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DESCRI PTI ON' METHOD OF MANUFACTURI NG | NK- JET PRI NTER HEAD Techni cal Field
The present invention relates to a nmethod of manufacturing an ink-jet 5
printer head, which has an excellent workability to efficiently and quickly
form (bore) WOSH4@BE fices in an orifice plate. Background POTIPRES% | v,
ink-jet printers are widely used. The 1nk-jet printers include a thérnal

jet type which ejects ink droplets under the pressure of bubbles that 10
are generated by heating the i nk BESGBHREION a heat-generating resistor

el ement and a piezoelectric type which ejects ink droplets by pressure that

is applied to theMETHOY CFEANRACTEURING ONKIET PRIEEE HEAD I esi st or
el enent (piezoelectric elenment). Because those types of printers do not

require a devel oping step and 15 fé@‘laga?f:ie?# ep and directly eject ink
droplets on a recording nediumto record Inftornmation, they are advant ageous

over an el ectrophpg® fe@@ﬁﬂiﬁvérma@rémwtbgmwﬁdfééﬁﬁf hﬁ-;étn easy

m niaturization and lower printing energy. The ink-jet printers are

t her ef or e Hprintenhear mhiah hasrdnyexaslignt nodeabilityiol sficksrtly aht quickiyrfoms j et type
printer heazjs are classifjed inpto two structures - 20 depending on the

ej ection di HRore) gaedaniicssinanapifige Blate si de- shooter type thermal ink-jet
printer head which ejects ink drqplets in a direction parallel to the heat
generating surface of the heat-g Atsistor el ement and a

gr
LSt ok ooy RECer e B R SR RSB ot | g
surface of S%rﬁ%ﬂe}] BRRSHRA é}scéﬁ\kr&a,sna&qrnds}fﬁg%génsgﬁn{éﬁodru%ls{e-ss%@ oter type

thermal ink-jet pr ead,” 1n particular, | ry | ow

pover corifuanet gereratéd 6 hedtig the tnkdy riv€amxsimheat-gbieratieh relesrat i cal |y
illustrate the printing principle of the roof-shooter type thermal ink-jet

printer heaiement spdapiazeelecidc typs whicheigets deindronietszy pressure thatig enent 2 i s

gg}ogégg / gga@iiidlﬂ: e ink by\@g Qe%#h%%“gg of a piezoelectric resistor element

(piezoelectric element),
Because those types of printers do not require a developing step and
15 transfer step and directly eject ink droplets on a recording medium to record
information, they are advantageous over an electrophotographic type which
uses powder-like toners in easy miniaturization and lower printing energy. The
ink-jet printers are therefore popular particularly as personal printers.
4 he thermal jet type printer heads are classified into two structures -
20 depending on the ejection direction of ink droplets: a side-shooter type thermal
ink-jet printer head which ejects ink droplets in a direction parallel to the heat
generating surface of the heat-generating resistor element and a roof-shooter
“type or top-shooter type thermal ink-jet printer head which ejects ink droplets.in
a direction perpendicular to the heat generating surface of the heat-generating
25 resistor slement. The roof-shooter type thermal ink-jet printer head, in
* particular, is known for its very low power consumption.
FIGS. 1A through 1C exemplarily and schematically illustrate the
printing principle of the roof-shooter type thermal ink-jet printer head. As

shown in FIG. 1A, a heat-generating resistor element 2 is disposed on a silicon



2 substrate 1, and an orifice plate 3 is adhered to an unillustrated
partition and is so arranged as to face the silicon substrate 1. A
plurality of orifices 4 as ink- ejection nozzles are forned in the orifice
plate 3 at a location facing the heat- generating resistor elenent 2.

Uni | | ust r at ego@hsgeie’ 0des are connected to both 5 ends of &pg,poonosco
heat - generating resistor elenent 2, ard ink 5 is al ways suppl'nl,eg to-an ink

flow path in which the heat-generating resistor elenment 2 is provided. To

ej ect ink dsaistate1,fandnar drifice pisté 8 @sadheréd fosdn urifisthieWpatiioafid is!B (1)
energi zing according to image information heats the heat-generating

resi stor el 8prafanged as iofaes the silisomgulsiiats & nAplusiity ofrorifices has ink-

heat - ' I_st 0 el t 2. h t ed bubpl

Conbi ned  t o lgattul iies ¥ fomen LTE coficn birtedats eRiantagna tis hest. ¢
adi abat i cal hynSXRReRtcR fbnilr9n. H@lﬁ@t@?el&&%d&@%Fé’é’orlr@étegﬁg:gﬁ drives ink

5' out of the orifices 4so that t ecomes an | 7 as

shown in Bl éhdsled thé heit-generating césistort element 2, ad Ik S Refwalk stiPplisl fol Ust r at ed
sheet of paper. (4) As the heat of the gr;gown_fi | m bubbl'e 6 1s taken 15 by
t he near by #mibk flomepath imwiioh Riechegt-gengrabing resiste plemant Riis probided) e 6

di sappears to be xeady.for th Xt heatin f, the heat-generat|ng resistor
el enent 2. This s@qﬂg%&'&( %PP'§§JB°E"EW° q%?f g)f?ﬁtsaf)éwmiﬁgggi i@{tﬁ#ﬂ aneousl vy.
One way of &uiginglaécbraihgs fhage fitaRon hédts kr%tnd%E.b&Ee‘r‘étir[be.%Qis to

simul taneously forma plurality of heat-generating-resistor elenments,
drivers forelemenh2dbereby oausing ubblienydieatiahiohth@heatigehératifg résistormonol i t hi ¢

form by L4ti lizi ntg siljicon LSI technology and thin filmtechnology. FIG 2
present s 11 ¢iamept?.| | @xThegennrated bybkbles arpsnmbined toigenerate-a fitn bulhleral i nk-j et

printer heagl. i | ' resistar filmand an

el ectrode faéii I é;r@@ﬁ%%ﬂ}t%ﬁ%aaﬁﬁ%@[} ?'&%’glgﬂéés‘{%iwﬁ» PrEFSING (2), the 25
pattern of reeaby pRNETHS digesSAR 51 oub 6f B Grifics £s8 thef the Hk 2hecdmes'as are
respectively forned on the resistor filmand the electrode film by

phot ol i t hodhlgraplesi7 asrshownide FIG. Gwhish @8 sjeateddoward tensurfackaf ard whi ch
ok 1 ow padDEERaTRetF pabe (S e hpa e e uG B AP ek bcd hol e
are for gﬁgat&%htaﬁugﬁ@ i %8 filR Bubbles 86iRacks) (5)3hetih blbfleld ate is adhered
disappears to be ready for the next heating of the heat-generating resistor
element2. This sequence of steps (1) to (5) is performed instantaneously.
One way of manufacturing such a thermal ink-jet printer head is to
simultaneously form a plurality of heat-generating resistor elements, drivers for
20 those eléments and a plurality of orifices in a monolithic form by ufilizing silicon
LS1 technology and thin film technology.
"FIG. 2 presents a table illustrating steps of manufacturing such a
thermal ink-jet printer head. As shown in FIG. 2, an oxide film, a resistor film
and an electrode film are formed on a substrate in step (1).+ In step (2), the
25 pattern of heat generating sections and the pattern of electrodes are
respectively formed on the resistor fiim and the electrode film by
photolithography or the like. In step (3), a partition is formed which separates
the area on the substrate into a predetermined pattern, defining ink flow
passages. In step (4), an ink feed passage and an ink feed hole are formeﬁ in

30 the substrate. In step (5), an orifice plate is adhered onto the partition.
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step (6), a'nmetal filmis forned on the surface of the orifice plate and

the pattern of orifices is forned on that nmetal film 1In step (7), orifices
are formed ugi r&’g{“an ordinary dry etching system excinmer |aser or the |iKke.

In step (8), MOfU*PYual substrates collectively formed on BCTARPU04% o

separated into 5 individual units by Wicing. In step (9), each single head
substrate is bond t i th i.ts | eads connected to the
associ ated | eads @%é%‘g@' %Pﬁ ﬁ@ﬁ%ﬁ%&é’?ﬁ%ﬁ&ﬁ?‘ﬁ%ﬁﬁﬁ mlﬁceoprp]atg MNer mal

i nk-j et prifHepatiepneforlfited RYomadd bif that ARtdd filnft rlﬁ@ieggﬂfgrﬁggéestéfge t her mal

i nk-jet printer head, the orifice plate should be I'n such a way as

not to buryfarmediusingganowdiearyrdr tchitig syatesq @rcifer leer drythé lilke. panstepi on with a
m_\While designing this partition to have a hei ght

hei ght of abqut 10 [err .
of over 15 ?ﬁr'?f"r‘ﬁdélhﬁﬂ iates cplipotively formed on awafar arereparmted into partiti on

cannot be g ks e r by singl.e. | jcation of a
phot osensit ﬁl‘\leljewrL e'ailﬂ?li&v\é}}i9 %ﬁnés O'E‘ﬁgébn@’ée%ch%{%mﬁéubﬁnt?ﬂaﬁa@ﬁ?deﬂgﬁI ying the
phot osensi t awfount sillistiatd With okaYS EortieRic® thd'gssobBifd 105dd theredkeP of 15
formng the partition, thus |lowering the working efficiency. I'n addition, a

hi gh parti t This campletes apragtical onit of a therma| iok-jgt printenkead.it difficult to form
fine ink flow passa%ﬁe%h%hatt are needed, for a head having a resol ution of

400 dpi or great &p.1hg [Rbfigationof aoef-shogier tynedhermal ink-ief printer headi thei on shoul d
be set to aggude m I e @0 QL |.at e which 20
I s prepared by ﬁ%ﬁ%ﬁ%@ha@ﬁajggﬁ%@ég 0 gﬁgggg‘%%bbé"&m%rih%h@%lvgﬁg to a resin

of pol yi niddink passdye foirhed bysthediaetition witht Dhéibist dPabbiti1io0n: rRY WWRRE Moconpr essi on
bondi ng. This schene requires that an adhesive should be applied to the
_thickness oflesigning thisapastiion to haye a)heighd of pvar 45 um eliminaies thesneed fond shoul d
be adhered t S lately thereafter, It is difficult to
apply the 2 cgﬁg%rfcégw,%%}@%%@agwa; 5%?’%‘?‘9%5%% Flpkta?frﬂ"%i?ifbﬂ‘@f t he

adhesi ve t osihéie apPiicHiibs ofa photosdriditivk Tadis whith S ' or ink

fl ow passagesgafa{pgr .adhesi gn are nar‘rovlved to tﬁéﬁhaéléﬁﬁtfdr’gfegérﬁgér{r?] m by the
adhesi ve t hAppliiag threphoterepsitieel resirolwicebmonevby ddublesrthe timprferstae etepsindi ng, so
that part t he oove and ink flow passages nmay be bl ocked dependi ng

on a var i1§? %Hﬁ'"ﬂrﬁ"?n Eé&'ﬁ%ﬂm@&m@ the "{W@Rﬁ&ﬁ&?n‘ﬁé.

In addition, a high partition with a height of over 10 x m makes it
difficult to form fine ink flow passages that are needed for a head having a
resolution of 400 dpi or greater. In this respect too, the height of the partition
should be set to about 10 z m ata maximum. Normally, an orifice plate which
20 is prepared by applying an adhesive of an epoxy base or the like to a resin of
‘ polyimide or the like is adhered onto the partition by thermocompression
bonding. This scheme requires that an adhesive should be applied to the
thickness of, for example, 5 x m or less just before usage and shouid be
adhered to the substrate immediately thereafter, 1t is difficult to apply the
25 adhesive uniformly and thin. Even if application of the adhesive fo the
thickness of 5 um is possible, the ink groove or ink flow passages after
adhesion are narrowed to the height of 5° zm b} the adhesive that has been
pressed from above. by thermocompression bonding, so that part of the ink
groove and ink flow passages may be blocked depending on a variation in the
30 thickness of the adhesive.



WO 00/ 46030 PCT/ JPOO/ 00499 4
The conventional schenme has a difficulty in applying an adhesive uniformy
and thin and a technical problemon storage after application of the
adhesive. It is therefore necessary to performa work of adhering the

orifice platgolpugsy ately after application of the adhesi r,
because the 5 adhesive Is sticky, careg should be taken to\“ﬁgf{g‘i@&{aﬁe

partition applied with the adhesive at the tine of adhering the orifice

plate, i.e., the Wé@h&hﬁdﬁé!écﬂmeﬁ@hd&@&ﬂic%ﬂ aigfaltyﬁi?'a)ﬁiamh@ wghi ch has a
partl

reliably high heat resistance is used for the ion and orifice plate

as ment i onednifaBivand thinandaitechnical prehiem on| staragrealfterrapplicatian obthies used,

deterioration of the.aghesive during use would reduce the 10 _high
heat - r esi st%‘ﬂ%eé'vreel ﬁéﬁ)ﬁ'\ef%9redfe°??¥' to-Reriom, 2 ‘%‘Pf[ﬂ °g?‘i’hqr@8t’i‘ﬁaﬂfl99 Recent |y,

Lherefore, $iB@ AMMABRBPaSHIBAIN StPhdidaid, | Pudfildeslsdief O M ng an

adhesi ve | ayer, which of a thernoplastic adhesi terial having

such a hi hadHesive i$ stiuky] ddreshquid bé tken@hakhdle tHeParitfon=pplied KM RAL Ur e and
excel | ent heat resistance, on the adhesion surface of a very thin polyimde

film 15 of adhesivestthedime of aghering thei arificelats: I.es thehworkalsikityis mot highi er i al .

Thi s ensur {. .of the . orifi | 3 wi,th the adhesive naterial

appl i ed an?‘g"lsq @&égﬁ‘ge Wﬁ‘ﬁcﬁihéﬁ aﬁFEﬁ’éﬁ?@t’ ggaté'a papceigiEpdieritte t ne substrate
1 by ther nOsgHSrestd Shtice Iplaté 8s hrie: il i rmopl astic
adhesi ve | ayer should I‘l‘):g pgadheredﬂ?@%ﬁo@gﬁgé‘§¥§r¥esﬁ§hﬁﬂoﬁ%&gl ate 3,

i . e., not Jebigtance ishgsedoteteriorafion bith@ @dhesive dwringlust avoulitreduédithesubstrate 1

is to be,placed but also on the top surface which does not inherently need
such adhégifﬁﬂh ﬂ?ﬁr’?‘ﬁ?"ﬁ%&ﬁ'ﬁ@%&émq Raftilisyanskorfige platth adhesi ve | ayer only

i de woul i 3 ¢ L1 inth
coeffiorent of t N e: LRI heirofticnsBled S B i el Brhe. adnesi ve
| ayer, makifogning ahraatbsies kyer, whichadebistsiole tRétiopeBiPhdiRe -ﬁé\éEZﬁ resulting

in very poor working efficiency. The orifice plate with a thickness of 30
to 40 [err]havingfaighia high glgssitransitiontneint asinotiorflontat roosh temperatuse amhdl ed, is

i1l thi hol es therein by usi di d
ot ching sy <PERge Padh BRERRbe. o h8 photlarSirlaeE e Semlh rabre i 10 0
i mul t anes laboarsb BuRAh flisk WM Hb bbifiaMhb(ehEes THR drlufell S ol fi ce

pl ate. Conventionally, orifices are torne e oritrce plate, the

storage of the orifice plate 3 with the adhesive material applied and ailows the
orifice plate to be easily adhered to the substrate 1 by thermocompression.
It is to be noted however that this thermoplastic adhesive layer should
be adhered to both sides of the orifice pléte 3, i.e., not only on the bottom of the
20 orifice pidte where the substrate 1 is to be placed but also on the top surface’
which does not inherently need such adhesion. This is because application of
such an adhesive layer only on one side would cause warping or curling due to
a difference in the coefficient of thermal expansion between t.he orifice body
and the adhesive layer, making it troublesome to handle the orifice plate 3 and
25 resulting in very poor working efﬁqiency. |
The orifice plate with a thickness of 30 t0 40 x m, though itis a very
thin film member when it is handled, is still thick enough a member to form
holes therein by using an ordinary dry etching system or excimer-laser. It has
- therefore been difficult to simultaneously and adequately form multiple orifices

30 in this orifice plate. Conventionally, orifices are formed in the orifice plate, the
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adequate nunber at a tine, so that form ng the whole orifices takes tine.
To formnultiple orifices at a tinme, dry etching with helicon wave pl asma
source (hereinafter referred to as "helicon-wave dry etching”) nay be used.
The hel i con wa¥@4soavhi ch i s one type of el ectromagnetic wawestddabisd
propagate in plasma, is called a whistder wave and is capabl e of generating
hi gh-density plasma. The use of such a high-density plasra can all ow

mul ti pl e oradequate humber atiarting, ao dwd Sorningtheantwle orfficky tdkesdinfeast and in a
predetermned direction. Wth the use of the helicon-wave dry etching
system however, TW”E@“’('%@W@?EF@ e, dygteRing with kelifoB@YSecones hi gh by

| ayer s adncpaung sByETReRREne Rt 38 RubR sl PRk MR, Tase
vari ous: pr oldedIs ThE!Helicoh wave, Whidhié-biaé typed eRicBerlaghalic waves thatnal view of a
print head before orifices are forned, FIG 3B is a diagram show ng the

st at e wheBepropagiate implasmapis callatka whistier wave and is capabié of generatingconpl et ed,

and FIG 3C.s a diagramill]ustrating a ,shortcom ng which arises at the
initial sta Qh'QP"ﬂWo@E%@?'ng rl?r‘fsﬁ‘gégg%? h‘ﬂ@]‘ﬁ’%ﬁy Bagah aleWhi ng. As .shown

in FIG 3A 'ggp‘ﬁleg‘?@%%&g%%ﬁm,t%%g W%ﬁ@%@%@%%%ﬁh%a' ayers 8a and 8c

adhered to a poly Il n order to forman
i nk groove fFredstnvinel|dirattiont ed i nk flow passages and the like, this orifice
plate 3 is placed on a partition 11 with that side of the adhesive |ayer 8c
faci ng the subst réite the usedfitke helisorwavassry etchisg systamabeweves, theo t o

300[err] ¢ so as t.o be fixed onta t silicao ubstrate 1.as.shown in FIG
37 Ther o Bmberaiirecfh 2 eH yPik ecs bactimesdich BY R dersiBRiaRia o |

et ching sysigiinérfibe piate havirRPthefmfo | NtRRANA6IHE bR B dhered tBdole" N 15. The
orifice plate 3 wwth the thernopl astic adhesive’'l ayers adhered to both

si des t her esifles shauid bé used, ibeth of whichwouldeaibe vaniousiprobléms.s | ani nat ed on t he
substrate 1. Wien_the pattern 15 is formed with a nmetal pask film 14 forned

on the orifice plidfe3sBRpatthlnenalged Srrsrarctions) viewlapgint Beagi ti ated to
apply heal . gl \HHRKE bre fofhEd #16! 15 alabRin hling s ikBRepst | © adhesive
15 formation of a mask pattern on a metal film is completed, and FIG. 3Cis a
diagram illustrating a shortcoming which arises at the initial stage of processing
orifices by helicon-wave dry stching. As shown in FIG. 3A, the orifice plate 3
has thermoplastic adhesive layers 8a and 8c adhered to both sides of a
polyimide film 8b.
20 th order to form an ink groove 9 and uniflustrated ink flow passages"
and the like, this orifice plate 3 is placed on a partition 11 with that side of the
adhesive layer 8c facing the substrate 1 and is pressed while being heated to
200 to 300°C s as to be fixed onto the silicon substrate 1 as shown in FiG. 3A.
Thereafter, the orifice plate 3 is placed in the helicon-wave dry etching system
25 and orifices are formed according to a pattern 15.
The.orifice plate 3 with the thermoplastic adhesive layers adhered to
both sides thereof is an effectivety formed member until it is laminated on the
substrate 1. When the pattern 15 is formed with a metal mask film 14 formed '
on the orifice plate 3 and then helicor-wave d_ry etching is initiated to apply heat,

30 however, corrugation or rising of a thermoplastic adhesive 82’ at the center
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portion as shown in FIG 3C due to a difference between the coefficient of
t hermal expansi on of the thernoplastic adhesive |ayer 8a at the exposed
pattern portion where the nmetal mask film 14 has been renoved prior to the

formation ( i of the orifices and those of the netal EF;E}%O;B&«M“ 14, the
5 pol yirm deb‘?ﬁ":’f“ﬂg%}oo and the like. In tghis case, the great grt e exposed area
of the pattern portion i's, the higher the thernoplastic adhesive | ayer 8a'

rises at ! NgoEMbesndl in 0. 31ayB'S BidifbréHcadeRisdite Bodtiicntprsi tuat  on, the

resi dual of t errmp stic adhesive layer 8a flows into the ink ejection
ports (ori fihemsal exparision bfthe tirermplastiy adhesive Igyer 83 atdhelexpotedoe conpl etel y

round but deformed by the end of the for@g‘ion of the orifices. At the tinme
of printi ngpaﬁqﬁ@peﬁian&hermtbewwea%ﬁ%@t 45rpe§"d?m@ﬁq pierde theerent from

the di rect | fmbork B b RELE o IneBe of FRTARIRAI AR, AEHRE"Y cul ar to

the surfac nedi um  Because € openi s of the holes

for conned p@iAmide ﬁﬁmj AHdl the [Id." 9R thib e, BRIgréaeane ekpbgeher@é enhé ode | eads

of a drive circuit have relatively |arge exposed areas, the above
phenonmenon patternpertion is; theobighardhe thermepiasivadhesive mdsa;\mses atthe

t her nopl asti c adhesive |layer 8a to remain a lot. This residual of the
t her nopl ast SRR e | ayer 8a causes bondi ng defects at the t| me the

Icn[]ktjhgt cg;egt grsgﬁ?ggihagh%&sggqu& sé)?i{e ﬁoﬁ%%?esﬁﬂgféftﬁémﬁl ch | eads tlonaany

cost Increaﬁenﬁépt&aicladh&sw@wérsa)ﬂdfw@mwﬂatelumqe@tbn;iarﬁs@dmm:us oof Invention
Accordi ngly, is an object of the present invention to provide a nethod

of manuf dét unat tmg ininejeetion partspvill netdre campletelypand Msieﬁonmeg ﬂwheemd and
excel l ent 25 kabi,| |t and.can ent nd .for | ej ection .
nozzl es of ﬁf"\éo 91“ P eloHﬁ%essh E oa/rE'?mQ ,ﬂp,%r fﬁre H F'%K§\7i ng bondi ng
defects or ggi e in X Qi Sd:tfiﬁ diffdteftdron #i2 dﬁrebmmwm bOEetRS, nf%eual of a
t her nopl ast | c adhesive layer even if a thin film sheet has an
excel | ent wdirdctibn petpendicdiahtustha sutimemmhapmtanmﬁihe& ve I ayer adhered to
either side thereof is used as the soe 30 material for a%n orjfice plate.
Because the opemng portlons the holes for connection of bonding
15 wires which correspond to the electrode leads of a drive circuit have relatively
large exposed areas, the above phenomenon becomes more nofticeable,
causing the residual of the thermoplastic adhesive layer 8a to remain a lot.
This residual of the thermoplastic adhesive layer 8a causes bonding defects at
the time the ink-jet printer head is wire-bonded to the mount substrate.
20 1fi any of the cases discussed above, defects reduce the yield, which

leads to a cost increase as well as lower working efficiency.
Disclosure of Invention

Accordingly, it is an object of the present invention to provide a method
of manufacturing an ink-jet printer head, which has a higﬁ itield and excellent
25 workability and can efficiently and form multiple ejection nozzles of a good
quality in a short period of time without having bonding defects or defective
ejection nozzles originated from the residual of a thermoplastic adhesive layer
even if a thin film sheet which has an excellent workability and has a
thermoplastic adhesive layer adhered to either side thereof is used as the base

30 material for an orifice plate.
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achi eve t he- above object, according to one aspect of this invention, a

nmet hod of manufacturing an ink-jet printer head having a substrate provided
with a plurality of energy generating elenments for generating pressure
energy for eWoowsdd i nks and an orifice plate |ocated on tREIVEMIEPat'e and
having a 5 plurality of ejection nozzl s forned therein for ej ecting inks
in a predeterm ned direction by.g$essu2§6%enerated by the energé}generatlng

el enents conpri se¥o gpevs g abpYe. phiRFASGIRT 1oANe sPedt A jia inveplidhi al  havi ng

adhesive | a | d : ' mat eri al
of the ori flyigﬁét{)‘f"g? gﬁ‘%b{éﬁoﬁ\?ﬁﬁ%glﬁ i@ﬂe@rﬂ’gﬁ %!Ehet%ﬁglag@htg%gfrgg e?@ée ich is on
an i nk- ej eciyitRGr Sty ehbigh ¥enerating BRnidhtyYof hérBratiRPresBiir€ hérgy form ng an
etching mask filmon'the ink- ejecting-side surface of the thin film sheet
mat eri al fr éonejédtioy inkseandran asifice plateslobated wo thexguhstratecanddeing @ noved;
formng a 5pattern aorrespondi n ej ectian noztél es on the

I | to.the plurglity of .
mask fil m® Bl Jﬁ‘&'@ﬁ@%—?ﬁ?w&h%?i%é RIeGtHH "ﬁﬁz&?égewermlpe tching in

accordance w.th. - ' acturin
mothod 1or st e fE Beneied by the\efielp biferkfind JemBRE orfBiR: 101 | 10
expanded at tid\§lepd BEprapartigeihiiofilmrshedpmaterial havihocadhebive dyect the et ching -

process. Nor do the adhesive layers remain as a residual after etching.

Thi s can pr eespectivelyiormed gatapcand bottomesides,iasa materialod the erdfieeiplatey nade by
such a residual .. Fyrther hi s et hod 20 cgn. perm.t, the, use of a

hel i con- wavE&BPYNG Pﬂ%%@?@@éh‘?% K?@é’ﬁ“? . (O8A0y {pk-pigCtingsRigR ng with the
i gh- ener gy sl 8 thé Hin fil el atEHAL it &h Blofink fndsk it nftha! ikt | Ly Of
uniformoriftices quickly. In thi's manufacturing nethod, renoving of the one
of the adhesgjecting-aidesarfawe/ofttbe thim filmesheet matdriabfror whidhhthe dnilafitreheet

material is placed on the 25 substrate or before the thin fil m sheet

materi al i saghesiallayersihqae beap ssmaxed; formingrratier eerresperdingdo the pr ef er abl e
h h Ll s ' A ' whi | h hi
1 sheer ” Rerally 8 ifetiofliSege By bk il ahdvoHtfiE Bl bt T s ("

further inpepetsn hbLle¥bydi@tdhirld ifiia8Brdande witihe paamf act uri ng net hod, the
a

adhesive | ayers are preferably of
15 . " According to the above manufacturing method for an ink-jet printer

head, the adhesive layers are not thermally expanded at the time of efching and
does not adversely affect the etching process. Nor do the adhesive layers
remain as a residual after etching. This can prevent bonding defects or
defective orifices from being made by such a residual. Further, this method
20 can penpit the use of a helicon-wave dry etching system which can implement
'fast etching with the high-energy ion current, thus méking it possible to form a
plurality of uniform oriﬁces.quickly.
In this manufacturing method, removing of the one of the adhesive
layers may be carried out after the thin film sheet material is placed on the
25 substrate or before the thin film sheet material is placed on the é_ubstrate. In
the latter case, it is preferable that the mask film is formed on the thin film sheet
material while the thin film sheet material is being fed between a pair of take-up
rolis. This further improves the working efficiency.
In this manufac_:turing method, the adh_e_sive layers are preferably of a

30 thermoplastic type and more preferably are thermoplastic adhesive layers



30 thernopl astic type and nore preferably are thernopl astic adhesive | ayers
WO 00/ 46030 PCT/ 3JP00/ 00499 .8
whi ch have a glass transition point of 150[err]C or higher. Further, in the
manuf acturing nmethod, it is preferable that the mask filmis a multilayer

mask film hayjpn ter repellent conmposite film conpri ter
repel | ent naterlglg 36{’1"?]‘(1 netal, and a al filmand that orﬁ’?:&f‘]ggeoéo&g e fornmed

5 after this mask filmis fornmed on the orifice plate. This nodification

prevents a ghhinade Q%&iﬁansfﬂﬁﬁ B&int ﬁ@?ﬁﬁ%&g@en the conposite filmis

el ectropl ated after mng the orifices, ei ng adhered to the
interior of the heaather,damthel mamusactsringraethod) its praferabldsthaitthe wadskfitm epel | ent
filmcan be formed together with the mask film the working efficiency is
i ncreased siS@mpitiayer mask film having a watas repeliens cempesitetfilie, comprisad ofiai ng

o vi ew of WateRdPeRe thételel 3y ke nte A o W oRe 2B Brmeds Tof 't ne
desired siBagorafis kit RFoAREY 6n ﬂ{éroﬁﬁbé‘}])tafé? ”q*hisﬁﬂoﬂﬁcéﬁlaﬁ g?éveﬁé?a adhesi ve

| ayers is carried out by dry etching such as a resist as In
addi tion, tpletingdepositamithistproducgd whehdbe campadite ditn isvelestrdptatediapt ed,

particul arl to g thernmgl inpk-jet printer in which the energy generating

el ement s ar%ﬁ?féwl%ﬁﬁr‘g@%?@mﬁgdh%?d fodhe intgriar ok thetheageddd at e bubbl es, ~
t hereby ca '!ﬁg, ' b | | fQr tioned

obj ect accgi?d | ngets?ge Xﬁlﬁ'ﬂé@ a?ﬁ?&fﬁ%gjﬁ-%ﬁ@%%é@ﬁ%?%ﬂ"%dgoﬁgﬁ od of

manuf act ur i wigh the mask g} therwstking effieRficy RMihdréasedsidtifidaniye pProvided with a
plurality of energy generating elenents for generating pressure energy for
ej ecti ng Pnks and usiheanere; bdhemanufactuisng methnd, itissprefepahle itat thendryhavi ng a
plurality of, glecti nozzles faornmed therei.n for ejecting.inks in a

pr edet er mi neetﬁﬁ'bgfse'&?qpf:%'ﬁ“@ye We’é@ﬂ?%’"g‘@i‘%?gf'mi@fq’héngﬁ {ﬁ'tgenerfiti ng 25
el ement s C%ﬁﬁing%?numnééméseﬂhe%mdaﬁgéafsghﬂm hedLBORELr gt o7 1 @l havi ng
adhesive | ayers respectively forned on top an ottomsidés, as a mmateri al
of the ori freowvirigafene pf thei athesibe ldybisris tafried shewt dywtehingduchrastahe
substrate; renpving that one of the adhesive |layers which is on an

i nk-ej ect | 1§58t &heurface of the

15 In addition, the above manufacturing method can effectively be
adapted, particularly, to a thermal ink-et printer in which the energy generating
elements are heat generating elements for heating inks to generate bubbles,
thereby causing the inks to be ejected.

To achieve the aforementioned object, according to another aspect of

20 this inveﬁtion, a method of 'manufacturing an ink-jet printer head having a
substrate provided with a plurality of energy generating elements for generating
pressure energy for ejecting inks and an orifice plate located on the substrate
and having a piurélity of ejection nozzle; formed therein for ejecting inks in a
predetermined directioh by pressure generated by the energy generating

25 elements comprises the steps of preparing a thin film sheet material having
adhesive layers respectively formed on top and bottom sides, as a material of
the orifice plate; placing the thin film sheet material on the substrate; removing
that one of the adhesive layers which is on an ink-ejecting-side surface of thé
thin film sheet material placed on the substrate; and forming the plurality of

30 ejection nozzles by etching on the ink-ejecting-side surface of the thin film sheet



thin filmsheet material placed on the substrate; and formng the plurality
of 30 ejection nozzles by etching on the ink-ejecting-side surface of the
thin filmsheet WO 00/ 46030

PCT/ JP0O0O/ 00499 material from which the one of the adhesive |ayers has been
renoved. | n WRi%48huf acturing method, it is |ikew se prefRGTABPMONNat t he
adhesi ve | ayers are of a thernoplasti cqtype. Thi s manufacturing nmethod is

particul arl ffective, nit is adgpted to a case of formng a plurality
of e ectionxﬁgei?fﬁgméﬁﬂ%ﬁslq"@&ﬁwe&l”? I2xeghiarpbeangeawyed. to achi eve the
af orenmenti oned oby | of L s | Sl ntion, a

nmet hod of manuf algu{, Sﬁi% r%ﬁglﬁ&:ﬁﬁ n@??a%tﬂ%%ltﬁ?é&%é%gr%ﬁe:r\ﬁ/@ﬁggagﬁiﬂu%%ﬁer@iﬁe provi ded

with a plurlybisyaretof & tisergpplRietictype) Mhie eamefticturihg mdlfotEk dattitdigiessur e
energy for e#ecti ng inks and an orifice plate | ocated on the 10 substrate

and havi ng effeative shept i adagted ia & paseoeffomaing 8 piusality htejectionfrozziesect i ng i nks
in a pred by pressure generated by the energy generating

termned directipn,
el enent s &ﬁ%%’?@&“’ﬁ’(&@&%@'“& preparing a thin filmsheet material having
adnesi ve | ayers IasRBGb HPdckhidvR! i HhoRbnb Abnal 8nR0t BOMBrIhg 5 a ftthed MRECI 1 8l

of the orifice plate; renoving that one esive rayers ich is 15
on an i nk- epspEct ofthisiikention,famethol of hanufacturing lamisieeprintet keddl ; and

formng the plurality of ejection nozzles on' the ink-ejecting-side surface
of the thi nhavinga §Hbratepravided withaopitalityaf enrray asnersting n@m&@rve | ayers

has been regpy | [t of . Drawi.ngs TIhese objects d ot her
obj ect s anda%?\?%;{@dégué&ﬁ%éy E‘;r'eeiéﬁ'% i’gsﬂﬁ\‘? qr& eﬁﬁ'ﬁ ‘°§%88ﬁ'€% re

appar ent 1@paibstraftaritthaving 4 plufity shdjétliorl AbditLAnAES Herdh kot bjetflgt he
acconpanyi ng draw ngs i n which: Fl Gé 1A through 1C are expl'ana?ory

di agr ans exiakpirea pregetenninedidirectionday pressure generatedrby théengngynt i ng principl e
of a roof-shooter type thermal, i nk-jet printer head step by step; 25

FIG 205 OFMRRING SPTERE SPTRESES BESIRRs GHpmPRHcs ann gin Sbesleaiendina)

t hermal i nkgl | r }fb?@ spbéive [ I tory
cross-secti fc‘)"*n\}:?{?g g‘lﬁﬂeé\%é/ai l? usfbrs tgl ngl%fﬁé%%%\’/gd%?a@%&%@tsi%&o?g or m ng
orifices stmatepl Stfthe orifice plate; removing that one of the adhesive layers which is
15. on an ink-ejecting-side surface of the thin film sheet material; and forming the
plurality of ejection nozzles on the ink-ejecting-side surface of the thin film sheet

material from which the one of the adhesive layers has been removed.
Brief Description of Drawings

These objects and other objects and advantages of the present
20 inventiorf will become more apparent upon reading of the following detailed
description and the accompanying drawings in which;

' ' FIGS. 1A through 1C are explanatory diagrams exemplarily and
schematically illustrating the printing principle of a roof-shooter type thermal
ink-jet printer head step:by step;

25 FIG. 2 is a table illustrating steps of manufacturing a conventional
thermal ink-jet printer head;
FIGS. 3A, 3B and 3C are explanatory cross-sectional views illustrating
the conventional step of forming orifices step by step;
FIG. 4A is a plan view showing the overall thermal ink-jet printer head

30 according to a first embodiment of this invention:



FIG 4A is a plan view showing the overall thermal ink-jet printer head 30
according to a first enbodi nent of this invention; . WO 00/46030
PCT/ JPO0O/ 00499 10 FIG 4B is a plan view showing nultiple heads of the sane
type forned on a silicon wafer; FIGS. 5A through 5D are plan views

illustratin d of manufacturing the thermal ink-je ' head in
FIG 4A stegwgyﬁrﬁugf); 5 FI GS. 6Ant hrough 6C are resgggﬁj%ﬁ{?pa pl an

view exenplarily showing the thermal ink-jet printer head in enl argenent

when the step of Inan QAW - ' ' ramthe
direction of B-B ﬁibﬁﬂ'ﬁlﬁga p&& andggévgﬁ%g@!t@ﬁ%gggﬁ?mﬁ%%tyé%gadi rection
of CGC in bh@siligdnwafedgS. 7A through 7C are respectively a plan view

exenplarily showing 10 the thermal ink-jet printer head in enlargement when
the partition for 5Athpugh 5P Planaiewsalllustiaing senathethall vi ew from t he

of G C i’ PrrsRg hened T it senR it FIS i st BV 5B pl an vicw,
c in FRET LB A & 'R ew.
Che Stop of Flo g oA ORTRC a8 feopBbuvel Abah RS el Sl "

di rection otheBh@mal inkFetGrintek head ireniagemenbwhémthalstet 6VFIBT BBYg he direction

of GC in FIG 8A FIG 9 is a table illustrating steps of manufacturing

t he ink-j et CHPPigtedy a gensg-seetionaliyipy flom theddirertion of &rB'daiFi@.BA and ahi s

i nventi on; > cLossrsectional views showi ng the

t hermal 20 |Er|r? _f%%%?éﬁ%@%ﬁéég%’%éﬁ’gﬂﬁg'9%@ 'step 5, step 6 and step 7

in the fabricati gnGes FRIhroLYNFE M Apbetively@ pifin def déeRipkMifshdwife>  11A
: Paxt yﬁp'nyreieﬁé)dgg‘lratlﬁb&hﬁt

t hrough 11C are expl anatory di agrans exenpl ari | o]
process d@ beithennal jrkdeteprinterdhead irhenlargbmeatwhercthe partiiion forimitig stept  pri nt er
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FIGS. 8A through 8C are respectively a plan view, exemplarily showing
the thermal ink-jet printer head in enlargement when the step of FIG. 5D is
15 completed, a cross-sectional view frém the direction of B-B' in FIG. 8A and a
cross-sectional view from the direction of C-C' in FIG. 8A;
FIG. 9 is a table illustrating steps of manufacturing the ink-jet printer
head according to the first embodiment of this invention;
FIGS. 10A through 10C are cross-sectional views showing the thermal
20 ink-jet pn‘i"xter head respectively when step 5, step 6 and step 7 in the fabrication
steps illustrated in FIG. 8 are finished;
' FIGS. 11A through 11C are explanatory diagrams exemplarily
iltustrating how to process an orifice plate in a method of manufacturing an ink-
jet printer head according to a second embodiment of this invention; and
25 FIGS. 12A through 12C are enlarged cross-sectional views showing
.steps of processing an orifice plate in a method of manufacturing an ink-jet

printer head according to a third embodiment of this invention.
Best Mode for Carrying Out the invention

Preferred embodiments of the present invention will now be described

30 with reference to the accompanying drawings.



Best Mode for Carrying Qut the Invention Preferred enbodi nents of the
present invention will now be described 30 with reference to the

acconpanyi ng draw ngs. WO 00/ 46030

PCT/ JPOO/ 004@5 11 FIG 4A is a plan view showing a full-color thernmal
ink-jet prinV@PY®8% (hereinafter si n‘ghy call ed "col or hed&HPHORYPding to

a first enbodinent, and FIG 4B is a plan view showi ng nultiple heads of

i 10s . | or_ head i
has four unit hedds: #31s M iew Sudiablia nubiSirRedin IR3G Al on & =
rel atively {hergfafteristhpipcalisdcolbahéaddf addordingiola fi8eEnbed AR @nBas azgol um

of nultiple orifices (hereinafter referred to as "orifice colum") ,
formed on- i FiS.dhis @plan viewshawingdnyltiple heads ofitbeisameitfpecfermed amas 23 in the
whol e col or colums 23 respectively eject inks of

head . i fi
three col or§'B§t§7b‘nggﬁv Eh#?"%f?g%‘éﬂ‘% éSFM’W%HbIF 16n48\nas foununitierEsn 228 the t hree
btracti [ =) ' | f h t
ond by ack 528 2R anti22d ianded niatalePdn b Wl WRle' SINrREA. | 7000 et

Wth a resol uti orEagh citie i hedder22a:0@dMag a ddifinis 6f RlLPRAHEZEs has 128 x4 =
524 orifices forned on a chip having a size of approximately 8.5 nmx 19.0

15 nmm. W t hihgreieaftar sefeaed b as7’puifieeolumng 23ofoonedhonits 2anioaific@platex 4 = 1024
i i hi p.havi. ' f imately 8.5 19, 0 As

shown i n FI 24 a8t fqll o IumEE2E i (iR Whols eoiqrbiedd 20,1, Those aiifcso) col or

D eade 20 . . ro ) . “and

eads 20 ar gyihé 08 fespidofivel) fatiindd drittian cﬁg,gsggﬁlrﬁlﬁvngﬁg@gggﬁig (M gRg, and are

conpleted as shown in FI G "4A through nmanu e di scussed

20 | at er ,10atyanr(Chhilith atecthe three stistrattive? frimadids, BAd dibtai-(BFinkS. 5A t hrough 5D
are plan views for explaining a method of manufacturing the color head 20
step by st eprelusivelycusssipreharacters and biackdportions ofan imags, fmerdenfromi t head

which is f t trate of a silicon chip in a sequence of steps.
Al t hough F?{&FE%SR@)%@@#’ 5 21 orifices 47, 128 25 or 256 orifices are

actual l'y arr angedyithadesoliiion 5 36®api ﬁPSﬁhrﬁaﬁ,\&ﬁe chiblFReadd nddM Ay 8A are

pl an views exenplarily show ng the essentia
= 524 orifices formed on a chip having a size of approximately 8.5 mm x 19.0

15 mm. With a resolution of 720 dpi, the color head 20 has 256 x 4 = 1024
orifices on a chip having a size of approximately 8.5 mm x 19.0 mm.

As shown in FIG. 4B, the substrates of multiple {e.g., more than 90)
color heads 20 are defined on a single silicon wafer 25 by scribe lines, and are
completed as shown in FIG. 4A through manufacturing steps to be discussed

20 later, after which the color heads 20 will be diced. _
| FIGS. 5A through 5D are plan views for explaining a method of
manufacturing the color head 20 step by step, and exemplarily and
schematically illustrate a unit head which is formed on the substrate of a silicon
chipina sequence of steps. Although FIG. 5D exemnplifies 21 orifices 47, 128
25 or 256 orifices are actually arranged in a line as mentioned abov._e.
FIGS. 6A, 7A and 8A are plan views exemplarily showing the essential
- portions, in partial enlargement, in the individual stages in the sequence of
manufacturing steps, FIGS. 6B, 7B and 8B are cross-sectional views as seen
from the direction of B-B' in the first three diagrams, and FIGS. 6C, 7C and 8C

30 are cross-sectional views as likewise seen from the direction of C-C' in the first



portions, in partial enlargenent, in the individual stages in the sequence
, of manufacturing steps, FIGS. 6B, 7B and 8B are cross-sectional views as

seen fromthe direction of B-B' in the first three diagranms, and FIGS. 6C,
7C and 8C 30 are cross-sectional views as |ikew se seen fromthe direction

of GC in tggof)' g@é} WO 00/ 46030
PCT/ JP00/ 00498 W45%% ce di agrams. FI 6A- 8C show five i FEFFPHPU??i nk 1 ow
passages as a representative of those associated with 128 or 256 orifices

for the Sakgmr?%1 giécgkéfﬁé.r %xb&esﬁ%@’%mg?d@h% i %{*‘ﬁ{%@%@eﬁé gble

il lustratin ontents of the steps nu e col or head

20. As apparepresdntativerof Gios8,assduiated withdR8onpsh onficet ashass@isr i N nunber by
one than the conventional steps shown in FIG 2. First, as a preparation
step, a dri (lstEativegonvenientgyi ng el ectrode wirings and its |eads 27 are

f d h b 21.b hnol ' 0 FIG : ,
[ Step 1 shown 1 na-earegeney bl WA IR BBRSiesR ey on e entire
surface ofs m¥pufaeRiring e calér Kegal20di AQ fabggrebfﬂ%ﬁ ﬁét%gﬁ%?@"?%}eﬁ?om in FIG

5A, and a resistor frlm(not shown) o orm ng heat

gener at i ng haesieps greaterfio nimberiy ora thin te convefitonabsteps sHownShIFIGE ur e by
using 15 thin fil mdeposition technol ogy such as sputtering. As shown in
FIG 5B, anelectrode film29 for form ng a common el ectrode and i ndi vi dual

i ri | desei he .sub 21 It | ferable th
Fht 5" ety oo s it A Brebdfalb Beb oML A0R toving ek BaE WrgE T ode 111 m
of Au for megndils RaB8 2V s fofMba bn tiy@ibsthte Wby l&?[ﬁ%@%\é‘s@%ﬂmt he 1ike.

20 I n subsequent step 2, the el ectrode fi the resistor film
are patt dOnEWE.i%A. order into predeternined shapes by photolithography

exposed port | one NPt REtaPCCEIAUN FIG 18 81 X TR RRATPEReneAtbErhe ol |y
unber of dante slififie g sa e 2ECKIRN Aplotdt T forebn B SBougin 1
posi tions OFIG.I5A, hrdh rgsister fiitn (ngt shown) of Ta-Si-O or the like for forming heat
generating elements is formed 40 nm thick on the resuitant structure by using
15 thin film deposition technology such as sputtering. As shown in FIG. 5B, an
electrode film 29 for forming a common electrode and individual wiring '
‘electrodes is then form on the substrate 21. It is preferable that this electrode
film 29 has a multilayer structure having an electrode film of Au formed on a
barrier metal layer of W-Al (or W-Ti, W-Si) or the like.
20 . th subsequent step 2, the electrode film 29 and the resistor film are _
patterned in order into predetermined shapes by photolithography technology.
Asa reéult, heat generating elements of a stripe shape having exposed
portions of the resistor film of, for example, a substantially square shape as
heat generating sections are formed in parallel by the number of dots that is
25 designed for that head. In this step, the positions of the heat generating
sections are aligned.
FIGS. 6A through 6C show the state immediately after the step 2 has
been completed. That is, a common electrode 31 (31a, 31b) and common-
electrode power-supply leads 32 (see FIG. 5B), individual wiring electrodes 33

30 and multiple heat generating sections 34 are formed on the substrate 21.



sections are aligned. FIGS. 6A through 6C show the state imediately after
the step 2 has been conpleted. That is, a common el ectrode 31 (31la, 31b)
“and common- el ectrode power-supply | eads 32 (see FIG 5B), individual
wiring electrodes 33 30 and nultiple heat generating sections 34 are forned

on the substWapY4syp WD 00/ 46030 PCT/JP0D/00499
PCT/ JP0O0/ 00499 13 In step 3, a partiti%n material of an organic materi al

such as phot osensjtiv ol V. ' [ to t hi ckness of about 20
[err] m by coati nahiskepg:?'%eééqnggnf ?tlﬁ_ﬁ%'acg%btol 3?%%"\?%%8‘18‘{9@1“5%% i ndi vi dual ink
f1 ow passaggfoteserfiva pBRinité i dppfed finkitiibRiesB 9RAbAIR2ET 2t PPcdfting ons 34
and a common ink 5 fl ow passage. After patterning the partition material,
curing (annieardertp form g partition wbich definesipdividuakink Géw Badfages] C to 400[err]C
to the substrate 21 for 3 mnutes, or 2 hours in sone case. After

0 6
bei ng cur edassogiatadwith Ehedﬂdi\tfiguﬁigﬁ beanegatingseciions,d4and-a seromeg ink hei ght of

i eed gty BEHEER Ak IR R rRun ftera wipa Rl et ot ching.
sand bl ast | agriel olt dpplyheat o4 40098 o BB0'Ce feisiBkt=19 29Horcdb il 1 eed hol e

whi ch communicates with this ink feed groove and is open to the bottom of
t he subst r aminutes o2 IBsirs vsame casgh Afles being curedsthatpartitionefii atel y after the

steps 3 and 15 4 have been conpl et ed, ifically, an ink feed groove 35
and ink feeﬂ’%%?%‘sﬁ'ﬁegpy‘m@?ﬁg@ng ﬁ%@%gﬁf kh@ds fagmed opithg Sstial substrate
In such a as to communi.cate with each other, and a partition 37 is
fornmed on the substrate 21 at a predeterm ned position, thereby defining

the ink flpow pasdadiesnextisteposahiink feed Jrodveds formedin thestifece thd, whi ch may
appear as the spine of a conb, 20 over the individual wiring el ectrodes 33

and a part i ubsietepywet etehing sapd Riasting esdhetise, felioweddy theformalion plual heat

generating secti.on |
ok

4 in.the sh f. th.of hat . Wth the teeth
of the. conyAnagER] nap st siriiesie? b i ke oo P Atisaigbdow th  ne
heat gener agiitsRCdfiteSubidrate?Ppt ed at the bases between the teeth are

formed in the same quantity as the nunber of the heat
FIGS. 7A through 7C show the state immediately after the steps 3 and
15 4 have been compieted. Specifically, an ink feed groove 35 and ink feed hole
36 are formed in the thickness direction of the.substrate in such a way as to
communicate with each other, and a partition 37 is formed on the substrate 21
at a predetermined position, thereby defining the ink flow passages. The
partition 37 has a seal portion 37-1, which may appear as the spine of a comb,
20 over the ndividual wiring electrodes 33 and a partitioning portion 37-2 which
extends between the individual heat generating sections 34 in the shape of
teeth of that comb. With the teeth of the comb as partitioning walls, ultra fine
ink flow passages with the heat generating sections 34 located at the bases
between the teeth are formed in the same quantity as the number of the heat
25 generating sections 34. The length of the teeth of the comb influences not
only the conductance when inks flow through the ink flow passages but also the
- degree of interference between the inks that flow in the adjoining ink flow
passages. , |
In subsequent step 5, a film-like orifice plate of polyimide of 10 t0 40
30 m in thickness which has an ultra thin film of thermoplastic pdlyimide as an



25 generating sections 34. The length of the teeth of the conb influences
not only the conductance when inks flow through the ink fl ow passages but
al-so the degree of interference between the inks that flow in the adjoining
ink fl ow passages. In subsequent step 5, a filmlike orifice plate of

pol yi m de ofwdgodsts040 [err] 30 min thickness which has a in film
of t her nopl astt;i%é pol yi m de as an Wi 00/ 46030 Pcﬂ.lnloﬁﬁo&sh“ )
PCT/ JPO0O/ 00499 14 adhesive |l ayer coated to the thickness of, for exanple, 2
to 5 [err] adicesieslapersiodtedite tredihickeebstaf, fohexdnuieesto 5 aye bn@kch Bide! ani nati on
structure, thereby covering the ink flow passages forned by the seal
portion 37-8 r%%@tth? FapAIosk layeyyof thenlaminatiop strigharep therabyicoMersng ther essure s

applied to t re ' hgating 5 it at 200 t OO[err]C,
t hereby fi x.“#g'% % 8%&% fgé‘t’%‘?é’% te sﬁgp %‘;’ﬁ%’%%ﬁ' ,a"gc?\?&#'BB'“S&H%@P-&r ke ink

fl ow passagssthampartitieh®7d. Prissureli Apiaavs tdv@ssitt Strid b ed;e step 5

I s conpl eted, arﬁ)(;la FIGS. 10B and 1gp(f§show st eps folgﬁnéd\}m&%tgv@hgﬁé?ﬁ 5. As
shown i n M@ itat 2000 300°G rthereby fixieg theadrific8 Pldts, | Ana resutCcoveteartahnethaped i nk
fl ow passang 3 corregondi ng 10 to the heat generating sections 34 are
formed. Thellk®inkflpw n3ssAqes e g med by coating of polyinide and 10 to 40

adnesi ve T ayer s 435 408 Sol€ et Aaht b e g R K SRR LAGE T on ¢ ne
respective $oBlafd abCxhbW stéps fofoviihd the’ste 8V i Astowin Th HE A, 36 PP oxi mat el y

25 [err]m 15 For the thernoplastic polyimde adhesi've |ayers 42a
and 42b, t hewfieghiateB8ds leminated, dennehehappdanifiows gassagess39 carresponding of

150 i ah ' d and i d. hin fil Adhesi
of ¢ he. el 0t PeE) arreraliBise i) 48 Fmierc "4 ke B8 nmrRe i1 |
of the : _ i 8 vrmaes it
nandl o the. o £ ng o POV 3R 0 1o ¢ Bl RitoiiBes WAKA B CkAMIAT 2t i

nat eri al haefi thermopiastib polyimside adkeshict laysrs 4R Bhd 4RIRES O he thickriedss i S
pl aced on the Partition and is_pressed under afpressure of several tens of
]

kg/ cnferr] ®ck o vemAan the respertive sidescef apalyimidetfim ¢1having atbicknesst o a

t enperature . I gher than the glass transition point of the
t her.nopl ast?fgéi’:égéxé#’lgtaeﬂ{zg' "q'n

15 For the thermoplastic polyimide adhesive jayers 42a and 42b,

thermoplastic polyimide having a glass transition point of 150°C or higher is
used and is coated into a very thin film. Adhesion of the adhesive layers to
both sides of the orifice plate 38 makes it difficult to warp or curl the orifice plate
38, thus making it easier to handle the orifice plate 38. The polyimide film with

20 a thermoplastic material having a high glass transition point coated on both -
sides Is placed on the partition and is pressed under a pressure of several tens
of kglcm? for several tens of minutes while it is being heated to a temperature
equal to or higher than the glass transition point of the thermoplastic material,
so that the polyimide film is cured. The preferable conditions for this

25 thermocompression step are, for example, at 150°C to 240°C under 19 kg/cm?
for the press time of 30 minutes.

At or higher than 150°C which is the glass transition point, the elastic

modulus of the thermoplastic polyimide adhesive layer 42b decreases while, at
the same time, the adhesive property appears. At room temperature, the

30 thermoplastic polyimide adhesive layer 42b shows no adhesiveness and a



so that the polyimde filmis cured. The preferable conditions for this 25
t her moconpr éssion step are, for exanple, at 150[err]C to 240[err]C under 19
kg/cnferr] for the press-time of 30 m nutes. At or higher than 150[err]C
which is the glass transition point, the elastic nodulus of the

t her nopl ast | ¥4f84¢BYH de adhesive |ayer, 42b décreases whi | e2CTAPOMME s ane
time, the adhesive property appears. A5 r oom tenperature, the 30

et o oot ol Slodd Spa) SRt sth B S S22y B bt Sebisinesg and 2 .

good st or agendIEaRASHONId B Bvdidedst S thefdirePiakiniediolsaie loRficd PaKGuidhesi on of

noi sture should be avoided. It is therefore possible to store orifice

pl at es wi t h atheimtopiastic pelyimide abhesivealcomtethes exch sigahnd cbLeerh si de and cut
out the necessary portion at the time of usage. 5 In step 6 shown in
FIG 9, theneresspppertion atthetinenfgsagrinesi ve | ayer 42a located on the

orifice plate sho LnLFL 0 he, opposi t.e sjde (i j ecting side) to
t he _subs!to r%te 21 Wgﬁﬁg%bg\gﬁhﬁﬁi%s*ﬁ_@?‘ﬁ@?ﬁ?&'?ipegy%BF%F%%Z%%GWSigve Iail_er
42a is 1 emDuod idatdde teRimfiof bl sHbwihFIc A6 eipbodidans fiak ||| M et chi ng
system such as a sinple resist asher, under the environnen 10 oxygen

pl asma. Speejeictingbidg) tocthe eubdiraten21 isiremopbdit €THSthemmaslisticgdiyimidehe substrate

21, the thergggl,as i c polyinde adhesive Iaﬁ_er 42a on the top surface can
be rempved 843¢§YP {?yef @fgﬁﬂr’%ﬁdkpydWﬁ@ Vg using apcvginaryiorganie- 5 to 10

s Tormed ¢ 0 RENTE FRBRfuch R dmpfh BEPaster dRaBLP emiimeMaT ol yi m o

filmal wipagygew fiagha.l ss;seeﬂ@éﬁéaﬁérthb%ﬁﬁ&@ﬁlﬁﬁ@@%b&r@&kd’%rﬁ‘ de 42a of the
|

orifice plate 38 has been renpoved, and this neta Imis n patterned,
t her eby f or subsirate Bhdhe thermoplastict pahdmistecadhegive fayeh42zoon thedep purddee 38 t o
formorifices. FIG 5C shciwg tPg sta@‘e I medi ately after the netal filmis
formed i n 262% RE repeypdRasiy by aicaingwith opvash aghesichaboutd kW forfiotl ed on t he
t opnost Iayﬁﬁn@&agﬁesubstrate 21, covering the entire surface, with a

metal - mask tT11lm4 ormed on the top of the orifice plate 38. A pattern 45

is formed on the msthehextstép 7,id metidilm of Ni, Cu, Al or the like is formed to the
15 thickness of about 0.5t0 1 1 m on the polyimide film 41 whose surface is
exposed as the thermoplastic polyimide 42a of the orifice plate 38 has been
removed, and this metal fiim is then patterned, thereby forming a mask for
selective etching of the orifice plate 38 to form orifices.
FIG. 5C shows the state immediately after the metal film is formed in
20 the step,/7, in which the orifice plate 38 is laminated on the topmost layer of the
.substrate 21, covering the entire surface, with a metal mask film 44 formed on
the top-of the orifice plate 38. A pattern 45 is formed on the metal mask film 44
- at positions cormresponding to the heat generating sections 34 as shown in FIG.
10C. Further, a pattern is likewise formed at positions corresponding to the
25 leads on the printer head side, such as the leads 27 of the drive'.circuit 26 and
the common-electrode power-supply Iéad 32 shown in FIG. 5B. -
- Then, in step 8, the orifice plate 38 is sub}ected to dry etching
according to the metal mask film 44 using the heficon-wave dry etching system,
thereby simultaneously forming multiple orifices of 40 um¢ 1020 zm¢ as

30 well as contact holes 48 corresponding to the leads on the printer head side,



at positions corresponding to the heat generating sections 34 as shown in
FIG 10C. Further a pattern is |likew se fornmed at positions correspondi ng
to the 25 | eads on the printer head side, such as the |eads 27 of the drive
circuit 26 and the common-el ectrode power-supply |ead 32 shown in FIG 5B.

Then, in stego®oudobe orifice plate 38 is subjected to dry pebghioReeaccor di ng
to the nmetal mask film 44 using the hdbi con-wave dry etching system-

t hereby sinultaneously formng nmultiple orifices of 40 [err] m[err] to 20
[err]. m [ er skichags 8@ leadd 276f the diivectircuit 26 and@he commepeediroge powehme | eads on

the printer hea}d Si 3’31 WO 00/ 46030
PCT/ JP00/ 003Y beag as the leads 27 of the drive circuit 26 and the

conmon- el ect r ode = rding.tq this,enbodi ment, after
removal of the th‘é{?‘y&%%'f’%iwg %%ﬁch/\O?'ﬂne%gaﬁ%gg%ﬁ%' ﬁgth??}P?'Hl?@'a? 'He of the
orifice pl apelydfideaes onittisiRiats sideRf Rdrfice pRfe3s Whéie iﬁi@é‘?&ﬁm dopm ng t he
orifices 47 and contact holes 48 is started fromthis surJ ace side by dry

et chi ng, doatenigtbedorned:dorofing the qnibites 47 ared cortant Adles 48 istarted frolmody of t he
orfice platg.starts fromthe beginning. Even if the overall tenperature of
the orifi ceﬁlﬁ %H'tac&?"{% l%)'eé’yﬂc?‘ir%es? h}?ge ingiof tharplyimide; file 41pfthe prior art
(see FIG 3 Bk ' W] Y ) nthe top 10 -
surface is rﬁ]?)a%n %itgyraggﬁy exg’?};(gggﬂtgg%whg%reggﬁg@al Egéeﬂﬁ{eeoﬁé "gtchi ng i s -

perforned otempezatars ofithe defidei plate 48 risés ahibe Mo bileAMINGO linlikash &id prigse Pl ate
and does not thus_adversel é@affect the etching of the polyimde film 41 of

the main bo8f (¥ ik 36).ithe thempeplaticnelinigeashesitolayerzann the tomi f or m dry
or i 11 co poBaHRi By fmall sipandsras Be rrpduial gplors 8 RNe 8 shape 1o be
T or St ep B B b o e fo ot Miod i 808 ccages. 30
havi ng t he dessendtdhugradvarselyraffecttheletahirg afithe pealyipddd filini 41Nofife afaill0 [err] m
passages. 9Pty qfie pifberiih Waeieso comsauPRIN WHfeET dnyeleNeg i [ 1 ce pl ate. 38
ke o2 PR RO U hd i S e R, Rl 7 T
15 muitiple orifices of the desired shape to be formed simultaneously.
FIGS. 5D and FIGS. 8A-8C show the state inmediately after step 8 is
completed. The individual stake-like ink flow passages 39 having the same
height as the thickness of the partition 37 of 10 4 m and the common ink feed
passage 46 which connects the individual ink flow passages 39 to the ink feed
20 groove 35 are formed by the orifice plate 38 which has covered the entire area
of the substrate 21. The orifices 47 for ink ejection which have the adequately
perfect circular cross section at the position where it faces the heat generating
section 34 to which inks are supplied from the common ink fiow passage 46.
The contact holes 48 (see FIG. 5D) having the desired, normal shape-are
25 likewise formed at positions corresponding to the leads on the printer head side,
such as the leads 27 of the drive circuit and the common-electrode power-
supply lead 32 shown in FIG. 5B.
In the above-described manner, a unit head 22 having one column of
nozzle holes (orifices) 47 is compléted. The thermal ink-jet printer head 20

30 shown in FIG. 4A has four of such unit heads 22 arranged in parallel to one



perfect circular cross section at the position where it faces the heat
generating Section 34 to which inks are supplied fromthe conmon ink flow
passage 46. The contact holes 48 (see FIG 5D) having the desired, normnal
shape are 25 |ikew se forned at positions corresponding to the | eads on the
printer head"9i%&%B% ch as the | eads 5; of the drive circUGT RPN
common- el ect rode power- supply lead 32°shown in FIG 5B. In the )

above-descr r unit head 22 havi ng one col um of nozzl e hol es
(orifices) Wﬁ%@%ﬁ%ﬁ'e&}%ﬂ_ The thermal ink-jet printer head 20 30 shown in

FI G 4A has four TH 6&5sUid fo thie @ | tsQe ONE WO
. 00/ 46030 ° Proséss o th %%W%%&%d@mﬁéﬁeﬂ%ﬁ%mw 17

anot her i n siligpnemaier 25 inethp stateshowrpintFiGt 4Bs  Intthe niva stape®ithe aniti ed out with
respect to the, silicon fer 25 jn the state shown in FIG 4B. In the next

step 9, theN&AsarR separated foceach thermal inkrietnrinterthead 2Ribyiadicingsawr i nt er head

20 by a diSCTI%}I moéegﬁﬁﬂg?&é@m%%g?@dg?q?Iﬁgeaccqusr?%&r’h%ggnﬁ?rﬁ- bonded to the

connection [eads ‘on a nas substr ?’?ﬂg the printer

head in t hemastepsifstrafseithe ike) cbmpléﬁﬂ?%#@ymémaiixb&%w%acturi ng met hod,
I C

after the orifice plate is placed on the substrate on t he heat
gener ating el enercsording iorthe abexe-dessskedimapufaciuring metrard; after that f or

formation of .orifices, the 10 aljgnment precision is inproved considerably
as conpar eo"qﬁc?tﬁ’ialtﬁés W@ﬁfgﬂ’ gﬁéf‘l’%ﬁ%gf’&" the healgensrating elgments has
previously ; GRS hef s - i rate lLater. A second
enbodi nent ég? this |’r'1r\s:/§eslrl§td|ll ﬁm%ﬁqﬁ%@\?ﬁ%g{@ﬁsﬁg@ﬂﬁ%@ 03% renoval of the
top adhed0dvalighmeat pretisioni® phprsvedcapeiderablpss ddmpkead wito i meknea tidie orifice
plate 38 on the opposite side to the substrate 21 is perforned after the
orifice pl adhems anofficeriate yhichrhasquewously undergonecorifice pragessing ta op adhesi ve

| ayer is n Lim.ied, to this particular node but it nay be perfornmed before
t he orificce{hﬁlsgg%&ag%lqtt?‘lam nated on the substrate 21. This node will be

expl ai ned as t he saaaRd eibioarherit et tisXivention win fidwBe disblsded Ough 11 C are

di agrans exenplarily illustrating how t
Although removal of the top adhesive layer (thermoplastic polyimide

15 42a) located on the orifice plate 38 on the opposite side to the substrate 21 is
‘performed after the orifice plate 38 is placed on the substrate 21, removal of the
top adhesive layer is not limited to this particular mode but it may be performed
before the orifice plate 38 is laminated on the substrate 21. This mode will be
explained as the second embodiment. -

20 FIGS. 11A through 11C are diagrams exemplarily illustrating how to .
process an orifice plate according to the second embodiment. In this case, a
sheet 38" for orifice plates is likewise constructed by laminating thermoplastic
polyimide adhesive layers 42a and 42b having a high glass transition point on
both sides of the polyimide film 41 as shown in FIG. 11A.

25 The sheet 38' for orifice pla{és is stored in a roll form as shown on the
left-hand side in FIG. 11B and is taken up in a roll as shown in the right-hand
side in FIG. 11B. During this processing, the thermoplastic polyimide
adhesive layer 42a at the top is removed in an ordinary organic-film etchi;\g
system 49, such as the aforementioned simple resist asher, the metal mask film

30 44 is adhered to the surface of the sheet 38’ from which the adhesive layer 42a



process an orifice plate according to the second enbodinent. In this case,
a sheet 38" for orifice plates is |ikew se constructed by | am nating

t her nopl astic polyi m de adhesive |ayers 42a and 42b having a hi gh gl ass
transition point on both sides of the polyimde film41l as shown in FIG
11A. 25 wo odleesssheet 38" for orifice plates is storedpcipooiofded fOrm as
shown on the left-hand side in FIG 13B and is taken up in a roll as shown
in the right-hand side in FIG 11B. During this processing, the

t her mopl ast iscreprovid by denaxkideposition system $3docated dtehd SicckadihggRiged i n an
ordinary organic-filmetching system 49, such as the aforenentioned sinple

resi st asher, thelnibismanngs i@ shephd3®dorerifice platase wbighthas theemetal fmask of t he

sheet 38' f i,ch the adhesi Layer 42a 00/ 46030

PCT/ JP0O/ ooﬁ@bﬁh%d'ﬁ%’eﬁt’ m@w '§Frg‘)s(|'<s H&Bﬂ?ﬁ@ﬂ&g@wéﬁﬁﬁ” PR & ed at the
succeedi ng gfiRiHand!stidiRiFGAIRC B tarifSa- L 4 whi ch has
t he net al magk finldns’lliu44lhai:lmh2?e@; gsecé‘%s?m'lﬁﬁior?ﬁ% Eit"‘fgff@[e?‘?&ﬁpﬁse@é{?&e sand t aken
up in a rd eagyntotstere andhandiend side in FIG 11B. Because this
orifice-plates sheet 38" is rolled, it is 5 easy to store and handl e.
Further, a jig fdrurthes ajigfer thgsubstiate 21 s amanged underdhe shacesheiweebet ween t he

mask deposi f y . thhe take: rol ) and a punching machine is
arr anged ab{(%'l\?cemla{k f%’%gfﬁﬁ'gﬁ@% @@d?}{;?H""ga‘Psfﬁta?g%@““@a%Wéaf%ﬁﬂ% t he metal
mask fil m 44prande@rshove RtaBLmh dUtithd I 3 21. _
Per f or m ng 1(Sat e pro?:essﬁafter the@gggﬁg&?g??q%}g?mnﬁ%g‘%@as ment i oned
in the firsmaskfiniéfdherebyplating orificenpiatesondive substratef 20ct Parfogniaff i ci ency. A

third enbgdj.nent of this inventi wi Il now be described. In the
above- des *@&P‘Eﬁsé e"é@ﬁ@?‘éﬂqtQaﬁp%fftlﬂ%ﬁteﬁglaés‘“%t@"'?@maﬂl’ﬁi the orifice

pl ate, the - £1 1 . gh,& as a mask in formng 15
t he hol es igms)u lrigg%fggﬁlfsoqﬂsag_rﬁl eg?iagrarg%gﬁﬁg%mt%g whi ch plates the
metal film-wth A thirdemdnmenltes this inkéntiohaiiRrée Be Hestribeddr aphite fluoride
or the like dispersed in an Ni plating liquid. This treatnent adds water

repel | ency and i ripthakoveyieseihesistens; gengrally, aitenhotas are farmediimthe on t he
:jr gﬁ;ijo?h: | gﬁcﬁbgetgctﬁe ﬁﬁtj% tfig'% g{]H h@?hﬁlh%ts%egl? AL4d SYL Blaskin orr]r(ra)insg_ur face
15 the holes is subjected to so-called composite plating which plates the metal film
with minute particles of fluorocarbon resin, graphite fluoride or the like
dispersed in an Ni plating liquid. This treatment adds water repellency and
improves hydrophobicity with respect to the inks on the ejection-side surface of
the orifice plate (particularly, the surface around the orifices), thus ensuring
20 smoother dropping of ink droplets to be ejected.
As such composite plating with minute particles of fluorocarbon resin or
the like is basically electroless plating, it is difficult to remove deposits which are
adhered fo the ink ejection ports of the ori_ﬂces, fine ink flow passages or other
portions from the plating liquid as the entire substrate 21 is dipped in the plating
25 liquid after the formation of the minute orifices.
As the rolling process allows the metal mask film 44 to be adhered to
the orifice plate as in the case of the orifice sheet 38" before it is placed on the
substrate 21, however, adhesion of the metal film and a process of adding
water repellency can be pgrformed at the same time. This advantageously

30 eiiminates the need for execution of composite plating after forming orifices.



20 snoot her dropping of ink droplets to be ejected. As such conposite
plating with mnute particles of fluorocarbon resin or the like is :
basically electroless plating, it is difficult to renove deposits which are
adhered to the ink ejection ports of the orifices, fine ink flow ggssages
or other poM@¥HEProm the plating liggid as the entire sBHEFREES21 is
dipped in the plating 25 liquid after the formation of the mnute orifices.

As the rol W 9rRuRAFBe alsb¥edaithdBirdle ﬁn%ﬂt.l m 44 to be adhered to the
orifice plate as 1n the case of the orifice sheet 38" before it is placed

on the substrat e F2GS. fAent:12B abidwe aistep ioimeédiatelytiefdre forinatiam df bolps ocess of
addi ng water repellency can be perforned at th '

| | ] ) e sane tine. This
advant ageous te eifice|plat? aaeqrding i thedbid pembodiment; and 1@+ 12CorRRNS the pl ating

after form oLl fices. 6 .

BT 9P00! 008 Siel ke iees pF TomiEd: 88 Rhown I EIG- 124, the metal BB i £ s
12A and 18B by it mea2H0 AhPinick upf i ' i Wt he
orifice p??{ e accgrr'gli iﬁf}bﬂtﬂo t hg%t hi rgtwélr}ﬁggpm%mkgr?g r@?’&agllgégtg%m t he
st at e af t erseivbral tenisfaf eeders by vacuure depasiticstinitive manddr@iscii®sed édriernet al mask
film5 44 of Cu or N is fprrred'zog nmthipfgl)(;i on.the orifice sheet 38"

having a | ength dhissdnciure isfuphersubjected o pigling yith ambiesfanbh in the

% s _ e . . . i
mth e OREEBRl ol e inic bk bEicfocian1Ein° Wb Af fitoridd, D 21 19
f 1 uor ocar bajy thée Rt disgsreaihbeeir, wiicH €t &dd witer febkiferndy, IRerebe tb g€in, which

can add water repellency, thereby formng a 10 conposite plated film51.
Wi | e t hil8 compmsie platesl Hmdd. f Nvméamsmmpmaﬁteeptatedﬁbn B4 ey waters et ching ratio

for formng orjfices ig.relatively. ow,so that for the conposite plated

11 m 51t o TPaRiTRds Sireiafe rdotRing Srires S eAtveN v pe LY 18 “about 0. 1
to 0.2 [err i : | ; L s ; l¢ be forned
to the thickn S%&%? faé oﬂ'? ggqg r%rg&é\-g Ig?’y?&rﬁ% @%ﬁgir%@r‘ﬂagg@c?%ggr than 0.1
15 to 0.2 [about OrtitolB@vgmearaftet Gichinghthe domplosite platet firm 81 skiould behe use of a

| arge anount of an expensive, water_ repellent conposite plati rgg liquid and
forms the dowpesmiotee figkess of abaut9.519 0.6, mmasonsiderablytiviokertheRi®kness of
about O.Jr tt800%2 é,'err] min order to quicken the time for the conposite
plating tRaP %%T nore time than metal -

However, this third embodiment can avoid the use of a large amount of
an expensive, water repellent composite plating liquid and forms the composite
plated film 51 as thin as the required thickness of about 0.1 to 0.2 z m in order
to quicken the time for the composite plating that takes more time than metai-

20 only platipg. in addition, to improve the etching ratio? a surface mask film 52 is
plated with ordinary, inexpensive Ni or Cu to the thickness of about 0.3 um,
yielding a mask film having a triple-layer structure as shown in FiG. 12B.

An orifice pattern 53 is formed on the resultant structure, and is then
etched fast using this mask film havir_lg| a triple-layer _structure and helicon-wave

25 dry etching with oxygen plasma. As a result, the surface mask film 52 is
etched out completely by the time forming orifices 54 is completéd, as shown in
FIG. 12C. Althoug'h the composite plated film 51 is etched a little, the film thick
enough as a surface water repellent layer of the orifice plate can be left on the
éurface. Accordingly, the ink ejecting side after the formation of the orifices 54

30 is finished can be provided with water repellency without being subjected to a



20 only plating . In addition, to inprove the etching ratio, a surface mask
filmb52 is plated with ordinary, inexpensive Nl or Cu to the thickness of
about 0.3 [err] m vyielding a mask filmhaving a triple-layer structure as
shown in FIG 12B. An orifice pattern 53 is fornmed on the resultant
structure, apslodgifsodohen etched fast using this nmask fil m hagtinepomo49s
triple-layer structure and helicon-wa2@ 25 dry etching with oxygen pl asma.
As a result the surface mask filmb52 is etched out conpletely by the tine

f orm ng ori$peced tréatmentconpl et ed, as shown in FIG 12C. Al though the

conposite plated film>51 s, .etched.a lLittle, the filmthick enouygh as a
sum‘)ace Wa!to er redg'lslt{i:n#?ta r\okﬁﬁetﬁatg?e plesiye lpyerdo b? af’%efegh’ BRe %’5? °g% t he
surface. Ac j sl A€ 10 j i i i of the
orifices 54ﬁ:\%ﬂ#‘s I Flllssrﬁglc'ih @;nﬁbfﬁ%ml§£% E&r\/\r/g )‘;e]ﬁe E%L"gp%éenc wi t hout
bei ng subj efypedswella The HEb\@des6AH manufacturing methods are not limited to

PCT/ JPO0O/ 00499 20 speci.al treat ment It isto bg noted that the adhesive
| ayer to Bethaunaivitiet prietatheadsnhialf use haat generating¢lementsasppessiurgri ted to a

Hbove- deecr Pt BiiRrRta dPAG SRR T bl b edhPe s meEaeect R BRRel i k- o
printer heaﬂm%gﬁ:‘%r%gdgﬁ%hgggﬁggﬁ%/@%g@gﬁm@ as pressure- energy

generating e but may sul apted to piezoelectric type
i nk-j et print eVafieas @emkbodirhenis angichangdsamiay be madetherauntd/sithouts enbodi nent s
and changes may be made thereunto wi thout departing fromthe broad spirit

and sgoge oferditing ﬁ?%ﬂ’?&ﬁ?adﬁﬁﬁhﬂéﬂlwmﬁ%Wﬂw-enﬂlﬁjﬁms are .
or econt . 10 Rt RN a5 fithnddd Blhucte B prbSedtifildndoicndCopr ©f € he

attached cl g\t B Spetdiaie pRReRITROSHITRNt The\6ebpe dsthEstebesat i ons nade
within the nmeani ng of an equivalent of the clains of the invention and

wi t hi n t he oventinn iasbows hycthe affachrdiciaimptather thar thecersbogiments.t he present
i nvention.

Various modifications made within the meaning of an equivalent of the
claims of the invention and within the claims are to be regarded to be in the

15 scope of the present invention.
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CLAIMS 1. A nmethod of manufacturing an ink-jet printer head having a
substrate (21) provided with a plurality of energy generating el enents (34)
for generating pressure energy for ejecting inks and an orifice R%gte (38)

| ocat ed on SWVea¥0¥ubstrate (21) and Hgving a plurality offCERWOPIR nozzles
(47) fornmed therein for ejecting inks“i'n a predeterm ned direction by
pressure generated by said energy generating elenments (34), said nethod
characterized by conprising the stefsABS preparing a thin fil m sheet

material (38) having adhesive.layers, (42a,, 10 42b) respectively fornmed on
top and bottom siheﬁwosm%\u}[%w aéHP'&'}%PF’Ft?é@P%ﬁ Bavind 2 enovi ng one of

said cnin i PaEElE piboRen WP EaldiG b 3eld Seneffo RMENS BT 105 on
sai d i nk- e] g&fdrahgpra€suit ehérgs f&fejé'&n? #ikel anbigh orifitdplatea@B) wBARE oAl  (38)

[
fromwhich said one of said adhesive layers (42a) has been renoved; formng
a patt er n 5 ¢4y sulstrade (1) dnd having 8 plutiality of ajédtion nofzles @) foomed dhereias (47) on

id k fil 44), and f 1 Ng. sai | | i f ej ' I 47) b
Gy ot ehi ngloF HIEEAS 8 FimRgelareinsg Ara it bR iTs pehorstonhy S o
t chi ng'™f RIS Pires "B peherateny IR | f

ara adngsi SueTRd pAherap I ARRENE (R4 Rali el ciduCeh BIRY) Rl o7 ©

mat eri al (38bps of:pl aced on said substrate (21). 3. The nmethod according to
claim1, characterized in that said 25 renoving of said one of 'said
adhesi ve | ayers (prepgringsa tin flmsshestmatesiab(38) baving adhesiveilayars (A28 materi al

38) i ' bst,r at 21)..4. T th di t laim 3,
(oo s e B RS TS o o s PR B3 o v
bef ore sai dpk%jr;]n filmsheet material (38) is placed on said substrate (21).

30 5 e nethod according to claim4, characterized in that said
mask removing one of said adhesive layers (42a) which is on an ink-

ejecting-side surface of said thin film sheet material (38);
forming an etching mask film (44) on said ink-ejecting-side surface of
15 said thin film sheet material (38) from which said one of said adhesive layers
(42a) has been removed,;
forming a pattern (45) corresponding to said plurality of ejection
nozzies (47) on said mask film (44); and
forming said plurality of ejection nozzles (47) by dry etching in
20 accordanrce with said pattern (45). -
2. The method according to claim 1 . characterized in that said
removing of said one of said adhesive layers (42a) is carried out after said thin
film sheet material (38) is placed on said substrate (21). _
3. .The method according to claim 1, characterized in that said
25 removing of said one of said adhesive layers (42a) is carried out before said
thin film sheet material (38) is placed on said substrate (21).
4. The method according to claim 3, characterized in that said
forming of said mask film (44) is performed before said thin film sheet material
(38) is placed on said substrate (21).

30 5. The method according to claim 4, characterized in that said mask
. R
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film(44) is formed on said thin filmsheet material (38) while said thin
filmsheet material (38) is being fed between a.pair of take-up rolls. 6.
The met hod according to claim 1, characterized in that said adhesive |ayers
(42a, 42b) ame misemot her nopl astic type. 5 .- 7. The meidy@Bodiegedr di ng to
claim6, characterized in that said tI®2 nopl astic adhesive |ayers (42a,

42b) have a glass transition point of 150[err]C or higher. 8. The nethod
accor di ng t dilai(44)is formeti ansaiddhinAitm sheettrvaterial 438) wiilelsafd thim i 4heéts a

mul tilayer mask.fi .havin wat er repellent conposite film 10 conprised
of a water 8??'&5'%E?'as-?%%%twaemapair,ofalfe-ugrﬁl@t-m film 9. The method

hel  con-vave dry Bt ol BRURE SthERRb AN, cifartattatof atatfy °
char act eri zedhesivé agersqa2sl M2BFaefof aahemiiphRtt wpel ayers (42a) is renmoved by
dry etching. 15 a3 S(11. Thg nmet hod accordi %@eto claim1, characterized

in that sadd enerdy henmmethodragcendingdo claim Becleratterpaaddn #igt sgidel enment s for

heating inks_ to agenerate buhbles, thereby causing said inks to be ejected.
12 et ho SO SR 2RI PO asS Arlase treatomBeing $0Sabst r at o

(21) provi d%ghﬂhéb a plurality of energy generating elenments (34) for 20
generating pressure energy for ejecting inks and an orifice plate (38)

| ocated on sai d s8bsThetnethod Becordihgheeiahs 1achdrattarizetin Hat S48 FidsRn Nozzl es
(47) fornmed _therein for ej ecti{(lg inks in.a predeterm ned direction by

pressure gefith 49 dpuliaver mask §in bavirg awatey repelisairomposis filnsai d et hod
h terj IS f. 2 i thin fil
choct ot 1 EomBs@R oL et orbligh M8 800 ieral and el FBEpect' vl y for med
on top and bottom.siﬁ@memd@ceaﬂmb!t@blaﬁﬁ1%&1’%&%&%’%1%%&&@&8&8&)' acing said

thin filmsheet nmaterial (38) on said substrate renmovi ng one of said
adhesi ve | agtehing(is heliconwayvie drgetehingn i nk- 30 ej ecting-side surface of said

thin film sheet n%'er_lihael métﬁgg a@éo?&iﬁg té) tgai?na‘il ,dcharacterized in that said one
of said adhesive layers (42a) is removed by dry etching.

15 11. The method according to claim 1, characterized in that said
energy generating elements are heat generating elements for heating inks to
generate bubbles, thereby causing said inks to be ejected.

12. A method of manufacturing an ink-jet printer head having a
substrate (21) provided with a plurality of energy generating elements {34) for

20 generatiig pressure energy for ejecting inks and an orifice plate (38) locatedon
said substrate (21) and having a plurality of ejection nozzles (47) formed therein
for ejecting inks in a predstermined direction by pressure generated by said
energy generating elements (34), said method characterized by comprising the
steps of:

25 - preparing a thin film sheet material (38) having adhesive layers (42a,
42b) respectively formed on top and bottom sides, as a material of said orifice
plate;

placing said thin film sheet material (38) on said substrate (21);
removing one of said adhesive layers (42a) which is on an ink-

30 ejecting-side surface of said thin film sheet material (38) placed on said
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substrate (21); and formng said plurality of ejection nozzles (47) by
etching on said ink- ejecting-side surface of said thin filmsheet naterial
(38) fromwhjch said one of said adhesive |ayers (42a) has been renoved. 5
13. The net h&?“ﬁ’é@ﬁ?di ng to claimi12, $har acterized in th&XCHEEPUOAHhesi ve

| ayers (42a, 42b) are of a thernopl as? c type. 14. The nethod according to

claim12, c ' in that said dry etching is helicon-wave dry
et chi ng. R?rﬁfef(??)ﬁ%ﬁ? manuf acturing an ink-jet printer head having a 10

substrate (21) prf@nmdgdawdmamyafe;eaidntnbzﬂltes%\ﬂrngét&ﬁﬁy%@géig%kel enents (34)

for generating pressure energy for ejecting inks and an orifice plate (38)
| ocat ed on gjestingssidsssurface of 3aid thin dirm aheetgnatenid! (38} Ifiom/whith spidadriemf nozzl es

(47) formed therein for e] ing.inks in predeterm ned direction by
pressur e ge??éé]ﬁgw'wa%%&f%h@g?e@é@%egng el ements (34), said nethod

characterigzed b 0 LS [0) PN Lng. g, thin filmsheet
mat erial (38) hé\)?hg&ggméslﬁ?/%gﬁgﬁ?@o?’ﬁ%gt {245%&?%@%%&"%0@?'4 ormed on top
and bott om adhéeive Iayersi(42al 426)aire of a tnfioplaédd tyse.P! ate; removing one of said

adhesi ve | ayers (42a¥r which is on an ink- 20 ejecting-side surface of said
thin fil msheet r#étefhametysd accarding toralaimg! X sharaptetizad inttratsfaidgmyct i on

ot er il (Ao BHRPENEAY SRt ‘oo d adnesive layers (428) has been
renoved. 15. A method of manufacturing an ink-jet printer head having a
10 substrate (21) provided with a plurality of energy generating elements (34) for
generating pressure energy for ejecting inks and an orifice plate (38) located on
said substrate (21) and having a plurality of ejection nozzles (47) formed therein
for ejecting inks in a predetermined direction by pressure generated by said
energy generating elements (34), said method characterized by comprising the
15 steps of:
preparing a thin film sheet material (38) having adhesive layers (42a,
42b) respectively formed on top and bottom sides, as a material of said orifice
plate;
removing one of said adhesive layers (42a) which is on an ink-
20 ejecting-sjde surface of said thin film sheet material (38); and
' forming sald plurality of ejection nozzles (47) on said ink-ejecting-side
surface of said thin film sheet material (38) from which said one of said '

adhesive layers (42a) has been removed.
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