21 August 2006 - 1 LIQU D D SCHARGE APPARATUS, PRI NTER HEAD, AND METHOD
FOR MAKI NG LI QUI D DI SCHARGE APPARATUS BACKGROUND OF THE 2INWEust 2006 1.
Field of the Invention The present invention relates to a liquid discharge
apparatus, a printer head, and a nmethod for making the |iquid discharge

apparatus. The liquid discharge apparatus is applicable to, for exanple,
ink jet printers. 2. Description of the Related Art A conventional ink jet

printer discharges ink droplets through a printer head toward an obj ect
such as paper for forming a requir&dli mage on the object. The printer head
di scharges the droplets of the ink contained in a liquid chanber through
nozzles by a driving elenent that causes a change in pressure in the

liqui d chambeuID BXpsqHARGRABRMTUS IPRNETEN SRR, S sfbeMReAbDNEFoR! ement s

and piezoelectric elenents. Such a printer head i's tabricated as foll ows,

for exanple. A drivi MBKENGNBDQUIDt PUSALRACK AbperdFiye circuit for
driving the driving elenent is formed on a sem conductor substrate by a

sem conduct or production process, and a photosensitive resin is applied
t hereon by spin coating.
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a liquid discharge
apparatus, a printer head, and a method for making the
liguid discharge apparatus. The liquid discharge apparatus
is applicable to, for example, ink jet printers. |
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 liqguid
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 pilezoelectric
elements.

Such a printer head is fabricated as follows, for
example. A driving element iﬁtegrated 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




Partition walls of liquid chanbers and Iiquid channels are formed by
phot ol i t hography of the photosensitive resin. A 21 August2128fiist 2008heet
provi ded with nozzles (hereinafter referred to as "nozzle sheet") is
formed by electrotyping and is disposed on the substrate. In this process,
t he photosensitive resin is maintained at a sem cured state. This nozzle
sheet is bonded to the top faces of. the partitions of the |liquid chanbers
and the |liquid channels, and the sem cured photosensitive resinis cured
by heat for thernoconpression bondingaf the nozzle sheet. In the present
i nvention, thernvconpression bonding from such a sem cured state is
referred to as secondary bonding”. In the secondary bonding, the nozzle
sheet nu%te?e bon cured resin. Since the sem cured resin
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t he nozzl eethan .t he gg §e§¥of the parfitions is jnsufficient. \Wen
ni ckel , i 895° % tg| taFRe yorogtrRtering ang ds HFpesed materi al
for the Hoéﬁgesﬁﬂg ghe ni ckel nozzle sheet haV|ng poor adhesiveness to
resin does not°"8a |s actorily-adhere to the top faces of the resin

In this process, the photosensitive resin is maintained
at a semicured state. This nozzle sheet is bonded 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. 1In 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
-bohded to thé 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
satisfactorilj adherg 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. If the nozzle sheet is not sufficiently

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




partitions. In the printer head, ink droplets are discharged from the ink
chanber by a change in pressure in the ink chanber as dedchugst2@lsove. |f
the nozzl e sheet is not sufficiently bonded to the top faces of the
partitions, such a change in 21 August 2006 3 pressure wll cause
separation of the nozzle sheet fromthe partitions. The separation of a
nozzl e sheet results in undesirabl® vibration of the nozzle face and of
meni scus of other nozzles that do not discharge ink. As a result, this
poor apthesswre ofiltiheansezkepsheetorsighithiec antkye dehest ofmtmeshet he quality
of the printed i If the bonding strength is extrenmely |ow, the shape
of th@a¥ﬁﬁEﬂQ?$9hé%@ EERAGRE1OR t4f 13 Moz Zded shARt pesretktat €2 bet ween t he
nozzl e sheet dt bstra Thi s netrated i nk danages el ectri cal
connect? ?1%“?%39 cé’&g’é§%%85a?%ﬁ% ¥z 5%82??@ ehewnisrlis Sdvere state.
SUMVA E I S Y. provide I|qU|d di schar ge
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parti tposs aMHé?sl%w‘ folfCItﬁetMzﬂegfsh%terte@qtgﬂleéaﬁpif &émqlo%%% may provide

a printer head including such a nozzle sh
the quality of the printed image.
If the bonding strength is extremely low, the shape of
the nozzle sheet changes with time,.and ink penétrates
between the nozzle sheet and the substrate. This penetrated

ink damages electrical connections and causes separation of

the nozzle sheet in a severe state.

SUMMARY OF THE INVENTION

Exampie embodiments may provide a liquid discharge
apparatus including a nozzle sheet that is bonded to top
faces of partitions with sufficiently high strength.

Example embodiments may provide a printer head including
such a nozzle sheet.

Example embodiments may provide a method for making a

liquid discharge apparatus.




Exanpl e enbodi nents may provide a nethod for nmaking a |iquid discharge
apparatus. 21 August 2006 - 4 According to a first aspedtAugust2{®6present
invention, there is provided a liquid discharge apparatus having liquid
chanbers and nozzl es that discharge droplets of liquids contained in the
| i quid chanmbers through |iquid cha&;els, the Iliquid discharge apparatus
conprising: a substrate provided "wirth partitions on one face thereof, the
|l i quid chanmbers and the liquid channels being defined between the
partitions; a nozzle sheet provided with adhesion-inproving |ayers at

| east at pastbronsg aar respesdi Agpéot the diep drasestointdecpadtitions and
the nozzles for discharging liquid, the nozzle sheet and the top faces of
t he respecti e pantidedonslbeuhg dintded-de0 appacht 0t hesvird N ithad
adhesion-inproving layers; driving elenents provided on the face of the
subst r ahemla¢ rposid inoEslesothes phistiheg deo drbelkbtgqubfl Tiwmbker s, for changi ng
the pressure of the liquid chanbers; and wherein the adhesion- i nproving
| ayer scaneafrordreich dahet heégndd z¢learsdeet thy cughett otk pasirdriedrs, Ateording to a
second aspect of the present invention, there is provided a printer head
havi nglidngid dichdharges apparanoy zdeptikdngdi schabgerakopetwidet | i qui ds
contained in the

with partitions on one face therecf, the ligquid chambers and

the ligquid 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; driving
elements provided on the face of the substrate at positions
corresponding to the liquid chambers, for changing the
pressure of the liquid chambers; and wherein the adhesion-
improving layers are formed on the nozzle sheet by

electrodeposition.

According to a second aspeét of the present invention,
there ié provided a printer head having liquid chambers and
nozzles that discharge droplets of liquids contained in the

- liguid chambers through liquid channels, the printer head
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




| i quid chanmbers through liquid channels, the printer head conprising: a
substrate provided with partitions on one face thereof, ZlhsugusR(0d
chanbers and the liquid channels being defined between the partitions; a
nozzl e sheet provided with adhesion-inproving |layers at positions
corresponding to the 21 August 2006 4a top faces of the partitions and the
nozzles for discharging 1|iquid, -tde rozzle sheet and the top faces of the
respective partitions being bonded to each other with the adhesi on-
inmproving layers; driving el ements provided on the face of the substrate
at positiiops-Lordespendihng; | QY. d e }ﬁﬂ%ﬂ i.,ng the
pressqubo?Q%he IiEﬁgdggﬁgﬁ%g?§?Qﬂg%gﬂkkgfg?%g?hgégd %%fon-lﬁgfoving | ayers
are folLp®aidn dHe noreiel ehsbeeindyif] el edepsshti o Zsptgust 2006 5
According to a third aspect of the present invention, there is provided a
met hodp&vtipakisndpednbi huhdedi seherge othppawathstheradheschargi ng dropl ets of
liquid from]iquid chanbers by means of a change in pressure of the liquid
chanbelBPIRTRY réyFeet i Jeivingi perandfepreviend ot Hol fassn®di sing the

s of liquid channels for jntﬂfducing the liquid

f;efﬁeg$%d%ﬁ%ﬂ%%%ﬁgg%gbgggplons corresponding to the liqui

chambers, for changing the pressure of the liguid chambers:

and wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.




and partitions of the liquid chanbers onto a substrate that hold the
driving elenents; placing a nozzle sheet having nozzles Zdnsugust 2006
adhesion-inproving |layers on the top faces of the partitions, the
adhesion-inproving | ayer being provided at |east at positions
corresponding to the top faces for inproving adhesiveness to the top
faces; and wherein the adhesion-itnproving |ayers are forned on the nozzle
sheet by el ectrodeposition. In exanple enbodi nents, the liquid discharge
apparatus is applied to a printer head of a printer for discharging ink

droplets. FHEEBEAIRY €50 thechi ALl SChar 48 ARRRSANYS 1hSendPBh] cabl e to
printer heads that discharges dye droplets and droplets for protective

fil s, thece otls spensibdad fome et fargmagichen calquidagentiaryari ous
analytical or testing instruments, and various patterni ng apparatuses

t hat diBRAGR ges chei ¢ chrazgiar ol gysordcliinyid ivent $iakidm etching. In
t he exanpl e enbodi nents, the adhesian-inproving _|ayers, provided between

the t opPFEREES FY (HRATRArYS 13 Sangfd 151 PAGGSYE 2066 tP8ali Aeifozzl e sheet,
ensur ecf Lght adies] o DgIdRe & HEMLsRKe T tbhent IS BREZHEROGET exhibits Tow
21 Auglst 200

comprising the steps of: forming partitions of liquid

channels for introducing the liquid to the liguid chambers

and partitions of the liguid chambers ontc a substrate that

held the driving elements; placing a nozzle sheet having

nozzles and adhesicon-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 adhesiﬁeﬁess to the top faces; and wherein the

adhesion-improving layers are formed on the nozzle sheet by

electrodeposition.

In example embodiments, the liquid discharge apparatus
is applied to a printer head of a printer for discharging ink
droplets. Furthermore, the liquid discharge apparatus is
applicable to‘printer heads that discharges 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.

In the example embodiments, the adhesion-improving

layers, provided between the top faces of the partitions and




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

sem cured material, an appropriate material is selected ZXlckuguse2006
adhesion-inproving | ayers. For exanple, the partitions and the
adhesion-inproving |l ayers are formed of the sane material. Alternatively,
t he adhesion-inproving |layers are fornmed of a material having high
affinity to the material of the-paetitions. Thus, the adhesi on-inproving
| ayers ensure high bonding strength between the partitions and the nozzle
sheet. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross-sectional view

of a pthatefzd1eatha2&G0edbNge 19l ghtl iddes@BROELIRELN Ofhdif)€ cRicaS g Rt

invention; Figs. 2Ato 2H are cross-sectional views illustrating the steps
of makthg tdwszle ishteet kehdbsboviow n Fig. 1; Figs. 3Ato 3D are
cross-sectional views illustrating the steps of naking a printer head
according to a second enbodiment of the present invention; Figs. 4Ato 4C
are cross-sectional views illustrating the steps of nmaking a printer head
according to a third enbodinment of the present invention; Figs. 5A to 5B
are cross-sectional views illustrating the steps of making a printer head

according to a fourth enbodi ment of the present invention; and




Figs. 6A to 6G are cross-sectional views illustrating 21 August 2006 7 the
steps of making a printer head according to a fifth enbdd Awnist 2066t he
present invention. DESCRI PTION OF THE PREFERRED EVMBODI MENTS 5 The
preferred enbodi nents of the present invention will now be described in
detail with reference to the drawings. (1) First Enbodi ment (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 ment of the
present invention. The printer head 4 €ischarges ink droplets toward an
object for printing an image and the like on the object. This printer head
lis aline printer head provided with a plurality of nozzle |lines each

having BoRekeseResaCtBsentngaut dthonl @ n%i( r%ﬂé‘gon%&e%ﬁtlog{‘??ﬁ%zz el Ing)es

are arranged in a paper- ee ing directi perp
and eachenazgbmikihpeadhsebALgeS M1 Loran 5 £0l Qfad 1, He ik head 1
repare&%%/fornlng

can thereby print color | mages. This printer hea

partiti @88 BheOhdhb8uba- Erh@ﬂ@@i&41$39ér§.0ntaadf“é3&rdﬁ}i§% ac@g partitions of

partitions and the adhesion-improving layers are formed of
the same material. Alternatively, the adhesion-improving
layers are formed of a material having high affinity to the
material of the partitions. Thus, the adhesion-improving
layers ensure high bonding strength between the partitions

and the nozzle sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross—sectionai view of a printer head
according to a first embodiment 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. 3A.to 3D are cross-sectional views illustrating
the steps of making a printer head according to a second
embodiment of the present invention;

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 aré cross—sectional views illustrating
the steps of making a printer head accérding to a fourth
embodiment of the present invention; and

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




i quid channels for introducing the inks to the liquid chanbers 4 on a
substrate 3, and bonding a nozzle sheet unit 21 August 20J6Augst 20060 t he
partitions 5. The substrate 3 is conposed of a sem conductor wafer
heating el ements H functioning as driving elenents for changing the
pressure in the liquid chanbers 4, and a drive <circuit for driving the
heating el enents H The wafer, the heating elenents H and the drive
circuit are integrated by a sem conductor production process. The

sem conductor wafer is cut into a predeterm ned shape. In this printer
head 1, the heating el enents H change the pressures of the liquid
chanbers 4 to discharge the inks contained in the quuid chanbers 4 as

droplet ogﬁg r'nﬁiﬂ #Dectt hﬁ %%rtltlo S are f d of an
epoxyacry Cate ho oresis teP the ﬁ t DY BT n?é“%d%l t®nto the
SUbStra%ﬁm%thERtaoPrEﬂgtﬁﬁg%gﬁg i Eess by any coating process, for

exanpl e, spi'n coating or coa and is prebaked. Alternatively,
a photosensitive resin dry film is Ianlnated to the substrate 3. The
photoresist or the dry filmis exposed through a photomask and is

devel Opgﬁsch@PTF[BNSOﬂWﬂ%SﬁRE#JE‘@ﬁuE’?e ﬂ?@Tém' t 7is arranged in a

sem cured state and then is conple y cur
The preferred embodiments of the present invention will

now be described in detail with reference to the drawings.

(1) First Embodiment
(1-1) Structure of Printer Head of First Embodiment
Fig. 1 is a cross—sectional view of a printer head of a
printer according to a first embodiment of the present
invention. The printeéer head 1 discharges ink droplets
toward an object for printing an image and the like on the
dbject.
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 (perpendieular to
the drawing), and each nozzle.line discharges different
colox 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




The nozzl e sheet unit 7 is prepared by form ng adhesion-inproving |ayers 9
on a nickel nozzle sheet 8 which is produced by el ectr dlydagugt 2606
positions that correspond to the top faces of the partitions 5. The

adhesi on-inproving |layers 9 inprove adhesi on between the 21 August 2006 9
nozzl e sheet 8 and the top faces of the partitions 5 on the substrate 3.
The adhesion-inproving | ayers 9 enhance adhesive strength to the top faces
if the partitions 5 are conposed of a sem cured resin or ensure adhesion
of the nickel nozzle sheet 8 to the gop faces if the partitions 5 have no
adhesive strength to the nickel nozzle sheet 8. Accordingly, the

'adhesion-inproving |l ayers 9 prelimnarily forned on the nozzle sheet 8
n between the nozzle sheet 8 and the top faces

g?sgag ﬁéﬁ%%ﬁﬁgﬁég%¥f dgﬁéégﬁsion-inproving | ayers 9 are conposed of a
and the top FAEssvBr LEREE Bare brBHesBIaRE Frae bt BT EoR M Fechani cal
T e PR R SR DR NTER REchnEl eeahest e e
banded E%a%@@n@o4%kep§ggghrg by, %hgcﬁﬁagfgoéhgﬁggrén4fhgnd a drive
circuit for driving the heating elements H. The wafer, the
heating elements H, and the drive circuit are integrafed by
a semicqnductor production process. The semiconductor wafer
is cut into a predetermined shape. 1In this printer head 1,
the heating elements H change the pressureé of the ligquid
chambers 4 to discharge the inks contained in the liguid
chamberé 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 ceoating, and
is prebaked. Alternatively, a photosensitive resin dry film
is laminated to the substrate.Si 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




step of form ng the nozzle sheet 8. An exanple of materials for formng

t he adhesion-inproving layers 9 are an acrylic cati oni c 2d|Aggusozi®posi ti on
coating "ELECOAT CS-2" nade by shimzu Co., Ltd. Figs. 2A to 2H are
cross-sectional views illustrating the steps of naking the nozzle sheet
unit 7. Referring to Fig. 2A, nonconductive projections 10 are fornmed on a
flat - master block 11 by photolithography. The shape of these 21 August
2006 10 projections 10 corresponds to that of nozzles. Then the nozzle
sheet 8 is forned on the master block911 by electrotyping using the naster
bl ock 11 as an el ectrode. Preferably, the master block 11 is conposed of a
conductive material that is readily releasable fromthe nozzle sheet 8.

Ref erri pg zzq oFi B t ' Fect L aps : Th
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nozzl e sheet 8 having nmany dents thereby renai ck 11.

Ref erri gabRewate Big. TBE adnbkion9MbPbviREM agetde adhgsion-inproving

| ayers 9 are provided by electrodeposition using the naster block 11 as an
el ectr od@hesRebestirBggth tbythdDrop PESALT VE 88| SirtlZisnarpligd onto the

surface by spin coating and is prebaked. Referring to Fig. 2E, the resist
12 i s expopedetihbfughsampbotefs&sids or ensure adhesion of the
nickel nozzle sheet 8 to the top-faces if the partitions 5
have no adhesive strength to the nickel nozzle sheet 8.
Accordingly, the adhesion-improving layers 9
preliminarily formed on the nozzle sheet 8 ensure
satisfactory adhesion between the nozzle sheet 8 and the top
faces of the partitions 5. The adhesion-improving layers 9
‘are composed of a material that exhibits satisfactory
adhesion to both the nozzie sheet 8 and the top faces of the
partitions 5 and that exhibits high mechanical strength‘
durable for secondary bonding between the nozzle sheet 8 and
the 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 ﬁnit 7. Referring to
Fig. 227, nonconductive projections 10 are forﬁed on a flat

- master block 11 by photolithography. The shape of these




that masks the resist 12 other than bare regions corresponding to the top
faces of the partitions. Referring to Fig. 2F, the unexpddethgasr2(dléns of
the resist 12 are renoved by devel opnent. Referring to Fig. 2G the film
9A in the bare regions is selectively renoved through the resist 12 as a
mask. The resulting nozzle sheet 8 provided with the adhesion-inproving

| ayers 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 predetermlfed tenperature under a pressure to
cure the - - ----------- . ... 21 August 2006 partitions 5

conpletely and to bond thé adhes ion- inproving layers 9 with the

titi - n, 150 ' . (1- ti f
First ERbaR vent Rl Or er R rhopte 6 et ot A E e s padtleR@ e he |

part i {1 4% ;80bnbbe bi Ui fo £hagK sede Ak Ld1e Pttt png, of the 1iquid

channel s on the sem conduct or udi'ng dr'%ing devi ces and

the Ii kéleéﬂﬂoﬁf’ﬁ:?ﬁgp@éiﬁéiﬂ@é_m@é@ef%@dﬁlofast @%Seefgg&oeade epoxyacryl ate
resin. Furthernore, the adhesion-Inproving lTayers are provided at
posi ti ORSeEOFABEPONEHh A Und OrdPer RSEL 111 ONS &Jmptcﬁ%dq%lae conductive

. material that is feadily releasable from the nozzle sheet 8.

Referring to Fig. 2B, the photoresist projections 10
are removed. The nozzle sheet 8 having many dents thereby
‘remains on the master block 11.

" Referring now to Fig. 2C, a film 9A for forming the
adhesion-improving layers 9 are provided by
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. Referfing 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 pertions 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 méster,block 11 is
put into contact with the substrate 3, an& these are heated

to a predetermined temperature under a pressure to cure the




sheet 8, and the nozzle sheet 8 is bonded to the partitions 5 of the

|l iquid chanbers 4 and the partitions of the liquid chanridlAugust2006he
adhesion-inproving |l ayers 9 provided therebetween. If the nozzle sheet 8

i s conposed of nickel having poor bonding strength to resin, the
adhesion-inproving layers 9 ensure high bonding strength between the
nozzl e sheet 8 and the resin. Wen a suitable substance is selected for
the adhesion-inproving layers 9, high bonding strength is ensured between
the adhes ion- inproving layers 9 antithe top faces of the partitions 5
that are conposed of the semicured resin not having a | arge anount of
reactive groups, regardless of secondary bonding. In this printer head 1,

t he noz §ﬁﬁ§i [ ' QQPﬁ : h u rat.e 3. t 2006 12
provideéggfp tfngééF#F%gﬁgﬁﬁf §§1?§ﬁ%h%€%a%beﬁgl Qﬁ{%ﬁréﬁgg i qui d
channel fayed 102 it MNPSOS IRLAYINT IrRKE! S B ARB ! iilagr iy  f or med
by el ectrodeposition on the nozzle sheet under I gh-precision control of

t he thigkngss,fg the adhesion- inproving layers 9 in a step of forming the
nozzl e sheet 8, +the adhesion-inproving layers 9 are tightly bonded to the

nozzle ghest dhea@RRHES OfF Ak endariagpoor bonding

| Referring to Fig. 1, this printer head 1 has the
partitions 5 of the liguid chambers 4 and the partitions of -
the liquid channels on the semiconductor substrate 3
including driving devices and the like, and these partitions
are composed of the 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 partitioné of the liguid
channels with the adhesion—improving layvers 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 sﬁbstrate 3




strength to resin. Since the adhesion-inproving |layers 9 at unnecessary
portions, nanely, the interiors of the nozzles 2 are rendledguby2006

phot ol i t hography, the nozzles 2 can be fornmed at high precision,

regardl ess of the formation of the adhesion- inproving |layers 9. Thus, the
adhesion-inproving layers 9 do not deteriorate the printing quality. (1-3)
Ef fects of First Enbodi ment According to the structure of the first

enbodi ment, the adhesion-inproving |ayers provided on the nozzle sheet are
tightly bonded to the top faces of the partitions with high bonding
strength. Furthernore, the adhesion-inproving |ayers having a

hi gh- preci si on thickness can be fornmed by el ectrodeposition on the nozzle

Second BrBRdnBachePh bt bELER L R ot rife, TREIG AT L e s

di sposegd;gn; a z by el ectrodeposition to form adhesion-inproving
| ayers gyga s?ﬁ%ﬁe?ﬁﬁgﬁﬁgé'conpared with the first enbodi nent. The step of

{ (r)]r {ﬁhgg a nogzl & sﬁ?@tadﬂggfonliin{brt&rQ.n%eﬁ%%rW%ifge%g:eq.iiinfi%%§‘iﬁ_£(0m that
formed by electrodeposition on the nozzle sheet 8 under |
high—-precision control of the thickness of the adhesion-
improving layers 9 in a step of forming the nozzle sheet 8,
the adhesion-improving layers 9 are tightly bonded to the
nozzle sheet 8 composed of nickel having poor bonding |
strength to resin.

Since.the adhesion-improving layers 9 at unnecessary
portions, namely, the interiors of the nozzles 2 are removed
by photolithography, the nozzles 2 can be formed at high
precision, regardless of the formation of thé 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 Qf the first embodiment, the
adhesion—improving layers provided on the nozzle sheet are
tightly bonded to the top facés of the partitions with high
bonding strength.

Furthermore, the adhesion-improving layers having a
high-precision thickness can bé formed by electrodeposition

on the nozzle sheet during a step of forming the nozzle

sheet.




first enbodi ment, but other steps are identical to those in the first
enbodi ment. An exenplary material for the photosensitivellAygust2d6a
negative el ectrodeposition resist "SONNE EDUV376" made. by Kansai Paint Co.
, Ltd. Referring to Fig. 3A, a nozzle sheet 8 is forned on a master bl ock
11 by electrotyping as in the first enbodinent. Referring to Fig. 3B, a
filmO9A for form ng adhesion- inproving |layers 9 is formed thereon by
el ectrodeposition wusing a photosensitive el ectrodeposition material.
Referring to Fig. 3C, the film9A is 1exposed through a photomask 13 and is
devel oped to renove unnecessary portions of the film9A As shown in Fig.
3D, the adhesion-inproving l|ayers 9 are thereby forned on the nozzl e sheet
the photosensitive filmfor

$6rL?néb?EegggﬁggrgﬁbPﬂ%i%ggﬁgr:gsgrab?gebrovided on the nozzl e sheet and
(e aches) onihTEEVL o BRI SSUNELY LS Al o e of
cocond SEIRUNER"Ln 2 AELOLETSRERY BOrDE-BIBAERD ot suisl 2008 14 o
Enbodi nggh el BohDembPbl tn& TP FEYy - 20065, 007 | MRLOYA N VELE 1

the first emquiment. 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 electrodepoéition 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 thexreon 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.IBD, 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

1ayers 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




nore effectively provided on the nozzle sheet by utilizing the step of
formng the nozzle sheet. The third enbodi mnent differs f2lohuguke2d06r st
enbodi ment in that a nozzle sheet wunit 7 is prepared by another process,
as follows. Referring to Fig. 4A, nonconductive projections 10 are

provi ded on a master block 11 and the nozzle sheet 8 is forned on the
master bl ock 11 by el ectrodeposition. Referring to Fig. 4B, a filmfor
adhesion-inproving layers 9 are forned on the nozzle sheet 8 w thout
renoval of the projections 10 by ereétrodeposition. Referring to Fig. 4C, 7
the projections 10 are renoved. According to this process, the
adhesion-inproving layers 9 are selectively fornmed by el ectrodeposition at

the top he£eSshiplhei ddrdtdp 0BSmpd Pe@tPEFn WHESFitdHe eib B ONS 10
function as masks for formng the adhesion- inproving layers 9. As
result, the adhesion-inproving layers 9 are formed by reduced productlon
st eps in the third enbodinent. (4) Fourth Enbodinent In the fourth

enbodi med} , Tladthhe SEnbed impgrovi Nng | ayers are 21 August 2006 15 forned by
deposition of dianond |ike carbon (DLC). Referring to Fig. 5A, a nickel
nozzl e sheetlr8 the fthiimeld embodliment, adhesion-improving layers are
more effectively provided on the nozzle sheet by utilizing
.the step of forming the nozzle sheet. The third embodiment
differs from the first embodiment 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 master block 11 and the nozzle sheet 8 is
formed on the master block 11 by electrodeposition.
‘Referring to Fig. 4B, a film for adhesion—improving layers 9
are formed on the nozzle ;heet 8 without removal of the
projections 10 by electrodeposition. Referring to Fig. 4cC,
the projecticons 10 are removed.
According to this process, the adhesion-improving
- layers 9 are selectively formed by electrodeposition at the
top faces of the partitions. In-other words, the
projections 10 function as masks for forming the adhesion-
improving layexrs 9. As a resﬁlt, the adhesion-improving

layers 9 are formed by reduced production steps in the third

embodiment.

(4) Fourth Embodiment

In the fourth embodiment, adhesion—improving layers are




master block 11 as in the first enbodinment. Referring to Fig. 5B, the DLC
is deposited thereon by a dry process such as a sputteri2igAygustc9§ or a
CVD process. The DLC layers function as the adhesion-inproving |ayers 9.
It is enpirically known that the DLC | ayer has high bonding strength to
the sem cured resin and the nickel nozzle sheet 8, even if the DLC | ayer
has a smaller thickness. The DLC | ayer having a small thickness inside
t he nozzl es does not preclude discharge of the ink. In this enbodinent, the
nozzl e 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 rennved to expose the nozzle 2. The DLC

er al so has the sane advantages as those in the

adhesio%B ﬁErOVIn
first efBoUFHeRY FHPH efbgdrmend Fhkef parhoan®BEChent is a
nodi fi cati.on of he four ment. In_this enbodi ment, ions are

t .
preIiﬁi%ﬁF?F§lnghﬁ?aﬁ%€d Eﬁtoatﬂéchﬁ%zp%zéﬁéeﬁhﬁPFog i® femnedramtd on of

t he DLC adhesi ving.l ayer. _For exanple, carbon ions  are inplanted
into th&%R 35I§f%ﬁgpi?b§sp?ﬁsﬁﬁ i HATST nRRREARERR; aReECTHFHIG fithary

treatmept, agg then the Bt déﬁééited thereon g% §“§9§tp§gggﬁs 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 facesrof 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 sheét by plasma ion

implantation, as a preliminary treatment, and then the DLC




16 is deposited on the nozzle sheet to formthe adhesion- inproving |ayers
9. As a result, the adhesion-inproving |ayers 9 adhere tA AdgmsnZ006l e sheet
8 nore securely by the anchor effect of the ion inplantation. (6) Sixth
Enbodi ment In the sixth enbodi ment, adhesion-inproving |ayers 9 are forned
on a nozzle sheet 8 using a polyimde block copolynmer, which is different
from known phot osensitive polyimde. A process for preparing such a
pol yi mi de bl ock copolyner is disclosed in United States Patent No.
5,502,143. In this process, the pel yiar-de is directly synthesized, not
from polyanic acid as a precursor of the polyinide. Polyinide blocks are
coupled with each other to formthe block polyimde copolyner. This nethod

has | ar EDLLi erial desigping for,synthesis of polyimde
havi ng ggsgééﬁéggﬁés%§egégggéﬁz%%n?ﬁ%?#?ﬁ% g%ﬁ?é%? rfETTC"of the bl ocks,
whi ch ak - 71 Nj nht ip_thi I [..Quch. a polyi mde bl ock
coLonn%@p%gsép I%%gg%%t%'thgs %o?%%gpghggﬁét%ﬁ%%ﬁ%ﬁ?%%@éf Yestn- i npr ovi ng
| ayers. § .« I Lo d K I i ol yi mi de

| ayerS. 1ol BB g 0L POYLAL ol 06 g0B0! § TRL S, A ECANRS I ol v 1
and/ or 3y endiagk pobenzpi enacidn BRELLALNGi4L FI 9. 6A a nozzle sheet 8 is

formed on a

{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
rfrom polyamic acid as a precﬁrsor 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 cpntrolling characteristics
of the blocks, which are the minimum unit in this éopolymer.

Such a polyimide block cholymer 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




master block 11, as in the first enbodinment. Referring to 21 August 2006
17-Fig. 6B, a polyimde block copolynmer coating is appliéd Amgmst 2G0be nozzl e
sheet 8 and the master block 11 by spin coating, screen printing, dipping,
or roll coating. The coating is subjected to heat treatnent such as

prebaking to forma film 9A for adhesion-inproving |layers. Referring to

Fig. 6C, a negative photoresist 12 is applied to the surface and is
prebaked as in the copolyner coating. Referring to Fig. 6D, the
photoresist 12 is exposed through a @wt-omask 13 at regions other than the
top faces of the partitions. Referring to Fig. 6E, the unnecessary regions
of the photoresist 12 are renoved by devel opnent. Referring to Fig. 6F,

he fil m, i-ASi . | s i I i vel hed, th h.th
phot or b1 S P91 SnBPTGHRECab 18 P POREREr( TRGL LTS EPgePRLLedpver

phot or eSi

TSl RIS AGERTRBRS TELE SD ebge o

sheet 8 prov hesion-improving | aye

lyi m cK 1§ meg; bsipRot gsepsh i shbe f ' tterning of
he phot o estst 13 ard ot pPHagG: PRITohhstai At PRPPEAEM i ooty ™

exposedsgifecdeyctontdat TecatRBALOBEAPLOVEAG LRSS St FOBROSEA G the
pol yi m de bl ock copolyner are thereby tornmed at the“top
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. 6E, 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 photosensifive,
the forming and patterning of the photoresiot 12 are not
‘required. Instead, the filmVQA is directly exposed and
developed. The adhesioh-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




faces of the partitions. Accordingly, the use of the photosensitive
pol yi m de bl ock copol ynmer enables the om ssion of the cddtAugpssl® of the

phot oresi st 12. The adhesion-inproving layers 9 of the polyimde block - --
------- 21 August 2006 18 copol yner also have the sane advantages as those
in the first enmbodinent. (7) Seventh Enbodi nent In the seventh enbodi nent,
adhesi on-i nproving layers are formed by strike plating on a surface of a
nozzl e sheet. 1In general, a nickel or nickel alloy nozzle sheet forned by
el ectrotypi ng exhi bits poor adhesiverpgss to other materials, conpared to

t he adhesi veness of pure nickel metal or alloys to the materials. In
particular, a bright plated surface forned using a brightener shows

significant] oor. adhesiveness. A strike-plated surface |ayer inproves
t he adt%ﬁ?ﬂéﬁ‘éé% also e |S3B% ATV IHaGES &y dilpse sy ithe pl ating” is a

prelimupnarily rqﬁtneq% for inproving adhesi veness between a substrate and
a pl at i FRRR SR xanpl e, the strike plating can forma plated | ayer

havi ng hi gh adhesi veness on a passivation surface of a stainless steel
substrate. :
{7} Seventh Embodiment

In the seventh embodiment, adhesion~improving layers
are formed by strike plating on a surface of a nozzle sheet.
In general, a nickel or nickel alloy nozzle sheet formed by
electrotyping exhibits poor adhesiveness to other materials,
compared to the adhesiveness of pure nickel metal or alloys
to the materials. In 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.




Furthernore, the strike plating can renove the passivation filmto
activate the surface. The strike plating is also applicadlAugost 28l i m nary
treatnment for plating another nickel |ayer on a nickel bright-plated
layer. In this enbodi ment, nickel strike-plated |ayers with a thickness of
about 0.2 Jimwere fornmed on the bright-plated |ayers of the nozzle sheet
in a nickel chloride bath. 21 August 2006 19 Active |ayers having high
adhesi veness are thereby formed on the bright-plated | ayers. Accordingly,
hi gh adhesion is achi eved between + he? nozzl e sheet and the top faces of
the partitions. (8) Ei ghth Enbodi nent In the eighth enbodi nent,
strike-plated |layers are forned on a surface of a nozzle sheet as in the"

sevent hacesbadiaval, and e einashanaVINOY 09l fyersaccording (o any

one of the above enbodi nents a orned on the str

doubl e- kAKCh-ELHUCEILE f 1E4eSLr 1 KEeoblidbedy ayers andothe,

adhesi on-i nprovi ng | ayer ensures er si on-of 8 nozzt® sheet. (9)

Ni nth Egbadegeat bbiwkhe Rndt hoeabadigeat. Aakr ltth% Rbat edcLavsEsypre  formed

on a surface of a nozzle sheet as in the seven
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 léyers ensure adhesion to both the nickel

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




enbodi ment, and then dull nickel-plated | ayers are forned on the
strike-plated | ayers. This double-layer structure of thelshuguke2(fbat ed

| ayer and the nickel dull-plated | ayer ensures hi gher adhesion of the
nozzl e sheet, since the upper nickel dull-plated | ayer has a surface
having fine unevenness that inproves adhesiveness. Furthernore, the
strike-plated | ayers ensure adhesion to both the nickel bright-plated

| ayers and the nickel dull-plated |layers. 21 August 2006 20 (10) Tenth
Enbodi ment In the tenth enbodi ment — siyike-plated |ayers are formed on a
surface of a nozzle sheet as in the seventh enbodi nent, nickel dull-plated
| ayers are fornmed on the strike-plated |ayers, and then adhesi on-i nproving
| ayers according to one of the above enbodi nents are forned on the nickel
dul | -plated |ayers. This triple-layer structure further inproves adhesion

of the 1) E| eventh Enbodi nent In the el eventh enbodi nent,
adhesioﬁflnprov?ﬁSéT%é%+% gnd partitions are conposed of the sane
atters t he above enbodi ments or any

terial
I)ntihg:f at echnr{ogy IS a so lf;lbgopq:‘l“&eébﬁ'e E’t%’t% PIE5SILAERES BYEN if the -
mat eri g, fors the M}?ﬁfao@e'&Pré’Vﬁé‘ine Y& et 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 partitioné are composed of the same material. In regard
tq 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 lavyers
and the partitions is semicuréd,_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.




and the partitions is semcured, these are tightly bonded to each other
during a curing process, by an interm xing effect at the&ladipustiifgo
interface, regardless of secondary bonding. Exanples of the sem cured
materials are epoxy resins, polyimde resins, and acrylic resins. Since the
adhesi on- inproving | ayer before sem curing contains a | arge amount of
reactive groups, it is tightly bonded to the nozzle sheet during the
curing process. 21 August 2006 21 (12) Other Enbodinents In the above
enbodi nents, the adhesion-inproving lzayers are fornmed by photolithography.
In the present invention, however, the adhesion-inproving |ayers may be
formed by any other nethod. Exanples of such nethods include printing

i schar TR BFBeEcERBCHLPRAThI obid di scharge  apparaf ubee, such as t he
e AL PR i PERRELTS 7, B ST MR, B
ozl o FRECL BRI LY LERSIBLNRLTD S A GRS e, hovever
any ”att%tiré‘xlfex?chhé‘sacﬁ)ﬁéé/iéﬂgﬁnﬁﬁgvfﬂgdfgfgrg%ay be formed by any
other method. Examples of such methods include printing
processes, i.e., screen printing and intaglio printing, and
droplet discharging processes using liquid discharge |
apparatuses, such as the liquid discharge apparatus
according to the present invention.
In the above embodiments, the adhesion-improving layers
are formed on the nickel nozzle sheet produced by
electrotyping. In the present invention, however, the
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. In the present invention, however,
a piezoelectric element may be used as the driving element.
In the above embodimeﬁts, the driving element and the
drive circuit are integrated in the substrate. In the
present invention, however, only thé driving element may be
formed in the substrate.
In the above embodiments, the liquid discharge
apparatus of the present invention is applied to é printer

- head of a printer for discharging ink droplets. Furthermore,




any process. In the above enbodi nents, the heating elenment is used as the
driving elenent. In the present invention, however, a piZdZomueic200icc

el enent may be used as the driving elenent. In the above enbodi nents, the
driving element and the drive circuit are integrated in the substrate. In
the present invention, however, only the driving element may be fornmed in
the substrate. In the above enbodi nents, the liquid discharge apparatus of
the present invention is applied to a printer head of a printer for

di scharging ink droplets. Furthernoreso2l August 2006 22 the liquid

di scharge apparatus is applicable to printer heads that discharges dye
droplets and droplets for protective filns, mcrodi spensers for .
discharqhﬂg]%heni various anal ytical or testing instrunents,

and various part e?cir?isrfrd‘ea en%‘i?s‘"@stutsh&ts @PFdH&edd cclrenbeahtereagent s for
géﬁéi?ggggﬁg%g%?ﬁ%%F%%%g%%ﬁ%$3§%ﬂéé%@ﬁgi%;ggggﬁﬁggégéétggﬁsure hi gh bondi ng
Strengt%r%%ec%q%et%&i&%ﬁe%d%kggygp%%ggkgi%gi'd%%cﬁg%gigg2882ﬁ1é3§

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.




WHAT IS CLAIMED IS: A liquid discharge apparatus having liquid chanbers
and nozzles that discharge droplets of liquids containedliAuguste®pquid
chanbers through liquid channels, the |iquid discharge apparatus
conprising: a substrate provided with partitions on one face thereof, the
i quid chanbers and the |iquid channels being defined between the
partitions; a nozzle sheet provided wiwth adhe s i on- 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; driving elenents provided on the face of the
subst r alWHABRt IfoSIHADMEDcdrT esponding to the liquid chanbers, for changing
the pressure of the liquid chanbers; and wherein the adhesion-inproving

| ayers are forned on the nozzle sheet by el ectrodeposition. 2. The liquid

ayere comptrae a protbsener (1 ve Katdy airPtaT S | [ BaRiR conargan "
appar at gbambemsdi agdt onctales Ithaherdd schdwyadhircpliectys  iofpr dvigngdkayer s
Conprisgo%%%q%ggf 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;

driving elements provided on the face of the substrate
at positions corresponding to the 1liquid chambers, for
changing the pressure of the liquid chambers; and

wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.

2. The liguid discharge apparatus according to claim
1, wherein the adhesion-improving 1layers comprise a

photosensitive material.

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

1ike carbon.




|'i ke carbon. - - - - - ----- - - -- 21 August 2006 -24 4. The liquid
di scharge apparat us accordlng to cIa|n1 3, wherein the néddzZAugustfidt i s
subjected to ion inplantation prior to the formation of the
adhesion-inproving layers. 5. The |iquid discharge apparatus according to
claim 1, wherein the adhesion-inproving |ayers conprise a polyimde block
copolyner. 6. The liquid discharge apparatus according to claim 5, wherein
t he pol yi mi de bl ock copolyner is photosensitive. 7. The liquid discharge
apparatus according to claim1, wheretf each of the adhesi on-inproving

| ayers conprises a strike-plated layer. 8. The liquid di scharge apparatus
according to claim 7, wherein each of the adhes ion -inproving | ayers
further conprises a dull-plated sublayer on the strike-plated | ayer. 9.

Ine | lqutd duschange apgatal s AGEAICH Ngpbar &L AL Ml dIHAl o COTRERST N

strike-plated | ayers di sposed betweenh e nozzl e shee
adheS|061|Mﬁﬁ@@ﬂngthayepszlﬁosﬁﬁﬁiIlsnﬂubjhcxé&u@@ B@paLEPManaatmodlng to

I th d.l di d th I
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5. The liquid discharge apparatus according to claim
1, wherein the adhesion-improving layers comprise a

polyimide block copolymer.

6. The liquid discharge apparatus according to claim

5, wherein the polyimide block copolymer is photosensitive.

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

strike-plated layer.

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

comprises a dull-plated sublayer on the strike-plated layer.

9. The liquid discharge apparatus according to claim
1, further comprising strike-plated layers disposed between

the nozzle sheet and the adhesion-improving layers.

'10. 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.




strike-plated | ayers and the adhesion-inproving |layers. 21 August 2006 -25
11. The liquid discharge apparatus according to any one 20fAupusti2®967 to 10,
wherein the nozzle sheet conprises a nickel nmetal or alloy, and the
strike-plated |ayers conprise nickel. 12. The liquid di scharge apparatus
according to either claim@8 or 10, wherein the nozzle sheet conprises a
nickel metal or alloy, and the strike-plated |layers the dull-plated

| ayers conprise nickel. 13. The liquid discharge apparatus according to
claim 1, wherein the adhe s ion -inpspving |layers and the partitions
conprise the sane material. 14. A printer head having |iquid chanbers and
nozzl es that discharge droplets of liquids contained in the liquid
chanbers through liquid channels, the printer head conprising: a substrate

provided with_ partjtions on,one face thereof, the |iquid chanbers and the
liquid channgﬂs bﬁlﬁgolh%%ailﬁ&w t REPBAPLIEI oRSCORIHOZ 2|1 sRBE

provi dednw tJx adheisnd oN- +6MROOVLAG ¥l iShe aloPPRL té}?é‘ét¢ﬁ6ﬁ1ﬁ§99@ lgg to
the top faces of the partitions and the nozzles for discharging [iquid,
t he nickel metal or alloy, and the strike-plated layers comprise

nickel.

12. The liquid discharge apparatus according to either
claim 8 or 10, wherein the nozzle sheet comprises a nickel
metal or alloy, and the strike-plated layers the dull-plated

layers comprise nickel.

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

comprise the same material.

14. A printer head having liquid chambers and nozzles
that discharge droplets of liquids contained in the liquid
chambers  through liquid <channels, the printer head
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 Dbonded to each other with the adhesion-improving

layers;




nozzl e sheet and the top faces of the respective partitions being bonded
to each other with the adhes ion- inproving |layers; 21 ARlgusmstZB06 - 26
driving el ements provided on the face of the substrate at positions
corresponding to the liquid chanbers, for changing the pressure of the

| i quid chanbers; and wherein the adhesion-inproving | ayers are forned on
the nozzle sheet by el ectrodeposition. 15. The printer head according to
claim 14, wherein the adhesion-inproving |ayers conprise a photosensitive
material. 16. The printer head accordpggg to claim14, wherein the

adhesi on-inproving |ayers conprise dianond-1ike carbon. 17. The printer
head according to claim 16, wherein the nozzle sheet is subjected to ion
i mpl ant at i ondpiivénat ¢lantentforpmaviotedf onhéhadhesiconf nphovensitapdes. 18

The printer .according to claim 14, wherein. the adhe i__on- _Jnproving

| ayers %%npppggqé%ﬁglyFﬁF%gsgpgg%ngboéﬁﬁy . ﬂégufﬁe 5B9W§§F5hea5°gp

accor di epahgicl@itNel hrasheirel B the POlgiiA dehdHinoks copl ymer s

photosensitive. 20. The printer head according to claim14, wherein
wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.

15. The printer head according to claim 14, wherein
the adhesion-improving layers comprise a photosensitive

material.

16. The printer head according to claim 14, wherein

the adhesion-improving layers comprise diamond-like carbon.

17. The printer head according to claim 16, wherein
the nozzle sheet is subjected to ion implantation prior to

the formation of the adhesion-improving layers.

18. The printer head according to claim 14, wherein
the adhesion-improving layers comprise a polyimide block

copolymer.

19. The printer head according to claim 18, wherein

the polyimide block copolymer is photosensitive.

20. The printer head according to claim 14, wherein
each of the adhesion-improving layers comprises a strike-

plated layer.




each of the adhes i on- inproving |ayers conprises a strike- plated |ayer.
21 August 2006 -27 21. The printer head according to cl i #Augost 286@r ei n
each of the adhesion-inproving |ayers further conprises a dull-plated
subl ayer on the strike-plated |ayer. 22. The printer head according to
claim14, further conprising strike-plated |ayers di sposed between the
nozzl e sheet and the adhesion-inproving |ayers. 23. The printer head
according to claim 14, further conprising strike-plated |ayers di sposed on
the nozzle sheet, and dull-plated | ayers di sposed between the strike-

pl ated | ayers and the adhesi on-inproving |ayers. 24. The printer head
according to any one of clains 20 to 23, wherein the nozzl e sheet

conpri ses a dlckeTherepalinger ahéay, andtdiest tbkezldiat e@ 0, ayehsrebnpri se

nickel. 25 T géintg# head.gccordhﬁg tq ei t her claén121 or .23, wherein
t he nozZP&lsidet “EEnptd st M EKEY e at- 2P T al Fegthend LS5k e pl at ed
layers gheildphhtphakagdibaxer n €8BPLk$E kBi-pMeled2@ayEhe printer head
according to claim 14, erein the adhesi On-inproving |ayers and the

partitions conprise the sane material.

22. The printer head according to claim 14, further
comprising strike-plated layers disposed between the nozzle

sheet and the adhesion-improving layers.

23. The printer head according to claim 14, 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.

24. The printer head according to any one of claims 20
to 23, wherein the nozzle sheet comprises a nickel metal or

alloy, and the strike-plated layers comprise nickel.

25. The printer head according to either claim 21 or
23, wherein the nozzle sheet comprises a nickel metal or
alloy, and the strike-plated layers the dull-plated layers

comprise nickel.

26. The printer head according to claim 14, wherein
the adhesion-improving layers and the partitions comprise

the same material.

27. A method for making a ligquid discharge apparatus
for discharging droplets of liquid from liquid chambers by




27. A nethod for nmaking a liquid discharge apparatus for discharging
droplets of liquid fromliquid chanbers by - - - ------- 21 -August-2006- - - - - - -
21 August 2006 -28 neans of a change in pressure of the liquid chanbers
using respective driving elenents, the nmethod conprising the steps of:
formng partitions of liquid channels for introducing the liquid to the

| i quid chanbers and partitions of the |iquid chanbers onto a substrate
that hold the driving elenents; placing a nozzle sheet having nozzles and
adhesion- inproving |ayers on the toppd aces of the partitions, the

adhesi on-inproving | ayer being provided at |east at positions
corresponding to the top faces for inproving adhesiveness to the top
faces; asdnsherfeia thangehdsi anceésprovi nf Ithperlsiqril f ohamdens tihéngnozzl e

sheet b*eglec%&odegpsitionk%QB. The Wﬁ%hOd ccordin to,cla%g%27 wherein a

phot osensT tive 1 ay &F 1'or'% He AYHEST ont i hpPoviag FaURFLSHBY m84BRt o t he

nozzl e sieet, and the adhesion- inproving |ayers are selectively forned at

the positions by patterning the photosensitive |ayer.
forming partitions of liquid channels for introducing

the liquid to the 1liquid chambers and partitions of the
liquid chambers onto a substrate that hold the driving
elements;
placing a nozzle sheet having nozzles and adhesion-
improving layers on the top faces of the partitions, the
adhesion-improving 1layer being provided at least at
positions corresponding to the top faces for improving
adhesiveness to the top faces; and
| wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.

28. The method according to claim 27, 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.

2%9. The method according to c¢laim 27, 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.




29. The nethod according to claim27, wherein the nozzle sheet is forned
by el ectrotyping on a conductive nenber having a noncon pgust ection
corresponding to the nozzle shape, and the adhes i on- inproving |ayers
are selectively formed by el ectrodeposition on the nozzle sheet at the
positions wi thout renoval of the projection. 21 August 2006 -29 30. The
nmet hod according to claim27, wherein the adhesion-inproving |ayers
conpri se di anond-1i ke carbon. 31. The thod according to claim 30, wherein
ions are inplanted into the nozzle éﬁggt prior to the formation of the
adhesi on-inproving |layers. 32. The nmethod according to either claim30 or

31, wherein3phe gHBesméOAodl NREONLEAGnGAYEES & &£ f orgwed : [LOCess.
33. The nethod according to clain127,ngherein t éﬁ égﬁés?%ﬁgfﬁﬁ¥o§gﬁb

| ayers @sthssiise-dmpeiopificld asernk caupol seretiamand Thikeretdmobraccor di ng t o
claim 27, wherein the adhesion-inproving |ayers conprise a photosensitive
pol yi m de bl ock copolyner. 35. The nethod according to claim27, wherein

the adhesi oAii.npThei ngthaWeasceoamhigS & cStdikan Pt efnbA¥ hSions are
implanted into the nozzle sheet prior to the formation of

the adhesion-improving layers.

32. The method according to either c¢laim 30 or 31,
wherein the adhesion-improving layers are formed by a dry

process.

33. The method according to claim 27, wherein the
adhesion-improving layers comprise a polyimide block

copolymer,
34. The method according to claim 27, wherein the
adhesion-improving layers comprise a photosensitive

polyimide block copolymer.

35. The method according to claim 27, wherein the

adhesion~improving layers comprise strike-plated layers.

36. The method according to claim 35, wherein dull-

plated layers are formed on the strike-plated layers.

37. The method according to claim 27, wherein strike-

- plated layers are formed on the nozzle sheet, and then the




36. The nethod according to claim35, wherein dull- plated |ayers are
formed on the strike-plated |ayers. 37. The net hod accordﬂn@w¥ﬁt@¥§in127,
wherein strike- plated |ayers are forned on the nozzle sheet, and then the
21 August 2006 -30 adhes i on- inproving |layers are forned on the
strike-plated |layers. 38. The nmethod according to claim 27, wherein
strike- plated |ayers are forned on the nozzle sheet, dull-plated |ayers
are formed on the strike-plated |ayers, and then the adhesion-inproving

| ayers are fornmed on the dull-plated-3tayers. 39. The method according to
any one of clains 35 to 38, wherein the nozzle sheet conprises a nickel

nmetal or |J:0y, .and the strike-plated | ayers conprise nickel. 40. The
net hod ggg%rsd'%rﬁl ?hré:ivflﬁgr ?%?an%a]b‘? §§’,rme\ﬁhe?%i Fhehesho ¥rPePdréed

conpri seéayarsi.ckel nmetal or alloy, and the strike-plated |ayers and the
dul | -plated | ayers conprise nickel. 41. The nethod according to claim 27,
wherein the adhe s i on- inproving |ayers and the partitions conprise the

same materiabg. The method according to claim 27, 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.

3%. The method according to any one of claims 35 to
38, wherein the nozzle sheet comprises a nickel metal or

alloy, and the strike-plated layers comprise nickel.

40. The method according to either claim 36 or 38,
wherein the nozzle sheet comprises a nickel metal or alloy,
‘and the strike~plated layers and the dull-plated layers

comprise nickel.

41. The method according to claim 27, wherein the
adhesion-improving layers and the partitions comprise the

same material.




LI QUI D DI SCHARGE APPARATUS, PRI NTER HEAD, AND METHOD FOR . _MAKI NG LI QUI D

DI SCHARGE APPARATUS ABSTRACT OF THE~DI SCLOSURE A |i qui d dil<epegd08ppar at us
has |iquid chanbers and nozzles that discharge droplets of |iquids
contained.in the |I|iquid chanmbers through Iiquid channels. The liquid

di scharge apparatus includes a substrate provided with partitions on one
face thereof, the liquid chanbers &d-the 1iquid channels being defined
between the partitions.' The |I|iquid discharge apparatus further includes a
nozzl e sheet provided with adhesion-inproving |ayers at |east at ‘
positions corresponding to the top faces of the partitions and the nozzles
for disc | L QLA _ S L d __the top faces of the

respect i Cgi%g'fryfgilﬁ%% GeP:“; %%@St gﬁf]e%ﬁ}l iR - vﬁ"’t%h NEYgOD FOR: :
adhesi on-i nprovi ng | gyek: L gu Lschar aratus al so includes
driving el enents progﬁgggG %ESPEQ pgggﬂgkaghggggﬁggﬁgte at positions
corresponding to the liquid chanbers, for changing the pressure of the

liquid chanmbers. The jhg# i ggharge s is used as a -printer
head for ink jet print%%gyﬁggf ?E B EELELEHE :

A liquid-discharge apparatus has liquid chambers and
nbzzles that discharge drOplgts of liquids contained in the
Tquuid chambers through liquid channels. The liquid
discharge apparatus includes a substrate provided with
partitions on one face thereof, the liquid chambers and the
liguid channels being defined between the partitions. The
liquid discharge apparatus further includes 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 tﬁe adhesion—imprpving layers. The liquid-
discharge apparatus also includes driving elements provided
on the face of the substrate at positions corresponding to
the liquid chambers, for changing the pressure of.the liquid
Chamberé. The liquid discharge apparatus is used as a-

printer head for ink jet printing.

FIG. 1




