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" DESERI PTI O\ METHOD (OF FORM NG NOZZLE FOR | NJECTI ON DEVI CE

: ANQ’NET OF MANUFACTURI NG " I NKJET HEAD
TECHNI CAL FI ELD The present invention relates to a nmethod of formng a
nozzl e/for an ejection device for ejecting or spraying a liquid and a gas.

More articularly, the present invention relates to a nethod of formng a-
ﬂnozzre havi ng a cross- section which is made snaller stepw se toward the
-extreme end thereof by etching a silicon nonocrystal substrate. Further
nore, the present invention relates tola=method of forning a nozzle plate
which is preferable for an inkjet head for ejecting ink droplets.
BACKGROUND ART For exanpl e, tphgcripraionread of an inkjet printer
generally conprises a plurality of nozzles for ejecting ink droplets
therefromand an ink supply passage communicating wth the nozzles.
Recently, it is necessary to nore precisely and nore mnutely process
i nkj et heads to pETHOD WF FORMING NDZZCESFOR INIBETIONNDEVICEOr this
pur pose, there have been proposed _

: AND METHOD OF MANUFACTURING

INKJET HEAD

TECHNICAL FIELD

The present invention relates to a method of forming a
nozzle for an ejection device for ejecting or spraying a
liquid and a gas. More particularly, the present invention
relates to a method of forming a nozzle having a cross-
section which is made smaller stepwise toward the extreme
end thereof by etching a silicon monocrystal substrate.
Further more, the present invention relates to a method of
forming a nozzle plate which is preferable for an inkjet

head for ejecting ink droplets.

BACKGROUND ART
For example, the inkjet head of an inkjet printer
gehéréiiy-coﬁpriéés-é plufaliéf.of.nozéieé-fbf ejeétinglink
droplets therefrom and an ink supply passage communicating
with the nozzles. |
Recently, it is necessary to more precisely and more
minutely process inkjet heads to permit ultrafine characters

to be printed. For this purpose, there have been proposed
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y. et hods of form ng m cropore nozzles by applying

trOpi c-etching to a silicon substrate. It is preferable to use a
nozzl ¢ havi ng such a cross- - sectional shape that a thin nozzle hole

- portjfon is formed on the extrene end side thereof and a nozzle hole

A expanding in a conical shape or a pyram dal shape is forned at

> rear end side thereof in order to inprove the ink ejection

: -gﬁaracteristics of the respective nozzles of an inkjet head. For exanple,

. as disclosed in Japanese Unexani ned~P&t &nt Publication No. 56- 135075, when
a nozzle is formed in a cylindrical shape at the extrene end side thereof

and the i3’ medhdieof Forniagaddropord elodesNby applying

t runcat ed- quadr angul ar- pri sm shape at the rear side thereof, the

di r ect i o iglotirvpiv-eslriesy itpes &d ldromaibstaten an i nk cavity side can
be aligned in the axial directions of the nozzles, as conpared with a case
where cylindrittalis prefleabdeetosaede 8t abkelenkawejingt suahchacaossri stics
can be obtained thereby. That is, since variations in the trajectories of
i nk dr oplsetcd icava Ibshdparithated thiey nazelepholenped tioomisl formedn on
differing directions, whereby variations in the amount of the ink droplets

can be disprexdyene end sidejitdareadd and Paperede bRdLaPoFddomat ent

Publication No. 56-135075, however, since the truncated-quadrangul ar-
expanding in a conical shape or a pyramidal shape is formed

at the rear end side thereof in order to improve the ink
ejection characteristics of the respective nozzles of an
inkjet head. For example, as disclosed in Japanese
Unexamined Patent Publication No. 56-135075, when a nozzle
is formed in a cylindrical shape at the extreme end side
thereof and the inner periphery of the nozzle is formed in a
truncated-quadrangular-prism shape at the rear side thereof, .
the directions of ink pressures iﬁposed on nozzles from an
ink cavity side can be aligned in the axial directions of
the nozzles, as compared with a case where cylindrical
nozzles are used. Stable ink ejection characteristics can
be obtained thereby. That is, since variations in the
trajectories of ink droplets can be eliminated, they are

| pfevehted“ffom fiyiﬁé in.differing direétions, wheieby
vériations in the amount of the ink droplets can be
suppressed.

As disclosed in Japanese Unexamined Patenﬁ Publication

No. 56-135075, however, since the truncated-quadrangular-

prism-shaped inner periphery of the nozzle on the rear side



pri smshaped i nner periphery of the nozzle on the rear side

-3- is forned in a silicon substrate using anisotropic-etching, the inner
periphery is forned along the crystal direction of the silicon. Thus, the
inclining angle of the rear portion of the nozzle is reduced to obtain an
action for aligning the directions of ink pressures inposed on the nozzles
from the ink cavity side in the axial directions of the nozzles. That is,
it is inpossible to decrease the cross:sectional area of the nozzle on the
rear side thereof. I n contrast,’f%r'exanple, Japanese Unexam ned
Patent Publication No. 5-50601, filed by the applicant, discloses a

met hod oisngodinedt iihi Agsabiebackubstpate dsing aypeotnkpet-ebeRingp which a
nozzle and an ink supply passage are forned w th pinpoint accuracy by

appl yi ngtheofinhetrhpgraphgranidswedbrmed ypteongythal eapstal rdprectichiog to a
silicon nonocrystalline substrate. The inkjet head disclosed in the
publ i catthe smpiogsn.a This ucthe elnal irhirch amsyle esf tlesaresnt mriida suppl y
passages such as cavities and the like, and oscillating plates are forned
on a silo€ohhaonozeiet 45| raducadsteackbtabndad astiongfessakigsingde
substrate, on which electrodes for flexing the oscillating plates by

el ect rosthei 1reFtéonpeofoiRidpressurgheinpesed oA shetpezelee ErPBws a

manuf acturing method to_ be enployed in_which after the gatterns (nozzl es,
i nk the ink cavity side in thé axial directions of the nozzles.

That is, it is impossible to decrease the cross-sectional
area of the nozzle on the rear side thereof.

In contrast, for example, Japanese Unexamined Patent
Publication No. 5-50601, filed by the applicant, discloses a
method of manufacturing an electrostatic drive type inkjet
head in which a nozzle and an ink supply passage are formed
with pinpoint accuracy by applying:photolithography and wet-
type-crystal-anisotropic-etching ts a silicon
monocrystalline substrate.

The inkjet head disclosed in the publication employs a
structure in which nozzles, reservoirs, ink supply passages
such as cavities and the like, and oscillating plates are
formed on a silicon mqnocrystalline substrate bonded to a

"dlass electrode substrate, bh'ﬁhiéh-éiécffbdes fdr'fiéiing.
the oscillating plates by electrostatic force are formed.

The use of this structure allows a manufactﬁring method
to be employed in which after the patterns (nozzles, ink
supply passages, electrodes) of respective inkjet heéads are

formed on the respective substrates, the substrates are



supply passages, electrodes) of respective inkjet heads are fornmed on the
respective substrates, the substrates are

-4- bonded to each other and the thus-bonded substrates are cut and
separated into the respective inkjet heads (the so- called nethod of .
making nmultiple inkjet heads froma single substrate), whereby the inkjet
heads can be manufactured at |ow cost. Note that an exanple of the nethod
of making multiple inkjet heads frOEI% singl e substrate is disclosed in
Japanese Unexam ned Patent Publication®No. 9-300630, filed by the :
applicant. Specifically, the publication proposes a nethod of bonding a

pl ural it yafdesbvery eadistotdteds arahdhe fihms {ssxkge ssibsdinadtes iarea cubw st at e
so that termnals formed at a | ower substrate to supply a signal or power
are exposadl separdted domalihe ndspeatond dnkied headsd (Ghea scover
substrate for covering an ink supply passage and the cover substrate

itsel f i salsead a@t‘ehmgzczﬁ @3} inge mylit ipd epriatksgiedh headso £ roge @& scnglieat aft er
a single nozzle plate is bonded to a flow passage substrate, it be '
separ at eFukf iAot iwherehy dthe Hadiet fie: pevmpufipetvmasb @t

di scl osed in Japanese Unexam ned Patent Publication _No. 9-300630. I n
this caseo%h WFtoughors &bpsr agx gFempde: efnthg Bethedn@f BAKLRE | ower

SUbSt T At sl f1° SLEd LA O difgr SRR 1" il © Pl ate
in Japanese Unexamined Patent Publication No. 9-300630,
filed by the applicant. Specifically, the publication
proposes a method of bonding a plurality of cover substrates
and a flow passage substrate in a row state so that
terminals formed at a lower substrate to supply a signal or
power are exposed. |

Incidentally, when nozzles aré formed on a cover
substrate for covering an ink supply passage and the cover
substrate itself is used as a nozzle plate, it is preferable
for accuracy that after a single nozzle plate is bonded to a
flow passage substrate, it be separated to respective inkjet
heads, as compared with the method disclosed in Japanese
Unexamined Patent Publication No. 9-300630.

" In this éééé;'a'fhfbdgh-ﬁdle'fof eiﬁoéiﬁg terminals
formed on the lower substrate must be formed, in addition to
the nozzles, on the nozzle plafe as the uppermost substrate
of these three substrates.

Etching is carried out at a relatively low rate in a

process for forming nozzle holes because pinpoint processing



of these three substrates. Etching is carried out at a relatively | ow
rate in a process for formng nozzle hol es because pinpoint processing
-5- accuracy is required in the process. In contrast, etching is carried
out at a relatively high rate in a process for formng the through-hole
whose accuracy is relatively not as stringent as that for the nozzle hol es
because a reduction in etching tine takes precedence over processing
accuracy. As a result, the process jc¥ form ng the nozzle holes and the

h

process for form ng the through-hole, e etching conditions of which are

different fromeach other, have ordinarily been perfornmed i ndependently of
each ot haccuffdey issreqiiirzedtie the cprbecdss e iIn foomiewhsy, etchiimg t he
nozzle holes are etched; or after the nozzle holes are forned by etching,
t he thr olghcaottedterbdat a relwtiively | hidgle xade pimcespeecess afdmng to the
etching process, such as patterning including the formation of a resist
film meERFRERg aﬁ@ethbr%ggvml%fwk%erwuawm relalively et ta® | i ke,
must be carried out tw ce, whereby problens arise in that the .

manuf act SFFHYIPRB RS sthat 6ok Bhe noEzlphodetiiBRINEL i3 TeMCEYPRuni ng.
Problens,to be sol ved by the present invention, which, was nade in view of

t he abovénp%Fﬁ?§?9p?%%%rF?ge?eEFﬁ%e FCE HAVED| PIRFFRE 1R FTHERCY -

As a result, the process for forming the nozzle holes and
the process for forming the through-hole, the etching
conditions of which are different from each other, have
ordinarily been performed independently of each other. That
is, after the through-hole is formed by etching, the nozzle
holes are etched; or after the nozzle holes are formed by
etching, the through-hole etched. |

Thus, all the éub-processes relating to the.etching
process, such as patterning includiﬁg'the formation of a
resist film, masking, and the removal of the resist film,
rinsing, and the like, must be carried out twice, whereby
problems arise in that the manufacturing process is complex
and the manufacture is time-consuming.

Problems to be solved by the present invention, which
was made in view of the above points, pfiméfiij reside in
the following two points:

1) to propose a method for forming a nozzle for an
ejeétion device on a monocrystalline silicon substrate, the
nozzle having a substantial action for aligning the

directions of pressures imposed on nozzles from a cavity



1) to propose a nethod for formng a nozzle for an ejection device on a
nonocrystalline silicon substrate, the nozzle having a substantial action
for aligning the directions of pressures inposed on nozzles froma cavity
-6- side in the axial directions of the nozzles, as conpared wth the
action obtained by a conventional nethod; and 2) to propose a nethod
for manufacturing an inkjet head capable of formng a nozzle w thout

| owering the processing accuracy thqupf, as well as capable of formng a
through- hole, which is very large relative to the nozzle, on a
nonocrystalline silicon substrate sinmultaneously with the formation of the
nozzl e, tsieiehin sthelatiabhgdibect hows faftthe mpzrleses asmmbmpaited ng

manuf acturing tine. DI SCLOSURE OF THE | NVENTI ON To
sol ve t hevjrtlobthen dgtiomeoptained binvetomrertmxmals methird; etnchi ng net hod
by I'CP (induction coupled plasma) discharge as an ani sotropic dry-etching
met hod to forat@dpostd methost for geaufastmardads ea liak jete heiase
toward the extrene end thereof by applying etching to a silicon

nonocr yst@@paipke sebstemming a nozzkge without dlowemiay dihe @r¥ReRFSLNDzz] e of
the present invention, first, an oxidized silicon film for exanple, is
fornmed asRELRERTEtERereobn 3 RIS FaR3krle 9t dfpyming a through-

hole, which is very large relative to the nozzle, on a
monocrystalline silicon substrate simultaneously with the
formation of the nozzle, thereby simplifying the

manufacturing process and reducing manufacturing time.

DISCLOSURE OF THE ?NVENTION

To solve the problem 1), the pfesent invention employs
a dry-etching method by ICP (induction coupled plasma)
discharge as an anisotropic dry-etching method to form a
nozzle having a cross-section made smaller stepwise toward
the extreme end thereof by applying etching to a silicon
monocrystalline substrate.

That is, in a method of forming a nozzle of the present
invention, first, an oxidized silicon film, for example, is

 formed as a resist film on a surface of the silicon =

monocrystalline substrate. Next, a first opening pattern is
formed by removing the resist film at a portion
corresponding to the rear end of the nozzle and a second
opening pattern which is smaller than the first pattern is

formed by removing the resist film at a portion



nonocrystalline substrate. Next, a first opening pattern is forned by
removing the resist filmat a portion corresponding to the rear end of the
nozzl e and a second opening pattern which is smaller than the first
pattern is formed by renmoving the resist filmat a portion

-7- corresponding to the front end of the nozzle. Next, dry- etching is
applied by plasma discharge to the exposed portions of the surface of the
silicon nonocrystal substrate exposed by the first and second opening
patterns. At this tinme, a gas for eftﬁ?ﬁg silicon by conversion to a

pl asma by plasma di scharge and a gas for suppressing the etching of

silicon byoepesessdDigatd| BRERLBYN®! @sdeofli slidaicezbs £ Nexter ratyel y charged
into a processing vessel in which the silicon substrate is disposed. Wth

this processhigg Bs awgriedibyfplasda havscifabgerossstisecéxpas&di ch coi nci des
with the shapes of the respective opening patterns and is nade snaller
st epwi se porbicohe ektthkeesenfiacdeofothée osul cdmhanonaarysoal t dabsofate
Further nore, when the respective opening patterns are forned as described
bel ow, a expesedvbystherbirsteand oped¢end nepenimel pattermpwi P& fahdm t he rear
end thereof toward the extreme end thereof can be formed by perform ng
dry- et chi himepnd ygas ofen etehing oilicten shyiconversion ste, avipbasmy bine
manuf acturi ng process can be further sinplified., )
plasma discharge and a gas for suppressing the etching of
silicon by conversion a plasma by plasma discharge are '
alternately charged into a processing vessel in which the
silicon substrate is disposed. With this processing, a
nozzle is formed having a cross-section which coincides with
the shapes of the respective opening patterns and is made
smaller stepwise from the extreme end thereof toward the
rear end thereof.
Further more, when the respective opening patterns are
formed as described below, a nozzle whose cross-section is
made smaller stepwise from the rear end thereof toward the
extreme end thereof can be formed by performing dry-etching
only from a surface of the silicon substrate, whereby the
manufacturing process can be further simplified.
.'That”is,“éffer”a'regiét'filﬁ is formed on a surface of
the silicon monocrystalline substrate, the opening pattern,
which corresponds to the portion of the nozzle at the rear
end thereof, is formed at the resist film by half-etching

the resist film (firsf patterning process). Next, an

opening pattern which corresponds to the portion of the



That is, after a resist filmis formed on a surface of the silicon
nonocrystalline substrate, the opening pattern, which corresponds to the
portion of the nozzle at the rear end thereof, is formed at the resist
filmby half-etching the resist film(first patterning process). Next, an
openi ng pattern which corresponds to the portion of the

- 8 - nozzle at the front end thereof is fornmed as the exposed portion of
the surface of the silicon nonocrystalélne substrate by full-etching a
portion of the half-etched region of the resist filmat which the above
opening pattern is fornmed (second patterning process). Thereafter, a first
groove hanozmleaaprthet fronhedndephbrestf bs nBdribgd appl Yhagexpogeadt ching to

t he exposed portion of the silicon nonocrystal substrate by plasm

di schar gpottiiost ofir phet shrfigceppfctbe) siTheon monecrysvatliihace of the
silicon nonocrystal substrate is exposed by full-etching the half- etched
regi on osubAtratsi by fulirehchbingna persbienhafi ke ahapfeebehedi ned depth,
while the first groove remains on the bottomthereof, is fornmed by

appl yi ngregjonrt efi hhet sechet Silmcah whiaehrjBeapbeve %B%%%FﬁtEaEyeﬁnasna

di scharge

s ot ar 1 o8 B9TBPdskRCCARSCHAFBREP ARG BEPPREE) cr HRLARSF or Gt oS tonl v ¢ he
y the
surface DOLLEORading"E Sreh&RO-HRRSS" 4Shen! L0%SHRSS ﬁ‘;t;eaé"sfymg
dry-etching to the exposed portion of the silicon
monocrystal substrate by plasma discharge (first dry-etching
process). Then, after the surface of the silicon
monocrystal substrate is exposed by full-etching the half-
etched region of the resist film, a second groove having a
predetermined depth, while the first groove remains on the
bottom therecf, is formed by applying dry-etching to the
silicon monocrystalline substrate by plasma discharge
(second dry-etching process).
When anisotropic-dry-etching is started by plasma
discharge in the first dry-etching process, only the surface
portion of the silicon monocrystalline substrate whose
surface is exposed by the full-etching is vertically removed
by the etching so that the first groove having the
predetermined depth is formed. In the second dry;etching
process, the etching of the surface of the silicon
monocrystalline substrate is conducted in a state in which

the first groove which was removed first by the étching

remains as it is, and the second groove is formed. When



surface i s exposed by the full-etching is vertically renoved by the
etching so that the first groove having the predeterm ned depth is forned.
In the second dry-etching process, the etching of the surface of the
silicon nonocrystalline substrate is conducted in a state in which the
first groove which was renoved first by the etching remmins as it is, and
the second groove is fornmed. Wen

-9- etching conditions are properly_dgterm ned, the depth of the . portion
of the first groove can be set to a size which coincides with the nozzle
at the extrenme end thereof having a small cross-section and the depth of

t he port e$ehdng: genddddensd gréopsopeslyedeserningdsi thenwdeplihcoifnthees with
the nozzle at the rear end thereof having a | arge crgss-section.

Accor di n§OF&1PRe Ofethed fixsta grepveacasr Renses 46t ab8izeepbdechdl y forned on

the surface of the silicon nonqQcrystalline substrate. Further ngre, a
mast er p&Pﬂ@FﬁdeﬁeQ&tﬁoF%ﬁénP@F a%| §hg erEremper sRe Lhergeispavasg
nonocrystalliﬁi substrate i.n the s%gpmﬁse tateggéter recgss is formed

at the SPI FBETInGREERySERt 1Omant tBe JRRLR OX ERPGPRSTLGMN AE FBE:I o
sCepul ScPEFSREL SEEPTn Cal P 8ok FBoti Sars NRACD: RBRPCREPREHIER therg soi e
the problameAl sl S3all o' 2ALA8CHRLENS a%10FGR°8-BEG2086E:BHSN N2t

According to the method, a master pattern need not be
repeatedly formed on the surface of the silicon
monocrystalline substrate. Further more, a master pattern
need not be formed along the surface of the silicon
monocrystalline substrate in the stepwise state after a
recess is formed at the silicon moﬁocrystal substrate. Thus,
according to the nozzle forming method of the present
invention, the nozzle having the stepwise-cross-section can
be effectively and simply formed.

To solve the problem 2), the present invention employs
a method arranged such that a first fine groove acting as
the nozzle ié formed up to a predetermined depth and a
second groove acting as a part of a through-hole, which
exposes a terminal disposed on a substrate to be bonded to
the lower side of a substrate serving as a nozzle plate, are
formed from a surface of the substrate serving as the nozzle
plate by etching. Thereafter, a third groove, larger than

the first groove, is formed from the other surface of the

upper substrate by etching, and the nozzle and the through-



the nozzle is forned up to a predeterm ned depth and a second groove
acting as a part of a through-hole, which exposes a term nal disposed on a
substrate to be bonded to the |lower side of a substrate serving as a
nozzle plate, are formed froma surface of the substrate serving as the
nozzle plate by etching. Thereafter, a third groove, larger than the
first groove, is forned fromthe other surface of the upper substrate by
etching, and the nozzle and the throughy _ :

- 10 - hole are sinmultaneously fornmed by penetrating the first groove and
t he second groove. Wth this procedure, the through-hole can be forned
si nmul t andmls ang tsimid aneodsd wifidmmed hywpenednatdoags $iheg £imsdur acy. Wen
the through-hole is relatively targe, it is preferable to formthe second
groove byrscote @nd rhhe $ grgevsh foll ows the contour of the outer

peri phery of the through-hole. Since the etching area of the portion of
the through- Walta @aﬂsb@rpéedﬁéﬁrtﬁ@ﬁeEFFOPEé-h@gacFﬁBnbéff°§@€ﬁing speed
can be prevented, and the deterioration of the _accuracy of the grooves in

a depth GFBEGAAPURITeMIRP tHhe nazalis Fidhaute d WETANFa PEOCEFSR%E can be

t ed. BR| EF S PTI, ON THE NGS . Fig. 1
el CHEF A PSR SPELTEROREREIaTe SEakolaterelk LREGEs odtalfe urive.

type 'nmﬁ¥e &3 fé)eg“fg}m the second groove by etching into a shape

which follows the contour of the outer periphery of the
through-hole. Since the etching area of the portion of the
through-hole can be reduced thereby, the reduction of
etching speed can be prevented, and the deterioration of the
accuracy of the grooves in a depth direction caused by the

etching applied to a wafer surface can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view showing an
example of an electrostatic drive type inkjet head to which
a method of the present invention can be applied.

Fig. 2 is a schematic sectional view of the inkjet head
shown in Fig. 1.

in”Fig{ 3['(A)'is'éh éxplanatory'view Sh6Wiﬁ§ a first
thermally-oxidized-film forming process in a manufacturing
process of a nozzle plate for the inkjet head in Fig. 1, (B)
is an explanatory view showing a first patterning process of
a Si0, film in the manufacturing process, and (C) is an

explanatory view showing a second patterning process of the



a nethod of the present invention can be appli ed. Fig. 2is a
schematic sectional view of the inkjet head shown in Fig. 1. In Fig.
3, (A is an explanatory view showing a first thermally-oxidized-film
form ng process in a manufacturing process of a nozzle plate for the
inkjet head in Fig. 1, (B) is an explanatory view showing a first
patterning process of a SiQ2 filmin the manufacturing process, and (O is
an explanatory view show ng a second fftjerning process of the

SiJerr] filmin the manufacturing process. In Fig. 4, (A is an
explanatory view showng a first dry-etching process applied to a silicon
waf er in&ig fidmuinctbei mgnpfactyring phecesszl e plate for the inkjet

head in Fig. 1, (B) is an explanatory view showing a state after a

hal f - et ched- pdnt Fdg-i 4,r éADvds AR enWPlanabPayt Viewgshevdnegss, Licptis an
expl anatory vi ew show ng a second dry- etching process applied to the

si | i con WfYeretahing pragassh@ppliied focesdiliged wBFers 18n thepl anatory vi ew
showi ng a state after the SiJerr] filmis renoved in the  manufacturing
process. manufaqtyming pyrocegs iof fhepozale Alpte ERTskES dgkdedecond

thermal | y-oxj di zed-filmfqQrm.ng process in the manufactyrin rocess of
t he nozz?ﬁ?ad % & dhre (B3 e £FRLRNaYPrY, view showing % state

after a half-etched-portion is removed in the manufacturing
process, (C) is an explanatory view showing a second dry-
etching process applied to the silicon wafer in the
manufacturing process, and (D) 1s an explanatory view
showing a state after the SiO, film is removed in the
manufacturing process.

In Fig. 5, (A) is an explanatory view showing a second
thermally-oxidized-film forming prbcess in the manufacturing
process of the nozzle plate for the inkjet head in Fig. 1,
(B) is an explanatory view showing a third patterning
process of the Si0, film in the manufacturing process, (C) is
an explanatory view showing a wet-etching process applied to

. the silicon wafer in the manufacturing process, and (D) is’
an explanatory view showing a state after the SiO, film is
' removed in the manufacturing process.

Fig. 6 is an explanatory view showing a final
thermally-oxidized-film forming process in the manufacturing
process of the nozzle plate for the inkjet head in Fig. 1.

In Fig. 7, A) is an explanatory view showing a first

thermally-oxidized-film forming process in the manufacturing



(B) is an expl anatory view showing a third patterning process of the
Sigerr] filmin the manufacturing process, (C) is an explanatory view

showi ng a wet-etching process applied to the silicon wafer

n the

manuf act uri ng process, and (D) is an explanatory view showing a state
after the Sigerr] filmis renoved in the manufacturing process. Fi

6 is an explanatory view showing a final thermally-oxidized-filmformng

process in the manufacturing process 4 f the nozzle plate for the inkjet
head in Fig. 1. In Fig. 7, A) is~an explanatory view showing a first

thermal | y-oxi di zed-fil mformng process in the manufacturing

- 12 - process of another embodiment of the nozzle plate for the inkjet
head in Fig. 1, (B) is an explanatory view showing a first patterning
process bhkjesi Beadr inf Fiigvi b, t (B) nhaudncexsplagatprycesey ahdwimy as an

expl anatory view showi ng a second patterning process of the SiJerr] film

g.

in the nBahustcpattagnipgopsggess of anSEPg figm (im the manufactwtiatg view
showing a first dry-etching process applied to a silicon wafer in the
manuf act BEPRESHr 08Bs (69 ARoRRPXBABBAFAEN VAEW HROWERS| @ SBFaRd for the

inkjet head in Fig. 1, (B) is an explanatory, view show ng a
ol 1< ot CRABLRBRERGNRFICEEoYEAERE S LR btk (EH8 AT

State after

09) is an

explanatorxcgggmﬁ showi ng a second dry-etching process applied to the

silicon PY

In Fig. 8, (A) is an explanatory view showing a

first

dry-etching process applied to a silicon wafer in the

manufacturing process of another embodiment of the nozzle

plate for the inkjet head in Fig. 1, (B) is an explanatory

view showing a state after a half-etched portion is removed

in the manufacturing process, (C) is an explanatory view

showing a second dry-etching process applied to the silicon

wafer in the manufacturing process, and (D) is an

explanatory view showing a state after the SiO, film is

removed in the manufacturing process.

In Fig. 9, (A) is an explanatory view showing a

second

thermally-oxidized-film forming process in the manufacturing

process of the another embodiment of the nozzle plate for

“the inkjet head in Fig. 1, (B) is an explanatory view

showing a third patterning process of the S$iO, film in the

manufacturing process, (C) is an explanatory view showing a

wet-etching process applied to the silicon wafer in the

manufacturing process, and (D) an explanatory view showing a

state after the Si0, film is removed in the manufacturing

a



wafer in the manufacturing process, and (D) is an explanatory view show ng
a state after the SiJerr] filmis renoved in the manufacturing process.
In Fig. 9, (A is an explanatory view showi ng a second

thermal | y-oxi di zed-fil mform ng process in the manufacturing process of

t he anot her enbodi ment of the nozzle plate for the inkjet head in Fig. 1,
(B) is an explanatory view showing a third patterning process of the
SiJerr] filmin the manufacturing_pracess, (C) is an explanatory view
showing a wet-etching process applied to the silicon wafer in the

manuf acturi ng process, and (D) an explanatory view showng a state after

t he Si O2P¥PFPRPFs renoved in the manufacturing

-13- process., Fig. 10 is a graph showing the rel ationship between the

aperture ratiDidf B0 siFi oA IR FHAIENGLRE HR AL IQRSIER Pettrenfhet chi ng
process of a silicon, waf MODE FOR CARRYI NG, OUT THE

. r. ... BEST

| NVENTI ORPEFERRRpFatsap 8% AnRiLicRRAWAEBT VARE N2 R NEEPRERE EPFRYehRi On i s
appl i ed) Figt ﬁ.is an exglodgd penigectivefviem/of an inkjet head to
whi ch a FBBhBEYGFEERENE, BEBRE=F nOENRi BALEGR L2 GPpl i ed, and Fig. 2 shows a

schematic cross-section of the inkjet head in Fig. 1.

BEST MODE FOR CARRYING OUT THE INVENTION
(Example of an inkjet head to which the present invention is
applied)

Fig. 1 is an exploded perspecti&e view of an inkjet
head to which a method of the present invention can be
applied, and Fig. 2 shows a schematic cross-section of the
inkjet head in Fig. 1;

Description below is made with %eferénce to Figs. 1 and
2; the inkjet héad 1 of the example is an electrostatic
drive type inkjet head similar to the inkjet head disclosed
in Japanese Unexamined Patent Publication No. 5-50601, filed
by the applicant. The inkjet head 1 is arranged by
similarly bonding a nozzle plate 2 (upper substrate)
composed of a silicon monocrystalline substrate, a cavity
‘plate 3 (first lower substrate) composed of a silicon
monocrystalline'substrate, and a glass substrate 4 (second'
lower substrate).

Note that while both figures show a single head to
simplify description, pétterns for a plurality of inkjet

heads are formed on any of the substrates 2, 3, and 4.



Description belowis made with reference to Figs. 1 and 2; the inkjet head
1-of the exanple is an electrostatic drive type inkjet head simlar to the
i nkj et head disclosed in Japanese Unexam ned Patent Publication No.
5-50601, filed by the applicant. The inkjet head 1 is arranged by
simlarly bonding a nozzle plate 2 (upper substrate) conposed of a silicon
nonocrystalline substrate, a cavity plate 3 (first |ower substrate)
conposed of a silicon nonocrystallinejgubstrate, and a glass substrate 4
(second |ower substrate). Note that while both figures showa single
head to sinplify description, patterns for a plurality of inkjet heads
are formAfter dje cdubseratest are domded, they sare separated into -

- 14 - After the substrates are bonded, they are_separated into

i ndi vi duatndiridtahebrkiely keady kutbeingeuhdnl diing ene- planrl pl ane
D-D shown_ in Fig. 2. A plurality, of ink cavities 31 and a conmon i nk
reservoi r¢® ‘?Qﬁ? Blape Pnlg $RRWR LR Ht{l‘les%ect ive ink cavities 31 are
formed on the cavity plate 3.. A plural.it of nozzles 21 co nicating with
the respectiveé | ’é‘a‘v"ﬁx e%é ik é:r?d”itr'}@%éﬂplﬂf‘ & COMIRTk 3N ommuni cat i ng

t he respective les 31 with, t.he cqgggn I nk reservoir 32 are forned

jnk3§a¥it a ctive Jink
on the no’i??%r‘fﬁ”a]fe LA CRUPR YJS'&%p’rIy( ptbc?t . ﬂ%%p%lg 08 -
sectional s 3PS UL P8 £EAES o Y TP LY Y148 35 A plurality

of nozzles 21 communicating with the respective ink cavities
31 and ink supply ports 22 for communicating the respective
ink cavities 31 with the common ink reservoir 32 are formed
on the nozzle plate 2. Each ink supply port 22 has a cross-
sectional-shape such that a deep groove portion 22a is
formed at an end thereof and a shaliow groove portion 22b is
formed at the other end thereof.

Recesses 41 are formed on the élass substrate 4, which
is bonded on the back surface of the cavity plate 3, at the
portions thereof confronting oscillating plates 33 which
regulate the bottoms of the ink cavities 31. Individual
electrodes 42 are formed on the bottoms of the recesses in
confrontation with the oscillating plates 33.

Thé'iﬁdi§idﬁai'eiéétrbdes 42 are éonneétéd to
individual terminals 42b disposed in recesses 45 through
leads 42a disposed in grooves 44.

A through-hole 36 is formed at the cavity plate 3 so
that the individual terminals 42b are exposed when the

cavity plate 3 is bonded to the glass substrate 4. A common



formed at an end thereof and a shall ow groove portion 22b is formed at the
ot her end thereof. Recesses 41 are fornmed on the glass substrate 4,
which 1is bonded on the back surface of the cavity plate 3, at the

portions thereof confronting oscillating plates 33 which regulate the
bottonms of the ink cavities 31. Individual electrodes 42 are forned on the
bottons of the recesses in confrontation with the oscillating plates 33.
The individual electrodes 42 are connggted to individual termnals 42b

di sposed in recesses 45 through |eads™2a disposed in grooves 44. A

t hrough-hole 36 is fornmed at the cavity plate 3 so that the individual

t er mi nal tez@bnale3bxposddspherdt hin theviigiplityeof tBebbhdedghehohe gl ass
substrate 4. A commmon - 15 -

t er m nal 365tpschasgesan ehechsigpdi ahaygef tohthehescghlabing pbateschar ge
an electrical charge to the oscillating plates 33. A through-hole 23 is

al so forAdd a& Ehxoughrhele| 23 el alsp kpored taie thriingzrke plate kil s 42b
and the common term nal 35 when nozzle plate 2 is bonded to the | ower
subst r at 80 AKpPeFet hBehanddyidupdt Fsm&naﬁé 425i aed FhReCPmBON| ndi vi dual
'inkj et heads, an FPC ﬁnot shown) is connected to, these iidividual

t er m nal $eXBpnghq33swhen nogzienplagg @ 1§nPPRRSA bPI YRRoLEWSE i s forned at

the " bot Lom.of .the | Rk LESERY Bl LbSOITHY RS 08 ALK tne

individual inkjet heads, an FPC (not shown) is connected to
these individual terminals 42b and 35.

Further more, an ink supply hole 34 is formed at the
bottom of the ink reservoir 32 and communicates with an ink
supply passage 43 formed on the glass substrate 4. Ink can
be supplied from an external ink supély source to the ink
reservoir 32 through the ink supply passage 43 ahd the ink
supply hole 34. |

The oscillating plates 33 formed at the cavity plate 3
and regulating the bottoms of the respective ink cavities 31
act as a common electrode. When a voltage is applied across
the cavity plate 3 and the individual electrodes 42
confronting the respective oscillating plates 33, the
‘oscillating plates 33 confronting the individﬁal_elebtrddes“'
42 on which the voltage is applied are oscillated by
electrostatic force, whereby the volumes of the cavities 31
are changed and ink droplets are ejected from the nozzles 21.

The nozzle 21 is a nozzle having a stepwise cross-

section. That is, a small cross-sectional circular nozzle



supply passage 43 forned on the glass substrate 4. Ink can be supplied
froman external ink supply source to the ink reservoir 32 through the ink
supply passage 43 and the ink supply hole 34. ' The oscillating plates
33 formed at the cavity plate 3 and regulating the bottons of the
respective ink cavities 31 act as a common el ectrode. When a voltage is
applied across the cavity plate 3 and the individual electrodes 42
confronting the respective oscillating glgtes 33, the oscillating plates
33 confronting the individual electrodés 42 on which the voltage is
applied are oscillated by electrostatic force, whereby the volunes of the
caviti es partioe 2han(pdrtiddni ok arsmpakl scrossefecttondl opidap hwzzl es 21.
The nozzle 21 is a nozzle having a stepwi se cross- section. That is, a
smal | cr oﬁgm@@t¢@nﬁhecfr@utaﬁi3©zﬁfethe nozzle 21 in an ink droplet

- 16 - portion 2la (portion on a small cross-sectional side) is forned on
the fronte3egbing dhEe@gbioneand anlangerresspiestiepaki¢hycwlaection and a
| arge cross-sectional circular nozzle portion 21b (portion on_a |arge
cross- sechP?ahf BPHRION d1bo(RRHLEAN PR R cbRrEe RIPFRTIRALICONAL §idehat

direction, "Further nore, a boundary portion therepetween is arranged as
an annul atSsfeppe gﬁrFEEerﬁﬂE.S#ﬁ%r%ﬁ%¥%9fth%l%?ok%-t.§%d4+ﬁﬁ%ﬁl%ﬁape of

he nozzl g 20ub2 HBOE SILLSLSLGPL3E: of PR Lol D62 " L SEhLLET ST Wher

an annular stepped surface 21ic. Therefore, the cross-
sectional shape of the nozzle 21 is made smaller stepwise
toward the extreme end thereof when taken along the axial
line'thereof. Further more, the opening 21d of the nozzle
21 at the extreme end thereof is opened to the bottom of a
recess 24 formed at the opposite éurface of the nozzle plate

2.

(Embodiment of method of manufacturing nozzle plate)

Fig. 3 - Fig. 6 show an example of a process for
manufacturing the nozzle plate 2. A procedure for
manufacturing the nozzle plate 2 will be described wifh
reference to these figures.

(Step 1: first thermally-oxidized-film forming .

process)

First, as shown in Fig. 3(A), a silicon wafer 200
having a thickness of 180 microns is prepared and thermally
oxidized, and a SiO, film 210 having a thickness of at least

1.2 microns is formed on a surface thereof as a resist film.



‘Iine t hereof. Further nore, the opening 21d of the nozzle 21 at the
extreme end thereof is opened to the bottomof a recess 24 forned at the

opposite surface of the nozzle plate 2. (Enbodi nent of method of

manuf acturi ng nozzle plate) - Fig. 3 - Fig. 6 show an exanple of a
process for manufacturing the nozzle plate 2. A procedure for

manuf acturing the nozzle plate 2 will be described with reference to these
figures. (Step 1: first thermall xi di zed-filmformng process)

First, as showmn in Fig. 3(A), a silicon wafer 200 having a thickness of
180 microns is prepared and thermally oxidized, and a SiQ2 film 210 having
a thickness ofStepl|2asfirst Zpartwman; sprotess of @%Lﬁl%gcéltln@reof as a
resist film : (Step 2
first patterrNegtprageskowr imeFEy 2(B), fthe)Sio, fllme>2t10 £OVEXdmI in Fig.
3(B), the SiJerr] film210 covering the surface 200a of the silicon wafer
200 is h&he- §P€ﬁé§ea38°aa°§anérﬁlQGEBnaWéf&rp&PPeiﬁ barb-gtehedr add so as
to form the |arge cross-sectional nozzle ortlon Zéb of the nozzle 21 and
t he shal PoRﬂ@FSWeZBéPt ABA 22BabterReZPRR EﬁpF9nBS £ 50295 BEMHAFEm

fluoride etchagg. Furt her

nor e, 5£§t&ﬁrﬁ§ ggﬁgﬁ §gﬁ¥ggna? nozzie Xrglonuifg 8% Phe®nczz

21 and the shallow groove portion 22b of the ink supply port
22. Ammonium fluoride (HF : NH4F = 880 ml : 5610 ml) may be
used as an etchant. Further more, the etching depth can be
set to, for example, 0.5 micron.

(Step 3: second patterning process of the SiO, film)

Thereafter, as shown in Fig. 3(C), patterns 20la and
202a for forming the small cross-sectional nozzle portion
2la of the nozzle 21 and the deep groove portion 22a éf the
ink supply port 22 are formed at the portions of the
patterns 201b and 202b as the half-etched regions of the SioO,
film 210. That is, these half-etched regions are fully
etched to thereby form the patterns 20la and 202a where the
surface of the'siliéon wafer is exposed. A pattern 203 for
forming the electrode through-hole 23-is also formed by
full-etching the S§iO, £ilm 210 together with the above
patterns. Ammonium fluoride, similar to that used above,
can be also used as an etchant at this time.
' A resist film of a light-sensitive resin is used as a
resist film for partially etching the Si0, film. The resist

film is half-solidified when it is coated and then heated,



set to, for exanple, 0.5 mcron. (Step 3: second patterning process
of the SiJerr] film Thereafter, as shown in Fig. 3(C), patterns
201la and 202a for formng the small cross-sectional nozzle portion 2la of
the nozzle 21 and the deep groove portion 22a of the ink supply port 22
are formed at the portions of the patterns 201b and 202b as the

hal f-etched regions of the SiJerr] film210. That is, these half-etched
regions are fully etched to thereby ffgrnthe patterns 20la and 202a where
the surface of the silicon wafer is exposed. A pattern 203 for form ng
the el ectrode through-hole 23 is also forned by full-etching the SiJerr]
film 210 amelgdthlesr ivi tils coapdlededy satliddifdedAwireni atn fisudnrddersimilar to

t hat used above, can be also used as an etchant at this tine. A

resi st fiheated afitieghtitsdssiexippsedesind devedopeds dThexeafter;| bheor
partially etching the SiJerr] film The resist filmis half-solidified
when it iS40zofitd idsdetebadhaft@ascribed above, whereby the resist -
18 - and then it is conpletely SO|IdIerd mhen it is further heated after
it is exgdddd Ioxd e¥ehdingpdhe widdeon: 45 formedsi o2 filmis etched as.

descri bed above mhsre? the resist filmfor etching the silicon is
f or med. §F8p a: gFF§tdHerEFEHPﬁgPBPSE§§§) After the

Patterning | 5,9pBl! eflol 8408 508 IL! Dh310ea' th 8ne BLGO LT G V- Ot oI 0
twice, anisotropic-dry-etching is applied to the silicon
wafer 200 by plasma discharge as shown in Fig. 4(A). With
this processing, the surface of the silicon wafer 200 is
vertically etched in shapes corresponding to the patterns
201b, 202b, and 203 formed at step 3, whereby grooves 221,
222, and 223, having the same depth, are formed,
respectively. At this time, a carbon fluoride (CF) gas and
sulfur hexafluoride (SF,) can be alternately used as an
etching gas. The CF gas is used to protect the sides of the
grooves so that the etching does not advance thereto and the
SF, is used to promote the etching in the vertical direction
of the silicon wafer.

After the grooves 221, 222, and 223, each having an
' etching depth of, for examplé}'35'micrbhs;'aré'fbrméd”éé
described above, the Si0O, film 210 is removed in a thickness
of 0.7 micron by etching with a hydrofluoric acid agqueous
solution. As a result, the portions of the patterns 201b
and 202b formed at step 2 are completely removed as shown in

Fig. 4(B) so that the surface of the silicon wafer 200 is



waf er 200 by plasma di scharge as shown in Fig. 4(A). Wth this processing,
the surface of the silicon wafer 200 is vertically etched in shapes
corresponding to the patterns 201b, 202b, and 203 forned at step 3,

wher eby grooves 221, 222, and 223, having the sane depth, are forned,
respectively. At this time, a carbon fluoride (CF) gas and sul fur

hexafl uoride (SF[err]) can be alternately used as an etching gas. The CF
gas is used to protect the sides of theg grooves so that the etching does
not advance thereto and the SF[err] is used to pronote the etching in the
vertical direction of the silicon wafer. After the grooves 221, 222,
and 223, exngsethwing an etching depth of, for exanple, 35 microns, are
formed as described above, the SiQ2 film 210 is renoved in a thickness of
0.7 nicron by (Stem bg wacend Kra-etchdmnidc PXec@s§dueous solution. As a
result, the portions of the patterns 201b and 202b forned at step 2 are
conpl etel y ref§¥dd AniSQhReDLS-drygetehandsds; RerirkBedypgadd bY t he

silicon wafer

200, i s . ) - 19 -
exposed. Plasma d}3eharge A% RPQID -t dhidry 4hOcesdf @ resufgy; the

o o0t OBl S5 EhE SHEY Do P Ul B SHF R BRI g 20 Shown i
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thickness direction while maintaining the cross-sectional
shapes thereof. Etching gases used at this time are the
same as those used at step 4, and an etching depth is set to,
for example, 55 microns. As a result, a nozzle groove 231
having a cross-sectional shape corresponding to the stepwise
nozzle 21 and a groove 232 having a cross-sectional shape
corresponding to the ink supply port 22 are formed. 1In
addition, a groove 233 having a depth half that of the
electrode disposing through-hole 23 is also formed.

Thereafter, the Si0O, film 210 is entirely exfoliated
with a hydrofluoric acid aqueous solution (for example, HF :
HO =1 :5 %rol, at 25°C). Fig. 4(D) shows thié state.

(Step 6: second thermally-oxidized-film forming

process) | |

Subsequently, the surface of the silicon wafer 200 is
again thermally oxidized, thereby forming a Sib2 film 240 as
a resist film. It is sufficient to set the thickness of the
Sio, film 240 to 1.2 microns in this case also.

(Step 7: third patterning process of the SiO, film)



t hi ckness direction while maintaining the cross-sectional shapes thereof.
Et ching gases used at this tine are the sanme as those used at step 4, and
an etching depth is set to, for exanple, 55 microns. As a result, a nozzle
groove 231 having a cross-sectional shape corresponding to the stepw se
nozzle 21 and a groove 232 having a cross-sectional shape corresponding to
the ink supply port 22 are fornmed. In addition, a groove 233 having a
depth half that of the electrode digpg ?lng t hrough-hol e 23 is al so forned.
Thereafter, the SiQ2 film210 is entirely exfoliated wth a hydrofluoric

aci d aqueous solution (for exanple, HF : HerrJ]O=1: 5 vol, at
25[err]C). Fi glexDithshdmertinm of &he Si0, filmt 2p06co¥ering the
t hermal | y-oxi di zed-fil mform ng process) Subsequently, the

surface oPPPRRite|sepfacRfef 121@@ $s11%@ra|w|ai¢pérm 145 Bhcehed®s tHhavwby
formng a SIO2 film240 as a resist film It is sufficient to set the
t hi cknessi®fFi%e 5B P rTherehy oBerm A 1PPLHeER oM |GPETRSPRANG| &Y.

d f th
150" thelgs aé%ﬁ%i‘p{sf? Fonths nirete cairt nqaésee%a%imgpmenbpposue
f 0, hed ' 5( B)
Cher eby ?%ﬁ#%%'méﬁﬂn 5O e T T PO o oc S0 SFARAREC SR nozz o
21 is opegg @QS 3 Qgﬁtﬁén31393€§88r£€5€ﬁf9'{§hé0 t he t hrough-hol e 23. The

et chant u3ed®
(Step 8: wet-etphlng process)

Next, as shown in Fig. 5(C), anisotropic wet-etching is
performed on the exposed portion of the silicon wafer 200 by
dipping it into én etchant to form a groove 244
corresponding to the recess 24, and the through-hole 23 is
penetrated therethrough. Further more, a groove 23A
corresponding to the through-hole 23 is formed so as to pass
through the through-hole 23. An etchant used at this time
is a potassium hydroxide aqueous solution having a
concentration of 2 wt% and a liquid temperature of 80°C. An
etching depth is set to, for example, 110 microns. After
completion of the etching, the S§i0, film 240 is completely
exfoliated with a hydrofluoric acid agueous solution, as
shown in Fig. 5(D). | |

(Step 9: final thermally-oxidizing-process)

Finally, the silicon wafer is again thermally oxidized
and a Si0, film is formed in order to secure the ink
resistant property of the silicon wafer and the intimate

contact property of a nozzle surface achieved by water



at step 2 can be also used at this tine. (Step 8: wet-etching
process) Next, as shown in Fig. 5(C), anisotropic wet-etching is
performed on the exposed portion of the silicon wafer 200 by dipping it
into an etchant to forma groove 244 corresponding to the recess 24, and
the through-hole 23 is penetrated therethrough. Further nore, a groove 23A
corresponding to the through-hole 23 is forned so as to pass through the

t hrough-hol e 23. An etchant used at Lthy$ Linme is a potassium hydroxide _
aqueous solution having a concentration of 2 w%and a |iquid tenperature
of 80[err]C. An etching depth is set to, for exanple, 110 microns. After
conpl et i GiERALIING PEIFEREiINGe Fhep nozzhe piate Goﬁﬁﬂepélﬁbté%ﬂGﬁréﬁed with
a hydrofluoric acid aqueous solution, as shown in Fig. 5(D). (Step
9: final HMrIRIVS-BEQHRN F@tprocess) Finally, the silicon wafer is
again thermally oxidized and a SIQ2 filmis fornmed in order to secure the

I nk resistant property of the silicon wafer and the intimate contact

b
PO Clnfh iR ARG SRR N Feiartaring, 2A%HA by the

above pr (Another enbodi ment of met hod of manufacturing a nozzle
Pravef

In the above embodiment, etching is conducted on a
surface of the silicon wafer 200 for forming the nozzle
plate 2 so that the fine groove 231 acting as the nozzlé 21,
and a part of the groove 223 acting as the electrode wiring
through-hole 23, are formed. Further more, the grooves 244
and 2337, which are larger than the groove of the nozzle 21,
are formed from the other surface of the silicon wafer 200
so that the nozzle groove 231 penétrates the groove 244 to
thereby form the nozzle 21, and tﬁe groove 233 penetrates
the groove 233A to thereby obtain the through-hole 23 at the
same time.

When the etched area of the through-hole 23 is made
veiy la:ge in the dry-etching processes at steps 4 and 5 at
the time the nozzle and the through-hole are formed by the
above method, etching speed will be reduced and variation of
etching depths will be greatly increased at the surface of
the wafer. However, these problems can be solved by the
method described below.

Fig. 7 -~ Fig. 10 show the manufactﬁring process of the

nozzle plate 2 of another embodiment of the present



pl at e) In the above enbodi nent, etching is conducted on a surface of
the silicon wafer 200 for formng the nozzle plate 2 so that the fine
groove 231 acting as the nozzle 21, and a part of the groove 223 acting as
the electrode wiring through-hole 23, are fornmed. Further nore, the
grooves 244 and 233A, which are larger than the groove of the nozzle 21,
are formed fromthe other surface of the silicon wafer 200 so that the
nozzl e groove 231 penetrates the groo 244 to thereby formthe nozzle 21,
and the groove 233 penetrates the groove 233A to thereby obtain the

t hrough-hol e 23 at the sane tine. When the etched area of the

t hr ough- Hgeventdons nEbe masufactngéngnpraceduyecofhthg peockespltate steps 4
and 5 at _the time the nozzle and the through-hole are forned by the above
net hod, & &Hildg bspdesagiibedyaitddyesferangey &0 dhess Siguseshi nfrdepehs wil |
be greatly increased at the surface of the wafer. However, these problens
can be sdold@WNG KesGrRiTtdPHedda Begcrdpdion of thegpoxnisrig. 10 show

t he nanufacturin%_prOQess of the nozzle plate 2 gf anot her enbodi ment of
the pres&ferlapping with the above embodiment will beyemittegyention. The

manuf act uri ng ggoce ure gf tB nozzle plate 2 will be described with
reference to {REER i guP € the follow ng description, the description

of the pointsA first thermally-oxidized-film forming process is
carried out in step 1 and a first patterning process for a
§i02 film is carried out in step 2 in manners similar to
those in the above embodiment. A second patterning process
for the.SiOz film is carried out in step 3 thereafter in
manner similar to that in the above embodiment. However, a
pattern 303 for forming an electrode.thrOUgh-hole 23 is
formed on the SiO, film 310 by full-etching it into a groove
shape so that the contour of the outér periphery of the
through-hole 23 is drawn. Note that ammonium fluoride,
similar to that above, can be used as an etchant at this
time.
(Step 4 ~ step 5)
After the patterning is conducted on the SiO, film 310
" as described above, anisotropic-dry-etching is applied to a
silicon wafer 300 by plasma discharge, for example, by ICP
discharge as shown in Fig. 8(A) in manner similar to the
above embodiment.
With this processing, in step 4, a surface of the

silicon wafer 300 is vertically etched in the shapes



overl apping wth the above enbodiment wll be omtted. (Step 1 - step
Afirst thermally-oxidized-filmformng process is carried out in
step 1 and a first patterning process for a Siderr] filmis carried out
in step 2 in manners simlar to those in the above enbodi nent. A second
patterning process for the SIQ2 filmis carried out in step 3 thereafter
in manner simlar to that in the above enbodi nent. However, a pattern 303
for formng an el ectrode through-hol e % is formed on the SiJerr] film
310 by full-etching it into a groove Shape so that the contour of the
outer periphery of the through-hole 23 is drawn. Note that ammoni um
fl uori de,cosrespandingt hat pabberns c3dlbe 3820, aandin3 @3 ciermeditin hskept i ne.
(Step 4 - step 5) After the patterning is conducted on the Sierr]
film 310 3asW§@§€be9§0‘a%$e$2hni% ro@m@-mgy-m*cimgtn% Sape i depth a
silicon wafer 300 by plasma di scharge, for exanple, by ICP discharge as

shown in #F9. fermed; nreEPReEiEekYtar to the above enbodi nent. Wt h
this processing, in step 4, a surfage of _th silicon wafer 300 .is
vertigally ot SHiRFGaE 55 SHiH L0, £iln’310"1s completely removed at _ 3

arooves. 3608 BEBrAGRE SBERS PRCCERES SMED depd 025 With & 1P Mhereny
hydrofluoric acid agueous solution and anisotropic-dry-
etching is carried out again by plasmé discharge, for
example, by ICP discharge as shown in Fig. 8(C). As a
- result, the surface portions of the silicon wafer exposed
from the patterns 301b, 302b, and 303 are vertically etched
in a thickness direction while maintaining the cross-
sectional shapes thereof.

In any of the dry-etching proceéses performed twice in
step 4 - step 5, the groove 323 is only the outer peripheral
‘groove for forming the through-hole. Thus, the etching area
can be greatly reduced and etching speed can be increased,
and the variation of the etching depths in the surface of
the wafér can be improved.

Fig. 10 shows an example of the relationship between
described here is the ratio of the area of the etched
portions of the wafer to the area of the wafer. When the
aperture ratio is, for example, 30%, the etching speed is
1.4 ym/min, and when the aperture ratio is, for exémple, 7%,

the etching speed is 1.9 Um/min, as shown in Fig. 10. That



are formed, respectively. Thereafter, the SO film 310 is conpletely
renoved at the portions of the patterns 301b and 302b with a hydrofluoric
aci d aqueous solution and anisotropic-dry- etching is carried out again by
pl asma di scharge, for exanple, by ICP discharge as shown in Fig. 8(C). As
a result, the surface portions of the silicon wafer exposed fromthe
patterns 301b, 302b, and 303 are vertically etched in a thickness
direction while nmaintaining the cr03§-24sgctional shapes t hereof. In
any of the dry-etching processes performed twice in step 4 - step 5, the
- groove 323 is only the outer peripheral groove for formng the
t hr ough- hi$ . whemysthe hapexrthregratta isaredreced eftnowy IWH ke d? andcke chi ng
speed can be increased, and the variation of the etching depths in the
surface odtchheggpeed ciRcreaseprahet 36%. Fugther SvdRs Fegarsddmde of the
rel ati onship between the etching speed and an aperture ratio. The aperture
rati o detkei vRELAEERN| Qf { Hoe rdephafin Hehareafer swefagendthendihe ons of
the wafer to the area,of ,the wafer. When the aperture ratio is, for
exanpl e, FWRLLERE FRALHP niS sHled FRS UNLIQERIYY IR iEhe R iRk SHHaer t ur e
L 3 : , .
A0 15,1 Ofy X8RI &4 "When ' 1 SLSELAR PSS S1d o | U Tl Rorrfgnon
i i 0, 0,
the apertuge fatiQeb? LEIESEY [£O03000Y OingRoddl to 4s.
Thereafter, a second thermally-oxidized-film forming

process (step 6), a third patterning-process for the SioO,

film (step 7), a wet-etching process (step 8) and a final

thermally-oxidizing-process (step 9) are carried out in

manners similar to those of the above embodiment, whereby

the nozzle plate is completed. Note that in step 8, a

groove 333A formed by anisotropic-wet-etching penetrates a

groove 333 formed in step 5, whereby the silicon of the

portion of the inside of the groove 333 is removed from the

silicon wafer 300 so as to form the through-hole 23.

(Other eﬁbbdiments)

As other anisotropic-dry-etching methods, ECR (electron
| cyéldtrdn'fésbnaﬁééf diéchafgé;'ﬁWP'(heiiébﬁ'Wavé'plésma) |
discharge, RIE (reactive ion etching) and the like may be

used. |
Further more, while the inkjet head used for an inkjet
printer has been described in the above embodiments, the

present invention is not limited thereto, and it is



etching speed increases about 36% Further nore, regarding the variation
of the depths in the wafer surface, when the aperture ratio is 30% the
uniformty in the wafer surface is 6% whereas when the aperture ratio is
7% the uniformty in the wafer surface is greatly inproved to 4%
Thereafter, a second thermally-oxidized-filmformng process (step 6), a
third patterning-process for the Sierr] film(step 7), a wet-etching
process (step 8) and a fi nal thernaLI¥505idizing-process (step 9) are
carried out in manners simlar to thosé of the above enbodi nent, whereby
the nozzle plate is conpleted. Note that in step 8 a groove 333A forned
by ani sotebpect nee - eo capply pthet nazzke afoymibny ansdsrd crfirethe rpxesents,
whereby the silicon of the portion of the inside of the groove 333 is
renoved fioverhéonsteoithe nezzle30) an edecbionrdevige tprovifedoriting.

(O her e’n‘oodim&*nts%‘hr As ot her anigotrqgic-dry-etching met_hods, ECR

(el ectron? R9ZFHEr BT r EBEARARE) 2 dl 5@Wid gend I 3he| FOFh eXRMP LS ra dh®

di scharge, RIE (reactive ion etching).and the_like may be uagg.

Furt her nBF&SeQhi +RVERELPRLRY h%aﬂgﬁ%% 8P SR nRtnoz7 et das been

?ﬁ:f;;gedgﬁglgEgjgggxgneggggégeg£séntgggigr?sent |nvent|o? EZ ?ot [imted



effective to apply the nozzle formng nethod of the present invention to
the nozzle of an ejection device provided with .a nozzle for spraying a
liquid and a gas. For exanple, the present invention may be applied to
formthe nozzle of a fuel injection device of an engine.

- 26 - CLAI M5 1. Anethod of formng a
nozzl e for an ejection device by conducting etching on a silicon
nonocrystal line substrate, conprising4de steps of: form ng a resi st
filmon a surface of the silicon nonocrystalline substrate; formng a
first opening pattern by renoving the resist filmat a portion
corresponding to the rear end of theClidM8 e; formng a second opening
pattern snmaller than the first pattern by renoving the resist filmat a
portion corresponding to the front end of the nozzle; and formng the
nozzl e whose cross-section is made smaller stepwise fromthe rear, end
toward the froht hd@FhedRLiFRIMING -2tRIFFHL KPS BRI R QR GRV IR t he
exposed portions of . the surface of the silicon nDnochiLalline substrate
exposed BY FﬁédPFFépgaﬁﬁcgéGGhHHOBeﬁ#ﬁdc8§tF@PﬁgFYSta ine substrate,

comprising the steps of:

forming a resist film on a surface of the silicon
monocrystalline substrate;

forming a first opening pattern by removing the resist
film at a portion corresponding to the rear end of the
nozzle;

forming a second opening pattern smaller than the first
pattern by removing the resist film at a portion
corresponding to the front end of the nozzle; and

forming the nozzle whose cross-section is made smaller
stepwise from the rear end toward the front end by applying
dry-etching by plasma discharge to the exposed portions of
the surface of the silicon monocrystalline substrate exposed

by the first and second opening patterns.
2. A method of forming a nozzle for an ejection device
according to claim 1, wherein said resist f£ilm is a silicon-

oxide film.

3. A method of forming a nozzle for an ejection device

according to claim 1, wherein the dry-etching is carried out

W



2. A nethod of form ng a nozzle for an ejection device according to claim

1, wherein said resist filmis a silicon- oxide film 3. A net hod
of form ng a nozzle for an ejection device according to claiml, wherein
the dry-etching is carried out - 27 -

by alternately using a gas for etching silicon by being converted into a
pl asma by plasma di scharge, and a gas for suppressing the etching of
silicon by being converted into a plagfe_by plasma di scharge. 4. A
met hod of formng a nozzle for an ejection device according to claimSsg,
wherein the gas for etching silicon by being converted into a plasnma is
sul fur fRYord rwltmém% ¥ s R SIShigng B 1dCoR Ry (?Ieléigl i con by

bei ng converted nto a sna [ carbon fl yori de. A net hod of
form ng £WYEAE 5 Plaghg (935 ShaTigsui ﬁ@dstaeﬁﬁlsséotromard t he
extreme end thereof r J njectiaon devi ap I tchln to a
Silicon wmmm%%ﬁyﬂda&ft%&m i, Dl 13 by Por i ng

step for ffggﬁéw a reS|sté{ a surface of the silicon nDnocrystalllne
substrat & H ass[map rﬁ;geprocess for form ng an opening

4. A method of forming a nozzle for an ejection device
according to claim 3, wherein the gas for etching silicon by
being converted into a plasma is sulfur fluoride, and the
gas for suppressing the etching of silicdn by being

converted into a plasma is carbon fluoride.

'5. A method of forming a nozzle, which has a cross-
section narrowing stepwise toward the extreme end thereof,
for an injection device by applying etching to a silicon
monocrystalline substrate, comprising:

a resist film forming step for forming a resist film on
a surface of the silicon monocrystalline substrate;

a first patterning process for forming an opening
pattern, which corresponds to the portion of the nozzle at

' ‘the rear end thereof, at the resist film, by half-etching

the resist film;

a second patterning process for forming an opening
pattern, which corresponds to the portion of the nozzle at
the front end thereof, as the exposed portion of the surface

of the silicon monocrystalline substrate by full-etching a

Hllllll mm lllH Hlll I Illl



pattern, which corresponds to the portion of the nozzle at the rear end
thereof, at the resist film by half-etching the resist film a
second patterning process for formng an opening pattern, which
corresponds to the portion of the nozzle at the front end thereof, as the
exposed portion of the surface of the silicon nonocrystalline substrate by

full -etching a - 28 - portion of the
hal f-etched region of the resist filmag _which the opening pattern is
f or med; a first dry-etching process for formng a first groove having

a predeterm ned depth by agplying dry-egching to the exposed portion of
t he silicparbtbancefisthel hasfsabehedt segyonppiishhedreshst gbilmnat a
second dry-etching process for exposing the surface of the silicon
monocr yst Whifhetbabepeningbpattierneiehf@gmede hal f-etched region of the
resist filmand thereafter formng a second groove having a predeterm ned
depth while thR first deyRbtehiRGeRPFRCSTS tFRX DRI HerlebtshyIERANS i ng
dry-etchigg .to the siIicon,nnaogrgstaLline ubstrate bg glasna di schar ge.
6. A met hBAVSRIT Br RFRGSESFBIDPE HBPtANDY) REPIBANTF XeetehiBI dFAGERS clai m
> mherelgxégge&egég ihh! B 8nd 8% iggﬂ_mogééggsééiflne substrate by
plasma discharge; and
a second dry-etching process for exposing the surface
of the silicon monocrystalline substrate by full-etching the
. half-etched region of the resist film and thereafter forming
a second groove having a predetermined depth while the first
groove remains on the bottom thereof by applying dry-etching

to the silicon monocrystalline substrate by plasma discharge.

6. A method of forming a nozzle for an ejection device
according to claim 5, wherein the resist film is a silicon-

oxide film.

7. A method of forming a nozzle for an ejection device
according to claim 5, wherein the dry-etching is carried out
by alternately using a gas for etching silicon by being
converted into a plasma by plasma discharge, and a gas for
suppressing the etching of silicon by being convefted into a

plasma by plasma discharge.

8. A method of forming a nozzle for an ejection device

I



7. A nethod of form ng a nozzle for an ejection device according to claim
5, wherein the dry-etching is carried out by alternately using a gas for
etching silicon by being converted into a plasna by plasma di scharge, and
a gas for suppressing the etching of silicon by being converted into a

pl asma by plasma di scharge. 8. A nmethod of formng a nozzle for an
ej ection device - 29 - according to
claim5, wherein the gas for etchinglgdiixwlby bei ng converted into a
plasma is sulfur fluoride, and the gas for suppressing the etching of
silicon by being converted into a plasma is carbon fluoride. 9. A
met hod ofictordiing &onclalim fer whereiscthengdevifor ebtebdndi aglioconl bym 5,
wherein the nozzle is forned by penetrating the first groove by applying
met-anisb?ﬁ@ﬁi@onvéﬁ@ﬁﬁn@nﬁ§iﬁgP&ﬁSEﬁch&nﬁugﬁu?hélgprldén ﬁﬁﬂo&g9stalline
substrate fromthe surface thereof opposite to the surface to which the
dry- et chOa§ £9rafpPPE§ssing the efChAngePRodidlcRBNDY aBBERINg an i nkj et
head, co rising the step_ of bonding a substrate on which an ink passage
is for rreEngHetrﬁs | $REP & ﬁéaémat k& SArPeBnfiuptifgte provided with the
nozzle formed by a method according to any

9. A method of forming a nozzle for an ejection device
according to claim 5, wherein the nozzle is formed by -
penetrating the first groove by applying wet-anisotropic-
etching using an etchant to the silicon monocrystalline
substrate from the surface thereof opposite to the surface

to which the dry-etching is applied.

10. A method of manufacturing an inkjet'head,
comprising the step of bonding a substrate on which an ink
passage is formed to the lower side of the silicon substrate
provided with the nozzle formed by a method according to any
one of claims 1 to 9 so as to communicate the noézle with

the ink passage.

11. A method of manufacturing an inkjet head by:

disposing and forming recesses acting as a part of the
discharge portions of the inkjet head in a row arrangement
on a lower substrate as well as disposing and forming
terminal portions on the lower substrate to supply a signal

or power to pressure generating means which are provided

T



one of clains 1 to 9 so as to conmuni cate the nozzle with the ink passage.
11. A nethod of manufacturing an inkjet head by: di sposi ng and form ng
recesses acting as a part of the discharge portions of the inkjet head in
a row arrangenent on a |lower substrate as well as disposing and form ng
term nal portions on the | ower substrate to supply a signal or power to
pressure generating neans which are provided

- 30 - wth the respective dischargesportions; form ng nozzles and a
t hrough-hol e at an upper substrate, which is bonded to the upper side of
the | ower . substrate, so that the nozzles communicate with the respective
di schar g¥igBr then¥egrgctivet ALsGHATASI BPOEXHOBE; the termi nal portions when
t he upper substrate is bonded tgo the | ower substrate; and

manuf act ur i ngtPRBLRAKRREZLRALRy DoFMIh IR et WPPRUbstrate, the
noz2 1 os BHDESEALEy cHBAERACHONTER: FoakheS BBEEnBLgF oo cthet 1SES a part
O ok, BB hoLe, LRSI 213UhL acteg! cLhg, HPREL oSybeh!ghe DY et ching, and
other surLaRecolyha ahleed BHRLLALCaRY RLoDhPgugAn3L ULLB05R1S! Y

the terminal portions when the upper substrate is bonded to

the lower substrate; and

manufacturing the inkjet head by bonding the respective

substrate, the method comprising the step of forming first

fine grooves acting as the nozzles up to a predetermined

depth and a second groove acting as a part of the through-

hole from a surface of the upper substrate by etching and

thereafter forming third grooves larger than the first

grooves from the other surface of the silicon substrate by

etching and simultaneously forming the nozzles and the

through-hole by penetrating the first grooves and the second

groove.

12. A method of manufacturing an inkjet head according
to claim 11, wherein the second grooves are etched so as to

draw the contour of the outer periphery of the through-hole.
13. A method of manufacturing an inkjet head according

to claim 11 or 12, wherein the upper substrate is a silicon

substrate, the first grooves and the second grobve are

gy



t hrough-hol e by penetrating the first grooves and the second groove.

12. A nethod of manufacturing an inkjet head according to claim 11,
wherein the second grooves are etched so as to draw the contour of the
outer periphery of the through-hole. 13. A method of manufacturing
an inkjet head according to claim1l or 12, wherein the upper substrate is
a silicon substrate, the first grooves and the second groove are

- 31 - formed froma surface of the sjjicon substrate by dry- etching
.using plasma discharge, and the third grooves are fornmed fromthe other
surface of the silicon substrate by wet-etching. 14. A method of
manuf act &oxmgdaf XioRk jae s Hdag a ©do tdlien § ildgody ém??\stg,atﬁhéyeﬂﬁh resist film
used to perfarmthe dry- etching is a silicon-oxide-film the surface of

t he siIi@$ﬁh¥§@b§¥¥%W%aH¥95€?b§§§6h@fgéhcﬁmﬁgtpﬁet§PFﬁc6ﬁ98YP§iééﬁhfiIrn

n ry- hi j | i h rti,Qn.
and dry (:aftca(j::ntle%g frséma%el %%hte?: tsu%f%)él?aosé%dt%% tslﬁr:].con substrate by

wet-etching.

14, A method of manufacturing an inkjet head according
to claim 13, wherein a resist film used to perform the dry-
etching is a silicon-oxide-film, the surface of the silicon
substrate is exposed by etching the silicon-oxidized-film,

and dry-etching is applied to the exposed portion.
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