 Field of the Invention The present invention relates to

';e3esnnoqRut565ngt Cn) LI QUI D DI SCHARGE APPARATUS, PRI NTER HEAD, AND
METHOD FOR MAKI NG LI QUI D DI SCHARGE APPARATUS BACKGROUND gmm"m ,MWMI ON 1.

har ge
apparatus, a printer head, and a nmethod for making the |iquid,gjscharge
apparatus. The liquid dlscharge apparatus is applicable to, for exanple
ink jet printers. 2. Description of the Related Art A conventional ink j

printer discharges ink droplets through a printer head tomwmmmlmmum L
such as paper for formng a required ingge on t he object m ead
di scharges the droplets of the ink contained in a |iquid chanbeggdhr ough
nozzles by a driving elenent that causes a change in pressure in the liquid
chanber. Exanples of known driving elenents are heating el ements and

pi ezoel ectfiQJId ESHFARGBUAPFRRNTUR e PRIGEER SERRLr ARt MBTHODf BPRows, for
exanple. A driving elenment integrated with a drive circuit for driving the
driving el enment is folARENGNLAQYER BOHRAURRGE ARBARAEH® by a seni conduct or
production process, and a photosensitive resin is applied thereon by spin
coating. Partition walls of liquid chanbers and |iquid channels are forned
by photolitho hy of hot osensitive resin. A - 2 sheet provided
wi th noP2CESR g Be%ﬁagﬁngpgﬁgFF@H to as "nozzle sheet") is fornmed by

el ectrotyping and is disposed on the substrate. In this process, the
photoseﬂ3|tﬁﬁélﬂe§¢ntﬁ§ VRP&LABd at a semi cured state This nozzl e sheet

bonded to_t he t th t f.th hanb dth
| qui d channihS. eeReet ReTRudh vl LElebot RS i e P I Gy Peat

for therﬁ%%%%Q5%55|ﬁ%rggnglng gf thgdngz§ %hgﬁe§5r &Qkig esent

i nventi O rnmdconpr €ssion ondl m'such a sem cured s?ate is

referreq;49;asgy; i gﬁg@@@rxﬁggggkﬂgﬁ HetEEﬂE?QPBQQEM%PQQdA UE-QP nozzl e

sheet nust” be sem cure resi | nce the se resin
contai nga, qugelauqeerfgt LSaRbYe GhRUpSt bhenbopding strength betueen

t he nozzl e E%eet and thé top faces of the partitions is insufficient.
2. Description of the Related Art

A conventional ink jet printer discharges ink droplets
through a printer head toward an object such as paper for
forming a required image on the object. The printer head
discharges the droplets of the ink contained in a liquid
chamber through nozzles by a driving element that causes a
change in pressure in the liquid chamber. Examples of known
driving elements are heating elements and piezoelectric
elements.

Such a printer head is fabricated as follows, for
example. A driving element integrated with a drive circuit
for driving the driving element is formed on a semiconductor
substrate by a semiconductor production process, and a
photosensitive resin is applied thereon by spin coating.

Partition walls of liquid chambers and liquid channels are

formed by photolithography of the photosensitive resin. A



When ni ckel, which is a typical electrotyping material, is used as a
material for the nozzle sheet, the nickel nozzle sheet having poor

» adhesi veness to resin does not satisfactorily adhere to the top faces of
the resin partitions. In the printer head, ink droplets are discharged from
t he i nk chanmber by a change in pressure in the ink chanber as descri bed
above. If the nozzle sheet is not sufficiently bonded to the top faces of
the partitions, such a change in - 3 pressure will cause separation of
the nozzl e sheet fromthe partitions.,The separati on of a nozzle sheet
results in undesirable vibration of t%e nozzl e face and of neniscus of
ot her nozzles that do not discharge ink. As a result, this poor adhesion of
the nozzl e sheet significantly deteriorates the quality of the printed
i mage. Bheelepbondind wiktbngphzilesexherabhyftow, referaddpeo ofst he nozzl e
sheet changes with tine, and ink penetrates between the nozzle sheet and
t he sub$npaeée ‘-Fhregtﬁénéﬁrépémefingwahagésow@é@@i@%sﬁ torbeReRd and
causes separation of the nozzle sheet in a severe state. SUWARY OF THE
| NVENTI ON Afi€oBjeétréfethe present invention is to provide a |iquid
di scharge apparatus including a nozzle sheet, that is bonded to top faces of
partitions WENhtRLSF FPEPEREFy HRYPRIFHAH: tiMfotIfsiTobiSe & It aimEdr esent
invention is to,provide a printer head including,s ch gozzle sheet .
Anot her 36bPeEEMGFUrRE prasént TRYENEPBA ?ss?%ebrb%?hﬁPék to the

top faces of the partitions of the liquid chambers and the
liquid channels, and the semicured photosensitive resin is
cured by heat for thermocompression bonding of the nozzle
sheet. In the present invention, thermocompression bonding
from such a semicured state is referred to as "secondary
bonding".

In the secondary bonding, the nozzle sheet must be
bonded to the semicured resin. Since the semicured resin
contains a reduced number of reactive groups, the bonding
strength between the nozzle sheet and the top faces of the
partitions is insufficient.

When nickel, which is a typical electrotyping material,
is used as a material for the nozzle sheet, the nickel
nozzle sheet having poor adhesiveness to resin does not
satisfactorily adhere to the top faces of the resin
partitions.

In the printer head, ink droplets are discharged from
the ink chamber by a change in pressure in the ink chamber
as described above. 1If the nozzle sheet is not sufficiently

bonded to the top faces of the partitions, such a change in



met hod for making a |iquid discharge apparatus. According to a first aspect
of the present invention, in a liquid discharge apparatus having liquid
» chanbers and nozzl es that discharge droplets of liquids contained in the

l'i quid chanmbers through Iiquid channels, the liquid r - 4 discharge
apparatus conprises a substrate provided with partitions on one face
thereof, the liquid chanbers and the |iquid channel s being defined between
the partitions; a nozzle sheet provided with adhesion-inproving | ayers at

| east at positions corresponding to-the_top faces of the partitions and the
nozzles for discharging liquid, the nozzle sheet and the top faces of the
respective partitions being bonded to each other with the
adhesi on-i nproving layers; and driving el epents provided on the face of the
subst r atPF SR YSs Mtildn SV Er §PERATAGTt 8Lt el PRAFYScRBRBEr $TOPoEN®hangi ng

t he pressure aof the |jquid chambers. _Accordi tp a _second. aspect of the
o esont Hat/aidoats i T PRt LiBad ey R P e E R BB £ aka nooyl b0

t hat di scharge dr.oplets of. |iqui contained_in the liquid.chanbers through
Aaaon s Bl Ayl Shecananned,ia s L 3

. . nae ra vibration nozz ce n menlsc
liquid chanmel s the Brint&rf SoltpFises a°subs e"pravrded°wi t h

partiti fac ereo t l.i.qui nbe n i guid channel s
bei ng dggﬁﬁgﬂrggﬁﬁggn%$ﬁg Sgrgpfigggfhgghgzgpg'shégtnggép Ed gﬁ%%

adhesi on:J JIPr.oni | a t bt (o] 44 adi o] es of
he par B o e o L S e R e PRl ok REE 88 LOE RS 0 and
the top dacerifi thhe f e3REBLi heeRak ibkOns bei ng bonded to each other with
t he adhesioninproving layers; and driving el enments provided on the face of
the substraterathBOpbhi9A§ SOFELFPRNGS NGkt PehidiBy |18 degbashgss of Or
changi ng the pressure of the liquid chanbers. - 5 According to a third
aspect ahed e fpriesemnledtnedahiyen, withatiRkhodnfoinkakengtaatégqui d di scharge
apparatus for discharging droplets of liquid fromliquid chanbers by neans
of a chargerdem phesswze lef shketl bgdi dhehanbetsatisi ngThésppehéveatiedvi ng

el enents, the nethod conprises the steps of: formng partitions of |iquid
channel srfkodamatgesdediecd rtilce 1| cqundctdohheahdqohdsebhasbpasatindnpaftiti ons
of the liquid chanbers onto a substrate that hold the driving elenents; and
t hen pl &diengoz zdez sheeghdat ahgevegenszakes and adhesi on-inproving | ayers on
the top faces of the partitions, the adhesion-inproving |ayer being

provi ded at | east at positions corresponding to the top faces for inproving
adhesi veness to the top faces. In the present invention, the liquid

di schar gEMERSr QFuLHEF INYENSLQYent invention is applied to a printer head
of a printer_for dischargj ink drop)ets. Furthernore, the liquid

di schar ge appir aPalgcfclsongqgc%’b‘F%eTB Y B Ohebtist e r%‘fo"d’i‘gecr?ar ges dye
dropl et § ;304 LL0RIGLS LOLBLOLECL] YEoTL LRy I £500] sPepser s for di schargi ng
chem cal "reagents,” variou analy?icaf or Pgs?ing FnStTUnent s cand vari ous

pattern parat.use t di d em cal r tecting
eIenentgﬁgpgﬁigfcﬁgﬁg%a%%g gghég?g%??ﬁ%?og}gg fg§g?§?£%F% i%géﬁbetmeen t he
top faces Qhgihe partitions and the nozzle sheet, ensure tight adhesion

bet ween them™ even if the nozzle sheet exhibits | ow
Another object of the present invention is to provide a

printer head including such a nozzle sheet.

Another object of the present invention is to provide a
method for making a liquid discharge apparatus.

According to a first aspect of the present invention,
in a liquid discharge apparatus having liquid chambers and
nozzles that discharge droplets of liquids contained in the

liquid chambers through liquid channels, the liquid



- 6 adhesiveness to the partitions. For the partitions conposed of a

sem cured material, an appropriate material is selected for the
adhesion-inproving | ayers. For exanple, the partitions and the
adhesion-inproving |layers are formed of the sanme material. Alternatively,

t he adhesion-inproving |layers are formed of a material having high affinity
to the material of the partitions. Thus, the adhesion-inproving |ayers
ensure hi gh bonding strength between the partitions and the nozzl e sheet.
BRI EF DESCRI PTION OF THE DRAWNGS Figy 1 is a cross-sectional view of a
printer head according to a first enbodi nent of the present invention;
Figs. 2A to 2H are cross-sectional views illustrating the steps of making
the printer head shown in Fig. 1; Figs. 3Ato 3D are cross-sectional views

i |lustrédifrBarge %?%%§a5¥3nﬁﬁmﬂﬁl%eﬁr?rﬁ%ﬁsFE%&Feﬂﬁﬁ%kﬁ%ﬁ;WkF%xsecond
enbodi ment of the present invention; Ss. 4A to 4C are cross-sectional

Vi ews |PPE§%Fé?Pﬁg°?h%n%t€%§e ?h%ﬁﬁ?ﬁg gh%r*%ﬁ%&drﬁﬂﬁﬁgﬁﬁﬁn%ﬂqufq%)61th|rd
enbodi ment of t sent . i nvenijon S to 5B are cross-sectional

Vi eve mawaFFﬁag?ﬁ% ReLnd oF h%%ﬁn‘@ge'gw%?? B¢ BB Gl ditg to a fourth
enbodi nent g F Qresentdlnven i on, 10s. 6A to 6G are cross-sectional
views i PPEEEFaPTRGE PEYhadeT el %fa%%ﬁf¥ﬁp £ﬁﬁr?¥%ﬁgﬁgﬁﬁeacc5%dlng to a

fifth eybodient 9l 105 0r E5ePLsbaNEINY OB BESTYSTH QLR 7 HE, PREFERRED

partitions and the nozzles for discharging liquid, the
nozzle sheet and the top faces of the respective partitions
being bonded to each other with the adhesion-improving
layers; and driving elements provided on the face of the
substrate at positions corresponding to the liquid chambers,
for changing the pressure of the liquid chambers.

According to a second aspect of the present invention,
in a printer head having liquid chambers and nozzles that
discharge droplets of liquids contained in the liquid
chambers through liquid channels, the printer head comprises
a substrate provided with partitions on one face thereof,
the liquid chambers and the liquid channels being defined
between the partitions; a nozzle shéet provided with
adhesion-improving layers at positions corresponding to the
top faces of the partitions and the nozzles for discharging
liquid, the nozzle sheet and the top faces of the respective
partitions being bonded to each other with the adhesion-
improving layers; and driving elements provided on the face
of the substrate at positions corresponding to the liquid

chambers, for changing the pressure of the liquid chambers.



The preferred enbodi nents of the present invention will now be described in
detail with reference to the drawings. (1) First Enbodinent (1-1) Structure
of Printer Head of First Enbodinment Fig. 1 is a cross-sectional view of a
printer head of a printer according to a first enbodi nent of the present
invention. The printer head 1 discharges ink droplets toward an object for
printing an i,nage and the |like on the object . This printer head 1 is a
line printer head provided with a plurality of nozzle |lines each having
nozzles 2 across the width of a prinatgng sheet. These nozzle lines are
arranged in a paper-feeding direction (perpendicular to the drawi ng), and
each nozzle line discharges different color inks. The printer head 1 can

t her eb [ I i . .JThi i nt d1li ared hy f '

art i1 ons SASTOTHHR dEranbbr &S ATRFC o aif iy SRS Y Bt ons. of
l'iquid channel s, far igtroggcing %Qe Lgkg.to the liquid ghanpers 4 on a
substrat& §,m§§8°§o£8|n8a R9zZ1 & 9HEE SORFPATIS PRAER  het Partiti ons 5.

The subsgtr N .sem,c cto f eati.ng elements H
funct | opiRa"az04h3, AREBRRER . B, B SR THR PSRN L nte Fharutfl |V AT Gus o
chanber g ¢4 de v ' Lt ko Iyl t I ments H. The

waf er, ?ﬁeahgggpgs %Peﬁé%%%EH% g%dE?%ei%égg% %ﬁ?cu?%égg%ﬁyﬁtegrated by a
sem con dyct i p Th ! u (Y into a

o odet of o ho e e L AR e R R o R R i hange
the pregguresrpfinkhpakicguidncharbes gudat endhsehar 86r t Ner i ks oapt ai ned in
the liquid chanbers 4 as droplets toward a printing object. The partitions
5 are feneedighiantepexyachylhiatiecRBRbEFESASE . pAFtLEi ke Phofg esist is
applied onto the substrate 3 into a predeterm ned thickness by any coating
processlibaidexagmberssphfiocaakubgtoateuthat NheDAt g, ddinging prebaked.
Alternatively, a photosensitive resin dry filmis |lamnated to the

substr aeéeenThe phdt thesi plaocingghe doyziel shést exgpomey ndwdugh sangphot onask
and is developed. In this process, the nozzle sheet unit 7 is arranged in a
sem cur edhesabe-amdroéngi dayempl enelthecired faThe wdzzhe Phedt tdens,7 is
prepared by form ng adhesion-inproving |layers 9 on a nickel nozzle sheet 8,
whi ch i $hgr adbeedoByimpsevingyprrgr heipdsprovided it kerstespond to the top
faces of the partitions 5. The adhesion-inProvin | ayers 9 inprove adhesion
bet weenPPR&t10fSnE25FESBARELNY hAdthRetPBprieRestOf tMErPard tions 5 on the
substrate 3. ,The adhesiop-inproving | ayers 9 enhance adhesive strength to

t he topasﬁﬁéévﬁPeFﬁetBaFB?tggﬁsfécgfe conposed of a senicured resin or

ensure adhesjon_of the nickel nozzle eet. 8 t.0, the top faces if the
pa??i tions ; Rabke n%r%%%rlégi %V%?gi%t ?lt D TR é&@cthr?%?fl e ghleet 8.

Accor di ngbyatlie AdNERLOEEUREPVENGehAYSE St BholIJA Nl 1] ¥ ffaied on the

teﬁ]
nozzl e s ensure satl s ory adnesli on e Sheet 8 and

the tOpggggerOB HRen %&tkbko%is%ha¥%%nﬁqgﬁiingbﬁg ﬁVipguE@K% moyell €

conpose a material that exhibits satisfactory a esion to ot fhe
nozzl e %H@eiiéuQHddiﬁéhEQ?ef§ﬁ§§r9£uéh§sp piidanse Scanst fialy exhibits high
e

mechani cal strength durab for secondary bondi ng between the nozzl e sheet
8 and theaBar thtt0A$séharges dye droplets and droplets for
protective films, microdispensers for discharging chemical
reagents, various analytical or testing instruments, and
various patterning apparatuses that discharge chemical
reagents for protecting elements from etching.
The adhesion-improving layers, provided between the top

faces of the partitions and the nozzle sheet, ensure tight

adhesion between them, even if the nozzle sheet exhibits low



In this enbodi ment, the adhesion-inproving layers 9 are bonded to the
nozzl e sheet 8 by el ectrodeposition in the step of form ng the nozzle sheet
8. An exanple of materials for form ng the adhesion-inproving |ayers 9 are
an acrylic cationic el ectrodeposition coating "ELECOAT CS-2" made by

Shim zu Co., Ltd. Figs. 2A to 2H are cross-sectional views illustrating the
steps of making the nozzle sheet unit 7. Referring to Fig. 2A
nonconducti ve projections 10 are formed on a flat master block 11 by

phot ol i t hography. The shape of these g = 10 projections 10 corresponds to
that of nozzles. Then the nozzle sheet 8 is forned on the master block 11
by el ectrotyping using the master block 11 as an el ectrode. Preferably t he
master bl ock 11 is conposed of a conductive nmaterial  that is readi

r el easaBIeRePlyRess 18z £he §ﬁé§ﬂt8°nﬁefeFPFnEh?opﬁFﬁlt?@Pstﬁ%mbﬁ%?GreS|st
prolectlons 10 agre renoved. ,The nozzl e sheet 8 haV|ng gang dent s t hereby

r emai ns °dn 3 FETHESEES Breder izt . ﬁéféPPFHBrhﬁﬁﬁt%aF?ﬁ ASCIS aSEIFRTEA for

f dh d d by el ectrod t
wsing ¢ @rwgite%%b%%&bgpé%égggﬁn SeFeEno. FBFcYFIRG o MG 2D, a negallve

I f b ked.
retorri BoRa pe SEo g paReRERZEH réx§§'25g?%%%39 29% Be8r8ER 18 ¢ hat

masks. g €Sid m%l%sggaﬁr._tmlreekegg%loggyonﬁhgogaﬁémg Mt0yLRg o faces

of the partitions erring to e unexpose trons”of the

resist 32.an8 %%D\f%qm@ﬁ devel faa%!a&alRﬁgeiﬁa;wu?Q EE8in 2 wetﬁé' mO9A in

the bare regions is selectively renoved through The resist™ 12 as mask.

The 1 eswualtiehq aN02A %h%h§@&t§t96a¥I de@hwkt hthBe,@lbe8b QN hPPEPYAHY. Iayers 9
corresponds to the nozzlie sheet unit 7. xt, the nozzle sheet unit 7 on

the mastiefyetsoehslkel figut boRt@nGOBLB6hq¥ht BethEcsUBRET Bh L Bciang these are
heated to a predeterm ned tenperature under a pressure to cure the - 11
partiti emsl Theomplzetiel yhaed.t o bond the adhesion-inproving layers 9 with
the partitions 5. Then, the nmaster block 11 is renoved. (1-2) Operation of
First Enbodi nent Referring to Fig. 1, this printer head 1 has the
partitions 5 of the liquid chanbers 4 and the partitions of the liquid
channel 8R3EFt BPESSRFPEFEAHUOFOLHEUBBRAWANEGS3 i ncl udi ng driving devices and the
| i ke, and these partitions are conposed of the sem cured epoxyacrylate
resin. FurthBiffer &, ishe auPeSTIRCThPrdViHEY Bfers rigrteprhma Cﬁed at

posi tions correspondln to the partitions of the nozzle sheet 8, and the
nozzl e SFEQTIANDs thoRdEdrEd Fﬁéoﬁéw?PFl6ﬁst@90$r?%%nF|h%Y%“Eh%ﬁbers 4 and

t he partltlons ofméhe | i UId channel s with the adhesi.on- gg$ro¥ﬁkg | ayers 9
provi ded t hef éB&t wédnt®| Htﬂﬁen%&%?ifiﬁﬁﬁ&OQ?% §”éﬂﬁb | havi ng

poor bondin stren o resin t he,_adh n- rOVI | ayers 9 ensure high
bondi ng gﬁ %ﬁg?ﬁ 8 %ﬁ“?h ﬁo?fﬁgtgﬁeg @ ?h%nreggh IeWﬁen a suitable

substance isg Lecggdt 05Dt§ agr cgbé{ggégﬁruié eyfié%%gg d}bondlng

strength is en ured between e5|on |nprOV|ng ayers Y he top

faces ofLhe ARt Ll 0% Ao Qapr%%em@gaegcgéré{ﬁ%sesn&ugé%@oﬁ&S' n not

having a | arge anount o eactive groups, regard s of secondary bondi ng.

I'n th'se&%bﬁﬁﬁ%nQe%@ Inet BeeBOAZ! ensbReloS; i s tightly bonded to the
Substrate 3

Figs. 4A to 4C are cross-sectional views illustrating
the steps of making a printer head according to a third
embodiment of the present invention;

Figs. 5A to 5B are cross-sectional views illustrating
the steps of making a printer head according to a fourth

embodiment of the present invention; and

Figs. 6A to 6G are cross-sectional views illustrating



- 12 provided with the partitions of the Iiquid chanbers 4 and the liquid
channel s. Since the adhesion-inproving layers 9 are prelimnarily fornmed by
“ el ectrodeposition on the nozzle sheet 8 under high-precision control of the
t hi ckness of the adhesioninproving layers 9 in a step of form ng the nozzle
sheet 8, the adhesion-inproving |layers 9 are tightly bonded to the nozzle
sheet 8 conposed of nickel having poor bonding strength to resin. Since the
adhesion-inproving |layers 9 at unnecessary portions, nanmely, the interiors
of the nozzles 2 are renoved by phatof it hography, the nozzles 2 can be
formed at high precision, regardless of the formation of the
adhesi oni nproving |l ayers 9. Thus, the adhesion-inproving |ayers 9 do not
deteriorate the printing quality. (1-3) Effects of First Enbodi nent
Accor di fifet 6tERE SfrURkLRE BfPFHRLFT rRe2A PO FEIRY the? abhest on- i nprovi ng
| ayers p&gvided on the nozzle sheet are tightly bonded to the top faces of
the par EMPPEAZEREL AEnFYR BHRAFAG SEYSMGINR - Furthernore, the
adhesi on-i nproving | ayers having a high-precision thickness can be forned
by el ectrodeposition on the nozzle sheet during a step of formng the
nozz| e BE@?&IPT legF.§§%.gﬁﬁpﬁgREHbﬁQégﬁﬂﬁEﬁ %the second embodi ment, a
phot osensitive rayer i s di sposed on a nozzle sheet by el ectrodeposition to
f orm adhesi op:- i ' d i el | t.he first
enbod; mont . T B e Do Gy Hertt S (T e F M SRR M
embodi Mgy, Bk hess-ibam thalietRi § Npifh sdrepbods MEateh Ui Sl Steps are
identical to those in the first enbodi ment. An exenplary material for the
phot osensitive layer is a negative el ectrodeposition resist "SONNE EDUV376"
made by Kansai Paint Co., Ltd. Referring to Fig. 3A, a nozzle sheet 8 is
fornmed qnyariestetmbbackedds by el ectrotyping as in the first enbodi nent.
Referring to Fig. 3B, a film9A for form ng adhesioninproving |layers 9 is
formed t(hengostbycehest 66dppORtét Olcausi O B PHOtOBESSithéve
el ectrodeposition material. Referring to Fig. 3C, the film9A is exposed
t hrough a phbt@nmakkid 3 amd s s-evtel opdd vwiew enfb\ee purimeees $avayd pdt ta ons of
the film9A As shown in Fig. 3D, the adhesion-inproving |layers 9 are
t her ebypfréntred encohdingzideashieett Sembpod ihest epb ol erapite serst descri bed
above, the photosensitive filmfor form ng the adhesion-inproving |ayer is
provi dednganthennozZhe Bhéetehndeadel sdheshargespilyiderigess are
selectively forned at the top faces of the partitions by patterning of the
phot osefiSFardeari PRI eThubori Art RElR@ cm i BHHR I ntEle al PF¢ M=ertead can be

producegd. by,

This printer head 1 is a line printer head provided
with a plurality of nozzle lines each having nozzles 2
across the width of a printing sheet. These nozzle lines
are arranged in a paper-feeding direction (perpendicular to
the drawing), and each nozzle line discharges different
color inks. The printer head 1 can thereby print color
images.

This printer head 1 is prepared by forming partitions 5
of liquid chambers 4 for containing inks and partitions of
liquid channels for introducing the inks to the liquid

chambers 4 on a substrate 3, and bonding a nozzle sheet unit



- 14 a nore sinplified step conpared with the first enbodinent. (3) Third
Enbodinent In the third enbodi nent, adhesion-inproving |layers are nore
-effectively provided on the nozzle sheet by utilizing the step of form ng
t he nozzl e sheet. The third enbodiment differs fromthe first enbodi nent in
that a nozzle sheet unit 7 is prepared by another process, as follows.
Referring to Fig. 4A, nonconductive projections 10 are provided on a naster
bl ock 11 and the nozzle sheet 8 is forned on the naster bl ock 11 by
el ectrodeposition. Referring to Fig. 4B, a filmfor adhesion-inproving
| ayers 9 are fornmed on the nozzle sheet 8 without renoval of the
projections 10 by el ectrodeposition. Referring to Fig. 4C, the projections
10 are renoved. According to this process, the adhesion-inproving |ayers 9
are sel ettivetie RATed I8Pel%ct r odeposition at the top faces of the
partitions. |In other words, the projections 10 function as nmasks for
form ng the dMFesSUBStABLEVRngSI 59BPSsed RS & PERLFPNIVRECHINREREN- i nprovi ng

| ayers 9 are formed by reduced production steps in_the third enbodi nment.

t4) Fourltar B RIRTH 1 HE MK rH hi3ed Hee-n Ia HETBS1 1HBFovi ng | ayer s
are - 15 for by depositi.on of di,anmand |i ke carhon Q) ., Referring to
Bl o, sa Rl e RAR e Th e AdTE SODSES: dr BPGCR SFI%8 i n the
first embodi nent ef er I.i to Fig., . t is d Sit th on by a
dry pr ocrEte)lslgAL{s%chfoarsRJa{:ls}{olﬁrbtge%enéle%rt&cgss?l%%egtglﬂs'prg@%sgfa gl’ﬁé %E‘% | ayers

functio @astitrnf' AURH A H MY 1S | AUYS Archli ¢ S r8Mhtedhlkkkpgwn that
the DLC [ayer has hig
a semiconductor production process. The semiconductor wafer
is cut into a predetermined shape. In this printer head 1,
the heating elements H change the pressures of the liquid
chambers 4 to discharge the inks contained in the liquid
chambers 4 as droplets toward a printing object.

The partitions 5 are formed of an epoxyacrylate
photoresist. After the photoresist is applied onto the
substrate 3 into a predetermined thickness by any coating
process, for example, spin coating or curtain coating, and
is prebaked. Alternatively, a photosensitive resin dry film
is laminated to the substrate 3. The photoresist or the dry
film is exposed through a photomask and is developed. 1In
this process, the nozzle sheet unit 7 is arranged in a
semicured state and then is completely cured.

The nozzle sheet unit 7 is prepared by forming
adhesion-improving layers 9 on a nickel nozzle sheet 8,
which is produced by electrotyping, at positions that
correspond to the top faces of the partitions 5. The

adhesion-improving layers 9 improve adhesion between the



bondi ng strength to the sem cured resin and the nickel nozzle sheet 8, even
if the DLC |l ayer has a smaller thickness. The DLC | ayer having a snal

“ thi ckness inside the nozzl es does not preclude discharge of the ink. In
this enbodi ment, the nozzle sheet unit 7 is put into close contact with the
top faces of the partitions 5 provided with the adhesion-inproving | ayers
9. Next, the master block 11 is renoved to expose the nozzle 2. The DLC
adhesi on-i nproving | ayer also has the sanme advantages as those in the first
enbodi ment. (5) Fifth Enbodi ment The §ifth enbodiment is a nodification of
the fourth enbodinent. In this enbodinent, ions are prelimnarily inplanted
into the nozzIe sheet prior to the formation of the DLC adhesi on-i nproving
| ayer. For %arbon ns into the nozzle sheet by

t
plasna "GYF % ﬁp ﬁ“da§h§ 5P§I%ﬁFﬁar9?tE Stﬁ%ﬁ?ltéﬂas efi®t kBeDLC -
is depo n &ﬁ noz | e .sheet to formthe ad e5|g HEFOVIng | ayers
9 As a ﬂg§31 ﬁe Es PIREPHBPovIPRG OV 40 8r $28S5dndr 82 P8 ERe nozzl e sheet
8 I t h ffect .of th t 6) Six
S Iore sepely by Lheandion el (e £§ﬁ8§| S s BRrREERRE e 6%k O o ed
on a nozzl e Sheet, @a“%'e%%c%r%& Yl 5"19!639' u%SDg&IIQEmn‘IQIfCQh' s different

from known' photosenS|t|ve FOGess reparing Such a

I | I t t
5 she, 13N PRy i%?i%s;“—' %t %ES%5‘83?%26‘?25d??eﬁ"é‘?yﬁ%ﬁ?rﬁ%&*‘%ﬁﬁ not from

pol yani g ¢ %a%d@ee&%urseerene,ftht ke RALYhALAE1 FOLYig dgebtogks are coupl ed
with each other to formthe bl'ock polyimde copolyner. This nethod has

| arge flexi bpbbbya@hgmpt ethal agess oo Nonb S6v Syt hegd s of pol yi m de havi ng
desi red adhesi veness by controlling characteristics of the blocks, which

are the ghdiiififabtiill ifd rivelds ogopakyABLz18Ushedt Pl ¥hsude bl ock copolyner is
applied onto the nozzle sheet to formthe adhesion-inproving | ayers.

Exanpl esadfi sgalctoriydadblegdlonc bpalvgerr shar aoadbessneepoByanddeneonbai ni ng

bi cycl o[ 2, 2,2] oct-7-en-2, 3,5, 6tetracarboxylic di anhydride and/ or

3, 5- di afiameisepfoitheapiadt iRébaisr bng TbeFagheSApnaimpzaVienghteye8si 8 for ned
on a master block 11, as in the first enbodinent. Referring to - 17 Fig.
6B, a peing wodeobledck fcepokyreiadoshnhgekbibppbi edtbyéactheynozzl e sheet 8
and the master block 11 by spin coating, screen printin di ppi ng, or rol
coat i ng.2dhes iegationoity & @j@@Fééetéhﬁéﬁt8tﬁééthgﬁttéﬂcgaﬁ§sppébﬁkﬁng to
forma film9A for adhesion-inproving |ayers. Referring to Fi 6C, a
negatlv@aﬁﬁdﬁdP€§|§taf§ ithagpsrneRits Phghsﬂ?Fgéel%ﬂﬁ ?ErEPQEgked as in the

bt ough O ERAFo RSk SFSoRRar g PRREBenBr tERER FHe TofeacBlest Prand
partltlQ:he partitions 5.

In this embodiment, the adhesion-improving layers 9 are
bonded to the nozzle sheet 8 by electrodeposition in the
step of forming the nozzle sheet 8. An example of materials
for forming the adhesion-improving layers 9 are an acrylic
cationic electrodeposition coating "ELECOAT CS-2" made by
Shimizu Co., Ltd.

Figs. 2A to 2H are cross-sectional views illustrating
the steps of making the nozzle sheet unit 7. Referring to
Fig. 2A, nonconductive projections 10 are formed on a flat

master block 11 by photolithography. The shape of these



Referring to Fig. 6E, the unnecessary regions of the photoresist 12 are
renoved by devel opnent. Referring to Fig. 6F, the film9A inside the
nozzles is selectively etched through the photoresist 12 functioning as a
mask. Referring to Fig. &5 the photoresist 12 is renoved to conplete the
nozzl e sheet unit 7 (the nozzle sheet 8 provided with the
adhesi on-i nproving |ayers 9). Since the polyimde block copolyner is
phot osensitive, the form ng and patterning of the photoresist 12 are not
required. Instead, the film9A is difgctly exposed and devel oped. The
adhesion-inproving | ayers 9 conposed of the polyimde block copolyner are
thereby formed at the top faces of the partitions. Accordingly, the use of
t he photosensitive ? yi m de bl ock copol enab)] es the om ssion of the
coat i ngPEPeBChEoRfe Bh%?ﬁF%%P%?d%ZtoT?E?%d%%s?%%z}%%rovT%@nl5§%rs 9 of the
pol yi m de bl ock mer aJ so have t me. advant ages as those in
the fir8pP2& oapﬁﬁﬁt %?)9§5@% t%nEﬁ%%d?%%B?rh%l?ﬂ %g th enbodi ment,
adhesi on: i ers a or med Stri | ating, on_a surface of a
nozzl e ghgggro xp Eﬂeﬁifng Eﬂ?c%%Tt%$ %%§I¥§ %%ya%og%?%ts%é%t formed by
2oL bYRERGLBYD! PLAS ROOEoRORPSLY CRPSEs ! Copbliesa it et abaucpipar ed to

t he adheSrvenass? of ptire nrc eri a

parti CUJngfc ’ila?“tﬂm dg_L,aIrstﬂkg B égggggpﬁ&ngt@e %gggigngﬁeé@%

S|gn|f|can y poor “adhesi vene stri ated su ayer Inproves the

adhesi Venes%@fef@ﬁ%'ﬁ&%ld"ozﬁ e ﬁ{be%hoﬂ#rre%'l@t "p'srtd’j'éﬁetlwr?é 'ﬂgn is a

prelimnarily treat for” i npr'ovi ng “adhesi veness between a substrate and

a plated, gurbRceedOr TRXEAADL £l et P St I'é kiea Pl Ry i M $adeh 05 MR PLBy Ed | ayer
havi ng hi gh adhesi veness on a passivation surface of a stainless steel

substratemakHEt BRN fREEmatbershroke plating can renove the passivation film
to activate the surface. The strike plating is also applicable to

prelimnary greeatrend foF ¢ atiqg 2amotaheri Ini ckelfdmyRyrngim@ tHeckel
bright-plated layer. In this enbodi nent, nickel strike-plated |ayers with a
t hi ckneadheéiaheimhpOoRiklyynlapgees f Draeel protidedrbght - pl ated | ayers of the
nozzl e sheet in a nickel chloride bath. - 19
electrodeposition using the master block 11 as an electrode.
Referring to Fig. 2D, a negative resist 12 is applied onto
the surface by spin coating and is prebaked. Referring to
Fig. 2E, the resist 12 is exposed through a photomask 13
that masks the resist 12 other than bare regions
corresponding to the top faces of the partitions.
Referring to Fig. 2F, the unexposed portions of the
resist 12 are removed by development. Referring to Fig. 2G,
the film 9A in the bare regions is selectively removed
through the resist 12 as a mask. The resulting nozzle sheet
8 provided with the adhesion-improving layers 9 corresponds
to the nozzle sheet unit 7.
Next, the nozzle sheet unit 7 on the master block 11 is

put into contact with the substrate 3, and these are heated

to a predetermined temperature under a pressure to cure the



Active layers having high adhesi veness are thereby fornmed on the
bright-plated | ayers. Accordingly, high adhesion is achi eved between the
"nozzl e sheet and the top faces of the partitions. (8) Ei ghth Enbodinent In
t he ei ghth enbodi nent, strike-plated |ayers are formed on a surface of a
nozzl e sheet as in the seventh enbodi nent, and then adhesi on-i nproving

| ayers according to any one of the above enbodi nents are forned on the
strikeplated |layers. This double-layer structure of the strikeplated | ayers
and the adhesion-inproving |ayer ensyhes higher adhesion of the nozzle
sheet. (9) Ninth Enbodiment In the ninth enbodi nment, strike-plated |ayers
are formed on a surface of a nozzle sheet as in the seventh enbodi nent, and
then dull nickel-plated | ayers are formed on the strike-plated |ayers. This
doubl e- Pay&i tiepach urempie thby serd kko pparedthayadhanioRhemprekEng

dul |l -pl ated | ayer ensures higher adhesion of the nozzle sheet, since the
upper ni-@Kersddl Fiphatee Payetthars ad surflage. hahe M2 s FaAE Rhevknhkss t hat

i nproves adhe5|veness Furthernore, the strike-plated | ayers ensure
adhesi onSt 88B8VRAt he ni ckel brlght plated | ayers and the nickel dull-plated
| ayers. In the tenth enbodi nent,

strike-695?édopﬁgﬁFi°%rﬁ%f%+ﬁ§H %ﬂb é%ﬂ??%ce of a nozzle sheet as in the

seventh enb nlck dul | - ated Ia ers ,are forned n t he
strike- platg@eggyer Ehﬁhen a e5|5h |§broJ}ng IaJErs cording to one

of the Q?%?t?ﬁRQd ”EPt Pnél %Q{HEthﬂbéPg E'&%&'t?&'% PLALE ?%%a%Prs Thi s

triple- ayer ure urt I provesS adhesion € Nnozz sheet. (11)

£l event b, Enbogi,yBntybint e gheveat bgrbodifens, adbesionsigproving | ayers

and partitions are conposed of e sanme nmateri al n regard to other
"att?rSanéﬂMdQB%tBﬁléPQdea@@PQQé”Eﬂéstﬁé ?ﬂNeOtQ&£ Eﬁ&QQO%QEM1t§oﬁéSO

applicable to this enbodiment. Even if the materia

adhesi opyrkMBhRAKHBEA! 8¥€FBe semicured epoxyacrylate resin.
Furthermore, the adhesion—-improving layers 9 are provided at
positions corresponding to the partitions of the nozzle
sheet 8, and the nozzle sheet 8 is bonded to the partitions
5 of the liquid chambers 4 and the partitions of the liquid
channels with the adhesion-improving layers 9 provided
therebetween.

If the nozzle sheet 8 is composed of nickel having poor

bonding strength to resin, the adhesion-improving layers 9
ensure high bonding strength between the nozzle sheet 8 and
the resin. When a suitable substance is selected for the
adhesion-improving layers 9, high bonding strength is
ensured between the adhesion-improving layers 9 and the top
faces of the partitions 5 that are composed of the semicured
resin not having a large amount of reactive groups,

regardless of secondary bonding. In this printer head 1,

the nozzle sheet 8 is tightly bonded to the substrate 3



and the partitions is semcured, these are tightly bonded to each ot her
during a curing process, by an interm xing effect at the adhesive
interface, regardl ess of secondary bondi ng. Exanples of the sem cured
materials are epoxy resins, polyimde resins, and acrylic resins. Since the
adhesi oni nproving | ayer before sem curing contains a | arge anmount of
reactive groups, it is tightly bonded to the nozzle sheet during the curing
process. - 21 (12) O her Enbodinents In the above enbodi nents, the
adhesi on-inprovi ng | ayers are forned By photolithography. In the present

i nvention, however, the adhesion-inproving |layers may be forned by any

ot her net hod. Exanples of such nmethods include printing processes, i.e.,
screen printing and intaglio printing, and dropl et discharging processes
usi ng | P§avédelsthhhgehappariitisess sfickhgsiifBifi ghr@ParscharBe apparat us
accordin% to.the present invention. In the above enbodi nents, the

adhesi oklempre¥iAgcha)BriSare formed on the nickel nozzle sheet produced by
el ectrotyping, In the present inventipn owever, the adhesion-inproving

layers may beiRoT nERE FARCHBIIT HRHREI RS ohPp¥HeEd Of RNy et BP 3" 5tEh as
lyim d b . pr. . th b di ts, th

Dol e Tor R By e YREE Bt BRY 1R BR e 3R chPhag e 18 e L B LBERE: verti on.

h . i | tri . h L Vi . t. Inth

oo hiSnRERRESEEhL e ErBTTRE, BRE PRAHRAEE g Endl huhBg Bherent . 0t he

above _ g ‘6l StEnt 'and ¢ N
el eront HB) CBe Fol LA oL RS SUBSEParE. PREAG. Sho\B°8RbadrhERrS 1 he

liquid di,achangeiBRPAMALEYiRE 1hGcpPse8eatel RYEALEONbEAqBAPLEEEREO @ printer
head of a printer for discharging ink droplets. Furthernore, - 22 the

liquid dibsghar 9geappar abiposedaBel hgakke havRhpnpebrhsadaihhat di scharges
dye droplets and droplets for protective filns, mcrodi spensers for
di schar gitrgneghanteakesgagent s, various anal ytical or testing instrunents,
and various patterning apparatuses that di scharge chem cal reagents for
protecting efeneatshé radhes tohnbnpAsy tesgcrapers aboye, uithecessary
adhesi on-i nproving | ayers provided on the nozzle sheet ensure hi gh bondi ng
strengt potraibhe,t opmbagestbk fihéepaptst bénshe nez23esVBAFr&Sr&hdVv&ED | S:
by photolithography, the nozzles 2 can be formed at high
precision, regardless of the formation of the adhesion-
improving layers 9. Thus, the adhesion-improving layers 9
do not deteriorate the printing quality.
(1-3) Effects of First Embodiment
According to the structure of the first embodiment, the
adhesion-improving layers provided on the nozzle sheet are
tightly bonded to the top faces of the partitions with high
bonding strength.
Furthermore, the adhesion-improving layers having a
high-precision thickness can be formed by electrodeposition

on the nozzle sheet during a step of forming the nozzle

sheet.



1. Aliquid discharge apparatus having liquid chanbers and nozzl es that
di scharge droplets of liquids contained in the |iquid chanbers through
“liquid channels, the |iquid discharge apparatus conprising: a substrate
provided with partitions on one face thereof, the liquid chanbers and the
i quid channel s being defined between the partitions; a nozzle sheet
provi ded with adhesion-inproving |ayers at |east at positions correspondi ng
to the top faces of the partitions and the nozzles for discharging |iquid,
the nozzl e sheet and the top faces of;4he respective partitions being
bonded to each other with the adhesion-inproving |ayers; and driving
el ements provided on the face of the substrate at positions correspondi ng
to the liquid chanbers, for changing the pressure of the |iquid chanbers.
2. The H@guﬁﬁqﬁ“§bﬁ§P@€lgﬁﬁ§ratus according to claim1, wherein the
adhesion-inproving | ayers are fornmed on the nozzle sheei bé )
el ect rodepositPi 6A 8¢C9RE FRRAFE™BP Echar BROEPPEFELHSVEctR¥BF ngSto clai m 2,
wherei n t.he adhesi on-inprqving | ayers conprise a .- 24 photosensitive
Tt or i AP IPONRG A quPR A e RFGE BYpa L AP0E ReRRrdtAg T 5oL 1

adhesion—improving layers by a simpler method compared with

the first embodiment. The step of forming a nozzle sheet

unit 7 in the second embodiment differs from that in the

first embodiment, but other steps are identical to those in

the first embodiment. An exemplary material for the

photosensitive layer is a negative electrodeposition resist

"SONNE EDUV376" made by Kansai Paint Co., Ltd.

Referring to Fig. 3A, a nozzle sheet 8 is formed on a

master block 11 by electrotyping as in the first embodiment.

Referring to Fig. 3B, a film 9A for forming adhesion-—

improving layers 9 is formed thereon by electrodeposition

using a photosensitive electrodeposition material.

Referring to Fig. 3C, the film 9A is exposed through a

photomask 13 and is developed to remove unnecessary portions

of the film 9A. As shown in Fig. 3D, the adhesion—-improving

layers 9 are thereby formed on the nozzle sheet 8.

In this embodiment, as described above, the

photosensitive film for forming the adhesion-improving layer

is provided on the nozzle sheet and the adhesion-improving

layers are selectively formed at the top faces of the

partitions by patterning of the photosensitive film. Thus,

in the second embodiment, a printer head can be produced by
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(3) Third Embodiment
In the third embodiment, adhesion—improving layers are€
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11. The liquid discharge apparatus according to claim1, further conprising
strike-plated | ayers di sposed on the nozzle sheet, and dull-plated | ayers
di sposed between the strike-plated |ayers and the adhesi on-i nproving
| ayers. 12. The liquid discharge apparatus according to any one of clains
8, 9, 10, and 11, wherein the nozzle sheet conprises a nickel netal or
alloy, and the strike-plated | ayers conprise nickel. 13. The liquid
di scharge apparatus according to either claim9 or 11, wherein the nozzle
sheet conprises a nickel netal or allpy, and the strike-plated |ayers the
dul | -plated | ayers conprise nickel. 14. The liquid di scharge apparatus
according to claim1, wherein the adhesion-inproving |ayers and the
partitions conprise the same material. 15. A printer head having liquid
chanmber §0aAgdn8Yz Hepoehal o 9€hdigaoadoplies cerbrnquiPd§) contained in the

l'iquid - 26 chanbers through I iquid channels, the printer head
Conprisﬁﬁégrrlng to Fig. SA, a nickel nozzle sheet 8 is formed on a

master block 11 as in the first embodiment. Referring to
Fig. 5B, the DLC is deposited thereon by a dry process such
as a sputtering process or a CVD process. The DLC layers
function as the adhesion-improving layers 9.

It is empirically known that the DLC layer has high
bonding strength to the semicured resin and the nickel
nozzle sheet 8, even if the DLC layer has a smaller
thickness. The DLC layer having a small thickness inside
the nozzles does not preclude discharge of the ink.

In this embodiment, the nozzle sheet unit 7 is put into
close contact with the top faces of the partitions 5
provided with the adhesion—-improving layers 9. Next, the
master block 11 is removed to expose the nozzle 2. The DLC
adhesion-improving layer also has the same advantages as

those in the first embodiment.

(5) Fifth Embodiment

The fifth embodiment is a modification of the fourth
embodiment. In this embodiment, ions are preliminarily
implanted into the nozzle sheet prior to the formation of
the DLC adhesion-improving layer. For example, carbon ions
are implanted into the nozzle sheet by plasma ion

implantation, as a preliminary treatment, and then the DLC



a substrate provided with partitions on one face thereof, the liquid
chanbers and the |iquid channels being defined between the partitions,; a
"nozzl e sheet provided with adhesion-inproving | ayers at positions
corresponding to the top faces of the partitions and the nozzles for

di scharging liquid, the nozzle sheet and the top faces of the respective
partitions being bonded to each other with the adhesion-inproving | ayers;
and driving elenments provided on the face of the substrate at positions
corresponding to the liquid chanbers,;dar changing the pressure of the
l'iquid chanbers. 16. The printer head according to claim15, wherein the
adhesi on-i nproving | ayers are fornmed on the nozzl e sheet by

el ectrodeposition. 17. The printer head according to claim 16, wherein the
adhesiohsiﬁﬁP8§Fﬁ@dl89eF§ec89ﬁFﬂ§eSéeﬁﬁoFes§ﬁ§Wtgb% papepiar- 18. The
printer head according to claim15, wherein the adhesion-inproving |ayers
conpri séMBFSHoRE- LPKETEaPhonAs 2. repulig thReapgheaten hBRHCRERSr ding to
clain11$, wherein the nozzle sheet is subjected to ion ifylantaﬁion pri or
to the f6¥FhEi §nag efRetqdihBSi BRZFAFr 8UFRY PajeFs. securely by the

anchor effect of the ion implantation.

(6) Sixth Embodiment

In the sixth embodiment, adhesion-improving layers 9
are formed on a nozzle sheet 8 using a polyimide block
copolymer, which is different from known photosensitive
polyimide. A process for preparing such a polyimide block
copolymer is disclosed in United States Patent No. 5,502,143.
In this process, the polyimide is directly synthesized, not
from polyamic acid as a precursor of the polyimide.
Polyimide blocks are coupled with each other to form the
block polyimide copolymer. This method has large
flexibility of material designing for synthesis of polyimide
having desired adhesiveness by controlling characteristics
of the blocks, which are the minimum unit in this copolymer.

Such a polyimide block copolymer is applied onto the
nozzle sheet to form the adhesion-improving layers.
Examples of polyimide block copolymers are adhesive
polyimide containing bicyclo{2,2,2]oct-7-en-2,3,5,6~
tetracarboxylic dianhydride and/or 3,5-diaminobenzoic acid.

Referring to Fig. 6A, a nozzle sheet 8 is formed on a

master block 11, as in the first embodiment. Referring to



20. The printer head according to claim15, wherein the adhesion-inproving
| ayers conprise a polyimde block copolyner. 21. The printer head accordi ng
"to claim 20, wherein the polyimde block copolyner is photosensitive. 22.
The printer head according to claim15, wherein each of the
adhesion-inproving | ayers conprises a strike plated |layer. 23. The printer
head according to claim22, wherein each of the adhesion-inproving |ayers
further conprises a dull-plated sublayer on the strike-plated |ayer. 24.
The printer head according to claim 15, further conprising strike-plated
| ayers di sposed between the nozzle sheet and the adhesion-inproving | ayers.
25. The printer head according to claim 15, further - 28 conprising
strike-plated layers disposed on the nozzle sheet, and dull-plated |ayers
di sposed ilget Wlen at e lytimikie pllackd doppdiysieand oeitd ngdhiés iapr-lilegr ovierrg
| ayers. 26. The printer head according to any one of clains 22,

the nozzle sheet 8 and the master block 11 by spin coating,

screen printing, dipping, or roll coating. The coating is

subjected to heat treatment such as prebaking to form a film

9A for adhesion-improving layers. Referring to Fig. 6C, a

negative photoresist 12 is applied to the surface and is

prebaked as in the copolymer coating. Referring to Fig. 6D,

the photoresist 12 is exposed through a photomask 13 at

regions other than the top faces of the partitions.

Referring to Fig. B6E, the unnecessary regions of the

photoresist 12 are removed by development. Referring to Fig.

6F, the film 9A inside the nozzles is selectively etched

through the photoresist 12 functioning as a mask. Referring

to Fig. 6G, the photoresist 12 is removed to complete the

nozzle sheet unit 7 (the nozzle sheet 8 provided with the

adhesion-improving layers 9).

Since the polyimide block copolymer is photosensitive,

the forming and patterning of the photoresist 12 are not

required. Instead, the film 9A is directly exposed and

developed. The adhesion-improving layers 9 composed of the

polyimide block copolymer are thereby formed at the top

faces of the partitions. Accordingly, the use of the

photosensitive polyimide block copolymer enables the

omission of the coating step of the photoresist 12.

The adhesion-improving layers 9 of the polyimide block



23, 24, and 25, wherein the nozzle sheet conprises a nickel netal or all oy,
and the strike-plated | ayers conprise nickel. 27. The printer head
according to either claim23 or 25, wherein the nozzle sheet conprises a
ni ckel nmetal or alloy, and the strike-plated |layers the dull-plated | ayers
conprise nickel. 28. The printer head according to claim15, wherein the
adhesi on-i nproving | ayers and the partitions conprise the sane material.
29. A nmethod for making a liquid discharge apparatus for discharging
droplets of liquid fromliquid chanbggs_by neans of a change in pressure of
the liquid chanbers using respective driving el enents, the nethod
conprising the steps of formng partitions of |iquid channels for
introducing the liquid to the liquid chanbers and partitions of the liquid
chanbe@?RﬁiX?%fsﬁﬂﬁﬁr@ﬁ%?tqﬂﬁ IR IR hPs these i difshts; and then
pl aci ng_a nozzl e sheet havi ng nozzl es and adhesi oni nproving | ayers on the
top fadesrdi FHMCHBIN% i ons, the adhesion-inproving | ayer being provided at
| east at positions corresponding to the top faces for inproving
adhesi veness to the top faces. 30. The nethod according to cl aim29,
wher ei n f.he, adhesi qn-i nprovi,ng |l ayers are formed on the nozzle sheet by
eIectroﬁépg%?%ﬁQﬁy(gbﬁégﬁﬁgnﬁéthod according to claim30, wherein a
Phot 0sensi t i thily 2y kdin! REAMERIN LMD @RS oS 16gEaRd ont o the
nozzl e sheet, and the a&he5|on-|nprOV|ng ayers ‘are sel ectively forned at
the posjtd ofs 4 B LA g e pliptgsensidive-d ayery r?t?zdz]yesr{@élod .

m y el ectrotyping

according to clal 9, wherein the nozzle sheet is forne

on a cofdygdd e Mendber; favi N & NORCPNACE Y ifo £ 0l etd ON £pndLpRANdi ng to
t he nozzl e shape, and the adhesion-inproving |ayers are selectively forned

by el ecdrQdenasidif QhideNqidde sdreedivdndde ROStHONmardhouts renoval
of the projection.
compared to the adhesiveness of pure nickel metal or alloys
to the materials. 1In particular, a bright plated surface
formed using a brightener shows significantly poor
adhesiveness.
A strike-plated surface layer improves the adhesiveness
of the nickel nozzle sheet. Herein, "strike plating" is a
preliminarily treatment for improving adhesiveness between a
substrate and a plated surface. For example, the strike
plating can form a plated layer having high adhesiveness on
a passivation surface of a stainless steel substrate.
Furthermore, the strike plating can remove the passivation
film to activate the surface. The strike plating is also
applicable to preliminary treatment for plating another
nickel layer on a nickel bright-plated layer.
In this embodiment, nickel strike-plated layers with a

thickness of about 0.2 pm were formed on the bright-plated

layers of the nozzle sheet in a nickel chloride bath.



33. The nethod according to claim?29, wherein the - 30
adhesi on-i nprovi ng | ayers conprise dianond-I|i ke carbon. 34. The net hod
~according to claim 33, wherein ions are inplanted into the nozzl e sheet
prior to the formation of the adhesion-inproving |ayers. 35. The net hod
according to either claim33 or 34, wherein the adhesion-inproving | ayers
are formed by a dry process. 36. The nethod according to claim?29, wherein
t he adhesi on-inproving | ayers conprise a polyimde block copolyner. 37. The
met hod according to claim29, wherei qgothe adhesion-inproving |ayers
conprise a photosensitive polyimde block copolyner. 38. The nethod
according to claim?29, wherein the adhesion-inproving |ayers conprise
strike-ﬁlated | ayers. 39. The nethod according to claim38, wherein dul
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according to ¢laim29, wherein strike ) ) ) )
the bright-plated layers. Accordingly, high adhesion is

achieved between the nozzle sheet and the top faces of the

partitions.

(8) Eighth Embodiment

In the eighth embodiment, strike-plated layers are
formed on a surface of a nozzle sheet as in the seventh
embodiment, and then adhesion-improving layers according to
any one of the above embodiments are formed on the strike-
plated layers. This double-layer structure of the strike-
plated layers and the adhesion-improving layer ensures

higher adhesion of the nozzle sheet.

(9) Ninth Embodiment

In the ninth embodiment, strike-plated layers are
formed on a surface of a nozzle sheet as in the seventh
embodiment, and then dull nickel-plated layers are formed on
the strike-plated layers. This double-layer structure of
the strike-plated layer and the nickel dull-plated layer
ensures higher adhesion of the nozzle sheet, since the upper
nickel dull-plated layer has a surface having fine
unevenness that improves adhesiveness. Furthermore, the
strike-plated layers ensure adhesion to both the nickel

bright-plated layers and the nickel dull-plated layers.



- 31 plated layers are forned on the nozzle sheet, and then the
adhesi on-i nproving |ayers are fornmed on the strike-plated |ayers. 41. The
nmet hod according to claim?29, wherein strike plated | ayers are forned on
the nozzl e sheet, dull-plated |ayers are formed on the strike-plated

| ayers, and then the adhesion-inproving |ayers are fornmed on the

dull -plated layers. 42. The nethod according to any one of clainms 38, 39,
40, and 41, wherein the nozzle sheet conprises a nickel netal or alloy, and
the strike-plated | ayers conprise nigkel. 43. The nethod according to
either claim39 or 41, wherein the nozzle sheet conprises a nickel netal or
alloy, and the strike-plated |layers and the dull-plated | ayers conprise

ni ckel . 44. The nmethod according to claim?29, wherein the
adhesion-inproving | ayers and the partitions conprise the same material .
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In the tenth embodiment, strike-plated layers are
formed on a surface of a nozzle sheet as in the seventh
embodiment, nickel dull-plated layers are formed on the
strike-plated layers, and then adhesion-improving layers
according to one of the above embodiments are formed on the
nickel dull-plated layers. This triple-layer structure

further improves adhesion of the nozzle sheet.

(11) Eleventh Embodiment

In the eleventh embodiment, adhesion-improving layers
and partitions are composed of the same material. In regard
to other matters, any of the above embodiments or any other
technology is also applicable to this embodiment.

Even if the material for the adhesion-improving layers
and the partitions is semicured, these are tightly bonded to
each other during a curing process, by an intermixing effect
at the adhesive interface, regardless of secondary bonding.
Examples of the semicured materials are epoxy resins,
polyimide resins, and acrylic resins. Since the adhesion-
improving layer before semicuring contains a large amount of
reactive groups, it is tightly bonded to the nozzle sheet

during the curing process.
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adhesion-improving layers’ may be formed on a nozzle sheet
composed of any material such as polyimide and produced by
any process.
In the above embodiments, the heating element is used
as the driving element. 1In the present invention, however,
a piezoelectric element may be used as the driving element.
In the above embodiments, the driving element and the
drive circuit are integrated in the substrate. 1In the
present invention, however, only the driving element may be
formed in the substrate.
In the above embodiments, the liquid discharge

apparatus of the present invention is applied to a printer

head of a printer for discharging ink droplets. Furthermore,
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protective films, microdispensers for discharging chemical

reagents, various analytical or testing instruments, and
various patterning apparatuses that discharge chemical
reagents for protecting elements from etching.

As described above, the adhesion-improving layers
provided on the nozzle sheet ensure high bonding strength to

the top faces of the partitions.
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WHAT IS CLAIMED IS:

1. A liquid discharge apparatus having liquid chambers
and nozzles that discharge droplets of liquids contained in
the liquid chambers through liquid channels, the liquid
discharge apparatus comprising:

a substrate provided with partitions on one face
thereof, the liquid chambers and the liquid channels being
defined between the partitions;

a nozzle sheet provided with adhesion-improving layers
at least at positions corresponding to the top faces of the
partitions and the nozzles for discharging liquid, the
nozzle sheet and the top faces of the respective partitions
being bonded to each other with the adhesion-improving
layers; and

driving elements provided on the face of the substrate
at positions corresponding to the liquid chambers, for

changing the pressure of the liquid chambers.

2. The liquid discharge apparatus according to claim 1,
wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.

3. The liquid discharge apparatus according to claim 2,

~wherein the adhesion-improving layers comprise a
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photosensitive material.

4, The liquid discharge apparatus according to claim 1,
wherein the adhesion-improving layers comprise diamond-like

carbon.

5. The liquid discharge apparatus according to claim 4,
wherein the nozzle sheet is subjected to ion implantation

prior to the formation of the adhesion-improving layers.

6. The liquid discharge apparatus according to claim 1,
wherein the adhesion-improving layers comprise a polyimide

block copolymer.

7. The liquid discharge apparatus according to claim 6,

wherein the polyimide block copolymer is photosensitive.

8. The liquid discharge apparatus according to claim 1,
wherein each of the adhesion-improving layers comprises a

strike-plated layer.

9. The liquid discharge apparatus according to claim 8,
_wherein each of the adhesion-improving layers further

comprises a dull-plated sublayer on the strike-plated layer.
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10. The liquid discharge apparatus according to claim
1, further comprising strike-plated layers disposed between

the nozzle sheet and the adhesion-improving layers.

11. The liquid discharge apparatus according to claim
1, further comprising strike-plated layers disposed on the
nozzle sheet, and dull-plated layers disposed between the

strike-plated layers and the adhesion-improving layers.

12. The liquid discharge apparatus according to any
one of claims 8, 9, 10, and 11, wherein the nozzle sheet
comprises a nickel metal or alloy, and the strike-plated

layers comprise nickel.

13. The liquid discharge apparatus according to either
claim 9 or 11, wherein the nozzle sheet comprises a nickel
metal or alloy, and the strike-plated layers the dull-plated

layers comprise nickel.

14. The liquid discharge apparatus according to claim
1, wherein the adhesion—-improving layers and the partitions

comprise the same material.

15. A printer head having liquid chambers and nozzles

that discharge droplets of liquids contained in the liquid
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comprising:

a substrate provided with partitions on one face
thereof, the liquid chambers and the liquid channels being
defined between the partitions;

a nozzle sheet provided with adhesion-improving layers
at positions corresponding to the top faces of the
partitions and the nozzles for discharging liquid, the
nozzle sheet and the top faces of the respective partitions
being bonded to each other with the adhesion-improving
layers; and

driving elements provided on the face of the substrate
at positions corresponding to the liquid chambers, for

changing the pressure of the liquid chambers.

16. The printer head according to claim 15, wherein
the adhesion-improving layers are formed on the nozzle sheet

by electrodeposition.

17. The printer head according to claim 16, wherein
the adhesion-improving layers comprise a photosensitive

material.

18. The printer head according to claim 15, wherein

the adhesion-improving layers comprise diamond-like carbon.
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19. The printer head according to claim 18, wherein
the nozzle sheet is subjected to ion implantation prior to

the formation of the adhesion-improving layers.

20. The printer head according to claim 15, wherein
the adhesion-improving layers comprise a polyimide block

copolymer.

21. The printer head according to claim 20, wherein

the polyimide block copolymer is photosensitive.

22. The printer head according to claim 15, wherein
each of the adhesion-improving layers comprises a strike-—

plated layer.

23. The printer head according to claim 22, wherein
each of the adhesion-improving layers further comprises a

dull-plated sublayer on the strike-plated layer.
24. The printer head according to claim 15, further
comprising strike-plated layers disposed between the nozzle

sheet and the adhesion-improving layers.

25. The printer head according to claim 15, further
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comprising strike-plated layers disposed on the nozzle sheet,
and dull-plated layers disposed between the strike-plated

layers and the adhesion-improving layers.

26. The printer head according to any one of claims 22,
23, 24, and 25, wherein the nozzle sheet comprises a nickel

metal or alloy, and the strike-plated layers comprise nickel.

27. The printer head according to either claim 23 or
25, wherein the nozzle sheet comprises a nickel metal or
alloy, and the strike-plated layers the dull-plated layers

comprise nickel.

28. The printer head according to claim 15, wherein
the adhesion—-improving layers and the partitions comprise

the same material.

29. A method for making a liquid discharge apparatus
for discharging droplets of liquid from liquid chambers by
means of a change in pressure of the liquid chambers using
respective driving elements, the method comprising the steps
of:

forming partitions of liquid channels for introducing
the liquid to the liquid chambers and partitions of the

liquid chambers onto a substrate that hold the driving
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elements; and then

placing a nozzle sheet having nozzles and adhesion-
improving layers on the top faces of the partitions, the
adhesion-improving layer being provided at least at

positions corresponding to the top faces for improving

adhesiveness to the top faces.

30. The method according to claim 29, wherein the
adhesion-improving layers are formed on the nozzle sheet by

electrodeposition.

31. The method according to claim 30, wherein a
photosensitive layer for the adhesion-improving layers is
formed onto the nozzle sheet, and the adhesion-improving
layers are selectively formed at the positions by patterning

the photosensitive layer.

32. The method according to claim 29, wherein the
nozzle sheet is formed by electrotyping on a conductive
member having a nonconductive projection corresponding to
the nozzle shape, and the adhesion-improving layers are
selectively formed by electrodeposition on the nozzle sheet

at the positions without removal of the projection.

33. The method according to claim 29, wherein the
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adhesion—-improving layers comprise diamond-like carbon.

34. The method according to claim 33, wherein ions are
implanted into the nozzle sheet prior to the formation of

the adhesion-improving layers.

35. The method according to either claim 33 or 34,
wherein the adhesion-improving layers are formed by a dry

process.

36. The method according to claim 29, wherein the
adhesion—-improving layers comprise a polyimide block

copolymer.
37. The method according to claim 29, wherein the
adhesion-improving layers comprise a photosensitive

polyimide block copolymer.

38. The method according to claim 29, wherein the

adhesion-improving layers comprise strike-plated layers.

39. The method according to claim 38, wherein dull-

plated layers are formed on the strike-plated layers.

40. The method according to claim 29, wherein strike-
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adhesion-improving layers are formed on the strike-plated

layers.

41. The method according to claim 29, wherein strike-
plated layers are formed on the nozzle sheet, dull-plated
layers are formed on the strike-plated layers, and then the
adhesion-improving layers are formed on the dull-plated

layers.

42. The method according to any one of claims 38, 39,
40, and 41, wherein the nozzle sheet comprises a nickel

metal or alloy, and the strike-plated layers comprise nickel.

43. The method according to either claim 39 or 41,
wherein the nozzle sheet comprises a nickel metal or alloy,
and the strike-plated layers and the dull-plated layers

comprise nickel.

44. The method according to claim 29, wherein the
adhesion-improving layers and the partitions comprise the

same material.



