e3e 1>wg. | | M gqrOvevT>w. LI QUI D DI SCHARGE HEAD, LIQUI Oy gbgﬁb@ﬁggtmNQOO
TUS, AND METHOD FOR FORM NG LI QUI D DI SCHARGE HEAD ackground of the
Rr sent I nvention Technical Field The present invention relates to a liquid

di scharge head, a |iquid discharge apparatus, and a met hod”mm mm t he
| i qui d di scharge head, and may be included in an inkjet 10 mmm

present invention effectlvely prevents decrease in reliability,y {h use
fixing a nozzle sheet on a substrate with a predeterm ned naterla t hat has

an excel |l ent chenical resistance and guffici ent adhesi veness“mm mm "”M”m
specifically, by fixing the nozzle sheet on the 15 substrate ed

rubber or with patternable, adhesive elastic naterial. NMbreover, idigopr esent

invention may effectively preven e inreliability by fornlng
wal l's for liquid chanbers and |.Eﬁ%ﬁgﬁﬁgﬁ§ s with polyimde. 20 Background

Such as papkroUnh Hr SERBRGPEERRR Y BBTE o e S, A The
printing stock sucg ﬁOBaPSEOF Iﬁé'?%@ﬁlgeﬁgsé@ é@*ﬁﬁiﬁ the printer

drives driving 25 e ments ange ressure ins the liquid
chanbers - 2 so that the ink contalned in the liquid chanbers is
discharged fromnozzles as ink droplets. The driving elenents may be heater

el emgnt @%@&&f“ﬁ@tfﬂ& Bl &0EN SEndMld Spf the liquid chambers and the
ann

liquid c s are 5 i1ntricately forned wwth a resin such as epoxy resin
or acryldg-pesidin (Fapahnese Unexam ned Patent Application Publication Nos.
61- 154947, 62-253457, 3-184868, 6-286149, and 7-214783). In other words,

the printer head gredearmdvant ifoor v aexanoea aiseidcdadubheye
manuf act uri ng process, wherein, on the sem conductor substrate, driving
Circui tshéad, diiVidgid hei skchat gy adremetiss arandianndtdreb =y foommsdy Wi t h
the driving elenments for changing the pressure inside the |iquid chanbers.
Then, aftlee hiqphiod cderchdrye epoky aresimey depintluded in an inkjet
10 printer. The present invention effectively prevents
decrease in reliability with use by fixing a nozzle sheet on
a substrate with a predetermined material that has an
excellent chemical resistance and sufficient adhesiveness,
or more specifically, by fixing the nozzle sheet on the
15 substrate with cyclized rubber or with patternable, adhesive
elastic material. Moreover, the present invention may

effectively prevent a decrease in reliability by forming

walls for liqguid chambers and liquid channels with polyimide.

20 Background Art
In general, inkjet printers print desired images on
printing stock, such as paper, by discharging ink droplets
from a printer head onto the printing stock such as paper.
The printer head included in the printer drives driving

25 elements to change the pressure inside the liquid chambers



15 cqQated on the sem conductor su!strate, the walls of the |liquid chanbers
and the liquid channels are fornmed on the photosensitive epoxy resin by
phot ol i t hography. In another process, a sheet including nozzles
(hereinafter referred as a 'nozzle sheet') formed by, for exanple,

el ectrotyping is 20 di sposed on the sem conductor substrate. On the printer
head, the nozzle sheet is thernoconpressed to the photosensitive epoxy
resin that forms the walls of the liquid chanbers and the |iquid channels.
25 For known printer heads, the relialdilHty gradually - 3 decreases

Wi th use. More specifically, for known printer heads, the resin such as
epoxy resin formng the walls of the |Iiquid chanbers and the |iquid
channelssgraggs QQ lls with use si;on.and swel | i ng decreases

e. This .5
the adhesive's r@lngt%\ﬁge‘f%tear%rﬁ oz eleﬁslhoé'gé)acﬂ]cf“}bﬁerseﬁcf faces of the
wal | s. T egéar{aolr ec%iﬂénh‘ﬁé’\é){ s GAS .,nlga&)lsoq‘loerg’g bet eeQiinQ;e_Ln ozzl e sheet and

the end tfaces o he wal ['s 'of neilghboring-1iqui'd chanbers, causi ng

crosst al i Ol hgﬂgfg . A rii.cul ar t he nozzl e
sheet isg%%fén%%@or}?&?reqfilﬂés%pa% nic e% Oo%q)hle%to%?eefs%tg%ﬁtelfo &lr%r%'de, t he

adhesi veyst1£ngt heihetnea 4 hen szl £ sheathand dhes eidhdfaees 0% the walls

is low fromthe begi nning, causing even nore gaps to form and worsening the

crosst al &t AfcINen, of seddlki €f Girnse 18t e the Ri-ghherding Jd qui d chanbers
of the printer head, the printing performance, such as resolution of the

printer,adsyieatdyin edugethed@mkinkadnimid fHaidrt taparidat ikingh- r esol uti on

i mges. 20 Disclosure of Invention In consideration of the above problens,

t he presmitilidateidn Qfopr ai-eiest w1, |i-@ sBsscharga susad,, &-2i8guiad ,di schar ge
apparatus and a nethod for formng a liquid discharge head that can

ef fectivald pre3)a. decrease in 25 reliability with use. t -4 To

sol ve the above problens, the present invention provides a |liquid discharge
head, wherei Ant lpEheresonds i Fdiederingelri heed dhafbemedi bychdnged by dri ving
el enents and wherein droplets of liquid contained in the liquid 5 chanbers
ar el8i scHEATYELE f rdons et A He MaTpfAEIr iftke RAEGAASTy ehereins ane

di sposed on a substrate, which has walls form ng the |iquid chanbers and
the i quittP cHRIMRARYGFOS R SA45RFS 1 (R e He Uids foehsmedsd on the
wal | s of the_ ljquid chanbers and the |liquid channels, a nozzle 10 sheet,

whi ch i ndtuddst | LMENES) GFefe TR GRS Ye HRFREh § il thCes of the

wal | s anéjritvhie no elntlaenshsegtt shqul d .be ¢! em cal |y resist, tr‘ﬁaﬂo Tlhe l.i.,quid and
may be forned Wit N hredeteriatet Tt @l &7 SIS dffiide iy dGHéfes to

the nozzlg, Fleal . ImAECYAIY £ P eS8 R Posithg ol spyid
15 coated on the semiconductor substrate, the walls of the
ligquid chambers and the liquid channels are formed on the
photosensitive epoxy resin by photolithography. 1In another
process, a sheet including nozzles (hereinafter referred as
a 'nozzle sheet') formed by, for example, electrotyping is
20 disposed on the semiconductor substrate.

On the printer head, the nozzle sheet is
thermocompressed to the photosensitive epoxy resin that
forms the walls of the liquid chambers and the liquid
channels.

25 For known printer heads, the reliability gradually



dicharge head has driving elenents for changing the pressure inside the

I i qui'd chanbers and di scharges droplets of liquid contained in the liquid
chanmbers from predeterm ned nozzles. The |liquid di scharge head may be 20
applied to various devices such as the follow ng: printer heads using

| i qui ds such as ink, various dyes, or liquid for formng protective |ayers;
m cr o- di spensers, various neasuring devices, and various test equi pnment
using liquids such as reagents; or pattern-making devices using |iquids 25
such as chem cal agents for etching protection. According t -5 tothe
present invention, the driving elenents are di sposed on a substrate, which
has walls formng |iquid chanbers and |iquid channels for supplying liquid
to the Iigu%d gQQ”QEFﬁ-uCh the walls of the |liquid chanbers and the |iquid
channel s 5" thigRoZze 8Reet with the nozzles is bonded. At |east the

(oot stant o R |To o St ShoB S BE G  Ti  d et B eoad mal &

resistant to a prédeternmned materia

t hat Sufébeheggl¥Rggpe£s§iﬁg¥§ﬁﬁi§%§ﬂ§§ ﬁ@ffé-oﬁstﬁerﬁ%ﬁeich%%gﬁféﬁse in

reliability wth use Is ect prevented. For t char ge

head accgrdi PHet 015REAPERSRRLLL NYEHAEONand NS T BElE) £ gd, mefierd al may be
cyclized rubber. The cyclized rubber used as the predeterm ned material for

the I3 qubdodisshangesheadi A§CQE889sE9 the PARSEN e 1St WS | K dsn an
excel l ent chemi cal resistance and elasticity, is easily processed into
intricat ehshapeslbyspattesnd nghe agdd hascssif £ ctigatwarinesi vERessE @ven when
the nozzle sheet is forned of nickel. Consequently, the nozzle sheet may be
attachedifii theywoAb80caké, t f&p s efd fmfloe b dgn 20hé heo el ¢ Ssiseet land t he
portion to which the cyclized rubber is attached defornms. This deformation,
however , thayehé &bsesbef, thadvadtss acf esel¢hbar tewrbbgeid nchatbeds | ity with
long-.termuse is effectively prevented. The occurrence of crosstal k

bet ween fehghbor thgsbsiglkdbenuader shése pkeveihd ech@8oeitg i ng | ong-t er m use.
When cyclized rubber is used for the 't - 6 printer head,

hi gh- esol ut i Bh RPatlgeau iy, B ithediozie giagd denifraaradacd meitadsed for
the liquid discharge head according to the present invention may be a
patt er naBPeEl a8hBirkel ePasheetrheetsERNt P BYY {RIFR, atpatadhedbi®, adhesive

el astic teri for the |jquid djscharge head accordi to the present
Chvent | oREEERECRDSF RS SRt nRGZHLS T i aenetria | Tl yShgy S o4 ridtd ex
forming (he,walls, suells, Lhe ortion Lo whigh the cyclized rubber is
attached ae%orns. i 5788 5P Fa TN, Thonever, nﬁ% 16" he"Absored, ~and, as a

result, Ogﬁgéggsgokgeﬁgkéag%gi&yo%%%%tiong-tern1use is effectively

prevent ed. e occurrenc cros bet ween nei ghboring |iquid chanbers
'S 15 When crosstalk occurs between the neighboring liquid

chambers of the printer head, the printing performance, such
as resolution of the printer, is greatly reduced, making it

difficult to print high-resolution images.

20 Disclosure of Invention
In consideration of the above problems, the present
invention provides a liquid discharge head, a liquid
discharge apparatus and a method for forming a liquid
discharge head that can effectively prevent a decrease in

25 reliability with use.



prevented during the |ong-termuse. Wen cyclized rubber is used for a
printer head, high-resolution inmages nmay be 15 printed. The liquid

di scharge head according to the present invention has walls nade of
predeterm ned material formed on the substrate and the nozzle sheet is
bonded to the end faces of these walls. The predeterm ned material may be
20 polyimde. The liquid discharge head according to the present invention
has, on the substrate, walls of the liquid chanbers and the |iquid channels
for supplying liquid to the liquid chanbers nmade of the predeterm ned
material. The 25 nozzle sheet is bonded onto the end faces of these walls.
Si nce pol yi nmi de, which has excellent chenical resistance, is used as the

predeterm ned material, swelling and erosion is prevented. As_a result, a
decrease in gl 'WQt%PQJgH?Weo §p%gFHPUS %FspéFFSEti& Vo5t &0ent ed. The

occurrence of .5 crosstal et ween nei ghbor.i.,ng l.i qui is also
prevent X WIEHY Fo bq?%$r§ﬁ%§aweeﬁl%o yi'h eeﬁnsl{&gee?}%g%q{rﬁ%e printer
head, hi gh- o] i i . Pr Vil fi.Ci ent
adhesi ve%_ggsfrsg%ndl?étﬁ%??{?t_ e Frd I ﬁ%‘biqriqt\;}?ld;%iyi mde, which is
phot osenshy i e d0h VoD LA 4 CRLAL Y RISRESSAL bih B iz ated i th
activation energy. Block-copolynerized polyimde easily exhibits various

desi red ppORELEL €9re AMs cERNSEHUEN Yo rdde CMBRdISRE: Wd Sufifd ci ent

reliability for various types of processing such as printing. 15 Aliquid

di schar ggr 8pPR% al Usm@C LT S H0i{ Hodd e REreseundmentid i udes a |iquid
di scharge head for attaching droplets of liquid to printing stock. The

liquid digchar gerhesg €hanpeguidechumassty eandistite Tiild qhahrehanbers with
driving el enments and di scharges droplets of liquid contained 20 in the

l'i quid chapbetpplyomy pl egeldrto nede NozqhBs . chlidnbairs vi ran elhensalslsar e

di sposed on a substrate, which has |iquid chanbers and Iiquid channels for
suppl yi ngf | tigei Yigeid hehdmper s ahdmbes slidghed nomirelsheest 'iadd e he nozzl es
is bonded on the walls of the liquid chanbers and liquid 25 channels. At

| east0 t heheendi wyichrimckedes ndwzles | sisfgpnded. At least the

bonding surfaces of the walls and the nozzle sheet should be
chemically resistant to the liquid and may be formed with a
predetermined material that sufficiently adheres to the
nozzle sheet.

15 According to the present.invention, the liquid
discharge head has driving elements for changing the
pressure inside the liquid chambers and discharges droplets
of liquid contained in the liquid chambers from
predetermined nozzles. The liquid discharge head may be

20 applied to various devices such as the following: printer
heads using liquids such as ink, various dyes, or liquid for
forming protective layers; micro-dispensers, various
measuring devices, and various test equipment using liquids
such as reagents; or pattern-making devices using liquids

25 such as chemical agents for etching protection. According



g _ the nozzle sheet should be chemcally resistant to the liquid and may
be formed with a predetermned material that sufficiently adheres to the
nozzl e sheet. For the above |iquid discharge apparatus according to 5 the
present invention, the predeterm ned material may be cyclized rubber. The
predeterm ned material used in the liquid discharge head according to the
present invention may be a patternable, adhesive elastic material. 10 The
| i qui d di scharge apparatus according to the present invention has walls
made of the predeterm ned material en5the substrate and the nozzle sheet is
bonded to the end faces of the walls. The predeterm ned material may be
polyimde. 15 As a result, the present i nvention provides a liquid
di scharge arat us that effectiv [even age.in Ila ility
5 (R ey TRy Sl RGO Pl Sas R e i

with Iong termiu ng 'a nlng ars harge

head acsanedd %let 118 PrESen Ha’%"‘%«’&tl%%”’fo%mg “'1‘1 'ﬁcﬁ%%eﬁg Qﬁ may be

or med rein e pré€ssure inside hers care ¢ ange with the
d“ vi ng 16l RNt AL 1 GRY,e 1 yiinQuind o290t @ionedlel A1HRe 4! CAYRHegRANDETS
are di scharged fronlpreggie%ﬁ%%ea)ﬁ%gzlgg forme e ltqe nozzl e gheet The

driving gl et 1are g4 %@&Sqq%%ﬁda Hibplarat anw I%t|ﬂe| h1qyuda2enahaehers and
i quid channels for supplying liquid into the
5 the nozzle sheet with the nozzles is bonded. At least the
bonding surface of the walls and the nozzle sheet should be
chemically resistant to the liquid and should be formed with
a predetermined material that sufficiently adheres to the
nozzle sheet. As a result, a decrease in reliability with
10 use is effectively prevented.
For the liquid discharge head according to the present
invention, the predetermined material may be cyclized rubber.
The cyclized rubber used as the predetermined material
for the liquid discharge head according to the present
15 invention has an excellent chemical resistance and
elasticity, is easily processed into intricate shapes by
patterning, and has sufficient adhesiveness even when the
nozzle sheet is formed of nickel. Consequently, the nozzle
sheet may be attached firmly. Also, if the resin forming
20 the walls swells, the portion to which the cyclized rubber
is attached deforms. This deformation, however, may be
absorbed, and, ae a result, a decrease in reliability with
long—term use is effectively prevented. The occurrence of
crosstalk between neighboring liquid chambers is prevented

25 during long-term use. When cyclized rubber is used for the



g , liquid chanbers. The nozzle sheet with nozzles is bonded on the walls
of the | i quid chanbers and the |iquid channels. At |east the bonding
surface of the walls and the nozzl e sheet should be chemcally resistant to
the liquid and may be formed with a predeternined material that
sufficiently 5 adheres to the nozzl e sheet. The nozzle sheet is bonded to
the end faces of the walls. The predeterm ned material for the nethod for
forming the Iiquid discharge head according to the present invention may be
cyclized rubber. 10 The predeterm ned gmaterial for the method for form ng
the liquid discharge head according to the present invention may be a
patternabl e, adhesive elastic material. According to the nmethod for form ng

the |iquid,dischar head, accor to,the prese |nvent| n, the walls are
made of Pﬁen%?Edﬁ?gsniﬁeﬁhnﬁ?ﬁ? 3?9%ﬂdl?%9 rb?\ ?F?@ate and the
nozzl e sheet s bonded to the end fac es of IIs T redet erm ned

mat eri al ”‘t)le ?}%ﬁ%ré“ rieéj AEEE rrjesull{sec{ nvent| olﬁg?ow des a liquid

di schar gs}ggﬂgggwe Lhatcetlastivel ytﬂéea]feg;ebeaw cLgens, PG o abi [Tty

with | on érm ri e SCr i on of is a

oo s A ML, B LgL g DERELSECgRhpan 0 51174 embos erL of e
(BE) aje perspgetiyeng a patternable, adhesive elastic material for
the liquid discharge head according to the present invention,
the nozzle sheet may be attached firmly. Also, if the resin
forming the walls swells, the portion to which the cyclized
rubber is attached deforms. This deformation, however, may
10 be absorbed, and, as a result, a decrease in reliability
with long~term use is effectively prevented. ' The occurrence
of crosstalk between neighboring liquid chambers is
prevented during the long-term use. When cyclized rubber is
used for a printer head, high-resolution images may be
15 printed.

The liquid discharge head according to the present
invention has walls made of predetermined material formed on
the substrate and the nozzle sheet is bonded to the end
faces of these walls. The predetermined material may be

20 polyimide,

The liquid discharge head according to the present
invention has, on the substrate, walls of the liquid
chambers and the liquid channels for supplying liquid to the
liquid chambers made of the predetermined material. The

25 nozzle sheet is bonded onto the end faces of these walls.



viewg of the manufacturing process of the printer head of Fig. 1. Fig. 3 is
a perspective view of a line printer using 5 the printer head of Fig. 1.
Rg. 4is atop viewdescribing the alignnent of head chips related to the
printer head of Fig. 1. Fig. 5 is a cross-sectional view describing the
manuf acturi ng process of a printer head according to a third 10 enbodi nent
of the present invention. Figs . 6 (A, 6 (B , 6 (©Q , 6 (D ( 6 (B ,
and 6 (F) are cross sectional views describing the manufacturing process of
a printer head according to a fourth enbodi nent of the present invention.
15 Figs . 7(A , 7(B , 7(© , 7 (D , and 7 (E) are cross sectiona

vi ews describing the manufacturing process of a printer head according to a

ar e or 0SS 86T POREI ™ PEnY S HERET | BRI rf%?ﬁf?la%%ﬂ ﬁam%%s g8

are oros8oslort onar BrEAETHETL e BT RS Mt St T IR DI pr it er
head acgg%ggggt%g 2, g h-erbodt rfgnaegiegpee ﬂzelssﬁﬁwe i@, 25 Figs. 10

(F) ., aré Cr 0SS |ona V|ems

descri bi pgy % PH”HééCRHréPge8£99ﬁ§§n§£Qf§HHS@t tfhé“éhcé%{% 111is a

Cross-sect| Vi ew descri acturing process a pl’l nter head

aCCO@ﬁ'n8r§s§€¥ﬁﬁtBe@w@QPOHéDGH$oPIn§hflﬁﬁféegﬁamﬁé%gﬂié”bliﬂ95 . 12 (A
12 (B) , 12 (O , 12 (D) , 12°(E) , 2 (F) are cross-sectional views

?ﬁig:}!{ Ib'oﬁgeﬁeﬁ{:éﬂt &hr1£3d1 8650 iN0us . anyed 9t dn Lihodd nenty Qg ther present
the printer head, high-resolution images may be printed.
Polyimide has sufficient adhesiveness and, thus, it has
sufficient reliability. Polyimide, which is photosensitive,

10 may be intricately processed by being irradiated with
activation energy. Block-copolymerized polyimide easily
exhibits various desired properties, and, consequently, it
can be used with sufficient reliability for various types of
processing suéh as printing.

15 A liquid discharge apparatus according to the present
invention includes a liquid discharge head for attaching
droplets of liquid to printing stock. The liquid discharge
head changes the pressure inside the liquid chambers with
driving elements and discharges droplets of liquid contained

20 in the liquid chambers from predetermined nozzles. The
driving elements are disposed on a substrate, which has
liquid chambers and liquid channels for supplying liquid to
the liquid chambers. The nozzle sheet with the nozzles is
bonded on the walls of the liquid chambers and liquid

25 channels. At least the bonding surfaces of the walls and



10 Best Mode for Carrying Qut the Invention Enbodi ments of the present
invention are described below by referring to the drawi ngs as necessary.

(\1) First Enbodinent (1-1) Arrangenent of the First Enbodinent 15 Fig. 1 is
a perspective view including cross-sectional views of sone portions of a
printer head included in a printer according to a first enbodi nent of the
present invention. The printer has a printer head 1, which discharges ink
droplets onto printing stock to print desired 20 i mages. The printer head 1
is aprinter head for a full line pHrder with a plurality of nozzles 2
arranged over the width of paper, which is the printing stock. The nozzl es
2 are arranged in a line over the wdth of the paper. Each 25 |ine of

nozzles |s predeterm ned to rticul ar lor_of. .- 1 ink. As a result,
the pri njfli? Iﬁ%ﬁﬁi"l %Pé e‘gr?*h?‘%c‘g?%? (fck}?ané Q@I Feststent gteor st&eecti ve view
showi ng a,portion.of the |rne of nozzles he pr | 1...The printer
head 1 i %%: ?J%i‘(sas?n%nmaay rs]tljj%sif:?]g G‘éé 3‘71%\}/&? sp%]%%tﬁr%ur%% ?é]aa%%gi?asl 4thfhc

containiﬁgﬁﬁpgieaeigé%ghgieg.#%qg%g £ i &L supplying ink into the

liquid c ers nd a nozz eet ornmed on these walls. The

substrate 3 i, f ayed i & 181%[{31%9%%&& A AGEWLSNG RS, twherein

heater elenments 8, which are 10 driving €l ements for changing the pressure
i nsi de thgel hadlssh€henben€idn, afke dbidddie &hikdt trfa fF 1 Al ind W d hese heat er
elements 8 are sinmultaneously formed on a silicon wafer. The wafer is

di vi ded tptpisedsivshes. 3, having predeterm ned shapes. Consequently, the
printer head 1 changes the 15 pressure inside the liquid chanbers 4 by the

heater el enentite &retutdrmtireedmatarg o enyd 9 rf ahechdhngiidg dilsehprezsur e
inside the Iiquid chanbers 4, and di scharges droplets of ink contained in
t he |i quhdaghaoberdidgf tomchhepnezzhesidventboprimayi bg st pektez@abhe,nozzl e
sheet 7 is a nickel sheet, which is fornmed by electrotyping, or a polyimde
sheet wi éfhbeaveresastanceatdheahi ckel nozzle sheet 7 forned by
el ectrotyping allows the fine nozzles 2 to be easily formed with high
prediGsi on. THEY§ Ol AW H e rfoya g s REa r2 thids aecealdiast tehddicc Mreseditst ance,
25 providing high reliability. - 13 ) ,

inventidn has walls made of the predetermined material on

the substrate and the nozzle sheet is bonded to the end

faces of the walls. The predetermined material may be

polyimide.

15 | As a result, the present invention provides a liquid
discharge apparatus that effectively prevents a decrease in
reliability with long-term use.

By applying a method for forming a liquid discharge
head according to the present invention, a liquid discharge

20 head may be formed wherein the pressure inside the liquid
chambers are changed with the driving elements and droplets
of liquid contained in the liquid chambers are discharged
from predetermined nozzles formed on the nozzle sheet. The

driving elements are disposed on a substrate with liquid

25 chambers and liquid channels for supplying liquid into the



The walls 5 and 6 are entirely forned of patternable, adhesive elastic
material. Thus, on the printer.head 1, the nozzle sheet 7 is attached onto
tshe substrate 3 with this patternable, adhesive elastic material. As a
result, a 5 decrease in reliability with use is effectively prevented. In
particular, the walls 5 and 6 are fornmed wth polyi soprene rubber, which is
cyclized rubber. Here, polyisoprene rubber is partly cyclized natural or
synthetic cis-1, 4-polyisoprene and has characteristics such as strong 10
adhesi veness, stable quality, and high €hem cal resistance. Cyclized rubber
is a photosensitive resist. The cyclized rubber, which is a photosensitive
resist, is a highly reliable material with a long history of being used as
a rubber, .resist. Further, clized rubber | i 15.p i zed
conpoun&lﬂH&FU&PﬁE%&ﬁ§atuF&%eaoéé S|8988ﬁd¥§Fﬁ Bth%%Fegﬁlggén &iéﬁa

mat eri al_,w del.y us ar .phot.af abr | i,0 Vo o] i ion'" is a
generictpgrmaﬂgﬁ ) gt% c%&gﬁégy%géégg%Srgﬁ%:ﬁbgc%bgﬁgg éggﬁggggprec!sion
components 1, APRIK A 8 Qe Kengnteqhnl gugnd0cRE. AofoiBl nation of

t hese techniques nai nl'y based on techni ques such as chem cal etching,

el ect rolytl 10 5O kG eLAAR! 2LkRg R ¢B YRES1 1881 HBKS. mkgSi St films
patterng eﬁ& %%%E&F?Fﬁogra%hy teghniqﬁesé Photofabriégt%on IS gu?rently t he

mai nst r eaMeAgekiohadh fa°?r@'d%@e%&n@ﬁe35mﬂrt@%@§§i Reat! Bukhisienbogi ment,
1 patterned by photolithography, and the walls 5

cyclized rubber 1s -
and 6 angHdHdd Gt ene hezred whikthi ghher aekgilenshdetcysl baadedubber that
is a photosensitive resist, rubber resists nade of polyisoprene or

pol ybut adiceredmadee rused whbne.specifically, Fuji FilmArch's SC Seri es,
|C-T3 Series, HR Series, HNR Series, or VHR-2, Tokyo Ohka Kogyo's EPPR
Series, or Zeas Poepetatrmined XEPMEO3aBIfomythe mstiod Fgs. f@mingo 2(E) are
cross-sectional views describing the manufacturing process of the printer
head 1. the tlienui@ remehactaer hegdpeccessinghéohsheeprebentntisveniienf or ned
on the silicon substrate 3 by a sem conductor manufacturing process (Fig.
2(A}). Tey der fcacd igfed mbbglystrate 3 is treated or nodified as required.
Then a material |ayer is disposed on the substrate 3 to inProve t he
adhesi ve str&hgt Rredesermeerdt Ratetbatlr £08 ShanBethed waPT st&*BHYI6. The
material | ayer disposed to inprove the adhesive. strength shoul d _be_nade of
a mat eritdle t@BHS FEISFhadas @&thﬁF§°F€ﬂ§goF°p§88e§§F%§ptA§n¥ﬁ8ﬁﬁ°Fn Fig.
2(B), a resist made of ph tos%%%ithve 29 c%cli%gg EEQEer is applied onto
the subdatd $ WAHSF at &NETET St FirERNESs 36 j

\ _ _ : rmng a resist |ayer 11.
To apply the,Lesial Layer (hd ni8hiausoarpbLaalyopnlRiggegused in -
sem conduct of nuﬁagturlng processi ng, such as spin coating, bar coating,
or gHrt gy NG, JTRY g HE 82 Heckness n@knkthiBnr e¢hat whayer 11 is
arrgﬁgeghs%(ﬁ%h entg]he af&ecf%ﬁ?ﬁgn; hei g%t eof then! i (Iqlui dnchanbe‘rﬂs 4 becones
the desifd Mg r AWMy tR dRliGre 2 @ertiBe b@S $bri@rebnlingade of
phot osensitive cyclized rubber is selectively exposed to 5 activation
ener gy Eibddradtied. aAHdCthd e 2XRr0sededs a3 bdndedi ¢at etebgndeffacesce number
11A. The activation energy 12 may be ultraviolet rays, electron beans, or
X-rays, gdepanrdivagd 1en t e mareldte rafi nicte mageirdtal mayt bies peiigadiident
ultraviolet rays exposure equipnent is used to irradiate the 10 resi st
| ayer 11 madasof egehilredthebbewvephdbospnsvides 801280ifindischange [ nm
with ultraviolet rays. In Fig. 2(C, reference nunber 13 indicates a
pho2bnasippaAs tstsovrhath eFfifpctZ(vBLy threvieadissta [dggaease ii® devel oped using
specific liquid devel opers and solvents. Then the

reliability with long-term use.

Brief Description of the Drawings
Fig. 1 is a perspective view of a printer head

25 according to a first embodiment of the present invention.



15 unexposed areas are renoved fromthe resist |ayer 11. By

phot ol i t hography using the activation energy 12, and walls 5 and 6 of the
i quid chanmbers 4 the liquid channels are patterned onto the cyclized
rubber. As shown in Fig. 2(E), the nozzle sheet 7 is positioned 20 and
pressure-fixed. The nozzle sheet 7 is held by the adhesiveness of the
patterned material (hereinafter referred to as 'secondary adhesiveness').
The nozzl e sheet 7 may sinply be pressed to be bonded. Further, after the
nozzl e sheet 7 is attached to the cycllozed rubber, its adhesive 25 strength
may be strengthened by supplying energy such as - 16 heat, light, or an
el ectron beam The energy such as heat, |ight, or an el ectron beam nay be

supplied while the zl eet, 7..i s pressed. cycli 11A
formng the v@qss' ggﬁd gz(fsé}x'esz (éw:)t’hez (r?gz’zlaélds-ég@t) rteo%t%%es%s%%ggt["reat e 3.
Then the_cyclized rubber 11A is.cur j r ubber
filmon ‘(’:%/%:/‘T’? z%g }ﬁ%brg‘?mﬁ%&‘f%lr |%g§ %?g%/%%ag%% ézgjdg %ﬁ%rﬁél%ir%fay be

- perfor . befpore or while attaching the nozzle sheet 7. Wen curing is

per formed before attaching the nozzle 10 sheet 7, it is necessary to make
sure that the,sgyclq z gggggeﬂgg Si ' @&l ach the
nozzl e sheet effa/'Fijg.zlesg al{ a ﬁer spggqs}\}%n’v?%\?v%ofmgﬁsH\rg%gtﬁil}nﬁlg’rﬁtﬁtavi ng the
printser feadydindermbidespringer; 101 is fully contained in a rectangul ar
chassis 102." A paper tray 103 Contai ni ng paper 104, which is the recording
medium is i rlsﬁ{].t ed f4 Mg hedev MaicAioinrd R the dneiit off theadchassi s
102, allow ng the paper 104 to be fed. 20 The paper tray 103 is installed
into thechipe peintea 40ltheoprimect risyad ndetridhen. a mechani sm pushes the
paper 104 agai nst a paper-feeding roller 106. The rotation of the

paper -feedi nFi®l |erid (6 causesddie qeapern i des drdpmd edheout fromt he
paper tray 103 towards the back of the line 25 printer 101, as indicated by
arrow A mOmufaetbatkgoprobess of 1§ primeeprhiendraq@irdinyersed rihieds 107
are di sposed. The rotation of the reverse rollers 107 causes the paper 104
to Bé feembopdimenti ebcthensresvmt dbnyertiomnt of the line printer 101, as
indicated by arrow B. 5 1n the line printer 101, the %per 104 fed in the
direction i ndik¥t e B} arf G B HEFsed Rer & Fa pAFEt Gto(r dy 33 SF¥SSpurri ng
rollers 108, as indicated b¥ arrow C Final%¥ t he, paper 104 is_ejected out
from an SEEFEPPALsSPbEES SRSERLLIHEINENBIMAHE ??HF%#%rﬁ%ﬁc%iﬁuogx ead
cartridge 120 10 is . di sposed befween_the spurri rollers 108 and the

out | et oﬂrf%EeFihﬁaBr?ﬁggfgiﬁi %? FhECTT H ?W??é%heﬁfnfgagh?r&ﬁ%%ﬁ%% by

arrow D,,so that it can be replaced when necessary.
invention.

15 Figs. 7(a), 7(B), 7(C), 7(D), and 7(E) are cross-
sectional views describing the manufacturing process of a
printer head according to a fifth embodiment of the present
invention.

Figs. 8(F), 8(G), and 8(H) are cross-sectional views
20 describing the manufacturing process subsequent to Fig. 7(E).
Figs. 9(a), 9(B), 9(C), 9(D), and 9(E) are cross-
sectional views describing the manufacturing process of a
printer head according to a sixth embodiment of the present
invention.

25 ' Figs. 10(F), 10(G), 10(H), and 10(I) are cross-



The head cartridge 120 includes the printer head 1, 15 which has yell ow,
magent a, cyan, and bl ack |ine heads and which is disposed bel ow a hol der
122 formed in a particular shape. Ink cartridges Y, M C, and B, for
yel | ow, magenta, cyan, and bl ack inks, respectively, are disposed on the
hol der 122 in the order. Consequently, the line printer 101 20 can print
col or i mages by di schargi ng each color ink fromthe respective |ine head
onto the paper 104. In the line printer 101, the nozzle sheet forns a unit
for the four colors. As a result, eachldischarge nozzle is positioned
accurately and the cartridge can be easily 25 repl aced. - 18 Fig. 4
descri bes the arrangenent of head chips 3 according to this enbodi nent.
Fig. 4 is a partially en i i f j de of the paper
104, ns SHEWRCTHL prpteE e A e R P R SV s (i
zi gza | SPOS o] e nozzle sheet 7, on both sides of ink

annel "TBSEent CROCE O

channel eac . Each head chip 3 is disposed so that the

heater el emenis; 8 are d ocaled QR dde Jidk chanN@lestird®inkn toher words, the
head chi ps BQ%"o#g'gf%e of the ink cﬁénnel 133€§re aﬁrgﬂged so that they

10 are r&éﬁﬁ?ﬁc@rﬁxﬁgaﬁ%@ewwﬁ% goidther heatd ciqsrBimn 4 hevppasi te side

of the ink channel Thus, for each color, ink nmay be supplied to each
head schi gnSodife@Peot Nkn&hareednd 3wustedh. As a result, high resol ution
may be achieved for the printing using a sinple structure. 15 Each of the
pads 134 ar e migposexi(@mppriexisygt alay(d)n tize(Dyi, ddl2g Eof, el AEAd)chines 3, in
the direction the nozzles 2 are aligned (the direction perpendicular to the
di recti ofiroéstbhecphpeslisiées)desmdilaime rotet utdy NS0T aetend g tio each

ot her so that the distance between each pad 134 becones 20 equal .

Consequeat | gightiexebbedimeningo Hodre proamet atvemtidre. pads 134 of the

nei ghboring head chips 3 of the printer head 1 are prevented from being too
close to each other. In other words, the flexible wiring boards are
prevented from being concentrated in one region. 25 Wen the nozzles 2 are
rot dtled Bestedede bEar abayeyirglut -the IRFENEIR sequence, in response to a
driving signal, of the group of heaters 8 on the head chips.3 disposed on
the upper si dERFMPEHICLHAMATSFERY S TVEE ORI 36% ﬁlersggrd‘é)(?tddt o the
groups of heaters 8_on the | ower side.. Accordin 0 s 5 enbodi nent, the
drivi ng g%ﬂ%%n%% B?fﬁﬁﬁfﬁgsL%mf%ﬁ %ﬁﬁ%ﬁ%ﬁst%% ?égé %%Q%E 3 may be switched
to a driyipg sequen onding to the heaters 8 disposed on the head
chips 3 g%peag ggfdgggggiﬁggghannel 133. (1-2) Operation of the First

Enbodi menf _ i condu r t ich has driving el enents,
of the p##n%grcﬁggggiéﬁghg §glf§85F%#§?H£ ?%%Fﬁmghanbers 4 and the walls 6
of the liqui ck%:_arlneiss Ao fPdma R wiXs! 1ERA JdibReor oMY -GedSichal
patternabl e, adhesive elastic material. The nozzle sheet 7 is pressed and
hel d aga}0sfs 1ort BEm¥RHbEL DoREdoB. a | Prifter Weyad oindhedgpd i ntesa head 1, the
nozzl e sheet 7 is fixed to the substrate 3 wth cyclized rubber, which is a
pat t er naptentadhestyedehgsto canht est abmbddiméme of i therphesent that is
formed in this way, ink is supplied to the liquid chanbers 4 through the
liquid invention. The printer has a printer head 1, which

discharges ink droplets onto printing stock to print desired
20 images.

The printer head 1 is a printer head for a full line
printer with a plurality of nozzles 2 arranged over the
width of paper, which is the printing stock. The nozzles 2
are arranged in a line over the width of the paper. Each

25 line of nozzles is predetermined to a particular color of




20 channels. The pressure inside the liquid chanbers 4 is changed by
driving the heater elements 8. Due to the change in pressure, ink droplets
are discharged fromthe nozzles 2 of the nozzle sheet 7. The printer
operates to attach the ink droplets discharged fromthe nozzles 2 to the
printing 25 stock. - 20 Long-termuse of the printer head 1 causes the
walls 5 and 6 of the liquid chanbers 4 and liquid channels to be exposed to
ink. This exposure to ink may result in erosion or swelling, causing the
adhesi ve strength between the 5 nozzl¥ sheet 7 and the walls 5 and 6 to
decrease. Furthernore, crosstal k may occur between nei ghboring Iiquid
chanbers 4. This enbodi nent, however, uses cyclized rubber, which is a

patt er nahl.e, hesi yve el ast.i ial, of I I nd 6 of
Phe 11 quitth chafbes o SHer 1 HEe TRHa AL el 1768 Wr 8 e 3 3aPe®E et 7
to the subst e A ' . rub i clent LveRe bet ween

t he nozzl e sﬁgéf gﬁdgtEégéhéggéggspg%wtEgg&%ﬁPsQSPQgggghigﬁngﬁﬁtained.

Al S0, a el s, da Nes] e Sihanaldh (A 15 18l eetiitely nakavant ed by
reduci ng stress caused by heating cycles. As a result, crosstal k between

nei ghborifg Jdui & Lhanhels /A 1ean b anavented 18lhad ichamberand the
decrease in reliability with long-termuse can be reduced effectively as
vell 5 2Qdit 4 senmadl rpntys the mal 115 dmiandnénele 1t e d isapipd yalmgmbers 4 and
the liquid channels are formed of cyclized rubber, which is a patternable,
adhesi vei i astic s ariclid Ohisnbeafs0si, ommnG $welzlienghefett e fvairesl 5 and 6
are prevented as a result of the chem cal resistance of the 25 cyclized
rubber. s thesswdlls=as decrease in adhesiveness - 21 due to erosion and
swel ling may be sufficiently prevented, and, furthernore, a decrease in
reliability Vihehsubsgreecemduse faympd bff ecsemécyngnetented. By forming the
walls 5 and 6 of the liquid chanbers 4 5 and the |liquid channels wth

cycl i zednanupfRgtuniia ipiores patvthaneasl deaddie ShememtEs s c Whaicer iddle t he

l'i quid chanmbers 4 and |iquid channels may be fornmed with high precision by
applQi nfRarinuseanans § 04 GESH R dE RresSUES 4nsddd tthegdil@iist at i on
of printing precision due to the difference in 10 the fabrication of each

liquid IRERRETS Andtd QR Y OfafdicHdf €% dFided % id asfe ¥ ence in

th it f h finish duct wll t b 1. B i th
bri nter HRAEFAESaE G e (e aTe TR G S8y AAEd 1 ubber .
whi ch | SI‘ha p_vpaoéeors einsSI&j!\yiede]thj.'r’_lnoso' Sstubsq{raogesp%‘l,y'hsa%rnpgpﬁ)elrﬁmeerrgli\ﬁ?g:h has

shown good p€erfor nance as a osensitive mat'eri al I qui nmbers 4

and the %ﬂoag#ﬂa%hfl fb?c!\maf‘éccﬁd{?gcyl € (i iRd Midh il Oh 1PTRGIsiean dhe

photol it a type of mcro fabrication technique. Thus, the
enthge Qocessrd o8 2k HafdMNgniiNe Hanlfedd SUBSL FAe ndated EnGde

| iquid chanbers 4 and the liquid channels may be carried out by
senmi CoNGYICteH 1 SN A CH M iy RIIRGRSSES £fAS charREWd thelffricysite reliability

of the printer head may be acquired through a sinple manufacturing process.
25 (1-3)iddiestihaofl Fguisd dHEwsErEn, and 24 soheeed Ry dpd did o fenbyodi ment
the walls 5 and 6 of the

contained in the liquid chambers 4 from the nozzles 2 onto

printing stock.

20 The nozzle sheet 7 is a nickel sheet, which is formed

by electrotyping, or a polyimide sheet with heat resistance.

The nickel nozzle sheet 7 formed by electrotyping allows the

fine nozzles 2 to be easily formed with high precision. The

polyimide nozzle sheet 7 has excellent chemical resistance,

25 providing high reliability.



l'iquid chanbers 4 and the liquid channels are forned of cyclized rubber,
which is a patternable, adhesive elastic material. The nozzle sheet 7 is
pressed and held against 5 these walls 5 and 6. Consequently, by fixing the
nozzl e sheet 7 to the substrate 3 with cyclized rubber, which is a
patternabl e, adhesive elastic material, a decrease in reliability with use
is effectively prevented. Since the cyclized rubber is polyisoprene rubber,
10 sufficient reliability nmay be acquired. Furthernore, sufficient
reliability may be acquired for the-phatesensitive resist, which is

subj ected to photolithography. The photosensitivity of the cyclized rubber
easily 15 enables the walls of the quuid chanbers and the quuid channel s

be i i ly f i hot ol i th
(0o 1 1EE XEATRI i ILG0 SE, 0 B oL otk agh B
phot ol i t hadraphy. eﬂ‘serfié %Atdezclhaai”ber y o%o tl%ef apcx{ {463 8l Y, Jof JTE e‘é"') th

hi gh precision Sem con manu uring process
Second 3 g@g@r i f r nent
except EEPQQi?ﬁﬁ%%Q offusr ng po %r@o%%]gtn}gér r tjh v%?g? cyc |zed

rubber, Dol ybul ath &ne, JWhbefe I8 4580 materdhl S 'Ré %m yigoprene

rubber, Wwhich i's cyclized rubber, pol ybutadi ene rubber as a strong

adhesi vey st &g hin Stabi & propeniies u et & &Yl ches £ el sesi sdance. _
Mor eover, pol ybutadi ene rubber” is a patternable, elastic material that 5 is
suitabl e for 1H gaathialigat itde wBahwbut adicere arebBerrmdRY with
polyisoprene rubber, which is cyclized rubber. Here,
polyisoprene rubber is partly cyclized natural or synthetic
cis—~1l,4-polyisoprene and has characteristics such as strong
10 adhesiveness, stable quality, and high chemical resistance.
Cyclized rubber is a photosensitive resist. The
cyclized rubber, which 1s a photosensitive resist, is a
highly reliable material with a long history of being used
as a rubber resist. Further, cyclized rubber is a highly
15 polymerized compound including unsaturated double bonds in
the molecule and is a material widely used for
photofabrication. Here, 'photofabrication' is a generic
term for the technology used for manufacturing various
precision components by applying an electroforming technique
20 or a combination of these techniques mainly based on
techniques such as chemical etching, electrolytic etching,
or electroplating, which uses, as masks, resist films
patterned by photolithography techniques. Photofabrication
is currently the mainstream technology for precision

25 processing. In this embodiment, cyclized rubber is



be used as a photosensitive resist by adding bis-azide conmpounds as a

phot osensitive group. In this enbodi nent, photosensitive cyclized rubber is
used to formwalls 5 and 6 of liquid chanbers 4 and |iquid channels by

phot ol i t hography. 10 A nozzle sheet 7 is pressure-fixed to the walls forned
of photosensitive cyclized rubber. A bis-azide conpound, which is a

phot osensitive group of polybutadi ene, becones a nitrene radical by

evol ving nitrogen gas when irradiated with ultraviolet rays. Then 15 the
doubl e bonds of the cyclized rubber-ungergo a cresslinking reaction, i.e.

H abstracti on, and bondi ng reacti ons between the nitrene radicals occur,
causing the portions exposed to ultraviolet rays to be selectively made

compounde® FEe S B ST HE0 IFHRE 1 T (TG L o aha ) el e
di (4: dob A- h d 2,6-di (4 .

a2|doLgn§9€f%%% eﬂﬁy ?ﬁ?fxﬂﬁvgﬁg%ghgﬁ%gﬁgsggﬂ|gh resbgnse speed and are

wi del y used fEPst C!a)cfallszedo\(i‘%%r INg1q & @ﬁ%‘% @%@E’t&%e saReffects as

the 25 first ment ma e acq U|red even | utadiene i's - 24

used as m@b&y %é%f ngs agﬁ%@&lw&p %Je%eéne whihd s used

in the first odi nent shown 1n Fig. 5, 1nthis

enbogj m@éedmlnhér@fsﬁé&wpca'ilﬁ ey s Bdy 4084 & cfanisl e dr erd-ofgred with
cyclized rubber by applying scrieen printing, which is a type of patterning

and pringépged ecii gpies e N INR A &ETL D, o1 5 T SIAIEL IKbd e Sane way
as the shape of the walls, cyclized rubber 16, in the fornmed of 10 a resist

paste, iSpERSPOsEEs, Byr My L rssteegae sl ZpNI1E3 - Inaedhd ubei. 16 is
applied in the shape of the walls of
Figs. 2(A) to 2(E) are cross—-sectional views descrlblng
the manufacturing process of the printer head 1. In the
10 manufacturing process, the heater elements 8 are formed on
the silicon substrate 3 by a semiconductor manufacturing
process (Fig. 2(A)). The surface of the substrate 3 is
treated or modified as required. Then a material layer is
disposed on the substrate 3 to improve the adhesive strength
15 Dbetween the substrate 3 and the walls 5 and 6. The material
layer disposed to improve the adhesive strength should be
made of a material extensively used for this type of
processing.
As shown in Fig. 2(B), a resist made of photosensitive
20 cyclized rubber is applied onto the substrate 3 with a
predetermined thickness, forming a resist layer 11. To
apply the resist layer 11, various application methods used
in semiconductor manufacturing processing, such as spin

coating, bar coating, or curtain coating may be used. The

25 thickness of the resist layer 11 is arranged so that the



the | iquid chanbers and liquid channels. After letting the solvent dry,
processi ng such as baking is perforned, if required, and the walls are
frormed by crosslinking. For 15 these processes, the nmesh for the screen 15
i s selected depending on the precision of the walls. Furthernore, the
positioning and gap between the screen 15 and the substrate 3, the tilt and
the pressure of the squeegee 17, and the viscosity of the cyclized rubber
16 are optimzed. 20 In this enbodi nent, a nozzle sheet 7 is
pressure-fixed, in the sane way as desgr+bed in the first enbodi nent, onto
the walls fornmed as described above. As shown in Fig. 5 by formng the
walls of the liquid chanber and the |liquid channels with cyclized rubber by

25 . printing. i dition.to the effects of the.fi .~ 25
enbodi ettt e YT STor Thd S RIS & BRFIE 150 CiEnel s may e

f or med eyen, fore efficiently. (4) Fourth Enbodiment In this enbodi nent, as
shown in Figs. 6(A) to 6(F), 5 walls of liquid chanbers and |iquid channels
are formed wiyth i zed pzubber by pad RELALIENG,WRi 6 L§g@ncentaglio

transfer net ﬁ‘tgd S@é%lni ELt%agllgé pr(icﬁt’i ﬁg an% \%ﬁ%i c%a?,s both a patot erni ng net hod

and a pgm%ﬂ&m&% A SHAM fbddid-1 S Ahe & iRFARISHESR @rount of 10
rubber I

cyclize 16 1s applied on an intaglio 21, which i's forned by the

depr essefhPardd Q1S é%feﬁ’é%’ l12. Thep @ paueggee the ek dred idld these
depressed portions of the intaglio Z1 with cyclized rubber 16, and the

excess Cdizotkd URPee b -drcss Gt afiffa. 1TSS ahawadibrFiche B(B)12 t he

intaglio 21 is pressed against a transfer pad 22. Then, as shown in Fig.
6(CO), thexy ensfetrapac2X iyl lakapad daaus t ke ixtmglid,0 21 at a
predetermned rate. As a result, the cyclized rubber 16 filled in the

depr essetkpEdiransoroftidiepropagty co21ths 2Osistnsf &nr édisoemhedimansfer pad
22. After noving the transfer pad 22 over a substrate 3, the transfer pad
22 is pressmyionter thay s dhaiantre FquEpmsitdwi S nsRidy. to(iDradiiedie the shown
in Fig. 6(E), by pulling the transfer pad 22 apart fromthe substrate 3,

t hel@ycliesids 5 avaiberl 1&dans foieyal isetheragordiatpan aife éhdige of the

- 26 walls on the transfer pad 22, is transferred onto the substrate 3.
After |28 ngmheasdl8feninmf witd didsaide abi@yste dry Fighoceddinng such as
baking is perforned, if required, and the walls 5 and 6 are fornmed by
crossl i MGIREE™Y MU ProdddicatRs &adP Bt g the transfer pad 22, the

As shown in Fig. 2(D), the resist layer 11 is developed
using specific liquid developers and solvents. Then the
15 unexposed areas are removed from the resist layer 11. By
photolithography using the activation energy 12, and walls 5
and 6 of the liguid chambers 4 the liquid channels are
patterned onto the cyclized rubber.
As shown in Fig. 2(E), the nozzle sheet 7 is positioned
20 and pressure-fixed. The nozzle sheet 7 is held by the
adhesiveness of the patterned material (hereinafter referred
to as 'seconda;y adhesiveness'). The nozzle sheet 7 may
simply be pressed to be bonded. Further, after the nozzle
sheet 7 is attached to the cyclized rubber, its adhesive

25 strength may be strengthened by supplying energy such as



intaglio 21 and the substrate 3 may be noved. Each condition is optim zed
to position the intaglio 21, the transfer pad 22, and the substrate 3,
according to the required precision. 10 As shown in Fig. 6(F), on the walls
5 and 6 fornmed as descri bed above, a nozzle sheet 7 is pressure-fixed as
described in the first enbodinent. Even if the walls 5 and 6 are forned
with cyclized rubber 16 by intaglio printing, as shown in Figs. 6(A) to 15
6(F), the sane effects as described in the third enbodi rent nay be
acquired. (5) Fifth Enbodi ment In thiseenbodi nent, as shown in Figs. 7(A)
to 8(H), walls of liquid chanbers and |liquid channels are fornmed by 20
alternately stacking cyclized rubber and a predetermned resin. In this
enbodi nent, a nozzle sheet is fixed.to a sybstrate wth |_i r ubber,
whi ch i %8 atk bI%g, FeSE OB 8T et SheT o, SUeh Be é%%tthe i quid
chanbers .and the |iguid 25 ch I f W 4 h t nsi L resin by
- 27 pﬁlolt% it r?orgraélpr?yl,ec ré’%e?’%%[%hzna y%el %;Jj;%ﬁu dzar‘mg% t %r%eogziz\é%are

si mul tarlﬁﬁé@: sﬂ?s%r By formng the walls of the Iiquid chanbers and
the liquidc ?nﬁlg% tqu!w t da'l ternating layers of adhesive elastic 5 materi al
and predet er fiped Le3i;RgaRdpBY f HXANGthengozELewaheat st ankhe suhstrate
with this elastic’material, even if the resin deforns due to swelling, the

def ogmatdyn s Cumpensat ed dorcHy s defier mat i amedf dhe Bldastzea materi al .

As a result, gaps do not form between the nozzle sheet and 10 the walls.

Furt her b eStINES S £aused hy ﬂﬁaﬁr?’@cﬁsfdmy dew@ldmyinidr Siinge the
elastic material is adhesive, gaps do not form between the walls and the

nozzl e sdiealydiomal ethvbe malllss. f aumithgfo kKruhen dwesiined Cadequdidl y, a
decrease in reliability with extended use is prevented. 15 Since the

el asti c mmat éyd gedRoppatd eratalree,on nilriileatas iavh ictratdher icard eclsdieed] s nmay be
formed with high precision. Mireover, since the resin is photosensitive,

af t er form Mpdrhewoinonmshaler fofrntate heflde Bt taddme didudtawz leanuf act uri ng
process, the upper halves of the walls may be 20 fornmed by stacking
cychPzedhasiber, dit tife nrnasstaltrednadie therandinasd e anidusafet hods. By
formng the walls of the Iid%l;eid chanbers and the la:&(ig channel s by

si nul t aneRRS s Heat tan gy adhe g it dBher &id u:tr%eoﬁ’ |'i t hogr aphy
usi ng acstﬂeveaé i7o.n energy, walls with alternately stacked »
Fig. 3 is a perspective view of a line printer having
the printer head 1.
15 A line printer 101 is fully contained in a rectangular
chassis 102. A paper tray 103 containing paper 104, which
is the recording medium, is inserted from a tray inlet
formed on the front of the chassis 102, allowing the paper
104 to be fed.
20 The paper tray 103 is installed into the line printer |
101 from the tray inlet. Then a mechanism pushes the paper
104 against a paper-feeding roller 106. The rotation of the
paper-feeding roller 106 causes the paper 104 to be pulled

out from the paper tray 103 towards the back of the line

25 printer 101, as indicated by arrow A. On the back of the



25 layers may be efficiently forned. - 28 Figs. 7(A) to 8(H are
cross-sectional drawi ngs describing the manufacturing processes of a
printer head according to this enbodinment. As shown in Fig. 7(A), simlar
to the first enbodinment, driving elenents 8 and 5 other parts are fornmed on
a substrate 3. Further, if required, the surface is treated and nodifi ed.
As shown in Fig. 7(B), a photosensitive resin 31, which forns the bottom
hal ves of the walls, is applied onto the substrate 3 with a predeterm ned

t hi ckness. To apply the 10 photosensi tli7ve resin 31, various application

met hods used in sem conductor manufacturing processes such as spin coating,
bar coating, or curtain coating may be used. For the photosensitive resin

31, ph it in and_its deriyatives..ph St !
cosi b andi TR S| DAt 1 vESY SBRC oot RebRet LT Vet Bori P ARt anatig e ¢
resin a . pnot Ve _ .
above.  hAETEron otk | BRG “eoPRet rReT R nctb nor Tl B RRETIEE 157 1

k. Thege fegendl b 0 t0ELERL Mok DPaSOLNENE rbgr abEOURM 1 Pndry and the

substrate 3 1s heated to stabilirze theresin film own in Fig.

(0, a peshebr| ayer 44 isafeonped wythr-phptgsensitive cyclized rubber by
spin coating, bar coating, or curtain coating. Then, if required, the |ayer

is drg ed or hgateth 25 oSOy i1T0F Gehe (FAped o svatds @ ecgasked with a
- 29 photo nmask 13, and then the | ayer of photosensitive resin 31 and the

resi st |layeectlonr en@othteaposesriowast bpxaseoONoBELr PYe 1Rapér ORELy (I N Fig.
7(C), the regions exposed are indicated by reference nunerals 31A and 41A).
The 5 acliyatisnspueriyglPobbyrbel0B|rayi bhéicaaysd, banaeteetcon beans, or
X-rays, which are all used for photolithography. In this enbodinent,
ultravi ofebathy thkposaperefls pirentjéestededutofiromasnatetiéde diespestedi | m 31
and the resist layer 41, which are photosensitive to 280 [nn] to 480 [nn].
Wen 10 ¢orrbldéafregt nef ethal Sinerpngeteirnl@hw | Aykesd esrtesdge be0 above,
each layer may have a different sensitivity to the wavel ength of the

act ilPat | b% @hePgyed 2bettiecef bhe, SPRERLINY r el beragl Ot and aylee sowklehce, the

exposure tine nust be optim zed. ) .
on the line printer 101 of the line printer 101, as

indicated by arrow D, so that it can be replaced when
necessary.
The head cartridge 120 includes the printer head 1,

15 which has yellow, magenta, cyan, and black line heads and
which 1s disposed below a holder 122 formea in a partiqular
shape. Ink cartridges Y, M, C, and B, for yellow, magenta,
cyan, and black inks, respectively, are disposed on the
holder 122 in the order. Consequently, the line printer 101

20 can print color images by discharging each color ink from
the respective line head onto the paper 104.

In the line printer 101, the nozzle sheet forms a unit
for the four colors. As a result, each discharge nozzle is
positioned accurately and the cartridge can be easily

25 replaced,



15 As shown in Fig. 7(E), the unexposed areas of the resist |ayer 41 are
renmoved by devel oping the resist |ayer 41 using a devel oper or solvent. The
tips 41A of the walls 5 and 6 are forned by patterning cyclized rubber by
phot ol i t hography using activation energy. 20 As shown in Fig. 8(F), the
substrate 3 is washed by spin coating using a rinse agent 42. As shown in
Fig. 8(G, the unexposed areas of the resist |ayer 31 are renoved by

devel oping the resist layer 31 using a devel oper or solvent. As a result,
the walls 5 and 6 are formed. 25 Inste&d-of individually devel oping the

| ayers 31 and 41, - 30 the layers 31 and 41 nmay be devel oped toget her at
once by using a polar solvent such as propyl enegl ycol nononethyl ether
acetate (PGN%A . Ln this. , e _pr d i.hed in_Eigs. 7(E) and
8(F) may be o%#ftgdéegﬁ #g%§n§§%u3%?%§§%§%®ﬁe%§g%&?gcfh%PEggprocess may be
simplifi : i Fi ; he zlg Fooil 5 itioned and
fixed byaeﬁoefdzlﬁ%eﬂn%s{ ég?b%]le epr1a1£t t erﬁr}fab(z:f ngtlﬁﬁg}p%roﬁln%ﬁlﬁgst he liquid

channel s;p1f0-dd& 408, N € sheets Grdhemhestadmys e Prrgrad 1@nd bonded,
or the adhesiveness of 1he 10 Sheet may be inproved by supplying energy

such as Aealhodd G . FR¥. an, el eaitbaadad el bonded nozaleiwsheet . The
nozzl e sheet 7 nmay be pressed against the walls while energy such as heat,

l'i ght, ofirgngd ﬁ@ﬂdcffﬁé‘@&blbﬂafﬁi@@ﬁwwrﬁdth@méﬁl@ nchdde Maldrs of the
i quid chanbers and |iquid 15 channels by alternately stacking cyclized
rubber asgkra qudRdeter Mmediasidl aBl fdenadhi xddigpd hmknoz Asets heeid ont o
the substrate with this cyclized rubber, which is a patternabl e, adhesive
el asti c arairer3 als diwpesae wf facdt ashaldseatidred lamdrhiss {4 raste drfsedierent nmay
be acquired. Since an 20 appropriate resin can be selected, the degree of
freedomaf the igét edtatheiteidal i iogravetbrdy, udiedigahtads@sixive
resin, the bottom halves of the walls nay be fornmed by patterning the resin
by phot ot tdrsyraiptsy b the dotk \A%i’ﬁrmﬁJenJe%gy%rGZSirIlﬁéﬁQﬁﬁblﬁozéﬁla@ Y and
resin are patterned - 31 simultaneously by photaolithography using

act L0at i BHF rrfrafed PF o¥dR't M tharesPect Ko (Hrguit§ach&hb@rs 3ard thE Ti qui d
channels. In this way, even though the vval%s ar forr%d b tacki ng | ayers,
the wal IR R FHTRE by S8 TRRRRY oF° 5 Syct' oessr After

si mul t aneaqusl xposi ng t he cyclized rubber, a resin, the cyclized rubber
and resiwqéﬁ%%/%&/%l%ﬁé%lﬁfgi%ﬁ?ﬁ i}‘eoarglcﬁ?%?gl‘fjf 94 tllﬂeks Q/[Eb%f‘,neglatter ni ng
sui t abl r the resin may be perf.orned as Ul Q. (B). .Si.xt

Enbodi mealn{éjlsr?' {#ﬁn&' err‘gso(ﬁ n]%enﬁlfl%’s %%%er?asnow‘glsér{ 8%&5 l‘%eo al%j(l%\;%c{]o form
wal I s of .l qui i gud n:gt_elt | ternately stacking

cycli zedférltg'%)ﬂeérj an réﬁnl,?&ﬁ_h% %;gcﬁélg% ru %@y%%bl resin are exposed

i ndipyi dual |y galdh tH $hl0 paRodizneRire e gRYED 5 imaitRe ySame thesin as in

the fifth enbodi ment. Therefore, descriptions for structures that are the
same as hiwsr Ar thee fhddd ehiedienin afite o tdethorVbitee specifdcd |y,
simlarly to the fifth enbodi nent, as shown in Fig. 9(A), driving el enents
and ot hedse adigied orties dirddnei usd r@pded bl at hiem, tres diecpotiedh ofurface
treatnment and surface nodification are perforned. As shown in Fig. 9(B),
phot osensti¢ ipaperesis 84d) wrnh 408 nsotdreeddey ohd 0fal wed asfi veheowakkd, i s
applied onto the substrate 3 with a predeterm ned thickness. 25 As shown in
Fig. 9(Qthehesawathast arfee mbskieth¢e héeween each pad 134 becomes

20 equal. Consequently, flexible wiring boards connected to
the pads 134 of the neighboring head chips 3 of the printer
head 1 are prevented from being too close to each other. 1In
other words, the flexible wiring boards are prevented from
being concentrated in one region.

25 When the nozzles 2 are rotated as described above, the



- 32, shape of the bottom halves of the walls with a photo mask 13A, and
the resist film31 is irradiated with activation energy. The activation
energy 12 may be ultraviolet rays, electron beans, or X-rays, which are all
used for 5 photolithography. Wen the resin 31 is a chemcally anplified
resin, after exposure, post-exposure baking (PEB) nmust be perforned because
of the pattern anplification due to the generated acid. Post-exposure
baki ng may be perforned during the exposure process or may be performed 10
during any suitable process describedi$ater. Also, to stabilize the
exposure filmor to accelerate the polynerization of the exposed parts of
the resin, the substrate 3 may be heated. As shown in Fig. 9(D), the resist
| ayer 41, made up. of by vari ous

15 photosensitive %yclk;ed.rubber i fo&n%
appl i catton s P‘Foe&uegifcq?( 2 SPIFPLEER 10,2 5o ot isnl&naglr’ cur tain” coati ng
b d t.h i f i,red,, dri .and t ed. h in Fig. 9(E
Y be YRl Uielkadd st dld 54 A0 Dealateds IR, B0, o5
. i la t i v:at i ; I d. Th
exposur &, &ézgogslrga@ea%( 1 acdd vlastlx%e%ﬁs t o%lhlt% R %ti%gectsn% e

phot o mas have the sane pattern a e photo sk used for

exposi NG AN d IdMia {&H B 4 He LG AU QRS 3B dTRY havend ssmal | er
w dth conpared to the width of the 25 photo mask 13A - 33 As shown in

Fi 9. 510(dmbodihertesitle |@yiaril deaquional arethdisidtd e ieadn @4 d
devel opers and sol vents. Then the unexposed areas are renoved fromthe

resi st l@awemekld dBamatd efdy g the wodd aed & whhierinyy spheiceldd hogr aphy 5
using activation energy 12, the tips 41A of the walls 5 and 6 are forned.
As showrtd e Fpndi({g ,td hthes thsdtate 8 dispmshedhtrpiheacoathiing 3si ng a
rinse agent 42. As shown in Fig. 10(H), the unexposed areas of the resin

| ayer 3braremdrennivied dfy tHe deheslrogdi Agg3Ihe resin | ayer 41 using a devel oper
or solvent. As a result, the walls 5 and 6 are forned. For this enbodinent,
i nst ead ofl-dBvelGgEraricayer’s 3le dhidesl Bmniddimardd | y, these |ayers 31 and 41
may be devel oped at once. In this way, the processes described in Figs.
10(FP 15 andOnotBr mepilsengmictoad sulsdragensequddchy haghdrasanfact uri ng
process may be sinplified. As showmn in Fig. 10(l), the nozzle sheet 7 is
posi t i orfel et or ¥l e MBdgeq fead & 4/\/6?3‘,‘3 e o2z 19F dh€etl 1AY1E i xed by

g
PaneS! VSR Sl L SISEL: TR PO LY 8 SO g e et
may be I?r{aecsesreida12.5 aﬁ?é q'?c;[zélhee é@éts Mg Efareékesre%/ a%"&cmeeﬁi r<]:1%_;%ti’nslti ght, or an
15 the wélls 5 and 6. In this way, on the printer head 1, the
nozzle sheet 7 is fixed to the substrate 3 with cyclized
rubber, which is a patternable, adhesive elastic material.
For the printer head 1 that is formed in this way, ink
is supplied to the liquid chambers 4 through the liquid
20 channels. The pressure inside the liquid chambers 4 is
changed by driving the heater elements 8. Due to the change
in pressure, ink droplets are discharged from the nozzles 2
of the nozzle sheet 7. The printer operates to attach the
ink droplets discharged from the nozzles 2 to the printing

25 stock.



- 34, electron beamnay be supplied. By formng the walls of the liquid
chanbers and the |liquid channels by alternately stacking cyclized rubber
and a predetermned resin and, then, fixing the nozzle sheet 5 onto the
substrate with this cyclized rubber, which is a patternabl e, adhesive

el astic material, the sane effect as described in the first enbodi nent may
be acquired. Since each |ayer is exposed individually, any appropriate
resin can be selected, and, thus, the degree of freedomof the 10 sel ected
material is inproved. (7) Seventh Enbedi ment In this enbodi ment, walls of
i quid chanbers and |iquid channels are fornmed by stacking cyclized rubber
and a predeterm ned resin. After processing the predetermned 15 resin into
t he shapes of, the t clized . .rubber js stacked.onto the end faces
of the resin 03}1 rt:/&%]t“% flugset lo%% gt?ﬁn% relnv\i;*aﬁk{)?le@fd -tslhec ulsc?tﬁ (}%cehgﬁt%erss%and t he
l'iquid chapnel e L Nty e_useqd. t hi 0, wdn this
enbodi nment n?hczf V\gﬁ% sfgqlg%% %ﬁ%?o{%% ?l%yu?dﬂb%@%%a%azquégﬁoz }#ne l'iquid
channel s, gre L9ramd; O, t ey, SUbsEEAL e edal &l ned Jesin,f n the

sane nmanner as In a r%EOWI’I process. ]%E)I’ %e resi rf an appropriate resin may

be sel e edsfdomide ££54 N5y MBI | oieds { e ther dAd 4D rhpdienie 25 As shown
in Fig. 11, the substrate 3™with walls 5A is - 35 positioned and fixed

ON asSCresly Pé i &t CPNPAS eeh &fwal s esled o ng negl gL eafsdd and cycli zed
rubber 16 di sposed on the screen 15. Then by noving a squeegee 17, the

cycli zedrurtrbermdbe j Scoppd t£Tk tifay hecont Haepserind hived 155 IA B A t er
letting the solvent dry, a process such as baking is perfornmed and the
wal | s arehdmiseresd by crosslinking. A nmesh for the screen 15 is selected for
t he process depending on the required precision of the walls. Furthernore,
t he posi ti oniTig soferdoed itnteen tgah dvetvweeen tses syradézeth rabdbetrhe wh@ chubstr at e
3, the tilt and the pressure of the squeegee 17, and the viscosity of the
cyclized s ublpatisrmakel @ptidiesive Sthrstic matesiahbothmeinrminge thed | s of
the liquid

10 g walls 5 and 6 of the liquid chambers 4 and the liquid
channels. By fixing the nozzle sheet 7 to the substrate 3
with cyclized rubber, sufficient adhesiveness between the
nozzle sheet 7 and the end faces of the walls 5 and 6 is
maintained. Also, a decrease in adhesive strength can be

15 effectively prevented by reducing stress caused by heating
cycles. As a result, crosstalk between neighboring liquid
chambers 4 can be prevented effectively, and the decrease in
reliability with long-term use can be reduced effectively as
well,

20 In this embodiment, the walls 5 and 6 of the ligquid
chambers 4 and the liquid channels are formed of cyclized
rubber, which is a patternable, adhesive elastic material.
Thus, erosion and swelling of the walls 5 and 6 are

prevented as a result of the chemical resistance of the

25 cyclized rubber. As a result, a decrease in adhesiveness



chambers and the liquid channels are fornmed by alternately stacking
cyclized rubber and a predetermined resin, after 15 the walls are preforned
by resin, the cyclized rubber may be stacked by screen printing. In this
way, the sanme effect as in the first enbodi rent may be acquired. By
stacking the cyclized rubber by screen printing, the cyclized rubber may be
stacked after the walls are forned by known processes. 20 Consequently, the
reliability of the printer head may be inproved by nerely adding the screen
printing process to the known process2s.-(8) Eighth Enbodinent In this
enbodi nent, cyclized rubber is stacked by 25 intaglio printing instead of
screen printing. - 36 More specifically, as shown in Figs. 12(A) to

12(F), i ch are conparable to Figs. t F)., I of liquid
chanber \émja 9 IS rg)c{haar{h Issweglrlelrg%rmrragé@oen Sglfgfj c?sjlern\é@é) %rv%\nvtae%qae%’

pr edet erm ned-resin | s| m J4R + e iment. As
shown i sarﬁ]’ggf‘fgt(s}{ﬁ%rﬁ%eg’as% er8 r:lo ec%%] :13{3 rl&%bﬂel ?L ltitgp i@%glpg}oﬁlgg htJ%(r%qllan

i ntagli , i i | fepy essed portions of walls fornmed by
t he aboagéifgie§§£§%§¥%gﬁﬂgg§gﬁg%ggé 17 s noved to fill these depressed
portions of Bhe dniagly Qh%lw‘éﬂltl]té e nd0 scyel kzgd1nubber chémBRYst he excess

cyclized rubbér 16 1s scraped off. As shown in Fig. 12(B), a transfer pad

22 1§ prassathaga sty theanddngl o R lbydineisd aspawn wiidh gs 82(C), the
transfer pad 22 is pulled apart fromthe intaglio 21 at a 15 predeterm ned

rate. Apatasiiile | hainyed v esh adihhemakte Fidl edhen Ltilym idephesded sporti ons
of the intaglio 21 is transferred to the transfer pad 22. After noving the
t ransf ers patt 224 @nid dHenredloy ensplisd rixdmned] wihé thrigyis frere qiad 022 biys pr essed
onto the 20 substrate 3, as shown in Fig. 12(D). Then, as. shown in Fig.
12(E), pputidigqgrdaheoits ansfer ek 22 @par ttdatomgues sulfst raatres3i 1 t,he
cyclized rubber 16 fixed onto the transfer pad 22 is transferred onto the
end faceltoiriwatd sl &A of phiosubstpree sioafdug Yetthan@itfiferamnogedn of the
cyclized 25 rubber 16 dry, processing such as baking is perforned and -
37 1Phe th | igrtraret feadhed it cdsmhag y.2nh g hrd@@ssl i nst ead
of noving the transfer pad 22, the intaglio 21 and the substrate 3 nay be
nmoved. ARSbRA MFIHeheRRdihe e PrednTon? &t % G %8 Bpt i ni zed to
position 5 the intaglio 21, the transfer pad 22, and the substrate 3. As
shown i nfimihed Rrefehaftsl sty *° 1%k as descri bed above, a nozzle

sheet 7 is pressure-fix as described in the fifrst i . en if
intaglio pri i ?Férimsm@sgcgl% @ﬁl@a(?ro?‘esaér ger?cfﬁrgrllgrqt i%%,g’qtgﬂggégren@éef fects
he.

as descr{é&%&%f&ﬁ w1€ﬁvgygszed rubber, which is a photosensitive

15 resist, or of polyisoprene rubber, which has shown good
performance as a photosensitive material, the liquid
chambers 4 and the liguid channels may be formed with high
precision by photolithography, which is a type of micro
fabrication technigue. Thus, the entire process from

20 forming the silicon substrate 3 to forming the liquid
chambers 4 and the liquid channels may be carried out by
semiconductor manufacturing processes. As a result,
sufficient reliability of the printer head may be acquired
through a simple manufacturing process.

25 (1-3) Effects of First Embodiment



enbodi ment may be acquired. (9) N nth Enbodi nent (9-1) Arrangenent of the
Ni nth Enbodi nent In this enbodinent, walls 5 and 6 are fornmed wth 15
pol yi mi de. This enbodinment is the sane as the first enbodi nent except for
the structures of the walls 5 and 6. Therefore Figs. 1 and 2(A) to 2(E) are
used for the description. For the printer head 1 according to this

enbodi nent, a 20 substrate 3 is forned by sem conduct or manufacturing
processes, wherein heater elenents 8, which are driving elenments for
changing the pressure inside the liqu2@d €hanbers 4, and driving circuits
for driving these heater elenents 8 are sinultaneously fornmed on a

sem conduct or 25 wafer. The wafer is divided into substrates 3, having -

38 predet er glned SHRPES: (HINSeANRRlinty (3t chie Rt &r Jngag bet fRepr essure

i nside the Iiqui i s changed By the heater elenents whi ch are

dri ving S IRt AN drprbed Safl S conbalie d nidhadrg dcharbers 4

are dis romthe noz nto printing stock. The nozzle sheet 7

is a nigkal) sheet, hdch s iprieds Bys &l S0ty Pidithe ived ARl de sheet
with heat’ resistance. The nickéi no?%?e sheet 7 foré%dvby elecfrotyping

al l ows therdine nozales 41 hth&aasit vid grmbad tdhdingh PreGEisisan. The 10

pol yi m de nozzl e sheet 7 has excellent chem cal resistance, providing high
religbiliHase Thel vald sarkd and Gaisedrtit y Yoried mf el Yarzde to

efficiently prevent a decrease in reliability with use. The polyimde is a
bl ock- copmd etreT | Ze dtpo | 31ils ttheg teMd ohi s @y dIS e toridsist whevang ssaf f i ci ent
adhesi veness. In this way, the walls can be forned easily by sem conduct or
manuf actpat e palebe s sedhadiite e sitiad manesSidlf | & adacradsesiine strength. The
bl ock-copol yneri zed pol yi m de, unlike known
reliability with use is effectively prevented.
Since the cyclized rubber is polyisoprene rubber,
10 sufficient reliability may be acquired. Furthermore,
sufficient reliability may be acquired for the
photosensitive resist, which is subjected to
photolithography.
The photosensitivity of the cyclized rubber easily
15 enables the walls of the liquid chambers and the liquid
channels to be intricately formed with high precision by
photolithography.
By forming the walls of the liquid chambers and the
liquid channels by photolithography, the liquid chambers may
20 be intricately formed with high precision by applying a
semiconductor manufacturing process.
(2) Second Embodiment
This embodiment is the same as the first embodiment

except that, instead of using polyisoprene rubber as the

25 cyclized rubber, polybutadiene rubber is used.



20 photosensitive polyimde, is directly synthesized into polyimde wthout
goi ng through the stage of polyam c acid, which is a polyimde precursor

(U. S. Patent Nunber 5,502,143 etc.) and which is generated by joining

pol yneri zed polyimde units (which are called a block). The bl ock 25

copol ynmeri zed polyimde with desired properties may be - 39 freely

desi gned and synt hesi zed by configuring the properties of blocks, which are
m nimumunits. Since the block units of the bl ock-copol ynmerized pol yi m de
have al ready undergone polyim di zat+op3 high tenperature curing, 5 which is
necessary for known photosensitive polyimde, is unnecessary. In
particular, for this enbodi nent, desired properties for the

bl ock- copol yneri.zed pal yi m.de are _acquired by.caonfi.quring.eacgh block. In
t he nanufactgﬁf%éaﬁkgféig glgppgﬁgep%p# gf’hég c%,l%och?é?egorning t he

o iégﬁﬁ% priag el tEin S 1 E S REAH ‘éﬁ%%rssi?%; bt g h
ihes | venoou Dt o Te’ Subet rat B o and The val rots04e15 WO PEPRE D, on

the subsidahf,Siqilhd MIEYE e 24NasiManass ,Ofel_tarﬁi@tn%rbﬂ-eqjiallg%%%ft various

materi al’'s that are used for this type of processing my be used. As shown

in Fgg. i B)yiaphotadeshsdrdroda,of c X 06K CaRal iR Zed P GhipbEd6 sl

applied onto the substrate 3 with 20 a predeternined thickness to forma
resi st Ipweaisdd.asTa g doddits IHESiStrd A bll ,.adRHPWS *pliigeat i on net hods

used in sem conduct or manufacturing processing such as spin coating, bar
coat i ng,canp@indsaids cogihdip ga)s Pel wsefkouthe tin aiies endfodifentesi st | ayer
11 is arranged so that the 25 final height of the Iiquid chanbers 4 becones
t he desiphettosensitiwalayel edhovbbem i gise] Go fidren medilst Sl aper 611 i s
sel ectively exposed to activation energy 12 to bond each
of liquid chambers 4 and liquid channels by photolithography.
10 A nozzle sheet 7 is pressure-~-fixed to the walls formed of
photosensitive cyclized rubber.
A bis—azide compound, which is a photosensitive group
of polybutadiene, becomes a nitrene radical by evolving
nitrogen gas when irradiated with ultraviolet rays. Then
15 the double bonds of the cyclized rubber undergo a
crosslinking reaction, i.e. H—-abstraction, and bonding
reactions between the nitrene radicals occur, causing the
portions exposed to ultraviolet rays to be selectively made
insoluble in liquid developer. The exposure wavelength of
20 Dbis-azide compounds is about 230 to 480 [nm]. 1In particular,
2,6-di(4'-azidobenzylidene)-4~-cyclohexanone and 2,6-di(4'-
azidobenzylidene)-4-methylcyclohexanone have high response
speed and are widely used materials.

According to this embodiment, the same effects as the

25 first embodiment may be acquired even if polybutadiene is



block in the resist. In Fig. 2(B), the exposed area is 5 indicated by
reference nunber 11A. The activation energy 12 may be ultraviolet rays,
el ectron beans, or X-rays, depending on the properties of the resist. In
this enbodinment, the resist layer 11 is irradiated with ultraviolet rays.
In Fig. 2(C, reference nunber 13 10 indicates a photo nmask. As shown in
Fig. 2(D), the resist layer 11 is devel oped using specific liquid

devel opers and sol vents. Then the unexposed areas are renoved fromthe
resist layer 11. By photolithography @4i rRg the activation energy 12, the
walls 5 15 and 6 of the liquid chanbers 4 and the liquid channels are
patterned and fornmed with polyimde. As shown in Fig. 2(E), the nozzle

h 7 i it d and -fi h I 7.1 i xed b
The. adhelRoHnets hF TRE. bAPL ot RERChut o PTY Tha Garea TV ame & PP Ty be

strength by.s ying e u ; , light, or an electron beam
whi | e thgﬂgg?z¥8 gﬁgétig Fggbggﬁaﬁpgﬁggi%ﬁg ixed to the walls. A positive

type photeyesicft gedar0h:QLkack- copol ynerized pol yi mde may al so be used. In
this case, the processes 25 applied are the sane as the above negative type

photoresi st as &low@Xgepkidhad, tHe nald embiindiee pPheiia STRFk 1used o or

exposure and the processing of the unexposed portions differ. (9-2)

Oper af i ophahbths Bhat hiEabadiAenheTheapsi nbehedendtd ¢yel vgas tilsber
sem conductor substrate 5 3, which has driving el enents and other parts. On

the sem pondgpl 9ingubsteahepdintbegwakhsch 8dabtpbe tde pars chiodpnbers 4
and the liquid channels are forned with polyimde. The nozzle sheet 7 is
pressed and pelidtagei ssthhhquend faces of the walls 5 and 6. For the
printer head 1 that is formed 10 in this way, ink is supplied to the liquid
chanbers 4 thdoughs¢heet | Y dvitheinnisd ga thternprdsisurtdhd msmte wahve dsi qui d
chanbers 4 is changed by driving the heater elenents 8. Due to the change
i n pressthe, shakedefptbeswaltésdi sxhaiged frlber hkd nokx| eke X ofmethechozzl e
sheet 7. The printer operates 15 to attach the ink droplets discharged from
t he Wozzpeseples PREtPri AP A§SBPBER: By moving a squeegee 17, the
cyclized rubber 16 is applied in the shape of the walls of
the liquid chambers and liquid channels. After letting the
solvent dry, processing such as baking is performed, if
required, and the walls are formed by crosslinking. For
15 these processes, the mesh for the screen 15 is selected
depending on the precision of the walls. Furthermore, the
positioning and gap between the screen 15 and the substrate
3, the tilt and the pressure of the squeegee 17, and the
viscosity of the cyclized rubber 16 are optimized.
20 In this embodiment, a nozzle sheet 7 is pressure-fixed,
in the same way as described in the first embodiment, onto
the walls formed as described above.
As shown in Fig. 5, by forming the walls of the liquid

chamber and the liguid channels with cyclized rubber by

25 screen printing, in addition to the effects of the first



Long-termuse of the printer head 1 causes the walls 5 and 6 of the liquid
chanbers 4 and the liquid channels to be exposed to ink. This exposure to
i-nk may result in erosion 20 or swelling, causing the adhesive strength

bet ween the nozzle sheet 7 and the walls 5 and 6 to decrease. Furthernore,
crosstal k may occur between neighboring Iiquid chanbers 4. For the printer
head 1, however, the walls 5 and 6 of 25 the |iquid chanbers 4 and the

|l i quid channels are forned - 42 with polyimde. Polyimde has a better
chemi cal resistance conpared to known2gpexy resins. Thus, even if the walls
5 and 6 of the liquid chanbers 4 and the |iquid channels are exposed to

i nk, erosion and swelling can be greatly reduced 5 conpared to known

i | Y | y | i f i | h 7 .b ] .

LT o e EISLTLLY. PP 0l U 0Tl ahse L6 ased g ot on

liabiliit i th b 1 cien o _ head 1.
bl ock- copbtyHBH ART BFyf et S el e R St et

adhesivepgﬁs @$gr§@oéﬁg§@§$é£%ity. In this way, the nozzle sheet 7 is fixed
i ci ent adh

Wi th suf esiveness by sinply pressure-fixing the nozzle sheet 7.

As a resul t, gfasstaldcapsad Py UserRe decregse ighahekiakijfphty with use

may be effici'ently 15 prevented. The photosensitivity allows the walls 5

and 6 to,be; patt el Ngdi BYcphipbotd thographyia | dhddis Yase g ndiK wahanber s

and the other parts ' may be formed with sufficiently high precision by

ef fecti V@%é’lﬂ@@diﬁﬂﬂb@rﬁ@ﬁ?ﬁ@d‘%lﬁiﬁir?@, nndract Urdmag fiepeass. (9-3)
Effects of the Ninth Enbodi nent According to the above, by formng the

wal | s of tides féguneticbanber simbslgl he pi ot The harheltsiot tis pdtH d de, a
decrease in reliability with use may be efficiently 25 prevented. - 43
By for mmpgttdeninad|sethod phdtosensntinveg metherdal , the i nk chanbers and
other parts may be fornmed with high precision by applying the techni ques of
a seni conductAm steowaf diot g piPdcess prasied arasuled, ameanteloifabi lity may be
5 increased. ,
10 cyclized rubber 16 is applied on an intaglio 21, which is
formed by the depressed portions of walls. Then a squeegee
17 is moved to fill these depressed portions of the intaglio
21 with cyclized rubber 16, and the excess cyclized rubber
16 is scraped off.
15 As shown in Fig. 6(B), the intaglio 21 is pressed
against a transfer pad 22. Then, as shown in Fig. 6(C), the
transfer pad 22 is pulled apart from the intaglio 21 at a
predetermined rate. As a result, the cyclized rubber 16
filled in the depressed portions of the intaglio 21 is
20 transferred to the transfer pad 22.
After moving the transfer pad 22 over a substrate 3,
the transfer pad 22 is pressed onto the substrate 3, as
shown in Fig. 6(D). Then, as shown in Fig. 6(E), by pulling
the transfer pad 22 apart from the substrate 3, the cyclized

25 rubber 16, which is shaped according to the shape of the



By formng the walls with bl ock-copol ymerized polyimde, which is a block
pol yneri zed material, properties such as photosensitivity and strong

adhesi veness can be acquired easily. 10 (10) Tenth Enbodinment In this
enbodi ment, instead of bl ock-copol ynerized pol yi m de described in the ninth
enbodi nment, known photosensitive polyimde is used to formwalls.

Phot osensitive polyimde is easily avail able on the market 15 as an
industrial material for sem conductors. Specifically, for exanple, the
foll owi ng are avail able: Toray Industygals Inc.'s Photoneece, Sum tono
Bakelite Co., Ltd.'s CRC Series, HD McroSystens's PIQ PI/HD Series. In
general, for a negative type photosensitive 20 polyi mde, photosensitive
groups su as nethacrylo groups .are bonded to the polyimde precursors
By LS KA. e TOTRE, Hands S BOSERTES: JPeOIRBE0senst &1 ve

pol yi m de e polyim.d ntai ning _a,pal yi m.d recursor with an
o-nitro§%§%ﬁ%§$§%?@r 5&%ﬁﬁ'§§ §l§ﬁd§58h59%368¥p8Fy$H§dSYE%168ﬂposed of an
ester-1i ty, ol yi.m rec r_w .- ur ated conpound
and a béﬁé%%ﬁréfﬁgpg%oﬁﬁgﬁh%fagg %B%§|§?L¥§§lggn?§iﬁ?géggﬁgégtg% | i nkage
type ph 41 I M pr=ecursser _\ui.t Laaceti I Fach of the
above p%%t ?2%%%%¥€§Pg%¥§ﬁﬁg§€;5i%HSrgpéggdQg&ﬁfgnggoF§8%§%93§F§§'mhich is
genegat ad, b (6,03 O il i Oldle By 1AGPLACULSARs <O panggat e type
polyi m de, activation energy forms the precursors and then polynerization
starts. ;Fafa A RPIIL iafQ ke sRPIsaicde s tRe mRl evkar cegpasition of the
parts irradifated with 10 activation energy changes and the polyim de
becones ddirssalivablies igprdemeleepeais pard tsehvents inkBgh hbsognbedement, after a
resi st |ayer conposed of photosensitive polyimde is formed on a substrate
in the transfer pad 22, and the substrate 3, according to the

required precision.

10 As shown in Fig. 6(F), on the walls 5 and 6 formed as
described above, a nozzle sheet 7 is pressure-fixed as
described in the first embodiment.

Even if the walls 5 and 6 are formed with cyclized
rubber 16 by intaglio printing, as shown in Figs. 6(A) to

15 6(F), the same effects as described in the third embodiment
may be acquired.

(5) Fifth Embodiment
In this embodiment, as shown in Figs. 7(A) to 8(H),
walls of liquid chambers and liquid channels are formed by

20 alternately stacking cyclized rubber and a predetermined
resin.. In this embodiment, a nozzle sheet is fixed to a
substrate with cyclized rubber, which is a patternable,
adhesive elastic material,

The walls of the liquid chambers and the liquid

25 channels are formed with photosensitive resin by



same.manner as the ninth enbodi nent described above, 15 exposure and
devel opnent are performed. Different photo masks are used for positive and
negative type materials. Then the resist remaining on the substrate is
baked at a predeterm ned tenperature to be cured. In this way, a strong
polyimde filmis formed fromthe polyi mde 20 precursors. Subsequently, a
nozzl e sheet is bonded in the sanme manner as the ninth enbodi nent. Baking
after devel opnment may be performed after the nozzle sheet is bonded. By
formng the walls with known phot osengi’tive 25 polyim de according to the
tenth enbodi ment, decrease in - 45 reliability with use may be
efficiently prevented by the chem cal resistance of the polyimde. (11)

| s, of uid nbers and l'iquid

El th i In th nbod t
5 gxggnePEnggglgg?ﬁﬁﬁBQYtL£%§¥§$%:ﬂ%nb§y%@}%ﬁﬁlFﬁ?éﬁlrﬁf Th 9% "a type of

patterning_ and chn he conposition of this enbodinent is
the same® g% ?ﬁmgghlrﬁogn%g {Q%Pé%%ept that the structures of the walls

difier. Therefore, Ba &sed (o desgrd be s Wikdesmadgmae i s 10 used

to describe t ment . e range of polyimdes may be used

in this fﬂ&&ﬂa@ﬂgnnéyghwéﬁhtth@@@é{@ﬁ@niépéﬁéﬂ OF ok SORAL YaTRId ed

pol yi m de, "photosensitive pol yi mde, block-copolynerized polyimde ink for

screen prhpbing: Qﬁdnﬁﬂe@g‘@éﬂﬁﬁﬂéﬁtté’§1rl5a19<9|w g deinghene/isepsid y of the
resist is adjusted to make a paste suitable for screen printing. For non

phot osenghbévetpotensdestrdos wxamptieis bpadttisidt@sidl d.evwerpifcoat (a
pol yi m de overcoat ink) is avail able.
the resin deforms due to swelling, the deformation is
compensated for by the deformation of the elastic material.
As a.result, gaps do not form between the nozzle sheet and

10 the walls. Furthermore, stress caused by head cycles may be
alleviated. Since the elastic material is adhesive, gaps do
not form between the walls and the nozzle sheet compared to
walls formed of known resins. Consequently, a decrease in
reliability with extended use is prevented.

15 Since the elastic material is patternable, intricate
ink chambers and channels may be formed with high precision.
Moreover, since the resin 1is photosensitive, after forming
the bottom half of the walls by a semiconductor
manufacturing process, the upper halves of the walls may be

20 formed by stacking cyclized rubber on the bottom halves of
the walls by various methods. By forming the walls of the
liquid chambers and the liquid channels by simultaneously
patterning the cyclized rubber and resin by photolithography

using activation energy, walls with alternately stacked

25 layers may be efficiently formed.



In this enbodi nent, a paste of resist 16 is applied 20 onto a substrate 15,
which is patterned in the shape of the walls. Then by noving a squeegee 17,
tthe resist 16 is applied to the substrate 3 in the shape of the walls of
the Iiquid chanbers and the liquid channels. After letting the solvent dry,
the walls are forned by perform ng curing 25 suitable for each resist. For
t hese processes, a nesh for - 46 the screen 15 is selected dependi ng on
the precision of the walls. Furthernore, the positioning and the gap

bet ween the screen 15 and the substrake 3, the tilt and the pressure of the
squeegee 17, and the viscosity of the resist 16 are 5 optimzed. In this
enbodi nent, on the walls forned as descri bed above, a nozzle sheet 7 is

Grbodi nont . A ShowaTh 1 o (5. W RoR G S g Sércr%f‘}i?%é”i qui d 10
chanber s, 200 {0, L Gy G, hapnel s, By SEESE0. LI N 10 A6, JA G, oy be
PROsLPEny Had oS PAHE

formed w icrency, in EX havi n 1S of the
ninth e 32 ﬁggﬁ)lne [ epr@é)dl t thevvalls of
t he |.qﬂ?§gcﬂ§2%%r 1%hand t%gd u?d c%%né 'ﬁyééé f0|ﬂ§¥%ztrlpolylnlde by
pad prinkingiawhichihe Eﬂréﬂtéﬂ&é@&&é@@Sf&%légﬁﬁméhéﬁgnﬂétﬁghkp printing, a

patterning nethod, and a printing nethod. Thi's enbodiment is the same as

t he fmur&hh@abggrﬁgnarexssﬁheah&s dheussfrgtdires ofutfieemalis differ.
Therefore, to describe 20 this enbodi nent, Figs. 6(A) to 6(F) used to

descri bertheitedr t bhenbadEgeat i ar erssesd Fhe el v nagle used for this
enbodi nent may be the above nentioned bl ock-copol yneri zed pol yi m de or

phot osensi t i ves pehopimmi de. Fikhe MiBcos tphdfo sdis indsiestrasi nadjlystwdd cho sui t
intaglio printing. 25 As shown in Fig. 6(A), a predeterm ned anount of
resist forms the bottom halves of the walls, is applied onto the
substrate 3 with a predetermined thickness. To apply the
10 photosensitive resin 31, various application methods used in
semiconductor manufacturing processes such as spin coating,
bar coating, or curtain coating may be used. For the
photosensitive resin 31, photosensitive epoxy resin and its
derivatives, photosensitive acrylic resin and its
15 derivatives, or photosensitive polyimide and its derivatives
are suitable. The resin is not limited to the resins
mentioned above, however, as long as the resin does not
swell or erode due to the ink. Then, depending on the resin,
the solvent 1s allowed to dry and the substrate 3 is heated
20 to stabilize the resin film.
vAs shown in Fig. 7(C), a resist layer 41 is formed with
photosensitive cyclized rubber by spin coating, bar coating,
or curtain coating. Then, if required, the layer is dried

or heated.

25 As shown in Fig. 7(D), the walls are masked with a



- 47, 16 is applied onto an intaglio 21, which is forned by the depressed
portions of the walls. Then, by noving a squeegee 17, the depressed
portions of the intaglio 21 are filled with the resist 16 and the excess
resist 16 is scraped off. 5 As shown in Fig. 6(B), a transfer pad 22 is
pressed against the intaglio 21. Then, as shown in Fig. 6(C), the transfer
pad 22 is pulled apart fromthe intaglio 21 at a predetermned rate. As a
result, the resist 16 filled in the depressed portions of the intaglio 21
is transferred to 10 the transfer pad222- After noving the transfer pad 22
over a substrate 3, the transfer pad 22 is pressed onto the substrate 3, as
shown in Fig. 6(D). Then, as shown in Fig. 6(E), by pulling the transfer

pad 22 apart fromt transfer pad 22, the J15.resist 16,. which.i s .shaped
li ke the&\’ix%w smaa% ﬁ GifY he'F a%’s? érdyped:d ,phlogc%sreélr?&f elf‘freecfe%r%trlo 3tﬁhe
substr at%r&}éi%%@i%eéfset \r,%i er A £ afroé’ rgaoq:c]‘pg Y ESS a%:LEitv%t?:li nf or each

resist. ove p Sses, 1 nstea novi ng the transfer pad 22, the

|t ag) i 0,2 890h 8 e SYbSL T ot 3 Y. be(DVathe 2GR b Hhe, Tequi red

preci sion, each condition is op ed to position the intaglio 21, the

transfer; paf-22.q afd L& SURSE ralfe 1 LS 13Ny inAhig. BEF), on the walls 5
and 6 forned as descri bed above, a nozzle sheet 7 is pressure-fixed, as 25
descisi bege fvd heoi sl dr SPbodinBptpe urt Al i1t inlagl 6 Ruidddreg, there is
intaglio direct printing (direct printing) and intaglio transfer printing
(i ntaglieshd sedr ptidyn)whfen dwd agli aglid edr PrHoHIIAGEhoTaphyagl i o is
formed on a netal roller by etching or 5 engraving. In general, intaglio

di rect pranthihg ensddasertt gh:speed qrd Mtrag aiddwrOrqudpetenar ifs Il m On the
other hand, in intaglio transfer printing, ink is transferred once onto a
rubber rodté@rtoriarpabaté ntlagl restsansien Priatdnghesrsgistblayéordprinting
on an uneven surface. Pad printing 10 is for printing on especially

i rregul arhich facesphdosdnsi eimdionsdt0 el sisbh8latlengd .hadihén vi ng

el enents conposed of heating elenments and driving circuits for driving the
dri ¢iOng Eres@hatingonrater sakeaaormngded Gurtfu d afetshe g idasargdeCck wil l
be uneven at a 15 microscopic level. Thus, for formng the walls, intaglio
transf eraPPYat i PRER slaYRt diA%. haxe it fsrenyt ity ¥hdRehi ckness of
the ink applied on the printing stock can be made greater conpared to
relief pf \ﬁ?}%@g%}hoo%f?}g%tacpﬂ‘?ﬂﬂ@ VPR dct i né""r%f priist%e depth for
the 20 depressed. portiaons, sufficient printin erformance w th.respect to
‘the actuat™ }@B{I?%fb?ﬁé TGS Thi®rss trl}t? teg( Toyrie AP b &Cacquir ed.
By forniggtigf &@Ils of the liquid chanmbers and Iiquid channels by intaglio
printing,;” as shiown in Figs. 6(A) to 25 6(F), the sane effects as in the

el eyenth embodi '@igwncq_'}al ??th 'e_r;]b@g , aguihedsokld) aPeher oEThadi ments In the

fourth, eighth, and twe iments, a nmethod for formng walls by pad

printingredbiemiger 41¥perofréndd@dy Qdvansdalg R tddigsthasyeaen
descri bed. The present invention, however, is not limted to this nethod,

and usuablintaghi & VAL By HElwser. orThevehs 4Tmags cand meailsprinting
may be used as long as sufficient precision for practical use may be
acquireds dfdl e dhe forméd,belEvetrdimimndioelfdd rmied mnt s,
photolithography using activation energy.
20 As shown in Fig. 8(F), the substrate 3 is washed by
spin coating using a rinse agent 42. As shown in Fig. 8(G),
the unexposed areas of the resist layer 31 are removed by
developing the resist layer 31 using a developer or solvent.

As a result, the walls 5 and 6 are formed.

25 Instead of individually developing the layers 31 and 41,



met hods for formng walls by screen printing and intaglio printing are
descri bed. The present invention, however, is not limted to these nethods,
and relief printing and flat printing may be used as |ong as sufficient
precision for 15 practical use nmay be acquired. In the ninth enbodinent, a
met hod for disposing resist on a substrate by coating such as spin coating
is described. The present invention, however, is not limted to this

nmet hod. For exanple, if photosensitive polyinmde is made 20 into a sheet,

it can be stacked onto the substrate.zgnthe ninth to twelfth enbodi nents,
a nethod for directly fixing the nozzle sheet onto the walls with polyimde
is described. The present invention, however, is not limted to this

met hod. | nstead, the nozzl e sheet y 25 be fixed with an adhesive |ayer.
o hi's Sy L ARE e gl 41 Moo bes AFURJOREG! OFE ABeBVBLrEyBY wi || oven
nore efficiently prevent. the decrease in reliability with use..ln the above
enbodi MHRLAG ArATIG T e SaRe 65s P CPYLAPAGLAFPY| R EPERERLs and
driving cgircuits far drjyi 5 these.driving. el ements on the subsirate is
desor | BEFoThe Tt AT o™ Roudv ey R RoPEPrRreaa e thrEe et hod
and can ;he i del pli tQ,C Ly dr.i.yi L nts are
dispose&%bn q%é ?ﬁ tfggg?(%ﬁ ﬁﬁgsgﬁgégggﬁggdi%gﬁfsfbéggggg &ggfein heati ng

10 ebemaies il 3ad.An A0 G CLaleRLs shnpdegabibed. The present

i nvention, however, 1Is limted fo this Case and can be w dely applied

in cases wheng Rhe7ACkACEELC BlATENLEcaRE,5680sREt e d8iybo0: BbesNts. In
t he above enbodi nents, a case wherein the present 15 invention is applied

to a prigiersiiead nd e Ridnlak dn@sdl $ghahae phitkcdhepl fhseirsadescribed. The
present invention, however, is not limted to this case. The present

i nvent i abhPeraPnliied d enphinkiier. headsici seBangizRge BAEe@Nhy thk
droplets, but also droplets of various dyes or liquids for 20 form ng
pr ot ect istedtayms baTpeG-sdids pers ®osdeids c bar gheg atkagentaesgapfotBeneasuri ng
devi ces, various test equipnent, or pattern-maki ng devices discharging
| i quPds shestt am e fremiggroagenty fSoppédtydhiongngrgvesuicbnas heat,
light, or an electron beam to the bonded nozzle sheet. The
nozzle sheet 7 may be pressed against the walls while energy
such as heat, light, or and an electron beam is supplied.
By forming the walls of the liquid chambers and liquid
15 channels by alternately stacking cyclized rubber and a
predetermined resin and, then, fixing the nozzle sheet onto
the substrate with this cyclized rubber, which is a
patternable, adhesive elastic material, the same effect as
described in the first embodiment may be acquired. Since an
20 appropriate resin can be selected, the degree of freedom of
the selected material is improved.
By using photosensitive resin, the bottom halves of the
walls may be formed by patterning the resin by

photolithography using activation energy.

25 The cyclized rubber and resin are patterned



According to the present invention, by fixing a nozzle 25 sheet to a
substrate with a predeterm ned material, which - 51 has excellent

chemi cal resistance and adhesive strength, or, nore specifically, with
cyclized rubber, by fixing the nozzle sheet to the substrate with a
patternabl e, adhesive elastic material, or by formng a walls of a liquid
chanbers 5 and the liquid channels with polyimde, a decrease in
reliability with use may be efficiently prevented. Industrial Applicability
The present invention is related to-azliquid discharge 10 head, a liquid

di scharge apparatus, and a nethod for forming a |iquid discharge head, and
may be applied to an inkjet printer. - 52 CLAIMS 1. Aliquid discharge

or cdet or FARAHFRSAIESY B GRG FF 19HF SYBC Sl g R Ty Ao 0@ Yehanber s 5
and o noid EORABS WTLT 6 ot el HBPR o Tta T8 (MG CHBAPa 6 with |
Taur o COTHE T qui 1T OHATDAT) . AN bi 7 A T Goa( e "SACRS of i he
havi ng_chen eard  afedr ctfe SRk 1l e o oshi R S o At Ao ve

stre%gthnégu%égtﬁpfh@qggééé§gpet. 15 2. The liquid discharge head accordi ng
to claiml,

After simultaneously exposing the cyclized rubber and
resin, the cyclized rubber and resin are developed
individually or integrally. 1In this way, patterning
suitable for the resin may be performed as required.

10 (6) Sixth Embodiment

In this embodiment, as shown in Figs. 9(A) to 10(I), to
form walls of liquid chambers and liquid channels by
alternately stacking cyclized rubber and resin, the cyclized
rubber and resin are exposed individually. 1In this

15 embodiment, the resin used is the same resin as in the fifth
embodiment. Therefore, descriptions for structures that are
the same as those of the fifth embodiment are omitted.

More specifically, similarly to the fifth embodiment,
as shown in Fig. 9(A), driving elements and others are

20 formed on the substrate and, then, as required, surface
treatment and surface modification are performed. As shown
in Fig. 9(B), photosensitive resin 31, which forms the
bottom halves of the walls, ‘is applied onto the substrate 3
with a predetermined thickness.

25 As shown in Fig. 9(C), the walls are masked in the



wherein the predeterm ned material is cyclized rubber. 3. The liquid
di scharge head according to claim2, wherein the cyclized rubber is
pol yi soprene rubber. 20 4. The liquid discharge head according to claim 2,
wherein the cyclized rubber is pol ybutadi ene rubber. 5. The liquid
di scharge head according to claim2, 25 wherein the cyclized rubber is
phot osensi ti ve. - 53 6. The liquid discharge head according to claim 2,
wherein the walls are formed of the cyclized rubber. 5 7. The liquid
di scharge head according to claim 2, wsherein the walls conprises a |ayer of
the cyclized rubber and a |l ayer of a predetermned resin. 8. The liquid
di scharge head according to claim7, 10 wherein the predetermned resin is
a phot ose sitivg gesi 9. The

[
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material oo c{:g\g fl%'@éﬁlé?t% phereln fhesfozzl & shealed seponded to the end

faces of the and erein the predetermned 25 material is polyinde.
- 545 photolithography. When the resin 31 is a chemically

amplified resin, after exposure, post-exposure baking (PEB)
must be performed because of the pattern amplification due
to the generated acid. Post-exposure baking may be
performed during the exposure process or may be performed
10 during any sultable process described later. Also, to
stabilize the exposure film or to accelerate the
polymerization of the exposed parts of the resin, the
substrate 3 may be heated.
As shown in Fig. 9(D), the resist layer 41 made up of
15 photosensitive cyclized rubber is formed by various
application methods such as spin coating, bar coating, or
curtain coating may be used and then, if required, dried and
heated.
As shown in Fig. 9(E), the resist layer 41 is exposed
20 while using the photo mask 13B. For exposure, any suitable
type of activation energy 12 may be selected. The photo
mask 13B may have the same pattern as the photo mask 132
used for exposing the film of resin 41, or the photo mask
13B may have a smaller width compared to the width of the

25 photo mask 13A.



12. The liquid discharge head according to claim1l, wherein the walls are
formed wth a photosensitive material. 5 13. The liquid discharge head
according to claim1l, wherein the walls are forned with a

bl ock-copol yneri zed material. 14. The |iquid discharge head according to
claim11l, 10 wherein the walls are forned with a printable material. 15.
The liquid discharge head according to claim 11, wherein the walls conprise
of a negative material polynerized by irradiation with activation energy
rays. 15 16. The liquid discharge hea®3 according to claim 11, wherein the
wal |'s conprise of a positive material irradiated with activation energy
rays. 20 17. A liquid discharge apparatus for discharging droplets froma

4 o Sog BRI A a! AR IO SHACk L ue sLpekng, | [ guid i schar e

head di schar gés “dropl & chanbers from
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25 by driving el ene ein g I'scharge héad conpri ses
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nozzlestﬁgﬁh§%£$o t §t%gggg%§;mnt %ﬁgﬁﬁgﬁ%ggﬁﬁhgh?hgg%ﬁgﬁiéagggnbers and
liquid channelys 0r SUPRY e (iRl Wd G hioguhd tebgrlgns: and
wherei n at Ieéiegthe suy#%ces é%giﬁé wal |I's bon%?ﬁg to the ngzz?e§sheet IS
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l'iquid and having sufficient adhesive strength to fix the nozzle sheet.
6 are formed.
As shown in Fig 10(G), the substrate 3 is washed by
spin coating using a rinse agent 42. As shown in Fig. 10(H),
the unexposed areas of the resin layer 31 are removed by
10 developing the resin layer 41 using a developer or solvent.
As a result, the walls 5 and 6 are formed. For this
. embodiment, instead of developing layers 31 and 41
individually, these layers 31 and 41 may be developed at
once. In this way, the processes described in Figs. 10(F)
15 and 10(G) may be omitted, and, consequently, the
manufacturing process may be simplified.
As shown in Fig. 10(I), the nozzle sheet 7 is
positioned and pressure-fixed. In this way, the nozzle
sheet 7 is fixed by the adhesiveness of the patterned
20 material forming the liquid channels. To fix the nbzzle
sheet 7, the sheet may be pressed and bonded, or the
adhesiveness of the sheet may be improved by supplying
energy such as heat, light, or an electron beam to the

bonded nozzle sheet. The nozzle sheet 7 may be pressed

25 against the walls while energy such as heat, light, or an



10 18. The liquid discharge apparatus according to claim 17, wherein the
predeterm ned material is cyclized rubber. 19. The liquid discharge
apparatus according to claim18, 15 wherein the cyclized rubber is

pol yi soprene rubber. 20. The |iquid discharge apparatus according to claim
18, wherein the cyclized rubber is pol ybutadi ene rubber. 20 21. The liquid
di scharge apparatus according to claim 18, wherein the cyclized rubber is
phot osensitive. 22. The liquid discharge apparatus according to claim 18,
wherein the walls are fornmed with the3eyelized rubber. 25 - 56 23. The
i quid di scharge apparatus according to claim 18, wherein the walls are
formed by stacking the cyclized rubber and a predetermned resin. 5 24. The
l'iquid d| @ggaragus accordin%%to claim 23, wherein the predeterm ned
resinis % os%n B €27 VB8 The | i qui d di scharge apparatus accordi ng

to claim 18, wher el theld quid ] 9,2 Ly Gused bahdl dbngyand a 10

plurality of € nozzles |s I'sposed over a prlntlng stock

26 one Liguid dhsehalgenprentabus: aproLtigailo Al iRl

predet erm erral is a pattern esive elastic naterlal 27.

The 1 quid Qéaglegm@né@pfé@iHSa@&C%ﬁéﬁg £ Sh@i R Tyohed eiykdihe wal s are

formed on he substrate with the predeterm ned material, wherein the nozzle

sheets i SoRegdede 20ub 9t ke edaﬂtlf-l ael@ﬁ.s Oby & he, 0@l Hsonand wihiesiei s the
predeterm ned material is polyimde. % The liquid dlscharge appar at us

acgor di lngat;@e@habmw?adme@iee Neihet el hstar £af Ortvasl snid &F Mo esensitive
mere aescribed in the first embodiment may be acquired. Since
each layer is exposed individually, any appropriate resin
can be selected, and, thus, the degree of freedom of the
10 selected material is improved.
(7) Seventh Embodiment
In this embodiment, walls of liquid chambers and liquid
channels are formed by stacking cyclized rubber and a
predetermined resin. After processing the predetermined
15 resin into the shapes of the walls, the cyclized rubber is
stacked onto the end faces of the resin by printing to form
the walls of the liquid chambers and the liquid channels.
Screen printing may be used for this process.
In this embodiment, the walls 5 and 6 of the liquid
20 chambers 4 and the liquid channels are formed on the
substrate 3 with a predetermined resin in the same manner as
in a known process. For the resin, an appropriate resin may
be selected from the resins mentioned in the fifth
embodiment.

25 As shown in Fig. 11, the substrate 3 with walls 5A is



25 .- 57 29. The liquid discharge apparatus according to claim 27,
wherein the walls are formed with a block polynerized nmaterial. 5 30. The
I-i qui d di scharge apparatus according to claim27, wherein the walls are
formed with printable material. 31. The liquid di scharge apparatus
according to claim 27, wherein the walls conprise of a negative material 10
polyneri zed by irradiation with activation energy rays. 32. The liquid

di scharge apparatus according to claim 27, wherein the walls conprise of a
positive material irradiated wth aetB¥ati on energy rays. 15 33. A

manuf acturing nethod for a liquid discharge head for discharging droplets
of liquid contained in liquid chanbers from predeterm ned nozzles fornmed on

I he b h h
ari Sfﬁge%$%h€ﬁ?n¥?ﬁ%f?§e#h’gﬁ e S i B AR S By 20
struct Urpgat he b gul s ehabers angs 14 ﬁecdwmgaesr hQf BRI e 1 qui d
ers an

to the 17qurd ¢h ornlng east surfaces of the walls

bondi ng m@ Dezele sheetrild hf s WARLJBY ard alihavdng sohem cal 25

resistance to t qui d and havi ng suff|C|ent adhesi ve 58 strength to
fix the peggle §@e§§’a§5@hed to the end faces of the walls 5A.

5 After letting the solvent dry, a process such as baking is
performed and the walls are formed by crosslinking. A mesh
for the screen 15 is selected for the process depending on
the required precision of the walls. Furthermore, the
positioning of and the gap between the screen 15 and the

10 substrate 3, the tilt and the pressure of the squeegee 17,
and the viscosity of the cyclized rubber 16 are optimized.

Since, in this embodiment, the walls of the liquid
chambers and the liquid channels are formed by alternately
stacking cyclized rubber and a predetermined resin, after

15 the walls are preformed by resin, the cyclized rubber may be
stacked by screen printing. In this way, the same effect as
in the first embodiment may be acquired. By stacking the
cyclized rubber by screen printing, the cyclized rubber may
be stacked after the walls are formed by known processes.

20 Consequently, the reliability of the printer head may be
improved by merely adding the screen printing process to the
known processes.

(8) Eighth Embodiment
In this embodiment, cyclized rubber is stacked by

25 intaglio printing instead of screen printing.



bondi ng the nozzle sheet is bonded to the end faces of the walls. 5 34. The
manuf acturing nmethod for the liquid discharge head according to claim 33,
wherein the predeterm ned material is cyclized rubber. 35. The

manuf acturing nmethod for the liquid discharge 10 head according to claim
34, wherein the photosensitive cyclized rubber is subjected to

phot ol i t hographi c pattering using activation energy. 36. The manufacturing
met hod for the liquid discharge 15 head according to claim 34, wherein the
cyclized rubber is applied on the suldrate by printing. 37. The

manuf acturing nmethod for the |iquid discharge head according to claim 36,
wherein the printing is screen 20 printing. 38. The manufacturing nethod

for the quu%&l%;?%h%& écaﬁ§9 aggoggggﬁegg §£$5n1§§(Ayh§5e ol ?? printing

is intaglio 39773 manufacturing net or the

l'iquid digs sggl_?ragree he % 2‘33 rdltrg)g Et?? Cla%l @34, Whehei pathe \ga !n@ @r gff or med

by stackKi'f he cyc (4 fbber redeternlned resin. he
manuf act iy a{}&de fadd'8 sl % '%f‘eh%r 9 head @gcghdlang to cl ai m 39,
wher ei n prergj% er rgs(r)leci}&r]esll uq'l s p St osensi tel ve ?ne5| n. 41. The

manuf actyi Ng- It hgo% pﬂédeod@x%ﬂﬂeac%@% 10 headnaaaer dhRgeto claim

40, wherein the walls are rmed by sinmultaneously patterning the

phot gsensd tiy e 1y ddvatt Whiidarat.he Arr edelver Misnedgr.esnaby a
phot ol i t hography using activation energy. 15 42. The manufacturing nethod

for the ddsud db i sediarge heasbaaca® disn@ppd ieldaiom 40, integaio the walls are
formed by sinmultaneously exposing the photosensitive cyclized rubber and
t he predatashn nedfamsid Hy At ideatriesseengogytiang tfewailddi fioduald pyor
integrally devel oping the photosensitive 20 cyclized rubber and the
pr edet erthenexbawsiproksekhe rMirauf actaguiergeeetlfod sf oovielde tioi §dild di schar ge
head according to claim40, wherein the walls are fornmed by
these depressed portions of the intaglio 21 with the
10 cyclized rubber 16 and the excess cyclized rubber 16 is
scraped off.
As shown in Fig. 12(B), a transfer pad 22 is pressed
against the intaglio 21. Then, as shown in Fig. 12(C), the
transfer pad 22 is pulled apart from the intaglio 21 at a
15 predetermined rate. As a result, the cyclized rubber 16
filled in the depressed portions of the intaglio 21 is
transferred to the transfer pad 22.
After moving the transfer pad 22 onto the above
substrate 3, the transfer pad 22 is pressed onto the
20 substrate 3, as shown in Fig. 12(D). Then, as shown in Fig.
2(E), by pulling the transfer pad 22 apart from the
substrate 3, the cyclized rubber 16 fixed onto the transfer
pad 22 is transferred onto the end faces of walls 5A of the
substrate 3. After letting the solvent of the cyclized

25 rubber 16 dry, processing such as baking is performed and



i ndi vi dual 'y exposing the photosensitive cyclized rubber and 25 the
predeterm ned resin to activation energy and then - 60 individually or
rntegrally devel oping the photosensitive cyclized rubber and the
predeterm ned resin. 44. The manufacturing nmethod for the |iquid discharge
5 head according to claim39, wherein the walls are formed by stacking the
cyclized rubber onto the predeterm ned resin by printing after processing
the predetermned resin into the shape of the walls. 10 45. The
manuf acturing method for the Iiquid dizseharge head according to claim 44,
wherein the printing is screen printing. 46. The manufacturing nethod for
the liquid discharge 15 head according to claim44, wherein the printing is
intaglio printing._ 47.. The manufacturin netgod for the |jquid discharge
head ac&BFdWﬁglFOSCFEFnl3§FemE8F8Fﬁ #Hegﬁ?ﬁﬁ 3P fed gﬁ %@%%rial is a
patternabl e, adhesivye _elastic naterial, 4 ge nyf ac i % d for
t he quBFSCﬁfgchéPé eﬁgaa%a888%89néh?ot€ g?ﬁg 3Pg§hg%éi%H%h293£§ ggare
f ormed t St iLLh st he predebergl ned g8t hal canghthe end 25
: £3NPnt
f aces o?qtﬁgghéﬁ%ssg§%%6§%%d3to Fh%gnozzFe shegt, anga t .
required precision, each condition is optimized to position
5 the intaglio 21, the transfer pad 22, and the substrate 3.
As shown in 12(F), on the walls 5 and 6 formed as
described above, a nozzle sheet 7 1s pressure-fixed as
described in the first embodiment.
Even i1f intaglio printing is used instead of screen
10 printing, the same effects as described in the seventh
embodiment may be acquired.
(9) Ninth Embodiment
(9-1) Arrangement of the Ninth Embodiment
In this embodiment, walls 5 and 6 are formed with
15 polyimide. This embodiment is the same as the first
embodiment except for the structures of the walls 5 and 6.
Therefore Figs. 1 and 2(A) to 2(E) are used for the
description.
For the printer head 1 according to this embodiment, a
20 substrate 3 is formed by semiconductor manufacturing
processes, wherein heater elements 8, which are driving
elements for changing the pressure inside the liquid
chambers 4, and driving circuits for driving these heater
elements 8 are simultaneously formed on a semiconductor

25 wafer. The wafer is divided into substrates 3, having




- 61. wherein the predetermned material is polyimde. 49. The

manuf acturi ng nethod for the |iquid discharge head according to clai m 48,
wherein the walls are formed by 5 printing. 50. The manufacturing nethod
for the liquid discharge head according to claim49, wherein the printing
is screen printing. 10 51. The manufacturing nmethod for the liquid

di scharge head according to claim49, wherein the printing is intaglio
printing. 15 52. The manufacturing nmethod for the liquid di scharge head
according to claim48, wherein the waBks-are forned by polynerizing a
negati ve photosensitive polyimde by irradiation with activation energy
rays. 20 53. The manufacturing nethod for the |liquid discharge head
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"'()- qg}rg\=zI0%t&ie manufacturing processes of the printer head 1,
10 after forming the heater elements 8 and other parts on the
semiconductor substrate 3 by a semiconductor process (Fig.
2(a)), the surface of the substrate 3 is treated and
modified if required. Then, a material layer for improving
the adhesiveness between the substrate 3 and the walls 5 and
15 6 is formed on the substrate 3. To improve the adhesiveness
of the material layer, various materials that are used for
this type of processing may be used.
As shown in Fig. 2(B), a photoresist made of block-
copolymerized polyimide is applied onto the substrate 3 with
20 a predetermined thickness to form a resist layer 1l. To
apply the resist layer 11, various application methods used
in semiconductor manufacturing processing such as spin
coating, bar coating, or curtain coating may be used. The

thickness of the resist layer 11 is arranged so that the

25 final height of the liquid chambers 4 becomes the desired
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5 indicated by reference number 11A. The activation energy 12

may be ultraviolet rays, electron beams, or X-rays,

depending on the properties of the resist. In this

embodiment, the resist layer 11 is irradiated with

ultraviolet rays. In Fig. 2(C), reference number 13
10 indicates a photo mask.

As shown in Fig. 2(D), the resist layer 11 is developed
using specific ligquid developers and solvents. Then the
unexposed areas are removed from the resist layer 1ll. By
photolithography using the activation energy 12, the walls 5

15 and 6 of the liquid chambers 4 and the liquid channels are
patterned and formed with polyimide.

As shown in Fig. 2(E), the nozzle sheet 7 is positioned
and pressure-fixed. The nozzle sheet 7 is fixed by the
adhesiﬁeness of the patterned material. The adhesiveness

20 may be strengthened by supplying energy such as heat, light,
or an electron beam while the nozzle sheet 7 is being
pressure-fixed to the walls.

A positive type photoresist made of block-copolymerized
polyimide may also be used. 1In this case, the processes

25 applied are the same as the above negative type photoresist
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semiconductor substrate 3, the walls 5 and 6 of the liquid
chambers 4 and the liquid channels are formed with polyimide.
The nozzle sheet 7 is pressed and held against the end faces
of the walls 5 and 6. For the printer head 1 that is formed

10 in this way, ink is supplied to the liquid chambers 4
through the liquid channels. The pressure inside the liquid
chambers 4 is changed by driving the heater elements 8. Due
to the change in pressure, ink droplets are discharged from
the nozzles 2 of the nozzle sheet 7. The printer operates

15 to attach the ink droplets discharged from the nozzles 2 to
the printing stock.

Long-term use of the printer head 1 causes the walls 5
and 6 of the ligquid chambers 4 and the liquid channels to be
exposed to ink. This exposure to ink may result in erosion

20 or swelling, causing the adhesive strength between the
nozzle sheet 7 and the walls 5 and 6 to decrease.
Furthermore, crosstalk may occur between neighboring liquid
chambers 4.

For the printer head 1, however, the walls 5 and 6 of

25 the ligquid chambers 4 and the liquid channels are formed
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5 compared to known materlals. Consequently, peeling of the
nozzle sheet 7 caused by erosion and swelling may be
efficiently prevented. As a result, decrease in reliability
with use may be prevented efficiently.

For the printer head 1, block-copolymerized polyimide

10 is used to maintain sufficient adhesiveness and
photosensitivity. In this way, the nozzle sheet 7 is fixed
with sufficient adhesiveness by simply pressure-fixing the
nozzlé sheet 7. As a result, crosstalk caused by use and
decrease in reliability with use may be efficiently

15 prevented.

The photosensitivity allows the walls 5 and 6 to be
patterned by photolithography. 1In this way, the ink
chambers and the other parts may be formed with sufficiently
high precision by effectively applying a semiconductor

20 manufacturing process.

(9-3) Effects of the Ninth Embodiment

According to the above, by forming the walls of the
liquid chambers and the liquid channels with polyimide, a
decrease in reliability with use may be efficiently

25 prevented.



10z 10z| 1&$10%& ()-!1 1&$10%& () - QPQQ<Rt RRRaB~_@! ( &y

310%& ()-!}s!109&' ()-F10% ()-!10% & ()- ! 10%& ()- 10%&' ()-R S; SS! TOTTa?~_@
(& nsy/ #10% (& ()-- 109& ()-+y 109%& ()-!}s&f #10%& () - 9%l -
109% () - F"10%& () - TTUUUUULKW @ ! (& 3#10%g&' () - z! 3#109%PP& () -z, MLOYg&' () -
10 10 10s8" 109%&’ () - 93! 10%&' () - VWEXXYZZzX6_@

1" $10%CCE () -!' $109KKE ()-!' $109& ()-! ##10%gg& ()-3 !t #10%& ()- 3

| 109%9& () -222ZZZ[ [\ ~_= |11 ~$10%& ()-yynt 10%& ()-!ym 10%c& ()- LMLO%& ()-
10gnllogn1logn1$10%gn& ()-\1]1"_E_"}t<43=

1T ~Y1&310%& () -z' $10% V& ()-z1" $10%& ()-z#10%[ & ()- S #10%& () - S$10% & () -
Yy T UV WA Jaaa~ @!!!010% () - #10%&' ()-z! #10%&' () - zL, MLO%&' ()- 10z 10z
102Y1&$10%i&' - zabBby b d& i

111 s$10%& () B é@fﬁ%&f B é‘foé}‘&tf‘) P%‘;?&fé&eﬁs(l)t”e material, the

m{glgg&n& ZalnTb I#slogrel% Qt xedrdepeaer ef IH%USJb $IOOBRE ()1 hﬂﬂéh[ & ()-,M0%& ()

10! sl 1$109& ( 10%&' " 0 ' %
B0 o et 95T Y bt O R ol APV denie NI (Qu?n'vlg‘?}i%

1(())2: plﬁ?ﬁ/}zééégurlé&%%égs . 10g ]aozrél'.Q;lY@-, l&/@&éﬁlmrﬁyoa&lﬂ\ﬂw\pzm

5 increased.

By forming the walls with block-copolymerized polyimide,
which is a block polymerized material, properties such as
photosensitivify and strong adhesiveness can be acquired
easily.

10 (10) Tenth Embodiment
In this embodiment, instead of block-copolymerized
polyimide described in the ninth embodiment, known
photosensitive polyimide is used to form walls.
Photosensitive polyimide is easily available on the market
15 as an industrial material for semiconductors. Specifically,
for example, the following are available: Toray Industrials
Inc.'s Photoneece, Sumitomo Bakelite Co., Ltd.'s CRC Series,
HD MicroSystems's PIQ/PI/HD Series.
In general, for a negative type photosensitive
20 polyimide, photosensitive groups such as methacryloyl groups
are bonded to the polyimide precursors by an ester linkage.
On the other hand, a positive type photosensitive polyimide
may be a polyimide containing a polyimide precursor with an
o-nitrosobenzylester group as a side chain, a polyimide

25 composed of an ester-linkage type polyimide precursor with
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5 from polyamic acid, which is generated by the emission of

light, as a precursor. For a negative type polyimide,
activation energy forms the precursors and then
polymerization starts. For a positive type polyimide, the
molecular composition of the parts irradiated with

10 activation energy changes and the polyimide becomes
dissolvable in developers and solvents.

In this embodiment, after a resist layer composed of
photosensitive polyimide is formed on a substrate in the
same manner as the ninth embodiment described above,

15 exposure and development are performed. Different photo
masks are used for positive and negative type materials.

Then the resist remaining on the substrate is baked at
a predetermined temperature to be cured. In this way, a
strong polyimide film is formed from the polyimide

20 precursors. Subsequently, a nozzle sheet is bonded in the
same manner as the ninth embodiment. Baking after
development may be performed after the nozzle sheet is
bonded.

By forming the walls with known photosensitive

25 polyimide according to the tenth embodiment, decrease in
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(11) Eleventh Embodiment
In this embodiment, walls of liquid chambers and liquid

5 channels are formed with polyimide by screen printing, which

is a type of patterning and printing technique. The

composition of this embodiment is the same as the third

embodiment except that the structures of the walls differ.

Therefore, Fig. 5 used to describe the third embodiment is
10 used to describe the eleventh embodiment.

A wide range of polyimides may be used in this
embodiment, such as the abovementioned block~copolymerized
polyimide, photosensitive polyimide, block-copolymerized
polyimide ink for screen printing, or non-photosensitive

15 polyimide. The viscosity of the resist is adjusted to make
a paste suitable for screen printing. For non-
photosensitive polyimides, for example, Ube Industries
Ltd.'s Upicoat (a polyimide overcoat ink) is available.

In this embodiment, a paste of resist 16 is applied

20 onto a substrate 15, which is patterned in the shape of the
walls. Then by moving a squeegee 17, the resist 16 is
applied to the substrate 3 in the shape of the walls of the
liquid chambers and the liquid channels. After letting the
solvent dry, the walls are formed by performing curing

25 suitable for each resist. For these processes, a mesh for
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5 optimized.

In this embodiment, on the walls formed as described
above, a nozzle sheet 7 is positioned and pressure-fixed in
the same manner as in the ninth embodiment.

As shown in Fig. 5, by forming the walls of the liquid

10 chambers and the ligquid channels by screen printing, the
walls may be formed with better efficiency, in addition to
having the effects of the ninth embodiment.

(12) Twelfth Embodiment

In this embodiment, the walls of the liquid chambers

15 and the liquid channels are formed with polyimide by pad
printing, which is an intaglio transfer method for intaglio
printing, a patterning method, and a printing method. This
embodiment is the same as the fourth embodiment except that
the structures of the walls differ. Therefore, to describe

20 this embodiment, Figs. 6(A) to 6(F) used to describe the
fourth embodiment are used._ The polyimide used for this
embodiment may be the abovementioned block-copolymerized
polyimide or photosensitive polyimide. The viscosity of the
resist is adjusted to suit intaglio printing.

25 As shown in Fig. 6(A), a predetermined amount of resist
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w1th the resist 16 and the excess resist 16 is scraped off.
5 As shown in Fig. 6(B), a transfer pad 22 is pressed

against the intaglio 21. Then, as shown in Fig. 6(C), the

transfer pad 22 is pulled apart from the intaglio 21 at a

predetermined rate. As a result, the resist 16 filled in

the depressed portions of the intaglio 21 is transferred to
10 the transfer pad 22.

After moving the transfer pad 22 over a substrate 3,
the transfer pad 22 is pressed onto the substrate 3, as
shown in Fig. 6(D). Then, as shown in Fig. 6(E), by pulling
the transfer pad 22 apart from the transfer pad 22, the

15 resist 16, which is shaped like the walls and is on the
transfer pad 22, is transferred onto the substrate 3. Then
the walls are formed by a process suitable for each resist.
In the above processes, instead of moving the transfer pad
22, the intaglio 21 and the substrate 3 may be moved.

20 According to the required precision, each condition is
optimized to position the intaglio 21, the transfer pad 22,
and the substrate 3.

As shown in Fig. 6(F), on the walls 5 and 6 formed as
described above, a nozzle sheet 7 is pressure-fixed, as

25 described in the ninth embodiment.
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printing (direct printing) and intaglio transfer printing
(intaglio offset printing). For intaglio direct printing,
an intaglio is formed on a metal roller by etching or

5 engraving. 1In general, intaglio direct printing enables
high-speed printing mainly on paper or film. On the other.
hand, in intaglio transfer printing, ink is transferred once
onto a rubber roller or a pad. Intaglio transfer printing
is suitable for printing on an uneven surface. Pad printing

10 is for printing on especially irregular surfaces.

In this embodiment, the substrate 3 has driving
elements composed of heating elements and driving circuits
for driving the driving elements. For this reason, the
surface of the printing stock will be uneven at a

15 microscopic level. Thus, for forming the walls, intaglio
transfer printing is suitable. By using intaglio printing,
the thickness of the ink applied on the printing stock can
be made greater compared to relief printing and offset
printing. By selecting an appropriate depth for the

20 depressed portions, sufficient printing performance with
respect to the actual height of the walls, which is 10 to
100 [pm]}, may be acquired.

By forming the walls of the liquid chambers and liquid
channels by intaglio printing, as shown in Figs. 6(A) to

25 6 (F), the same effects as in the eleventh embodiment can be
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(13) Other Embodiments
In the fourth, eighth, and twelfth embodiments, a
method for forming walls by pad printing, which is a type of
5 intaglio transfer printing, has been described. The present
invention, however, is not limited to this method, and usual
intaglio printing may be used or, even, intaglio direct
printing may be used as long as sufficient precision for
practical use may be acquired.

10 In the fourth, eleventh, and twelfth embodiments,
methods for forming walls by screen printing and intaglio
printing are described. The present invention, however, is
not limited to these methods, and relief printing and flat
printing may be used as long as sufficient precision for

15 practical use may be acquired.

In the ninth embodiment, a method for disposing resist
on a substrate by coating such as spin coating is described.
The present invention, however, is not limited to this
‘method. For example, if photosensitive polyimide is made

20 into a sheet, 1t can be stacked onto the substrate.

In the ninth to twelfth embodiments, a method for
directly fixing the nozzle sheet onto the walls with
polyimide is described. The present invention, however, is

not limited to this method. Instead, the nozzle sheet may

25 Dbe fixed with an adhesive layer. In this way, the adhesive
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strength of the adhesive layer will even more efficiently
prevent the decrease in reliability with use.

In the above embodiment, a method for simultaneocusly
forming driving elements and driving circuits for driving
these driving elements on the substrate is described. The
present invention, however, is not limited to this method
and can be widely applied to cases where only the driving
elements are disposed on the substrate.

In the above embodiments, a case wherein heating
elements are used as driving elements is described. The
present invention, however, is not limited to this case and
can be widely applied in cases where piezoelectric elements
are used as the driving elements.

In the above embodiments, a case wherein the present
invention is applied to a printer head and a printer to
discharge ink droplets is described. The present invention,
however, is not limited to this case. The present invention
may be applied to printer heads discharging, not only ink
droplets, but also droplets of various dyes or liquids for
forming protective layers, micro-dispensers discharging
reagents, various measuring devices, various test equipment,
or pattern-making devices discharging liquids such as
chemical agents for etching protection.

According to the present invention, by fixing a nozzle

sheet to a substrate with a predetermined material, which

109%g& () - &#109%g& () -

hC
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nozzle sheet to the substrate with a patternable, adhesive
elastic material, or by forming a walls of a liquid chambers
5 and the liquid channels with polyimide, a decrease in

reliability with use may be efficiently prevented.

Industrial Applicability
The present invention is related to a liquid discharge
10 head, a liquid discharge apparatus, and a method for forming
a liquid discharge head, and may be applied to aﬁ inkjet

printer.
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CLAIMS
1. A liduid discharge head for discharging droplets of
liguid contained in liquid chambers from predetermined
nozzles by changing the pressure inside the liquid chambers
5 Dby driving elements, comprising;

a substrate having the driving elements and a nozzle
sheet with the above nozzles bonded to the substrate with
walls forming the liquid chambers and liquid channels for
supplying the liguid to the liquid chambers; and

10 wherein at least the surfaces of the walls bonding to
the nozzle sheet is formed of a predetermined material
having chemical resistance to the liguid and having

sufficient adhesive strength to fix the nozzle sheet.

15 2. The ligquid discharge head according to claim 1,

wherein the predetermined material is cyclized rubber.

3. The liquid discharge head according to claim 2,
wherein the cyclized rubber is polyisoprene rubber.
20 |
4., The liguid discharge head according to claim 2,

wherein the cyclized rubber is polybutadiene rubber.

5. The liquid discharge head according to claim 2,

25 wherein the cyclized rubber is photosensitive.
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6. The liquid discharge head according to claim 2,

wherein the walls are formed of the cyclized rubber.

5 7. The liquid discharge head according to claim 2,
wherein the walls comprises a layer of the cyclized rubber

and a layer of a predetermined resin.

8. The liquid discharge head according to claim 7,

10 wherein the predetermined resin i1s a photosensitive resin.

9. The liquid discharge head according to claim 2,
wherein the liquid is a liquid used for printing and a
plurality of the nozzles is disposed over the width of a

15 printing stock.

10. The liquid discharge head according to claim 1,
wherein the predetermined material is a patternable adhesive
elastic material.

20

11. The liquid discharge head according to claim 1,
wherein the walls are formed with the predetermined material
on the substrate, wherein the nozzle sheet is bonded to the
end faces of the walls, and wherein the predetermined

25 material is polyimide.
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12. The liquid discharge head according to claim 11,

wherein the walls are formed with a photosensitive material.

13. The liquid discharge head according to claim 11,
wherein the walls are formed with a block-copolymerized

material.

14. The liquid discharge head according to claim 11,

wherein the walls are formed with a printable material.

15. The liquid discharge head according to claim 11,
wherein the walls comprise of a negative material

polymerized by irradiation with activation energy rays.

16. The liquid discharge head according to claim 11,
wherein the walls comprise of a positive material irradiated

with activation energy rays.

17, A liquid discharge apparatus for discharging droplets
from a liquid discharge head onto printing stock;
wherein the liguid discharge head discharges droplets
of liquid contained in liquid chambers from predetermined
nozzles by changing the pressure inside the liquid chambers

by driving elements;
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wherein the liquid discharge head comprises a substrate

with the driving elements and a nozzle sheet with the above

nozzles bonded to the substrate with walls forming the

liquid chambers and liquid channels for supplying the liquid

to the liquid chambers; and

wherein at least the surfaces of the walls bonding to

the nozzle sheet is formed with a predetermined material

having chemical resistance to the liquid and having

sufficient adhesive strength to fix the nozzle sheet.

18. The liquid discharge

apparatus according to claim

wherein the predetermined material is cyclized rubber.

19. The liquid discharge

wherein the cyclized rubber
20. The liquid discharge
wherein the cyclized rubber
21. The liguid discharge
wherein the cyclized rubber

22. The liguid discharge

apparatus accofding to claim

is polyisoprene rubber.

apparatus according to claim

is polybutadiene rubber.

apparatus according to claim

is photosensitive.

apparatus according to claim

wherein the walls are formed with the cyclized rubber.

17,

18,

18,

18,

18,



1029.10%& ()- 7 10%& ()-!/#10% & ()-!x/#109%& ()-+10%& ()-+gdESH= 10T 1
10z Y109& ()-f ! 109& ()- &LOY%& ()- 109& ()-109%& ()-LS: 109& ()-/hdESH= 10T
1. 1023 109 () - 109& ()- S109& ()- 109& ()- 3109& ()- 9109%& ()- F&CdESH= 10T 1
10z/ #109& () - +109& ()- *, 109 ()- @L0%& ()-3$ 109& ()- 109 ()-cxmbC 10T
1 109SMLOY% ()- 10 10 10s&9 109 ()- F7109% ()- f5, 109& ()-1109%& ()-}~?nbC
10T 1
@OY%& ()- #109& ()-!3 #10%<& ()- F@L0%& ()-sTL10%& ()-!8! 109%& () - CaMiBmbC

— 56 —

23. The liquid discharge apparatus according to claim 18,
wherein the walls are formed by stacking the cyclized rubber

and a predetermined resin.

5 24. The liquid discharge apparatus according to claim 23,

wherein the predetermined resin is photosensitive resin.

25. The liquid discharge apparatus according to claim 18,
wherein the liquid is a liquid used for printing and a
10 plurality of the nozzles is disposed over the width of a

printing stock.

26. The liquid discharge apparatus according to claim 17,
wherein the predetermined material is a patternable,

15 adhesive elastic material.

27. The liquid discharge apparatus according to claim 17,
wherein the walls are formed on the substrate with the
predetermined material, wherein the nozzle sheet is bonded

20 to the end faces of the walls, and wherein the predetermined

material is polyimide.

28. The liquid discharge apparatus according to claim 27,
wherein the walls are formed with a photosensitive material.

25
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29. The liquid discharge apparatus according to claim 27,
wherein the walls are formed with a block polymerized

material.

30. The liquid discharge apparatus according to claim 27,

wherein the walls are formed with printable material.

31. The liquid discharge apparatus according to claim 27,
wherein the walls comprise of a negative material

polymerized by irradiation with activation energy rays.

32. The liquid discharge apparatus according to claim 27,
wherein the walls comprise of a positive material irradiated

with activation energy rays.

33. A manufacturing method for a liquid discharge head
for discharging droplets of liquid contained in liquid
chambers from predetermined nozzles formed on a nozzle sheet
by changing the pressure inside the liquid chambers by
driving elements the method comprising the steps of:

forming walls structuring the liquid chamber and liquid
channels for supplying the liquid to the liquid chambers and
forming, at least, the surfaces of the walls bonding the
nozzle sheet with a predetermined material having chemical

resistance to the liquid and having sufficient adhesive
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bonding the nozzle sheet is bonded to the end faces of

the walls.

5 34. The manufacturing method for the liquid discharge
head according to claim 33, wherein the predetermined

material is cyclized rubber.

35. The manufacturing method for the liquid discharge
10 head according to claim 34, wherein the photosensitive
cyclized rubber is subjected to photolithographic pattering

using activation energy.

36. The manufacturing method for the liquid discharge
15 head according to claim 34, wherein the cyclized rubber is

applied on the substrate by printing.

37. The manufacturing method for the liquid discharge
head according to claim 36, wherein the printing is screen

20 printing.

38. The manufacturing method for the ligquid discharge
head according to claim 36, wherein the printing is intaglio
printing.

25
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5 40. The manufacturing method for the liquid discharge

head according to claim 39, wherein the predetermined resin

is photosensitive resin.

41. The manufacturing method for the liquid discharge
10 head according to claim 40, wherein the walls are formed by
simultaneously patterning the photosensitive cyclized rubber
and the predetermined resin by photolithography using

activation energy.

15 42. The manufacturing method for the liquid discharge
head according to claim 40, wherein the walls are formed by
simultaneously exposing the photosensitive cyclized rubber
and the predetermined resin to activation energy and then
individually or integrally developing the photosensitive

20 cyclized rubber and the predetermined resin.

43. The manufacturing method for the liquid discharge
head according to claim 40, wherein the walls are formed by
individually exposing the photosensitive cyclized rubber and

25 the predetermined resin to activation energy and then
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individually or integrally developing the photosensitive

cyclized rubber and the predetermined resin.

44. The manufacturing method for the liquid discharge
5 head according to claim 39, wherein the walls are formed by
stacking the cyclized rubber onto the predetermined resin by
printing after processing the predetermined resin into the

shape of the walls.

10 45. The manufacturing method for the liquid discharge
head according to claim 44, wherein the printing is screen

printing.

46. The manufacturing method for the liquid discharge
15 head according to claim 44, wherein the printing is intaglio

printing.

47. The manufacturing method for the liquid discharge
head according to claim 33, wherein the predetermined

20 material is a patternable, adhesive elastic material.

48. The manufacturing method for the liquid discharge
head according to claim 33, wherein the walls are formed on
the substrate with the predetermined material and the end

25 faces of the walls are boded to the nozzle sheet, and
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wherein the predetermined material is polyimide.

49. The manufacturing method for
head according to claim 48, wherein

printing.

50. The manufacturing method for
head according to claim 49, wherein

printing.

51. The manufacturing method for
head according to claim 49, wherein

printing.

52. The manufacturing method for

head according to claim 48, wherein

the

the

the

the

the

the

the

the

liquid discharge

walls are formed by

liquid discharge

printing is screen

liguid discharge

printing is intaglio

liquid discharge

walls are formed by

polymerizing a negative photosensitive polyimide by

irradiation with activation energy rays.

53. The manufacturing method for the ligquid discharge

head according to claim 48, wherein the walls are formed by

polymerizing a positive polyimide by irradiation with

activation energy rays.



