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
thereon by spin coating. Partition walls of liquid chanbers and |iquid
channel BAGKEROUND 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




formed by photolithography of the photosensitive resin. A 21 August 2006 2
sheet provided with nozzles (hereinafter referred to as 2Inbemise2@éecet") is
formed by electrotyping and is disposed on the substrate. In this process,
t he photosensitive resin is maintained at a semcured state. This nozzle
sheet is bonded to the top faces of the partitions of the liquid chanbers
and the 1liquid channels, and the sem cured photosensitive resinis cured
by heat for thernoconpression bonding of the nozzle sheet. In the present

i nvention, thernoconpression bonding afromsuch a semcured state is

referred to as "secondary bonding". In the secondary bondi ng, the nozzle
sheet nust be bonded to the semcured resin. Since the sem cured resin
contains,a reduced ngnber of reactive groups, the bonding strength between
the nozZP&SEhREPVAAS tﬂétPoB°F§$§§ Hrefpbnabbe s i ¥ bered thaf ficient. Wen
nickel,"%gkgﬁ is,a %yPicaI el ec rotygLn materjal, is used as a nateri al
for the nos7i& SREEE, 7t AE APERER PRSLFSEERERITARATY odt SRAses veness to

resin does t i ctorily adhere to the top faces of the resin
partiti§§5F9§n5?§§£%$¥%ter head, ink droplets are discharged from

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




t he i nk chanber by a change in pressure in the ink chanber as described
above. If the nozzle sheet is not sufficiently bonded t@itAggusopddoaces 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 wundesirable vibration of the nozzle face and of
meni scus of other nozzles that do hot discharge ink. As a result, this
poor adhesion of the nozzle sheet significantly deteriorates the quality
of theppesaimed Windgeaukk bheabondhmeStuhengbhzils skésen®on ltew, the shape
of the nozzle sheet changes with tinme, and ink penetrates between the
nozzl ePa3Fekiicqfy tIhe sgparabien ofhias nemrder ghedt refkuldaeges el ectri cal
causes separation of _the nozzle sheet in a severe state.
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partitions wth ( ddlnents may provide
a pringesr haatdingl udi REe SHEM A JMZE &3R8t ca AP S Sbedi-agnt s may

provide a nmethod for making a |iquid discharge apparatus. 21 August 2006
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.




- 4 According to a first aspect of the present invention, there is
provided a |liquid discharge apparatus having liquid chalekeguari2f0hozz| es
that discharge droplets of liquids contained in the liquid chanbers
through liquid channels, the 1iquid discharge apparatus conprising: a
substrate provided wth partitions,on one face thereof, the liquid
chanbers and the liquid channels_b%ihg defi ned between the partitions; a
nozzl e sheet provided with adhesion-inproving |ayers at |least at positions
corresponding to the top faces of the partitions and the nozzles for

di schar gi ngategudthg tte andizke shpett adl tHh@rkepntacesenfidhe respective
partitions being bonded to each other with the adhesion-inproving | ayers;
dri vi ngheet eheniovirded detigunid heiddaceoef abbarsubstmatin@tl ipRSidt i ons
corresponding to the liquid chanbers, for changing the pressure of the

| i qui dcoampipdres ssndamczwhes ethat hei sshesjeorrobiptovongii@yietss are fornmed on
the nozzl e sheet by electrodeposition. According to a second aspect of the
pr esentontyiEmd am thehéiquid @ankaled thrpuight et ghedd-hndgigs,| ittpei d chanber s
and nozzles that discharge droplets of liquids contained in the Iliquid
chanbet sqthd alighrhargei dpphaaned s;ondre simignt er shiesidratoonprdwidegt a substrate
provided with partitions on one face thereof, the liquid chanbers and the
| i qui dwiehlarnee! st thenggondefie nBrkbdethwemm t, héhpat { gt idnshamdbarsz 2ind sheet

provi ded with

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




adhesion-inproving |layers at positions corresponding to the 21 August 2006
4a top faces of the partitions and the nozzles for di schaXlghwgypst200Gui d, the
nozzl e sheet and the top faces of the respective partitions being bonded
to each other with the adhesion- inproving |ayers; driving el enents

provi ded on the face of the substrate at positions corresponding to the

| iquid chanmbers, for changing thedpressure of the |iquid chanbers; and
wherein the adhesion-inproving |layers are formed on the nozzle sheet by

el ectrodeposition. 21 August 2006 5 According to a third aspect of the
presengohn | Y% h X Vi f ' 1 iqui d
discha%%% Eﬁ%%%?gfEghfgéga%géﬁggd?ggqﬁg%g%%?gggf9§fg%§%ﬂ??%ﬁﬁpiquid
chanbel sqbyd remns nekzacChbRBge amd PIIRS Twpe ratether | i b sgdnier s using
respective driving elenents, the method conprising the steps of: formng
parti t Pansitforls degildg bhadedl so ferch mttheduwing the adhpsibrt-o the |iquid
chanbers and partitions of the |iquid chanbers onto a substrate that hold
t he dri¥PF @teidyess’ pratVind LIRFEAte shedtdpndvPhgthedzde$fand

adhesi on-i murqving lLayers.on the top faces of the partitjons, the
adhesig%?i%§§%§ﬁaﬁ% ngg?sbgf?ﬁf;ﬁ?ﬁ#%ﬁﬁﬁn%épglE%s?h%Il%ﬂHﬁ i ons
cor r espoRlhdig t FokhenkARi £8CE% fessure of the liquid chambers:

and wherein the adhesion-improving layers are formed on the

nozzle sheet by electrodeposition.




i nprovi ng adhesi veness to the top faces; and wherein the

adhesi on-i nproving | ayers are fornmed on the nozzl e sheet XyAugust 2006

el ectrodeposition. In exanple enbodi nents, the |iquid discharge apparatus
is applied to a printer head of a printer for discharging ink droplets.
Furthernore, the liquid discharge apparatus is applicable to printer heads
t hat di scharges dye droplets and-droplets for protective fil ns,

m crodi spensers for discharging chem cal reagents, various analytical or
testing instruments, and various patterning apparatuses that discharge

chen cal reageptsih@rtHrHt@et i LS i PPeLeRI R chRibAe exanpl e
enbodi nents, the adhesion-inproving |ayers, provided between the top faces
of thetpartiis omsoainte?la Augiisid 2006 makdnbhe nazzlie sheehargasure tight
adhesi on between them even if the nozzle sheet exhibits | ow 21 August
2006 8rRdhesiychressdtchanrg oy dndcdeds Pér likmigafrion dhguednposed of a
semcured material, an appropriate material is selected, for the

adhesi BRSFRPT DVPAGSRRre ot eandite PrEREYSEr Ot FBRs AR he

fﬁge:lhg@%%ﬂo%?‘%%‘%ﬁ %eesrpseca{i%é UG e1bREn3ATE MBI GLLRLy A ternatively,
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




| ayers are forned of a material having high affinity to the material of
the partitions. Thus, the adhesion-inproving |ayers ensu@leAtgugh2déndi ng
strength between the partitions and the nozzle sheet. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a cross-sectional view of a printer head according
to a first enbodi nent of the present invention; Figs. 2Ato 2H are
cross-sectional views illustrating>ghe steps of naking the printer head
shown in Fig. 1; Figs. 3Ato 3D are cross-sectional views illustrating

the steps of making a printer head according to a second enbodinent of the
pr esenthé NV I Ohekitgs enddrd Ot Afh tArRIHQSH BEELEONA hatl,eWeehl kst rating
the steps of making a printer head according to a third enbodi nent of the
pr esenthé nvesreoorshelitgexhbidit® 5B are cross-sectional views illustrating
the steps of making a printer head according to a fourth enbodinment 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 enbodinment of the present invention. DESCRI PTION OF THE
PREFERRED EMBCDI MENTS 5 The preferred enbodi ments of the present invention
wil |




now be described in detail with reference to the drawings. (1) First
Enbodi nent (1-1) Structure of -Printer Head of First Enbodilnkugusf2@6 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 image and the |like on the
object. This printer head 1 is a line printer head provided wth a
plurality of nozzle Iines each having nozzles 2 across the width of a
printing sheet. These nozzle |lines ~afe-arranged in a paper-feeding
direction (perpendicular to the drawing), and each nozzle |ine discharges
different color inks. The printer head 1 can t her eby print color i mages.

Thi s Praahesibeadst b5 PREPBLEC PYOAO! M A PAIL TALANS, £, OF i AUl g, charbers

4 for containing inks an rtrtirons of |qU|d Harinel

the inkgrt @ tBRikLgHE0m,E0A rs ﬁ%%gﬁ nd bon n nozzl e
sheet unit 21 Aﬁgust 20%‘%El I@P aﬁ élkﬁpf‘oartl élg%]gt% a?‘he su qtc%tg 3is

conpose@oef tAeSEALESNGHC] r&@i Pead | NGl G‘é;ﬁg}};ﬁ f ctioning as
driving elements for chgﬂglnglﬁie pressure I n the Tidui r%’charrbers 4, and a

drive 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




circuit for driving the heating elenents H The wafer, the heating
elenments H, and the drive circuit are integrated by a sehiSunust2006r
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 liquid
chanbers 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 predetermned thickness by any coating
process, for exanple, spin coating or curtain coating, and is prebaked.

Al ternatively, a photosensitive resin dry film is lamnated to the

bst 3. t i St .1 d filmis, dth h
phot omadneadobs REVEFEEH e R bhPe Pretcectorduam % St unit 7 i
arranged 0 gmeﬁ@ntU£ﬁ% ;g%gn@ng thg .1s completely cured. The nozzle
sheet unit 9 I'sS prepare %y orninﬁveagh%%lon-inproving | ayers 9 on a

ni ckel nozzle sheet 8, which is produced by el ectrotyping, at positions
that correspond to the top faces of the partitions 5. The

adhesi OREkPREOYTHE dRYEES ﬁxfatﬁﬂﬁmg AbeShaRRet ween the 21 August 2006 9
p the partiti

nozzl e shget 8 and phe to aces o ons 5 on the substrate 3.
The adhesi onrh NP AEIE d PGB R RIMANGE 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
6bject.

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 (perpendiéular 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




adhesive strength to the top faces if the partitions 5 are conposed of a
sem cured resin or ensure adhesion of the nickel nozzl e HAhewtusB82006 t he top
faces if the partitions 5 have no adhesive strength to the nickel nozzle
sheet 8. Accordingly, the adhesion-inproving layers 9 prelimnarily forned
on the nozzle sheet 8 ensure satisfactory adhesion between the nozzle
sheet 8 and the top faces of the partitions 5. The adhesi on-i nproving
| ayers 9 are conposed of a material that exhibits satisfactory adhesion
to both the nozzle sheet 8 and the tog faces of the partitions 5 and that
~exhibits high nechanical strength durable for secondary bondi ng between
the nozzle sheet 8 and the partitions 5. In this enbodi nent, the
adhesi ogfi{g)r vE;n rIta er%SQ re banded to the nozzle sheet 8 by
el ectro eposf%lo Hi- e steép of form ng the nozzle sheet 8. An exanpl e of
materi al s f ok, of .ng_the,adhesi on-improying |ayers 9 are an acrylic
cationic eIec@?o%égégl?%8n3c%3t|ﬂ@poﬁggcf%ﬁaC%9@369ﬁQﬁFE@x GBSk zu Co. |
Ltd. Fi t%é§£g3%$L@{ r - i.onal__views.illustrating_ the steps of
: a I s & B ;
maki ng the nozzl e sheet Unlt%$%3&é g rFﬁgd58VlEPg?f§%$nh6n58ﬁduct|ve
proj ect iR A% Ahel pried, o8 f%ﬁ% ] r plock 11, by photolithography.
The shape o#ﬁiﬁgse 2% %Egust 280 1&%&3&8 cRamﬁers 4,Yafd"a arive
circuit for driving the heating elements H. The wafer, the
heating elements H, and the drive circuit are integrafed by
a semiconductor 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
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 ceoating, 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




projections 10 corresponds to that of nozzles. Then the nozzle sheet 8 is
formed on the master block 11 by electrotyping using thélragust2d®oock 11
as an electrode. Preferably, the naster block 11 is conposed of a
conductive material that is readily releasable fromthe nozzl e sheet 8.
Referring to Fig. 2B, the photoresist projections 10 are renoved. The
nozzl e sheet 8 having many dents thereby remains on the nmaster block 11.
Referring nowto Fig. 2C, a film9A for form ng the adhesion-inproving

| ayers 9 are provided by electrodepo8ition using the master block 11 as an
el ectrode. 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 expegad bheawah anBhehemesk #3cebhgk MRSKS.ibe1S5ist JR E&?er than

bare regions corresponding to the top faces of " the partitions. Referring

to Fig. s¥bstirBeeunexpenadagReionsifbrbbeng! £51 St ved by
devel opnent. Referring to Fig. 2(3,l %ﬁe fi?n1 A f%%%ﬁ%{ gﬁgg?egions i's

sel ect | wahysieaD¥edentinOUghthBersgSEsted 2; AStife Miskei tHknd ©5Ul i ng nozzl e
sheet 8 provided with the adhesion-inproving |layers 9 corresponds to the

nozzl e shepbsedi bf7a Mewicutbe POZZh €0 he@eiurdiddne Qb her r@st er bl ock 11
is put into contact wwth the substrate 3, and these are heated to a -
predet enicked tempiteatheetuBdes BhPressUffcdd Curthd MRartitions 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




to bond the adhes ion- inproving layers 9 with the partiXlidupnst32000hen, the
master 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 channels on the sem conductor substrate
3 including driving devices and the |ike, and these partitions are
conposed of the sem cured epoxyacrylate resin. Furthernore, the
adhesion-inproving |layers 9 are previlded 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 chanbers 4 and the partitions of the liquid
channel LRt BEsadhesh ppel [ rs:9 provided therebetween. |f
t he noz?ﬁghshgegﬁg ?Q é%n%%%€§£§¥ ﬁ?cﬁ@%gﬁﬁﬁf?é% Bt bORTST n Strength to
resin, hRe,adheRbop- §Mps o¥h Ageh AYLT high ponding strength
bet ween thg nozzl e sheet 8 an% a%ﬁeé?gé?%£§%$g%“§g§dﬁﬁa e substance is
sel ect ed1£0ErbBepi AGNES1 00 £ NPT RYL OO 1BYSLS & 44 gy, bondi frength is
ensur ed betmeenﬁ?ﬁggadhéggion- inprovindﬁfaf§?§n%q§hégg%% (ﬁ%ifaces of the
partitipRerbrabay, afie GRIPASEb Mok A1 SAMGRbed &F b LI RG @ large
amount of reactive groups,

material that is readily releasable from the nozzle sheet §.

e e . ... 21 August 2006 partitions 5 conpletely and

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




regardl ess of secondary bonding. In this printer head 1, the nozzle sheet
8 is tightly bonded to the substrate 3 21 August 2006 12Ipkwpnsdzifdoéwi th t he
partitions of the liquid chanbers 4 and the |iquid channels. Since the
adhesion-inproving layers 9 are prelimnarily formed by el ectrodeposition
on the nozzle sheet 8 under high-precision control of the thickness of the
adhesion- inproving 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 bondihfy —~strength to resin. Since the
adhesion-inproving |layers 9 at unnecessary portions, nanely, the interiors
of the nozzles 2 are renoved by photolithography, the nozzles 2 can be

f or med i reecl si S t f orymati.on _qf .adhesi on-
| o ovi BT BT O P e aea Db Ry Bee s
deteriof gt 8- he PrintdRg (ual iy 3) okffects of Fi di,gent

Accor di n?t 0 Fﬁe st rltJEct ure ofl%lhcéléf i%r'st @ﬁ%dd}t%nhaét%? bé&%%sﬂgﬁ-i npr ovi ng
| ayers pgoyiglad.pn the nozzle sheet are tightly bonded to the top faces of

the partitions with high bonding strength. Furthernore, the
adhesi Onllﬂpr@i@r%g:i|o@3y ¥fS AWt Erdodiment

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




hi gh- preci sion thickness can be forned by el ectrodeposition on the nozzle
sheet during a step of formng the nozzle sheet. 21 AugidtAgsic20063 ( 2)
Second Enbodi ment In the second enbodi nent, a photosensitive layer is

di sposed on a nozzle sheet by el ectrodeposition to form adhesion-inproving
| ayers by a sinpler nmethod conpared with the first enbodi nent. The step of
formng a nozzle sheet wunit 7 in the second enbodi nent differs fromthat
in the first enbodi nent, but other steps are identical to those in the
first enbodi ment. An exenplary materiial -for the photosensitive 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 on a mnaster bl ock

11 by e 4 pi LN .first e dinent.. Referrin o Fjg. 3B, a
i1 m oaPFor AeHrin S Enk b hes HERS R Phay Bl et [nFaisEs 4 atdon by

el ectro oSk L] i phot osensitive el ectrodeposition materi al .
ReferrigggtgiéPga %%?ﬁﬁﬁégfiln19A is exposed through a photomask 13 and is

devel oped 1 05 {:RUD VG IAFESSAY AP 180019 TN BB 14380090 10 Fi o,
) nproving layers 9 are ereby for on € Nozzl e sheet
8. In tfé)ﬁn@@bﬁgigf@étr@ée%ﬂi&?do@b&i’@’néé.ﬁe 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.




phot osensitive filmfor form ng the adhesion-inproving |ayer is provided
on the nozzl e sheet and the adhesion-inproving |ayers ard Awdusc2(tgel y

formed at the top faces of the partitions by patterning of the
photosensitive film Thus, in the second enbodinent, a printer head can be

produced by 21 August 2006 14 a nore sinplified step conpared with the
first enbodinment. (3) Third Enbodinent In the third enbodi nent,
adhesion-inproving |layers are nore effectively provided on the nozzle
sheet by utilizing the step of formisy+he nozzle sheet. The third

enbodi nent differs fromthe first enbodinent in that a nozzle sheet wunit
7 is prepared by another process, as follows. Referring to Fig. 4A

noncond e ] are provided on a master block 11 and the

nozzl e g%ie¥e§8 P%Pﬁ% ﬁ the master block 11 by electrodeposition

Referring to 4 f hesj o rov ers 9 are formed on
Befrg eodh o TdindOr < R oo SO Iy

the nozzl e s reana

el ectro&%epagg 08 BhEEEID0ALe hgg é?echoégﬁoQ{QJr cotd OngorlrQ are renoved.

Accor di ng pr ocess, i ON-"T Ipr ov a ers are selectively

f or med Qﬁhgk%h?@ﬁl POLAY ﬂ?gé Aognngﬁsé ;Rétw& @cﬁﬂg{gs%l%] e 0 Other

Pproj ec ions 10 ctioh as nasks for ormn esli on
the first emqulment. 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




inproving layers 9. As a result, the adhesion-inproving |layers 9 are
formed by reduced production steps in the third enbodi m&itAugud)2dB6urt h
Enbodi ment In the fourth enbodi nent, adhesion-inproving |ayers are 21
August 2006 15 forned by deposition of dianond |ike carbon (DLC).
Referring to Fig. 5A, a nickel nozzle sheet 8 is formed on a nmaster block
11 as in the first enbodinment. 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 adhedfon-inproving layers 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

smal | era jbtekanmsl i fied D€ ayGifipdadd nei on SEmd | r1 Al ckapssaimside the
nozzl es does not preclude discharge of the ink. In this enbodi ment, 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

mast er b3 pcRhidd iEmbeimnvatk t 0 expose the nozzle 2. The DLC
adhesi on-inproving | ayer also has the same advantages as those in the
first enbodiimerthe (thirk etdboBibedittenhesion—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




The fifth enbodinment is a nodification of the fourth enbodinment. In this
enbodi nent, ions are prelimnarily inplanted into the n@izAwgust96 pri or
to the formation of the DLC adhesion-inproving |ayer. For exanple, carbon
ions are inplanted into the nozzle sheet by plasnma ion inplantation, as a
prelimnary treatnment, and then the DLC ----- R 21 August 2006 16
is deposited on the nozzle sheet to formthe adhesion- inproving |ayers 9.
As a result, the adhesion-inproving |ayers 9 adhere to the nozzle sheet 8
more securely by the anchor effect. gfs the ion inplantation. (6) Sixth
Enbodi ment In the sixth enbodi nent, adhesion-inproving |ayers 9 are forned
on a nozzle sheet 8 using a polyimde block copolyner, which is different
from kngwn Ehotosen3|t|ve pol yi m de. A process for pregaring such a

pol yi ni fe BraCkY d8BeF PR 8fufdemgadyl i keusrrbeanSEBEGE- Pat ent No.

5, 502, 143 In this proce the p imde_is directly nt hesi zed, not -
fronlpoéﬁgﬁfﬁlﬁglﬁoaglﬁ pgécu?sﬁﬁcb?¥tH%ZEBPyFHFEE BPbﬁyéﬁﬁﬁgiUFbéks are

coupl ed mn e block polyimde_copolyner. This mnethod

has Iarﬁgs €T£t¥§rﬁ%oﬁgggﬂ%a?lﬁﬂgl%mPﬂﬁl?%PtsynBﬁ%%¥%lQﬁ'%blylnlde
havi ng gfalrgg,agmgsbfgnfgsdg 051Qééoéﬂéggo§hgraCt§£§§$éé§Ess 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




of the blocks, which are the mnimumunit in this copolyner. Such a
pol yi mi de bl ock copolyner is applied onto the nozzle shédtAegmstz2(0m t-he
adhesi on-inproving |layers. 'Exanples of polyimde block copolyners are
adhesive polyimde containing bicyclo(2,2,2)oct-7-en-2, 3,5, 6-
tetracarboxylic di anhydride and/ or 3,5-di am nobenzoic acid. Referring to
Fig. 6A, a nozzle sheet 8 is formed on a naster block 11, as in the first
enbodi ment. Referring to 21 August 2006 17 Fig. 6B, a polyimn de bl ock
copolymer coating is applied over -the& rozzle sheet 8 and the master bl ock
11 by spin coating, screen printing, dipping, or roll coating. The coating
is subjected to heat treatnment such as prebaking to forma film 9A for

e aop! e TERO¥L D8 BXCERe RELELL! DHekS Lo ol el ARl ot i ng.
Referrick iq. the t Qr esj 12,0 s exposed through a photonask 13
N ©r et BRSOyl 107kes 1 DE PRSI E8LALLI2E SHPOSRELINRMAN Y PIOL SR X,
6E, the ess Lon f i

Govel opLEPOEECepaiMeEE0L NN nb f1e PIRRE 18 Rird REGEITERE Y, 1

sel ectiyRlNo £t EREL-c thFOMGD 1he PRI OLEsE 12 functioning as a nask.
Referring ?o Fig. 6G the photoresist 12§§%'rennved to conplete the

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

{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




adhesi on-inproving |layers 9). Since the polyimde block copolyner is

phot osensitive, the formng and patterning of the phot orZdshugusttZ2008r e not
required. Instead, the film9A is directly exposed and devel oped. The
adhesi on-i nproving | ayers 9 conposed of the polyimde block copolyner. are

thereby formed at the top faces of the partitions. Accordingly, the use of

the photosensitive polyimde block copolynmer enables the om ssion of the
coating step of the photoresist 12. The adhesi on-inproving |layers 9 of the
polyi m de block - -- ------- 21 August7 2006 18 copol ymer al so have the
sanme advantages as those in the first enbodinent. (7) Seventh Enbodi nent

I'n the seventh embodi ment, adhesion-inproving layers are formed by it{ike
ni cke

' I h I |, . ' I
q ?Z'y”ﬁgﬁ%-26§IILé?ﬁﬁé?%@%j%ﬁﬁs%if?%%%_gfnﬁg %5%?%?931%o%#ﬁgﬁﬁaié‘to%?ezf to
' Vv ure nlckel neta
2l loys TS PRe%he, EAPRPCE phY HE, AORESVEOESR B} BV FeBbSFYate f ormed

using aspiLORt gReheehgWSashERhL] CBA! 1Y) PORLa+ RHDOS! ¥70°88ar fhgt {4 ke- Pl ated
surface | ayer Tnproves the §i veness

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. 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




of the nickel nozzle sheet. Herein, "strike plating” is a prelimnarily
treatment for inproving adhesi veness between a substrat elafnguat Hl0at ed
surface. For exanple, the strike plating can forma plated | ayer having
hi gh adhesi veness on a passivation surface of a stainless steel substrate.
Furthernore, the strike plating can renove the passivation filmto
activate the surface. The strike plating is also applicable to prelimnary
treatment for plating another nickel layer on a nickel bright-plated
layer. In this enbodinent, nickel strgke-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 layers having high
adhe5|veneggﬂﬁre there formed on the bright-plated |ayers. Accordingly,

hi gh adtfdsofg%s @ e \RAE 13V aIATes dHedthairl thdheop faces of
t he Itloniﬁyéﬂgfﬁighth Enbodi ment In the eighth enbodi nent,
strlke Eﬁ%ﬂf ) formed on a surface of a nozzle sheet as in the

seventh enbodi ment, and t hen adhesion-inproving |ayers according to any
one of the above enbodinents are forned on the strike- plated | ayers. This

doubleé#qy@%égﬂ%ﬁ:qﬁﬁz&y tq§ strike- plated |layers and the

adhesi i nproving T ayer ensures
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.




hi gher adhesi on of the nozzle sheet. (9) N nth Enbodinent In the ninth
enbodi nent, strike-plated layers are fornmed on a surfacelofugush¥ibl e sheet
as in the seventh enbodinent, and then dull nickel-plated |ayers are
formed on the strike-plated |layers. This doubl e-layer structure of the
strike-plated | ayer and the nickel dull-plated | ayer ensures higher
adhesi on of the nozzle sheet, since the upper nickel dull-plated |ayer has
a surface having fine unevenness that inproves adhesiveness. Furthernore,
the strike-plated |ayers ensure adhelt on 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, strike-plated Iayers are forned on a

f : t nhod ckel .dul | -pl at ed
Chyere ACLiPeraadln < Mt P Hign Qﬁhggé%%esrsiar%' HSR Y AEREEF SR o ovi g

| ayers gecpidhRg—19 Q¢ qfiothe ab n r grmed on the nickel
dul | - pl ated Iagersb %hls t?ﬁ%le-la%é?og??ug&gﬁ b3 ﬁ ersf%%rﬁﬂes adhesi on

of the perzkeeahBetwebhl)knE venth Enbedi HRAt +ha EBgegL;gér@ A gpodi ment,

adhesion-inproving |layers and partitions are conpo e Sane
mat eri apartptiegard

(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.




to other matters, any of the above enbodi nents or any other technology is
al so applicable to this enbodi nent. Even if the material Zlokuguse2006 -
adhesion-inproving layers and the partitions is sem cured, these are
tightly bonded to each other during a curing process, by an intermXxing
effect at the adhesive interface, regardl ess of secondary bonding.
Exanpl es of the sem cured materials are epoxy resins, polyimde resins, and
acrylic resins. Since the adhesion- inproving |layer before sem curing
contains a | arge anount of reactivesgraups, it is tightly bonded to the
nozzl e sheet during the curing process. 21 August 2006 21 (12) O her
Enbodi nents In the above enbodi nents, the adhesion-inproving |layers are
formed by photolithography. In the present invention, however, the
adhesion-inproving |l ayers may be forned by any other nethod. Exanpl es of

such me Sl el intipg processes, i.e., screen printing and
i ntagli f@fi%??ﬁﬁﬁgﬁﬁgélﬁﬁ% | et di scharging processes using |liquid

di schar ge tus such as the liquid discharge apparatus according
to the preseén q?%%ﬁﬁ%ﬁ%h?(ﬁ?éﬁﬂ?ﬁioiﬂ= Tﬂ%ﬁ?ﬁkgaﬁﬁésaéﬁésion-inproving

layers g d o red gn the nigkel nozzle sheet produced by el ectrotyping.
In the present invention. . howevers>the SHeet ad’{n 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.




adhesion-inproving | ayers may be forned on a nozzle sheet conposed of any
mat eri al such as polyin de and produced by any process. 2lrAugust 20060ve
enbodi ments, the heating elenment is used as the driving elenent. In the
present invention, however, a piezoelectric elenment nay be used as the
driving elenent. In the above enbodi nents, the driving el enment and the
drive circuit are integrated in the substrate. In the present invention,
however, only the driving elenent may be formed in the substrate. In the
above enbodi nents, the |iquid discharge - apparatus of the present invention
is applied to a printer head of a printer for discharging ink droplets.
Furthernore, 21 August 2006 22 the liquid discharge apparatus is

applica r|n head t hat di scharges dye droplets and droplets for
protectPiE) %?%?8&?%5 sers f or discharging cheni cal reagents,

vari ous anal ‘; est 1.N nst I’SUITE S, VQ._I’I ous patternin
appar at uses %%.@%%lsé%arge C caﬁ '@b %ﬁﬂn prete Hp Y&fent s from
ek b e e B o B R I S St o
part't'ﬁgﬁevgﬁ,Ayﬂgsadﬁgg¥%n—lmprov1ng layers may 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 embodiments, the driving element and the
drive circuit are integrated in the substrate. In 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,




-23 WHAT IS CLAIMED IS: A liquid discharge apparatus having liquid
chanbers and nozzles that discharge droplets of |iquids Z2dcdhgusiidféi n t he
| i quid chanmbers through Iiquid channels, the lIiquid 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 wwth 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

substrat,e “gt. pasjtjons corresponding to the |iquid chanbers, for changing
the pr estglu%glﬁlﬁiéiﬁﬁ%tﬁﬁgecﬁéﬁﬁeﬁaéusaﬁ& wirerldiaablige tadbedndari npr ovi ng

| ayers for on the nozzle sheet by el ectrodeposition. 2. The liquid
dischar3%5%%b§$§$ﬁ§ﬁ§%%5?ﬁﬁﬁb VS SrePtets, apdedeonlens fahesi on-i nproving

| ayers ri tosensitive material. 3. The |iquid discharge
apparat3§%§§€§§Hﬁnéﬂp§“b|gﬂﬁr9ﬂlﬁwﬁ8PEFﬁ £tRE ddreharpdro Fherbsaig | ayers

conpri sgdi,@aM®ed- 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.




|'i ke carbon. - - - - - ----- - - -- 21 August 2006 -24 4. The liquid
di schar ge appar at us accordlng to cIa|n1 3, wherein the ndtAugusti¥ded is
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 copol yner is photosensitive. 7. The liquid discharge
apparatus according to claim1, whereps._ each of the adhesion-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

f urt her WHARRpLBs €4.AIMED| -8 at ed subl ayer on the strike-plated |ayer. 9.
The |iquid discharge apparatus according to claim 1, further conprising
strike-plated |ayers disposed between the nozzl e sheet and the

adhesi on-improvi ng | aygr$;q10.45 45?' : ate qiéﬁnﬁﬂgg a%B%r% gﬁggaglng to

claim 1, further conpr|5|ng str ayers di sposeé nozzl e
sheet, aham@@wﬁ-phadednbaykes di Ispios eil. deHavepn theplsitd k@{plaﬁqdiﬂayers

and the %%Q%ih%& :ﬂPr%%anliq Eﬁschambers through 1igquid 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- 1mprov1ng layers comprlse diamond-

llke carbon




21 August 2006 -25 11. The liquid discharge apparatus according to any
one of clains 7 to 10, wherein the nozzle sheet conprisellaAugnsicd8b net al
or alloy, and the strike-plated |ayers conprise nickel. 12. The liquid

di scharge apparatus according to either claim8 or 10, wherein the nozzle
sheet conprises a nickel netal or alloy, and the strike-plated |ayers the
dull-plated |ayers conprise nickel. 13. The liquid discharge apparatus
according to claim 1, wherein the adhe s ion -inproving |ayers and the
partitions conprise the same materia24-14. A printer head having |iquid
chanbers and nozzles that discharge droplets of Iiquids contained in the
liquid chanbers through liquid channels, the printer head conprising: a
substrate provided with partitions on one face thereof, the liquid

chanbers andgt he figui doghannel Siheiqg agskineds beteesnsthe partitigns: a
nozzl e sheet provided wi'th adhes ion- i oving layers at positions
corr espéndiwhgrednt hbet opzizdeeshofelt hes parjédtiahstanton hémpbantesibor

di scharging._l i qui he 0zzl e sheet and the top faces of the respective
ot 11 Brade ks EREnal8oh, 81" M Aot Shnd Barea b T ov ng

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.




| ayers; 21 August 2006 -26 driving elenments provided on the face of the
substrate at positions corresponding to the |iquid chamdrsuguftd006changi ng
the pressure of the liquid chanbers; and wherein the adhesion-inproving

| ayers are fornmed on the nozzle sheet by el ectrodeposition. 15. The
printer head according to claim14, wherein the adhesion-inproving |ayers
conprise a photosensitive material. 16. The printer head according to
claim 14, wherein the adhesion-inproving |ayers conprise dianond-1ike
carbon. 17. The printer head accordigg_ to claim16, wherein the nozzle
sheet is subjected to ion inplantation prior to the formation of the
adhesi on-i nproving | ayers. 18. The printer head according to cl aim 14,
wherein the adhe s i on- inproving |ayers conprise a polyimn de bl ock

copolynmer. 1 Th rinter, head according to claim 18, wherein the
pol yi mi de bl gék cﬁlﬂgl ymefid FOSHIS t FPRAT2GUSTIRCEPTRERY Heéad 2B¥cor di ng

to clai gnbhomhersinks eagh b, ! Reeadles indMNiol ML O¥iaG: | BYEHS160EPLI Ses a
strike- plated layer. 21 August 2006
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;




-27 21. The printer head according to claim 20, wherein each of the
adhesi on-inproving layers further conprises a dull-plat&dgustadfdb on t he
strike-plated |ayer. 22. The printer head according to claim 14, further
conprising strike-plated | ayers di sposed between the nozzle sheet and the
adhesion-inproving |layers. 23. The printer head according to claim 14,
further conprising strike-plated |ayers di sposed on the nozzle sheet, and
dul | -plated | ayers di sposed between the strike- plated | ayers and the
adhesi on-inproving | ayers. 24. The prpgter head according to any one of
claims 20 to 23, wherein the nozzle sheet conprises a nickel netal or

all oy, and the strike-plated | ayers conprise nickel. 25. The printer head
accordi ng t odeivheg dlamats @rovliedheneithet Haarwzof etisheenbstrprtieses a

ni ckel ta r...alloy, and the strike-plated l.ayers the dull-plated |ayers
conprisg%nibﬁgﬁFlggg Tﬁ@rﬁfﬁﬁfgﬁlﬁgéd%ﬁgci%& n&lﬁglglaFﬁFTﬁ?rﬁher °F  the
adhesi oghampioy thd gpeyssuard drhe pantiidd ANScHamE +$e arldie same nateri al .
27. A nethod for meking a |iquid discharge apparatus for discharging

dropl ets of FREHRADf t&M 1BdheiSd odtTdmpaioy igyy -layers .are formed.on The . ...

21 Augu§h;29@6sheet 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.




-28 neans of a change in pressure of the liquid chanbers using respective
driving elenments, the method conprising the steps of: f@ifuggst2aPditions
of liquid channels for introducing the liquid to the |liquid chanbers and
partitions of the 1liquid chanbers onto a substrate that hold the driving
el ements; placing a nozzle sheet having nozzles and adhesi on- i nproving

| ayers on the top faces of the partitions, the adhesion-inproving |ayer
bei ng provided at |east at positions corresponding to the top faces for
inproving adhesiveness to the top fages; and wherein the

adhesi on-inproving |layers are fornmed on the nozzle sheet by

el ectrodeposition. 28. The nethod according to claim 27, wherein a

phot osensi ti%k. | ditee forintlee ddbedi @n:—ddmiimg' ngol ayermmi £0,f ovhedednt o t he

nozzl e sheet, :%ng t he adhesi on- qﬁrOV|nﬁ %y are selectlve%étforned at
the posFEFBnd by “Bat (B H P2 THP oL B etéVerve TAY ST 2§OMPTd SE hdd

accor di ag11opthaem 35131@/2@&%& the s@@&&bepaﬁ%% g ykermed by el ectrotyping
on a conduct|ve menber havi ng a nonconductive projéction corresponding to

t he nozzl e shape, and the adhes i on- inproving |layers are selectively
formed by elfftr%eéjoﬁ Eh%@rorhégg a%zczc)lr%ishb_:;ee%o 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




at the positions w thout renoval of the projection. 21 August 2006 -29 30.
The net hod according to claim27, wherein the adhesion-i2igngusti§obayer s
conpri se di anond-1ike carbon. 31. The nethod according to claim30, wherein
ions are inplanted into the nozzle sheet prior to the formation of the
adhesi on-inproving |layers. 32. The nmethod according to either claim30 or
31, wherein the adhes ion- inproving |layers are formed by a dry process.
33. The nethod according to claim27, wherein the adhesion-inproving

| ayers conprise a polyimde block copplyner. 34. The nethod according to
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 adhesingn-dihpr ovhaggkayier sprenpriseost thiee-Jplqietl thywbsrs36sifibe
net hod %%%o%d%g%et %%ain13 wherein dull- plated |ayers are formed on the
strike- plared Tadyers. éﬂg‘éEFWﬁﬂﬁﬁniEﬂﬁxﬁ%ﬁﬁﬁgtSOEPﬁ A-B9, “{ferEPRSstri ke-
pl ated b&y¢ers are formed on the nozzle sheet, and then the 21 August 2006
-30 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.




adhes i on- inproving layers are forned on the strike-plate | ayers. 38.
The met hod according to claim 27, wherein strike- plated F1Aregust 2006 £ or ned
on the nozzle sheet, dull-plated |ayers are forned on the strike-plated

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

dull -plated |ayers. 39. The nethod according to any one of clains 35 to
38, wherein the nozzle sheet conprises a nickel netal or alloy, and the
strike-plated | ayers conprise nickel._40. The nmethod according to either
claim36 or 38, wherein the nozzle shRat conprises a nickel netal or
alloy, and the strike-plated |layers and the dull-plated |layers conprise

nickel . 41. Boe nmehbodmacrendi agcbpaghai Mma37, eijy the, 4dNe S ¢h,ON-
i mproving | ayers and the partitions co%prise ? e séﬁ%'ngygﬁlaq{ tPFCUID

DI SCHARGE &SR ARG ¥ VRINGT ER WEAD, C oRiyD: MET MO iROR - MK NG 1@l D DI SCHARGE
APPARATUS ABSTRACT OF THE~DI SCLOSURE A |iquid discharge apparatus has
i quid chanbers and nozzles that discharge droplets of |iquids contained
in the |iquBd.chahbemsthblouglolridduiod tehamnels. 3dheyhbayid idhschakge
apparatuys includes, a substrate provided with

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




partitions on one face thereof, the liquid chanbers and the, Ii Uld
channel s bei ng defined between the partitions.' The Ilqd%dAH¥§E

apparatus further includes a nozzle sheet provided with adhesion- |nproving
| ayers 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
t he adhesion-inproving layers. The liquid discharge apparatus al so
includes driving el enents provided o80the face of the substrate at
positions corresponding to the liquid chanbers for changing the pressure

of the I| go o gp%%% i?uid di sc e apparatus is used as a
-prlnter For ARV ag p ¥EFig HG orm on the strike-plated

layers.

38. 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.






