SPECI FI CATI ON | NK JET PRI NTER HEAD AND- MANUFACTURI NG METHOD THEREOF
TECHNI CAL FI ELD The present .i nvent.ion relates to an ink jet printer
head wusing a piezo-electric elenent as a driving source for ejecting an
i nk and a manufacturing nethod thereof. BACKGROUND ART There is
avai l abl e a piezo-electric type ink jet printer
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head using a piezo-electric element conprising a PZT as an

el ectronmechani cal conversion elenent which is a driving source for
ejecting a liquid or an ink. Fig. 11 illustrates the structure of a
typical ink jet printer head of this type: 12 is a head base; 29 is a
common el ectrode (vibrating plate); 32 is a piezo-electric elenent; 33 is
a ink presswod8dpidbber; 35 is a nozzle plate having an i nRCHIR8RE®i ng
nozzle port 13; 36 is an ink inlet; 37 is a-reservoir; 38 is an ink tank
port; and-other conponent elenments inglude a wiring pattern, a signal
circuit, an ink tank and the |ike not shown. Such an ink jet printer
head is manufactured by a process achieved by t applicatjon_in general
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-2- Fig. 11 cut along the line A-A . As shown in Fig. 12(a), the
common el ectrode 29, a piezo-electric thin film 30 and an upper el ectrode
31 are sequentially formed on a silicon substrate (wafer) 39. Then,
as shown in Fig. 12(b), a resist layer 15 is formed on the upper el ectrode
31, exposed and developed into a prescribed pattern through a mask to
pattern t hewoosiessl | ayer . As shown in Fig. 12(c), tHRCTHPEY/YHEHS ectric
thin film30 and the upper electrode 31 are etched with the resist |ayer
15 as a mask. Then, the resist layer 45 is stripped off, thereby
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obtaining the piezo-electric el enent 32. Then, as shown in Fig.

12(d), a resist layer 15 is formed on the surface opposite to the side on
whi ch the piezo-electric elenment 32 has been fornmed, exposed and devel oped
into a prescribed pattern through a nmask to pattern the resist |ayer 15.
Wth this resist layer 15 as a mask, an oxide film40 and the silicon
waf er 39 arWOoMBHMSl, and the resist layer 15 is stripped BETJPIBOLIS

ebtai ning the head base 12 having the ink pressure chanber 33 forned

t her eon. The nozzle plate 35 havigng an ink discharging nozzle port

13 formed at a position corresponding to the ink pressure chanber 33 is
connected (adheres) to the thus manufactured head base 12 via an adhering
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the like are formed to conplete an ink jet printer head.

- 3- DI SCLOSURE OF | NVENTI ON Along with the recent progress
achieved in the area of personal conputer, ink jet printers are becon ng
rapidly nmore popular. For further popularization of ink jet printers
hereafter, it is necessary to reduce cost and achieve a higher resolution,
and for thi woR8HpBte, cost reduction and achi evenent of aPET/IREH1678
resolution of ink jet printers are essential- problens to be sol ved.
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Wth the foregoing conventional art, however, it is necessary to provide a
nunber of steps for the manufacture of a head base, and it is not easy to
remar kably reduce the cost. For achi eving a higher resolution
furthernore, it is necessary to reduce the width and height of the ink
pressure chanber and the width of a partition dividing the ink pressure
chanmber (r oyoe®sdxled by W H and W, respectively, in Fi gPCTaP98/01678 I n

:t he above-nentioned conventional art, however, the ink pressure chanber
has substantially the sanme height as tghe thickness of a silicon wafer. In
order to reduce the height of the ink pressure chanber, therefore, it is
necessary to use a thinner silicon wafer. It is however the current

practi ce @ %o waf ers having a thickness of about 200 [err]m and the use
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t herefrom Further, in the aforesaid conventional art, the head base
-4- and the nozzle plate are integrally forned w thout using an adhesive.
It isthereforedifficulttopreventundesirableflow of the adhesive intothe
i.nk pressure chanber as a result of achievenent of a higher resol ution.
The present_invention is therefore to solve these problens and has an
object to pPMOBE3L et hod of nmanufacturing an ink jet heB@I/#IBeHernits
fmanuf acture thereof through a sinple process, to enable to cope with a

hi gher resolution at a | ower 7
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cost. The net hod of manufacturing an ink jet printer head of the

I nvention, conprises the step of ejecting an ink by pressurizing an ink
pressure chanber by neans of a piezo-electric elenent deforming in
response to an electric signal, provided on a head base form ng the ink
pressure chanber; the manufacturing nethod of thé head base conprises a
first step WO acturing a green sheet having a prescrPEREPIBBA6TE
pattern in response to the head base; a second step of form ng the head
base by coating and solidifying a matgrial for form ng the head base on
the surface of the green sheet having the relief pattern; a third step of
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nozzl e, and gives an ink jet printer head capable of coping with a higher

resolution at a | ower cost. In short, the present invention provides
a met hod of _ -5- formng a head base

t hrough copying of a green sheet. Once manufactured, the green sheet can
be used repeatedly as long as the durability permts. The process can

t heref ore bhWOdMMEBed in the manufacture of the second andPGEAPI®OpsENt head
bases, thus meking it possible to reduce the nunber of manufacturing steps
and hence the cost. Because the pozzle plate is fornmed integrally, a
hi gher

THD. TYFUIHRE. HRFER. HRE. N FPRAEESORGEEERT
Borickb, MB11EEREMILAED, F—N—2fFFED L, FEOR
RICTwFUTTEILHTES, LhbIF. SEEAR (ICP) 5K, TV
yhov¥4rorouil (ECR) ARk AV HBESREOREE
SXTDTvFUIARIE. BEREN L 42BLTvF U /T 2O BHTHBo

ki, TvFYVETHRIE, B2 (e) ERTISIE. VYR MNEL 5 2RE
LT Ay REBBUEMMSY -V 2 ET2ER10LT 3,

FRERBETR. FRAH ETMM Y - 2RRTACEL, KYBOL
SR M EAWES, BEABSBRGEIN LTTELL, REXAEIRG®I
LD BROCKREARLRZAIROL YR FEHVTHAL. COBAKR.

EBRYRV16LENY—VHRELETRZBAVLID. BBV, TR
EBEARTIE. LV AHIVWRBFREL>THEEL VX M 2RI —VRES
XLTHRW,

Ric, B1IROS 2 OEBHEBICOVWTHET 5.

EM3BLUEAR, $1IROB2OXMBECEIIRBENET I TEE
RIETH 50

BHECE. UTOAKICEDFI. |

£7. M3 (a) KRTESIC. H20FM®20 LIV YR MEL 5 2BRT
3.

B2OoRB20. 7DLRABBIBITBZ VIR MELSOXRKL LTOR
H2#E50THD, 70t ARBICHERERNBRE O EERES D 70+ R
MEEEL. LYXIMB152BRTIWEL OB, BEEIEFRLDT
HNEBECBREShZOTRRL, fIRE. H5X, BHE, VAV IIN,
BIE. &8, €SI v VR LYOERIPMNATE S, coCl. BEEBREL Y
AROWEMEZRMWTERICHEL LR, %, SRLEFS ARFEEEHV 5,

Fh. ULUXMEL S 2ERTAPEBLEHEE LT, LREE 1 02/k
BBV THRBLEDEBXUHRLA— D3 ONFMATS 2 - HBEE LK T
5.

®ic, W3 (b) KRLELS K, YXZ2212L YA MNELS5DLEEL.



resol ution can easily be achieved. The first step can be
acconplished, for exanple, as follows: (1) Forming a resist layer in
response to a prescribed pattern on the green sheet substrate, and then,
formng the aforesaid relief pattern by etching on the green sheet

substrate, thereby manufacturing the green sheet. According to this
step, it iswpeY44d e to freely control at a high accuracyGIHEIENETSe of the
relief pattern. A silicon wafer is suiLtable as the green sheet

substrate. The silicon wafer is etchgqg by the technol ogy for manufacturing
a sem conductor device, which permts a highly accurate fabrication
Quartz glass is also suitable as the green sheet substrate,. Cuartzﬁglass

i s excel MeRtY i2n1iedhbail dad Bth BithOMERBO AT 1 7 2 LT, 8B
 B18ERRT 3.

TA72 1 WELEISLTI3ER1 00NBAYTA2HBICBNWTODA,
*1THBBRTELIENI—VEBEEIhEZHDT, B20FYX7 16185 —
VvHRELEBRIEHS.

ZLT. VOPRMBL1S5Z2BXLEE. iToRGTcHREAEZTS L, K3
(c) ERT LI, BAEB18DOL YR L OBsBBEROCHRETHhT, LY
ZMBLEDNRY—=V T3, - .

ZLTRIC, B4 (a) ERTES3E. VORAMNBLI6BITE20RE20
ticBAEE2 22ERLTREEEKET S, .

BkEB22L LT, HIZIE. Ni%2500A~1000ADPEATERT
hiZkw, B&E2 20-BABELLTE. ANvy VY Y, CVD, &E.
BEMAYIEEOHFEEAVWIILITEETH 5.

ZLTEBK. COBBKLE22CLDBEBELEINAEVIAMNELSBIUTE
2OEB20E2EWME L. FYyTRBZIVWERF—NVRONIZBEBEL LT, R
AvFHEILDZLENIZEBEIRT. B4 (b)) ERTIOEEEE23 %
BT 5o '

ESAYFBROMRDO—PIZUTICRT .

ANZ77IVB-vIN:500g/1

FOBR : 30g/1
iﬁﬂ::‘-‘y)f)l/ | : 5g/1
LY T :15mg/1

TNT, B4 (c) ERTLIK, BREE22BIUEREB2 328 20K
200 LEE, DECRUTHELT. chZRE1027 %,

2B, BEEE2 213, PELSCCHELEZETCLICXDEREE2 3 b
BBELTH LN,

Tk, E20F%20E. BAEDOHF TR, BE, EBABEEHEI LI X
b EMETETH 5.
tEE2OEBREECBNTD LRBE 1 0RBEREAR. A TROLPI M2



resi stance and chemcals resistance, and further, in transmssivity of a
| ight of a short-wavel ength region suitably applicable in neans for

i mproving strippability by irradiating a light to an interface between the
green sheet and the head -6- base.

(2) The second step of formng a resist layer in response to a prescribed
pattern on Wao84s8tn sheet, then converting the second gr BEHIRIBEHTS and t he
resist layer into conductors, electrically depositing a netal by the

el ectroplating nethod to forma netal jhayer, and then stripping off the
metal |ayer

HBWTHRL, CoBERE. LEYRZ721, TRbb, 20FR716¢
BRONY—VEBEBETATRAIBHAWSGNNE, B INWE. YRAZ7Z2EABTTIC.
V—YRDHINWEEFRIC I - THEHBEL XA 2RV REBXELTHRYN,
(82 T42)

%llﬁkthtﬂﬁbfﬁﬁlooMﬂn5 —VERETIRAELIC, ~ANY F
EAERAREZER, BLIBIILREIDAY FERL22ERTALIET
Hbo

Ay FEBERAMBLELTE. 1702y by FOANY FEBLLTE
REh2BBNBECTHEMSORELZBETZ2H0THI. D, 7o0EAW
MEZETH IO ThERIIBEIN23DOTRRL.. BLOYELPAHTE S5,
IRANF—ONFECKDBELAERRPEATH S LHBHFE L,

COLIRYBEAATAL, RELEEGFTIBRCREREOBIROMEAL
LTROES LB TED, 20D, RBLOMBOBMEICE Ty FEE
EBRAME2BBICRETI I LPAELRD, LEDP->T. REELOMONY
— BB CEETA TR RS,

ITERMF—L LTI, %\ﬂ\b%hﬁ%b&ﬁ#@ﬂﬁ@hfhbfﬁ%;
LHBFELV. 253T32LT. HWAHDEXRBEBORAVIF, Ky b FL—b B
FIATE, BREIRX Mo, BRAR—RLERZIEHTE S,

ZOL>PALLTER. BEBEAZE. 77 VNVEBE. =X x> REHE.
ASIVRERBE. /RSy 2RBE. XFLUERMEE. BVA I FRSOASRE
B. RUSSYUEDT I RRRIHRATE 5.

ZDEd3BAY FESEEBAMHNZRZ21 0L BAT 5,

Ay FEATERAMB2BRTI2HELLTR. A I— R T4y EY
Jg. A7V —3—FE, =N —bF&E N—2— PEEFRATE S,

Ay FESEBRAMBCBRERS 28040, BABET>TEAEZRET
Bo

ZLT. Ny FEGERAMBICHRU2BCAREZE T LicL b, Bhx¥
TNy REH 1 2ZFERT %,

Fh. ANy FEAEERAMES L ULTHRTREEOYEEZRALTH L. 2O X



fromthe second green sheet and the resist |ayer, thereby manufacturing
the green sheet. The nmetal green sheet obtained in this step is
excellent generally in durability and strippability. The materi al
for formng the head base should preferably be a substance hardenabl e by

| nparting an energy. Since this substance can be handled in the form
of a | ow \WQ8¥4MIl | quid when coating the same onto the RAT&RPB/UpBet | it
is possible to fill even the slightest recesses on the green sheet with
the head base forming material, thus p@rmtting accurate copying of the
relief pattern on the green sheet. The energy should preferably be a
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The head base may be fornmed with a thernoplastic substance so far as the
subst ance satisfies requirenents for physical properties such as
mechani cal strength, corrosion resistance and heat resistance, and the
slightest details of recesses on the original plate can easily be filled.
-7- A suitabl e substance is, for exanple, hydrated gl ass. A
hydr at ed gl Q984648 gl ass material exhibiting plasticity ®RCTIIBI8/01678
t-enperatures, and a head base excellent in nechanical strength, corrosion
resistance and heat resistance is availgple by subjecting such a glass
material to a dehydration treatnent
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after form ng. In the third step, a particular conbination of
materials for the green sheet and the head base may result in a higher
adhesion and may make it difficult to strip off the head base fromthe
green sheet. In such a case, stripping fromthe green sheet can be
satisfactorily acconplished by one or nore of the follow ng nethods:

(3) Formi njvVQ9%466Hss of the relief pattern on the green PGEEPIFUE o

t apered shape so that the opening is larger-than the bottom (4)
Forming a stripping |ayer conprising ajgmaterial having a |ow adhesion to
t he head base on the green sheet surface having the relief pattern; and

(5) Irradlatlng a |Ith onto the |nter{ace bet ween t he gn en_sheet, and the
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In this case, the separating |layer for causing stripping in the interior
and/or at the interface with the green sheet through irradiation of a

| ight may be provided between the green sheet and the head base. This
increases the degree of freedom of choice of a material for formng the
head base w t hout causing any direct damage to the head base.

- 8- W h step may be acconplished as fol | ows: PCTAPYS/EB For i ng
‘the ink discharging nozzle port by the 1ithographic nethod; (7)
Form ng the ink discharging nozzle porfg by nmeans of
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a | aser beam (8) Forming the ink discharging nozzle port by neans
of a convergent ion beam or (9) Form ng the ink discharging nozzle
port through discharge fabrication. Further, the present invention
di scloses an ink jet printer head manufactured by the steps as descri bed
above. BRI EF DESCRI'PTI ON OF THE DRAW NGS Fig. 1illustrates a
process of WS4t uri ng a head base in an enbodi ment of PEEIRHSELEIS
i-nventi on; Fig. 2 illustrates a process of manufacturing a green
sheet in a first enbodinment of the firggt step of the invention; Fig.
3 illustrates a process of manufacturing an green sheet in a second

enbodi ment of the first %éngof the invention,
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Fig. 4 illustrates a process of manufacturing a green sheet 1in the second

enbodi nent of the first step of the invention; Fig. 5 illustrates a
green sheet in an enbodi nent of the invention; Fig. 6 illustrates a
green sheet having a stripping layer fornmed thereon in an enbodi nent of

t he i nvention; Fig. 7 illustrates a process of irradiating a light in
an WO 98/46431 -9-  enbodi nent of PCASPIYOLEMt i ON;
Fig. 8 illustrates a process of irradiating a light in an enbodi nent of

t he invention; 17
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Fig. 9 illustrates a process of formng an ink discharging nozzle port in

an enbodi nent of the invention; Fig. 10 illustrates a process of
formng a piezo-electric elenment on a head base in an enbodi nent of the
i_nvention; Fig. 11 illustrates an exanple of the structure of an ink
jet printer head; and Fig. 12 illustrates an exanple of the
conventi onaWo ¥ act uri ng process of an ink jet printer REEHIRISN1678 10
green sheet 11 recess 12 head base 13 ink discharging
nozzl e port 14 original plate subpgtrate 15 resist |ayer
wRkowHE
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16 mask 17 1ight 18 exposure region 19 et chant 20

second original plate 21 mask 22 conductive |ayer 23
nmetal |ayer - 10 - 24 stripping
| ayer 25 irradiated |ight
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26 deconposi ng | ayer 27 mask 28 third original plate 29

common el ectrode 30 piezo-electric thin film 31 upper el ectrode
32 piezo-electric el enent 33 ink pressure chanber 34 adhesi ve
| ayer 35 nozzle plate 36 ink inlet 37 reservoir 38
ink tank inlet 39 silicon substrate (wafer) 40 thermal oxide
film WO 98/46431 PCT/JP98/01678
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Now, preferred enbodi nents

of the invention will be described belowwith reference to the draw ngs.
Fig. 1 illustrates a process of manufacturing a head base in an enbodi nent
of the invention. The net hod of manufacturing a head base of the

invention conprises a first step of manufacturing a green sheet 10 having
a relief pawp@sméessh response to the head base to be manuf aRETAIRI801678
as shown in Fig. 1(a); a second step of form ng a head base 12
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by coating and solidifying a material for formng the head base onto the
surface of the green sheet 10 having the relief pattern as shown in Fig.
1(b); a third step of stripping off the head base 12 fromthe green sheet
10 as shown in Fig. 1(c); and a fourth step of form ng an ink discharging
"nozzle port on the head base 12 as shown in Fig. 1(d). The

i ndi vi dualweps4sd3iwi | | now be described below in detail. ROIIPEH0168c))
.This is a step of manufacturing the green sheet 10 having the relief
pattern in response to the head base to be nmanufactured. Fig. 2
illustrates a process of nanufactuHL%ﬁ a green sheet in the first

enbodi nent of the first step. e first step is nore specifically
carried out as follows: First, aresist layer 15 is forned on a green
sheet
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substrate 14 as shown in Fig. 2(a). The green sheet substrate 14 is a
sheet to serve as a green sheet by etching the surface thereof, and a
silicon wafer is used here. The technique for etching a silicon wafer has
al ready been established in the nanufacturing technology of a

sem conductor device, and permts highly accurate etching. For the green

sheet substwawsmedst, the material is not limted to a sil WHEP but
may be a substrate or a filmof any of, for exanple, glass, quartz, a
resin, a netal and ceramcs. A comrercially avail able positive type
resist prepared by 2/9 - 12 -
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bl endi ng a di azonapht hoqui none derivative as a photosensitive agent to the
cresol novol ak-based resin, comonly in use for the manufacture of a

sem conductor device is applicable as it is as a material for formng a
resist layer 15. The termthe positive type resist as used here neans a

‘resi st of which an exposed region can be selectively renoved by a

devel opi ngwosskesi on. Form ng of the resist |ayer cﬁﬂ”ﬂ?&éﬂ%%nplished
.by any of spin coating, dipping, spray coating, roll coating and bar

coati ng. Then, as shown in Fig. 2(b), a mask 16 is arranged on the

resist layer 15, and an exposed regyon 18 is formed by irradiating a |ight
17 onto only a prescribed - region of the resist layer 15 through the nmask
16. A pattern is fornmed on the mask 16 so that the |ight 17
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transmts only through the region corresponding to the concave portions 11
shown in Fig. 2(e). The concave portions 11 are fornmed in response to
the shape and arrangenent of the partitions form ng the ink pressure
chanber, the ink inlet and the reservoir of the ink jet head to be

nanuf actured. After exposure of the resist layer 15, application of the
devel opi ng wo=stds43mt under prescribed conditions results PET/IRIBIOLES ve
renoval of the resist only at the exposed region 18 as shown in Fig. 2(c).
The green sheet substrate 14 is thus exposed, and the other portions
remain as covered with the resist4)/8yer 15.

LSS
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- 13 - Upon conpl etion of patterning of the resist |ayer 15 as
descri bed above, the green sheet substrate 14 is etched to a prescri bed
depth with the resist |layer 15 as a nask. Et ching i s acconpli shed
either in wet or in dry. Wet. or dry etching is appropriately selected in
response to particular specifications for properties such as material of
the green wuoes64sabstrate, etching sectional shape and et BRTARPSOM7E | n
terns of controllability, dry etching is superior: it is possible to etch
t he concave portions into a desired shape including fabrication into a
rectangl e or tapering, by changing 2%nditions such as etching gas seed,
gas flow rate, gas pressure and big vol tage. Anong others, the inductive
coupling (ICP) nethod, the electron cyclotron resonance (ECR) nethod, and
the high-density plasnma etching nmethod such as the helicon wave
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excifing met hod are suitable for deeply etching the green sheet substrate

14.

Then,

after the conpletion of etching,

the resist layer 15 1is

renoved as shown in Fig. 2(e) to obtain the green sheet 10 having a relief

pattern in match with the head base.
positive type resist has

In the foregoi ng enbodi nent, the
been used when formng the relief pattern on the

green sheetwo9sheBr ate. A negative type resist nay howeverPE&IFIFH4T8 |

whi ch an exposed region is insoluble in the devel oping solution, and a
non- exposed regi on can be selectively renoved by the devel oping sol ution.
In this case, a mask having a patter®/%everse to that of the mask 16 is
the resist may-

enpl oyed.
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- 14 - directly be patterned in exposure by neans of a |aser beamor an

el ectron beamw t hout the use of a mask. Now, a second enbodi nent of
the first step will be described below. Figs. 3 and 4 illustrate a
process of manufacturing a green sheet in the second enbodi nent of the
first step. In the second enbodi ment, the first step is carried out
as fol | ows: woosmesdli rst, as shown in Fig. 3(a), a resist | 8BIPOBBIETY £ or ned
on the second green sheet 20. The second green sheet 20 takes the

role of a support for the resist layer 15 in the process flow. The
material thereof 1is not particularlgydimted so far as a material has
process
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resi stance including a nechanical strength and chem cals resistance
necessary for the process flow and is satisfactory in wettability and
adhesion with the material formng the resist |ayer 15, including, for
exanpl e, glass, quartz, a silicon wafer, a resin, a netal and ceramcs
substrates. A glass original plate prepared by polishing flat the surface
of the nat VO t he use of a cerium oxi de-based abr asi RET/IPIBME78nashi ng
and drying the sanme is used here. The material and the nethod
described as to the first enbodi nent nenti oned above can be used for the
resist layer 15 in the present egb di rent, and therefore, description
thereof 1is omtted. Then, hown in Fig. 3(b), a mask 21 is

arranged on the
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- 15 - resist layer 15, and a light 17 is irradiated onto only a
prescribed region of the resist layer 15 through the mask 21, thereby
form ng an exposed regi on 18. The mask 21 is patterned so that the
light 17 transmits only through the region corresponding to the convex
portions of the green sheet 10 to be manufactured, and has a tern just
reverse to iedsueds1t he mask 16 shown in Fig. 2. AftePCEQBW@UWé of the
resist |layer 15, application of a developing treatnent under prescribed
conditions pernts selective renmoval of the resist of only the exposed
region 18 as shown in Fig. 3(c), an®Phe resi st layer 15 is patterned.
Then, as shown in Fig. 4(a), a conductivity |layer 22 is
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¥

formed on the resist layer 15 and the second green sheet 20 to nmake the
surface conductive.. As a conductivity layer 22, it suffices, for
exanple, to formN into a thickness within a range of from 500 to 1,000
A. The conductivity layer 22 can be formed by any of sputtering, CVD,

vapor deposition and el ectrol ess platinqh Further, Ni is electrically
deposited by the electroplating nmethod using the resist layer 15 and the
second green sheet 20 converted into conductors by the conductivity |ayer
22 as cathodes and an Ni chip or LSPECHEICATIAMode to form a netal |ayer 23

as shown in Fig. 4(b). A typical conposition of the electroplating
solution is as follows: Ni ckel sul famate . 500 g/l
INK JET PRINTER HEAD AND MANUFACTURING METHOD THEREOF £

TECHNICAL FIELD
The present invention relates to an ink jet printer head
using a piezo-electric element as a driving source for ejecting

an ink and a manufacturing method thereof.

BACKGROUND ART

There is available a piezo—electric type ink jet printer
head using a piezo-electric element comprising a PZT as an
electromechanical conversion element which is a driving source
for ejecting a liquid or an ink.

Fig. 11 illustrates the structure of a typical ink jet
printer.head of this type: 12 is a head base; 29 is a common
electrode (vibrating plate); 32 is a piezo-electric element;
33 is a ink pressure chamber; 35 is a nozzle plate having an
ink discharging nozzle port 13; 36 is an ink inlet; 37 is a
reservoir; 38 is an ink tank port; and other component elements
include a wiring pattern, a signal circuit, an ink tank and the
like not shown.

Such an ink jet printer head is manufactured by a process
achieved by the application in general of the lithographic

. technology. Fig. 12 schematically illustrates an example of

the manufacturing process in the form of a sectional view of



- 16 - Boric acid _ . 30 g/l Ni ckel chloride

: 5 g/l Level i ng agent : 15 ng/| Then,- as shown in
Fig. 4(c), the conductivity layer 22 and the netal |layer 23 are stripped
off fromthe second green sheet 20, and then the product is washed as

required, to conplete a green sheet 10. The conductivity | ayer 22
may be renmoved fromthe nmetal |ayer 23 ?hFough a stripping treatnent as
requi red. The second green sheet 20 can be reused by regeneration

and washi ng Fig.l ddgcut ah@n9uth§ilim?'AﬁbTeof permts. |

As shown in Fig. 12(a), the common electrode 29, a
piezo-electric thin film 30 and an uppér electrode 31 are
sequentially formed on a silicon substrate (wafer) 39.

Then, as shown in Fig. 12(b), a resist layer 15 is formed
on the upper electrode 31, exposed and developed into a
prescribed pattern through a mask to pattern the resist layer.

As shown in fig. 12(c), the piezo-electric thin film 30
and the upper electrode 31 are etched with the resist layer 15
as a mask. Then, the resist layer 15 is stripped off, th;reby
obtaining the piezo-electric element 32. |

Then, as shown in Fig. 12(d), a resist layer 15 is formed
on the surface opposite to the side on which the piezo-electric
element 32 has been formed, exposed and developed into a
prescribed pattern through a mask to pattern the resist layer
15. |

With this resist layer 15 as a mask, an oxide film 40 and
the silicon wafer 39 are etched, and the resist layer 15 is
stripped off, thus obtaining the head base 12 having the ink
pressure chamber 33 formed thereon. |

Thé nozzle'piate 35 having an ink discharging nozzle port
13 formed at a position corresponding to the ink pressure chamber
33 is connected (adheres) to the thus manufactured head base .
12 via an adhering layer or the like as shown in Fig. 12(f).

Further, a wiring pattern, a signal circuit, an ink tank and

the like are formed to complete an ink jet printer head.



A negative type resist may used also in the foregoing second enbodinent as
in the first enbodinent, and in this case, a nask having the sane pattern

as in the aforesaid mask 21, i.e., the mask 16 shown in Fig. 2 is used.
O, the resist may be directly exposed in a pattern shape to a | aser beam
or an electron beam w thout the use of 3 mask. (Second st ep) Thi s

is a step of form ng ahead case 12 by coat ing and solidifying.a material
for form ng a head base on the surface of the green sheet 10 manufact ured
in the first step, having a relief pattern. No particular limtation

is inposed on the material for formng a head base, but various materials
are appl i caTSEPSURE OFs INENTLQNi r enent s for nechani cal strength and

properties . : )
Along with the recent progress achieved in the area of

personal computer, ink jet printers are becoming rapidly more
popular. For further popularization of ink jet printers
hereafter, it is necessary .to reduce cost and achieve a higher
resolution, and for this purpose, cost reduction and achievement
of a higher resolution of ink jet printers are essential pi:oblems
to be solved.

With the foregoing conventional art, however, it lS
necessary to provide a number of steps for the manufacture of
a head base, and it is not easy to remarkably reduce the cost.

For achievj.ng a higher reeolution, furthermore, it is
necessary to reduce the width and height of the ink pressure
chamber and the width of a partition dividing the ink pressure
chamber (represented bﬁr W, Hand W', respectively, in Fig. 12).-

'In the above-mentioned conventidnal art, however, the ink
pressure chamber has substantially the same height as the
thickness of a silicon wafer. 1In order to reduce the height
of the ink pressure chamber, therefore, it is necessary to use
a thinner s.ilicon wafer. It is however the current pi:actice
to use wafers having a thickness of about 200 pm, and the use
of a thinner wafer would cause difficulties in handling in the
process flow, in view of the reduced strength resulting
therefrom.

Further, in the aforesaid conventional art, the head base



- 17 - such as corrosion resistance as a head base of an ink jet head are
satisfied wwth a sufficient process durability. The material should
preferably be hardenabl e by inparting an energy. Si nce such a
.Ssubstance can be handled in the formof a |owviscosity |liquid when
coating the sanme onto the green sheet, _ 4t_is possible to fill even the
slightest details of concave portions onh the green sheet with the head
base formng material, _thus permtting accurate copying of the relief

i pieh

pattern on BRE thechezzledplate are fintegraldy SRsHF SRELESIBR 3R | j ght

or heat or bath . L. )
adhesive. It isthereforedifficult toprevent undesirable flow

of the adhesive into the ink pressure chamber as a result of
achievemeﬁt of a higher resolution.

The present invention is therefore to solve these problems
and has an object to provide a method of manufacturing an ink
jet head which permits manufacture thereof through a simple
process, to enable to cope with a higher resolution at a 1ower.
cost.

The method of manufacturing an ink jet printer head éf thé
invention, comprises the step of ejecting an ink by pressurizing
an ink pressure chamber by means of a piezo-electric element
deforming in response to an electric signal, provided on a head
base forming the ink pressure chamber; the manufacturing method
of the head base cémprises a first step of manufacturing a green
sheet having a prescribed relief pattern in response to the head
base; a second step of forming the head base by coating and
solidifying a material for forming the head base on the surface
of the greeﬁ sheet having the relief pattern; a third step of
stripping off the head base from the gréen sheet; and a fourth
step of forming a nozzle port for discharging the ink on the
head base. This feature of the invention permits maﬂufacture
of an ink jet printer head formed integrally with an ink ejecting
nozzle, and gives an ink jet printer head capable of coping with
a higher resolution at a lower cost.

In short, the present invention provides a method of ..



a light and heat. Use of such an energy permts utilization of a
gener al - pur pose exposure unit, a baking oven-or a hot plate, leading to a
[ ower equi pnrent cost and, savi ng. Appl i cabl e substances include, nore
specifically, acryl resins, epoxy resins, nelam ne resins, novolak resins,
styrene resins, synthetic resins such as_polyim de-based ones, and

si | i con-based polyners such.as ponS|Iazane Coating a head base

form ng material can, be conp any - of spi n coating, dipping,
spray coat FREMPE £ E%%? ?ﬂéL(ﬁﬁé a gregBnsShegt hefNasase

formng materi ont a solven conponent a_heat treatnent should be
applied to™ FBH%@SEPE% st S efesn sheetrgap bg H%?Geﬁ?PEF¥?Q%ﬁrﬁ§nlqng mat ch

with the hea ba material _is applied, and the material is
solidified®f (¥he§urab1 1ty ermits. Theprggesscanthereforebeomltted

in the manufacture of the second and subsequent head bases, thus
making it possible to reduce the number of manufacturing steps
and hence the cost.

Because the nozzle plate ig formed integrally, a higher
resolution can easily be achieved.

The first step can be accomplished, for example, as
follows: |

(1) Forming a resist layer in response to a prescribed
pattern on the green sheet substrate, and then, forming the
aforesaid relief pattern by etching on the green sheet
substrate, thereby manufacturing the green sheet.

According to ;his step, it is possible to freely control
at a high accuracy the shape of the.relief pattern.

A silicon wafer is suitable as the_green sheet'substrate.
The silicon wafer is etched by the technology for manufacturing
a sémiconductor device, which permits a highly accurate
fabrication.

Quaftz glass is also suitable as the green sheet substrate.
Quartz glass is excellent in mechanical strength, heat
resistance and chemicals resistance, and further, in
transmissivity of a light of a short-wavélength region suitably
applicable in means for improving strippability by irradiating

a light to an interface between the green sheet and the head



forma head base 12. - 18 - A
‘thernopl asti c substance may be used as a head base formng material.
Hydrated glass is suitahle as such a substance. Hydrated gl ass contains
water within a range of fromseveral to several tens of wt.%and is in a
solid state at the room tenperature._Il¢ exhibits plasticity at |ow
tenperature (under 100[err]C, varying with the conposition). -Dehydration
of such a hg%éated gl ass after form ng the head base gives a head base
excel I ent PR®Féchani cal strength, corrosion resistance and heat

resistance. (2) The second step of forming a resist layer in response
to a prescribed pattern on the green sheet, then converting the
second green sheet and the resist layer into conductors,
electricaliy depositing a metal by the electroplating method
to form a metal layer, and then stripping off the metal layer
from the second green sheet and the resist layer, thereby
manufacturing the green sheet. | .

The metal green sheet obtained in this step is excellent
generally in durability and strippability. ’

The material for forming the head base should preferably
be a substance hardenable by imparting an energy.

Since this substance can be handled in the form of a
low-vis..cosity liguid when coating the same onto the green sheet,
it is possible to fill even the slightest recesses on thg green
sheet with the head base forming material, thus permitting
accurate copying of the relief pattern on the green sheet.

The energy should preferably be a light or heat or both
a light and heat. Use of such an energy permits utilization
of a general -purpose eprsure unit, a baking oven or a hot plate,
leading to a lower equipment cost and space saving.

The head base may be formed with a thermoplastic substance
so far as the substance satisfies requirements for physical
properties such as mechanical strength, corrosion resistance
and heat resistance, and the slightest details of recesses on

the original plate can easily be filled. =



(Third step) This is a step of stripping off the head base 12 forned
- on the green sheet 10 in the second step fromthe green sheet -10.
More specifically, stripping step conprises fixing the green sheet 10
havi ng the head base 12 fornmed thereon, attracting and holding the head
base 12, and nechanically stripping it Qf?._ Upon stripping, a
particul ar conmbination of the materials or the green sheet and the head
base 12 may |lead to a higher adhesion, thus making it difficult _to strip
of f the head base® EX Fubgtarresheet fop example, hydrated gaass-t he
concave portions of the relief pattern forned on the green sheet 10 should
preferably have aX Bydrated giasé Hd Fpss Bateshn! itdad Ripstosdding.

This allows to ) L
at low temperatures, and a head base excellent in mechanical

strength, corrosion resistance and heat resistance is available
by subjecting such a glass material to a dehydration treatment
after forming.

In the third step, a particular combination of materials
for the green sheet and the head base may result in a higher
adhesion and may make it difficult to strip off the head base
from the green sheet. 1In such a case, stripping from the ;Jreen
sheet can be satisfactorily accomplished by one or more of the
folloﬁing methods:

(3) Forming a recess of the relief pattern on the green
sheet into a tapered shape so that the opening is larger than
the bottom;

(4) Forming a stripping layer comprising a material having
a low adhesion to the head base on the green sheet surface having
the relief pattern; and

(5) Irradiating a light onto the interface between the
green sheet and the head base.

In this case, the separating layer for causing stripping
in the interior and/or at the interface with the green sheet
through irradiation of a 1ight may be provided between the green
-sheet and the head base. This increases the degree of freedom
of choice of a material for forming the head base without causing

any direct damage to the head base.



reduce stress such as a frictional force acting bet ween t he green sheet 10
and t he. head base 12 upon stripping, and hence ensure

=19 - stripping fromthe green sheet 10. Asimlar effect is
available al so by formng a stripping layer 24 conprising a materi al
having a | ow adhesion to the head base 12 on the surface of the green
sheet 10 having a relief pattern, as Shown in Fig. 6. It suffices to
appropriately select a material for the stripping |layer 24 in response to
the materials f&het BougtBeAtEeneBRY 10e aagroml ished t?@sefOiLz‘OWS- Stri ppi ng

fromthe green sheet 10 may be nmde satisfactory
(6) Forming the ink discharging nozzle port by the

lithographic method;

(7) Forming the ink discharging nozzle port by means of
a laser beam;

(8) Forming the ink discharging nozzle port by means of
a convergent ion beam; or

(9) Forming thé ink discharging nozzle port through
discharge fabrication.

Further,thepresentinventiondisclosesaninkjetpr;nter

head manufactured by the steps as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a process of manufacturing a head base
in an embodiment of .the present invention;

Fig. 2 illustrates a process of manufacturing a green sheet
in a first embodiment of the first step of the invention;

Fig. 3 illustrates a process of manufacturing an green
sheet in a second embodiment of the first step of the invention;

Fig. 4 illustrates a process of manufacturing a green sheet
in the second embodiment of the first step of the inventidn;

Fig. 5 illusfrates a green sheet in an embodiment of the
invention;

Fig. 6 illustrates a green sheet having a stripping layer
formed thereon in an embodiment of the invention;

Fig. 7 illustrates a process of irradiating a light in an-



by irradiating a light 25 onto the interface between the green sheet 10
and the head base 12 prior to stripping, as shownin Fig. 7 to reduce or
<el i m nate adhesi on between the green sheet and the head base .12. This is
to reduce or elimnate various kinds of bonding force between atons or .
mol ecul es at the interface of the gregn_sheet 10 and the head base 12, or
“in practice, to cause ablation or the like, which results in. interfacial
stripping, under the effect of the irradiated |ight. Further, the -

i rradi at e@mbiogimensy ofntBEnNEEREORMUse rel ease of gases from the head
base 12, thereby pernitting achievenent of a separating effect, Mre .
specifically, tHig. SolbbaeREated® BFACEST Ph RETREAATHREA iz‘gg%el%vaébor at ed
and released to contribute to the separation. The irradiated |ight
25 shoul d epberidmgpltycbethf &R¥ERBION] aser. The excinmer laser is practically

applied in an apparatus ) . , )
. Fig. 9 illustrates a process of forming an ink discharging

nozzle port in an embodiment of the invention;

Fig. 10 illustrates a process of forming a piezo-electric
element-on a head base in an embodiment of the invention;

Fig. 11 illustrates an example of the structure of én ink
jet printer head; and

Fig. 12 illustrateé an example of the conventiona]:

manufacturing process of an ink jet printer head.

10 green sheet

11 recess

12 head base

13 ink discharging nozzle port
14 original plate substrate
15 resist layer

16 mask

17 1light

18 exposure region

19 etchant

20 second original plate

21 mask

22 conductive layer

23 metal layer



provi ding a high energy output in the short wavel ength.region, and permts
treatnent in a very short period of tine. Ablation 1is therefore caused
only in the proximty of the-interface, and--

- 20 - hardly exerts a tenperature inpact onto the green sheet 10 or the
head base 12. The irradiated lighy 25 is not limted to the exciner
|'aser, but any of various |ight beans (radiations) is applicable so far
as it can cause interfacial s rigging at the interface between the green
sheet 10 and t he2he&3rBRRENG21AY It this case, it is necessary for the

reen sheet 10 to . )
J 25 irradiated light

26 decomposing layer _

27 mask

28 third original plate

2? common electrode

30. piezo-electric thin film
31 upper electrode

32 piezo-electric element
33 ink pressure chamber

34 adhesive layer

35 nozzle plate

36 ink inlet

37 reservoir

38 ink tank inlet

39 silicon substrate (wafer)

40 thermal oxide film

BEST MODE FOR CARRYING OUT THE INVENTION

Now, preferred embodiments.of the invention will be
described below with reference to the drawings.

Fig. 1 illustrates a process of manufacturing a head base
in an embodiment of the invention.

The method of manufacturing a head base of the invention
comprises a first step of manufacturing a green sheet 10 having

a relief pattern in response to the head base to be manufactured.



have transm ssivity relative to the irradiated |light 25. The
transm ssivity should preferably be at |least 10% or nore preferably, at
|east 50% Wth a transm ssivity lower than this Ilevel, attenuation during
transm ssion of the irradiated light trough the green sheet, resulting in
a larger amount of light required for_ clalus_i ng the aforesaid phenonenon
such as ablation. Quartz glass, which has a high transm ssivity and is
excellent also in nechanical strength and heat resistance, is suitahl as
a material P& ShAWNOER itk Lfpafed second gtepnghntoriiky a §?a§ RagRirks ifng
| ayer 26 for causing stripping at the interface with {he green sheet 1J0°
under the &feeatyRg @Rpe F‘Pfh@-’f-%ﬁ(h’éﬂ 1 ’ﬂﬁFeQBaWrb@EPmJg’@ Bee & He
green sheet 10 and the head base 12. By_ causi n% abl ation peeling in tHe
separating lo@yerthe syxdpse of thecarernehget, 14 hgvisgithe ﬁﬁi&?fi@m
exerted on the green,she_et 10 or the head base L

as shown in Fig. 1(b); a third step of stripping off the head

base 12 from the green sheet 10 as shown in Fig. 1(c); and a
fourth step of forming an ink discharging nozzle port on the
head base 12 as shown in Fig. 1(d).

The individuai steps will now be described below in detail.
(First step)

This is a step of manufacturihg the green sheet 10 h;ving

the relief pattern in response to the head base to be

manufactured.
Fig. 2 illustrates a process of manufacturing a green sheet
in the first embodiment of the first step.

R

e

The first step is more specifically carried out as follows:

First, a resist layer 15 is formed on a green sheet
substrate 14 as shown in Fig. 2(a). The green sheet substrate
14 is a sheet to serve as a green sheet by eﬁching the surface
thereof, and a silicon wafer is used here. The technique for
etching a silicon wafer has already been establj.shed in the
manufacturing techhology of a semiconductor device, and permits
highly accurate etching. For the green sheet substrate 14, the
material is not limited to a silicon wafer, but may be a substrate
or a £ilm of any of, for example, glass, quartz, a resin, a metal
and ceramics.

A commercially available positive type resist prepared by



12. Applicable materials for the separating |ayer 26 include
non-crystalline silicon; various oxide ceram cs such as silicon oxide,
-silicate conmpounds, titanium oxide, titanate conpounds, _

- 21 - zirconium oxide, zirconate conpounds, |anthanum oxide and

| ant hanat e conpounds; (strong) dielqpﬁrig bodi es or sem conductors;
“nitride ceram cs such as silicon nitri'de, alumnumnitride; and titanium
nitride;, organic polyner materials such as acrylic resins, epoxy, resins,
pol yani de bdeadipgl §idiaronaphidioguisengrder it bfe @fo 2oPheereehht bive

sel ected

agent to the cresol novolak-based resin, commonly in use for
the manufacture of a semiconductor device is applicable as it
is as a material for forming a resist layer 15. The term the
positive type resist as used here means a resist of which an
exposed region can be selectively removed by a developing
solution.

Forming of the resist layer can.be_accomplished.ﬁy any of
spin coating, dipping, spray coating, roll coating and bar
coating. |

Then, as shown in Fig. 2(b), a mask 16 is arranged on the

Wnd an exposed region 18 is formed by irradiating

a light 17 onto only a prescribed region of the resist layer
15 through the mask 16.

A pattern is formed on the mask 16 so that the.light 17
transmits only through the region éorresponding to the concave
portions 11 shown in Fig. 2(e).

The concave portions 11 are formed in response to the shape

and arrangement of the partitions forming the ink pressure
chamber, the ink inlet and the reservoir of the ink jet head
to be manufactured. After exposure of the resist léyer 15,
application of the developing treatment under prescribed
conditions results in selective removal of the resist only at
the exposed region 18 as shown in Fig. 2(c¢). The green sheet
substrate 14 is thus exposed, and the other portions remain as

covered with the resist layer 15. "~



fromthe group consisting of A, Li, Ti, M, In, Sn, Y, La, Ce, Nd, Pr,
&, -and Sm One or nore is appropriately selected from anong the material s

enuner at ed above in response -to the process conditions and the materials
for the green sheet and the head base 12. No particular limtation
is inposed on the form ng nethod of the separating |ayer 26, but a method
I's appropriately selected in accordancE with the conposition and the
t hi ckness -of the separating |ayer 26. Mre specifically, applicable
met hods for for nipep tdumslapaicn iofg paifern2agi of | thie newdistudayes 1phase
depositing nmethod such as CVD, vapor deposition, sputtering, and ion
pl ati ng, eldztomiliest iabgvel.atihgugreshosipeet suybsBratst Hdd issptahedatong,
di ppi ng, spray coating, rolT coating and bar coati ng. e thicknmess
of the separmsanjbedygleptd wishythg weshsthbayer 15 as a mask.

-

Etching is accomplished either in wet or in dry.,- Wet or
dry etching is appropriately selected in response to particular
specifications for properties such as material of the green
sheet éu‘bstrate, etching sectional shape and etching rate. 1In
terms of controllability, dry etching is superior: it is
possible to etcﬁ the concave portions into a desired shape
including fabrication into a rectangle or tapering, by char;ging
conditions such as etching gas seed, gas flow rate, gas pressure
and bias voltage. Among othe;'s, the inductive coupling (ICP)
method, the electron cyclotron resonance (ECR) method, and the
high-density plasma etching method such as the helicon wave
exciting method are suitable for deeply etching the green sheet
substrate 14.

Then, after the completion of etching, the resist layer
15 is removed as shown in Fig. 2(e) to-obtain the green sheet
10 having a relief patterﬁ in match with the head base.

In the forégoing embodiment, the positive type resist has
been used when forming the relief pattern on the green sheet
substrate. A negative type resist may however be used, in which
an exposed region is insoluble in the developing solution, and
a non-exposed region can be selectively removed by the
developing solution. In this case, a mask having a pattern

reverse to that of the mask 16 is employed. Or, the resist may-



obj ect of stripping or the conposition of the separating |layer 26, should
usual ly been within a range of from1l nmto 20 [err]m or nore preferably,
“from10 nmto 20 [err]m .or- further nore preferably, from40 nmto 1
[err]m A smaller thickness than this |level of the separating |ayer 26

| eads to a | arger danage to . - 22 -
"the head base 12, and a l-arger thickﬁe%% Tequires a |larger anount of
irradiated_|ight_ for ensuring a good strippability of the separating |ayer
26. The thitkeRLLy &te PRELEEPEHaLR rRFEPeS e by meRsE| of & cfagetblbpamectni f or m

as far as possible. . The residue of the separating |layer 26 after
strippi ng #8 electron beam without the use of a mask.-

Now, a second embodiment of the first stepwill be described

below.

Figs. 3 and 4 illustrate a process of manufacturing a green
o e < ————
sheet in the second embodiment of the first step.

In the second embodiment, the first step is carried out
as follows: .

First, as shown in Fig. 3(a), a resist layer 15 is formed
on the second green sheet 20. ’

The second green sheet 20 takes the role of a support for
the resist layer 15 in the process flow. The material thereof
is not particularly limited so far as a material has process
resistance including a mechanical strength and chemicals
resistance necessary for the process flow and is satisfactory
- in wettability and adhesion with the material forming the resist

layer 15, including, for example, glass, quartz, a silicon
wafer, a resin, a metal and ceramics substrates. A glass
original plate prepared by polishing flat the surface of the
material by the use of a cerium oxide-based abrasive, then
washing and drying the same is used here.

The material and the method described as to the first
embodiment mentioned above can be used for the resist layer 15
in the present embodiment, and therefore, description thereof
is omitted.

Then, as shown in Fig. 3(b), a mask 21 is arranged on the



renoved t hrough washi ng. (Fourth step) This is a step of formng
an ink discharging nozzle port 13 on the head base 12 obtained in the
third step. The nethod of forming the ink discharging nozzle port 13
is not limted to a particular one, but applicable nmethods include, for
exanpl e, the |ithographic nethod, |aser_ _fabrication, FIB fabrication and
di scharge f-abrication. Fig. 9 i Ml d2tTates a process of form ng an ink
di scharging nozzle port 13 by the lithographic method. Mre specifically,
t he processrésistrlayer olfi, sand ¢ |laght 17 is frradiabgdspRwh OML¥id. 9(a),
a resist layer 15 is formed on the head case 12. Theé material and
the met hod ptefcribed tdmiaresifstheayesist layer 15 through the mask 21,
thereby forming an exposed region 18.

The mask 21 is patterned so that the light 17 transmits
only through the region corresponding to the convex portions
of the green sheet 10 to be manufactured, and has a pattern just
reverse *to that of the mask 16 shown in Fig. 2.

"After exposure of the resist layer 15, application of a
developing treatment under prescribed conditions permits
selective removal of the resist of only the exposed region 18
as shown in Fig. 3(c), and the resist layer 15 is patterned.

Then, as shown in Fig. 4(a), a conductivity layer 22 is

formed on the resist layer 15 and the second green sheet 20 to
— ,

make the surface conductive.

As a conductivity layer 22, it suffices, for example, to
form‘Ni into a thickness within a range of from 500 to 1,000
A. The conductivity layer 22 can be formed by any of spﬁttering,
CVD, vapor deposition and electroless plating.

Further,‘EE_EE_g}gg;;;gg;;z_gggggizgg_py the
electroplating method using the resist layer 15 and the second
green sheet 20 converted into conductors by the cénductivity

layer 22 as cathodes and an Ni chip or ball as an anode to form

a metal layer 23 as shown in Fig. 4(b).

o ————

A typical composition of the electroplating solution is

as follows:

Nickel sulfamate : 500 g/1 ' S



15 may be the sane as those described above as to Fig. 2, and are not
therefore described here. . Then, as shown in Fig. 9(b), a mask 27 is
-arranged on the resist layer 15, and a light 17 is irradiated only onto a
prescri bed region of the resist layer 15 through the mask 27, thereby
form ng an exposed region 18. - 23 -
“The mask 27 is pattern-forned so that ﬁﬁe'light 17 transmts only to a
regi on corresponding to the ink discharging nozzle port 13 shown in Fig.

9(e). Th®orift acidxposure of the ¥%&/dt | ayer 15, application
Nickel chloride : 5 g/1 .
Levelling agent : 15 mg/1

Then, as shown in Fig. 4(c), the conductivity layer 22 and

the metal layer 23 are stripped off from the second green sheet
<

20, and then the product is washed as required;_ES_SSEgiggg_g
green sheet 10.

The conductivity layer 22 may be removed from the metal
layer 23 through a stripping treatment as required.

The second green sheet 20 can be reused by regeneration
and washing as long as the durability thereof permits.

A negative type resist may used also in the foregoing second
embodiment as in the first embodiment, and in this case, a mask
having the same pattern as in the aforesaid mask 21, i.e., the
mask 16 shown in Fig. 2 is used. Or, the resist may be directly
exposed in a pattern shape to a laser beam or an electron béam

without the use of a mask.

(Second step)

This is a step of forming ahead case 12 by coating and

solidifying a material for forming a head base on the surface
~——-\

of the green sheet 10 manufactured in the first step, having

it .

a relief pattern.
No particular limitation is imposed on the material for
forming a head base, but various materials are applicable so

far as the requirements for mechanical strength and properties



of the devel oping treatnment under prescribed conditions |leads to selective
renoval of the resist of only the exposed region 18, as shown in Fig. 9(c)
to expose the head base 12, and the other portions renmain covered with the
resist |ayer 15. " When the resist layer 15 is patterned as descri bed
above, etching is acconplished up to_cggpLete penetration through the

head base 12 by using the resist |ayer as a mask. - Etching may be
conducted either in wet or in dry. Etching in wet or indry is

appr opri at eFychea® @IFOSIOFREFAGLARGR athe hepdrbare §é‘=ctainohﬁk Hapead
etching rate, and surface uniformt for the particular_material for the
ink jet basérﬁzsathsfé¢®ﬁWl¥ﬁ & siifdiaigmt PcheﬁﬁedEF9b#§bEYrsfgﬁberlor

and applicable ﬁ nmet hods i ncl ude, for exang the parallel flat type
reactive i omaterhahghorie)prrierably be hardeaable ba'ouww@u(q apeneysiyhod,

the el ectron cyclotron resonance (ECR) nethod, the
Since such a substance can be handled in the form of a

low-viscosity liquid when coating the same onto the green sheet,
it is possible to fill even the slightest details of concave
portions on the green sheet with the head base forming material,
thus permitting accurate copying of the relief pattern on the
green sheet.

The energy should preferably be a light or heat or’both
a light and heat. Use of such an energy permits utilization
of a general-purpose exposure unit, a baking oven or a hot plate,
leading to a lower equipment cost and saving.

Applicable substances include, more specifically, acryl
resins, epoxy resins, melamine.resins, novolak resins, styfene
resins, synthetic resins such as ﬁolyimide—based ones, and
silicon-based polymers such as polysilazane.

Coating a head base forming material can be accomplished
by any of spin coating, dipping, spray coating, roll coating
and bar'coating.

When the head base forming material contains a solvent
component, a heat treatment should be applied to remove the
solvent.

Then, a hardening treatment in match with the head base
forming material is applied, and the material is solidified to

form a head base 12.



hel i con wave exciting nmethod, the nmagnetron nethod, the plasma etching

nmet hod, and the ion beam etching nethod. The ink discharging nozzle port
I3 can be etched to a desired shape including a rectangle and a tapered
shape, by changing conditions such as the etching gas seed, gas flow rate,
gas pressure, bias voltage and the 'KK%@ _ Then, after the conpletion
of etching, as shown in Fig. < di sen i 12 f- 24d-
9(e), the head base 12 haying,an |n i schargi ng nozzl e port ornme

t ge% ei n obt ai ned }b'y'h?mxﬁﬁg%%éu E5pRFemaydre y8ed as a heagd hasesfemmingabl e

for laser fabricagtion include_various ) .
mater%.al. Hydrated glass is suitable as such a substance.

Hydrated glass contains water within a range of from several
to several tens of wt.% and is in a solid state at the room
temperature. It exhibits plasticity at low temperafure (under
100°C, varying with the composition). Dehydration of such a
hydrated glass after forming the head base gives a head base
excellent in mechanical strenéth, corrosion rés istance and heat

‘resistance.

(Third step)

This is a step of stripping off the head base 12 formed

on the green sheet 10 in the second step from the green sheet

10.
More specifically, stripping step comprises fixing the.
- green sheet 10 having the head base 12 formed thereon, attracting
and holding the head base 12, and mechanically stripping it off.

Upon stripping, a particular combination of the materials
for the green sheet and the head base 12 may lead to a higher
adhesion, thus making it difficult to strip off the head base
12 from the green sheet 10. -

In suc.;h a case, the concave portions of the relief pattern
formed on the green sheet 10 should preferably have a tapered
shape having a bottom larger than the opening. This allows to
reduce stress such as a frictional force acting between the green

sheet 10 and the head base 12 upon stripping, and hence ensure-



gas |l asers and solid | asers (sem conductor |asers), and particularly,

exci mer | asers such as KrF, YAG |aser, Ar laser, He-Cd |laser and CJ err]
|"aser are suitable. Anong others, excinmer laser is particularly suitable.
The exciner |aser, providing a |laser beamof a high energy output in the
short wavel ength region, permts fabricgfion in a very short period of
time, thus resulting in a high productt¥vity. According to the

| i t hographic nethod, it is possible to formink discharging nozzle ports
13 at a pl WiRBing f3eH thengregr aheekelOtowever, this nethod leads to a
hi gh equi pment cost, and a_higher materials cost, requiring a |arger

equi prent  space.? similagcefarhg-a avahbabbe ddobY EPRMIRG & SHELRDIRGAd base
as described above, the green sheet 10, once manufactured, can reused

r epeat edl y JayearnAf eRIisINg fmateiglikavinga low adhesion to the head

base 12 on the surface of the green sheet 10 having a relief

pattern, as shown in Fig. 6. It suffices to appropriatelyselect

amaterial for the stripping layer 24 in response to thematerials
for the:green sheet 10 and the head base 12.

Stripping from the green sheet 10 may be made satisfactory

by irradiating a light 25 onto the interface between the green

— - =
sheet 10 and the head base 12 prior to stripping, as shown in

Fig. 7 to reduce or eliminate adhesion between the green sheet
and the head base 12. This is to reducé or eliminate various
kinds of bonding force between atoms or molecules at the
interface of the green sheet 10 and the head base 12, or in
practice, to cause ablation or the lJ'._ke, which results in
interfacial stripping, under thtla effect.of the irradiated light.

Further, the irradiated light may in some cases cause
release of gases from the head base 12, thereby permitting
achievement. of a separating effect. More specifically, the
components contained in the head base 12 are evaporated and
released to contribute to the separation.

The irradiated light 25 should preferably be an excimer
laser. The excimer laser is practically applied in an apparatus.
providing a high energy output in the short wavelength region,
and permits treatment in a very short period of time. Ablation

is therefore caused only in the proximity of the interface, and-



manuf acturi ng steps of the second and subsequent sem conductors can
therefore be omtted, thus permtting reduction of the nunber of processes

and cost

reduct'i on. An exanpl e of the process of formng a

pi ezo-electric element on the head base 12 fornmed in the aforesaid

enbodi ment
Accor di ng

wi |l now be descri bed belgm?édih reference to Fig. 10.
to this process, the piezo-eTec

third green sheet 28, and then copied onto the head base 12.

- 25- Mor

aTbly eXextsy 2 FREPBFRERER impack pnsa bhe gEeemishers: 10 or

First, as shown in Fig. 10(a), a conmon el ectrode 29, a

the head base 12.

The irradiated light 25 is not limited to the excimer laser,
but any of various light beams (radiations) is applicable so
far as it can cause interfacial stripping at the interface
between the green sheet 10 and the head base 12.

It-this case, it is necessary for the green sheet 10 to
have trénsmissivity relative to the irradiated light 25. The
transmissivity should preferably be at least 10%, or more
preferably, at least 50%. With a transmissivity lower than hthis
level, attenuation during transmission of the irradiated light
trough the green sheet, resulting in a larger amount of light
required for causing the aforesaid phenomenon such as ablation.
Quartz glass, which has a high transmissivity and is excellent
also in.mechanical strength and heat resistance, is suitable
as a material for the original plate.

As shown in Fig. 8, a separating layer 26 for causing

stripping at the interface with the green sheet 10 under the
effect of the irradiated light 25 may be provided between the
green sheet 10 and the head base 12. By causing ablation peeling
in the éeparating layer 26 and/or at the interface, a direct
impact is never exerted on the green sheet 10 or the-head base
12.

Applicable materials for the separating layer 26 include
non-crystalline silicon; various oxide ceramics such as silicon

oxide, silicate compounds, titanium oxide, titanate compounds,.-

tric elenent is once forned on

a



pi ezo-electric thin film30 and an upper electrode 31 are sequentially
| am nated on the third green sheet 28. The third green-sheet 28 pl ays
a role as a support upon patterning the piezo-electric thin film30 and
the upper electrode 31 into elenents, and shoul d preferably have a process
durability, particularly satisfactory heﬁ] resistance and nechani cal
strength. After bondi ng (adhesion) with e head -base in a process
followi ng patterning of the piezo-electric thin film 30 and the upper
el ectrode 312ixqnigy exide,cgdgcenage aemperends okddamEm wddet Radcomon
el ectrode 29 and the third green sheet 28, Therefore, the third green
sheet 28 shaoAnthanadice COBPPUREE it 6SBEORG yAIRIRFITiaAkissn %Ki th t he common
el ectrode 29. The material for the comon el ectrode 29 and the upper
el ectrode 3Eemigpnductereddnisradpaferanics v A Sl igen pdtride,
aluminum nitride, and titanium nitride; organic polymer
materials such as acrylic resins, epoxy resins, polyamide and
polyimide; a metal or an alloy of two or more metals selected
from the group consisting of A1, Li, Ti, Mn, In, Sn, ¥, La, Ce,
Nd, Pr, Gd, and Sm. One or more is appropriately selected from
among the materials enumerated above in response to the process
conditions and the materials for the green sheet and the head
base 12.

No particular limitation is imposed on the forming method
of the separating layer 26, but a method is appropriately
selected in accordance with the composition and the thickness
of the separating layer 26. More specifically, applicable
methods for forming the separating'layer 26 include s}arious gas
phase depositing method such as CVD, vapor deposition,
sputtering, and ion plating, electroplating, Langmuir Blodgett
9 (LB) method, spin coating, dipping, spray coating, roll coating

and bar coating.

The thickness of the separating layér 26, varying with the
object of stripping or the composition of the separating layer
26, should usually been within a range of from 1 nm to 20 um,
or more preferably, from iO nm to 20 um, or further more

preferably, from 40 nm to 1 ym. A smaller thickness than this

level of the separating layer 26 leads to a larger damage to



el ectric conductivity is high. Applicable materials include, for exanple,
Pt, Au, Al, Nl and In. It suffices to select appropriately a nethod of
f-orm ng the common el ectrode 29 and the upper electrode 31 in response to
the material and the film thickness. Applicable nethods include, for
exanple, sputtering, vapor deposition, é?D, el ectropl ati ng and

el ectrol ess plating. “As the materi Tor the piezo-electric thin film

for an -ink jet printer, lead zirconate-tjitanate (ﬁéﬁ%-based subst ances
- 26 - are the hebidas®l2i @0 daxIPY LIRSS HFRIYHES Antdr 3L Apapnt

of irradiated light for ensuring a good strippability of the
separating layer 26. The thickness of the separating layer 26
should preferably be uniform as far as pqssible.

The residue of the separating layer 26 after stripping is

removed through washing.

-

(Fourth step)

This is a step of forming an ink discharging nozzle port
Y — e - i )

13 on the head base 12 obtained in the third step.
=

The method of forming the ink discharging nozzle port 13

o

is not limited to a particular one, but applicable methods
include, for example, the lithographic method, laser
fabrication, FIB fabrication and discharge fabrication..

Fig. 9 illustrates a process of forming an ink discharging
nozzle port 13 by the:EEEESEEEEEiSJﬂgﬁﬂgé' More specifically,
the process is carried out as follows:

First, as shown in Fig. 9(a),.a'resist layer 15 is formed
on the head case 12.

The material and the method of formihg the resist layer
15 may be the same as those described above as to Fig. 2, and
are not therefore described here.

Then, as shown in Fig. 9(b), a mask 27 is arranged on the
resist layer 15, and a light 17 is irradiated only onto a
prescribed region of the resist layer 15 through the mask 27,

thereby forming an exposed region 18. -



the sol -gel nethod can appropriatély be selected. A high- quality thin
filmis available by a sinple process according to the sol-gel nethod.
A-noncrystalline gel thin filmis fornmed by repeating prescribed tine a
cycle conprising coating the cormon el ectrode 29 with a PZT-based

subst ance having a conposition adjustedngg a prescribed one by spin
cbating, and tenporarily baking the sant® Further, the coated product is
fully baked to obtain a piezo-electric thin film30 having a perovskite
crystal struct urhe mask 27Apapatitesm-themed/sogehaththiddghdplit teansmibsy be
used for formng the piezo-electric thin film 30. _ Then, as shown in
Fig. 10(b), a¢mky gicezo-nsigion correspofding B9 thel imk discbarglisgt nozizlgl are .
patterned into a piezo-electric elenent 32 in response to the pattern of
the ink pregsurie halswm in Fig. 9(e).

The, after exposure of the resist layer 15, application
of the developing treatment under prescribed conditions leads
to selective removal of the resist of only the exposed region
18, as shown in Fig. 9(c) to expose the head base 12, and the
other portions remain covered with the resist layer 15.

When the resist layer 15 is patterned as described above,
etching is accomplished up to complete penetration through the
head base 12 by using the resist layer 15 as a mask.

Etching may be conducted either in wet or in dry. Etching
in wet or in dry is appropriately selected, depending upon the
etching sectional shape, etching rate, and surface uniformity
for the particular material for the ink jet base 12. 1In terms
of controllability, the dry type is superior, and applicable
dry methods include, for example, the parallel flat type
reactive ion etching (RIE) method, the inductive coupling (ICP)
method, the electron cyclotron resonance (ECR) method, the
helicon wave exciting method, the magnetron method, the plasma
etcﬁing_method, and the ion beam etching method. The ink
discharging nozzle port 13 can be etched to a desired shape
including a rectangle and a tapered shape, by changing
conditions such as the etching gas seed, gas flow rate, gas

pressure, bias voltage and the like.

Then, after the completion of etching, as shown in Fig-..



33 of the head base 12 shown in Fig. 10(c). _ Patterning can be carried
out, for exanple, by the use of the |ithographic nethod showmn in Fig. 12.
Description thereof is therefore omtted here. Then, as shown in
Fig. 10(c), the head base 12 obtained fromthe process shown in Fig. 1 is
bonded, or stuck through an adhesive | fr 34, to the third green sheet 28
havi ng the comon el ectrode 29 and théa% ezo-electric el enent 32 forned

t her eon. The naterial for the adhesive |layer 34 may be appropriately-
-27- 9(e), the head base 12 having an ink discharging nozzle port

13 formeéd therein obf_ained by removing the resist layer 15. -

Lasers applicable for laser fabrication include various
gas lasers and solid lasers (semiconductor lasers), and
particularly, excimer lasers such as KrF, YAG laser, Ar laser,
He-Cd ]:aser and CO, laser are suitable. Among othérs, excimer
laser is particularly suitable.

The excimer laser, providing a léser beam of a high energy
output in the short wavelength region, permits fabrication in
a very short period of time, thus resulting in a high ;
productivity.

According to the lithographic method, it is possible to
form ink discharging nozzle ports 13 at a plurality of positions
at a time. However, this method leads to a high equipment cost
and a higher materials .cost, requiriﬁgg a larger equipment space.

Acéording to the method of nianufacturing a head base as
described above, the green sheet 10, once manufactured, can
reused repeatedly as long as durability permits. The
manufacturing steps of the éecond and subseguent semiconductors
can therefore be omitted, thus permitting reduction of the
number of processes and cost reduction.

An example of the process of forming a piezo-electric

element on the head base 12 formed in the aforesaid embodiment

will now be described belowwith reference to Fig. 10. According

to this process, the piezo-electric element is once formed on
—

a third green sheet 28, and then copied onto the head base 12.-

—




selected in match with the materials for the head base 12, the comon

el ectrode 29 and the piezo-electric elenent 32. - .Then, as shown in

Hg. 10(d), the head base 12, the common el ectrode 29 and the

pi ezo-el ectric elenent 32 are integrally stripped off fromthe green sheet

28. When the third green sheet 28 di t he common el ectrode 29 are so

ht ghl y adhesive to each other as to make“rt~difficult to acconplish

stripping, a light may be irradiated to pronote stripping, as in the above

descri pti on dfoxéespraichianldiyowthien prergss 7is agairyied et as seddomsisng

| ayer may be provided as shown in Fig. 8. Upon formation of the

pi ezo-el ectric el Eawat,3as cpheowe ineddg.badéal2, acommomeiratrode 28,skgnal

circuit, an ink tank and the like are incorporated to conplete an ink jet

printer headpiezo~electric thin film 30 and an upper electrode 31 are
sequentially laminated on the third green sheet 28.

The third green sheet 28 plays a role as a support upon
patterning the piezo-electric thin film 30 and the upper
electrode 31 into elements, and should preferably have a process
durability, particularly satisfactory heat resistance and
mechanical strength. After bonding (adhesion) with the head
base in a process following patterning of the piezo-electric
thin £ilm 30 and the upper electrode 31, stripping is conducted
at the interface between the common electrode 29 and the third
green sheet 28. Therefore, the third green sheet 28 should
preferably not to be very high in adhesion with the common
electrode 289.

The material for the common electrode 29 and the upper
electrode 31 is not limited .to a particular one so far as the
electric conductivity is high. Applicable materials include,
for example, Pt, Au, Al, Ni and In. It suffices to select
appropriately a method of forming the common electrode 29 and
the upper electrode 31 in response to the material and the film
thickness. Applicable methods include, for example,
sputtering, vapor deposition, CVD, electroplating and
electroless plating.

As the material for the piezo-electric thin film for an

ink jet printer, lead zirconate-titanate (PZT)-based substances



- 28 - WHAT IS CLAIMED | S: 1 A nethod of manufacturing an ink jet
printer head, conprising the step of ejecting an ink by pressurizing an
nk pressure chanber by nmeans of a piezo-electric elenment deformng in
response to an electric signal, provided on a head base formng said ink
pressure chanber; wherein: a manu gcturing met hod of said head base
conprises a first step of manufacturing a green sheet having a prescribed
relief pattern in response to said head base; a second step of formnng
sai d head base $itakkengFardieoning 18 BIF-Ragetefrhptanee it fgfilm,
“the sol-gel method can appropriately be selected. A high-
quality thin film is available by a simple process according
to the sol-gel method.

A noncrystalline gel thin film is formed by repeating
prescribed time a cycle comprising coating the common electrode
29 with @ PZT-based substance having a composition adjusted to
a prescribed one by spin coating, and temporarily baking the
same. Further, the coated product is fully baked to obtain a
piezo-electric thin film 30 having a perovskite crystal
structure.

Apart from the sol-gel method, sputtering may be used for
forming the piezo-electric thin f£ilm 30.

Then, as shown in Fig. 10(b), the piezo-electric thin film

30 and the upper electrode 31 are patterned into a piezo-electric

- element 32 in response to the pattern of the ink pressure chamber

33 of the head base 12 shown in Fig. 10(c).

Patterning can be carried out, for example, by the use of
the lithographic method shown in Fig. 12. Description thereof
is therefore omitted here.

Then, as shown in Fig. 10(c), the head base 12 obtained

. h e ——————————
from the process shown in Fig. 1 is bonded, or stuck through
—
an adhesive layer 34, to the third green sheet 28 having the

—— S, =il
common electrode 29 and the piezo-electric element 32 formed

thereon.

The material for the adhesive layer 34 may be appropriately-



sai d head base on the surface of said green sheet having said relief
pattern; a third step of stripping off said head base fromsaid green
sheet; and a fourth step of formng a nozzle port for discharging the ink

on sai d head base. - 2. A method of manufacturing an ink jet printer
head according to claim1, wherein: 4 said first step conprises a step
of fornming a resist layer in response't% a-prescribed pattern on a

substrate of green sheet, and then nmanufacturing said green sheet b
formng sai dsebeeeed ipamasrh GhtR fihe Babsrials AT ghecheafdeaseyl ot Eéﬁng.
3. Anmethod of manufacturing an ink jet printer head according to claim 2,
wher ei n: commeR cekepisiada & ofangr &8s pReee-pPieatlic| eRMeRE cf2. :

Then, as shown in Fig. 10(d), the head.base 12, the common
electrode 29 and the piezo-electric element 32 are integrally
stripped off from the green sheet 28.

When the third green sheet 28 and the common electrode 29
are so highly adhesive to each other as to make it difficult
to accomplish stripping, a light ﬁay be irradiated to promote
stripping, as in the above description of the process shown in
Fig. 7, and further, a separating layer may be provided as ;hown
in Fig. 8.

Upon formation of the piezo-electric element 32 on the head

base 12, a wiring pattern, a signal circuit, an ink tank and

the like are incorporated to complete an ink jet printer head.



- 29 - ' 4. A net hod of manufacturing an ink jet printer head

according to claim2, wherein: sai d substrate of green sheet is nade
of quartz gl ass. 5. A nethod of manufacturing an ink jet printer
head according to claim1, wherein: said first step conprises the

steps of formng a resist layer in resggnse to a prescribed pattern on a
Second green sheet, then converting Sa second green. sheet and said

resi st |ayer
WHAT IS CLAIMED IS:

@ A method of manufacturing an ink jet printer head,

comprising the step of ejecting an ink by pressurizing an ink
a3 2 '
pressure chamber by means of a piezo-electric element deforming .
- A +. S A1

in response to an electric signal, provided on a head base forming

said ink pressure .chamber; wherein:
e ——

12
a manufacturing method of said head base comprises a first

10
step of manufacturing a green sheet having a prescribed rellef

pattern in response to said head base; a second step of formlng

said head base by coating and solidifying a material for forming

said head base on the surface of said green sheet having said

relief pattern; a third step of stripping off said head base

————

from said green sheet- and a fourth step of form:.ng a nozzle

A7

port for discharging the ink on said head base.
ey . .

2. A method of manufacturing an ink jet printer head
according to claim 1, wherein:
A
said first step comprises a step of forming a resist layer

in response to a prescribed pattern on a substrate of green sheet,

and then manufacturing said green sheet by forming said relief _\“g 2
pattern on said substrate of green sheet by etching.
M
3. A method of manufacturing an ink jet printer head
according to claim 2, wherein:

. 1 -
said substratLé of green sheet is a silicon wafer.
. e T ———

* c L M 1 *



i nto conductors, forming a netal layer by electrically depositing a netal
by el ectroplating nmethod, and then, stripping of f said netal l[ayer from
Sai d second green sheet and said resist layer to manufacture said green

sheet . ' 6. A nmethod of manufacturing an ink jet printer head
gccording to claim1, wherein: th? material for form ng said head
base is a substance hardenable by inpa ?iﬁg energy. 7. A nethod of

manuf acturing an ink jet printer head according to claim®6, wherein:
sai d energy is_a light or a heat, or both a light and a heat.

4..A method of manufacturing an ink jet printer head
according to claim 2, wherein:

said substrate of green sheet is made of guartz glass.

P

e

5. A method of manufacturing an ink jét printer head
according to claim 1, wherein:
said first step comprises the steps of forming a resist

AT 20
layer in response to a prescribed pattern on a second green sheet,

= <~
then converting said second green sheet and said resist layer ‘s

&4
into conductors, forming a metal layer by electrically é?
tato concuctor .
depositing a metal by electroplating method, and then, stripping

off said metal layer from said second green sheet and said resist

layer to manufacture said green sheet.
- : 6. A method of manufacturing'an ink jet printer head
according to claim 1, wherein:

the material for forming said head base is a substance

hardenable by imparting energy.

7. A method of manufacturing an ink jet printer head
according to claim 6, wherein:

said energy is a light or a heat, or both a light and a

heat.

8. A method of manufacturing an ink jet printer head --

* c L M S *



8. A nethod of manufacturing an ink jet printer. head

- 30 - according to claim1, wherein: said head baseis forned of a
t-her nopl asti c substance. 9. A method of manufacturing an ink jet
printer head according to claim8, wherein: sai d thernopl astic
substance is hydrated gl ass. 10 A nmet hod of manufacturing an ink
ret printer head according to claim1l, erein

according to claim 1, wherein:

said head base is formed of a thermoplastic substance.

e .

9. A method of manufacturing an ink jet printer head
according to claim 8, wherein:

said thermoplastic substance is hydrated giass.

10. A method of manufacturing an ink jet printer head
according to claim 1, wherein:
therecessofsaldrellefpatternformedonsaldgreensheet 5;: 5/
‘S

has a tapered shape having an opening larger than a bottom.

11. A method of manufacturing an ink jet printer head
according to claim 1, wherein:

a stripping layé%?of a material Egving a low adhesion to

said head base is formed on said green sheet surface having said ‘£ g

relief pattern.

12. A method of manufacturing'an ink jet printer head
according to claim 1, wherein:

in said third step, said head base is stripped off from

said green sheet by irradiating a 1light onto an interface between —h S q_

b=y

said green sheet and the head base.

13. A method of mahufacturing an ink jet printer head

according to claim 12, wherein:
. I

A Y



the recess of said relief pattern forned on said green sheet has a tapered
shape having an opening |larger than .a bottom 11. A nethod of
wanuf acturing an ink jet printer head according to claima1, wherein:
a stripping layer of a material having a | ow adhesion to said head base is

formed on said green sheet surface havin sald relief pattern. 12.
A net hod of manuf acturing an ink jet pri head according to claim1,
wher ei n: in said third step, said head base is stripped off from

said green sheet said rvesdl disisegis styhppedteffirfron sefigc grpenwebeet sin d

green sheet and the head base.
the interior of a separatlng layer and/or at an interface with

said green sheet by providing said separating layer between said
e ¥

" green sheet and said head base, and irradiating said light onto 'S

the interface between said green sheet and the separating layer.

14. A method of manufacturing an ink jet printer head
according to claim 1, wherein:

said fourth step comprises forming said ink discharging

nozzle pof@jgy the lithographic method.

15. A method of manufacturing an ink jet printer head
according to claim 1, wherein: '
said fourth step comprises forming said ink discharging

nozzle port by means of a laser beam.

16. A method of manufacturing an ink jet printer head
according to claim 1, wherein:
said fourth step comprises forming said ink discharging

nozzle port by means of a converging ion beam.

17. A method of manufacturing an ink jet printer head
according to claim 1, wherein:
said fourth step comprises forming said ink discharging

nozzle port by discharge fabrication.

- ————
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13. A method of manufacturing an ink jet printer head according to claim
12, wherein: - 31 - sai d head
base is stripped off fromsaid green sheet in the interior of a separating
Llayer and/or at an interface with said green sheet by providing said '
separating | ayer between said green sheg% and said head base, and
i'rradiating said light onto the interfat® between said green sheet and the
separating layer. 14. A nmethod of. manufacturing an ink jet printer*:
head - according tb8el2®nink Jffermiimter head manufactured by the

imanufacturing method of an ink jet printer head according to

any one of claims 1 to 17.

O



I phi ¢ net hod. 15. met:hod:.of manufacturing an ink jet
oIl er head accordi ng.to claim A _wherein. sai-d-fourth step

smt h st SEAWSBEP@RTH%AggFaiOFW' 9C§O§%?1%fr69i ng nozzle port b.y. th
1

U

éEEKTl@Eﬁ‘HErABSﬂsz&I’H i nk di scharging nozzle port by neans of a |aser

beam 6—Amerhod of manufracturing an 1Nk jet printer head
according to claiml1, wherein: said fourth step conprises formng
sai d i nk discharging nozzle port by nmeans of a converging i on beam

17. A method of manufacturing an ink bet rinter head according to claim
1, wherein: INK JET PRINTER HEA METHOD FOR

MANUFACTURING THE SAME

With a view to permitting manufacture of an ink jet head capable of coping with a higher
resolution at a low cost through a simple process, the method of manufacturing an ink jet
printer head of the- invention comprises the step of ejecting an ink by pressurizing an ink
pressure chamber (33) by means of a piezo-electric element (32) deforming in response to an
electric signal, provided on a head base (12) forming the ink pressure chamber; wherein a
manufacturing method of the head base comprises a first step of manufacturing a green sheet
(10) having a prescribed relief pattern in response to the head base; a second step of forming
the head base (12) by coating and solidifying a material for forming the head base on the
surface of the green sheet (10) having the relief pattern; a third step of stripping off the head
base (12) from the green sheet (10); and a fourth step of forming a nozzle port (13) for
discharging the ink on the head base.
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¢said fourth step conprises forning said ink di schagp oeage_-p t by
di scharge fabrication. . - WBJ52 - 32- % 18.

‘An ink jet Printer -head manufactur nuf act ugi Rg et hod of
jet printer head according to anyg%réhgﬁg‘;s 1 tm
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(57) Abstract :
A method for manufacturing an ink jet printer head which can cope ()
with the tendency toward resolution improvement at a low cost through 1 10

simple steps. Specifically, a method for manufacturing an ink jet printer head
which jets ink by pressurizing an ink pressurizing-chamber by means of a
piezoelectric clement that is provided on a head base forming the ink
pressurizing chamber and deformed by an eleciric signal, wherein a method

for manufacturing the head base comprises the first step of manufacturing a 12
| master disk (10) having an uneven pattemn corresponding to that of the head  (b) '
base, the second step of forming the head base (12) by applying and . ———10

solidifying a head base forming material to and on the surface of the master
disk (10) carrying the uneven pattern, the step of releasing the head base (12)
from the master disk (10), and the fourth step of forming ink jet nozzie

openings ([3) in the head base (12). I i
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