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 surfaceTbe ipdegErgssimvanngorelrksahesThes sabsiavwat eadils Marwhi 2905
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




2 menber d is constructed by depositing the heating elenents ¢ _on a
surface of a seniconductor substrate e formed of sili cohl Mategh 2008

| aminating a barrier layer f on the semiconductor substrate e at the same
side as the side at which the heating el enments 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 forned of., for exanple,,a dry filmwhich is curable by |ight
exposure, and is constructed by. T&mhating the dry filmover the entire
surface of the sem conductor substrate e, on which the heating elenents
are fornmed, and renovi ng unnecessary parts by a photolithography process.

Accor dj fgbyr t hei S UbShE Bt -t SBMPEI dépdSithnpl eiethedtnieny alemtise-d or med
menber g I1s lam nated on the barrier layer f of the substrate nmenber d.

The nazg! £-shpraed sEhesegitsndoster sibstmtexanfimrediakel , by using the
el ectrof orm ng techni que. The nozzle-formed nenber g is provided with
i nk- ej €c1 i ®6n pogetes Hnd Wwambnat ngl 4 goedrierl ayere £ on Hehdreating 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-fornmed nenber g, and side surfaces are defined by the barrier
| ayer whichetherhedtiffeel akeptessuaieidgperitedp MR- 2905
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




- 3 are linked with an ink passage i, and are provided with the

i nk-ej ection nozzles h which oppose the heating el ement stldMarcrR@0%eat i ng
elenments ¢ in the ink-pressurizing cells b are electrically connected 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. The heating elenments c arg _selectively heated in accordance
‘with a command i ssued 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
passagerd ¥romdrritk an avikk (Potsadowh) Jikd cair¢ spronbie@ddviklr htiidie pri nt
head a. Wien a current. pulse is applied to one of the heating elenments ¢
for a YHeMIQGH®s KR ZSS1 it 07181 Gh OPRIFE Hel i PRt Bt enehements Fapidly

heat ed,. and a pubbl e of |ink vapor (ink _ bubble) is generated at the surface
t her ecfh® THERC1RE ehEMeRhk BubBl &hex gatu®resseBiEdny v lufe DFakdk i s
pushed .ahead, lﬂ&g t he s%n% ol une of inklis.e'ec ed.out fromthe

cor r esponding A mk- &°EEEGT n%?zfaél RE5EERAYI FkTGFOP. YTReCPIRYCHPDD, which is
ej ecte Q i nk-ej. i zle [ S on) to a print

medi u éﬁ%ﬁﬁgéng Sgggghgéh ggpgg% gg%pc?%gﬁ eégb%&é- eé%?f%éd print head a,
CharaCter'ﬁbkﬁ%l@&,11aNQﬁ9ﬂﬂ%QOErint head includes hundreds of

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
elements ¢ 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




4 ink drop ejection are affected by positional relationsh
heﬁtlng el enents ¢ ?Pd in-ejectionyngzzles h, and betwé@da;WB%%Bgeen the

i nk-pressurizing cells b and the ink ejection nozzles h. Wen dis

between the heating elenments c and the ink-ejection nozzles h, aﬁgaﬁggﬁgéﬁ
the ink-pressurizing cells b and the ink-ejection nozzles h, are large
the ejection speed may be reduced and the ejecting direction nay'be
changed. Furthernore, it nay even be inpossible to eject ink drops.
Accordingly, displacements between 4te heating elements c 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

| arge gbgbhggb %ﬁee&gbhy r0e3k £ Bt PA 06 SEES1 B enAlECeshat Jodshiips

manuf acturing t print head a. For exanple, after the barrier layer f is

for-@dngwEQﬁ $RAI REACYRLOE]EMBALS Ak caRd BMce§det hoa zhes £ besret, member g is
| am nated on the barrier™ layer f, a heat curing process for curing the

bar ri e, aygkwebnabfefl iXkDgrébeunozzhg- f ol Iedo nemddethg iskperforned at a
hi gh tenperature. In addition, another high-tenperature curing process is
perfOrEﬁ@ck@oﬁrﬁﬁhd@ebhh.rEWhéhaﬂieplmcQMentQabetweenaybﬁ heat¢h is
formed of dry filmresist. As described above, heating processes are
necessanymbats @aanfacher ing-ajpctionheazzloehf i ahénbsteeen i Her |
-expansi on of silicon, which is normally used for formng the 11 Mar ch 2005
- 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. Furthermore, it may even be
impossible to eject ink drops. Accordingly, displacements
petween the heating elements c 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 on the 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
. 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




seni conduct or substrate e, and nickel, which is normally used for formng
the nozzle-formed menber g, differ by approximtely one B?M@Wh@poﬁagnitude.
Wen two materials having extremely different coefficients of Iinear
expansion are lam nated together in a heating process, relative
di spl acenent . occurs due to the difference in shrinkage rates. Such a
di spl acement varies in accordance with the difference in the coefficients
of linear expansion between the nenbers that are |am nated together, and
s increased as the difference becnn%s‘larger. Wth reference to Fig.’13
at position (a), the heating element c and the ink-ejection nozzle h, ana
the ink- pressurizing cell b and the ink-ejection nozzle h, are aligned.
Howevep .makoRA8LELENshBl t r¥RECh, | SnaPaitkél oNMvhRoRi LEonofma]llyhe
i nk-ej ection nozzle h is displaced .relative to the heating el enment ¢ and
tot thgsbRKsoR! e8siihgi BHeCabkzhe-Futhbar menberay, pdstfeonbyc), which is
farther apart frompoSition (a), the ink-ejection nozzle h is conpletely
di spl agpdrbikefatBey Bkepbeasur bEi mggnethide. Such a displacenent increases
along wth the size of the mnenbers which are |am nated together. Wen the
heating el gnReAttwoangdtéheal akhaynd i extrerely difé@dgente i nk- pressurizing
cells b and the ink-ejection nozzles h, are_ displaced relative to each
ot her ¢segfFicdents, ofiodiihican ehppnsivheatpednmigatpAetPPehhes ¢Rafged. In
addi tion, when the 11 March 2005 - 6

. heating process, relative displacement occurs due to the

differenée 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 o+
eiement ¢ and the ink-ejection nozzle h, and the ink-
pressurizing cell b and the ink—ejectipn nozzle h, are

aligned. However, at position (b), which is apart from

position (a), the ink-ejection nozzle h is displaced

relative 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



di spl acenent is increased still further (see Fig. 13, pgsiti )), it
becones inpossible to eject ink. In the printer market, TkM?@REQégired to
increase the printing speed, and one approach to satisfy this requirenent
is to increase the nunber of nozzles fromwhich ink is ejected. Wen the
resolution of a printer is maintained and the nunber of nozzles is

i ncreased, the size of a print head is also increased. Thus, the influence
of the displacenents between the_hgating elenents ¢ and the ink-ejection
nozzles h, and between the ink-pressurizing cells b and the ink- ejection
nozzl es h, which occur due to the difference in coefficients of |inear
expansion, is also increased. In addition, in large print heads such as

| i ne Wegdslacement itshemeriensgd atgd priobitdn nlgefatFiche Hispl acenent s
between the heating elements c and the_ink-ejection nozzles h, and

bet wedt?Stitd Akt Priesdir PEICRECEeLMBOFSdRdt he BARCE]j &BKion nozzles h,
becone relatively | arge, SUMWARY OF THE | NVENTI ON Enbodi nent s OL t he
present inJEhﬂﬁH% PEH%E%EtW%rkﬂFspFEcéH&wﬁ%9¥%¥Qﬂuﬁ$’a%nﬁﬁgi?%lE Bet ween t he

i nk- i Z] Ils, which i ndi vi dual.| i ded wi.th _heati
el erreRFSTTARA FHESFnkeBfleRF onPRE93FHs “OWiFER=EY nlyF dasrly EBFPespond to

e TR R CBLL S bl 86 3005 e DpocprATCa i Byt e 1L
‘ejected. When the resolution 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.




~print head, in which a substrate nenber, which forns side surfaces and one
end surface of ink-pressurizing cells and which is provitddarchiefds heating
elements, is lamnated at a high tenperature to a nozzle-fornmed nenber,
which forns the other end surface of the ink- pressurizing cells and in
whi ch ink-ejection nozzles, which_individually correspond to the

i nk-pressurizing cells, are forned, the manufacturing nethod for the
print head conprising the step of: lamnating a correcting nenber, which

has appr oxi ely the ane coefficient of lin gar ex anS|on as .t he
substrate negg%} f6<Ph aHS?zlé”ﬁﬁ}negh%enﬁéFs so 2IHEHT t h8TnoZA%- f or ned

- menber e&ﬁﬁ#&ﬁtl%d StHdKSiknp M@b@amwé&&ﬂ%%c%éﬁh@&e@brofaIlnear
expansion of the ‘substrate menber when the tenperature varies, wherein a
nozzl e i mmemiahek, ofint Weinbzzl eubstrede nenbem befhdicdy Heimg Isdmenated to a

correctln nber ichis n i nterval m§en the ink-ejecti.an nozzles
at an_o %%%eP&?uﬁEl 0SYaL 3&hi th% PPTRESHEAER Q%Qii

det erni neatﬂlcacq%mmg tQ the-dpldaw ngieguationiind 2 £1aibiis, L l(sl+a AT)

wherein L2 represents a heater interval at the operating tenperature To

and al so lrepmesent s atthe anozzlgh i ritegmpeala tafrteer tiche a pmianz lkedbrimedconpl et ed,

al represents the coefficient af I|n
P ﬁher, whfﬁ forms the ger end surface of the ink-

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




expansi on of the nozzle-fornmed nmenber, a2 represents the coefficient of

| i near expansion of the correcting nenber, T1 representsTkM@mh@99$nating
tenperature of the nozzle-forned nenber and the 11 March 2005 - 7a
correcting nmenber, AT represents the difference between the |am nating
tenperature Tz and the operating tenmperature To; and wherein the |am nating
of the correcting nenber is perforne at a higher tenperature than the

| am nating of the substrate nenber. In accordance with the second aspect
of the inventiagn, there is_provided a ufacturing nethod for pri nt
head comBPrETTignsl aRTRGT niT A TEBFFER g HEUre HE5oACho PR B For 108 nember
wher ei n t1hgi ASZZ L thAPERS TRITPE lanhOFHES &t 1 Ay &dnio@PatiR2ZT §Sandnd

| am nating a substrate nenber to the nozzle-fornmed nmenber, the substrate
menber i ncl udiWhpgredinhele ilagirdtépamt theirarepatingemediarets inggLeoemder has

approxi mgtel y - fg.cLe I S| the substrate
menber, ng{z-in%%‘tlhg% gﬁ%ﬁaﬁﬁg% %b h%gec g%?%%atraﬁﬁ% O%Xeﬁg% réuggt%zcre formed at a
hi gher teamerature than the |amnating of the substrate nmenber. In

accordance with the third aspect of the invention, there is provided a

print head conprising: a nozzle-formed nenber formng an ink-ejection
nozzle; a subshrale ABAREL: ERTR sQRR SMPEACE Okt Newvention, 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.



nozzl e-forned nmenber, the substrate nmenber formng an ipk-pressuring cel
in fluid comruni cation with the ink- ejection nozzle; a ﬂhﬁgﬁﬁﬁﬁﬁﬁenent

| ocated in the ink-pressurizing cell; and a correcting nenber forned on
the sanme or an opposing surface of the nozzle-forned nenber as the
substrate nenber. 11 March 2005 - 8 Thus, in the print head as descri bed
in the enbodinents of the present invention, the nozzle-formed nenber is
supported by the correcting nenber, and the interval between the

i nk-ejection nozzles formed in the 8ozzl e-formed nenber extends and
shrinks along with a head frane. Since the coefficient of |inear expansion
of the corrBtts ngmeiftreriint fgadoxismalesioribissl danmtheas embadingnthe
substrate nenber, the displacenments between _the heating el ements and the
ink- &fectitén FgLAE, dagepéimBen the i Arzplesdarimgingmerbes ahd the

i nk-ej ection nozzles, can be nmade zero, or can be reduced to an extrenely
smal | SHRRAREE IRt EIreStidg MRELERY ePRE thet WBERTVRE PRKYSEPecti on

no22) et Le AL Iel AR Y0g Lo 1hechol s 1. catal oy kR(1+a2ln

‘extends and shrinks along with 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;




t he nozzle interval and the heater interval can be nade r oxJ
same after the nozzle-fornmed nenber and the correction H€ﬁ8§¥§%55t6|y the
| ami nat ed together. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
perspective view of a print head .manufactured by applying a manufacturing
met hod according to. an enbodi ment of the present invention; Fig. 2 is an
expl oded perspective view of the print head shown in Fig. 1; 11 March 2005
9 Fig. 3 is an enlarged sectional view of an inportant part of the print

~head shown in Fig. 1; Fig. 4is a~sécfional view of Fig. 3 cut along line
IV IV, Fig. 5 is a perspective view which shows a state in which a
nozzl e-formed nenber is disposed on a supporting jig in a manufacturing

process of gihe By st Jhead:aceendbegtinal heiewbedi amninpéigant shows a step
of conbi ni ng-a hea rame and the nozzle-formed nenber in the

manuf ge uri g HHOGHS Tt RFichd &nohensnd FSigep 19f conbi ni ng substrate nmenbers
and ?%% nozzl e-formed nmenber in 'the manufacturing process; Fig. 8 is a

perspective;y.ew Gfs a skeadorailt vikeiucbfi FigcoBstutichkangylinabli-ng the
head frame, the nozzle-fornmed nenber, and the substrate nmenbers; Fig. 9
shows By step of conbining the head unit and an
| 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




i nk- passage unit; Fig. 10 is a graph which shows extensi of the
nozzle interval and the heater interval, a |lam nating tgﬂggﬁg¥§?g of the
head frame and the nozzle-fornmed nenber, and a |amnating tenperature of
the substrate members and the nozzl e-for med menber; Fig. his a perspective
view of an exanple of a conventional print head, Flg. 12 is an expl oded
-perspective view of the 11 March 2005 - 10 - conventional print head; and
Fig. 13 is a sectional view of the nventional print head which shows a
probl em of the conventi onal techniqj “DESCRI PTI ON OF THE PREFERRED

EMBCDI MENT A manuf acturing met hod for a print head according to an

enbodi ment of the present invention will be described below wth reference
to thecaagenpabyhnopdi A RESd; Aapdi nt head shown in the figures is a print
head for a fuII-coF bubbl & i nk jet printer. The print head 1 includes a
nozzl e- f.or npdy MeNdbess 2a ddct idnah wiel whl ity cinvektgmel ipnimozzles 3 are
formed. Several hundred ink-ejection nozzles 3 are formed in a single
subst r abadneilien, sibivshawprobbemde§cthbedobekohioThd hezhnédigr ned menber 2

is formed of, for exanple, nickel or amaterial conprising nickel, in the
shape of a sheet having a thickness of 15 to 20 m by an el ectroform ng
t echni que, :

DESCRIPTiON OF THE PREFERRED EMBODIMENT

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

" npozzle-formed member 2 is formed of, for example, nickel ox
a material comprising nickel, in the shape of a sheet having
a thickness of 15 to 20 um by an electroforming technique,
and the inkuéjection nozzles 3 having a diameter of
approximately 20 um 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




and the ink-ejection nozzles 3 having a dianeter of a |t
formed in the nozzle-formed nenber Zg (see Figs. 2 andpgipm%ﬁ%ZEbg 20 n1gre
nozzl e-formed nmenber 2 is lamnated to a head frame 4 as a correcting
menber. The head frame 4 includes an outside frame portion 4a having a
rectangul ar shape and three bridge portions 4b which are integrally forned
with the outside frane portion 4a and which link the lateral 11 March 2005
.- 11 - sides of the outside frame portlon 4a at a constant interval.
Accordi ngly, four openings 5 havimnmg 13 rect angul ar shape are formed in
parallel to each other (see Fig. 2). In the case in which the print head
is applied to a line printer which prints on 'A4' sized paper in a

portra%ﬁd@%é @tEBéOButEEGe kﬁaﬂéhpeitibﬁ ppeatngscbneoanespandsvad. t he

wi dt'h si ze is, 21 cm The head frane 4 is forned of a
”ater'ﬁEcB%&hH@l&thoﬁﬁnB éﬁ@ﬁﬁscsenhvﬂﬁglaneaEtangamaroahapeaare
sem conduct or bstrate of the substrate nenber, which will be descri bed

‘bel ow. £¥bgBg Eﬁr?sfammbg t8 shbhcopheubsseat Bigs B3ed fortheoradag the head
frame 4. Alternatively, alumna (A12G3), nmullite, alum numnitride,

silicoRpcaghlidethet printajiebd isseppliied theaglonpg prlnéﬁanWbQChquartz
(Sf02), etc., may be wused fromthe group of glass, and Invar, etc., may be
?3$d egg%grghengrawp pfzedt phperThe hepdrtrait arggptphiena theckness of ,
length of the openlngs 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
used 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. Accordingly, the interval between

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

‘varies in accordance with the coefficient of linear




5 mMm and is sufficiently rigid. Wien the head frane 4 i | am e
nozzl e-formed nmenber 2 at a high tenperature such as 150 ,M?ng%ag donthe
nozzl e-formed nenber 2 tries .to shrink by a |arger anount than the head
frame 4 at a tenperature |ower than the |am nating tenperature (150C),

and thus becones tense. Accordingly, the interval between the ink-ejection
nozzles 3, that is, a nozzle interval, varies in accordance with the
coefficient of linear 11 March 2005 - 12 expansion of the head franme 4.
The head frane 4 is |aminated on-thé nozzl e-formed nenber 2 by using, for
exanpl e, a heat-setting adhesive sheet. A plurality of substrate menbers 6
is lam nated on the nozzle-forned nenber 2 (see Fig. 2). Each of the

subst e JEPELP Gl ARSI of. Dyrflenasdd ifiahieaf i1ty el erents 8 on  a
sur f ace " $eém conduct or substrate 7 forned of silicon, etc., and -

| ami naltéléw%&g@r(gﬁ %%%&’@Zzﬂ@-ﬁhﬁé@ HHBSONIUG afsifgipstdmte 7 at the same

si de as e Side at ich the heating elenents 8 are deposited (see Figs.

3 and am%fl@, dbatsiersdeyaig Kaniefinesmddte, surfaces of ink-pressurizing
cells 9; I'm other words, It Serves as the side walls of the

i nk- pressunj Zj1ngQ6lths oF s thartd alerbayer 61Qs daimimmedobn fare exanpl e, a
dry filmwhich is curable by light exposure, and is constructed by
| ami na{d n d heo ehied fidmbever tdhee Eigi re) surfsade af the sdrbtooidict or

substrate 7, on which the heating elenents 8 are fornmed, and renoving
unnecegs@ors 6 is constructed by depositing 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




parts by a photolithography process. Accordingly, the s r at nber 6
Is conpleted. In the substrate nenbers 6, the thickness ﬁfﬁ%H%:ﬁp rrier

layer 10 is approximately 12 m and the heating elenents 8 have a square
shape of which the Iength of each side is approximately 18 m In addition,
the width of the ink-pressurizing cells 9 is approximately 25 m As an
exanple, a case is considered in which the print 11 March 2005 - 13 head 1
is applied "to a line printer which prints on'A4" sized paper in a
portrait orientation. In such a casd? for a single opening 5 formed in the
head frame 4, approximately five thousand ink-ejection nozzles 3 are
formed in the nozzle-formed nenber 2 and si xteen substrate nmenbers 6 are

| am naf gd st hek g0, ThUg: £8PRr Pxh 8Lk HrERr QRIS NG EAitandn tRA'i nk-ej ection
nozzl es g are %orﬁgg In a singlegg%bstrate ﬁenggf 6. Ac%ordingly, {t S

iﬁpossgﬁksdtﬁageewahhs pAEEHE 2t o PUEHERE16H . €| BiTEmESh Wit basegufare
dinmensions in the drawngs which are limted in size. Therefore, in order

to fagikihgie ypdatalandesemed héndtAw hgadafeapart} yappeaagyetrelrd and
el ements aré sonetinmeS omtted. The substrate nenbers 6 are | am nated on
t he nogzzle- thetsedamenkesjdcbyoheabzeliebng dhe barmédrihaybe 10 at
approxi mately 105C. Accordingly, the lamnating tenperature is mainly
2f:ﬁgggﬁegﬁgnfaﬁm@ﬂdmémbemnEhanhesixbaEHCSEbssrat% oembasshér fFer | ayer 10.
laminated thereon. 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 eiements with accurate dimensions in the
drawings which are limited in size. Therefore, in order to
facilitéte understanding, the drawings ére 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




| am nating tenperature of the nozzle-forned nenber 2 and ,L@e %ldﬁgtrate
menbers 6 is not limted to 105C, it is necessary that 1 313' ting
tenperature of the nozzle-formed nmenber 2 and the head frane 4 be higher
than the lam nating tenperature of the nozzle-forned nenber 2 and the
substrate nenbers 6. This will be explained with reference to a graph
shown in Fig. 10. Fig. 10 is a graph which shows the relationship between
11 March 2005 -- 14 the tenperaturesqnd the interval between the

i nk-ejection nozzles 3 fornmed in the nozzle-fornmed nmenber 2 (nozzle
“interval) and the relationship between the tenperature and the interval
bet ween the heating elenents 8 fornmed in the substrate nenbers, 6 (heater

i nt er v&PRE. ef{“fferféatd’rré‘phan@u% Wtgeval t Retrerat |t6’r?sh’r%k‘b%l%*eh°rf he

t t d,th I, |, when th I
oper at PG Femr &t o Pt ER 10 %ﬁqwedog%%?@%ﬁél‘éw% R is

I n i n ve B sh reI onshl betvveent rature
d thel%%%at 3? |nnleé{ vtae %Jlé)\rl\%‘ %ﬁ%eph &rel thervaﬁmp%r hcnuereop ting

teﬁperaﬁwﬁn&rm g&eweéﬁsep@ rdes 6%1%&&§f gL B8 gazll% i erval

after the print head 1s conplete en the coerficient of |inear
expansisoBsefratBenBRBekg- of %%%@e@emrex%a'l al 1 %é:ggﬁféw eflr$d |1 near
expansi on of the sem conductor substrate 7 is a2r the 'difference

bet ween tdteowantRat img drampeatdir Betldeand thike ©aRS@tdN8re 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




tenperature To is AT, the above-described curves A and B, can Xpr
as follows: A: L = L1 + L1lalAT B: L = L2 + L2a2AT mhere?ﬁﬁ E@%@OE paﬁzszﬁ
> a2. Therefore, the head frane 4 is |am nated on the nozzle- forned nenber
2 at a tenperature T1, at which curve A and curve B cross each other. The
intersection of curve Aand curve B at the tenperature Tl neans that the
nozzle interval 11 March 2005 - 15 and the heater interval becone the same
when.the nozzle- formed nenber 2 and the substrate nenbers 6 are heated to
the tenperature T1. Then, the substdate nenbers 6 are |aninated on the
nozzle-formed nmenber 2 at a tenperature T2, which is lower than T1. Wen
the head frane 4 is |am nated on the nozzle-forned nenber 2 at the

temper gryr e, 11y LB, NORELEHP! BECORETERE Sanblbkeén! enshAibalby a lar ger

anmount rarre a tenperature | ower than the | am nating

tenper %Eﬁnﬁd( Ié?gberaﬂdﬂﬁ“ﬁh@%@ﬁ?@r&@@%ﬁemﬁ@f@r di agkynhetbedi pberval.
bet ween ej ection nozzles 3, that is, the nozzle interval, varies

in accghga@gﬁgg&ggu}QeTcoeff|C|ent of linear expansion of the head frame
4. Since the toefficient: of | i near expansion of the head franme 4 is

?gf;%:ﬁrﬁt ebieh Nethé B SErd Patmhbdie 6 uhsd rpdmei merderen 6the he nozzle
nozzle-formed member 2 at a temperature T,, which is lower
than T;.

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




and the heater interval beconme approximately the same at;{hg..nSR
tenperature. Accordingly, the displacenents between the heating elenents 8
and the ink-ejection nozzles 3, and between the ink-pressurizing cells 9
and the ink-ejection nozzles 3 do not easily occur. The nozzle interval of
a conpleted print head is determned by a required precision of a printer
i'n which the print head is to be installed. Accordingly, L2 is determ ned
in a design phase. In such a case,j¢he required 11 March 2005 - 16 L1 can
be inversely cal cul ated based on the graph shown in Fig. 10 fromthe
coefficient of linear expansion al of the nozzle-formed nenber 2, the
coefficient of |inear expansion of the sem conductor substrate 7 (which is
al so kh€agpdig i Eneprsely| racarlakpandrssdofon HehhegdaPRafBown, ithe

| am nating. tenperature Tl of the nozzle-fornmed nmenber 2 and_the head frane
4, and9helf edpefattitte WFHEFDE A pbileRR SKRENFARENSLi R tifperature T1

d th ting, t t To. Alternatively, L2 | so .be cal cul at ed
Fr om e FoT TRl Ty BHRATt ofe L9 EREESATICTE OF (HFGATC BB Eohe

di ffepenges gauseth i the maguf aghUring. PfoogScy heonozgle interval at
t he operating Tenperature To  nay beé to0 snmall or 1arge relative to the L1

I'n ng%fkicient of linear expansion 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:
Lo 1+c2AT)
1=,
(14+0uAT)

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,



case, an adjustnment can be nade by changing the lam natin t enper.at ure of
the head frane 4 and the nozzle-forned nenber 2. For exatpMarc t he
nozzle interval at the operating tenperature To is L02, which is snaller
than L1, the head franme 4 may be | am nated on the nozzle-forned nenber 2
at a tenperature TO2, which is higher than the lamnating tenperature T1
determ ned at the design phase. In addition, when the nozzle interval at
the operating tenperature TOis LO3;7which is larger than L1, the head
frame 4 may be |am nated on the nozzle-forned nenber 2 at a tenperature
TO3, 11 March 2005 - 17 which is lower than the lamnating tenperature Tl
determ ned_at the design phase. Mire specifically, when the obtained
nozzIe‘ﬁHF@r&éllEYerlEha%l?h%nkﬁﬁlqﬁﬁéﬁgtH@mﬁégaﬁﬁ@ﬁThaﬁ@ée{mlnﬁ¢m?t

| am nat, | erature Ti', at which the nozzle-fornmed nmenber 2 and the

ing
head ftgﬁedﬁség PR | anlnated together can be determined as follows:
T1' = To + AT The coefficient of I|inear

expansion 0 OF%es$ﬁ§§¥Hc?§ é%? %ﬁ éﬁpédlﬁﬂé? ?fﬁﬂ*eFﬁé% b’ ﬂﬁe

nozzl e : he head e 4 IS I nat ¢ d on

nozzl e- g?%% nenberZ anofa tﬁ S%%nﬁ%ratui |sIFeduc & to %PQﬁﬁﬂgetlng

tenper abihra®l® T,', at which the nozzle-formed member 2 and the
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




nozzl e-formed nenber 2 receives a force fromthe head frame 4 in either an
expandi ng direction or a shrinking direction. The direcll¥ardh2008e appli ed
force is determned by the relationship between their coefficients of

| i near expansion. Wen the nozzle-formed nmenber 2 receives the force in
the shrinking direction, there is a risk that concavities and convexities
(winkles) will be forned in the nozzle-forned nenber 2. Accordingly, the
nozzl e-formed nmenber 2 preferably receives the force in the expandi ng
direction, rather than in the shFiﬂ%iﬁg direction. Thus, preferably, the
coefficient of |I|inear expansion of the head frame 4 is |ower than that of
the nozzle-formed nenber 2 and 11 March 2005 - 18 approxinmately the sane

as thaj ﬁfoiﬁﬁa@é@?tﬁﬁé?sﬂﬁ@bﬁéstﬁat br addi supptrabe hambeasi fig
tenperature T1 of the head frane 4 and the nozzle-formed nenber 2 is

preferably i gheditid@n ey 1anpesaing esempendiiwhe fD] lafivitige gredsksses are
performed. Accordingly, the nozzle-fornmed nenber 2 constantly receives a-

t ensi oprg&ie i Hoahletpeonessts-perhodnedmbett @r ishprefarahlyohigherhe. head
frame 4 and the nozzle- forned menber 2, so that no winkles are fornmed. In
the abhae-degctehpdrexanmpkeatt wbibbafioliawdng psorgaEAaAt @8Son t he
‘nozzl e-formed nmenber 2 at 150C, and then the substrate nenbers 6 are

| am naperdfonmedie ndzebedinghpd hbebeez2latforpsd, mpwb6Edefngly, a head unit

11 is fornmed by conbining the ) i
constantly receives a tension during the processes performed

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




head frame 4, the nozzle-formed nenber 2, and the substrate nenbers 6, and
i nk-passage plates 12 are then attached to the head uniilMarghsd®Srig. 1).
One i nk-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
whi ch does not easily deformand which has ink resistance. Each of the

i nk- passage plates 12 includes a chanber portion 13 which fits into one of
the openings 5 forned in the head~fAdne 4, and a flange portion 14 which
is‘integrally formed with the chanber portion 13 at one side thereof. The
flange portion 11 March 2005 -- 19 14 is fornmed so as to have a size

largery f han fhen Db ansr as SPEPRavE Lheippenhpger Sthdhecwbapbeneportion 13 is
provided "with an opening 15 at the side opposite to the side at which the

flangesposd i 9P dfei SpdtRIABE, 5 andrRet 6HgEbas pOrtiprsisi daipgothéedubstrate
nenbergmgéare fornedpin ?ﬁe side walls of the opening 15 (see Figs. 3 and

4) . |%ﬁ€‘1€“&ﬂ10@pen1ﬂ€ {aggecper sias dgpbsipeouddetevside aat i wkispply tube
17, which projects fromthe side opposite to the side at which the
chanbegh®or1aefe JBoi 6ider Medis apdrmbichand nobobesetlst fort he
above-described opening 15 (see Figs. 1, 2, and 4). Each of the ink-passage
pl at espd@it ordiigrellet subseraheatefbare 6 anesfichmednbnnehetfiddet he chanber
portion 13 fits into the opening 5 and the flange portion 14 contacts
walls of the opening 15 (see Figs. 3 and 4). In addition,
the flange portion 14 is provided with an ink-supply 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 13 (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
‘nozzle-formed member 2 are formed. These closed spaces are
connected to the exterior environment only through the ink-

supply tubes 17, and the substrate members 6 are disposed

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




the outside frane portion 4a and the bridge portions 4b of the head frame
4. In addition, the substrate menbers 6 |am nated on th&! MeeA2806or med
menber 2 are positioned inside the notches 16 formed in the chanber
portion 13 and are adhered to the chanber portion 13 (see Figs. 3 and 4).
By conbi ning the ink-passage plates 12 with the head wunit 11 as descri bed
above, cl osed spaces surrounded by the chanber portions 13 of the :

i nk- passage plates 12 and the nozzle-formed nenber 2 are formed. These

cl osed spaces are connected to t e %kterior environnent only through the

i nk- supply tubes 17, and the substrate nenbers 6 are disposed therein. In
a single closed space, the substrate nenbers 6 11 March 2005 - 20 are

arranggdei ArWRgEAW ni RywoU¢bwd TaNBakht hahapaeksthher paktsovhekapfone
another in a zigzag manher, and an ink passage 18 is formed between the

two roggeplaphensUbabialee MRMACLS geag( #@ankirg. adj. aAcdakdpagbyuget he
i nk-pressurizing cells 9 are connected to the ink passage 18. Four

flexibhe subsbiakasbiweshi theekeot Howal bf thensubstrhtchmanbaysebenents 8
~formed in the substrate nmenbers 6 to an exterior control unit, are :
i ndi vi dgakl yipr ogijdedatenridduglycolthes iptrpbyesserékingeneildsshodnei n Fi gs.
‘1 and 2). Each of the flexible substrates 19 is provided with connecting
t abs 18annebtel apethesénkegaskageghl8epeni ngs 20 formed between the head
frame 4 and t-he ink-passage plates 12 (see Figs. 3 and 4), and extend to
t he substr afeunefibexibbe Fhbstrates 19, which electrically connect
_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 tubes 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




.connectlng t abs 19a are electrlcally connected to contact p0|nts (not
shown), which are individually connected to the heating!eMareb FBrR0858 f or med
in the substrate nmenbers 6. The ink-supply tubes 17 provided on the
i nk- 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
fromthe ink tanks. When a current Eulse is applied for a short tinme such
as 1 to 3's to sone of the heating éllements 8 selected in accordance with
a conmand issued by the control unit of the printer, the correspondi ng
heating elenents 8 are rapidly 11 March 2005 - 21 heated. Accordingly, at
each %eabgdcorwéaeaghgg},hegy Bich & EMEHM ScSrr ds poiil gy Oed tikngapor (i nk.
e

bubbl i S gener at ed he surface thereof. Then, as the ink bubble

eXpa”déleﬁenQQVQa'Q MebHIB Of iRk vép@ﬁshﬂﬂkabﬁﬁﬂleﬁnﬂbt@@néﬁmﬁe&olune of
ink is ejected ot fromthe correspondi ng i nk-ejection nozzle 3 as an ink

drop. JPech8KsGfPRceWhéhebs. € eaER aér Ol t heki bkbie] ecéxpandwzzd e h,
adheres (lands on) to a print nmediumsuch as a piece of paper, etc. Then,

the i Nkerps8sUb1ldnadoeeihB 9sfposhadi shedde andt dhopsame evelwnted are
imedi ately refilled with ink through the ink passages 18 by the sane
amuntoasihkeie] efeetdednkutr opsm The ceanuéspending prheesecioron he
above-described print head 1 will be briefly explained below wth
ref er emsezl® 3 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. Thgn, the ink-
pressurizing cells 9 from which the ink drops are ejected
are immediately refilled with ink through the ink passages
18 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




Figs. 5to 9. First, the nozzle-forned nenber 2 is forned by an

el ectrof orm ng techni que, and is disposed on a support|n@lMan@IEmShaV|ng a
flat surface (see Fig. 5). The reason why the nozzle-formed menmber 2 is

di sposed on the supporting jig 21 is because the nozzle-forned nmenber 2 is
extrenely thin and it cannot maintain its shape by itself. Next, the head
frame 4 is | am nated on the nozzle- fornmed nenber 2 di sposed on the

~supporting jig 21 by heating a heat-setting adhesive sheet, for exanple,

‘an epoxy adhesive sheet, at 150C-(2@e-Fig. 6). In Fig. 6, reference
nunerals 1' and 4' schematically show the shapes of the 11 March 2005 - 22
nozzl e-formed nenber 1 and the head frane 4 which extend by being heated

to 150C. the S 0 g e tpat nmb

o ar o T RaTEe bR THERRSE, FeabdPeig hoad CEPUES 4 ACACaxEupR BRLS TR0 S
only 3&9 tﬁgg{%g tgh?¥§ &he laminating step, and only seven substrate
menbers own for each color. Accordingly, the head unit 11 is

conpl eted (fe8 Fi Iﬂé]dj PRSEAGemRIdd 2andid is construct ed
by anot her prdcess |§) attache to the head unit 11 (see Fig. 9). The

i Nk- PaSSRIL Lk tndRhd Ss CONSEE UL REnDYeq ORI BhadnéHel @bpyemedescri bed four
~ink-passage plates 12 using a connecting nenber (not shown).

member 2 at 105°C (see Fig. 7). Fig. 7 only schematically

shows the laminating step, and oniy seven 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
laminated on the nozzle-formed member 2. The head frame 4
‘has approximately the‘same coefficient of linear expansion
as that of the semiconductor'substrates 7'(for-examp1é,
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




In the print head 1,the head frame 4 is first lamnated on the

nozzl e-formed menber 2. The head frane ,4 has appr oxi mat eMgrohZ808ane
coefficient of linear expansion as that-of the seniconductor substrates 7
(for exanple, silicon substrates), which are the base substrates of the
substrate nenbers 6. Then, the substrate nenbers 6 are |am nated on the
nozzl e-formed nenber 2 at a tenperature |ower than the | am nating
tenperature of the head frame 4 and the nozzle-formed nenber 2.
Accordingly, the interval between t23e-i nk-ejection nozzles 3 formed in the
nozzl e formed nenber 2 and the interval between the heating elenents 8
formed in the substrate nenbers 6 are always the 11 March 2005 - 2 3 sane

at te@? £e§e$§§§ét§989 ig%e#ﬁﬁhﬁﬁthﬂg i&ﬁPﬁéﬁ%HﬁaVIH Pgtagézle-forned

menber® 2" rame us, -a print |nprove

Charaqsfrtgé'ﬁé Qielf rﬂé&pmeﬁbéftbOQnSaﬂthhQQ&afféﬂe Fvenrnhen she size

f the Sty ers 6 and the nunbers of heating elenents 8 and the

| nk-e] £NH 82 Zh§§ RgPif kQ%QdeH PastBpl Stisybstr 2R apgper 6 are
increa{glcféllll dPsp?acen%n bétmeen thg aexother%nc el enment s gpand t he

i nk- di sehaf g6n N0Z% ! 68 §béglﬂea easkhywRes Uthe ASE9EdbRgtNe the size of the
print head 1 can be easily increased, and thus the print head 1 is

especi @lbhyrrstiktabhBefor 6! QM PRENhukPeds SHCheaBipgi alehents $or |ine
printers, etc. In addition, by lamnating the head frame 4 on the
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 not limited to the above-described structure in

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




nozzl e-formed nenber 2, the nozzle-formed nenber 2 obtalns hlgwgrlgidity.
Thus, as described above, it is possible to forma prinil 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 present invention
may al so 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, the prese® -4 nvention is not linmted to the
above-descri bed structure in. which the four print heads for four colors
are conbined, and 11 March 20 - 24 an individual print head may be
pr epar o] A h p a t res of the
390;89%%& a30bint RULNGLIOLE: pLOBa2aAPESARACH! EUGLY

menber s ove-: escrl are descr ner e y for

il lustrating ap exagple Qﬁgeaﬂggg% Dradst pudphEbstHE 95§5ﬁgﬁbef§ventlon i's

applled and are not I hten imt the scope of the present invention.

11 'Var 3885,—;150%% — VAT ihhe Cleb¥ERPnkb Rt éreAdage&}&B@Humb@gwenshed for a

print in which a substrate nenber, which forns side Surfaces and one

end Suiii‘ﬁﬁtrgftlhakaﬂr %%%wyw bg sebkin@nﬁewal QB whibho¥hdegrwkkhtheating
elenents, is lamnated at a high tenperature to a nozzl e-forned

invention is applied, and are not intended to limit the

scope of the present invention.




menber, which fornms the other end surface of the ink- pressurizing cells
and in which ink-ejection nozzles, which individually cBPMé@%éWH to the

i nk-pressurizing cells, are fornmed, the manufacturing nethod for the print
head conprising the step of: lamnating a correcting nmenber, which has
approximately the sane coefficient of |linear expansion as the substrate
menber, to the nozzle-fornmed nenber 25se that the nozzle-fornmed nenber
expands and shrinks in accordance with the coefficient of |inear expansion
of the supghtate SERDGFpWEN the tenperature varies, wherein a nozzle
“interval Lz of the nozzle forned nenber before being lamnated to a
correcting menher, aWRbARFAS@N ANtRIARIG DERIMeSNL LS, | RKag) echi QRiRAZZ es,
at an operating tenperature To, ‘at which the print head is wused, Is

det er mi neduBstpath ngeriee it he i FwirRg equat EQPRfacds =akd drilstadAl)sur falcet
auAT ) 11 March 2005 - 26 wherein L2 represents a heater interval at the
oper ati ngoft empepatuserIpimndcal 3o kepr egeindts ihepnrozzdedi ntienvaleaafingr the
print head is conpleted, al represents the coefficient of |inear expansion
of the neiehenter nedl hmbeteda2tr ephégbntsmpheatcoed fici@noofld-ifveard
expansi on of the correcting nenber, Tl represents the |am nating

-t enper at UPEMRRL t heWivbAy | efdigthedhitentsetheand arte comfecti ngfnerdber , inXT

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)



represents the difference between the lam nating tenperature Tl and the
operating tenperature To; and wherein the | am nating of 1 hiMapeh 3008t i ng
menber is performed at a higher tenperature than the | am nating of the
substrate nenber. 2. A manufacturing nethod for a print head according to
Claim1, wherein, when the nozzle interval between the ink-ejection
nozzles formed in the nozzle-formed nepber LI' differs fromthe designed
value L1, the lamnating tenperature 4 - at which the nozzl e-forned
menber and the correcting nmenber are to be |am nated together, is

determ ned according to the follow ng equation: Tl' = To + LT \M;erei n: AT
W (L2-Li") (Li.:a: 2); 3. cturi thod for. a_pript hea .
cogrpri si ng: Iglﬁneﬂr?gﬁi n]?g?_‘ arﬁé%gg ?nga né{é E‘%rlet omgeﬁ%azlzl &-fo d oiggﬁ%grn,g
wherein t@g@é ; fror ager=te iyak-ej [ z , .

| anmi nating a géﬁlglt%r ér? eé%gﬁggr tg) r%ﬁ%ﬁ%’o}%eﬁ %Zfl%egﬂtenr&%e%?éﬁﬁgﬂgu%%]ﬁc ate
menber i neddidiiRgcandieséd,ng, et reBEnts WHET &ld¥Fri BRrEORE eCidclg SRIReIPRF
approxi mately the same 11 March 2005 - 26a coefficient of:linear expansion
as the subisd r abezlREpbRied amRshbet N of, aFepadddi@s Ofthbhe-@Ef 8GN GATe MRt S

performed at a higher tenperature than the lam nating of the substrate
menber .. 4dexpBneioret bod tfe ctatrec8ingherabar,subst r@hreseRtetthe 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




includes a substrate and a barrier layer, and wherein the barrigr | ayer
and the heating elenent are | ocated on the sane side of thMaechfrate. 5.
The nethod of claim4, wherein the substrate and the barrier |ayer forns

side surfaces and one end surface of an ink-pressurizing cell. 6. The
met hod of claimb5, wherein the heating elenent is |located in the
i nk-pressurizing cell. 7. The nmethod of claim5, wherein a nozzle interval

L1 of the nozzle-formed nmenber before being lamnated to a correcting
menber, which is an interval between-theai rk- ejection nozzles, at an
operating tenperature To, at which the print head is used, is determ ned
according to the followng equation: L1 = L2 (1+a2tT ) wherein (1+ailT)

L2 is thecoozel &iémt es¥al i @l heabSisidH ey alhe WG # St e BerbYLr Vialg
bet ween t he ink-pressur|2|q§%cells and between .the heating el enments, at
a

the oper atPfgt ¥R HUre aftercefeecpinmanar ks cmplatest a1 ds the
coef fici epf 10d - | { HRAL - LXPADSE RN Ofnd NEDOZA 850 F¥ ;@ﬁ]e@mﬂs%aéel March 2005

- 26b W2 is the coefficient of |iInear expansion o
member.

4, The method of claim 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;




correcting nmenber, which is approximately the sane as thﬁ [of0) f%{dg i ent of

| i near expansion of the substrate nenber; Tl is the |am hMaFFE“ Efperature
of the nozzle-formed nenber and the correcting nenber; 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
between the ink-ejection nozzles fornedgdn_the nozzle-formed nmenber L1
differs fromthe designed value L1, the lam nating tenperature T1', at

whi ch the nozzle-formed nenber and the correcting nenber are to be

| am nated togget he [ et erniped. ordi.ng.to the follow.ng equatign: T1
N it s LR s Pro g 2 v By g
3, wher ei nothect any natdmigemf twhéchcary eap'pm@xm@ibﬁayi Stlﬁ)@rfs%bﬁﬁéedagto taheh

hi gher tenperature thap .the |lamnatipng of _the substrate nenber. 10. The
method of CRPAr M aS™ hnGF el HEEhE TAMETAL T bt iheant 126 HUHEhber | s
perforned beforg ke tlaai nakingtahgt Neemsebst i8¢ e JreMbEE . nbkz 1A Rdileead
manuf actured by the nethod of claim3. 12. A print head conprising: a

nozzl e- f oFFBRChedBer ther GPRECER RAKLYRRY i ofthozzl e; a substrate nmember

~fornmed on a susfage @hd he MRz ke fikimd repher 14 Hﬁa%'ﬂﬁ?;}]rﬁ@e@%@?ﬁje

formng an ink-pressuring cell in fluid comuni cation w

-inkﬁejecthﬁ”ﬁbﬂ%ﬁéPperating 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;




11 March 2005 - 26c a heating elenent |ocated in the inﬁg rg% bgzing
cell; and a correcting nenber formed on the sane or an @ ?@ surface
of the nozzle-formed nenber as the substrate nenber. 13. The print head of
claim12, wherein the correcting nenber 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 me r _includes a substrate and a
barrier layer, and wherein the barrier layer and the heating el enment are
| ocated on the sanme side of the substrate. 15. The print head of claim 14,

[ I f d f d
Surface of inb Meet preceidfhgieTed 1Y e s ?ér%eiiﬂfﬁafrﬁqsaqeﬂﬁ"”e .

wherein tdmdbarrier layer is lamnated to the nozzl e-formed nmenber.

The print head._ of cIa|n112 EFEIP t he corr in menber has |
appr oxi mat el y ¢ heCShReC LR IFT R ent " Y ridart %ﬁ%ﬂ%i%ﬁ\%R;QRR?%&W%trate

nenber. 1&urleeprdmtc Head z0f] cclrairfiel? mekielrhels €PBPLLSsRG e Bambker | ayer
bet ween the substrate nenber and the nozzle formed nmenber. 19. The print

head of claim 12, wherein the substrate nenber is forned on the sane

sur face Oftthelﬁlozﬂll@ B O iR the BB Bsim AW, ithII e he (- RANL QNS Of
the correctin
. membé& 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.




menber . MANUFACTURI NG METHOD FOR PRI NT HEAD ABSTRACT fﬁfTh%%#%SCLCSURE A
manuf acturing nethod for a print head, in which a subst W@ r
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 to the nozzle-forned nenber. A nozzle
interval L[err] at of the nozzle-forned nenber before being |amnated to
the correcting nenber an operating tenperature T[err] is determ ned as
Ll[err] = L[err] (1 + (x[err]) /(I + [Zrr]), wherein L[err] is the nozzle
interval and a heater interval at the operating tenperature after the
print head is conpleted; [err][err] and is the coefficient of linear
expansi on of the noggleriOrsRAidTREaGop rof! Pkrk® A coefficient of 1inear
expansion of the correcting nenber; T[erg] I's the Tam nating tenperature
of the nozzle-forned nenber and the correcting nenber; and [err] is the
di fference between t 'natin%?tequrature T[err] and the operating
tenperature T[err]. Fpgﬁ% T OF THE DISCLOSURE

A manufacturing method for a print head, in which a
substrate member provided with heating elements is laminated
to a nozzle-formed member in which ink-ejection nozzles are
formed, includes the step of laminating a correcting member
having approximately the same coefficient of linear expansion
as the substrate member to the nozzle-formed member. A
nozzle interval 1, at of the nozzle-formed member before being
laminated to the correcting member an operating temperature To
is determined as I; = Ip (1 + AT}/ (1 + uAT), wherein I, is the
nozzle interval and a heater interval at the operating
temperature after the print head is completed; o; and is the
coefficient of linear expansion of the nozzle-formed H@mbér;
‘0z 1s the coefficient of linear expansion of the correcting

member; T; is the laminating temperature of the nozzle-formed

member and the correcting member; and AT is the difference
between +the laminating temperature T; and the operating

temperature To.

Figure 2




