11 March 2005 - 1 MANUFACTURI NG METHOD FOR PRI NT HEAD BACKGROUND OF THE
INVENTION 1. Field of the Invention The present inventithMashd®085 to a new
manuf acturing nethod for a print head. Mre specifically, the present
invention relates to a technique for reducing displacenents as nuch as
possi bl e between i nk-pressurizing cells, which are individually provided
with heating elenents, and ink- ejection nozzles, which individually
correspond to the ink- pressurizing cells. 2. Description of the Rel ated
Art Conventionally, such print heads are known in which ink-pressurizing

cell's/ which are |n@mwg@e@@bglggomqu@Dwag pReRTI Nfagl ements, are covered
- by a nozzle-fornmed nenber, in whi smal | ink-ejection nozzles are forned.

When the heating el enents are rapldly heated bubbl es of ink vapor (ink
bubbl es) are generated, "and ink drops are ejected from the ink-ejection

‘nozzl epadiveHOUNY €sSues appiNTEdNy the ink  bubbles. Such a print head
normal |y has a construction shown in Figs. 11 and 12. Wth reference to

t he figuregieadpoitntheheadeatingal udes a substrate nenber d which is

provided with heating elenments ¢ and which defines side surfaces and one

end surfaceTbé ipdegErgssimvanngorelrks alhesTheo sabsiavwateaddf Marwhi 2905 2
method for a print head. More specifically, the present
invention relates to a technique for reducing displacements
as much as possible between ink-pressurizing cells, which
‘are individually provided with heating elements, and ink-
ejection nozzles, which individually correspond to the ink-
pressurizing cells.
2. Description of the Related Art

Conventionally, such print heads are known in which
ink-pressurizing cells/ which are individually provided with
heating elements, are covered by a nozzle-formed member, in
which small ink-ejection nozzles are formed. When the
heating elements are rapidly heated, bubbles of ink wvapor
(ink bubbles) are generated, and ink drops are ejected from
the ink-ejection nozzles due to pressures applied by the ink
bubbles.
Such a print head normally has a construction shown in

Figs. 11 and 12. With reference to the figures, a print
head a includes a substrate member d which is provided with
heating elements ¢ and which defines side surfaces and one

end surface of ink-pressurizing cells b. The substrate




menber d is constructed by depositing the heating elenents ¢ on _a surface
of a.seniconductor substrate e fornmed of silicon, etc.,1bMarohz%0Rating a
barrier layer-f on the semiconductor substrate e at the sane side as the
side at which the heating elenents care deposited. The barrier |ayer f

- defines side surfaces of the ink-pressurizing cells b; in other words, it
serves a side walls of the ink- pressurizing cells b. The barrier |ayer f
is formed of., for exanple, a dry fiﬂnﬁwhich is curable by |ight exposure,
and is constructed by. lamnating the dry filmover the entire surface of
the sem conductor substrate e, on which the heating elenments are forned,
and renovi ng unnecessary parts by a photolithography process. Accordingly

the suyfsipateq PBNESAs it E@NHY elgphs Thbng thedred eidorefznentither g is
| am nated on the barrier layer f of the substrate nenber d. The nozzl e-

f or nedh gregbekrfaks &oraesemicofdicexanphlestmioked , faymediog t he

el ectrof orm ng techni que. The nozzle-formed nenber g is provided with

i nk- ej £cti®fn pogetes sndwhaminat tngl a goedrieel layse £ oon Hehdeating el enent s
c deposited on the substrate nenber d. Accordingly, the ink-pressurizing
cel | s gembfomttictoensubstrdaees at ctiefsame hHide RS stivst§ide #enber d and
the nozzle-formed nmenber g, and side surfaces are defined by the barrier

| ayer #hiahetherheatifiheel akepteseurie| dgpetitedp AhMRIFER0O5 - 3 are

| inked with an ink passage i, and are provided with the .,
layer f defines side surfaces of the ink-pressurizing cells

'b;'in other words, it serves a side walls of-the ink-
pressurizing cells b. The barrier layer £ is formed of, for
example, a dry film which is curable by light exposure, and
is constructed by laminating the dry film over the entire
surface of the semiconductor substrate e, on which the

| heating elements are formed, and removing unnecessary parts
by a photolithography prbcess. Accordingly the substrate
member d is completed;

Then, a nozzle-formed member g is laminated on the
~barrier layer f of the substrate member d. The nozzle-
formed member g is formed df, for example, nickel, by using

" the electroforming technique. The nozzle-formed member g is
provided with ink-ejection nozzles h, which are aligned
relative to the heating elements ¢ deposited on the
substrate member d. |

Accordingly, the ink-pressurizing cells b, of which end
surfaces are defined by the substrate member d and the
nozzle-formed member g,-and side surfaces are defined by the_

barrier layer f, are formed. The ink-pressurizing cells b




i nk-ej ection nozzles h which oppose the heating elenents c. The heating
elenents ¢ in the ink-pressurizing cells b are electricHlMgch@RBected to
an external circuit via conductors (not shown) deposited on the

sem conductor substrate e. Normally, a single print head includes hundreds
of heating elenents ¢ and ink-pressurizing cells b containing the heating
el ements c¢c. The heating elenents ¢ are selectively heated in accordance
with a command issued by a control ugit of a printer, and ink drops are
ejected from the corresponding ink-ejection nozzles h. In the print head
a, the ink-pressurizing cells b are filled with ink supplied via the ink
passage i froman ink tank (not shown) which is conbined with the print
head aare \WWarked ciirrlemn pitlsepassagpl i ednd ane pfovidedheaithgthel enents ¢
for a short tinme such as 1 to 3 its, the heating elenent c is rapidly '
heat edi 2kl &F IO ZFL G 0 VEPST (IRRCSDHUBHE i sig@netaredt2tSt he surface
thereof.. Then, K as the ink bubble_ expands, a certain volume of ink is

‘pus hedq'%elé%?tl%de%%e%%%cvépuﬁ"é‘eoflq]ﬁ‘ﬂ?ri%séﬁré@tl@@ SRS din dhe
i i_nk- ej ti | h ink d . The i d , which
et Al SRR 768 Rt A0 R EU0P) wlaccbfifuefos®: I " '
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heating elements ¢ and ink-pressurizing cells b containing
the heating elements c. The heating elements ¢ are
selectively heated in accordance with a command issued by a
control unit of a printer, and ink drops are ejected from
the corresponding ink-ejection nozzles h.

In the print head a, the ink-pressurizing cells b are
filled with ink supplied via the ink passage i from an ink
tank (not shown} which is combined with the print head a.
When a current pulse 1s applied to ocone of the heating
élements ¢ for a short time such as 1 to 3 ps, the heating
element c is rapidly heated, and a bubble éf ink wvapor (ink
bubble) is generated at the surface thereof. Then, as the
ink bubble expands, a certain volume of ink is pushed ahead,
and the same volume of ink is ejected out from the
corresponding ink-eilection nozzle h as an ink drop. The ink
drop, which is ejected from the ink-ejection nozzle h,
adheres (lands on) to a print medium such as a piece of
paper, etc.

In the above-described print head a, characteristics of




and between the ink-pressurizing cells b and the ink ejection nozzles h.
When. di spl acenents between the heating elenments ¢ and t hieMargR - P@ction
nozzl es h, and between the ink-pressurizing cells b and the ink-ejection
nozzles h, are large, the ejection speed may be reduced and the ejecting
direction may be changed. Furthernore, it may even be inpossible to eject
i nk drops. Accordingly, displacenents between the heating elenments ¢ and
i nk-ej ection nozzles h, .and between the ink-pressurizing cells b and the
ink- ejection nozzles h, lead to a‘d%gTadation of the printing quality,
and thus are a large problem GCenerally, heating processes are necessary
for manufacturing the print head a. For exanple, after the barrier |ayer f
s forgpg NohNe;BERYEANILE! oF raubsd 1By pés @idhd herabariendinipred nenber g
is |anminate n the barrier | ayer f, a heat curing process for curing the
barriep kaxeh theafdatixynglthentazal gnd ofmesjerenben mozsleeriorned at a
hi gh tenperature. In addition, another high-tenperature curing process is
perfor gpd LetREeK HRel DKkLEEbSEANELIhG ¢&ELs Haranérthaybnks, which is
formed of dry filmresist. As described above, heating processes are
necessghkck@bn ABAYLASt HLi NGhanpdispl seadenCodbéteeent Ehofhed ey
expansi on of silicon, which is normally used for formng the 11 March 2005
seni copdegbatssubahfatheeinkAdjactken, nanikés ik, nerdebeyweeR ctl® or f ormi ng
‘the nozzl e-formed nmenber g, differ by approximately one order of nagnitude.
VWhen twﬁkaptesbakizmagiagléstbeanﬂytHEfE@keﬂﬂeCtlon nozzles h, are

large, the ejection speed may be reduced and the ejecting

direction may be changed. Furthermore, it may even be

impossible to eject ink drops. Accordingly, displacements

petween the heating elements ¢ and ink-ejection nozzles h,

‘and between the ink-pressurizing cells b and the ink-

ejection nozzles h, lead to a degradation of the printing

‘quality, and thus are a large problem.
Generally, heating processes are necessary for
‘manufacturing the print head a. For example, after the

barrier layer f is formed on the semiconductor substrate e

and the nozzle-formed member g is laminated onrthe barrier
layer f, a heat curing process for curing the barrier layer
f and fixing the nozzle-formed member g is performed at a
high temperature. In addition, another high-temperature

R curing process is performed to provide ink resistance to the
barrier layer f, which is formed of dry film resist.

As described above, heating processes are necéssary for

manufacturing a print head. Coefficients of linear

expansion of silicon, which is normally used for forming the




coefficients of linear expansion are |am nated together in a heati

process, relative displacement.occurs due to the dlfferﬁhwémﬁﬁogﬁrlnkage
rates. Such a displacenent varies in accordance with the difference in the
coefficients of linear. expansion between the nenbers that are |am nated
together, and is increased as the difference becones |arger. Wth reference
to Fig. 13, at position (a), the heating element ¢ and the ink-ejection
nozzle h, ‘and the ink- pressurizing cell b and the ink-ejection nozzle h,
are aligned. However, at position (tﬁ,‘mhich is apart from position (a)
the ink-ejection nozzle h is displaced relative to the heating el enent 6
and tot the ink- pressurizing cell b. Furthernore, at position (c), which

s faEE{ﬂ%aﬁH%‘coEr QUbBeShELOR, (ahd hhekenk- @hechi os nozmhklp s
conpl ete I splaced fromthe i nk- pressurizing cell b. Such a displacenent

'”Creaﬁ%édaEBEQfthEnbhEhélﬁ@z@letherméanhembewhgchdaféerahynated t oget her .
When the heating elenent ¢ and the ink-ejection nozzle h, and the ink-

preSSUébﬁk@ﬂlﬁﬁhbigboﬁedokhérlBk phgafitadenozzles h, are displaced
relative 'to each other (see Fig. 13, position (b)), the ejecting direction
i s changed. whén agd thober MhEs hieind darcém@DPsdiffererpl acenent is
increased still further (see Fig. 13, position (c)), it becones inpossible
to ej eebeifiicikbntshefpilinter eapkBsiontare ﬂéqmnﬂéédtéogﬁéhéﬁséntﬁe
printing speed, and one approach to satisfy this requirenent. is to

i ncr eaheathagnprbeesef meiakévef ddaphAremenskorgurs due to the

difference in shrinkage rates. Such a displacement varies
in accordance with the difference in the coefficienté of

'linear expansion between the members that are laminated

- together, and is increased as the difference becomes larger.

With reference to Fig. 13, at position (a), the heating

eiement ¢ and the ink-ejection nozzle h, and the ink-
pressurizing cell b and the ink—ejectipn nozzle h, are
aligned. However, atrposition (b), which is apaft from
position (a), the ink-ejection nozzle h is displaced
_rélative to the heating element ¢ and tot the ink-
pressurizing cell b. Fufthermore, at position (c), which is
farther apart from position (a), the ink-ejection nozzle h
is completely displaced from the ink-pressurizing cell b.
Such a displacement increases along with the size of the
-members which are laminated together. Whenrthe heating
element ¢ and the ink-ejection nozzle h, and the ink-
pressurizing cells b and the ink-ejection nozzles h, are
displaced relative to each other (see Fig. 13, position (b)),

the ejecting direction is changed. In addition, when the




ej ected. Wien the resolution of a printer is naintained,ﬁﬁg ggg gunber of
nozzles is increased, the size of a print head is also preq <2 Thus,
the influence of the displacenents between the heating elenents ¢ and the
i nk-ej ection nozzles h, and between the ink-pressurizing cells b and the

i nk- ejection nozzles h, which occur due to the difference in coefficients
of linear expansion, is also increased. In addition, in large print heads
such as line heads, etc., there issga.large problemin that the

di spl acenents between the heating el enents ¢ and the ink-ejection nozzles
h, and between the ink-pressurizing cells b and the ink-ejection nozzles
h, becone relatively | arge, SUMMARY OF THE | NVENTI ON Enbodi nents of the

pr eserfismhvesmiend rded ddenapeeddisdpllde disritheras( sagcHigs pbdsi bl e bet ween t he
i nk- pressurizing cells, which are individually provided with heating

el ememaS1tERn 1462 imnKkiePssomes ABposedblanteneIerBi ¥Rkual Iy correspond to
the i nk-pressurizing, cells. 11 March 2005 - 7 In accordance mﬁtg the first
aspect of tiffe TBG nGBHRFSN, "ERERR i $tpricvi RAVREUT et BFPRERTRL ABE for a

print_hea ninswhigh a_gsubstrate ne er mgich f0£ B si de sug&gc s and one
~end sBF%Qg% 8 SPRK pr 88 uPP?|ﬁ§p58?EE Bnga Wk EK |555r5$ﬂ8é5 Wrth heating
eI AR el R LTTRLAS $0gR TREELR. e Teroer
whi che i gk 8HeCt 1ABNNRRZ! €8solution of a printer is maintained and

the number of nozzles is increased, the size of a print head

is also incfeased. Thus, the influence of the displacements

between the heating elements c¢ and the ink-ejection nozzles

h, and between the ink-pressurizing cells b and the ink-

ejection nozzles h, which occur due to the difference in

coefficients of linear expansion, 1s also increased. In

addition, in large print heéds such as line heads, etc.,

there is a large problem in that the displacements between

the heating elements ¢ and the ink-ejection nozzles h, and

between the ink-pressurizing cells b and the ink-ejection

nozzles h, become relatively large,

SUMMARY OF THE INVENTION

Embodiments of the present invention reduce the
displacements as much as ©possible Dbetween the 1ink-
pressurizing cells, which are individually provided with
heating elements, and the ink-ejection nozzles, which

individually correspond to the ink-pressurizing cells.




~which individually correspond to the ink-pressurizing cells, are forned,

t he manufacturing method for the print head conprising ttdarsh 280%f :

|'am nating a correcting menber, which has approxinmately the sane
coefficient of linear expansion as the substrate nenber, to the

nozzl e-formed nenber, so that the_ncezzl e-forned nmenber expands and shrinks
in accordance with the coefficient of |inear expansion of the substrate
menber when the tenperature varies, wherein a nozzle interval Lz of the
nozzl e formed _ menber bgfore bei.ng | am nat a correcting nengber, which

dt
is an intervall'bet R6EATEABCEnk Y6t i S noZ285, ASPSH- op8Fat

- tenper at ungehRioRt, WHEHE the g;ﬂomid@aa%airﬁlfé@&ﬂﬁiﬂgs detesa red according
to the follow ng equation: L2 (1+MAT) Li (1l+a, AT)" wherein L2 represents a
heat er i mmmiahead,t e opercht angubsérpseamembeTo amhd cl SonmesprsesEnt s t he

nozzle interval after the rint head is co eted, al .represents the
coef fi ci e?rlr]rr.f(?fcelsi n%%ﬁl. O@‘?pa%\)"éci!1 oﬁufégaf:ﬁe z%ngﬁ?ﬁHrﬁﬁﬁggr ,Ce;{’}sr epresents
the coeffji enfhi@f | hRearyLxpansy ony9tht he,LariRFt | BY-REALS! . Tk

represents the |l|amnating tenperature of the nozzle-forned nenber and the
11 March 12005 atefa ador rectiimlp méwgreraAlinceprtesent s ndre ldiffcementce bet ween

the Tamnablfgd taIPS, AU 6 2ndld LR ORSI At LG LePerat i To;, and
pressurizing cells and in which ink-ejection nozzles,
which individually correspond to the ink-pressurizing
~cells, are formed, the manufacturing method for the
- print head comprising the step of:
laminating a correcting member, which has
approximately the same coefficient of linear expansion
as the substrate member, to the nozzle-formed member, so
that the nozzle-formed member expands and shrinks in
éccordance with the coefficient of linear expansion of
the substrate member when the temperature wvaries,
wherein a nozzle interval I, of the nozzle formed
member before being laminated to a correcting member,
which is an interval between the ink-ejection nozzles, at
an operating temperature T,, at which the print head is
used, is determined according to the following equation:

- L2 {1l+4+0ceAT)

L,
(1+oAT)

wherein I, represents a heater interval at the operating
temperature T, and also represents the nozzle interval after the
-print head 1s completed, o3 represents the coefficient of linear
'expansion of the nozzle-formed member, o, represents the coefficient

of linear expansion of the correcting member, T; represents the

laminating temperature of the nozzle-formed member and the




wherein the lamnating of the correcting nmenber is perforned at a higher
tenperature than the Iamnating of the substrate nenber!! March<O8? dance
with the second aspect of the invention, there 1is provided a manufacturing
met hod for a print head conprising: lamnating a correcting nenber to a
nozzl e-formed nenber, wherein the _n%lzl_e-for med nmenber fornms ink- ejection
nozzl es; and lam nating a substrate nenber to the nozzle-forned nenber,

t he substrate menber including a heating elenment, wherein the correcting

menber has appr.oxi mately the same coefficient, of |linea xpansi on as the
substratébﬁgﬁgﬁpg Hﬁwae%heﬁfaﬁﬁﬁﬁﬁﬁ?ﬁfﬁﬂ:t ﬁeC%§FF§8??%g&ﬁ§W%@? Fgeperforned
at a hi ghemihemey %bh\%@réﬁi% trb%nli&lfﬂé“%éf&iﬁ% tdiPepithar a;eafenber. In

accordance with the third aspect of the invention, there 1s provided a
print head conpeyssnnghe damopatingfeh ivhd Jrarberintomeney 4f Hegkowjedct i on

nozzl e g SubSLal @ HBINRL, T AhIRdLON 1 3Rt AGS, 0L L R pepozal e-f or ed

menber, e su nenmber Torm ng pressuring cell in fluid
comuni catmiesr. Wit h the ink- ejection nozzle; a heating elenent |ocated in
the ink-pressurizing cell; and a correcting nenber forned on the sane or

an opposing surface of the nozzle-fornmed nmenber as the substrate nenber.
In accordance with the second aspect of the invention, there

is provided a manufacturing method for a print head comprising:

laminating a correcting member to a nozzle-formed
member, wherein the ncozzle-formed member forms ink-
ejection nozzles; and

laminating a substrate member to the nozzle-formed
member, the substrate member including a heating element,
wherein the correcting member has approximately the same
coefficient of linear expansion as the substrate member,
and the laminating of the correcting member is performed
at a higher temperature than the laminating of the

substrate member.

In accordance with the third aspect of the invention, there
is provided a print head comprising:

a nozzle-formed member forming an ink-ejection
nozzle;

a substrate member formed on a surface of the
nozzle-formed member, the substrate member forming an
ink-pressuring cell in fluid communication with the ink-
‘ejection nozzle;

a heating element located in the ink-pressurizing

cell; and
a correcting member formed on the same or an

opposing surface of the nozzle-formed member as the

substrate member.



11 March 2005 - 8 Thus, in the print head as described jn tgﬁgﬁngodinents
of the present invention, the nozzle-fornmed nenber is s1dH6r 0 y the
correcting nmenber, and the interval between the ink-ejection nozzles
formed in the nozzle-formed nenber extends and shrinks along with a head
frame. Since the coefficient of |inear expansion of the correcting nenber
is approximately the sanme as that of the substrate nenber, the
di spl acenents between the heating elenents and the ink- ejection nozzles,
and between the ink-pressurizing eeBls and the ink-ejection nozzles, can
be made zero, or can be reduced to an extrenely small amount. Furthernore,
since the iThwvaln Bdtevamnnthdisack asejdesioirabpedoinl gdel gmpoddmenkmi ned
according to the following equation: L2(1+a2LT) Li= (l+aluT ) the nozzle
interwdl &A@ t RESRERter inve@bign, cafhbe medeleapprarinamemyerheisane after
t he nozzl e-forned nber and the correction nenber are | am nated together.
BRI EF SHESSE TS STIGE THRARERESTERGST1 PRAatHEr 4pEEEVRE PPEWRSBR a print
head _. manufactured by applying.a manufacturin t hod_accor di to. an
enbodi ot THE Pt dhte T Ao IR g, CB; 892 Cexbpbied BEPSRBoLi ve vi ew
of th%ﬁ%&ﬂﬁé Q@gdéﬁyyﬁkgrhfgﬁb %ith a head frame. Since the

coefficient of linear expansion of the correcting member is

approximately the same as that of the substrate member, the

displacements between the heating elements and the ink-

ejection nozzles, and between the ink-pressurizing cells and

the ink-ejection nozzles, can be made zero, or can be

. reduced to an extremely small amount.
Furthermore, since the interval between the ink-

ejection nozzles L; is determined according to the following

equation:
_ La{1+0AT)

1 7
(1+onAT)

. the nozzle interval and the heater interval can be made
approximately the same after the nozzle-formed member and the

correction member are laminated together.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a print head
manufactured by applying a manufacturing method according to
- an embodiment of the present invention;
Fig. 2 is an exploded perspective view of the print

head shown in Fig, 1;




11 March 2005 9 Fig. 3 is an enlarged sectional view of [ rtant art
of the print head shown in Fig. 1; Fig. 4is a sectionaIﬁCM@&£g¥bgig g cut
along line IV IV, Fig. 5is a perspective view which shows a state in

which a nozzl e-formed menber is disposed on a supporting jig in a

manuf acturi ng process of the print head according to the enbodinent; Fig.-
6 shows a step of conbining a head frame and the nozzle-formed menber in

t he manufacturing process; Fig. 7 shows a step of conbining substrate
~menbers and the nozzle-forned nmembér i n ' the manufacturing process; Fig. 8
is a perspective view of a. head unit which is constructed by conbining
thé head franme, the nozzle-fornmed nenber, and the substrate nenbers; Fig.

9 shows a shep of ;couli BhAd-LRA BeadibBRhl anewant ankimpssegetunit; Fig. 10
is a graph i ch shows extenSion curves of the nozzle interval and the

heat e;pd'fﬂ% &S¥ & he G B NAIdNEho@RGN atigr.e 19f the head frame and the
nozzl é-tormed nenber, and a |lamnating tenperature of the substrate

nenbers anquhe4nq%zb¢g@@tﬁaﬂamevb@w;oEigighis aupeadpegt lvpevi¥w of an
exanpl e of a” conventional print head; Fig. 12 is an expl oded perspective
vi ew ofyt he 11 March 2005
Fig. 5 is a perspective view which shows a state in
which a nozzle-formed member is disposed on a supporting jig

in a manufacturing process of the print head according to

the embodiment;

Fig. 6 shows a step of combining a head frame and the
nozzle-formed member in the manufacturing process;

Fig. 7 shows a step of combining substrate members and
the nozzle-formed member in the manufacturing process;

Fig. 8 is a perspective view of a head unit which is
constructed by combining the head frame, the nozzle-formed
member, and the substrate members;

Fig. 9 shows a step of combining the head unit and an
ink-passage unit;

| Fig. 10 is a.graph which shows extension curves of the
nozzle interval and the heater interval, a laminating
temperature of the head frame and ﬁhe nozzle—forméd member,
and a_laminating temperature of the substrate members and
the nozzle-formed member; :

Fig. 11 is a perspective view of an example of a
conventional print head;

Fig. 12 is an exploded perspective view of the




- 10 - conventional print head; and Fig. 13 is a sectiong{ pmarc®\vegek t he
conventional print head which shows a problem of the conventional

t echni que. DESCRI PTI ON OF THE PREFERRED EMBODI MENT A manuf act uring net hod
for a print head according to an enbodi ment of the present invention wll
be described below wth reference to the acconpanying drawi ngs. A print
.head shown in the figures is a print head for a full-color, bubble ink jet
printer. The print head 1 includes 3 nozzl e-formed nmenber 2, in which a
plurality of ink-ejection nozzles™3 8 & fornmed. Several hundred

-~ ink-ejection nozzles 3 are fornmed in a single substrate nmenber, which will
be descri bed bel ow. The nozzle-forned nmenber 2 is fornmed of, for exanple,

ni ckel -phvea®BbaAl apreRPPhESHENJanickel , in the shape of a sheet having a
t hi ckness of 15 to 20 mby an electroform ng technique, and the

i nk- ej ect i opigoze} ess 2a headigowa i vt esf ofhe approsinie@dl RoOimt are forned
in the nozzle-fornmed nenber 2 (see Figs. 2 and 3). The nozzl e-forned
menber hdadswhaghnahedst @8 probadmf odnthe4casventbenatt taghnigder. The head
frame 4 includes an outside frane portion 4a having a rectangul ar shape
and three bridge portions 4b which are integrally fornmed with the outside
frame portion 4a and which link the lateral 11 March 2005 - 11 - sides of

t he ouDEsGRIPTAGH PBr THENPREFERREDCBMEPBARVENEL er val . .

A manufacturing method for a print head according to an
embodiment of the present invention will be described below
with reference to the accompanying drawings.

A print head shown in the figures is a print head for a
full-color, bubble ink jet printer.

The print head 1 includes a nozzle-formed member 2, in
which a plurality of ink-ejection nozzles 3 are formed.
Several hundred ink-ejection nozzles 3 are formed in a
single substrate member, which will be described below. The

"' nozzle-formed member 2 is formed of, for example, nickel orx
a material comprising nickel, in the shape of a sheet having
a thickness of 15 to 20 um by an electroforming tedhniqqe,
and the inkuéjection nozzles 3 having a diameter of
approximately 20 pm are formed in the nozzle-formed member 2
(see Figs. 2 and 3). |

The nozzle-formed member 2 is laminated to a head frame
4 as a correcting mémber. The head frame 4 ihcludes an
cutside frame portion 4a having a rectangulaf shape and
three bridge portions 4b which are integrally formed with

the outside frame portion 4a and which link the lateral




Accordi ngly, four openings 5 having a rectangul ar shape f din
parallel to each other (see Fig. 2). In the case in mhi@Lﬁ?HQQ%@Fnt head
is applied to a line printer which prints on 'A4" sized paper in a
portrait orientation, the Ilength of the openings 5 corresponds to the
width of the size '"A4', that is, 21 cm The head frame 4 is forned of a
mat eri al having the sanme coefficient of |inear expansion as a
. sem conductor substrate of the substrate nenber, which will be described
bel ow.: When, for exanple, a siliconldubstrate is used for forming the head
frame 4. Alternatively, alumna (A12G3), mullite, alumnumnitride,
silicon carbide, etc., my be used fromthe group of ceramcs, quartz

(Sf02) QLG prMBHePEutHSAE koMbt PEroionP4af agl assonsbdntniatereat., my be
used ,Fron1tﬁe group of netals. e head frane 4 may have a thickness of,

for. exapBk8ing®yMEcaRdobenstbhi si RAViNgr Agrdctihgulaheshapd arane 4 is
| am nated on tﬁe nozzl e-formed nenber 2 at a high tenperature such as 150C,

‘the nozglgefiorAedapBDEN 2ot BhEE othersiseekFhy.a2)ar geén aheunasehan the
head frame 4 at a tenperature |lower than the |am nating tenperature

(1500) i @Rdchh¥Bebpeomeshtatses Appdidingbya Lheei prénver whiaken the
i nk-ejection nozzles 3, that is, a nozzle interval, varies in accordance
with t peieeef bncirat sfizkinpapetliMancho2008it ¢zieakphashontdf the head
frame 4. The head frane 4 is |am nated on the nozzle-fornmed nenber 2 by
usi ng, 1bagth of the openings 5 corresponds to the width of the

size 'A4', that is, 21 cm.

The head frame 4 is formed of a material having the

same coefficient of linear expansion as a semiconductor

substrate of the substrate member, which will be described

below. When, for example, a silicon substrate is used for

forming the head frame 4. .Alternatively, alumina (Al,0,),

muilite, aluminum nitride, silicon carbide, etc., may be

used from the group of ceramics, quartz (S1i0;), etc., may be

uséd from the group of glass, and Invar, etc., may be used

from thelgroup-of metals. |

The head frame 4 may have a thickness of, for example,

5 mm, and is‘sufficiently rigid. When the head frame 4 is

laminated on the nozzle-formed member 2 at a high

temperature such as 150°C, the nozzle-formed member 2 tries

_fo'shrink by a larger amount than the head frame 4 at a

temperature lower than the laminating temperature (150°C),

'and thus becomes tense. Acdordingly, the interval betweeq

the ink-ejection nozzles 3, that is, a nozzle interval,

‘varies in accordance with the coefficient of linear




exanple, a heat-setting adhesive sheet. A plurality of s trat nbers 6
is lam nated on the nozzle-forned nenber 2 (see Fig. ZfHHE§@ﬁ2§nghe
substrate nenbers 6 is constructed by depositing heating el ements 8 on a
surface of a sem conductor substrate 7 formed of silicon, etc., and

| am nating a barrier |layer 10 on the sem conductor substrate 7 at the sane
side as the side at which the heating elenents 8 are deposited (see Figs.
3 and 4). The barrier |layer 10 defines side surfaces of ink-pressurizing
cells 9; in other words, it serves &8 the side walls of the

i nk-pressurizing cells 9. The barrier layer 10 is fornmed of, for exanple, a
dry filmwhich is curable by |ight exposure, and is constructed by

| am nat j.n i r nt i thejsem conduct or

subst reﬁ%agf%{l%}ldgv%i%% rl1‘?‘1%?hfe]%’;{Ett}ll?erlgtie'eI einrgen??%@g%eﬁeorﬂed, and renovi ng

unnecessar e ARTSE dfe ShPDALELESRSY ARILEY 0P S umeey diongl .t he
at e nenoer

substr I's conpleted. In the substrate nenbers 6, the thickness

of they lréer%lﬁé/ﬂ_g&gfn@%@gm elped2. m and the heating elenents 8
S

have a square shape of which the length of each side is approximtely 18

m In addi t ¢Auddie ty dh sofbsith@td Menpegss & iial Ngmislaited ons tayepr oxi mat el y
25 m As an exanple, "a case is considered in which the print 11 March 2005

- 13 st dfsrmap natbet @ a déaerigi i er \Baah @f ithe substvhte s zed
paper in a portrait orientation. In such a case, for a single opening 5
f or "edhdnbdite dend dommervotapioxdemisitying heating elements 8 on

a surface of a semiconductor substrate 7 formed of silicon,

etc., and laminating a barrier layer 10 on the semiconductor

substrate 7 at the same side as the side at which the

heating elements 8 are deposited (see Figs. 3 and 4y. The

barrier layer 10 defines side surfaces of ink-pressurizing

A-cells 9; in other words, it serves as the side walls of the
ink-pressurizing cells 9. The barrier layer 10 is formed of,

for example, a dry film which is curable by light exposure,

"and is constructed by laminating the dry film over the

_ entire surface of the semiconductor substrate 7, on which
" the heating elements 8 are formed, and removing unnecessary

parts by a photolithography process. Accordingly, the

substrate member 6 is completed.

Iin the substrate members 6;_the thickness of the
barrier layer 10 is-approximately 12 pm, and the heating
elements 8 have a square shape of which the length of each
side is approximately 18 pm. In addition, the width of the
ink-pressurizing cells 9 is approximately 25 um.

As an example, a case is considered in which the print




five thousand ink-ejection nozzles 3 are fornmed in the - med
menber 2 and si xteen substrate nenbers 6 are | am nated fﬁ@éggﬂaﬁ%hus,
approximately three hundred and ten ink-ejection nozzles 3 are forned in a
single substrate mnmenber 6. Accordingly, it is inpossible to show the
accurate nunbers of elenments with accurate dinensions in the draw ngs
which are limted in size. Therefore, in order to facilitate
understanding, the drawings are partly .exaggerated and el enents are
sonetines om tted. The substrate meders 6 are | aninated on the nozzle-
formed nmenber 2 by heat-curing the barrier layer 10 at approximately 105C.
Accordingly, the lamnating tenperature is nainly determ ned in accordance
‘witht chagachspi $£4CE60 - bariheer! anesh 19riAts honghathe | ani nating
tenperggagewo?gtﬁgb%géglg?f%r%£§ Egnber 2 and thlgr substrate nenbers 6 is
not 1igited pQpeP5¢n htpbStPELESSAL¥nthBabnt herhasuoht angaseppéont ure of
the nozzle-forned nenber 2 and the head frane 4 be higher than the

| ani nafi Bgngl EMBBEAL HEES Ofoted NoA zt Ref Resadfrenbet , 2appdoxhmateabyt r at e
menbers 6. This will be explained with reference to a graph shown in Fig.
10. Fi givéOthsusagaaphkwbijebtsbnveozhteseBabrensbipeteinethell March 2005
-- 14 the tenperature and the interval between the ink-ejection nozzles 3
f or rednbpzl befogmeienbnbard2 rendes i 2t éanzehbstiatervanbesadet RES

rel ati onship between the tenperature and the interval between the heating
el emenfam@nfoedethenebhe Thus, approximately three hundred and

ten ink-ejection nozzles 3 are formed in a single substrate
member 6. Accordingly, it is impossible to show the
accurate numbers of elements with accurate dimensions in the
drawings which are limited in size. Therefore, in order to
facilitéte understanding, the drawings are partly
éxaggerated and elements are sometimes omitted.

The substrate members 6 are laminated on the nozzle-
formed member 2 by heat-curing the barrier layer 10 at_ |
approximately 105°C. Accordingly, the laminating
temperature is mainly determined in accordance with the
characteristics of the barrier layer 10. Although the
laminating témperature of the nozzle-formed member 2 and the
substrate members 6 is not limited to 105°C, it is necessary
that the laminating temperature of the nozzle-formed member
2 and the head frame 4 be higher than the'laminating
temperature of the nozzle-formed member 2 and the substrate
mémbers 6. This will be explained with reference to a graph
shown in Fig. 10.

" Fig. 10 is a graph which shows the relationship between




substrate nmenbers 6 (heater interval). In the graph, curﬁf Ah%&ﬁés t he
rel ati onship between the tenperature and the nozzle int MQP n the
nozzl e interval at an operating tenperature To, which is normally room
tenperature (R T.), is L1. In addition, curve B shows the rel ationship
between the tenperature and the heater interval, wherein the heater
interval at the operating tenperature To, which is also a .designed val ue
of the nozzle interval after the priqit -head is conpleted, is L2. Wen the
coefficient of linear expansion of the nozzle- fornmed nenber 2 is al, the
~coefficient of linear expansion of the sem conductor substrate 7 is a2r
.and the difference between the Ianlnatlngﬁtenperature Tl and the operating

t enper &G eIPEP‘?%atNFfe tﬁ’édat%\?e HESeFYDedPELMTEE Aldhdi B caitChCxpr essed

as foll ows: = L1 L1alAT B: L = L2 + L2 2AT ere L2 > LI and al
2 . TRGRAES: o THETIRShA iy ahbes BE2 T B o0 Bt erTed manper
2 at a ur.e T curve B Cross each ot her. The
|nterse%$g%§ g? curvéﬂfadﬁ%fagh?%% éé? & e#%eraempe aﬁ% hat the
nozzl e ter) 0 t Qgg; rgi I t he same
when tﬁg%n§2§%lvgﬁb &éﬁbgPe h2a ga%%éégﬁ%stréfe n§n§g¥§ eated to

the tegpgkatute Iﬁémb@%ne t(m%a%ké&stlrn%fe%mw‘@er%r@ &He& dﬁégm,at@@r@@ the

A shows the relationship between the temperature and the
nozzle interval, when the nozzle interval at an operating
temperature T,, which is normally room temperature (R.T.), is
I. In addition, curve B shows the relationship between the
temperature and the heater interval, wherein the heater
interval at the operating temperature T,, which is also a
designed value of the nozzle interval after the print head
is completed, is L,. |

When the coefficient of linear expansion of the nozzle-
formed member 2 is a;, the coefficient of linear expansion
of the semiconductor substrate 7 is dp, and the difference
between the laminating temperature T; and the operating
temperature T, is AT, the above-described curves A and B can

,.be expressed as follows:

A: L = L; + LyonAT

B: L = Ip + Lot AT

wherein, Ip > Iy and o1 > ds.

Therefore, the head frame 4 is laminated on the nozzle-
formed member 2 at a temperature T;, at which curve A and
curve- B cross each other. The intersection of curve A and

curve B at the temperature T; means that the nozzle interval




nozzl e-formed menber 2 at a tenperature T2, which is |lo

the head frame 4 is |lam nated on the nozzle-formed nenb {MQ
tenperature T1, the nozzle-fornmed nmenber 2 tries to shrink by a |l arger
amount than the head franme 4 at a tenperature |ower than the | am nating
tenperature (T1l), and thus becones tense. Accordingly, the-interval

gl When

between . the ink-ejection nozzles 3, that is, the nozzle interval, varies
in accordance with the coefficient of |linear expansion of the head frane
4. Since the coefficient.of .linead3expansion of the head frane 4 is

approxi mately the sane as that of the substrate nenbers 6, the nozzle
interval and the heater interval becone approximately the sane at the

sare { eACLAEUREac AFCPRLO0LY, nEDENE) Rk S6EHEUAChotHE oz - heat  ng

el emrent’'s "8 "and ejection nozzles 3, and between the

1 nk- pr %?I;Eiﬁéhzheﬂb‘éf' bsaﬁda{!ﬁet b6k 0Ka € BREMO8rs N9ZaLeShdadedned. easily
occur. e nozz nterval of a conpleted print head is determned by a

reqU|r%ﬁ8p£§ﬁ% agugg @ printer in which the print head is to be
installe ingly,"L2 is deternmined in a design phase. In such a

case, the reguh!eghd lshibs€ha280kembdfs d lawan dwinaved set ythal cul at ed based
on the graph shown in Fig. 10 fromthe coefficient of |inear expansion al

of thepopezaleotpeaesenbaber 2t hheempetituirent, ofwhickeats ekpramsi on of the
sem conductor substrate 7 (which is also the coefficient of |inear
expanstganotlthe head frame 4), the
When the head frame 4 is laminated on the nozzle-formed
member 2 at the temperature T,, the nozzle-formed member 2
tries to shrink by a larger amount than the head frame 4 at
a temperature lower than the lamiﬁating temperature (T,),
‘and thus becomes tense. Accordingly, the interval between
fhe ink-ejection nozéles 3, that is, the nozzle interval,
varies in accordance with the coefficient of linear
expansion of the head frame 4. Since the coefficient of
linear expansion of the head frame 4 is approximately the
same as that of the substrate members 6, the nozzle interval
and the heater interval become approximately the same at the
same temperaﬁure. Accordingly, the displacements between
.the heating elements 8 and the ink-ejection nozzles 3, and
between the ink-pressurizing cells 9 and the ink-ejection
nozzles 3 do not easily occﬁr.
The nozzle interval of a completed print head is
détermined by a required precision of a printer in which the
- print head is to be installed. Accordingly, L, is

determined in a design phase. In such a case, the required




| am nating tenperature Tl of the nozzle-fornmed nenber 2 bgﬁ gbead frane
4, and the tenperature difference AT between the Ianlna |ng enperature T1
and the operating tenperature To. Alternatively, L2 may al so be cal cul ated
fromthe follow ng equation: L2(1+cc2AT) Li = (1+u, AT) Due to the

di fferences caused in the manufacturing process, the nozzle interval at
the operating tenperature To my be too small or large relative to the L1.
In such a case, an adjustnent canjbe nmade by changi ng the | am nating
tenperature of the head frame 4 and the nozzle-forned nenber 2. For
exanpl e, when the nozzle interval at the operating tenperature To is LOZ,
which is smaller than L1, the head frame 4 may be | am nated on the

nozz|%e- CeMMRE nebersel vt calcudaperabasedron Wﬁcﬁraghhﬁ@ﬁ@p tiffan t he

|l am nating. tenperature T1 deternlned at the design, phase. In addi tion,

when 4 nBQzlféof“ntt@reva‘Foeaft I HEGpe? t?hﬁe?ﬁnﬁ@é%f‘@nT@ll of [ which is
| t head f t d th | e-f d
membdlo % f%erﬁﬂef? e Go3Ens 1 CHAEERCABES. St1 At ﬁ%ﬁ%%ﬁ@ Chan t he
| des h

i qftl of, e rC%ndbuth’% erghgggfgée AN % ! |E as(;e_[?? er enet fromthe

speci i cally. when dl ned”Nozz nt er Vi

des'QQ%%fﬁﬂiéhﬁJoftﬁgnEQT'E%ﬂéﬂ%ion of the head frame 4), the

laminating temperature T; of the nozzle-formed member 2 and

the head frame 4, and the temperature difference AT between

the laminating temperature T; and the operating temperature
Ts. Alternatively, L may also be calculated from the

‘following equation:
_ La(1+02AT)
(1+onAT)

Due to the differences caused in the manufacturing
process, the nozzle interval at the operating temperature T,
may be too small or large relative to the L. In such a

case, an adjustment can be made by changing the laminating

temperature of the head frame 4 and the nozzle-formed member
2.

For exampie, when the nozzle interval at the operating
.temperature T is Loz, which is smaller than I,, the head
frame 4 may be laminated on the nozzle-formed member 2 at a
temperature Tp2, which 1s higher than the laminating
temperature T; determined at the design phase. In addition,
when the nozzle interval at the operating temperature Ty is
Lgs, which 1s larger than L, the head frame 4 may be

laminated on the nozzle-formed member 2 at a temperature Tgs,



I

tenperature Ti', at which the nozzle-fornmed nenber 2 and the head frane 4
are to be lam nated together, can be determ ned as f ol | bl\March2008 15 4+ AT
wherein AT |I= (Liar'-L2(X2 ) The coefficient of |inear expansion of the
head frame 4 is preferably |ower than that of the nozzle-formed nenber 2.
Wien the head frame 4 is |lamnated on the nozzle-formed nenber 2 and the
tenperature is reduced to the operating tenperature, the nozzle-forned
menber 2 receives a force fromthe_hgad frame 4 in either an expandi ng
direction or a shrinking direction. The direction of the applied force is
determ ned by the relationship between their coefficients of |inear
expansi on. . \Wen the nozzle-fornmed nenber 2 receives the force in the
shri ki & ﬂécthBﬂr tHrer eths pminskipgateppaeaiiig 5 daterebmdrdtti es
(mwinkhﬁ%% II orned in the nozzle-formed nenber 2. Accordingly, the
nozzl e fegt ‘? preferably receives the force in the expanding

the shrinking directio Thus, preferably t he

di t , th
cgéﬁgigfgnt %FeeFE?ﬁéilcg}bghstﬁP(ﬁhﬁ %ﬁéﬁa fpa 9 FEGEREr Lt ha® that of
th nb h_ 2005 - t th

® hat S EFRE CuniPior d b noare nd®] VEREY, 3ar® R ol e e "° S0

as that e substrate nenbers

temper abiper il she headuhiare. foand the-possl e foumd senher 2 o

pref erabl'y hi gher n any tenperatures at ses are
head frame 4 are to be laminated together, can be determined as

follows:

T," = T, + AT'
{Lz-1a")
{Loon Loz}

wherein AT'=
The coefficient of linear expansion of the head frame 4 is
preferably lower than that of the nozzle-formed member 2. When
the head frame 4 is laminated on the nozzle-formed member 2 and
the temperature is reduced to the operating temperature, the
nozzle-formed member 2 receives a force from the head frame 4
in either an expanding direction or a shrinking direction. The
direction of the applied force is determined by the
relationship between their coefficients of linear expansion.
When the nozzle-formed member 2 receives the force in the
'shrinking direction, there is a risk that concavities and
convexities (wrinkles) will be formed in the nozzle-formed
member 2. Accordingly, the nozzle-formed member 2 preferably
receives the force in the expanding direction, rather than in
the shrinking direction. Thus, preferably, the coefficient of

linear expansion of the heéd frame 4 is lower than that of the

nozzle-formed member 2 and




performed. Accordingly, the nozzle-forned nenber 2 constantly receives a
tensi on during the processes performed after the |ani nall¥ard2008e head
frane 4 and the nozzle- fornmed nenber 2, so that no winkles are forned. In
the above-described exanple, the head frane 4 is |lam nated on the

nozzl e-formed nenber 2 at 150C, and then the substrate nenbers 6 are

| am nated on the nozzle-forned nenber 2 at 105C. Accordingly, a head unit
11 is forned by conbining the head frame 4, the nozzle-fornmed nenber 2,
and the substrate nenbers 6, and‘iﬂ@-ﬁassage pl ates 12 are then attached
to the head unit 11 (see Fig. 1). One ink-passage plate 12 is provided for
one color, and four ink-passage plates 12 individually corresponding to

four CQﬂi FSx PhELBL9VEHEdshflet @b athhseefFipe. shbandaly. mdinbersi Aik- passage
pl at es are formed of a material which does not easily deformand which

has ink resistangesidachciod 14einanknpassager ptatesr12fi ndaidend chanber
portion 13 which fits into one of the openings 5 fornmed in the head frane
4, angramé! angedpenti aozidewboehetdsmenbegr al iy poefedaklyhhigherchanber
portion 13 at one side thereof. The flange portion 11 March 2005 -- 19 14
i s foroepsnsanpstémpbaseuaesi at whigkr fohanwihg prafegseshape of the

‘openi ngs 5. The chanber portion 13 is provided wth an opening 15 at the
si de opepsoteefio t hecerdénglywhtbe nerelet-dagBegomembAri14 is forned, and
"notches 16 for positioning the substrate nenbers 6 are forned indthe si de

constantly receives a tension during the processes peg%orme
after the lamination of the head frame 4 and the nozzle-
formed mémber 2, so that no wrinkles are formed. In the
above-described example, the head frame 4 is laminated on
the nozzle-formed member 2 at 150°C, and then the substrate
‘members 6 are laminated on the nozzle-formed member 2 at
105°C.

Accordingly, a head unit 11 is formed by combining the
head frame 4, the nozzle-formed member 2, and the substrate
meﬁbers 6, and ink—paésage plates 12 are then attached to
‘the head unit 11 (see Fig. 1).

One ink-passage plate 12 is provided for one color, and
four ink-passage plates 12 individually corresponding to
four colors are provided in total (see Figs. 1 and 2). The‘
ink-passage plates 12 are formed of a material which does
not easily deform énd which has ink resistance. Each of the
ink-passage plates 12 includes a chamber portion 13 whigh
fits.into one of the openings 5 formed in the head frame 4,
.and a flange portion 14 which is integrally formed with the

chamber portion 13 at one side thereof. The flange portion




wal | s of the opening 15 (see Figs. 3 and 4). In addition, the flange
portion 14 is provided with an ink-supply tube 17, which! Meshed®08 fromthe
side opposite to the side at which the chanber portion 13 is fornmed, and
which is connected to the above-described opening 15 (see Figs. 1, 2, and
4). Each of the ink-passage plates 12 is adhered to the head frame 4 in
such a manner that the chanber portion 13 fits into the opening 5 and the
fl ange portion 14 contacts the outside frane portion 4a and the bridge
portions 4b of the head frane 4. -I#%addition, the substrate nenbers 6

| am nat ed on the nozzle-fornmed nenber 2 are positioned inside the notches
16 forned in the chanber portion 13 and are adhered to the chanber portion

13 (sepy F 950 3nd09s4) as BYo CREPENA NS Bl hpkepasBagetpbapBsnd? Wi th the
head wunit 11 as descri bed above, closed spaces surrounded by the chanber

porti afgadd OF the bpknPAgsage prRéeshddbandpbheionorsl esfproeidednber 2
are fornmed. These cl©osed Spaces are connected to the exterior environnent

only t{H{enain t&sehkg SHPRELYthybesdd7oppoditbetsubseraidenetibebsclt are
di sposed therein. In a single closed space, the substrate nenbers 6 11

March 2005rtarnfe poéLLBbfiangedsi fotmedy omadi nosabésalfmhoer that parts
thereof overlap one another in a zigzag nmanner, and an ink passage 18 is
f or medbdbei vEenihdethaosubssratet hembabst 6 aaeentabeed Bn theesfiy. 3).
Accordingly, the ink-pressurizing cells 9 are connected to the ink passage
18. Fowl1$ ead btiee sopeninges5 10seanFigsel dcendcd) ty Epnaddition,
the flange portion 14 is provided with an inkfsupply tube 17,
which projects from the side opposite to the side at which
the chamber portion 13 is formed, and which is connected to
the above-described opening 15 (see Figs. 1, 2, and 4).
Each of the ink-passage plates 12 is adhered to the
head frame 4 in such a manner that the chamber portion 13
fits into the opening 5 and the flange portion 14 contacts
the outside frame portion 4a and the bridge portions 4b of
the head frame 4. In addition, the substrate members 6
laminated-on the nozzle-formed member 2 are positioned
inside the notches 16 formed in the chamber portion 13 and
" are adhered to the chamber portioh 13l(see Figs. 3 and 4).
By combining the ink-passage plates 12 with the head
unit 11 as described above, closed spaces surrounded by the
chamber portions 13 of the ink-passage plates 12 and the
fnozzleuformed member 2 are formed. Thése closed spaces are
connected to the exterior environment iny through the ink-

supply tubes 17, and the substrate members 6 are disposed

therein. In a single closed space, the substrate members 6




the heating elenents 8 forned in the substrate nenbers 6 to an exterior
control unit, are individually provided for four col orsl{¥arop 2888 of them
is showmn in Figs. 1 and 2). Each of the flexible substrates 19 is provided
wi th connecting tabs 19a, which are inserted through openings 20 forned
bet ween the head frane 4 and the ink-passage plates 12 (see Figs. 3 and
4),-'and extend to the substrate nmenbers 6. The connecting tabs 19a are
electrically connected to contact points (not shown), which are

i-ndi vidual ly connected to the heétﬁ%b'blenents 8 formed in the substrate
menbers 6. The ink-supply tubes 17 provided on the ink-passage plates 12
are individually connected to ink tanks (not shown), which individually

cont ai grinks rahqgdisf figr epb goker Sn saed bheanAkrpanaagparts ahdrebe
i nk-pressurizing cells 9 are. filled with ink supplied fromthe ink tanks.

Wien aoGHELEPt oBEl SRAoithedPAN @d zfigzag sbohert i aRdsanhinkspastagd s to sone
of the heating elenents 8 selected in accordance with a conmand i ssued by
the conpgr 9k @birinedl belh&eedr ithiketwot hewsopfeshendiubgtire&ti mgmbkeaehts 8 are
~rapidly 11 March 2005 - 21 heated. Accordingly, at each of the :
corr espgadi Righeadi.ngacebeddnipiys, thebibbl-pretsuniiziagoretiiak? dudble) is
‘generated at the surface thereof. Then, as the ink bubble expands, a

cert ai counkaredotoi nkel inguphedagkedd,. and the same volume of ink is

ej ected out fromthe corresponding ink-ejection nozzle 3 as an ink drop.
The ink dropoumhitéxiblej substiratesnd d heWhhRh g et i HRCALEY | @OMeGdher es

(lands on) to a )
~the heating elements 8 formed in the substrate members 6 to

an exterior control unit, are individually ptovided for four
colors (only one of them is shown in Figs. 1 and 2). FEach
of the flexible substrates 19 islprovided with connecting
tabs 19a, which are inserted through openings 20 formed
between the head frame 4 and the ink-passage plates 12 (see
Figs. 3 and 4), and extend to the substrate members 6. The
connecting tabs 19a are electrically connected to contact
points (not shown), which are individually connected to the
| heating elements 8 formed in the substrate members 6.
| The ink-supply tﬁbes 17 provided on the ink-passage
plates 12 are individually connected to ink tanks (not
'shown), which individually contain inks of different colors,
and the ink passages 18 and the ink-pressurizing cells 9 are.
filled with ink supplied from the ink tanks.
When a current pulse is applied for a short time such
as 1 to 3 us to some of the heating elements 8 selected in
‘accordance with a command issued by the control unit of the

printer, the corresponding heating elements 8 are rapidly




print medium such as a piece of paper, etc. Then, the ink- pressurizing
cells 9 fromwhich the ink drops are ejected are inmedi ttMREh290P| | ed with
i nk through the ink passages 18 by the sanme anount as the ejected ink
drops. The manufacturing process of the above-described print head 1 wll
be briefly explained belowwith reference to Figs. 5to 9. First, the
nozzl e-formed nmenber 2 is formed by an electroform ng technique, and i's

di sposed on a supporting jig 21 having a flat surface (see Fig. 5). The
reason why the nozzle-forned menbefl2=is disposed on the supporting jig

21 is because the nozzle-formed nenber 2 is extrenely thin and it cannot
maintain its shape by itself. Next, the head frame 4 is | am nated on the

nozzl egef pLged dgggpggiéﬁg%fsp%eéa@n bhecgeppsrtésfgord tn@ héythegting a

heat -sétting a for exanple, an epoxy adhesive sheet, at 150C

(see FiflemBats! 8, FhObubb1666 LT EAREvaPOAE( 8hE Bubble) 4is sghwepdteal |y show
the shapes of the 11 March 2005 - 22 nozzle-forned nenber 1 and the head.

frame 4¢wohehs@xkgpd bierb8ENY hRah pdas 0t AE0Lhk Newbh 1 hexsampdoy tang jig 21
is renpved, and the substrate nenbers 6 are | am nated on the nozzl e-forned

‘menberc2rehid 0661 45eeoFi gnk7)ls pighed ahtydschmdutheatdye whbuwmet he
| am nating step, and only seven substrate nenbers 6 are shown for each
col or .oAcEfk difgéyectbé daeadfmmwné_ei:csrx:mrpdmdiemg('srele—ﬂ@qtgqr}

nozzle 3 as an ink drop. The ink drop, which is ejected

from the ink—ejectibn nozzle h, adheres (lands on) to a

- print medium such as a piece of paper, etc. Thgn, the ink-

pressurizing cells 9 from which the ink drops are ejected

are immediately refilled with ink through the ink passages

i8 by the same amount as the ejected ink drops.

The manufacturing process of the above-described print
head 1 will be briefly explained below with reference to
Figs. 5 to 9. |

First, the nozzle-formed member 2 is formed by an

.electroforming technique, and is disposed on a supporting
jig 21 having a flat surface (see Fig. 5). The reason why
the nozzle-formed member 2 is disposed oﬁ the supporting jig
21 is because.the nozzle-formed member 2 is extremely thin

"and it cannot maintain its shape by itself.

Next, the head frame 4 is laminated on the Qozzle~
formed member 2 disposed on the supporting jig 21 by heating
'é heat-setting adhesive sheet, for example, an epoxy |

adhesive sheet, at 150°C (see Fig. 6). In Fig. 6, reference

numerals 1' and 4' schematically show the shapes of the




and an ink-passage unit 22, which is constructed by another process, is
attached to the head unit 11 (see Fig. 9). The ink-passagMaon20032 is
constructed by conbining the above- described four ink-passage plates 12
using a connecting nenber (not shown). In the print head 1,the head frane
4 is first lamnated on the nozzle-formed nenber 2. The head frame ,4- has
approxi mately the sane coefficient of |inear expansion as that-of the

~ semiconductor substrates 7 (for exanple, silicon substrates), which are

the base substrates of the substralé@ menbers 6. Then, the substrate
menbers 6 are |amnated on the nozzle-forned nenber 2 at a tenperature
lower than the |am nating tenperature of the head frame 4 and the

nozz! e fof ned. enbery 20, ACCOT S A0LYe DS | BEERNA) cbRLCER:LRg hpk-ef ection

e nozzle orne nenber and the interval between the

heatiqg .gﬁeﬁgggéd t$O{ in the substrate nmenbers 6 are always the 11

Mar ch sanme enperatures |ower than the |am nating

t enmper at ur %ﬁ%l]& r'g)pr £ @eaghddie, haad dHame 4. Thus, a
print head%%aV|ng I pr Jﬁgﬁﬂfg%terlst%cs of ink drop ejection can be
obt ai ngeh,« EV£he WiEMEPE 61 8 OlahPRat84bSAT BhEe ABFPRESEOradd t he nunbers of

heati ng eﬁenents 8 and the ink-ejection nozzles 3 provided for a single
- subst rdg.seMes: 61 @5 eci psscaseg, ) spl aEgUENt Snbet s€Ramabecakkpt hermi ¢

el ements 8 and the ink-discharge nozzles 3 do not easily occur.
Accor dimghy , thdel shz€a0fnghetopj nhndieadl} saven substrate members
6 are shown for each color. |
Accordingly, the head unit 11 is completed (see Fig. 8),
and an ink-passage unit 22, which is constructed by another
process, is attached to the head unit 1l (see Fig. 9). The
ink-passage unit 22 is constructed by combining the above-
described four ink—passage-plates 12 using a connecting
member (not shown).
In the print head 1, the head frame 4 is first
iaminated on the nozzle-formed member 2. The head frame 4
‘has approximately the‘same coefficient of linear expension
as that .of the semiconductor'substrates 7'(for-examp1e,
silicon substrates), which are the base substrates of the
substrate members 6. Then, the substrate members 6 are
laminated on the nozzle-formed member 2 at a temperature
lower than the laminating temperature of the head frame 4
and the nozzle-formed member 2. Accordingly, the interval
between the ink-ejection nozzles 3 formed in the nozzle-

formed member 2 and the interval between the heating

elements 8 formed'in the substrate members 6 are always the




be easily increased, and thus the prlnt head 1 is espeC|aIIy sui table for

| ong print heads such as print heads for line printers,1eMarchi2908dditi on,
by lami nating the head frane 4 on the nozzle-forned nenber 2, the

nozzl e-formed menmber 2 obtains high rigidity. Thus, as described above, it
is possible to forma print head for a line printer in which four print
heads for four colors are conbined. Al though the present invention was
applied to a print head for a full-color, bubble ink jet printer in the
above- described enbodi nent, the pr&sent invention may also be applied to
print heads for nonocolor printers. In addition, even in the case in which
the present invention is applied to a print head for a full-color printer,

t he PIEalia '%3‘?‘5#9?% 5 gawlemhsq Reti?&mi‘{?é?{’%%geé bbedrgteucture in

mhich four our colors are co and 11 March 20(®
G LRdi %ﬁgyf%aPéfﬂédhﬁ@ﬂbgﬁyzanHr@Hérﬁgaﬁofrgﬁéh4CO|@ﬁus a

Furthernnre es and structures of the nenbers of the

above-depst | hedy RROghIeDhpRbocdesRE L RedorLelysfoF ihkl gpbpating an

exanpl a pri to whi ch the present invention is applied, and are
“Ot | nd Eoﬁocéﬁnbé éB@alﬁéepe glehh@henespat sipyepti eRe 11 March 2005 -

MHA IS CLAIMED IS: 1. A manufacturing nethod for a print head, in
“h'Ch fubstrate members 6 and the numbers of heating elements 8
and the ink-ejection nozzles 3 provided for a single
substrate member 6 are increased, displacements between the
_exothermic elements 8 and the ink-discharge nozzles 3 do not
éasily occur. Accordingly, the size of the print head 1 can
be easily increased, and thus the print head 1 is especially
suitable for long print heads such as print heads for line
printers, etc. |
In addition, by laminating the héad frame 4 on the
ﬂozzle-formed member 2} the nozzle-formed member 2 obtains
" high rigidity. Thus, as described above, it is possible to
form a print head for a line printer in which four print
heads for four colors are combined. |
- Although the present invention was applied to a-print
head for a full-color, bubble ink jet printer in tﬁe above-
describéd embodiment, the present invention may also be
applied to print heads for monocolor printers. In addition,
even in the case in which the present invention is applied
° to a print head for a full-color printer, the present

invention is ndt limited to the above-described structure in

" which the four print heads for four colors are combined, and




substrate menber, which fornms side surfaces and one end surface of

i nk-pressurizing cells and which is provided with heatin§! Mardd#98ps, is
lam nated at a high tenperature to a nozzle-forned nenber, which forns the
ot her end surface of the ink- pressurizing cells and in whi ch i nk-ejection
nozzl es, which individually correspond to the ink-pressurizing cells, are
formed, the manufacturing nethod for the print head conprising the step
of: lamnating a correcting nenber, which has approximtely the sane
coefficient of |inear expansion as- tXe -substrate nenber, to the

nozzl e-formed nenber, so that the nozzle-forned nenber expands and shrinks
in accordance with the coefficient of |I|inear expansion of the substrate

”E”be*-ﬁhﬁﬂdgnﬁdhggpg AL fe %@&58 ngg gagea 287zkSchnkehiugl, Lz of the

nozzl e® ‘perore beln a correcting menber, which

i's an Interygktﬁg%mggaét@ﬁ | Bka éEC h@NsPPaet8Pes 3bt BRec ORERBELEY

t enperature e pr ead Is wused, 1s determ ned accordlng

to theykol},aw BSVEQH%%bQﬁbedLembbalﬁéﬁﬁzéfb He@Erib%HAﬁe¥e1§ ¥aech 2005 -

26 wherein L2 represents a heater interval at the operating tenperature

To and; ah §9t1-8REA§EANS ehdmpleZ dlre ai prehvahealit €6 LASchr thk pheadnts
conpleted, al represents the coefficient of |inear expansion of the

nozzl ejhoeedoneiBehppad cigPngeare hbe eaethijelient ofimlikneae

scope of the present invention.




expansion of the correcting nmenber, T1 represents the lamnatin
tenperature of the nozzl e-forned nenber and the correctiHbMﬁEﬁﬁgp? LXT
represents the difference between the |lam nating tenperature Tl and the
operating tenperature To; and wherein the |amnating of the correcting
menber is perfornmed at a higher tenperature than the | am nating of the
substrate nenber. 2. A manufacturinrg28ethod for a print head according to
Claim 1, wherein, when the nozzle interval between the ink-ejection

nozzl es fquRediinciReupezzd e-formed nenber LI differs fromthe designed
“value L1, the lamnating tenperature T11l, at which the nozzle-forned

mermber and thej corgeghimfadBibely HaHR beod am patgd Loget heh, which a
determ ned according to the follow ng equation: T1' = To + LT wherein: AT

W (L2-Li" pubktrécs 2achbey:, AHThUfachel sRgeMBhhedcdOramd MridterRRafhrface
conprising: lamnating a correcting nenber to a nozzle-fornmed nenber,
wherei n thé rnokzbeebonmbdimpnbel lfonnms iwtki-ej etsi provheza!l @srhantkating

| am nating a substrate nmenber to the nozzle-formed nenber, the substrate
menber i nelemémts a heatdmigiadlesiment 2 hiigbr éEmpehateos rectd ngp 2o rivas]
approximately the sane 11 March 2005 - 26a coefficient of:linear expansion
~as the suBStpare nepdser, E9¥ns t Hdd arfthsd nerst  the feser ectfi ngheentek-i s

performed at a higher tenperature than the |am nating of the substrate
menber. Pressurizing cells and in which ink-ejection nozzles, which

individually correspond to the ink—pressurizing cells, afe
formed, the manufacturing method for the print head comprising
the step of:

laminating a correcting member, which has approximately the
same coefficient of linear expansion as the substrate member,
to the nozzle-formed member, so that the nozzle-formed member
expands and shrinks in accordance with the coefficient of
linear expansion of the substrate member when the temperature
varies,

wherein a nozzle interval I; of the nozzle formed
member before being laminated to a correcting member,
which is an interval between the ink-ejection nozzles, at
an operating temperature T,, at which the print head is

used, is determined according to the following equation:
= L2 (1402AT)
Ly, —

(L4+0aAT)




4. The nmethod of claim3, wherein substrate nenber includes a substrate
and a barrier layer, and wherein the barrier |layer and ThMaH@égpﬁg el enent
are located on the sane side of the substrate. 5. The nethod of claim 4,
wherein the substrate and the barrier layer forns side surfaces and one
end surface of an ink-pressurizing cell. 6. The nethod of claimb5, wherein
the heating elenent is Jlocated in the jnk-pressurizing cell. 7. The nethod
of claimb5, wherein a nozzle interval L4°6f the nozzle-formed nmenber
before being lamnated to a correcting nenber, which is an interva

bet ween the ink- ejection nozzles, at an operating tenperature To, at which

h [ h (.S o i ned di.ng to .the, foll ow .
cquat font L1 g HSURRRLT W HREERE 19 B nétnofaT o FRERHVE and
heater | nt@ipahraing s 2189 1OLELYAs RELVESIEN e EAIERT RS 1AL NG, G | ©
and between .the heating elenments, at the operating tenperature after the

print heagkds isosmatesd, al teprbbantcoehli &t cnt! Bﬁﬂrneg?fpé,&%«ingfo foft he
nozzl e- formed nmenber; 11 March 2005 - 26b U2 is the coefficient of [inear
expansi ontlgd hbezle-formed member, oy represents the coefficient of linear
expansion of the correcting member, T, represents the laminating
temperature of the nozzle-formed member and the correcting member, AT
represents the difference between the laminating temperature T, and
the operating temperature T,; and
wherein the laminating of the correcting member is performed at a
higher temperature than the laminating of the substrate member.
Z. A manufacturing method for a print head
according to Claim 1, wherein, when the nozzle interval
between the ink-ejection nozzles formed in the nozzle-formed
member L;' differs from the designed wvalue 1;, the laminating
temperature Ti', at which the nozzle-formed member and the

correcting member are to be laminated together, is

determined according to the following equation:

, - To—TIn!
Ty' = T, + AT' wherein: AT - 27 P)
{(In"o—Lzo)
3. A manufacturing method for a print head comprising:

laminating a correcting member to a nozzle-formed
member, wherein the nozzle-formed member forms ink-ejection
nozzles; and

laminating a substrate member to the nozzle-formed
member, the substrate member including a heating element,

wherein the correcting member has approximately the same




correcting nmenber, which is approximately the sanme as the  .coefficient of

| i near expansion of the substrate nenber; Tl is the | ami hbMe 2ngrperature
of the nozzle-formed nenber and the correcting nmenber; and LT is the

di fference between the | am nating tenperature T1 and the operating
tenperature To. 8. The nmethod of claim5, wherein when the nozzle interval
bet ween the ink-ejection nozzles formed in the nozzle-fornmed nmenber L1
differs fromthe designed value L1, the lam nating tenperature T1', at

whi ch the nozzle-formed nenber and thesgorrecting nmenber are to be

| am nated together, is determ ned according to the follow ng equation: T1
" =To +LT', wherein QI' _ (L2 - Li) (alLl" - a2L2) 9. The nethod of claim

3, Wwher ei Bodéhei &admhinad f N 0da t Nexp 04 1 HELA NG HE NN sl S RedidBd alnp
hi gher tenperature than the lamnating of the substrate nmenmber. 10. The

method of tef alaIating vh the serderting feimdie 1xdrertaniny minter s
per f or medy pef oF etérﬁ}?efé’%ﬂf@tﬁﬂ‘%? o hd %mﬁ&abéitz{gfitﬁ r@{egﬁubslera& print head

manuf actured by the net hod of aim3. 12. Ap conprising: a
nozzl e- f or@feEPenber forming an ink-ejection nozzle; a substrate menber
formed on a surface of the nozzle- fornmed nenber, the substrate nenber
formng an ink-pressuring cell in fluid communication with the

i nk-ej ection nbzzl elhd Indraeh 2005.laim 3, wherein substrate member

includes a substrate and a barrier layer, and wherein the
barrier layer and the heating element are located on the same

side of the substrate.

5. The method of claim 4, wherein the substrate and the
barrier layer forms side surfaces and one end surface of an

ink-pressurizing cell.

6. The method of claim 5, wherein the heating element is

located in the ink-pressurizing cell.

7. The method of claim 5, wherein a nozzle interval L, of
the nozzle-formed member before being laminated to a
correcting member, which is an interval between the ink-
ejection nozzles, at an operating temperature T,, at which the
print head is used, 1s determined according to the following

equation:

- Lo (14+ozAT
ILn, = L; "~ —iL——JL—l, wherein
(1+0c:AT)

L, is the nozzle interval and heater interval, which is
an interval between the ink-pressurizing cells and between
the heating elements, at the operating temperature after the
print head is completed;

o1 1s the coefficient of linear expansion of the nozzle-

- formed member;




- 26c a heating element |ocated in the ink-pressurizing | ; d a
correcting nenber fornmed on the sanme or an opposing sur?ﬁ@%ngﬁxﬁge

nozzl e-formed nmenber as the substrate nmenber. 13. The print head of claim
12, wherein the correcting menber and the substrate nenber are both

| ocated on the same surface of the nozzle-fornmed nenber. 14. The print
head of claim 12, wherein substrate ne r_includes a substrate and a
barrier layer, and wherein the barrier Tayer and the heating el enent are

| ocated on the sanme side of the substrate. 15. The print head of claim 14,
wherein the supstrate d th rri | ayer .f.orm si de_surf.aces d .one end
surface of thgzin -pr%@%ur%%?%gf%%?ﬁ£ 18¥ T%énﬁﬁfnteﬁgggsﬁpnclégﬂlﬁ%e
wherei n therbactieg meayerr, swhaohnatedapprokemaezilye-fios nedmeenber .chky.
The print _he g.of cgaig1%2 wherein the correctin menber has
approxina?%?g tHECREnRT cOLRPRE| B2 RT PR nehr R exPEPSF Tt 2" HEBubst r at e
menber. 18. The, piknttihead aefi nghang l2embeird hieFe COIPr £ BE NG z 1RAMAI8led ayer
bet ween the substrate nenber and the nozzle formed nenber. 19. The print

head of cPEPRPE22NdNERe ROFReCEMStRAIRET edér is fornmed on the sane

~surface of theynozzl erfOrdmBitke MBIRETp&SwedNdrhl BEIMRER 1 nhW RY-AnS LOf
er

 the correcting nenb

Ty and the opérating temperature T,.

8. The method of c¢laim 5, wherein when the nozzle
interval between the ink-ejection nozzles formed in the
nozzle-formed member L;' differs from the designed value L,
the laminating temperature T;', at which the nozzle-formed
member and the correcting member are to be laminated

together, is determined according to the following equation:

(Lz = L1")
(cala' = a2hz)

T, '=T, +AT', wherein AT’ ~

9. The method of claim 3, wherein the laminating of the
correcting member is performed at a higher temperature than

the laminating of the substrate member.

10. The method of claim 3, wherein the laminating of the
correcting member is performed before the laminating of the

substrate member.

11. A print head manufactured by the method of claim 3.

12. A print head comprising:

a nozzle-formed member forming an ink-ejection nozzle;

a substrate member formed on a surface of the nozzle-
formed member, the substrate member forming an ink-pressuring

o cell in fluid communication with the ink-ejection nozzle;




MANUFACTURI NG METHOD FOR PRI NT HEAD ABSTRACT OF THE DISChH@g%ﬁéﬁp
manuf acturing nmethod for a print head, in which a subst gr
provided with heating elenents is lamnated to a nozzle-forned nenber in
whi ch ink-ejection nozzles are forned, includes the step of |lam nating a
correcting nmenber having approximately the sanme coefficient of |inear

expansi on as the substrate nenber tg nozzl e-f orned yrenber. A nozzl e
interval L[err] at of the nozzle-formed nmenber before being lamnated to
the correcting nenber an operating tenperature T[err] is determ ned as

L[err] = L[err ( hr wher ej err S the . nozzle
iLterl/aI aLd azll hea‘_fltlrg%J< %Ieér%/%?é JI[O?E?"ue op%al)r‘a h%gu%f eﬁ%esr l]Lfrzelrhq t%erllt’he
print heasinds conpleted; [err][err] and is the coefficient of |inear
expansi on of the nozzle-forne lﬂ% g [er re is the coefficient of |inear
expansi on of theSRbrTeetihdieTRD Omﬁ%r‘?r} e ($9 0K =t i RPITHFer at ur e

of the nozairedcer e t e Meelz 1and orite o aleh®elr 3¢ FRRbebsard tkehkhbks .t he
difference between the lam nating tenperature T[err] and the operating

tenperature T[err]. Figure 2
13. The print head of claim 12, wherein the correcting

member and the substrate member are both located on the same

surface of the nozzle-formed member.

14. The print head of claim 12, wherein substrate member
includes a substrate and a barrier layer, and wherein the
barrier layer and the heating element are located on the same

side of the substrate.

15. The print head of c¢laim 14, wherein the substrate
and the barrier layer form side surfaces and one end surface

- of the ink-pressurizing cell.

16. The print head of claim 14, wherein the barrier

layer is laminated to the nozzle-formed member.

17. The print head of claim 12, wherein the correcting
- member has approximately the same coefficient of linear

expansion as the substrate member.

18. The print head of claim 12, further comprising a
barrier layer between the substrate member and the nozzle

formed member.

19. The print head of claim 12, wherein the substrate
member is formed on the same surface of the nozzle-formed
member as, and in between, two portions of the correcting

member.






