsSURERATE NG Fi g.

37D, the concave portions 816 corresponding to the pressure chanbers 6 and
t he concav&as2fopmed icomesist p2ttann %4tk heorogvshpoapevnsresofpespoadi ng to
the pseudo-pressure chanbers 28 and the communi cating channel (s) 29 were
fornmed by hhezbai seimopicatdaheghchgnodéld e sihlei edRcasubséretiors62s5Ustng a

pot assi um hydroxi de solution. In this process; the concentration of the

pot assi um By eh@xtshes SHelrd icBRmBar¥ass 3Rt Esmﬁﬁ%@ééir}ge%ﬂsﬁﬁéﬂﬁ was
85C. WO 03/049951 PCT/JP02/ 12790 -63 Then, as shown in Fig. 37E, the

nitridesfi : r e fte i ld.con gxjide. film of
T um 3hi %g]hgggl%és@hg\ﬁ%e i S br paer, %Irln&% J?AnoEtlgs‘hg\%n??VJfl?‘%
processes r ucing the spacer_ 331 re conpleted, 5 In this_ exanple,
as is the %g%eg&ﬁﬁﬁiFﬁg 08P8?§ﬁeﬂ??5ﬁgﬁ QaﬁﬁFgch?pEHEhﬁ@ep6§§+@ﬁ%¢to nmake
the distortion level less than 2/imeven in the case of formng the
f1 ui d- pr ooRHRF e FRICAHSe thRePPREIRY MG SREs BePRor FRRI anmefurenals>e he
bondi ng surface area on the nozzl e pl ate-bonded side

960 for the nozzle communicating channels 5 and the concave

portions 25 as well as thg apertures 980, 990 for the pseudo-
10 pressure chambers 28 and the communicating channel(s) 29 were
patterned by the dry etching of the nitride f£ilm 93al
Then, as shown in Fig. 36C, on the nitride film 93b
(on the diaphragm—bcnded side) of the silicon substrate 61 was
formed a resist pattern 802 having the apertures for the
15 pressure chambers 6 and the concave portions 27 for the
redundant adhesive. Then, the apertures 803 for the pressure
chambers 6 and the apertures 804 for the concave portions 27
were patterned by the dry etching of the nitride film 93b.
Then, as shown in Fig. 36D, on both sides of the
20 silicon substrate 6l were formed high-temperature oxide films
805a, 805b of 256nm thickness. Then, és shown in Fig. 36E, on
the high-temperature oxide films 805a, 805b were formed
nitride films 806a, 806b of 150nm thickness by LP-CVD. Then,

the opposed apertures 807, 808 for the nozzle communicating

25 channels 5 were formed by the dry etching of the high-



10 becane substantially sanme as the surface area on the diaphragm bonded
side and the shape of the pseudo-pressure chanbers 28 on the nozzle

pl at e- bormed3sidel becane simlar to the shape of the pregsureoxizasoers 6
on the di aphragm bonded side. Furthernore, it becane possible to prevent
the faulty 15 bonding due to the expagsion of the air within the pseudo-
pressure chanbers at the heat-bondi ng operation, because the conmunicating
channel (s) t28prwertufororEdesdidnst 8054} 030 Ithendr ébpenti tvedpsEiide- poéssur e
chanmbers 28 to comunicate with the outside. 20 Further, it becane

possi ble t@obbrm the pressure chanbers with great accuracy and thus
mnimze the variation 'in, the ink discharge characteristic, because the

spacer was made fromyddie Sid sERLnSURSFIAL e57and jthe. i pk £ l.s such as
the pressure chambers and. fhg no?zle cé%nuniéa??ngrcﬂanne sq%f were forned

by a conbi I dr tchi.ng. (f or. dee et ched 0 49951

PCT/ JP0O2/ 1%%58?6%6%& itglﬁsflg%ﬁ&%flgnr‘]si ?o%Pdp%gee?%%gl%ﬁfhEP? si nce
the wet_etching processes were erfornmed using the nulti-layered film of
the nitTi dBP%F?? COMEY RS AP FP%%U%JSS g,)]s YIS, pgﬁF?W% Rietthet ERivng
processes were 5 required to formthe spacer in this exanple. This inproved
the throu§hphinaref tthes siddgeedsulprtratituftde fupnnghe odtaphragoohpadédon with
the case of form ng the nozzle communicating channels only by dry etching.

Fur t her nor e ldet ubboamn 6®si(bhéuctveigntGouipliebieP tasenisidins edichbrhi gher
accuracy, because only 10 the nitride filmwas required as a mask to form

the pressukBat time, the film thickness of the resist 809 was 8um.

Then, as shown in Fig. 37B, after removing the

10 resiét 809, the through holes 811 for the nozzle communicating
chaﬁnel 5 were formed by the anisotropic etching of the
silicon substrate 61 using a potassium hydroxide solution.

Then, as shown in Fig. 37C, the nitride films 806a,
806b were removed by heated phosphate using the high-

15  temperature oxide films 865a, 805b as a blocking f£ilm and the
high—témperature oxide films 805a, 805b were removed by dilute
fluorié acid.

Then, as shown in Fig. 37D, the concave portions
816 corresponding to the pressure chambers 6 and the concave

20 portions 25, 27, and the concave portions corresponding to the
pseudo-pressure chambers 28 and the communicating channel(s)
29 were formed by the anisotropic etching of the silicon
substrate 61 using a potaésium hydroxide solution. In this
process, the concentration of the pétassium hydroxide solution

25 was 30% and the process temperature was 85C.



chanbers. Referring to Figs. 38, 39, another exanple of the processes

enpl oyed for producing the spacer 331 of the fifth enbodinent is shown. 15
First of wblo3/oawsshown in Fig. 38A, the single crystal siPCross/2owstrate
61 (in this exanple, silicon wafer base) with crystal orientation (110) of
. 400/ Im t hi ckness was provi ded. Theng3en both sides of the silicon
substrate 61 were forned nitride filns 123a, 123b of - 150nmt hi ckness. The
20 nitride film 123a,Thersph agesbover #2dF by LPEGVDhel Bhtpids stirda 98haeni cal
vapor deposition). Then, as shown in Fig. 38B, on the nitride film 123a
(on the nog23bewgtate=ronded Taede)aptet hthesidildevn skwbss ritlen 6 wasafornmed a
resist pattern' 124 having the 25 apertures for the nozzle conmunicating

channel s 5thiBen€oncane AR/ 84995411 H5-RGYF BA2A 127 It 10 IshioRAs, 2Bhe t he
pseudo- pressure chanmbers 28, and the conmuni cati ng channel (s) 29. This

exanpl e reLabess4os tAG HRAGEnShAND éﬂhd:é-xg33§3wgg%ie§c?n\}5el@3zeﬁqdi tional

concave portions 25 for accepting the resident a uring the bonding

5 process. Then,'the rt.ures_125 for_ the .nozzle co i,cating channels 5
and th§§apertures 126ﬁ$§¥”fhgxé%%gEVe§?xﬁﬁiﬁ%ﬁ%cfge 52@%&§qe as the apertures
128, 129 for the pseudo-pressure , chanbers 28 and the communi cating
channel (s) 258F W iRt SHElP 1By 1 hePAPePORPAGLBf T2 MRS tthRde film 123a.
10 Then, as shown in Fig. 38C, on the nitride film

‘ distortion level less than 2um even in the case of forming the

fluid-proof film, because the patterning was performed such
that the bonding surface area on the nozzle plate—-bonded side

10 bécame substantially same as the surface area on the
diaphragm—-bonded side and the shape of the pseudo-pressure
chambers 28 on the nozzle plate-bonded side became similar to
the shape of the pressure chambers 6 on the diaphragm—bonded,
sidg. Furthermore, it became possible to prevent the faulty'

15 Dbonding due to the expansion of the air within the pseudo-
pressure chambers at the heat-bonding éperaﬁion, because the
communicating channel (s) 29 were formed so as to allow the
respective pseudo-pressure chambers 28 to communicate with the
outside! |

20 Further, it became possible to form the pressure
chambers with great accuracy and thus minimiée the variation
in the ink discharge characteristic, because the spacer was
made from the silicon substrate and the ink channels sucﬂ as
the pressure chambers and. the nozzle communicating channels

25 were formed by a combination of dry etching (for deeply etched



123b (on the di aphragm bonded side) of the silicon substrate 61 was forned
a resist pattern 132 having the apertures for the pressure chanbers 6 and
t he concawe oposwsons 27 for the redundant adhesive. ThenpCrheozpesn ur es
133 for the pressure 15 chanbers 6 and the apertures 134 for the concave
portions 27 were patterned by dry etgju-ng of the nitride film 123b. Then,
as shown in Fig. 38D, on the nozzle plate bonded side was forned a resi st
pattern 1369¥ayPag) t fed wgleranirsesropscf efkchig nozzl e communi cati ng channel s
5. At that 20 tinme, the filmthickness of the resist pattern 136 was 83 m
Then, as shown in Fi grud@fer | heirdwe ehelddt fotciite 2rorezzée wy@runi cati ng
channels 5 were patterned by the dry etching of the silicon substrate 61

from the dirphoagenbesded +isd %Ming% Fed GR 1l REUEHEVEL ¥r fRUR) 8d Bhasma)
dry etcher. Then, as shown in Fig. 39B, after renoving the WO 03/049951

PCT/ JP02/ 12790765 [ §S1 5 DAL noﬁ§§i t&é“%«%}é‘re%%ngoﬂn?éc%s%%sf %Fﬁ%he

nozzl e conmmuni cating channe 4s we as the concave portions
t he concave_portjons 27, and

corresppnding to the pressure chanmbers 6, . 5

t he congav N ?F?%nﬁoc ??%gﬂﬁﬁdﬁﬁﬁefol?ngﬁ%éﬁﬁgp epr@@%ﬁr%“ﬁﬁﬁﬁée?§328 and
t he communi cating channel (s) 29 were fornmed by the anisotropic etching of
the silicofriEgHebPat 2wl this Agdiceet B inARUREtYXiiae SoFtion. In this
process, the_ concentration of the potassium hydroxi de solution was 30%
and the prosessisenpertdt e wase86€ forming the nozzle communicating

channels only by dry etching. Furthérmore,.it became possible
to control the dimensions with higher accuracy, because only

10 the nitride film was required as a mask to form the pressure
chambers.

Referring to Figs. 38, 39, another example of the
processes employed for producing the spacer 331 of the fifth
embodiment is sﬁown. |

15 First of all, as shown in Fig. 38A, the single
crystal silicon substrate 61 (in this example, silicon wafer
base) with crystal orientation (110) of 400um thickness was
provided. Then,‘on both sides of the silicon substrate 61 were
formed nitride films 123a, 123b of 150nm thickness. The

20 nitride film 123a, 123b were formed by LP-CVD (low-pressure
chemical wvapor depbsition).

Then, as sthn in Fig. 38B, on the nitride film ‘
123a (on the nozzle plate-bonded side) of thé silicon
substrate 61 was formed a resist pattern 124 having the

25 apertures for the nozzle communicating channels 5, the concave



10 Then, as shown in Fig. 39C, the nitride filnms 123a, 123b. were renoved.
Then, after the silicon oxide filmof 1,u m thickness was forned as a

f 1 ui d- pr owb oBiokges1L0 (not shown), the processes for produeCagreXie7spacer
331 were conpleted. In this exanple, as is the case with the 15

aforenenti oned exanples, it becane posH-ble to nmake the distortion |evel

| ess than 2,u meven in the case of formng the fluid-proof film because
the patter HAFGIRES per f EreF WderpreRaure hehddmtisng8suafidcehar ea on t he
nozzl e pl ate-bonded side becane substantially sane as the surface area on
the 20 di apomagmibehiey ciadeednd)t Be. shape afaridle pseates presgwre chanbers
28 on the nozzle plate-bonded side becane simlar to the shape of the

pressure chaakersshomn iheridj.aphr agorhgndes adﬂﬂ%%ongyfé$ﬁﬁé0%f%mrkﬁoﬁgcane

possible to prevent the faulty bonding due to expansion of air wthin the

pseudo- pr essUEg 25 CHMMES S At ts i 2r gtion, because the WO
03/ 049951 PCT/ JP02] 12790 © 67 céﬁﬁ?ﬁgt?‘ﬁfg&c&hﬁﬁgﬁ?@ S8 BeRdiPg ed o as

to all oy t resp i.ve .pseudo- pressu cha rs 28 to conmunicate with
t he od?;iggécﬁggfﬁgéénﬁt Eé8355%35§§i£$% {égﬁﬁaenPPﬁ%i?n?ﬂﬂﬂ%ﬁ%caﬁlﬁﬂanbers
wi th great accuracy_and thus mnimze the variation in the ink discharge
char act er i SEPERehRcARY! (tHhe epsrtrransl2 by fhenreheays [Bamdiongbbrate and
the ink channels such as the pressure chanbers and the nozzle
communi cat PigWehanyelde woesthoered2by BT dwi fhei peewfo-gmeseucki ng (for
deeply etched 10 portions) and wet anisotropic etching.

chambers 28 and the communicating channel(s) 29 were patterned

by the dry etching of the nitride film 123a.

10 Then, as shown in Fig. 38C, on the nitride film
123b (op the diaphragm-bonded side) of the silicon substrate
61 was formed a resist pattern 132 having the apertures for
the pressure chambers‘G and the concave portions 27 for the
redundant adhesive.‘Then, the apertures 133 for the pressure

15 chambers 6 énd the apertures 134 for the concave portions 27
were patterned by dry etching of the nitride film 123b.

Then, as shown in Fig. 38D,4on the nozzle plate—
bonded side was formed a resist pattern 136 having the
apéftures 135 for the nozzle communicating channels 5. At that

20 time,lthe film thickness of the resist pattern 136 was 8um.

Then, as shown in Fig. 39A, the holes 137 for the
nozzletcommunicating chann;ls 5 were patterned by the dry
etching of the silicon substrate 61 from the diaphragm-bonded
side using an ICP (Inductively Coupled Plasma) dry etcher.

25 , Then, as shown in Fig. 39B, after removing the



Further, since the wet etching processes were perforned using only the
nitride filmas a nask, it becane possible to control the dinensions with
hi gher acworiaoy9and thus mnimze the variation in the i rKTUPEXI2a90ge 15
characteristic and reduce the manufacturing processes. Referring to Figs.
40, and 41, Fig. 40 shows an expl odedéperspective view of the ink jet

print head in t.o al ternative enbodi nent and Fig. 41 shows a

sect i onal g\%gg%vgo?%%eerq ﬁ%ﬁ'e%ﬁ%rm‘ﬁéﬁﬂ Rsilesi 438, Gor U Fhezilek | et
printhead according to the alternative enbodi ment includes channel -form ng
el enent 14F°7BPREER jinorweanaphphragmaldl dss theuntedawn gdieiohanned - f or mi ng
el ement 141. The piezoelectric nenber 144 held by a holder 143 is bonded

to the chaprEssBending tel shenprdskinre ThEn®eebapetnd Qrdﬂcragee{o%@m 41l is
made fromthe WO 03/ 049951 PCT/JP02/ 12790 -68 silicon substrate anof1 as the

channel poZ%i o3, faotd Mbzztbeficddd  porti®nEORGAYES NS f PLESTINE
chanbers 146 connected to the nozzles 145, theslghanr%n%ﬁor%leoﬁge‘f It

resi st ancepedaingd Shakhdrt W %@Céhea%gﬂ{m%%%%frrg%:c tagggﬁg('ﬁbaggwtéehree concave

portion 5 for a reservoir 148 fornmed by anis

channel - f of ik t_ 141 alsa has an ink_supply channel 149 connected
to the reservoi r%fﬁgﬁgﬁél%% - Chan Z:IC%jlﬁ‘gt Oﬁegg‘%)isdéécpél ggbabratttheéd when

t he di aphr@sg.m AéZ i s_bonded to the channel-formng elenment 141. 10 In this
sense, the di apfir &P TA2UR) BERazisleasoduEdorr 1 ébdnt prahess) uilce proof film

(not shown) is formed on the ink-contact :
concentration of the potassium hydroxide solution was 30% and

the process temperature was 85C.

10 Then, as shown in Fig. 39C, the nitride films 123a,
123b- were removed. Then, after the silicon oxide film of lum
thickness was formed as a fluid-proof film 10 (not shown), the
processes for producing the spacer 331 were completed.

In this example, as is the case with the

15 aforementioned examples, it became possible to make the
distortion level less than 2um even in the case of forming the
fluid-proof film, because the patterning was performed such
that the bonding surface area on the nozzle plate-bonded side
became substantially same as the surface area on the

20 diaphragm-bonded side and the shape of the pseudo-pressure
chambers 28 on the nozzle plate-bonded side became similar to
the shape of the pressure chambers § on the diaphragm~-bonded
side. Furthermore, it became possible to prevent the faulty
bonding due to expansion of air Qithin the pseudo-pressure

25 chambers at the heat-bonding operation, because the



wal | surfaces of the channel-formng elenent 141 such as the wail surfaces
of the nozzles 145, resistance channels 147, and the reservoir 148. 15 The
pi ezoel ecwoiog/om®aber 144 has a non-driven portion 151 foPeEdPiRy12790

mul ti-layering only green sheets of the piezoelectric material. The

pi ezoel ectric nenber 144 has a drivegyportion 152 fornmed by nulti-Iayering
green sheets and internal electrodes alternately on the non-driven portion
151. 20 A peumuhicyting tthmmppicddot] 22t véire dlcement s0168 bo ealimde thy  f or mi ng

t he grooves extending to the non-driven portion 151 but not penetrating

t he non- dr reepepoité opsdibdo-pleesdraptiiagiarsl4d its> bemaedidact hetandnéace of
the piezoelectric elenments 156. 25 Wth this ink jet printhead,

sel ectivel yuapphyi ng a WO 03/ 049951 -69 PCT/JP02/ 12790 pul se vol tage of
20-50V to the piezoelectric elements 156 causes the piezoelectric elenents

156 Lo be defored | il aver gl setdan, 4 by el el e e di apir ag

142 to be noved towar e ‘pressure ¢

pressure chambers 146 is pressurized accprding to,the volune  change of the
P eosurt CROMBEPES 1B SHRetosBRITEd (111 AOUBUT L8  TiCRE GBEI60L08 ¢ he
nozzles 145 in the direction perpendicular to the piezoelectric elenment's

def or mat i oARdFRrecifhdischprgs Fharartersd i .t ReEchBsaf e rAdRCREnEds

enbodi ments, the channel -form ng el enent 141 has the concave portions 155
made from the silicon substrate and the ink channels such as

the pressure chambers and the nozzle communicating channels
were formed by a combination of dry etching (for deeply etched

10 portions) and wet anisotropic etching.

Further, since the wet etching processes were
performed using only the nitride film as a mask, it became
possible to control the dimensions with higher accuracy and
'thus minimize the variation in the ink discharge

15 characteristic and reduce the manufacturing processes.

Referring to Figs. 40,and 41, Fig. 40 shows an
exploded perspective view of the ink jet printhead according
to an alternative embodiment and Fig. 41 shows a sectional
view of the ink jet printhead of Figs. 40.

20 The ink jet printhead according to the alternative
embodiment includes channel-forming element 141 (spacer). The
diaphragm 142 is mounted on the channel-forming element 141.
The piezoelectric member 144 held by a holder 143 is bonded to

the channel-forming element 141.

25 The channel-forming element 141 is made from the



inits bottomsurface for the pseudo-pressure chanbers, the opening shape
of which concave portions 155 is simlar to the opening shape of the ink
channel swoli3@s9she pressure chanbers 15 146 fornmed in thecyurbzrredopposed

to the bottomsurface (i.e., top surface). Thus, the channel-formng
el ement 141 has sanme surface areas (ggcept the concave portions) on both
sides. Therefore, according to this alternative enbodinent, it is possible

to reduce héigpstoikhsioimtieeald dfast Faechhaneel pPoOrtinnd rMprenemehes 1445 made
fromthe silicon substrate and thus inprove the reliability of the bonding
oper ati on érencomcdhe porasensf folrepfésdudprobainbbirknli6rsmchdeted Abghl y

ani oni c ink- proof filmsuch as silicon oxide filmand nitride film

Referring theFh@sz12-144, khe cAZnSEOWOLAid2sPebeP8Esi YL Wnahntiie i nk
jet printhead according to another WD 03/049951 PCT/JP02/ 12790 -70

alternativ ' | §q.,4 ) Xp e per.s tive view of
the ink je?4gp?@%hggg#ﬁ2?%.%4%13ﬁgmggimﬁﬁggfﬁécéggeg%?é%#gggg poFrion

channel: forning el enent. vi from.ink .channel-formng side. 5 The ink
jet priht héfg%l %crceosrecﬁvr?drt gipﬁgoﬁT‘?%rWaﬁr\}g,o 8RhbGdT rg,‘-:f'nr:r des a first
base 161 corresponding to a channel-formng el ement (spacer). A second
base 162, GRFERCH O IRgarilRgeBEehthta 1S haguARednbnsERRLY iGhannphsEAA61.
The first base 161 and the second base 162 cooperatively define a 10
plurality ePrpegtacgsolébef sespnyettikiP-t he i nk drops, pressure chanbers
166 connected to the nozzles 165, reservoir 168 for supplying the ink to
t he pressure chanber ThESGn&ndhtheel i kest described is established when

the diaphragm 142 is bonded to the channel-forming element 141.

10 In this sense, the diaphragm 142 also acts as a cover element.
The fluid-proof film (not shown) is formed on the ink-contact
wall surfaces of the channel-forming element 141 such as the
wall surfaces of the nozzles 145, resistance channels 147, and
the reservoir 148.

15 .> The piezoelectric member 144 has a non-driven
portion 151>formed by multi-layering only green sheets of the
piezoelectric material. The piezoelectric member 144 has a
driven portion 152 formed by multi-layering green sheets and
internal electrodes alternately on the non-driven portion 151.

20 A plurality of the piezoelectric elements 156 are made by
forming the grooves extending to the non-driven portion 151
but not penetrating the non-driven portion 151. The diaphragm
142 is bonded to the end face of the piezoelectric elements
156.

25 With this ink jet printhead, selectively applying a



The ink supplied through an ink supply bore 169 fornmed in the first base
161 is conducted via the reservoir 168 and the 15 pressure chanbers 166 to
be i nj ectwo 0o104995f t he nozzles 165 as ink drops. The fir®CThREX12191 |iS
made fromthe silicon substrate and has the channel portions for nozzles
165 and pressure chanbers 166 and t he&%concave portion for a reservoir 20

168 forned by etching. The ink channe] just described is established when
t he second pbé§§ ‘i%%t ge b‘%ﬁo@d’%@ tonéhei piezogpsdrigielements sl56ense, the
second base 162 also acts as a cover elenment to define the ink channel.
The fl ui d- f1P86fST Fien Pisrstelsivdwmir edeenhedl o tohbei dkfonnédicin shef ace of
the first 25 base 161 on the second base-bonded side. WD 03/049951 -71

PCT/ JP02/ 12729erdted sesnnicbriasmel6Byi 8aps vg dek Wikphaahrating o Lasi stance
el ement (el ectrothermal conversion elenent) 171. The second base 162 is

provi ded Widohea ESwaED @iee?ﬂe%@@_ré7ghaﬁ5@r§ ndigy ?Héhhgkqgtlifrﬁgﬁ h%g% for

applying a voltage to the heating resi stance el ene is ink

jet primthead i l yi.n ive voltage to t i ndi, vi dual
electrodes%?738§§%§%£ tEeI§é %ggt¥hggF§§?ég%ﬁ§§3%gFgﬁgﬁ?giyiqi BPgHﬂ%e heat ,

thereby ¢ | ange in the pressure of the ink within the 10 pressure
chanber s 1%@.%8%#%5(:%}% égsisﬁrfhgg?lﬁkl’(elb? oo Pgusrreliak (imdegieds to be

expel l ed (injecte out of the nozzles 165. As is the case with the
aforenenti&ﬁean% %ﬂQHFSPf the nozzles 145 in the direction

perpendicular to the piezoelectric element’s deformation
direction.

;O As 1s the case with the aforementioned embodiments,
the channel-forming element 141 has the concave portions 155
in its bottom surface for the pseudo-pressure chambers, the
opening shape of which\concave portions 155 is similar to the
opening shape of the ink channel such as the pressure chambers

15 146 fofmed in the surface opposed to the bottom surface (i.e.,
top surface). Thus, the channel—-forming element 141 has same
surface areas (except the concave portions) on both sides.

Therefore, according to this alternative embodiment,

it is possible to reduce the digtortion level of the channel-

20 forming element 141 made from the silicon substrate and thus
improve the reliability of the bonding operation even in the
case of fhe fluid-proof film formed by a highly anionic ink-
pfoof film such as‘silicon oxide film and nitride film.

Referring to Figs. 42-44, Fig. 42 shows a

25 perspective view of the ink jet printhead according to another



the first base 161 has the concave portions 175 in its top surface for the
pseudo- pressure chanbers, the openi ng shape of 15 which concave portions
175 is siwDloaw49961 t he openi ng shape of the ink channel su®lTABIY12290pr essure
chanbers 166 fornmed in the surface opposed to the top surface (i.e.,
bottom surface) Thus, the first base7p61 has the sane surface areas
(except for the concave portions) on both its sides. 20 Therefore,

accor di ng BATERRRTETS erberipentndodi et 43 ishors posfmlasiedo reduce the
distortion level of the first base 161 nade fromthe silicon substrate and
t hus i npropershectied ivdlewl pfythé ihe bendimigtbpedatiion eMeshobrstide case of
formng the fluid-proof filmw th high resistance to anionic 25 ink such as

a silicon paispedtiva andwnbtrihdehdnhe - Q3404 09RInPGH 3RO2£ 184 Ink 72
Next, the description will be directed to the sixth enbodi ment of the

spacer accgrghRglifthegPsegent invention. By the way, formng the
pseudo- pressure chanbers in the spacer (channel-form ng el enent) can

preventz: the 5 distortdon. : t e fluid-prqoof fi whi |l e
this decreases the tﬁ#%?%ggss%ﬁoﬁpﬁﬁgﬁ%%$%¥¥ggﬁyﬁ%f?%1%§Pa?§858?%g%ebetmeen
the pressure chanbers 6_and the_pseudo- pressure chanbers 26 and thus
reduces t hERPT PR S-IGHUpRR ap%f???i Pts CEre SR ieduéli Bn of the
stiffness of the 10 partition walls 6a may cause degradation in discharge
per f or mancelappetHiyriggapdenenhl (RRIGHD Wér Ecped ese d Rnkwhielbplspeed in

the case of driving a single bit and ink drop
a heating element, is mounted on the first base 161. The first

base 161 and the second base 162 cooperatively define a

10 plurality of nozzles 165 for injecting the ink drops, pressure
chambers 166 connected to the nozzles 165, reservoir 168 for
supplying the ink to the pressure chambers 166 and the like.
The ink supplied tﬁrough an ink supply bore 169 formed in the
first base 161 is conducted via the reservoir 168 and the

15 pressure chambers 166 to be injected out of the nozzles 165 as
ink drops.

The first base 161 is made from the silicon
substrate and has the channel portions for nozzles 165 and
pressure chambers 166 and the concave portion for a reservoir

20 168 formed by etching. The ink channel just described is
established when the second base 162 is bonded to the first
base 161. In this sense, the second base 162 also acts as é
cover element fo define fhe ink channel. The fluid-proof film
{(not shown) is forméd on the ink-contact surface of the first

25 base 161 on the second base-bonded side.



speed in the case of sinmultaneously driving multiple bits 15 while varying
the distance D (thickness D of the partition walls 6a) between the
pressure whanhe9st 6 and t he pseudo- pressure chanbers 26 &€TaPparaset er
Fig. 45 shows the evaluation results. Hereafter, driving a single bit is
referred to as "single-injection" and7di-ul taneously driving 20 nultiple
bits is "referred to as "nulti-injection". As is evident fromFig. 45, if

the distance D bet webtf tiREP e Pegrel bhalbarow dadd vike pswmaddngr essure
chanbers 26 exceeds 100,u m the difference in the ink drop speed between
a singl e-i Apeéstencamnilemant! t(elentecthams ainvappéanse lemeatith f @7ence in t he
i nk drop speed between a WO 03/049951 PCT/ JP02/ 12790 -73 single-injection

and a nul t ThienpecthdrbaailSIED dsCphaogided i@ adcopmphaspsmibgandraf fects
the print image quality. Further, evaluations were nmade as to the

rel ati onshippabehweerniheal ghteidepth) 114 &fr tag)gl@riﬁasar%ﬁafqggggeggefS and

di scharge mal function rate in the case of i sCharging a hi gh

viscosigy {4cp t i fr Y.-Fi g. 46 shows the evaluation results.
As is evident %?gnﬁéé{ﬁé%hﬁe fﬁgﬁgggh%?bht (depth) H1l of the pressure

chanbers 6 is greater_than.or equal to 85, u m. 10 _a stable discharge
performance is guaraﬁ?ﬁgﬁq§V§hlﬂE ¥ﬁ%3Qﬁﬁﬂ£$%39'u§FﬁﬁcEﬂYﬁ%¥159PéEb§gt@

fluid. In the case of using a high- viscosity fluid, an insufficient height
(dept h) H19B#VE nEC Hraskss (ice TRaiBet i B1adapdestandpasiif 3 icsivens sheply of the
fluid to the pressure chanbers 6 at a high driving frequency and
heating resistance element 171 to produce heat, thereby
causing a change in the pressure of the ink within the
10 pressure chambers 166. This change in the ink pressure causes
the ink drops to be expelled (injected) out of the nozzles 165.
As is the case with the aforementioned embodiments,
the first base 161 has thé concave portions 175 in its top
surface for the pseudo—pressure chambers, the opening shape of
15 which concave poftions 175 is similar to the opening sﬂape of
the ink channel such as the pressure chambers 166 formed in
the surface opposed to the top surface (i.e., bottom surface).
Thus, the first base 161 has the same surface areas (except
‘for the concave portions) on both its sides.
20 Therefore, according to this alternative embodiment,
it is possible to reduce the distortion level of the first
base 161 made from the silicon substfate and thus improve the
reliability of‘the boﬁding operation even in the case of

forming the fluid-proof f£ilm with high resistance to anionic

25 ink such as a silicon oxide film and nitride film.



15 thus causes a di scharge mal function. Further, evaluations were nade as
to the discharge malfunction at '"a high driving frequency and the

di f f er encwoion/o4mbe i nk drop speed between a singl e-i nj ect iPcm/Jaoti2aooul ti -
injection while varying di stance D between the pressure 20 chanbers 6 and
t he pseudo- pressure chanbers 26 as a-paraneter. Table 1 shows the
evaluation results in the case of the spacer (nmade fromthe silicon
substrate) of 350, umaxii.clkhesdesTabpleion widdwbet Abrestadigia dheresxths in
the case of the spacer of 400ju mthickness. Table 3 shows the eval uation
resul ts i netmhedieese: 258 ahet bpaspacarcafdidptunthéictaress: inrehbéod ol | owi ng
tabl es, the WD 03/049951 -74 PCT/JP02/ 12790 terns "remaining thickness"

nmeans the distance Dyy hinekpags Eoring RAPREbhliboprawdd % GakmbBeiyesn the
pressure chanbers 6 and the pseudo-pressure chanbers 26. [Table 1]

Difference fer. r R i 1 e ] hi cknessdept h
chanber' st ﬁ¥%k%%%%d?s@%%&églﬁg%%%%l%%(t:{{c?o%ggﬁ%ﬁ%}ue{}% f‘tlhtr?j ection

350702%9X0d§ggg§%¥%%m%f the spacer due to the fluid-proof film, while

this décreases the thickness D of the partition walls 6a
(spacing) between the pressure chambers 6 and the pseudo-
pressure chambers 26 and thus reduces the stiffness of fhe
partition wails 6a. The réduction of the stiffness of the

10 partition walls 6a may cause degradation in discharge
performance.

In this regard, evaluations were made as to ink
drop speed in the case of driving a single bit and ink drop
speed in the case of simultaneously driving multiple bits

15 while varying the distance D (thickness D of the partition
walls 6a) between the pressure chambers 6 and the pseudo-
pressufe chambers 26 as a parameter. Fig. 45 shows tﬂe
evaluation results. Hereafter, driving a single bit is
referred to as “single-injection” and simultaneously driving

20 multiple bits is referred to as “mﬁlti—injection".

" As is evident from Fig. 45, if the distance D
between the pressure‘chambers 6 and the pseudo—-pressure
chambers 26 exceeds 100um, the difference in the ink drop
speed between a single-injection and a multi-injection

25 disappears. A difference in the ink drop speed between a



35080190X0 3508518000 3509017000 3509516000 35010015000 35010514000
35011013000 350. 11512000 35012011000 35012510000 350130900x 350135800x
350140700w033fofmbl e 21 Pressure High Difference Wafer's ciramtyes2/e7%enai ni ng
frequency between single thicknessdepththi cknessdi schargei njection and

mul ti-inj ection 40070260X0 40075250%03400. 80240X0

single—-injection and a multi—injeétion causes a change in the
drop placement and affects the print image quality.

Further, evaluations were made as to the
relationship between height (depth) Hl of the pressure

5 chambers 6 and discharge malfunction rate in the case of
discharging a fluid of high viscosity (4cp) at a high
frequency. Fig. 46 shows the evaluation results.

As is evident from Fig. 46, if the height (depth)
Hl of the pressure chambers 6 is greater than or equal to 85um, .

10 a stable discharge performance is guaranteed even in the case
of using a high-viscosity fluid. In the case of using a high-
viscosity fluid, an insufficient height (depth) H1l of the
pressure chambers 6 causes an insufficient supply of the fluid
to the pressure chambers 6 at a high driving’frequency and

15 ° thus causes a discharge malfunction.

Fﬁrther, evaluations were made as to the dischérge
malfunction at a high driving frequeﬁcy~and the difference in
the ink drop speed between a single-injection and a multi-
injection while varying distance D between the pressure

20 chambers 6 and the pseudo-pressure chambers 26 as a parameter.
Table 1 shows the evaluation results in the case of the spacér
(made from the silicon substrate) of 350un1thickness. Table 2
shows the evaluation results in the case of the spacer of 400 u
m thickness. Table 3 shows the evaluation results in the case

25 of the spacer of 450um thickness. in the following tables, the



4008523000 4009022000 4009521000 40010020000 40010519000 40011018000
40011517000 WO 03/ 049951 -75 PCT/ JP02/ 12790 40012016000 40012515000
40013014080 040036513000 40014012000 40014511000 40015010000TAB®IE3VO0X
400160800x 400165700x [Table 31 Difference Wafer's Pressure Renmai ning H gh
bet ween singl e thicknessdepth chanberysthi cknessdi scharge

frequencyi nj ecti on and .
terms “remaining thickness” means the distance D (thickness D

of the partition walls 6a) between the pressure chambers 6 and

the pseudo-pressure chambers 26.

[Table 1]
. Difference
Pressure . High .
Wafer’'s Remaining between single
. chamber’s . frequency . .
thickness thickness . injection and
depth discharge . . .
multi-injection
350 70 210 X O
350 75 200 X O
350 80 ~ 190 X O
350 85 180 O O
350 90 170 O O
350 95 160 O O
. 350 100 150 O O
350 105 140 O O
350 110 130 O O
350 115 120 O O
350 120 110 O O
350 125 100 O O
350 130 90 O X
350 135 80 O X
350 140 70 O X
5
[Table 2]
' , Difference
Pressure L High .
Wafer’s Remaining between single
. chamber’s . frequency .. ,
thickness thickness . injection and
depth discharge . .
multi-injection
400 70 260 X O
400 75 250 X O
400 80 240 X O
400 85 -~ 230 O O
400 90 220 O O
400 95 210 O O
400 100 200 O O
400 105 190 O O
400 110 180 O O
400 115 170 O O




mul ti-injection 45070310X0 45075300X0 45080290X0 4508528000 4509027000
4509526000 45010025000 45010524000 45011023000 45011522000 45012021000
45012520000 045®L3019000 45013518000 45014017000 45014516000TAB@RIERO%5000
45015514000 450160130' 00 45016512000 45017011000 45017510000 450180900X
450185800X 450190700X WO 03/ 049951 RGI4JP02/ 12790 -76

400 120 160 O @)
400 125 150 O O
400 130 140 O O
400 135 - 130 O O
400 140 120 O O
400 145 110 O O
400 150 100 O O
400 155 90 @) X
400 160 80 @) X
400 165 70 O X
[Table 3]
: . Difference
Wafer’s Pressure Remaining fiigh between single
. chamber’s . frequency . .
thickness depth . thickness discharge 1nj§cF19n agd
multi-injection
450 70 " 310 X O
450 75 300 X O
450 80 290 X O
450 85 280 @) O
450 90 270 O O
450 95 260 O O
450 100 250 O O
450 105 240 O O
450 110 230 O O
450 115 220 O O
450 120 210 O O
450 125 200 O O
450 130 190 O @)
450 135 180 O O
450 140 170 O O
450 145 " 160 O O
450 150 150 O O
450 155 140 O O
450 160 130" O @)
450 165 120 O O
450 170 110 O O
450 175 100 O @)
450 180 90 O X
450 185 80 @) X
450 190 70 O X




It becane evident fromthese evaluation results that regardl ess of the

t hi ckness of a wafer, the discharge nmalfunction at a high driving

f requencywowa/oswsan i nsufficient 5 ink supply cannot occulPCedeo/i2mn he case
of using a high- viscosity fluid, if the height (depth) Hl of the pressure
chanbers 6 is greater than or equal +9685,u m Further, it becane evident
fromthese evaluation results that a difference in the ink drop speed
between a single-injection and a nmulti- 10 injection cannot occur, if the
di stance D between the pressure chanbers 6 and the pseudo-pressure
chanbers 26 is great éit braame cevisipndl fneml D8sen ex@iluaid obasesubts t hese
evaluation results, the pressure chanbers 6 of the ink jet printhead
accor di ng tit heegaltllsisxt bf etibo ditiexineaise ofor Nt sychnkhat stherdei ght
(depth) H of the pressure chambers 6 is greater than or equal to 85 u m

This al | qus1 Audadidat beNai Ri gh StORtinen Frevebned die 3 bhc 9Hs@§§f&ent

conmponent (spacer) due to the stressin a protective filmand can

elimnate ife pokay Z?hné?a?éaﬂl te\ce?ppq' B.DELESL theg0;spager and the

di aphragm or t even i fthe ective prevent the
silicon elution.i,ntq.anionj for do he i con- based conponent.
Further, iY{*® ‘%E%ﬁﬁb%l 69si bt e gﬁPF9p§ﬁp fstgefpﬁ?%PTQ?the nozzl es
even in the case of dlscharglng at hlgh frequency a high 25 viscosity fluid
necessary Frstisnti Ag Brehtefuaitiany crmagesloho WD 08/ 089981 RCI/LI P02/ 12790

-77 ordinary paper and thus inprove the print inmage quality. Further, the
spacer of hereneleviigienpr Entthedtese evaluation results that a difference

in the ink drop speed between a single-injection and a multi-

10 injection cannot occur, if the distance D between the pressure
chambers 6 and the pseudo-pressure chambers 26 is greater than
or equal to 100 um.

On.the basis of these evaluation results, the

pressure chambers 6 of the ink jet printhead according to the

15 sixth embodiment are formed such that the height (depth) H1 of
the pressure chambers 6 is greater than or equal to 85um. This
allows a reduction in distortion level of the silicon-based
component (spacer) due to the stress in a protective f£ilm and
can eliminate the potential for faulty bonding between the

20 spacer and the diaphragm or the nozzle plate, even if the
protective film to prevent the silicon elution inteo anionic
ink is formed on the silicon-based comﬁonent. Further, it
becomes possible to sufficiently supply a fluid to the nozzles

-

even in the case of discharging at high frequency a high-

25 viscosity fluid necessary for printing high quality images on



according to the sixth enbodinment is fornmed such that the distance D

bet ween the pressure chanbers 6 and the pseudo 5 pressure chanbers 26 is
greater twer3ps9ssgual to 100,u m This allows the m ni m Pawieo/ofn he
speed difference due to the difference in the nunber of the bits to be
driven, especially the difference i+vt-he ink drop speed between a single
injection and a nulti-injection. Consequently, it becomes 10 possible to
mini m ze FEIGREYePBRRE 331 d:rbélﬁ QWBE@ﬁ%nJFh%IL%Jﬂi} 1BRrPR @Y -n t he nunber
of bits to be driven and thus inprove the print inmage quality. Referring
to Figs. 47, 48, oneFextnyte Wi specepr of eslzesimnpkesypdifitregst oduci ng t he
spacer of the sixth 15 enbodi nent is shown. First of all, as shown in Fig.
47A, the sicaglrelingr ystdhe HildthorRmbubishent el H ¥ drnedt Biush exardplide Silicon
wafer) wth crystal orientation (110) of 400g mthickness was provided.

Then, on kathasicdes Bét&ek@a $ild ¢28ssubst Rl AL WehRaf OfdmtRfosi | icon
oxi de fil m; 62a, 62b of 1.0g mthickness and si Ilcon nitride filnms 63a,

63b of - 0. hi by LP-CVD
(1 ow?pr essur emct Imcca E%e %Ietﬁﬁ?g%nshnénﬂ? neq3§ sﬁ%mﬁoc{lg gA(?B on

Subst ot o 1 5370355 lzafg@e 75505 b et epaedt ?t;sftgé oo
e s g s o (1 ogg e Commin et 7. chal 1
concave pORELEHSNIS 1R oF , esp Y

the difference in the ink drop speed between a single-

injection and a multiéiﬁjéction. Consequently, it becomes

10 possible to minimize the difference in drop placement due to

difference in the number of bits to be driven and thus improve

the print image quality.

Referring to Figs. 47, 48, one example of the
processes employed for producing the spacer of the sixth

15 embodiment is shown.

First of all, as shown in Fig. 47A, the single
crystal silicon substrate 61 (in this example, silicon wafer)
with crysfal orientation (110) of 400um thickness was provided.
Then, on both sides of the silicon substrate 61 were formed

20 silicon oxide films 62a, 62b of 1.0;Lm‘thickness and silicon
nitride films 63a, 63b pf 0.15um thickness. The nitride film
63a, 63b were formed by LP-CVD (low-pressure chemical vapor
deposition).

Then, as shown in Fig. 47B, on the nitride film 63a

25 (on the nozzle plate-bonded side) of the silicon substrate 61



accepting the resident adhesive) and the pseudo-pressure chanbers 26. 5
Then, the apertures 65a for the nozzle communicating channels 5 and the
apert ur eswb6a/04wms1 t he concave portions 25 as well as theprapgroune® 68a for
t he pseudo- pressure chanbers 26'were patterned by the dry etching of the
silicon oxide film62a and the nitridggH|Im63a. At that tinme, 10 the
apertures 68a for the pseudo-pressure chanbers 26 were forned such as to

have a pl aN8Sshapeet op it & PAFERIR detR itauing dhehappriesman dochahbers 6.
Then, as shown in Fig. 47C, on the nitride film#63a (on the nozzle

pl at e- bond@@zsideFomtunientsing chansebsty attehes tontBvemsofiamed 28 1(E6i St
pattern 64b having the apertures for the pressure chanbers 6 and the
apertures fhorephiéngoticaviee ietdntoaghe 27 Orandc &eBt bBguddS FeBSiLgent
adhesive). Then, the apertures 70a for the pressure chanbers 6 and the
apertures éhamberstde concave portions 27 were patterned by the dry
etching of the 20 silicon nitride film#63a. Then, as shown in Fig. 47D,

after f4lling in the mapertyre 6 and 68a with a resist, a resist
pattern 72a having the Hpertur 8§§ rae$gersat hr%g)rn%g?l &€°%%muni cating channel
5 was formed on the nozzle plate- bonéalgttfjh side of the 25 silicon substrate

61. At thaFOW‘ﬁ%}C?ngiq%ntnﬁﬁékﬁe% & RESRENBSF 080D P IPERR ) PERFAYTI0 - 79

resist 72a was, 8m Then, as shown in Fi %@475 t he holes 74a for the
nozzl e corRBhFtaRT mpP Gfanitdils a5 et epsatuaesed8pyfehethy pseudo-

preséure chambers 26 were patterned by the dry etching of the
silicon oxide film 62a and the nitride film 63#. At thét time,

10 the apertures 68a for the pseudo—pressure chambers 26 were
formed such as to have a plane shape (opening shape) identical
to the pressure chambers 6.

Then, as shown in Fig. 47C, on the nitride film 63a

(on the nozzle plate-borided side) of the silicon substrate 61
15 was formed a resist pattern 64b having the apertures for the

pressure chambersA6 and the apertures for the concave portions

27 (for accepting the resident adhesive). Then, the apertures

70a for the pressure chambers 6 and the apertures 7la for the

concave portions 27 were patterned by the dry etching of the
20 silicon nitride film 63a.

Then, as shown in Fig. 47D, after filling in the
apertures 65a, 66a, and 68a with a resist, a resist pattern
72a having the apertures 73a for the nozzle communicating
channel 5 was formed on the nozzle plate-bonded side of the

25 silicon substrate 61. At that time, the film thickness of the



etching of the silicon substrate 61 fromthe nozzle plate 5 bonded side by
an | CP (Inductively Coupled Plasma) dry etcher wusing the resist pattern
72a as a wagk/o49Phen, as shown in Fig. 48A, after renovi ngPCRGPOYERS¥st 72a,
t he through holes 75a for the nozzle communicating channel 5 were forned
by the anisotropic etching of the 10-gi94 con substrate 61 using a potassium
hydr oxi de solution. Then, as shown in Fig. 48B, the portion of the

silicon oxit@8ifitl &ML dt#Bsponding to the apertures 70a for the pressure
chanbers 6 and the apertures 7l1la for the concave portions 27 was renoved
by the wet etching. 1B<thems sbowhown Fig Fi4JE ,488s hbkesohbavimpahti ons

76a for the pressure chanbers 6, the concave portions 25,27, and the
concave pombizeis ¢emmirhieyisegdehpnrsbars whanbarse2fed IBF eclRaldgr ned by the
ani sotropic etching of the silicon substrate 61 using a potassium hydroxi de

solution. kichhhg @O 1HOGAIS cohh8usSSPELN Al irBnMO0ELd hey RotAasSium hydr oxi de
solution was 30% and the process tenperature was 85C. Al though the

inclin p HQORS r.ea i r opi hi ng just fter the
t hr ougﬁﬁhoﬁggaggas-yv\%gj craglaggg ??F%‘b&%ﬂ%@ogp ?‘ grhg?ﬁgefassm i c%ﬁf ?G%@?T’ ate 61
was etched_through by t.he anisotropic 25 etching), the inclined portions

u %ﬂ%%%}%%/ LS ﬁ%@ g) i i p i

were renoved ¢d PAB-B5T 04905 BCFAFP02/ 12790 -80 this et ching

process. Then, as shown in Fig. 48D, the silicon oxide film 62a, 62b and
the nitride film 63a,TH63b Rér EnPEROVRELINESA, after xemowing ¢bm oxide film

of 1,u mthickness was forned as a : .
resist 72a, the through holes 75a for the nozzle communicating

channel 5 were formed by the anisotropic etching of the

10 silicon substrate 61 using a potassium hydroxide solution.

Then, as shown in Fig. 48B, the portion of the

silicon oxide film 62b corresponding to the apertures 70a for
the pressure chambers 6 and the apertures 7la for the concave
portions 27 was removed by the wet etching.

15 Then, as shown in Fig. 48C, the concave portions
76a for the pressure chambers 6, the concave portions 25,27,
and the concave portions for the pseudo-pressure chambers 26
were patterned by the anisotropic etching of the silicon
substrate 61 using a potassium hydroxide solutian. In this

20 process, the concentration of the potassium hydroxide solution
was 30% and the process temperature was'85%3. Although the
inclined portions were createdrby the anisotropic etching just
after the through hoies 75a were created (i.e., just after the
silicon substrate 61 was etched through by the anisotropic

25 etching), the inclined portions were removed completely by



5 fluid-proof film210 (not shown) , the processes for producing the spacer
were conpleted. In this way, it becane possible to nake the distortion

| evel | eswotohamoitu m even in the case of formng the fipairdPgrredo fil m
because the patterning was perfornmed such 10 that the bonding surface area
on the nozzle pl ate-bonded side becagg_substantially same as the surface
area on the diaphragm bonded side and the shape of the pseudo-pressure
chanber s ofhishestmdvizice ppba¢ss bonded si de becane sinilar to the shape of
the pressure chanbers 6 on the di aphragm bonded side, 15 and the

communi cat i ng channeltrqgh, Wes esHAfrreith $A.gas 48D, atho®wiltikenr egpest £Men
pseudo- pressure chanbers to communi cate with the outside. Further, it

became posgibl &40 fof FhENe PrRRSWidm gRaNbEss Wiid gredbgacspdacy and thus
mnimze the var| ation 20 in the ink di s¢harge characteristic, because the

spacer was from, he Sili c bstra and .t he ink channel s. such as
the_ pr esout e drisord JARBR FE o Z2E: Conmhiti 'ﬂtﬁ%&eéﬁa‘m@ OIS 855 fich

f ormed nat | on of _dry etchin (fo dee hed tions) and
wet anrr’sot%db]rcgb gimoko Fé"rotthesrhow )HCE‘ SS@LSC Pﬁgpg %‘b‘é’é’@es wer e
WO 03/ 049951 -81 PCT/JPOZ/ 12790 perforned u5| ng the nulti-layered fil m of
t he silicdhe GRafssivereoromvtatiafe as a mask, only two wet etching

processes were required to formthe spacer in this exanple. This inproved
the throughput and tHuwsthéducsd titebecame possible to make the

distortion level less than lum even in the case of forming the
fluid-proof film, because the patterning was performed such

10 that the bonding surface area on the nozzle plate-bonded side
became substantially same as the surface area on the
diaphragm-bonded side and the shape of the pseudo—pressure
chambers on the nozzle plate-bonded side became similar to the
shape of the pressure chambers 6 on the diaphragm-bonded side,

15 and the communicatiné channel (s) were formed so as to allow
the respective pseudo-pressure chambers to communicate with
the outside.

Further, it became possible to form the pressure

chambers with great accuracy apd thus minimize the variation

20 in the ink discharge characteristic, because the spacer was
made from the silicon substrate and the ink cﬁannels such as
the pressure chambers and the nozzle communicating channels
were such formed by a combination of dry etching (for deéply
etched portioné) and wet anisotropic etching.

25 Further, since the wet etching processes were



5 manufacturing cost in conparison wth the case of formng the- nozzle
communi cating channels only by dry etching. In this exanple, the etching
dept h H2 weaa/olivgt 29) for the pseudo-pressure chanber waETgPedt2e90 t han
the etching depth Hl for the pressure chanber, since the pseudo-pressure
10 chanmber was subjected to wet etchi4sg-tw ce. Further, the spacer of the
ink jet printhead was  formed such that the thickness of the silicon
substrate DPSEEREBRt Wl ddurelEhamdersed Hia ofe thsestibignressur e

. chanbers 26 was greater than or equal to 100 / mand the height 15 of the
pressure clexidersibi¢eharideride ek aheagioncaMy poot vehsetdfia)g was gr eat er
than or equal to 851um Accordingly, by making the thickness of the

silicon sulpsbrassebetewenddud rpaess uf€rm Cilankeasce iﬂdtﬁigfd&&ﬁgﬂérpressure
chanbers 26 greater than or equal to 100 ,u mit becane possible to

equal i ze thﬂih”hmﬁf&?éc?&h@%@oﬁ?h%ﬁ‘ﬁ@%rﬁi KRG %Pﬁb@&t{@@ and a

Sl
multi-injection and thus contro e ink drop placenent wth great

. ing. the hejght of..th chanber s, 6
accuracy mEHﬁfQSEurﬁy gﬁ)gﬁgnngg?gg gﬁﬂl%%ih %h%{ggg%r§% %W&ﬁéﬁ???'supply

greater than or equa ecane "poss|

the ink even at a high .discharging 25 frequency in the case of using a
high-viscongﬁi?lfﬁTﬁﬁq}ﬁéilﬁg %Eﬁg%?gﬁégg%'géT 5P0oSFaHED -82 high quality
i mges on ordinary paper. Referring to Figs. 49, 50, another exanple of the

processes enpl oyed for? grdducragPife Yncchanot Hershxih (ssebBdvne??) is

shown. 5 First of all, as shown in Fig. 49A, the single
for the pseudo-pressure chamber was greater than the etching

aepth Hl for the pressure chamber, since the pseudo—pressure
10 chamber was subjected to wet etching twice.

Further, the spacer of the ink jet printhead was
formed such that the thickness of the silicon substrate
between the pressure chambers 6 and the pseudo—pressure
.chambers 26 was greatgr than or equal to 100zm and the height

15 of the pressure chambers 6 (the depth of the concave portions
76a) was greatef than or equal to 85um. Accordingly, by making
the thickness of the silicon substrate between the pressure
chambers 6 and the pseudo—-pressure chambers 26 greater than or
equal to 100um, it became possible to equalize the ink drop

20 speed between a single-injection and a multi-injection and
thus control the ink drop placement with great accuracy.
Further, by making the height of the pressure chambers 6
.greater than or equal to 85um, it became possible to
sufficiently supply the ink even at a high discharging

25 frequency in the case of using a high-viscosity fluid to print



crystal silicon substrate 61 (in this exanple, silicon wafer) wth crystal
orientation (110) of 400gtmthickness was provided. Then, on both sides of
the silicwoosnpwsrate 61 were formed silicon oxide fil nmsPg2apod2moof 1.0, u
m t hi ckness. 10 Then, as shown in Fig. 49B, on the silicon oxide film92a
(on the nozzle pl ate-bonded side) of figpe silicon substrate 61 was forned a
resist pattern 94a having the apertures for the nozzle comrunicating
channel s 5 highe qeahtlw dmausst Ponsrdsnéfyrpamyept i ng the resident adhesive),
and the 15 pseudo-pressure chanbers 26. Then, the apertures 95a for the

nozzl e comuni cati nrefanmielss th aagst heo AEY | uhesh8baetaipthe rcensave
portions 25 as well as the apertures 98a for the pseudo- pressure chanbers

26 were patdrecrgde HYerd 1@y F8LCRFAGuOInd Ne1e2QpakLi-con O bl m92a. At
t hat tine,&ihé aertiﬁgéyg%a forB t he ﬁgiudo-pfessure C an%nghZG wer e

formed suc : 2 ane shape (opening shape) identical to the
pressure cﬁgﬁ%g%@e%ejﬁ%%gﬁgkés shown in Fig. 49C, on the silicon oxide 25

film9 (on the diaphra n}?ﬁgg?d side) of the silicon WO 03/049951 -83
PCT/ JPO2/ 12790 subst rate 6P f o et A" &) Sl 9patter FO B4 HaFi ng t he
apertures for the pressure chanbers 6 and the concave portions 27 for the
redundant &FNESRYeSilicon subetapbet &F ebin0dd sf sramphe, ridssonewafianbers 6
and the apertures 104a for the concave 5 portions 27 were patterned by dry
et chi ng of wiiltk skys$izdn coxdietiation (110) of 400um thickness was provided.

Then, on both sides of the silicon substrate 61 were formed
silicon oxide{films 92a, 92b of 1.0um thickness.

10 ' Then, as shown in Fig. 49B, on the silicon oxide
film 92a (on the nozzle plate-bonded side) of the silicon
substrate 61 was formed a resist pattern 94a having the
apertures for the nozzle communicating channels 5, the concave
portions 25 (for accepting the resident adhesive), and the

15 pseudo-pressure chambers 26.

Then, the apertures 95a fﬁr the nozzle
communicating channels 5 and the apertures 96a for the concave
portions 25 as well‘as the apertures 98a for the pseudo-
pressure chambers 26 were patterned by the dry etching of the

20 silicon oxidg film.92a. At that time, the apertures 98a for
the pseudo-pressure chambers 26 were formed such as to have a
plane shape (opening shape) identical to the pressure chambers
6.

_Then, as shown in Fig. 49C, on the silicon oxide

25 film 92b (on the diaphragm-bonded side) of the silicon



film92b. Then, as shown in Fig. 49D, after filling in the apertures 95a,
96a, and 98a of the silicon oxide film92a with a resist, a resist pattern
106a haviwQ osheapertures 105a for 10 the nozzl e comruni ceCcragoxirasnel s 5
was formed on the nozzle plate-bonded side. At that tine, the film

t hi ckness of the resist pattern 106a88as 8g m Then, as shown in Fig. 50A
the holes 107a for the -nozzle comrunicatin hannels 5 were patterned by
the dry 1SSBFEFFﬁEFcﬁ1tWﬂ§ forpedna stpstyatka tgerhr dd2a Heviagwz tbepl at e-
bonded side using an ICP (I nductively Coupled Plasma) dry etcher. At that
time, the @PSrEREes nipmddiecaresedreowthasiary 6 hedr tse sforpatkeepdridees as a
mask. Then, as shown in Fig. 50B, after renoving the 20 resist pattern

106a, the Piir Soghthelwsiuhbbatf sdhéhs a07me, eaRMHALCali0 108aNAgL 5 as
wel | as the concave portions 116a for the pressure chanbers 6, the concave

portions 25he25re§§ﬁketJM%mE@9§aﬁeaﬁ&wﬁﬂémgiéEQﬁE§§F&UKH'ﬁ%rt%hg Soncave

pseudo-pressure chanbers 26 were formed Dy the anlsotroplc etc |ng of the

25 siligonyg S i ym hydr oxi de uti,

03/ 049551 PEATSPbo/ 129605 BASH B AN ey HERRoE et et dncer He
pota55|un1ﬁ%§%qié sol ution was 3096and the process tenperature was 85C.
Then, as s B Fig. 50C, silicon oxide filns 92a, 92b were renoved.

Then, after the silicon oxide filmof 1,u m5 thickness was fornmed as a
fluid-proof film 10 (FH6R sREWHIOWR hin Eibcd9Besafrr pridduciongnt tkee spacer
wer e conpl et ed. '
apertures 95a, 96a, and 98a of the silicon oxide film 92a with
a resist, a resist pattern 106a having the apertures 105a for
10 the nozzle communicating channels 5 was formed on the nozzle
plate—bonded side. At that time, the film thickness of the
resist pattetrn 106a was 8 pum.
Then, as shown in Fig. 50A, the holes 107a for the
nozzle communicating channels 5 were pafterned by the dry
15 etching of the silicon substrate 61 from the nozzle plate-
bonded side using an ICP (Inductively Coupled Plasma) dry
etcher. At thét time, the dry etching was carried out using
the resist pattern 106a as a mask.
Then, as shown in Fig. 50B, after removing the
20 resist pattern 106a, the through holes 115a for the nozzle
communicating channel 5 as well as the conéave portioﬁs 1l1l6a
for the pressuré chambers 6, the concave portioné 25, 27, and
the concave.portions corresponding to the pseudo-pressure

chambers 26 were formed by the anisotropic etching of the

25 silicon substrate 61 using a potassium hydroxide solution. In



In this exanple, as is the case with aforenenti oned exanples, it becane
possible to make the distortion level less than 1g meven in the case of
form ng twe-oBlowgodt proof film 10 because the patterni ng wasTges¥reed such
that the bonding surface area on the nozzle plate-bonded side becane
substantially sane as the surface. arga-on the di aphragm bonded side and
t he shape of the pseudo-pressure chanbers 26 on the nozzle plate-bonded
si de becanmEhks rp¥egesso tthe shapenvrating pf phesBotesshanbedsosidm t he

di aphragm bonded side. Furthernore, it becane possible to prevent the
faul ty bongbdhgtihie waz M08 aﬁdpﬂﬁéﬂpﬁbd@bsthempéfaﬁﬁﬁdﬂwastBBTpseudo-pressure
chanbers at the heat-bondi ng operation, because the comunicating

channel (s) were fornerso S dhewal hawrihe s@SpastlvenPeeIde- £20nPressur e
chanbers to connunlcate with the outside. Further, it became possible to

form the pygssyre. .ChaghersopLLh greal aecut aewsand, L mnkpi 26 f he

variation e i scharge characteri Stic;, spacer was
made fr e silicon s bstr te_an ink ch e as 25 t

b essurs om kel o suisitace, %dﬁ%ﬁﬁﬁ—%wﬁgf‘%ﬁ%n FEE

PCT/ JP02/ 12790 -85 were fornmed by a conbi nati on of dry etching (for deeply
et ched pon??ﬁﬁSe%uﬁ?QNEFOQHFéBQr?ﬁﬁ<§9§F€ﬁlﬂﬁreF%ﬁTHﬁﬁ'ed%lnce t he wet

etching process was perforned using the silicon oxide filmas a mask, only
one wet 5 etching pﬂ@bé@ssmﬁgambhﬂaﬁédlﬁoth@rﬂ@%ﬁéﬂ@ﬁh@é@rﬁmemtn@m%kanple
This i nproved the throughput and reduced the manufacturing cost in

conpar i sonexangildshe icabeceahef possiiglet e make the distortion level less

than 1um even in the case of forming the -fluid-proof film,

10 because the patterning was performed such that the bonding
surface area én the nozzle plate-bonded side became
-substantially same as the surface area on the diaphragm-bonded
side and the shape of the pseudo-pressure chambers 26 on the
nozzle plate-bonded side became similar to the shape of the

15 pressure chambers 6 on'the diaphragm-bonded side. Furthermore,
it became possible to prevent the faulty bonding due to the
expansion of the air within thelpseudo—pressure chambers at
the heat-bonding operation, because the communicating
channel (s) were formed so as to allow the respective pseudo-

20 pressure chambers to communicate with the outside.

Further, it became possible to form the pressure
chambers with great accuracy and thus minimize the variation
in the ink discharge characteristic, because the spacer was
made from the silicon substrate and the ink channels such as

25 the pressure chambers and the nozzle communicating channels



nozzl e conmmuni cati ng channels only by dry etching. Furthernore, since only
the silicon oxide filmwas utilized as a nask when 10 form ng pressure
chanber s WO 0B4d98cane possible to sinplify the process f@cTgrPaizcing a
mask and thus reduce the manufacturing cost. In this exanple, the etching
depth H2 (see Fig. 29) for the pseudgspressure chanber was substantially
equal to the 15 etching depth HL for the pressure chanber, since both the
pseudo- pr eysue efeteatbdly andombenprees ife davarehingr éfon fsemdyedterdwet
etching twice. Further, the spacer of the ink jet printhead was forned
such that phetithokness veft bhesstlkopion eudhdtigat e 20 bet ween t he pressure
chanbers 6 and the pseudo-pressure chanbers 26 was greater than or equal

to 100,u mand the hehghtherof stih@epf@@smfe&ﬁaﬁhgrﬁr@céémqa@epth of the
concave portions 116a) was greater than or equal to 859m Accordingly, by

making the,Lhkg %18 t&ﬁe“s&hﬁ%n%%%@*er%& bg\%} %e %g €
chanbers 6pand t he pseudo- pressure chanbers ;@ m%?%% o5t C§§§§%§g12790
-86 greater than or_equal to 100, 2 it beca possi ble to,equalize the
ik drob SPESHRARRSETR YPRGFEI A S (ToorORRA A IR TTS" i1 BEfon and thus
control the ink drgﬁyplacenent wi th great accuracy. Further, by making the
hei ght of EheBlesdiiie SmereNsdr 8he YrroaodpPutnhandofeditfind e 85/ im it
became possible to sufficiently supply the ink even at a high discharging
frequency mangfrciuusiadofcogsi Ay achpapi-sensyosht yhe | cagk taf Foirming hflgh
quality image on an ordinary paper.
nozzle communicating channels only by dry etching. Furthermore,
since only the silicon oxide film was utilized as a mask when
10 forming preséure chambers 6, it became possible to simplify
the process for producing a mask and thus reduce the
manufacturing cost.
In this example, the etching depth H2 (see Fig. 29)
for the pseudo-pressure chamber was substantially equal to the
15 etching depth H1 for the pressure chamber, since both the
pseudo-pressure chamber and the pressure chamber were
subjected to wet etching twice.
Further, the spacer of the ink jet printhead was
formed such that the thickness of the silicon substrate
20 between the pressure chambers 6 and the pseudo-pressure
chambers 26 was greater than or equal to 100um and the height
of the pressure chambers 6 (the depth of the concave portions
1l16a) was greater than or equal to SSALm. Accordingly, by

making the thickness of the silicon substrate between the

25 pressure chambers 6 and the pseudo-—pressure chambers 26



Referring to Figs. 51, 52, another exanple of the 10 processes enpl oyed
for producing the spacer of the sixth enbodinment is shown. First of all,
as shown wo oBiogrosb1A, the single crystal silicon substraPeT8ROYi2m0 hi s
exanple, silicon wafer) wth crystal orientation (110) of 400g mthickness
was provided. 15 Then, on both sides-86-the silicon substrate 61 were
formed silicon nitride filns 122a, 122b of 0.159mthi ckness by LP-CVD.
Then, as sH&FATEH Hap F1BIveA thelQf #meohtnbeedte Hasdshble2so (emalieenozzl e
pl at e- bonded side) of the silicon substrate 61 was forned a resist pattern
124a havi n§hehenk izgiespgeds betrethed rdzwile-donruhicatamy achaphets 5, the
concave portions 25 (for accepting the resident adhesive), and the

pseudo- pr essiieet thranbet £h26. cothenl tte iapett-upesld@hredtoiitheghazz! e
comuni cating channels 5 and the apertures 126a for the 25, concave

portions 25casraw)| ms-thae,aperhskasy k2Rankepnthes W H3Q4295L - 87
PCT/ JP02/ 12790 pseudo- pressure chanbers 26 were patterned by the dry

L 1% oLliealld ALY Uig UL MAGER ALkt L e L1, apertr

128a for the pSéudo-pressuie ¢ € a pl ane

hown | n PR SR ok TG SUPRTE off i ¥ BT FE et (BcRaging

di aphragm honded side) of the silicon substrate 61 was fornmed a resi st

pattern 13 ﬁeﬁﬁﬁnqﬁJqphghe case of using a high-viscosity fluid to print
high quality image on an ordinary paper.

Referring to Figs. 51, 52, another example of the

10 processes employed fof producing the spacer of the sixth
embodiment is shown.

First of all, as shown in Fig. 51A, the single
crystal silicon substrate 61 {in this example, silicon wafer)
with crystal orientétion (110) of 400;1m(thickness was providéd.

15 Then, on both sides of the silicon substrate 61 were formed
silicon nitride\films 122a, 122b of 0.15um thickness by LP-CVD.

Then, as shown in Fig. 51B, on the silicon nitride
film 122a (on thé nozzle plate-bonded side) of the silicon

- substrate 61 was formed a resist pattern 124a having the
20 apertures for the nozzle communicating channels 5, the conca&e
portions 25 (for accepting the resident adhesive), and'the
pseudo-pressure chambers 26. .
Then, thé apertures 125a for the nozzle

communicating channels 5 and the apertures 126a for the

25. concave portions 25 as well as the apertures 128a for the



apertures for the pressure chanbers 6 and the concave portions 10 27 for

t he redundant' adhesi ve. Then, the apertures 133a for the pressure chanbers
6 and t hewapaniwwses 134a for the concave portions 27 wer @cparoxnrned by dry
etching of the silicon nitride~ film 122b. Then, as shown in Fig. 51D,
after filling in the 15 apertures 9587-96a, and 98a of the silicon nitride
film1l22a vm'tél a resist, a resist pattern 136a having the apertures 135a
for the noRIPEIXRHRARTIES FREVEREANT YFanRatiarned n thee drroskdhsing

pl at e-bonded side. At that tinme, the filmthickness of the resist pattern
136a was 8Cfinthe@ifHaen astshdenfilm Ri2ga.52A, thite thiodees tha7apéprutdie

nozzl e conmuni cati ng channels 5 were patterned by the dry etching of the

silicon sub%8a affeer Ghef pesutibepnegsime phatBerbonslak s @ shngo afs eP
(I'nductively Coupled Plasma) dry etcher. At that tinme, the dry etching was

carried ouhawtsiN@12%t BEaHESI Paid ehRHd36ay , 51 -88
PCT/ JP02/ 12790 Tg)en, as g owr(1§£|gen Fig;. SEB? af%%éeiamsé\% r?ggtﬁgé%{%% st

pattern 13@@'&%&% tchrough hol es 145a for the nozzle comunicating channel
5 as well as the concave portions 146a for the pressure chanbers 6, the
concave portions 25, 27, and t he congave Eorti ons for _the pseudo-pressure
chanbers 26 were forREd’ by>t HeCFhiidotr8pi ciet <t Hg o ilhE0R| piEgse
substrate 6 usi ng a potassi um hydroxi de solution. In this process, the

concent r at ol d2Phd opothe stiarAsIoRraded o 1dslow fndde3094 hneh

substrate 61 was formed a resist pattern 132a having the
apertures for the pressure chambers 6 and the concave portions

10 27 for fhe redundanf'adhesive. Then, the apertures 133a for
the pressure chambers 6 énd the apertures 134a for the concave
portions 27 were patterned by dry etching of the silicon
nitride film 122b.

Then, as shown in Fig. 51D, after filling in the

15 apertures 95a, 96a, and 98a of fhe silicon nitride film 122a
with a resist, a resist pattern 136a having the apertures 135a
for the nozzle communicating channels 5 was formed on the
nozzle plate-bonded side. At that time, the film thickness of
the resist pattern 136a was 8um.

20 Then, as shown in Fig. 52A, the holes 127a for the
nozzle communicating channels 5 were patterned by the dry
etching of the silicon substréte 61 from the nozzle plate-
?onded side using an ICP (Inductively Coupled Piasma) dry
etcher. At that time, the dry etching was carried out using

25 the resist pattern 136a as a mask.



the process tenperature was 85C. 10 Then, as shown in Fig. 52C, silicon
nitride filnms 122a, 122b were renoved. Then, after the silicon oxide film
of 1/ 1mwbioskumess was formed as a fluid-proof film 10 (ne@CcTgR@a2y90 the
processes for producing the spacer were conpleted. In this exanple, as is
the case with aforenentioned 15 examslses, it becane possible to nake the
distortion level less than 1g meven in the case of formng the
fluid-proof film becite % SHeMPelRi Ay waberfsereteracing Itae t he
bonding surface area on the nozzle pl ate-bonded side becane substantially
the same a¥SEhétspatberam dbéa,othehthddeghragms204bantied Sicdeoardet he shape
of the pseudo-pressure chanbers 26 on the nozzle pl ate-bonded side becane

simlar tocbheushapeimf chiaheepr 8sasrgeThampeans BofBatdgtitaphsagasponded
side. Furthernore, it becane possible to prevent the faulty bonding due

to the exp@pgi €Re Oprddifidl thwhbbis & her =RLe hagberg at the
heat - bondi ng ope?g%?on, because the V\D%%%%%Sg% %%%2/2%7 ,_%53

comunigat i ( 0. as, to allow the  respective
pseudo-?or egggr ggfgﬁg@n%g?gtﬁghgo%% ﬁ%tspese\;%\ndtoh pfﬁgsuﬁ%tcgla&@erﬁu?% hEFLe ¢
becane pos§£9%e tg fqrm_the Eressure 5 chanbers wth great accuraég and
thus mini n 28 TR AP EPdRCFRoPHS §HiNdid Offaige sharaeht substratebekause
the spacer was nmade fromthe silicon substrate and the ink channels such
as the presSilye® FRIAFELIMaRUIF Pl dn Aalatdemunt citisnprosanael sShever e
formed by a conbination of dry etching (for deeply etched ,

) concentration of the potassium hydroxide solution was 30% and’

the process temperature was 85C.

10 Then, as shown in Fig. 52C, silicon nitride films
122a, 122b were removed. Then, after the silicon oxide film of
lum thickness was formed as a fluid-proof film 10 (not shown),
the processes for producing the spacerAwere completed.

In this example, as is the case with aforementioned

15 examples, it became possible to'make the distortion level less
than 1lym even in tﬁe case of forming the fluid-proof film,
because the patterning was performed such that the bonding
surface area on the nozzle plate-bonded side became
substantially the same as the surface area on thé diaphragm-

20 bonded side and the shape of the pseudo-pressure chambers 26
on the nozzle plate-bonded side became similar to the shape of
the pressure chambers é on the diaphragm-bonded side.
Furthermore, it became possible to prevent the faulty bonding
due to the expansion of the air within the pseudo-pressure

25 chambers at the heat-bonding operation, because the



10 portions) and wet anisotropic etching. Further, since the wet etching
process was perforned using the silicon nitride filmas a mask, only one
wet et chiwg opioeosss was required to formthe spacer in thiPpST/Jesdrzpdoe. Thi s
i nproved the throughput and reduced the 15 manufacturing cost in conparison
with the case of formng the nozzle-gonmunicating channels only by dry
etching. Furthernore, since only the silicon nitride filmwas utilized as
a mask mheﬂommmmﬁqgrmmks@eneeéhahbenezéormedbe@aﬂe bosdiliswethe reduce the
filmthi ckness of the mask and thus control the dinensions 20 with higher
accuracy. raspddisivexampiuelo-plresetohidgnitepthtb2cémaemidate 29kh tloe t he
pseudo- pressure chanber was substantially equal to the etching depth Hl
for the prggssi@® chanber, since both the pseudo-pressure chanmber and the
pressure chanber were 25 subjected to wet etching twice. WO 03/049951

PCT/ JP02/12790 - 90 Féﬂg&gﬁ%; the poaaRl s siRe el 0K | @ancrh' ”FESQQ&@S formed

such that the thickn he siTicon substrate e meen € pressure
chanbenf ﬁ theﬁp udo- pressure. %@5?358 26.mas.%¥ ter thap, or equal
to 100,im& ?fg&f ei'ght?™§ 8f PRE Pre thRafthRr e eVAEPEH R the
concave portions 146a) was greater than or equal to 851Ln1 Accordi ngly, by
maki ng t hel®hil&nigds dd-fscpﬁég@ FRAGT LT ST S ePBERWRR Feh SP2BRESERS e
chambers 6 and the pseudo-pressure chanbers 26 greater than or equal to
100u m i tmieeafrorpodsi Islid iconespkd iragel @nthehe nknkirdpnsgéedsbelt veen a
single-injection and a nulti-
the pressure chambers and the nozzle communicating channels
were formed by a ¢combination of dry etching (for deeply etched
10 portions) and wet anisotropic etching.
Further, since the wet etching process was
performed using the silicon nitride film as a mask, only one
wet etching process was required to form the spacer in this
example. This improved the throughput and reduced the
15 manufacturing cost in comparison with the case of forming the
nozzle communicating channels only by dry etching. Furthermore,
since only the silicon nitride film was utilized as a mask
when forming pressure chambers 6, it became possible to reduce
the film thickness of the mask and thus control the dimensions
20 with higher accuracy.
In this example, the etching depth H2 (see Fig. 29)
for the pseudo-pressure chamber was substantially equal to the
etching depth H1 for the pressure chamber, since both the

pseudo—-pressure chamber and the pressure chamber were

25 subjected to wet etching twice.



injection and thus control the ink drop placenent with great accuracy.
Further, by nmaking the height of the pressure chanbers 6 greater than or
equal to wb,00/0m95it becane possible to sufficiently supplPgTiiRE/i20%0 even at
a high discharging 15 frequency in the case of using a high-viscosity fluid
to print high quality images on ordingry paper. Next, the description wll
be directed to an ink cartridge according to the present invention with
reference to Fig. 5Fumpihpr,s5ihehepacer pef spectinie] oF e bithaad mRst ank 20
integral -type ink cartridge. The ink cartridge 200 according to the
present i nfemnhednsuaic|wds thr thkckmeks 203 dhet egilaton wsilbstdatel nk | et
printhead 202 as a drop di scharge head according to the present invention.

The ink | ebephbsh hgad p2Q2suBY chembdes of drfte thekpsaidprpddeads (having the
nozzl e bores 25 201) according to the aforenenti oned enbodi ments. The ink

tank WO 03/@%%@%},}3 P%r/wlapog % fg% r Q]?(ZOIS S | ies (§ i nk .t thlg ] ] et
print head 707" Th the "Gas r(% t etl fik Tan q!.&ll%lllr%t lé:gr]a @?ypgnﬁnﬁhec ?thrr}}l%dge as
such, the reliability of the ink jet nrinthead _directly affects.the
reliabili tf/)%oi;g? t%reog\llsélrrael Ictﬁlalﬁkeﬁﬁrgr f@bee.ée@ec%ec?gu ae t%oé'}/'ahvlg jpé’f‘%b?ﬁl%t head
according to the present invention has the capability to discharge the ink
drops wit h14AphHiat &Featey shanwt eaalprichBéren - ds-deaslibedn, dpscussed, it
becomes possible to inprove the reliability and' the yield of the ink
cartridge. mapingxihe tthd chasesi pfi ohe villidea ghbetrate thetareenembedi nent of
an ink jet printing device equipped with the ink
pressure chambers 6 and the pseudo-pressure chambers 26
greater than or equal to 100um, it became possible to equalize
10 the ink drop speed between a single-injection and a multi-
injection and thus control the ink drop placement with great
accuracy. Further, by making the height of the pressure
chambers 6 greater than or equal to 85um, it became possible
to sufficiently supply the ink even at a high discharging
15 frequency in the case of using a high—viscdsity fluid to print
high quality images on ordinary paper.
Next, the description will be directed to an ink
cartridge according to the present invention with reference to
Fig. 53. Fig. 53 shows a perspective view of an ink tank
20 integral-type ink cartridge. The ink cartridge 200 according
to the present invention includes an ink tank 203 integral
with the ink jet printhead 202 as a drop discharge head
according to the present invention. The ink jet printhead 202

may be one of the ink jet printheads (having the nozzle bores

25 201) according to the aforementioned embodiments. The ink tank



jet printheads (including the ink tanks) according to the aforenentioned
enbodi nents with reference to Figs. 54, 55. Fig. 54 shows a perspective

vi ew of twe odmkospet printing device and 15 Fig. 55 shows &CT/JP02/12790

di agrammati cal -si de view of the nechanical parts of the ink jet printing
device. The ink jet printing device Lggludes a main body 211. The nmain
body 211 acconmpdates a carriage 223 novable in a main scanning direction,
the ink je?0prsvppbias theconkdi by the 200k Hetppesrhhcad\20t.i on nounted on the
carriage 223, a printing nmechanism 212 conprising the ink cartridges 225

for supplying the inkn tihet Besénks ] €ie piinthBeadintamehi-hg/dd kak A feeder
cassette 214 (input tray) to which a nunber of sheets 213 can be | oaded

from frontcsi-geidge def achabl ehy @éiféﬂm\%potshehQF’iA;@ t Qﬁh}ﬁé'a&f the
mai n body 211. A manual feeder tray 215 03/ 049951 PCT/ JP02/ 12790 92 is

hung on a hj t e n.t:.ne feeder sset.t 214 or.the manual
f eeder tra@ig%(gtg}efe?egg egh% hg%%%%%]h%%bggkgﬁgfg %Iza%r%aﬁr? ka%;r/gﬁﬁg? nto an
out put tra];j( 216 after the, fornmtion of ted i mages i s achieved with the

‘ ri
ai d of 2t he®S* PRt iy ThecAghi R ieadr CﬁFBﬁP?nBO BRESAF512 hol ds t he
carriage 223 slidably in a main scanning direction with the aid of a main
gui de rod PPISBRPT B thai gebPaddl P22 toTé sphprgguihfe indd dzons wheh t he sub
guide rod 222 extend laterally to both sides of 10 the main body 211. The
ink jet priihgesidshid24yaendrditippuo ddoblepsesanthanverin discwhsed, i1 ect
the color ink drops of yellow (Y), cyan (C), magenta (M, and bl ack (B),
are nount ede@tmdd@ossible to improve the reliability and the yield of
the ink cartridge.
10 Next, the description will be directed to an
embodiment of an ink jet printing device equipped with the ink
jet printheads (including the ink tanks) according to the
aforementioned embodiments with reference to Figs. 54, 55. Fig.
54 shows a perspective view of the ink jet printing device and
15 Fig. 55 shows a diagrammatical side view of the mechanical
parts of the ink jet printing device.
The ink jet printing device includes a main body
211. The main body 211 accommodates a carriage 223 movable in
a main scanning direction, the ink jet printheads according to
20 the presenﬁ invention mounted on the carriage 223, a printing
mechanism 212 comprising the ink cartridges 225 for supplying
the ink to the ink jet printheads, and the like. A feeder
cassette 214 (input tray) to which a number of sheets 213 can

be lcaded from front side is detachablely attached to the

25 lower portion of the main body 211. A manual feeder tray 215



carriage 223 such that the rows of the nozzle bores cross transversely to
the main scanning direction and are directed 15 in the dowward direction.
Each of twe odnkeosartri dges 225 for supplying the respect ipeg/Jea/r9o nk i s
nounted on the carriage 223 such as to be replaceable. It is noted that
the ink tank integral-type ink cartrpgdge as descri bed above nmay be nounted
on the carriage 223. 20 The openi ngs (not shown) comunicating with the

at mospher elarungrafed dingke Uppevhestide fofd £reM| BRe ciradeirdgesseth® and t he
feed openings (not shown) out of which the ink therein is supplied to the
ink jet pr2hfheadh22dnacé feeded tmay 16 howee]scikl dfhrbhghi nke daadk i dges
225. A porous elenment 25 is provided inside the ink cartridges 225. The ink

cartri dgeso¥\ -3/ pbdpCPA I POREd 20 QucPd t22baB2 18 aifitel-henénk to be
supplied to the ink jet printheads 224 with a negative pressure by

capillary agthom of JMe RARGHSin&l&BRl oAk LHANIR: &, PAhLér alihtyrofpd he ink

jet printheads 224 5 are provided according to t%e ink colors 1n this
enbodi nent . _only one ink.jet i nt head havi ng the nozzles for discharging
t he reg%ecbeéﬁ%§ﬁ¢ﬁeqﬁ%?l|? %Féb appl i cabl e. The back portion (a rearward

portion in a sheet delivering directiaon) of the carriage 223 is_slidably
fitted 10 on the rrai“%leg@ir&éltgaa Beohaldd™ Ré2f RFOHES pidid ICGRT Ea9F of 4wr d

portion in a sheet delivering direction) is slidably placed on the sub
gui de rod 2bddalnly i\ ggmBént se@Winghiddrecsippureh HWioadd af drimaimpul | ey
228 and a driven pulley 229, is secured '
guide rod 221 and a sub guide rod 222. The main guide rod 221
and the sub guide rod 222 extend laterally to both sides of
10 the main body 211. The ink jet printheadsi224 according to the
present invention, which inject the color ink drops of yellow
(Y), cyan (C), magenta (M), and black (B), are mounted on the
carriage 223 such that the rows of the'nozzlé bores cross
transversely to the main scanning direction and are directed
15 in the downward direction. Each of the ink caftridges 225 for
supplying the respective color ink is mounted on the carriage
223 éuch as to be replaceable. It is noted that the ink tank
integral-type ink cértridge as described above may be mounted
on the carriage 223.
20 The openings (not shown) communicating with the
atmosphere are formed on the upper side of the ink cartridges
225 and the feed openings (not shown) out of which the ink
therein is supplied to the ink jet printheads 224 are formed

on the lower side of the ink cartridges 225. A porous element ‘

25 is provided inside the ink cartridges 225. The ink cartridges



to the carriage 223. The rotation of a main notor 227 in 15 normal and
reverse directions causes a reciprocating notion of the carriage 223. A
feed rol Iwp038199and a friction pad 213 are provided to separacxizgodel i ver
the sheets 213 in the feeder <cassette 214. A first guide nmenber 233 for
gui ding the sheets 20 213 and a deliveny roller 234 for delivering sheets
213 after turning the sheets 213 upside down is provided. Further, a
rol | er 235229 matakajed thecAnks toobpespprlisst tagihasink et peringhesgs of t he
delivery roller 234. Aroller 236 is provided to limt the feeding angle
of the sheéfd 218 A rsdativbopra33uld il icses llheydettv@t Yoff alhlkepo2dds via a
gear system WD 03/049951 PCT/JP02/ 12790 -94 A second gui de nenber 239 is
provi ded beliemehihe ink jet printheads 224 in relation to the noving range
of the <carriage 223 in the main scanning direction. The second gui de

menber 239 guides th Jﬁ%% hdgl'ygggg-ﬁ 0 %ﬁg dglivery 3{ erd% bel ow
the ink jet printheagg %b'RoIFers h—% %21 are p¥ovi%é§ %%?at eggéarmard
side of.the_second. gujde nember %39 in a sheet delivering.directjon.
Further® | 0GEBubEToITRGT SEsASaIRG 455 che calk FEPRY Lhe b afbotatehto | he
output tray 216 and third guide nmenmbers 245, 246 defining the output path
of the 10°8h&ctr2idkadetppaingaead ety shenhpaglepdian iGRCheRgitnk | et
printheads 224 are actuated according the drive signal under the
condi ti on &het hespasvdivencodbrt hek chs ralage app3icablehat tinme, the ink jet
print heads 224 discharge the ink drops to forma
The back portion (a rearward portion in a sheet
delivering direction) of the carriage 223 is slidably fitted
10 on the main guide rod 221 and the front portion (a forward
portion in a sheet delivering direction) is slidably placed on
the sub guide rod 222. A timing belt 230, which is routed
around a drive pulley 228 and a driven pulley 229, is secured
to the carriage 223. The rotation of a main motor 227 in
15 normal and reverse directions causes a reciprocating motion of
the carriage 223.
A feed roller 231 and a friction pad 213 are
provided to separately deliver the sheets 213 in the feeder
cassette 214. A first guide member 233 for guiding the sheets
20 213 and a delivery roller 234 for delivering sheets 213 after
turning the sheets 213 upside down is provided. Further, a
roller 235 is arranged such as to be pressed against the
periphery of the delivery roller 234. A roller 236 is provided

to limit the feeding angle of the sheets 213. A sub motor 237

25 drives the delivery roller 234 via a gear system.



15 line of an image on the stopped sheet 213. Likew se, the next [|ine of
an image is printed when the sheet advances by a predeterm ned distance in
a st epw swormam®sl The signal, which instructs the term mamiJoo/afon he
printing operation or indicates that the rear end of the sheet passes out
of the 20 printing area, causes the _tegrm nation of the printing operation
and the output of the printed sheet. In this printing operation, high

qual ity of the printadséecmgk guddegmembrre2dd wig provgHedt bdldv tihe Bakause
the ink jet printheads 224 according to the present invention can

di schar ge 5jldie prikthdbdslrops in te1bicgbnetsdi theneywinhOr83594995he 95

PCT/ JP02/ 12790 As shown in Fig. 54, a recovery apparatus 247 is disposed

outwar dl y Q- dihger bt $ide ahithgchRNi A & £AQbnt hene CaLLIROGAA3. A
di scharge mal function can be recovered from through use of the recovery

apparatus _247. FgL this.purpaos t ver p at us. i rovi ded
wth a cagﬁw%grng%%e??ldé%'va§u§%5%%a§§15§%8%§8¥5§h?ﬁé %%€%€§§§'f%éﬁggrriage

223 is_ myved toward the recovery ar,at 247 S0 th the ink jet
pri nt head<322Re4rE EBG ety It Rrﬁﬁgﬁgaﬁﬁi%‘lnﬁﬂ} lerau?%‘%g 2% &§by. This

keeps the discharging portions (i.e., nozzle 10 bores) of the ink jet
pri nt head®r2¥ided andblhp megvarangidenhef ebie praspagt guadyiBrage39
mal function due to dried ink. Further, in order to keep a stabl e discharge
perf ormande, at Iskeetvi debikidningf diilrecthkni sFkepterconstant vyvklrers [248he
di scharging portions of the ink jet printheads 224 by di scharging ink
244 for delivering the sheet 213 into the output tray 216 and
third guide memberé 245, 246 defining the output path of the
10 sheet 213 are provided;
In the prinfing.operation{ the ink jet printheads
224 are actuated according the drive signal under the
condition of the movement of the carriage 223. At that time,
the ink jet printheads 224 discharge the ink drops to form a
15 . line of an image on the stopped sheet 213. Likewise, the next
line of an image is printed when the sheet advances by a
predetermined distance in a stepwise manner.'The signal, which
instructs the termination of the printing operation or
indicates that the reaf end of tpe sheet passes out of the
20 printing area, causes the terminétion of the printing
operation an@~the output of the printed sheet. In this
printing operation, high quality of the printed image is
guaranteed with high stability, because the'ink jet printheads

224 according to the present invention can discharge the ink

25 drops with high efficiency.



15 drops not used for printing. In the case of trouble such as a discharge
mal functi on, the discharging portions (i.e., nozzle bores) of the ink jet
print headw02344%se encl osed with the capping nenber so t raw/IPoezi2ador
bubbl es and the ink are evacuated up 20 through a tube with the aid of a
vacuum neans. The ink and the partiebgs accunul ated al ong the surfaces of
t he discharging portions are renpved with the aid of the cleaning device.
As such, the recoverd? &PHPatBsFPA7 Tocov&eSOVESH ePralitalssddn 48 a

di scharge nmal function. Further, the evacuated ink is 25 delivered to an ink
renoval caftsresghotutyiaeddy whetlee thighinlsii® 03/ 0HE by iPGTAIRA24 42700 - 96
absorbent material within the ink renoval catcher absorbs and retains the

renoved i nkartieddiz3nap, dibehaide jnefl fnichtibRYcHEVHE &L rBR £p5 @ stabl e
i nk drops di scharge operation with a high 5 degree of reliability over the

| ong run apgkrd QR Fe thERGEC oA} IbhaWhist bey al Iﬁo@fthﬁgeaggoégk J et

printheads (including an ink tank’integral-type Ink cartri accordi ng

to theg pr i i th resent invention.,is not limted to
10 these enbo fﬁ%ﬂ%%&lgﬁgagg?gépﬁg%gsaﬁa ﬁ%é??i%ﬁ?'5h§aﬁg§ngem%ERﬁFthhout
departing fromthe scope of the present invention. For exanple, the
descri pti dh ‘GICHHE Y5°88eAPd 3 o)) HﬁglﬁﬁenT%ﬁr%ﬁﬁﬁ%ﬁgﬁozggel$nk j et
printhead as a drop discharge head, however, the present invention is
equal | y 15"l itCabre theardfdieny sekhargsuRedd’ t ratthdits thar gels Fetdr op

printheads 224 are covered with the capping member during
standby. This keeps the discharging portions (i.e., nozzle

10 bores) of the ink jet printheads 224 in a damp state and
thereby prevents a discharge malfunctiqn due to dried ink.
Further, in order to keep a stable discharge performance, the
viscosity of the ink is kept constant over all the discharging
portions of the ink jet printheads 224 by discharéiﬁg ink

15 drops not used for printing.

In the case of trouble sﬁch as a discharge
malfunction, the discharging portioné (i.e., nozzle bores) of
the ink jet printheads 224 are enclosed with the capping
member so that the air bubbles and the ink are evacuated up

20 through a tube with the aid of a vacuum means. The ink and the
particles accumulated along the surfaces of the discharging
portions are removed’with the aid of the cleaning device. As
such, the recovery apparatus 247 recovers from trouble such as
a discharge malfunction. Further, the evacuated ink is

25 delivered to an ink removal catcher (not shown) where the ink



other than the ink drops such as a resist drop and a drop for DNA
anal ysis. Further, the description of the present invention has been
di rect ed WO 0Blo@9pi ezoel ectric type ink jet printhead, howrergpro2/t2n® present
invention is equally 20 applicable to thermal or electrostatic type ink jet
printheads. Further, the aforenenti-@ted exanpl es of processes for
produci ng the spacer may, be conbined i'n vari ous manners. For exanple, the
speci al prioteEeepsy mﬁ'ﬁﬁghﬁl t"He by £h8elnk otightied’s R} CF ed2Sa%hen 22§ m can
be added to any of the 25 exanples of processes. WO 03/049951
PCT/ JP02/ EEfRQ-nsQEhTheepeeedritnkappl i cation i s based on Japanese priority
application No.2001-376884 filed on Decenber 11, 2001, Japanese priority
appl i cation No.2002- @A34bbs fudigd the WakchetSpri2fiGiy déapasesenpriority
appl ication No.2002-081288 filed on 5 March 22, 2002, and Japanese priority
appl i cat i g A¥rR082s+180955 idre@s0n: MaNadde %%ttﬂaﬁ R4 re et ents of
whi ch are hereby incorporated by reference. 03/ 049951 PCT/ JP02/ 12790
-98 CLAI o] ' ; d i Si - f i | ement
made 1 HomS T SoneS bt T e her e T e el RREL e R e
channel forned, thecein through ich a fluid . is conducted to.a nozzle,
sai d chanr%’lgﬁﬁg% Hb% t%%rﬁfjacgé)fvﬁg?e@g%rjf%ej?‘%l?&ﬁﬁ@gga {5I5e1gPeat er
than 2, u m 2. The drop discharge head as clainmed in claim1l,

an 1nk tank integral-type ink cartridge) according to the

present inventlon.
Further, the present invention is not limited to
10 these embodiments, and veriations and modifications may be
made withouf departing from the scope of the present invention.
For example, the description of the present
invention has been directed to the ink jet printhead as a drop
discharge head, however, the preeent invention is equally
15 applicable to a drop discharge head that discharges a drop
other than the ink drops such as a resist drop and a drop for
DNA analysis. Further, the description of the present
invention has been directed to the piezoelectric type ink jet
printhead, however, the present invention is equally
ZQ applicable to thermal or electrostatic type ink jet printheads.
Further, the aforementioned examples of processes
for producing the spacer may be combined in various manners.
For example, the special process for making the surface
roughness (Ra) less than 2um can be added to any of the

25 examples of processes.



10 further conprising; a nozzle plate that is provided on one side of the
channel -form ng el enent and has a nozzle out of which drops of the fluid
are di schapgaaaosand a di aphragmthat is provided on the othenrei/eoof the
15 channel -form ng el ement and establishes said channel together wth the
channel -form ng el enent; wherein the_ghannel -form ng el enent has a surface
of said channel opposed to the diaphragm said surface having a surface
roughness Ra not gredtlsr driwmer, applil2f®tBon The bdised dhschpargesehead as
claimed in claiml1, wherein the channel-formng elenent further has a
nozzl e commtibeaty ngpshiadnalor argredotheressu viaahich maishoehannel 201,
connected to the nozzle, said nozzle-comrunicating channel 25 having a

surface whgsea.guEd R §oUINNGSS iRR tisnNRb . Q49951
PCT/ JP02/ 12738 -99 t han fwum 4.1%%%%& o% %‘?%@Pfeg@h%é&%és%gl Dé?ﬁ%% ]isn'

claim1, ei surfac f..the_channel -f l e i, t 5 least
partially \gggéédﬁ%?afrhesaen p(%:)%io & ?ﬁ?gjfc%:'tolnt gﬁ?&@rﬁ%ﬁb&% fﬁjﬁﬁ\g B A drop
di scharge head, c rising; channel -form ng elenent that is nmade froma
silicong 1 a§aﬁs?£gt?e0%d Jé%?%%%uﬁrew&i%ﬁfbéppéh‘aa%l%ﬁq-@-002“

communi cating channel formed therein; and a nozzle plate that is provided
on one side389o3nelled on May 15, 2002 the entire contents of which are

hereby incorporated by reference.



channel -form ng el enent and has a nozzle connected in fluid comunication
to the pressure chanber.via the nozzle 15 conmuni cati ng channel; wherein

t he nozzlwowmsmmeni cati ng channel has four corners i nsidePCRgP02/12790
channel -form ng el enment, while the nozzle- communi cating channel has six
obtuse angle corners at its outlet omgthe nozzle plate side. 20 6. The
drop discharge head as clained in claim5, wherein inside the

channel -form ng el enent the nozzle covmixati ng channel is bounded on its
four sides by four- surfaces substantially perpendicular to the nozzle
plate,. 25 while on the nozzle plate side the nozzl e-communi cati ng WO

03/ 049951 PCT/JP02/ 12790 100 channel is bounded on its four sides by said

four surfaces and two adgidl opalcrsifasesdi Behped Ny thchespert to the

nozzle plate. 5 7. The drop di scharge head as clained in claim6, further

compr i ST ol ARTLANM Lhale | A avEdadoon Lhsather sidesl the - L

channel -form ng “ele iI'shes the pressure’c

t he ch nnel - f or el eme an n def prm s 0.to chan e the vol une
ot e Spr GRS IETFIERS ARSI 01 oAb Ao MG GBSFR: Jrbiiie. chanber
is bounded on its three sides by three surfaces substantlally

per pendi cuitdch @ fRaidi ai)mcagﬂmcaﬁal #osar Paeele ndgideghanngl hasgec to the
di aphragm

surface whose surface roughness Ra is not greater than 2um.

2. The drop discharge head as claimed in claim 1,
10 further comprising;

a nozzle plate that is provided on one side of the
channel-forming element and has a nozzle out of which drops of
the fluid are discharged; and

a diaphragm that is provided on the other side of the

15 channel-forming element and establishes said channel together
with the channel-forming element;

wherein the channel-forming element has a surface of said
channel opposed to the diaphragm, said surface having a
surface roughness Ra not greater than 2pum.

20
3. The drop discharge head as claimed in claim 1,
wherein the channel-forming element further has a nozzle-
communicating channel formed therein Qia which said channel is
connected to the nozzle, said nozzle-communicating channel

25 having a surface whose surface roughness Ra is not greater



15 8. The drop discharge head as clained in claim7, wherein said three
surfaces of the pressure chanber are continuously connected with three of
sai d fourweuwsf#awes of the nozzle-conmunicating channel. 2P2QTOPOZIT2@90dr Op

di scharge head as clainmed in claim?7, wherein an opening shape of the
pressure chanber on the diaphragmsi.dgyin the area directly underneath the
nozzl e- comruni cati ng channel is defined by.four |ines connected at 25

obt use angtlesa 2AM0n03/ 049951 PCT/JP02/ 12790 -101 10. A drop discharge head
conprising; a channel-formng elenent that is made froma silicon

substrate and has a pressure chanber, a nozzle-comunicating 5 channel and
a sub-chanber forned therein; a nozzle plate that is provided on one side

of the channel -formingrglegpsy Bndnastabhishess tdm iskb- ¢hagheim 1t 0get her
with the channel -form ng el enent and has a nozzle connected in fluid

communi oat i on. { grL0S; Presayrs shasbale Vi 101Lhe,aub; shasher agdstne

nozzl e- conmuni cati'ng chann a diaphragmt on the

ot her side of the  channel-form ng, el enent and. establishes the pressure
chanbe% tgﬁﬁFﬁéPaﬁFﬂﬁ?EKeC%ﬂB L oFﬂiﬂﬁl%$e€EH?cﬁh8 géFaﬁﬂy%rn1so as to
change the volume of the pressure chanber; 15 wherein the

nozzl e- coriiiickt ifadgmchannel has four corners, while an opening shape of
t he sub-chanber in the vicinity of

5. A drop discharge head comprising;
a channel-forming element that is made from a silicon
10 substrate and has a pressure chamber and a nozzle-
communicating channel formed therein; and
a nozzle plate that is provided on one side of the
channel-forming element and has a nozzle connected in f£luid
communication to the pressure chamber via the nozzle-
15 communicating channel;
wherein the'nozzle—communicating channel has four corners
inside the channel-forming element, while the nozzle-
communiéating channel has six obtuse angle corners at its
outlet on the nozzle plate side.
20
6. The drop discharge head as claimed in claim 5,
wherein inside the channel-forming element the nozzle-—
communicating channel is bounded on its four sides by four:
surfaces substantially perpendicular to the nozzle plate,

25 while on the nozzle plate side the nozzle-communicating



the nozzle is defined by four |ines connected at obtuse angles. 11. The
drop discharge head as clained in claim10, 20 wherein the

nozzl e- cowownioe®wsi ng channel has four corners, while an epgaPogi2gdape of
the pressure chanmber on the diaphragmside in the area directly underneath
t he nozzl e- comuni cating channel is_ggfined by four lines connected at
obtuse angles. 25 WO 03/049951 PCT/JP02/ 12790 -102 12. The drop di scharge
head as clahareli Ascbaimid®, on whiey dionrosithe lmpzediel dloatre ssirfecen arde
vicinity of the nozzle the sub-chanber is bounded on its three sides by
three surtasesidawhshant batfycperipandined! REth orddiedtozal enpl adgzBNd 5 an
additional surface inclined with respect to the nozzle plate. 13. The drop
discharged&ggghas claimed in claim10, wherein on the diaphragmside in
the area directly 10 underneath the nozzl e-communi cati ng channel the
pressure chanber is bounded on its three sides by three surfaces
substantially perpendicular to the nozzle plate and an additional surface
inclined with respect to the nozzle plate, 15 14. A drop .di scharge head
conpri Si ng; a channel’-f 6Pfi HECR| R TERareRAs2 S TIfamed PoFtRe ther ei n

t hrough which a fluid is conducted to a nozzle and has a first surface on
one side afirthegecomdriaiface on the other side;

a diaphragm that is provided on the other side of the
channel-forming element and establishes the pressure chamber
together with the channel-forming element and can deform so as

10 to change the volume of the preésure chamber,

wherein on the diaphragm side the pressure chamber is
bounded on its three sides by three surfaces substantially
perpendicular to the diaphragm and a surface inclined with

respect to the diaphragm.

15
8. The drop discharge head as claimed in claim 7,
wherein said three surfaces of the pressure chamber are
continuously connected with three of said four surfaces of the
nozzle—communicating channel.
20

9. The drop discharge head as claimed in claim 7,
wherein an opening shape of the pressure chamber on the
diaphragm side in the area directly underneath the nozzle-
communicating channel is defined by .four lines connected at

25 obtuse angles.



20 wherein there is substantially no difference in surface area, excluding
concave portions, between the first surface and the second surface. 15.

The dr op wolskhawge head as clainmed in claim14, 25 wherei RCTleIY R0,

excl udi ng concave portions, between the WD 03/049951 PCT/JP02/ 12790 -103
surface area of the first surface andiphe surface area of the second
surface is between 0.5-2.0. 16. The drop discharge head as clained in claim
14, 5 further conprising; a nozzle plate that is bonded to the first.
surface of the channel-formng el enent and has the nozzle formed therein,;

and a di aphragm t hatig.s sbardgddi ochdeyes acenrd comptasempf the
channel -form ng el ement and defines at |east one surface of 10 t he

channel . 17. The dnapndi sedafige @%ﬁkeﬁgegh eCleab 3451 1 St her

conprising; a cover menber that” is bon Irst surface or the 15
second sur f.th annel -form.n | enent and defines the surface
of the chd%%§$t£%ﬁf éﬁ§:%8rop %r%%%arge%ﬁgg tas? el %jqqmmBPéFﬁ¥?§9

wherel the cha of t he channel - fornlngéelenent is 20 fornmed on the

second sur? &E‘ Po SURPRENYPRPF fivTIes GESHh8Al  as claimed in claim 18,

wherein a pseudo channel is formed on the first surface side at
substanti al | y oppbsedlpasiaticorthwitt hsrespeided ont lome 25dehafndle

channel-forming element and establishes the sub-~chamber
together with the ehannel—forming element and has a nozzle
connected in fluid communication to the pressure chamber via
10 the sub—chamber aed the nozzle¥communicating channel; and
a diaphragm .that is proyided on the other side of the
channel-forming element and esteblishes the pressure chamber
together with the channel-forming element and can deform so as
to change the volume of the pressure chamber;
15 wherein the nozzle-communicating channel has four corners,
while an opening shape of the sub-chamber in the vicinity of

the nozzle is defined by four lines connected at obtuse angles.

11. The drop discharge head as claimed in claim 10,
20 wherein the nozzle—~communicating channel has four corners,
while an opening shape of the pressure chamber on the
diaphragm side in the area directly underneath the nozzle-
coﬁmunicating channel is defined by four lines connected at
obtuse angles.

25



WO 03/ 049951 PCT/JP02/ 12790 -104 5 10 20. The drop di scharge head as
claimed in claim19, wherein the pseudo-channel is connected in fluid
conmuni cawpD®n/045t he out si de of the channel -form ng el ene®CI/IRPQ/12Té0e dr op

di scharge head as clainmed in claim 14, wherein a fluid-proof filmis at

| east partially formed on a surface_gfothe channel. 22. The drop discharge
head as clained in claim?21l, wherein the fluid-proof filmis an oxide film
or a titaniumnitride fillm d28p dhechhope dieschasgelabeet ds cllaimedO) n
claim14, 15 wherein the channel-formng elenent is made froma silicon
substrate. 24. Andrepndbschizs goAaadpeanpr s 5dadin ahehanaeh: o148 Rgeel ement
having a pressure chamber and a 20 nozzl e-comunicating channel fornmed
therein; aﬂgzé‘lélo%hzé esu@J-%h%mBQ@t i SoRidded 98508 Sl cqu;.fs bPethree
channel -form ng el enent and has a nozzle connected in flurd CTomunication
to the pressure cha n_the ¢ rmn nent
a 25 pseu o° chanber” sr%tn%al?%r}?re%p J’[Cﬁlrlaﬁo%% %%Ig% Gy

03/049951 PCT/ JP02/ 12790 -105 5,10
an additional surface inclined with respect to the nozzle

Eurt r having
e

plate.

13. The drop discharge head as ciaimed in claim 10,
wherein on the diaphragm side in the area directly
10 underneath the nozzle-communicating channel the pressure
chamber is bounded on its three sides by three surfaces
substantially perpendicular to the nozzle plate and an

additional surface inclined with respect to the nozzle plate.

15 14. A drop discharge head‘comprising;
a channel-forming element that has a channel formed
therein through which a fluid is conducted to a nozzle and has
a first surface on one side and a second surface on the other
side;
20 wherein there is substantially no difference in suxface
area, excluding concave portions, between the first surface

and the second surface.

15. The drop discharge head as claimed in claim 14,

25 wherein the ratio, excluding concave portions, between the



15 substantially opposed position with respect to the pressure chanber and
the depth of said pressure chanber is greater than or equal to 85 u m 25.
The dr op wolskhawge head as clainmed in claim?24, wherein trha/Jrhe/ehyess of a
partition wall between the pressure chanber.and the pseudo-chanber is
greater than or equal to 100/2m 26.;gHhe drop discharge head as clained in
claim 25, wherein the thickness of a partition wall between the pressure
chanber anshitfweepaeudoofhhdmbelinsst guedtee dhdntioy suedaak toed 0fp.time 27. The
drop discharge head as clained in claim24, wherein the depth of the

pressure chadligy shsradbsiantdaldan equab . po the depth of the pseudo-chanber.
28. The drop discharge head as clained in claim24, 20 wherein the depth

of the pressure chanber is |ess than the depth of the pseudo-chanber. 29.
The drop discharge head as clained in claim24, wherein a surface of the

pressure chanber is | east .25 partiall oated wi.th an oxide.. fi.lmor a
titani umnitride fiIﬁ%'v@6%§?ﬂ%§§§fqaﬁfﬂ§Pg§7 Zyﬁdﬂffﬁfg36F _hr'op

di scharge head as clainmed in claim24, wherein the pseudo-channel is
connecPed FH-Hiay goBBRHEHIEati on to the outside of the channel -forning

elenment. 5 31. The drop discharge head as clainmed in claim 24, ,
a nozzle plate that is bonded to the first surface of the

channel-forming element and has the nozzle formed therein; and
a diaphragm that is bonded to the second surface of the
channel-forming element and defines at least one surface of

10 the channel.

17. The drop discharge head as claimed in claim 14,
further comprising;
a cover member that is bonded to the first surface or the
15 second surface of the channel-forming element and defines the

wall surface of the channel.

18. The drop discharge head as claimed in claim 14,
wherein the channel of the channel-forming element is

20 formed on the second surface side.

19. The drop discharge head as claimed in claim 18,
wherein a pseudo-channel is formed on the first surface
side at substantially opposed position with respect to the

25 channel.



further conprising; a diaphragmthat is provided on the other side of the
channel -form ng el enent; 10 wherein the channel-form ng el enent has
subst ant iwblog/osd981 sane surface area, excludi ng concave p®cTiJoomnz27en the
nozzle plate side as on the diaphragmside. 32. An ink cartridge
conprising; 15 an ink jet printhead th@t—includes a ink channel -form ng

el emrent nmade froma silicon substrate, a nozzle plate having a plurality
of nozzle bores, and a di aphragm defornmabl e for pressurizing the ink; and
an ink tank that contains ink to be supplied and is 20 integral with the
ink jet printhead; waereThesdidb idisaizanrehebdras nglahedeih basimand nk
channel formed therein, which ink channel has a surface whose surface

roughness Ra i SyR8feif @HLpskRaB-Enanhtl 255 33nnEheehinkn CAI L4 dge as cl ai ned
in claim32, WO 03/049951 PCT/JP02/ 12790 -107 5 10 wherein the ink channe

has 1 our C@én@ﬂrﬁda%ﬁbﬂetéh&e RANRe @ ‘Eh@%lﬁiﬁi@htfoz%@hé eié}{‘r‘ j;nk channel

has six obtuse angle corners at i1ts outlet artri ge as
clained in claim32, wherein the ink channel is bonded to the nozzle plate
and thé di aphragm and the surface area of the nozzle plate-bonded surface

is substantially equal to the surface area_ of the
21. The drop discharge head as claimed in claim 14,

wherein a fluid-proof film is at least partially formed

on a surface of the channel.

10 22. The drop discharge head as claimed in claim 21,
wherein the fluid-proof film is an oxide film or a

titanium nitride f£ilm.

23. The drop discharge head as claimed in claim 14,
15 wherein the channel-forming element is made from a

silicon substrate. -

24. A drop discharge head comprising;
a channel~forming element having a pressure chamber and a
20 nozzle-communicating channel formed therein; and
a nozzle plate that is provided on one side of the
channel-forming elemént and has a nézzle connected in fluid
comﬁunication to the pressure chamber;
wherein the channel-forming element further having a

25 pseudo-chamber that is formed on the nozzle plate side at



di aphragm bonded surface. 35. The ink cartridge as clainmed in claim 32,
wherein the channel -form ng el enent has a pressure chanber forned on one
si de and wopseudst chanber fornmed on the other side at sub®CanPizi2gp opposed
position with respect to. 15 the pressure chanber, the depth of said
pressure chanmber being greater than-opsequal to 85,4m the thickness of
the silicon substrate between the pressure chanber and the pseudo-chanber
bei ng gr ea¥¥rstaniiadiveapRPSES BUOL Fan wAGhasespert e jtbe préssurg devi ce
conprising; an ink jet printhead that includes an ink channel-form ng

el enent nedeanireymaadsiche cdepsubst retiel pacnoazé eclpinitear Havigpgater pthaml ity
of nozzle bores, and a di aphragm deformable for pressurizing the ink; 25
an ink tankrtdipiaicant gssni Nk to be supplied to the ink WO 03/049951

PCT/ JP02/ 12790 -108 jet printhead; a carriage that supports the ink jet
printhead and is novable in a nmain scanning direction; and a sheet feed
mechani smfor transferring sheets froman 5 input tray to an output tray

via a grinting area; erel n.sai d,ink' channel -form.ng_el.enent. has i nk
channel” for ned therelz\é’f'1 r\E/\ll’ri‘l c%r?%gdlc%cgﬁﬁgﬁ ggdaassﬁ#agg‘gd\/\ﬁ{}s%la%r ce
roughness Ra is pot gge?%ﬁr than 2, u m 10 37. The ink jet printing device
as claimed in cFEFHESE MfnéerrmeRd Phie AfFtiéioRa¥at blietewmeneitiei nsi de t he

i nk
pressure chamber and the pseudo-chamber is greater than or

equal to 100um.

10 26. The dfop discharge head as claimed in claim 25,
wherein the thickness of a partition wall between the

pressure chamber and the pseudo-chamber is greater than or

equal to 100um.

i5 27. The drop discharge head as claimed in claim 24,
wherein the depth of the pressure.chamber is

substantially equal to the depth of the pseudo-chamber.

28. The drop discharge head as claimed in claim 24,
20 . wherein the depth of thelpressure chamber is less than

the depth of the pseudo-chamber.

29. The drop discharge head as claimed in claim 24,
wherein a surface of the pressure chamber is at 1easth

25 partially coated with an oxide film or a titanium nitride film.



channel -form ng el enent, while the ink channel has six obtuse angle
corners at its outlet. 15 38. An ink jet printing device conprising;, an ink
j et printweadosdeat i ncl udes an ink channel -form ng el ene®CTEIROREL2I900M a
silicon substrate, a nozzle plate having a plurality of nozzle bores, and
a di aphragm deformabl e for 20 pressuripigng the ink; an ink tank that
contains ink to be supplied to the ink jet printhead; a carriage that
supports the ink jet printhead and is novable in a main scanning
direction; and 25 a sheet feed nmechanismfor transferring sheets froman WO
03/ 049951 PCT/ JP02/ 12300 EHD%Yiroppdisthaygd dheanl @ust plaithed)inicladmpRint i ng
area; wherein the channel-form ng el enent has a pressure chanber fornmed on

one side and' a peRWdanCcRBBLEEIQ-@ERR1t e cohMEitsi da alusgbstantially
opposed position with respect to 5 the pressure chanber, the depth of said

pressure chamher; Q@ehuLhAR, ol O léa'chfagnégu%ﬁlg@et&geﬁé pess of the

silicon substrate etmeen e pressure chanber anber

bei ng gf eat er t han or equal to 1008 m 10 39. The ink jet printing device
as claimed in claim 38, wherein the ink channel is bonded to the nozzle

plate and the di aphragm and the surface area of the nozzle plate bonded

surface i s substantial f &rPo %ﬁ%h%ﬁﬁqa§ﬁ§QaPéace?lm9ﬂa1n laim 24,

further comprising;
a diaphragm that is provided on the other side. of the
channel-forming element;
10 wherein the channel-forming element has substantially the‘
same surface area, excluding concave portions, on the nozzle

plate side as on the diaphragm side.

32. An ink cartridge comprising;

15 an ink jet printhead that includes a ink channel-forming
element made from a silicon substrate, a nozzle plate having a
plurality of nozzle bores, and a diaphragm deformable for
pressurizing the ink; and

an ink tank that contains ink to be supplied and is
20 integral with the ink jet printhead;
wherein said ink channel-forming element has an ink
channel formed therein, which ink channel has a surface whose

surface roughness Ra is not greater than 2um.

25 33. The ink cartridge as claimed in claim 32,



15 di aphragm bonded surface. 40. A nethod of producing a drop discharge
head conprising the steps of; providing a silicon substrate; and 20
form ng awolanm®sliin the silicon substrate by wet etchi ngPCHgPIR12390

pot assi um hydr oxi de sol ution; wherein the concentration of the potassium
hydroxi de solution is greater than afgequal to 25% and the process
tenperature is greater than or equal to 80C. 25 WD 03/049951 PCT/JP02/ 12790
-110 5 41. The mikehednathel mmkrecthamedl aem 40ur wiemeins dnspdecess f or
preventing the adhesion of air bubbles to the etched surface is added

during thechbepeDifd@lifigng1thenehannele e ifRecABANOU 1@Ss GJidl BBEusd claim
41, wherein the process for preventing the adhesion of air bubbles

conprises swaying-Ade sitl iigan gubstrate. 43. The nethod as clainmed in
claim 41, ahé?%ln the 10 procgss ?or preventing the adhesion of air

bubbl es conpri ses applying supersonic waves to the silicon substrate. 44. A
nmet hod of producing a drop discharge head conprising the steps of; 15

providing a silicon substrate; and form ng a channel -form ng el enent from
the silicon substrati¥ -hdendlk FREEEIHE ATarbermedriRomtaithildg a fluid to

be pressurized, and a nozzl e-comuni cating channel for
wherein the ink channel is bonded to the nozzle plate and

the diaphragm and the surface area of the nozzle plate-bonded |
surface is éubstantially equal to the surface area of the
diaphragm-bonded surface. |
10 |
35. The ink cartridge as claimed in claim 32,
wherein the channel-forming element has a pressure
chamber formed on one side‘and a pseudo-chamber formed on the
other side at substantially opposed position with respect to
15 the pressure chamber, the depth of said pressure chamber being
greater than or equal to 85um, the thickness of the silicon

substrate between the pressure chamber and the pseudo-chamber

being greater than or equal to 100um.

© 20 36. An ink jet printing device compr;sing;
an ink jet printhead that includes an ink channel-forming
element made from a silicon substrate, a nozzle plate having a
plurality of nozzle bores, and a diaphragm defofmable for
pressurizing the ink;

25 an ink tank that contains ink to be supplied to the ink



conducting the pressurized fluid to a nozzle; 20 wherein the

nozzl e- conmuni cati ng channel is formed by anisotropic etching of the
silicon swbytamel after formng a through hole form ng p&cu/Jpg/argo et chi ng
of the silicon substrate. 25 45. The nethod as clained in claim44,
wherein a WO 03/049951 PCT/JP02/ 12796108211 process for preventing the
adhesi on of air bubbles to the etched surface is added during the

ani sot r opi 46t BELmE§A%cess. 46. The nethod as clainmed in claim44, 5
wherein the channel -formng elenent i's forned by a conbination of dry
etching of the sildaconagebshatatsipbortsf bhai hgk d ateepiiptbesthezhdporst i on and
ani sotropic etching of the silicon substrate. 10 15 20 47. The nethod as
cl ai med i nmelsabie4#4n avieiel Bchheingnlisaidwdpng ehehi ng process is perforned
using a multi-layered filmof a silicon oxide filmand a silicon

nitride-filmas A sERSKre &8 mecti® iBRL @99 88k A md g Bhebal mAd, Apherein
t he anlsotroplc etching process is perforned using™a nulti-layered film

of a SI 9588%' ?fH%”E%ngﬂgpﬁklﬁ h Itrl%&ﬁ%éo?%cuné% mask. 49. The

met hod as o aim Wher C 'etching process is

erformed using a nulti-|
P gwhereln saﬁ¥ %:channel forming element has an ink

channel formed therein, which ink channel has a surface whose

surface roughness Ra is not greater than 2Zum.

10 37. The ink jet printing device as claimed in claim
36,
wherein the ink channel has four corners inside the ink -
channel-forming elemeﬁt, while the ink channel has six 6btuse
angle corners at its outlet.
15
38. An ink jet printing device comprising;
an ink jet printhead that includes an ink channel-forming
element made from .a silicon substrafe, a nozzle plate having a
plurality of nozzle bores, and a diaphragm deformable for
20 pressurizing the ink;
an ink tank that contains ink to be supplied to the ink
jet printhead;
a carriage that supports the ink jet printhead and is
movable in a main scanning direction; and

25 a sheet feed mechanism for transferring sheets from an



filmof a silicon nitride film a silicon oxide film and a silicon
nitride filmas a mask.. 25 50. The nethod as clained in claim44, wherein
t he WO 03wO490&D5PCT/ JP02/ 12790 -112 ani sotropi ¢ et chi ng PETaeesR790s
performed using a silicon nitride filmas a mask.

-109-

input tray to an output tray via a printing area;
wherein the channel-forming element has a pressure
chamber formed on one side and 'a pseudo-chamber formed on the
other side at substantially opposed position with respect to
5 +the pressure chamber, the dépth of said pressure chamber being
greater than or equal to 85um, the thickness of the si;icon
substrate between tﬁe pressure chamber and the pseudo—chamber‘

being greater than or equal to 100 um.

10 39. The ink jet printing device as claimed in claim
38, |
wherein the ink channel is bonded to the nozzle plate and
the diaphragm and the surface area of the nozzle plate-bonded
surface is substantially equal to the surface area of the

15 diaphragm-bonded surface.

40. A method of producing a drop discharge»head
comprising the steps of;
providing a silicon substrate; and
20 forming a channel in the silicon substrate by wet etching
using a potassium hydroxide solution;
wherein the concentration of the potassium hydroxide
solution is greater than or equal to 25% and the process

temperature is greater than or equal to 80°C.

25



10

15

20

25

WO 03/049951 PCT/JP02/12790

-110-

41 . The method as claimed in claim 40, wherein a

process for preventing the adhesion of air bubbles to the

etched surface is added during the step of forming the channel.

42 . The method as claimed in claim 41, wherein the
process for preventing the adhesion of air bubbles comprises
swaying the silicon substrate.

43. The method as claimed in claim 41, wherein the
process for preventing the adhesion of air bubbles comprises

applying superéonic waves to the silicon substrate.

44 . A method of producing a drop discharge head

comprising the steps of;

providing a silicon substrate; and

forming a channel-forming element from the silicon
Substrate having a pressure chamber for containing a fluid to
be pressurized, and a nozzle—communicating channel for
conducting the pressurized fluid to a nozzle;

wherein the nozzle—communicating channel is formed by
anisotropic etching of the silicon substrate after forming a
through hole forming part by dry etching of the silicon

substrate.

45. The method as claimed in claim 44, wherein a
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process for preventing the adhesion of air bubbles to the

etched surface is added during the anisotropic etching process.

46. The method as claimed in claim 44,
wherein the channel-forming element ié formed by a
combination of dry etching of the silicon substrate for
forming a deeply etched portion and anisotropic etching of the

silicon substrate.

47. The method as claimed in claim 44, wherein the
anisotropic etching process is performed using a multi-layered
film of a silicon oxide film and a silicon nitride -film as a

mask.

48. The method as claimed in claim 44, wherein the
anisotropic etching process is performed using a multi-layered
film of a silicon oxide film and a silicon nitride film as a

mask.

49. The method as claimed in claim 44, wherein the
anisotropic etching process is performed using a multi-layered
film of a silicon nitride film, a silicon oxide film, and a

silicon nitride film as a mask. .

50. The method as claimed in claim 44, wherein the



WO 03/049951 PCT/JP02/12790

-112-

anisotropic etching process is performed using a silicon

nitride film as a mask.



