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PRI NTER BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to a new print head, a nanufacturing nethod therefore,
and a printer. 2. Description of the Related Art Conventionally, such print
heads are known in which ink-pressurizing cells, which are individually
provided with heating elenents, are covered by a nozzle-fornmed nenber, in
whi ch small ink-ejection nozzles are forned. Wen the heating el enents are
rapi dly heated, bubbles of ink vapor - (i rk bubbl es) 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. 34 andﬂé%ﬁ,, 7 AL ﬁntMm%@mand %E?I‘Iﬁo uféé ne%rpglmlgh i's

provi ded wit eating elenents ¢ nes side surfaces and one
end surface of ink-pressurizing cells b. The substrate nenber d is
constructed by formng the heating elenents ¢ on a surface of a

sem condygAgkeve)l oat e therm@dosf silicon, etc., and lam nating a
barrier layer f on the sem conductor substrate e at the same side as the

si de at;Mhlthhﬁgoﬁeambnqn%@%ﬁggﬁﬁ c are deposited. The barrier --------

The present invention relates to a new print head. a

manufacturipg method thereforei'and a printer.

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 vapor
(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 normaliy has a construction shown in
Figs. 34 and 35.

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 member 4 is constructed by forming the heating
elements ¢ on a surface of a semiconductor substrate e
formed of silicon, etc., and laminating a barrier layer £ on
'the semiconductor substrate e at the séme side as the side

-at which the heating elements ¢ are deposited. The barrier




22 Septenber 2006 2 layer f defines side surfaces of22tSeptembkr-200@Ssuri zi ng
cells b; in other words, it serves as side walls of the ink- pressurizing
cells b. The barrier layer f is fornmed of, for exanple, a dry filmwhich
is curable by light exposure, and 1is constructed by |lam nating the dry
filmover the entire surface of the sem conductor substrate e, on which
the heating elenments ¢ are fornmed, and renovi ng unnecessary parts by a
phot ol i t hography process. Accordingly, the substrate d is conpleted. Then,
a nozzle-formed nmenber g is lanminated @n-the barrier layer f of the
substrate nmenber d. The nozzle- formed nenber g is provided with

I nk-ej ection nozzles h, which are aligned relative to the heating el enents

c formed a8t e aeinldsalsd dE RATE dhe AGFO N Glnk - grites duliki AATRP WH111Z ng
cells b, of which end surfaces are defined by the substrate nenber d and

the nozy;e4nooPR@ rmdiels,J.itARGrSidde Slidfiarewaare d&f ivied dikthe barrier
| ayer f, are fornmed. The ink-pressurizing cells b are linked with an ink
passage ipredsthrdzangr @elded bwi t ITHeh@armilerejlegidrort nioz Aicasndd Wi .ClEcappose
the heating elenents c. The heating elenents c in the ink-pressurizing
cel | s baexampllect a dalyl ¥ idonmédiodd itso canraditee yall ighrtc Wxpodwrecomagct or s.
(not shown) deposited on the sem conductor substrate e. Normally, a single
print hedé iconsidus tiedndyedamdinatticat ithe dryndritlsn v thek-gutdg®uri zi ng
cells b containing

surface of the semiconductor substrate e, on which the

heating elements ¢ are formed, and removing unnecessary

parts by a photolithography process. Accordingly, the

substrate 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 provided with ink-ejection nozzles h,
which are aligned relative to the heating elements c formed
on the substrate member 4.

Accordingly, the ink-pressurizing cells b, of which end
surfaces are defined by the substrate member d and the
noczzle-formed member g, and side surfaces are defined by the-
barrier layer f, are formed. The ink-pressurizing cells b
are linked with an ink passage i, and are provided with the
ink-ejection nozzles h which oppose the heating elements c.

The heating elements ¢ in the ink-pressurizing cells b are
'electrically connected to an external circuit via conductors
{not shown) deposited on the semiconductor substrate e.

Normally, a single print head includes hundreds of

heating elements ¢ and ink-pressurizing cells b containing




22 Septenber 2006 3 the heating elenments c. The heatd2Sgpenberciddd c are
sel ectively heated in accordance with a command i ssued by a control unit
of a printer, and ink drops are ejected from the corresponding

i nk-ejection nozzles h. In the print head a, the ink-pressurizing cells b
are filled wth ink supplied via the ink passage i froman ink tank (not
shown) which is conbined with the print head a. Wen a current pulse is
applied to one of the heating elenents ¢ for a short tine such as 1 to 3
s, the heating elenent c is rapidly-héhated, and a bubble of ink vapor (ink
bubble) is generated at the surface thereof. Then, when the ink bubble
expands, a certain volune of ink is pushed ahead, and the sane vol une of

ink is ej@d atb Lind rOrRhdiees C@rreﬁf@r\%&&ﬁﬂkeférﬁéﬁté)rb npzzl e h as an ink

drop. The ink drop, which is e ected omthe 1 nk-ejection nozzle h,

adher es (d0¥lst B¢ héafd Nn RAIFBSHE @6tR Pi &&Rndla ARG t\%(‘a The

above-described print head a is usually used for a serial head i ch

i ncl udes copt#Bludvt O£ heask ohidys, #ha Siﬂﬁ'&r&t@@cbﬁ@iétiéété&rfﬁtﬂn by

| am nating a single substrate nmenber, in which a plurality of

i nk- pr esstiié zZioxrexidisd g idlead jaer vemds1&E enformed, on a single.

nozzle-formed nenber, and a plurality of head chips are arranged in a

di rection per gendiheulparinto hiclaedd beedhei rieki-ipare safurtizeEng icell Lsmddiabe
filled with ing supplied via the ipk passage i from_ag ink
tank (not shown) which is combined with the print head a.
When a current pulse is applied to one of the heating
elements ¢ for a short time such as 1 to 3 us, the heating
element ¢ is rapidly heated, and a bubble of ink wvapor (ink
bubble) is gengrated at the surface thereof. Then, when the
ink bubble expands, a certain volume of ink is pushed ahead,
and the same vélume of ink is ejected out from the
corresponding ink-ejection 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.

The above-described print head a is usually used for a

serial head which includés a plurality of head chips. A
single head chip is formed by laminating a single substrate
-member, in which a plurality of ink-pressurizing cells and
rheating elements are formed, on a single nozzle-formed
member, and a plurality of head chips are arranged in a

direction perpendicular to the feed direction of the print

medium.




22 Septenber 2006 4 Wen the print head a is used, iz Sepienmeedlbn the

direction perpendicular to the feed direction of the print nedium and

prints a line. Then, the print nediumis noved in the feed direction and

the next line is printed. In the above-described print head a,

characteristics of ink drop ejection are affected by positional

rel ati onships between the heating elenents ¢ (the ink-pressurizing cells

b) and the ink-ejection nozzles h. Wien the heating elenents c (the

i nk-pressurizing cells b) and the ink- 4ej-ection nozzles h are greatly

di spl aced, the ejection speed may be reduced and the ejecting direction

may be changed. Furthernore, it nay even be inpossible to eject ink drops.
Accordi ngly, displ .S ,.b en the ti e e

_ ink-pressurizﬁh%ﬂcgﬁ%gﬁgéﬁgngg?ﬁegi%E—gggc'ig% ﬁgzgﬁg%a %n|§§ to a

degr adat it {die JUrigdddAE A ity ’trpéq%éé%"éi}’ilaerceti%frl YOG HY PGP

Ceneral ly, heating processes are necessary manufacturing ‘the print

head a. hRSaRAMIE pAft o hGnddar fifln | AR Jrink WYdRM A WRred
sem conductor substrate e and the nozzle-tformed nmenmber g is lamnated on

the barriigf tHeayfed diddtadlonC WldGHY 885 1fi8le QW gl dthe barrier layer f
and fixing the nozzle-formed nenber g is perforned at a high tenperature.

I n addition, another abogb-tesperdkdr printCHehAJapr eBasacikerpetfiesnsd to
provide ink resistance to the barrier layer f, which is forned of dry film
resisp. ink drop ejection are affected by positional relationships

between the heating elements c‘(the ink-pressurizing cells
b) and the ink-ejection nozzles h. When the heating
elements c¢ (the ink-pressurizing cells b) and the ink-
ejection nozzles h are greatly displaced, the ejection speed
may be reduced and the ejecting direction may be changed.
Furthermore, it may even be impossible t0=éject ink drops.
Accordingly, displacements between the heating elements c
(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
barriér layer £ is formed on the semiconductor substrate e
and the nozzle-formed member g is laminated on the barrier
layer £, a heat curing process for curing the barrier layer
.f and fixing the nozzle-formed member g is performed at a
high temperature. 1In addition, another high-temperature
curing_proceés is performed to provide ink resistance to the

barrier layer f, which is formed of dry film resist.




5 As described above, heating processes are necessary for manufacturing a
print head. Coefficient of |linear expansion of silicon, which is normally
used for formng the sem conductor substrate e, is 2.6 x 10-6, and that of
ni ckel, which is normally used for formng the nozzle-fornmed nenber g, is
13.4 x 10-6 . Accordingly, the coefficients of |inear expansion of silicon
and nickel differ by approxinmately one order of nagnitude. Wen two
materials having extrenely different coefficients of linear expansion are
| am nated together in a heating process,-relative displacenent occurs due
to the difference in shrinkage rates. Such a displacenent varies in

accordance with the difference in the coefficients of |I|inear expansion
bet ween the mgb t ar I RAt ?th - | | S G t he
di fference becorrgi{sﬁ%d:';élg)eerd.a1 tvﬂe”,‘r gfeeaﬁ%r?cgte to %%.63321%%?16%%8{%%%8%)5, the

heatin e s ) PO ;
noz;: ggh Igérle ai |8(r}1%#é]le—‘?o:/§\‘?ér?£ qz%y%l)g:%ﬁ%ﬁéﬁ%@hii}geéﬁag%}%&ﬁ%%p
posi tion §8)siiNConh Nkal &P tidMeREL] By NidSa S AGRthg slid i ve to the
heating el enent ¢ (the 1 nk- pressurizZing cell b), and at position (c),

which is éahideiauasr tsdsPimPasid] ols (R)e f he-kNkaghieehh@NoROZILReN, 1 S
conpletely displaced,. even fromthe ink-pressurizing cell b. Such a

di spl acenmid.ch nos aasaca Bl wREsdd tot heosizey ofhd e z AR Snedinkdniaie
| am nat ed together. When the heating
g, is 13.4 x 10°%. Accordingly, the coefficients of linear
expansidn of silicon and nickel differ by approximately one
order of magnitude. |
When two materials having extremely different
coefficients of linear expansion are laminated together in a
heating process, relative displacement occcurs due to the
difference in shrinkage rates. Such a displacement varies
in accordance with the difference‘in the coefficients of
- linear expansion between the members that are laminated
‘together, and is increased as the difference becomes larger.
With reference to Fig. 36, at position (a), the heating
element ¢ (the ink-pressurizing cell b) and the ink-ejection
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 c (the ink-
pressurizing cell b), and at position (¢), which is farther
apart from position (a), the ink-ejection nozzle h is
completely displaced, .even from the ink-pressurizing cell b.

Such a displacement increases along with the size of the

members which are laminated together. When the heating




e -- 6 element c (the ink-pressurizing cel
b) and the ink-ejection nozzle h are displaced relative to each other (see
Fig. 36, position (b)), the ejecting direction is changed. In addition,
when the displacenent therebetween is increased still further (see Fig.

36, position (c)), it beconmes inpossible to eject ink. In the printer
market, it is required to increase the printing speed, and one approach to
satisfy this requirement is to increase the nunber of nozzles from which
ink is ejected. Wien the resolution-o% a printer is maintained and the
nunber of nozzles is increased, the size of a print head is also

I ncreased. Thus, the influence of the displacenents between the heating

el ement s ecle(,&dél}gc i&&-tﬁ%eiglpk;—;pgeg%ggi[éﬁ Q%efﬁ.n gt hed %I-e_eii%%.ie RR9%al es h,

whi ch occur to the n coefficiénts of |1near expansion, is

al so 1 nGleAseln ldtAdidiiaRed RGP IS ARG LICT 2% IHiRe sBeads,

etc., there is a large problemin that the | spl acenent s between the

heating §JfRich E)HNe thek e IASHY I@EirE 198 S sPknandgedle itak-ej ection
nozzles h beconme relatively large.” In addition, the conventional print

head i ncladias idn Phitedl ithe &fidpaadeitings thiaeveitadendiiy dudidenseanst ruct ed,
and the ink passages and the nozzl e-fornmed nenbers contained in the head

chi ps ar gstsapafraher Msedl Fad. AwCopdsiglivn ()9 ,canvericomeal print head
has a conpl ex structure for
impossible to eject ink.

In the printer market, it is reguired to increase the
printing speed, and one approach to satisfy this requirement
is to increase the number of nozzles from which ink is

- ejected. When the resolution of a printer is maintained and
the number of nozzles is increased, the size of a print head
is also increased. Thus, the influence of the displacements

'betwéen the heating elements c (the ink—préssurizing cells
b} and the ink-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 is a large problem in that the
displacements between the heating elements ¢ (the ink-
pressurizing cells b} and the ink-ejection nozzles h become
relatively large.

In addition, the conventional print head includes a
plurality of head chips that are individually constructed,
and the ink passages and the nozzle-formed members contained
in the head chips are separately installed. Accordingly,

the conventional print head has a complex structure for




7 - supplying each of the head chips with ink. Furthernore, since a single
head chip is constructed on a single nozzle-forned nenber, the printing
characteristics are degraded due to the dinensional errors of the head
chi ps, displacenents of the head chi ps which occur when the head chips
are arranged, etc. Short length of the head chips is another cause of the
degradation of the printing characteristics. Since the head chips are
manuf actured by formng heating elenments on a sem conductor substrate,
that is, on a circular sem conductor Wafer, it is difficult to formlong
substrate nenbers. Wen the length of the substrate nenbers 1is increased,
yield is reduced and manufacturing cost is increased. Accordingly, it is

diffiCU|%#%%1§P§%2%%%th% tb%n%%%dQE HEEE%HH§;@§ﬁp menbers. However, when

t he heati nts are forned on t ubstrate nmenmbers having a short

length, it ispdifhbpblel OsiRKE & 888g1ENhekACEReS: 18! GonsPhruckBa BRating
elenents formed in the different subs?rate nmenbers the sane. As a result,

when a plauisahight fbzRead relimed flefibed!, 3MEGL Grinta ngh YREtRItetilsds f | nk
drop ejection, and nore specifically, the size of the ink drops, cannot be

made  unisher Megiradkls atet ke hoR0 GRS icMREN eFHOTrNead tHE Peall ehipssl Y
arranged on one line, 1images printed by the adjacent head chi ps appear
di ff er endigplac@ments of the head chips which occur when the head
chips are arranged, etc. |
Short length of the head chips is another cause of the
degradation of the printing characteristics.
Since the head chips are manufactured by forming
heating elements on a semiconductor substrate, that is, on a
circular semiconductor wafer, it is difficult to form long
substrate members. When the length of the substrate members
is incfeased, vield is reduced and manufactﬁring cost is
increased. Accordingly, it is difficult to increaselthe
lenéth of the substrate members. However, when the heating
‘elements are formed on the substrate members having a short
length, it is difficult to make sizes, thicknesses, etc., of
the heating elements formed in the different substrate
members the same.
As a result, when a plurality of head chips are
‘arranged, the characteristics of ink drop ejection, and more
specifically, the size of the ink drops, cannot be made
uniform at all of the head chips.
When such head chips are mefely arranged on ocone line,

images printed by the adjacent head chips appear differently.




"~ Accordingly, there is a problemin which print nottling occurs. SUMVARY OF
THE I NVENTION I n order to solve the above-described problens, according to
. one aspect of the present invention, a print head includes a substrate
menber which forns side surfaces and one end surface of the

i nk-pressurizing cells, and which 1is provided with the heating el enents;
a.nozzle-fornmed nenber which forns the other end surface of the ink-
pressurizing cells, and in which the ink-ejection nozzles, which

i ndividually correspond to the ink-pressurizing cells, are forned; and a
head frame which supports the nozzle- formed nenber, wherein the

nozzl e-f or med 5&ggx§ i€}| am nated to the head frame at a higher
t enper at TEF1 1 H*® T gt ratREF P Fem ofn | Wi ¢t ol bimeHel amst rat e

menber to(%gg nozzl e-formed nmenber. Thus, the nozzle-forned nenber is
supported) y:?%é head frane, and the interval between the ink-ejection
nozzles forned in the nozzle-forned nenber extends and shrinks alone .wth
the head frame. Accordingly, by nmaking the coefficient of |inear expansion

of the hqﬁﬁn%ﬁﬁp 9§E§ f the substrate nenber, the displacenents
bet ween the eatfﬁg e é%@%ts Et e ink-pressurizing cells) and the _
I nk--ej ection yHogzhes £8NshgvaR ﬁe2958ve%e§%t@%'8%ar g,%%ﬁ%mtso an_extrenely

smal | ampunt. According to another aspect o e. present T nvention, a

manuf act udddgaTmghed bae aspeclt oedthe pFedinth v ASI® & print
head includes a substrate meﬁber which forms éide surfaces
and one end surface of the ink-pressurizing cells, and which
is provided ﬁith the heating elements; a‘nozzle—formed
member which forms the other end surface of the ink-
pressurizing cells, and in which the ink-ejection nozzles,

which individually correspond to the jink-pressurizing cells,

are formed; and a head frame which supports the nozzle-
formed member, wherein the nozzle-formed member is laminated
to the head frame at a higher temperature T1 than the
temperature T2 of lamination of the substrate member to the

nozzle-formed member.

Thus, the nozzle-formed member is supported by the head
frame, and the interval between the ink—ejection nozzles“
formed in the nozzle-formed member extends and shrinks alone

- with the head frame. Accordingly, by making the coefficient
©of linear expansion of the head fame éloser to that of the
'substrate member, . the displacements between the heating
elements (the ink-pressurizing cells) aﬁd the ink-ejection
nozzles cah be made zero, or can be reduced to an extremely
small amount.

According to another aspect of the .present invention, a

manufacturing method for a print héad, in which a substrate




22 Septenber 2006 9 nenber, which forns side surface®Sep@mber20esid surface
of ink-pressurizing cells and which is provided with heating elenents, is
| ami nated at a high tenperature on a nozzle- formed nenber, which fornms the
ot her end surface of the ink- pressurizing cells and in which the
I.nk-ejection nozzles, which individually correspond to the

I nk-pressurizing cells, are formed, includes the steps of |Iamnating the
nozzl e- formed menber on a head frane, which has the same coefficient of

| inear expansion as the substrate nenbep, -at a tenperature T1l, which is

hi gher than roomtenperature; and |am nating the substrate nenber on the
nozzl e-formed nenber at a tenperature T2, which is higher than room

temper at uigynedhe hRIRCEALL T he! SulEANSL LAANoHle hATRRLALUCE 2. Thus.

t he nozzl ormed ST nbre anlnat I'ng the

subst rat ey gpn ggsgﬁragingoééhfsf%%HEthgﬁ”H%hgggéga@h %] Sh%Btﬁﬁg or med

Ian1nat|ng the nozz on the rane. e nozz

menber shgi gksntal oRg %fuhna{l@ahsed fh3gR %mbta,%a%a% ahr hnma%l@ate and
the head frame has the sane coef f|C|ent of 1 near expansion as the

substr at erSPHBE" meMBEL! MvRAYEN fMEﬂQ the brhervaha karwaeB bietheatinkg
el ements (the ink-pressurizing cells) and the interval between the ink

-ej ection- ﬁﬁéﬁbﬂriﬁEngdéélgﬁeénﬁolﬂeﬁﬁﬂﬁhthﬁesiﬂk-éhebtﬁbﬁrﬁbB&QeEZ, at
which the substrate nenber is |am nated on the nozzle-fornmed nmenber, the
di spl acenenishbehagendbaelpeabingspobraenbs thehénknbressurizing cells,
'afe formed, includes the steps of laminating the nozzle-
formed member on a head frame, which has the same
coefficient of linear expansion as the substrate member, at
a temperature T,, which is higher than room temperature: and
laminating the substrate member on the nozzle-formed member
at a temperature T,, which is higher than room temperature.
" The temperature T, islhigher than the temperature T,. |
Thus, the nozzle-formed member is more shrunk at the
step of laminating the substrate member on the nozzle—formed‘
member than at the step of laminating the nozzle-formed
member on the head frame. The nozzle—forméd member shrinks
ralong with the head frame at the same shrinkage rate, and 
the head frame has the same coefficient of linear expansion
as the substrate member. Accordingly, when the interval
between the heating elements (the ink-pressurizing cells)
and the interval between the ink ejection-nozzle are
designed.to become the same at temperature T,, at which the
subsfrate member is laminated on the_ﬁozzle-formed member,

the,displacements between the heating elements (the ink-




22 Septenber 2006 10 pressurizing cells) and the ink2¢epetibereon®zz| es can
be made snmall. According to another aspect of the present invention, a
print head having at |east ink-pressurizing cells, heating elenents, and

i nk-ej ection nozzles, includes a plurality of substrate nmenbers, each of
whi ch-forns side surfaces and one end surface of the ink-pressurizing
cells, and which is provided with the heating elenents; and a

nozzl e-formed menber which forms the pfher end surface of the ink-
pressurizing cells, and in which the ink-ejection-nozzles, which

i ndividually correspond to the ink-pressurizing cells, are fornmed. The
substrate nenbers are provided with the ink-pressurizing cells and the
heating SFEHEMBLZHIEICel k) vaflidilg Iade st agre kgt dus umdds ng
cells, wherein the nozzle-fornmed nenber is lam nated to the head frame at
a hi gher ¥Hlerature Tl than the tenperature T2 of |amination of the
substrate nenber tq the nozzle-formed nenber, and a plurality of head

chips are condCFQXEaRInFC APREhRE: PREeChe OSubder REESRBIDAPYEH180¢ 0fimDNn

nhozzl e-forned; ., neher .in sych a nmanner that the .ink-ejectiqQn nozzles

't vi A it A d E sy ol SeMRe TReddtehi ps are

arranged | irection perpendi.cular tq a feed directiaon of .a print

medi um | r?l%m%ng:zsag aﬁ‘adﬁﬁ@% S(ﬂ?'é"_tchejl’ton FERE BTt it g“ % fe Dﬂﬁé‘lﬂ%’ﬁé’%verl ap

one anot Beheekatle mentb@}¥,! AR orIUhIEN 2orICtidl SANEaRSURH BaTnner
_end surface of the iﬂk-pressurizing cells, and which is v

provided with the heating elements: and a nozzle-formed
mémber which forms the other end surface of the ink-
pressurizing cells, and in which the ink-ejection nozzles,
which individunally correspond to the ink-pressurizing cells,
‘are formed. The substrate members are provided with the

ink-pressurizing cells and the heating elements which

individually correspond to the ink-pressurizing ééiis,
wherein the nozzle-formed member is laminated to the head
frame at a higher temperature T1 than the temperature T2 of .
lamination of - the substrate member to the nozzle-formed
member, and a plu;ality of head chips are constructed by:
w.laminating the substrate members on a common nozzlemforméd{
_member in such a manner that the ihkwejection nozzles
individually correspond to the ink-pressurizing cells. The
“ head chips are arranged in a direction perpendicular to a
- feed direction of a print medium in a zigzag manner so that
fend portions of the head chips overlap one another in the
':longitudinal direction thereof, and in such a manner that
.;the ink inlets of the ink pressurizing cells of the head
chips_oppose one another, and a common ink passage is.formed

between the head chips which oppose one another.




the ink inlets of the ink pressurizing cells of the hezbepehmbps200ppose one
anot her, and a common ink passage is fornmed between the head chips which
oppose one anot her. 22 Septenber 2006 - 11 Thus, a plurality of head
chips are constructed on a single, common nozzl e-forned nenber.
Accordingly, the positional accuracy of the ink-ejection nozzles can be

i nproved, and print nottling can be nmade | ess conspi cuous by arranging the
head chips in a zigzag manner so that ¥nhd- portions thereof overlap one
another. In addition, since a single ink passage is connected to a
plurality of head chips, the structure for supplying ink to each of the

head chi ps camrke,mdeisi-apher. oACROLdI AGi b ANOINRs@ReE o khe present
invention, there is provided a print head conprising: a substrate nenber

whi ch f or #Enaiale csmrfoeibé@zarl@—éﬁém@ﬁdm@ubeﬂace Fyfcqnddngdessiiei zi ng cel l's
and V\’h! Ch]f(')&lipf CHQL ea% W{rh %t t?l% 1?1ll<eg§n<t:1§iv\ﬁ %?% gszz(lze for med member

which i s Tam na strate me Of N6 ?%e ot her end

surface oimpfdsxaed nkarm @‘iﬁ_lrhltl mbrnglﬁ:ﬁlgl San abel nduaMli<ds igdesglietbuenbynozzl es,
whi ch individually correspond to the ink- pressurizing cells, are
f or med, mh%?@l?glt% ez Aeadk shieg lﬁeﬁbéilgiz%glla%ﬁl%%%efépt‘é“%ée%ad frame at

a hlgher atyre Tle BQ@F15§ et & ne%% e T2 of lamnation of the

substrate er to the nozz orne er, wherein the substrate nenber

and the nozzle f or med nenber have
In addltlon, since a single 1nk passage is connected to

a plurallty of head chips, the structure for supplylng ink

to each of the head chips can be made simpler.

According to another aspect of the present invention,
there is proVided a print head comprising: a substrate member
which forms side surfaces and one end surface of ink-
pressurizing cells and which is provided with heating
elements; and a nozzle-formed member which is laminated on
the substrate member, which forms the other end surface of
the ink-pressurizing cells, and in which ink-ejection
nozzles, which individually correspond to the ink-
pressurizing cells, are formed,wherein the nozzle-formed
member is laminated to the head frame at a higher
temperature Tl than the temperature T2 of lamination of the
substrate member to the nozzle-formed member, wherein the
substrate member and the nozzle-formed member have
approximately the same coefficient of linear expansion.
Accordingly, in the print head according to the present

inverition, displacements between the heating elements and




approximately the sane coefficient of |inear expansi or22 Seplemberdiongl y, in
the print head according to the present invention, displacenents between
the heating elenents and -- - -- ----- ------- 22 Septenber 2006 - Ila
the ink-ejection nozzles, and between the ink-pressurizing cells and the

i nk-ej ection nozzles, which occur due to the difference in coefficients of
| i near expansi on between the substrate nenber and the nozzl e-forned
menber, can be reduced. In additiog,lq%ggadation of durability due to the
i ncrease of tenperature during the opéeration can be | suppressed.

-Accordi ng to. _anot.her, .aspect of the present invention, there i.s provided a
T G Torpd P BP0 BRbEP eI AR 1or HRE ST O &

print hea ,ec%nprl aces and

one end segTBCeartd tHK-ink-@SeWtizhngoeehbs, anki ¥hi sdcihs Pfed\Hdathen t h
heating elenments; a nozzle-formed nenber which is |am nated on _the
subst r at edHERFEANCHITC IR RHEFT IERESoPRet 1 BART seXPARRBL YT Rafeeen the

i nk- pressurl zi i.ch S K gh fflci ent | near expansi on
t han t he és% %%%eg%rée"%%ngnéﬁfgnnmﬁ?%% ﬁ{aﬁﬁ%—ggj %%&%Pn' nc%{znzlﬂeés, whi ch

i ndi vi duatéduceat.r edponddiaibhe dégqkadrtessurdizidugabellisy dne fortted; a frame
menber whj ch has approxi mately the sane coefficient of |inear expansion as
the subst%%&%?Qﬁﬁﬂﬁﬁ)Q%ﬂ?%ﬁ%tﬁﬁeiQuFéﬁgnE?%dOB%r%F%Q%d%¥}éﬁfforned nenber ;
and a warfy 88Si ng nenber which has approxinmately the same coefficient
of |inear éxpansion as

-According to another aspect of the present invention,
there is provided a print head, comprising: a substrate
member which forms side surfaces and one end surface of ink-
pressurizing cells and which is provided with heating
elements; a nozzle-formed member which is laminated on the
substrate member, which forms the other end surface of the
ink-pressurizing cells, which has a higher coefficient of
linear expansion than the substrate member, and in which
ink-ejection nozzles, which individually correspond to the
ink-pressurizing cells, are formed; a frame member which has
approximately the same coefficient of linear expansion as-
the substrate member and which is laminatedron'the nozzle-
formed member; and a warp-suppressing member which has
approximately the same coefficient of linear expansion as
the nozzle-formed member, and which is laminated on the
frame member at the side opposite to the side at which the

'nOZZlefformed member is laminated.




t he nozzl e-forned nenber, and which is | am nated on t 82 Septemiver 2006rber at
the side opposite to the side at which the nozzle-fornmed nenber is

| am nat ed. 22 Septenber 2006 - 12 Thus, due to the warp-suppressing
menber, the frame nenber al so receives tension at the side opposite to the
side at which the nozzle-forned nenber%és | am nat ed. According to another
aspect of ‘the present invention, ther&is provided a manufacturing nethod
for a print head which includes a substrate nenber, which forns side

surfaces and ongsendusUEd ages OfaipHeulResdingl MEGMEEr ) Sch&ndravd ch i s
provided with heating el enents, a nozzle-forned nenber, which forns-the

other end™sfPricalep raeeivas graswsian Atngheeside ompPehthale &M gher
coefficient af Li Pﬁ%&h%@@%dzozrl&t—% mtelalemeﬁBQJ%t{Qtfadﬁﬁff{g{eeLd. and in which
es, ich i v o0 the

i nk-ej ection nozz C ndi vi dual'ly correspon
i.ch supports the

ink-pressurizihg cel.ls, are fornmed, and a franme_nenmber, wh

noz21 e f or med ATRSHSRITaRd GRYEHha Ry S HEePyCoRAE SHRES O of ent of

| i near expR&séE ol gsrdvieicsiubshisiat Badribielg rdt@cammbtagt primg hewri hod for the
print head conprising the steps of: formng a |amnation surface of the
frane menbeich olekidas chéuReE¥RES NEFRRH, ndnbdr fiogmso eS| aRrAared, in the

shape of -O%n?ﬁ%ﬂ%denélglfr%%%ei ?Fa%ﬁ%?gsﬁﬁqg#%@f%%g e pagzhe;Lor med

menber am nati1on surface a erature, whereby the frane
menber depoonisded wrthopenathggel empetaf W enaird e-doamedi hiémbencevhich
aoet ol et e end e A e 2008 08O L "k -pressurizing cells,
which has a higher coefficient of linear expansion than the
substrate member, and in which ink-ejection nozzles, which
individually correspond to the ink-pressurizing cells, are
formed, and a frame member, which supports the nozzle-formed
member and which has approximately the same coefficient of
linear expansion as the substrate member, the manufacturing
method for the print head comprising the steps of: forming a
lamination surface of the frame member, on which the nozzle-
formed member is to be laminated, in the shape of a curved |
surface in advance; and laminating the nozzle-formed member
on the lamination surface at a high temperature, whereby the
frame member deforms at an operating temperature due to a
difference in coefficients of linear expansion.between the

frame member and the nozzle-~formed member in such a manner

that the lamination surface of the frame member becomes flat.

Thﬁs, the lamination surface becomes flat at the
operating temperature.

According to another embodiment of the present invention,
in o:der to avoid the problem which occurs due to the warping
of the lamination surface of the frame member, intervals
bétweén-the heating élements, between'the ink-pressurizing

cells, and between the ink-ejection hozzles.are_




frame nmenber and the nozzle-formed nenber in such a naeaiseptembéraood he

| am nati on surface of the frane nmenber becones flat. Thus, the |am nation
surface becones flat at the operating tenperature. According to another
enbodi nent of the present invention, in order to avoid the problem which
occurs due to the warping of the |am nation surface of the franme nenber,

I nterval s between the heating el enents, between the ink-pressurizing
cells, and between the ink-ejection nozzles are 22 Septenber 2006 13
increased froma central portion toward® peripheral portion. Thus,

I nterval s between | andi ng points of the ink drops becone uniform and
degradation of the printing quality due to nonuniformty of the intervals

bet ween t ie&dreadiedd fRpomnkS ceddrale pvalided e & RediprikadipmrtisnQf the
present invention, in order to avoid the problemwhich occurs due to the
war pi ng of theTha#i nahtenvalsf beewabnt hanfii agepornler ofatheoankolropshod
for a print head includes the step of adjusting the tinme to apply current
to the hedkicogechaiEnis, sundhdegaadaitd deaifi niee lpariErtting epidliidieduel oser
to the central portion receive current earlier than the heating elenents
posi ti onedochosgriformigyperi ther dntegviilen between tihe tliamsling aodings
current to the heating elenents positioned closer to the central portion,
at whi ch ©#@ beraveidgfist ances of the ink drops are nmade |onger due to the

According to embodiments of. the present invention,

in order to avoid the problem which occurs due to the
warping of the lamination surface of the frame member, a
control method for a print head includes the step of
adjusting the time to apply current to the heating elements
-such that the heating elements positioned closer to the
-qentral portion receive current earlier. than the heatipg
elements pésitioned closer to the peripheral poftion.

Thus, the time to apply current to the heating elements
positioned closer to the central portion, at which the
travel distances of the ink drops are made longer due to the
warping of the lamination surface of the frame member, is
made earlier. Accordingly, landing time of the ink drops on
the print medium is made the same over the entire region. |

According to another aspect of the present invention, a
print head having at least ink-pressurizing cells,‘heating

| élements, and ink-ejection nozzles, includes a plurality of
substrate members whidh forms side surfaces and one end
surface of the ink-pressurizing cells; and which are

provided with the heating elements; a nozzle-formed member




war pi ng of the |am nation surface of the frane nmenber , 22 Sptembee20ear | i er
Accordingly, landing tine of the ink drops on the print nmediumis nade the
- same over the entire region. According to another aspect of the present
invention, a print head having at |east ink-pressurizing cells, heating

el enments, and ink-ejection nozzles, includes a plurality of substrate
menbers which fornms side surfaces and one end surface of the

i nk-pressurizing cells, and which are. provided with the heating el enents;
a nozzl e-fornmed nenber 22 Septenber 20064 34 which forns the other end
surface of the ink-pressurizing cells, and in which the ink-ejection

nozzl es, which individually correspond to the ink-pressurizing cells, are

A M T T e M o T

plurality I'pS Whi ¢h aré cons | am n

member s OncélanT]?Hdngﬁz\]rlﬁlcléof 1%@2&0&50&“8&%1&?”%1&1@“ the
ZZ

I nk-ej ection no ndi vi y correspond to the Tnk-pressurizing

celI's. TheijnheafaghiP§ 85Lr85H808CEs | fné ﬂﬁkﬁﬁféQQuffﬁﬂﬁgdééﬂiér éPe feed
direction of a print medium and the head frame is provided Wt

head- chi p-f@eRbd: N hoh&Sr s Nwheh Vi Epgblvs tﬁéehasziéefaﬁagachl ps. Thus,
the nozzle-formed nenmber is supported by the head frane, and the interval

bet ween t htehbkr £ 8681 &NpaZal £6y $OIMESdi Ships WRZIZheafor 88fls tRABESA
extends and shrinks along wth the head frame. Accordingly, by making the
coeffici ey laminating the substrate members on a common nozzle-
| | | formed member in such a manner that the ink—ejectioh nozzles
individually correspond to the ink-pressurizing cells. The
head chips are arranged in a direction perpendicular to a
feed direction of a print medium, and the head frame is
brovided with head-chip-receiving holes which individually
receive the head chips.

Thus, the nozzie—formed member is supported by the héad
frame, and the interval between the ink-ejection nozzles
formed in the nozzle-formed member extends and shrinks along
with fhe head frame. Accordingly, by making the coefficient
pf linear expansion of the head frame closer to that.of the
substrate mehber, the displacements between the heatingh
elements (the ink-pressurizing cells} and the ink-ejection
nozzles can be made zero, or can be reduced to an extremely
.small amount. In additidn, since a plurality of head—qhip-
raceiving holes which individually receive the head chips
are formed in the hea& frame, the rigidity of the head frame
is'incréased in the longitudinai direction théreof. |

Accordingly, a print head having high rigidity, which is




of linear expansion of the head frame closer to that @& Sehiembethossrate
menber, the displacenents between the heating elenents (the

i nk-pressurizing cells) and the ink-ejection nozzles can be nmade zero, or
can be reduced to an extrenely snmall anmpbunt. In addition, since a
plurality of head-chip- receiving holes which individually receive the head
chips are forned in the head franme, the rigidity of the head frame is
increased in the longitudinal direction thereof. Accordingly, a print head
having high rigidity, which is 22 Septemiser- 2006 15 especially suitable as
a line head, can be obtained. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a perspective view of a print head according to a first enbodinent of the
present i n_ ex peciive v he, pri nt

head accop%€%%é€%1¥£ g?%?%?léﬁ%gdg 9$g ﬁgég 38%§ ges%% a% AT view of an

i nportant part of the print head accordlng to the first enbodinent; Fig. 4
is a sectional viewof Fig. 3 cut along line IV- IV, Fig. 5is a

perspecti wmpmmmm%@tmﬂ: pikW Elcg nozzle-formed menber is
di sposed on a supporting jig in a manufacturing process of the print head

according to theg.firsts eimhedisPEtivd Gride icE & SHEPRHG HIEALR | on
showi ng a step of conbining a head frame and the nozzl e-fornmed nenber in
t he to a first embodiment of the present invention;
Fig.rz‘is an exploded pe;spective view of the print
_head accordihg to the first embodiment;
Fig. 3 is a sectional view of an important part of the
print head according to the first embodiment;

Fig. 4 is a sectional view of Fig. 3 cut along line IV-

iv

-e

Fig. 5 is a perspective view showing a state in which a
nozzle-formed member.is dispesed on a supporting jig in a
manufacturing process of the print head according to the
first embodiment;

Fig. 6 is a schematic representation showing a step of
combining a head fréme and the nozzle-formed member in the
manufacturing process of the print head according to the '
first embodiment;

Fig. 7 1s a schematic representation showing a step of
Comb;ning substrate membersrand the nozzle-formed membex in
the ﬁanufacturing process of the print head according to the
first embodiment;

Fig. 8 is a schematic representation showing a head

unit which is constructed by combining the head frame, the




manuf acturing process of the print head accordi ng to td2Sepfembst20eérbodi nent ;
Fig. 7 is a schematic representation showing a step of conbining substrate
menbers and the nozzl e-forned nmenber in the manufacturing process of the
print head according to the first enbodinent; Fig. 8 is a schematic
representation showi ng a head wunit which is constructed by conbining the
head frame, the 22 Septenber 2006 16 nozzle-fornmed nenber, and the
substrate nenbers in the manufacturing process of the print head accordi ng
to the first enbodinent; Fig. 9 is .a sghematic representati on showi ng a
step of conbining the head unit and an ink-passage unit in the

manuf acturing process of the print head according to the first enbodi nent;

Fig. 10 i h ] | am ' t f .. the head f d

he. noel DR ARrER e HPAbsd o hithst PR P erhpo HAAF Sof e eubst At
mb | e- .0ng . W.t:h ensi f th

it orval TGRS REA" e OLERS, oF TR R el e e A R rorver

and an gxtensi Qf the interval between heating elenments forned in
t he substrate ﬁ@%ﬁggﬁggfé 11 is a perspective view of a conbined body of a

print head acgggdi 991&Oaaééﬁ&ﬂﬁ@i@”?@ﬂk@?@htaiimesHBﬁiﬁBta kRY¥pNbEON and
an i nk passage plate;
combining the head unit and an ink-passage unit in the
manufacturing process of the prigt'head according tovthe
.first embodiment;

Fig. 10 is a graph'showing a laminating temperature of
the head frame and the nozzle-formed member and a laminating
temperature of the substrate members and the ncozzle-formed
member along with an extension curve of the interval between
ink-ejection nozzles formed in the nozzle-formed member and -
én extension curve of the interval befWeen heating elements

- formed in the substrate member;

Fig. 11 is a perspective view of a combined body of a
print head according to a second embodiment of the present
invention and an ink passage plate; |

Fig. 12 is an exploded perspective view of the combined
body of a print head according to the second embodiment and
the ink passage plate;

| Fig. 13 is a graph shbwing the relationship between the
content of ferrum (Fe) in an ferrum-nickel (Fe-Ni) alloy and
the coefficient of linéar expansion of the alloy;

Fig. 14 is a side view showing a éroblem that the first

embodiment of the preseﬁt invention may have;




Fig. 12 is an expl oded perspective view of the conbi next Sepestyercbo@ pri nt
head according to the second enbodi nent and the ink passage plate; Fig. 13
is a graph showing the relationship between the content of ferrum (Fe) in
an ferrumnickel (Fe-NI) alloy and the coefficient of |inear expansion of
the alloy; Fig. 14 is a side view showng a problemthat the first

enbodi nent of the present invention may have, 22 Septenber 2006 17 Fig.
15 is a schematic side view of a print head according to a third

enbodi ment of the present invention;- Frgs. 16 is a schematic side view
showi ng a state before a nozzle-formed nenber and a frane nmenber are

| am nated in accordance with an exanple of a manufacturing nethod for a.

head of _th .d enbadi . FlLg, 17 i h ' ' '
Chowi ng o stafb°i RoWkPcl RECRBNbE: At FeVie¥; shcHEe  BoR ZﬁSE? ature

Cafter 'a@c%%yagggtvbc% 103315 %m%%lgrﬁe%ge A, N JIATE s RIS, FT 0 18 15

a schemat’ic si eM/shOMAng or & a F67 7] neﬁber and a

A TS PRI ShCH SEpoRESRLIRRAE Vit s ratELe of o

manuf act uri ng odinent; Fig. 19 is
a schemaijegotleds Yl'o%‘ﬁl%h%rﬂ%dam%%te% igha Wishnld GehiReHaluUr e i s reduced

to roomtenperature after |amnating the nozzle- forrred menber and t he
frame ”Eﬂbﬁ&nated in accordance with an example of a manufacturing
method for a.p;int head of the third embodiment;

Fig. 17 is a schematic perspective view showing a state
in which the temperature ié reduced to room temperature
after laminating the nozzle-formed member and the frame
member;

Fig. 18 is a schematic side view showing a state before
a nozzle-formed member and a frame member are laminated in
accordancé with another example of a manufactuiing method
for a print head of the third embodiment;

Fig. 19 is a schematic side view showing a state in
which the temperature is reduced to room temperature after
laminating the nozzle-formed member and therframe member;

Fig. 20 is a schem&tic side view of a print head
according to a fourth embodiment of the present invention;

Fig. 21 is a perspective view of a print head according
tb a fifth embodiment of the present invention;

Fig. 22 is an exploded perspective view of the print
head according to the fifth embodiment;

Fig. 23 is a Sectional vieﬁ of Fié. 24 cut along line

XXIIIQXXIII showing an important part of the print head




Fig. 20 is a schematic side view of a print head accaedeptgmbe 2006 ourth
enbodi nent of the present invention; Fig. 21 is a perspective view of a
print head according to a fifth enbodi nent of the present invention; Fig.
22 is an expl oded perspective view of the print head according to the
fifth enbodinment; Fig. 23 is a sectional view of Fig. 24 cut along line
XXI'T1-XXI'll showi ng an inportant part of the print head 22 Septenber 2006
18 according to the fifth enbodinent; Fig. 24 is a sectional view of Fig.
23 cut along line XXIV-XXIV; Fig. 25 is a sectional view of Fig. 23 cut
along line XXV-XXV, Fig. 26 is a sectional view of Fig. 23 cut along line
XXVI - XXVI; Fig. 27 is a sectional view of Fig. 24 cut along line

- | |
%l : I %qqrdlg}ggzﬁ g?lea fé%g%‘r c?tqw evl\’l\EOfewF!sﬁovmzﬁgcgt s?agggl nI \r/]\ken ch a
nozz| e-for med &5”b§4 9% 2 %%E@Roﬂgidvigﬁorg'ﬁggto Shgutf£i%ﬂgefyﬁg'nent

Fig. 30 shows a hea ramne nozz formed nenbe
in the Rpgé&ﬁ;ng process of the print head according to the fifth
enbodlnent

Fig. 25 is a sectional view of Fig. 23 cut‘along line
XXV-XXV;

Fig. 26 .1is a sectional view of Fig. 23 cut along line
XXVI-XXVI;

Fig. 27 is a sectional view of Fig. 24 cut along line
XXVII-XXVII;

Fig. 28 is a sectional view of Fig. 24 cut along line
XXVITI~XXVIII;

Fig. 29 is a perspective view showing a state in which

" a nozzle-formed member of a print head according to ther
fifth embodiment;

Fig. 30 shows a step of combiniﬁg a head frame and a

: nozzle-formed member in the manufacturing process of the
print head according to the fifth embodimenf:

Fig. 31 is a schematic representation showing a stepuo? .
combining substrate members and the nozzle-formed member in
the manufacturing process of the print head according to the
fifth embodiment;
| Fig. 32 is a schematic representation showing a head
unit which is constructed by combining the head frame, the
.nozzle—formed member, and the substraté members in the

-manufacturing-process of the print head acqording to the




Fig. 31 is a schematic representation showing a step @b SepenbérHog
substrate nenbers and the nozzle-fornmed nenber in the manufacturing
process of the print head according to the fifth enbodinent; Fig. 32 is a
schematic representati on showing a head unit which is constructed by
conbining the head frame, the nozzle-forned nenber, and the substrate
menbers in the mnufacturing process of the print head according to the 22
Sept enber 2006 19 first enbodinment; Fig. 33 is a schematic representation
showi ng a step of conbining the head upit and an ink-passage unit in the
manuf acturing process of the print head according to the fifth enbodi nent;
Fig. 34 is a perspective view of a conventional print head; Fig. 35 is an
exploded 3&E§%;ve view of the conventional print head; and Fig. 36 is a
sectional ‘orobl em of the conventional print head.

DESCRI PTI ON THE REFt’”~th MENTS Enb ments, t he _present
ort | omowi Fige 3anTh  Bogon BN LR EREPEPBT ahIEM: § PHéngceoﬁ%SHy. iy

d i t d t t head
oo N9 qeiii iy 10 nbaBCERIE W Bl s HacBIATIRE, 41 the DT RO

nozzl e- f%ﬁﬁ%%d@%@@aquprb%ess of the print head according to the
fifth embodiment:
Fig. 34 .is a perspective view of a conventional print
head;
Fig. 35 is an eiploded perspective view of the
conventional print head; and
Fig. 36 is a sectional view showing a problem of the

conventional print head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

A print head 1 according to a first embodiment 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 noziles 3 are formed in a
single substrate member, which will be described belbw. The
nozzle-formed member 2 is formed of nickel or a material
comprising nickel in the shape of, for example, a sheet
having a thickness of 15 to 20 um by an electroformiﬁg

technique. The ink—éjection nozzles 3 having a diameter of




which a plurality of ink-ejection nozzles 3 are fornedz2Sepemberaicodhundr ed

I nk-ejection nozzles 3 are forned in a single substrate nenber, which wll
be described bel ow. The nozzle-formed menber 2 is fornmed of nickel or a
material conprising nickel in the shape of, for exanple, a sheet having a
t hickness of 15 to 20 pm by an electroform ng technique. The ink-ejection
nozzl es 3 having a dianeter of 22 Septenber 2006 20 approximately 20 m
are formed in the nozzle-formed nenber 2 (see Figs. 2 and 3). Wen ni ckel
or a material conprising nickel is usggd as the material for formng the
nozzl e-formed nenber 2, the nozzle-formed nenber 2 in which the ink-

ej ection nozzles 3 are positioned with high accuracy can be obtained with
arelatively low cost. The nozzle-forned nmenber 2 is lamnated to a head

frame 4 “PRROHERFIARD 40 RIGRRITET O S N9%AR PERTIoh BERPHaV ng a
‘ect | dth bri It 4b i ch, integrally f d
W th L he GRS FABS 1 drBbr i) on VIR SHERGE G 13 Mt n IR e of 1 he

out si de fr. portion. 4a at a constant interval. Accordingly, ‘
opent ngs kRN A sl Aind AN 40% Hohund R U toMied, o pes
(see Fig '

\'II\?.“ it ed b %ecq?qez)é;‘b—\[%}@gadi r?l?err%é.:r.ntz 1*}?3,?}1}%(:1{ SpPRlded to a line

printer \ pri‘nt’s on paperin ap ralt orientation, the

! ;ngtzg g‘;ﬁjé&_idip‘?mé}Q%é £ ULL RIS e d RAL U iy Taddifcatl? ©arfVbe that
- ' obtained with a relatively low cost.

The nozzle-formed member 2 is laminated to a head frame
4. The head frame 4 inbludes an outside frame portion 4a
having a rectangular shape and three bridge portions 4b
which are integrally formed with the ocutside frame portion
4a and which link the lateral sides of the outside frame
portion 4a at a constant interval. Accordingly, four
openings 5 having a rectangular shape are formed in parallel
to each other (see Fig. 2). 1In the casé in which the print
head 1_is applied to a line printer which prints on 'A4'
sized paper in a portrait orientation, the length of the
openings 5 corresponds to the width of thersize '*A4', that
is, 21 cm.

The head frame 4 is formed of a haterial 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 as
the semiconductor substrate, silicon’nitride is used for
forming the head frame 4; Alternatively, alumina (A1203).

mellite, aluminum nitride, silicon carbide, etc., may'be




The head frame 4 is forned of a material having the sarsepeseéfioos ent of

| i near expansion as a sem conductor substrate of the substrate nenber,
which will be described below Wen, for exanple, a silicon substrate is
used as the sem conductor substrate, silicon nitride is used for formng
the head frame 4. Alternatively, alumna (A12G3), mullite, alum num
nitride, silicon carbide, etc., may be 22 Septenber 2006 21 wused fromthe
group of ceramcs, quartz (SbQ2), etc., nmay be wused fromthe group of
glass, and Invar, etc., may be used - faiom the group of netals. The head
frame 4 may have a thickness of, for exanple, 5 mm and is sufficiently
rigid. Wien the head frane 4 is |amnated on the nozzl e-forned nmenber 2 at

a i gh { QURGr gLuRe BCh B5,180C, LG nozz L eotormed; Repber 2 (rjes plo

shrink by~a”l arger “arfodt hah © az’ tenpératu

than theLa %%Bh”QP%e@B t%e ggC) d.a'i vtag_luse gconﬁgyt E@Sﬁs g nce the

head frane Iy r erval "bef ween e 1 nk-ejection

nozzl es %rohh%hel§r0@png§zhgthmgerval varles in accordance wth the
coefficient of |inear expansion of the head frame 4. The head frane 4 is

| am nated on fRHe REZE! Lrims ”E%&‘fnﬁ’é{reza biitRhESs P! LXAPkEmpPe
heat - setti ng adhesi ve sheet urality of head ChIpS HC are forned by

| am nat i BgmmsuBSHr i'isesmﬂ@iénﬁl?nribﬁ.dﬂozml@nf eheEHeABMECAME. 4 is
Accordingly, a plurality of head chips HC are forned on a
lqminated on the nozz%e—formed member 2 aﬁ a high
temperaturé such as 150°C, the nozzle-formed member 2 tries -
to shrink by a larger amount than the head frame 4 at a
temperature lower than the laminating temperature (150°C),
and thus becomes tense. Since the head frame 4 is
sufficiently rigid, the inferval between the ink-ejection
nozzles 3, that is, a nozzle interval, varies in accordance
with thé coefficient of linear expansion of fhe head frame 4.
The head frame 4 is laminated on the nozzle-formed member 2
- by using, for example, a heat-setting adhesive sheet.

A plurality of head chips HC are formed by laminating
substrate members 6 on the nozzle-formed member 2. |
Accordingly, a plurality of head chips HC are formed on a
single nozzle-formed member (see Fig. 2).

Fach of the substrate members 6 is constructed by
forming heating elements 8 on a surface of é semiconductor
.substfate 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

formed (see Figs. 3 and 4). The barrier layer 10 defines




singl e nozzl e-formed nenber (see Fig. 2). Each of the 2g@sptemasrecoenbers 6
Is constructed by formng heating elenents 8 on a surface of a

sem conductor substrate 7 forned of silicon, etc., and lam 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 fornmed (see Figs. 3 and 4). The
barrier layer 10 defines - --- ----------o----- -- 22 Septenber 2006 22
side surfaces of ink-pressurizing cells 9; in other words, it serves as
the side walls of the ink-pressurizi-n@xells 9. The barrier layer 10 is
formed of, for exanple, a dry film which is curable by Iight exposure, and
Is constructed by lamnating the dry filmover the entire surface of the

serm condychar BURSLLAl e s YEEN A eaL 7Y 8l eTRbE ., Grsabormed. and

removi ng ~annecess raphy “process. Accorglngly, t he
Qs' :

subst r at § menher B! G111 okhenBUBRLT AL LREIGHACS cethis bl Chness

go
of the arrier Fayer E I'S appr oXi mate ting élenents
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In addition, the w I nk-pressuri zing cel I'S approxi mately

25 pm A%h&&he&é”Bh%abi‘e%?elh.%hﬁoB%PG%‘?:Q 'Bn&hhﬁhcb%t&h'c%d Iggad 1is
applied to a line printer which prints on "A4" sized paper in a portrait

orientatii@minh®ifychnd @a§efillAl over the entire surface of the

sem@conductor‘substrate'7, on which the heating elements 8
are formed, and removing unnecessary parts by a
photolithography procesé. Accordingly., the substrate member
6 is completed.

In 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 6f the
ink-pressurizing cells 9 is approximately 25 um.

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

head 1 is applied to a line printer which prints on A4’

sized paper in a portrait orientation. In such a case, for

a single opening 5 formed in the head frame 4, approximatély '
five thousand ink-ejection nozzles 3 are formed in the
nozzle-formed member 2 and sixteen substrate members 6 are
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 elements with accufate dimensions in the

drawings which are limited in size. Therefore, in order to




a single opening 5 fornmed in the head frane 4, approxiarseplemberfdope t housand
I nk-ej ection nozzles 3 are forned in the nozzle-fornmed nenber 2 and

si xteen substrate nmenbers 6 are |am nated thereon. Thus, approxinmately
three hundred and ten ink-ejection nozzles 3 are fornmed in a single
substrate nenber 6. Accordingly, it is inpossible to show the accurate
nunbers of elenments wth accurate dinensions in the draw ngs which are
limted in size. Therefore, in order to 22 Septenber 2006 23 facilitate
under standi ng, the drawi ngs are part}y23exaggerated and el enents are
sonetines omtted. The substrate nenbers 6 are | am nated on the nozzle-
formed nenber 2 by heat-curing the barrier layer 10 at approxi mately 105C.

Accordl ngg(% fl@%ﬂearﬂﬂ?éf% &%%erﬁeur&dvfirﬁs! 'Hf%'e d[%ﬁlg%ned i n accordance

with, the aracteristics barrier gh the

Iam nat i atg‘?jgi%ft%td”a%cf’f iéﬁ?ed{‘%z%;{x% f QB EThes s ttzth apd the substrate

menber s 6 Is™hot limted to 1 I'S necessary at” the | am nating

tenperature ofmbhguBazsheef QLA AERare Jaridalia Readnkr a8 z4cbe hi gher
than the lam nating tenperature of the nozzle-formed nmenber 2 and the

subst r at orbafentfor Bisy Wddt kaue H@Ladmﬁcta&tztlmf eff5anc® ta a graph

showmn in Fig. 10. Fig. 10 is a graph showing the relationship between the
t enper at wpprasd rate liyntiwsral. belowaminyg v nkis) auniomtitayzzles 3 formed in

the nozzl e-formed nenber 2 (nozzle
tempe;ature is mainly detgrmined in accordange with the
characteristics of the barrier layer 10. Although the
Jaminating temperature 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
members 6. This will be-explained with reference to a graph
shown in Fig. 10.

Fig. 10 is a graph showing the relationship bhetween the
temperature and the interval between the ink-ejection
nozzles 3 formed in the nozzle-formed member 2 (nozzle
interval) and the relationship between the temperature and
the interval between the heating elements 8 formed in the
substrate members 6 (heater interval). In the graph, curve
A shows the relationship between the temperature and the
nozzie interval, wherein the nozzle interval at room
temperature (R.T.) is L. In addition, curve B shows the

relationship between the temperature and the heater interval,

wherein the heater interval at room temperature (R.T.) is L,.




interval) and the rel ationship between the tenperat ur e2@egtemble200émt er va

bet ween the heating elenents 8 forned in the substrate nenbers 6 (heater
interval). In the graph, curve A shows the relationship between the
tenperature and the nozzle interval, wherein the nozzle interval at room
tenperature (R T.) is L1. In addition, curve B shows the relationship
between the tenperature and the heater interval, wherein the heater
interval at roomtenperature (R T.) is L2. 22 Septenber 2006 24 \Wen the
coefficient of linear expansion of thegozzle- formed nenber 2 is al, the
coefficient of linear expansion of the sem conductor substrate 7 is a2,
and the tenperature is T, the above-described curves A and B can be

expr essed as 9{1 l%ﬂ@ GOEf]I?%ﬁJe.Eﬁ 1%1;&&% ekp]ﬁlnggon &ga%ﬁe %EEEAI’] L2 >

L1 and al > a her éf or € Qs rahe anminated on't nozzl e-

f or med ”‘%’H}ﬁ{Fdz et STRES %5 ur gpdl o%ﬁ?f@’@&‘éﬁtc%"ilﬁ‘egﬁ ?ﬁﬁﬁoﬁ’ Cross

each ot her hen, the substrafe menbers are | am nat e

nozzl e- f%rme'@@hﬁ%o%a%t%ﬂ SURBRALHEE 712 W' CQnBSthQV‘@émBES?E}[J%%- When

the head frane 4 1s | am nated on the nozzl Gfmed  menb

t enper at yrge TTl,thfeh%b%%zla%schﬁ%@ RIRRs & atnrdl ®S che I kRbrR%sadl akger
anmount than the head frane 4 :

follows:

A: L

i

Ly + Lyo4T

B: L = L, + Lya,T
wherein, L, > L; and oy > 5.

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.

Then, the substrate members 6 are laminated on the
nozzle-formed member 2 at a tempefature T,, which is lower
than T,.

When the head frame 4 is laminated on the nozzle-formed
.hember 2 at the temperature T,, the nozzle-formed member 2
tries to shrink by & larger amount than thelhead frame 4 at
a temperature lower than the laminating temperature (7T,),
qnd thus becomes tense. The interval between the ink-
ejection nozzles 3, that is, the nozzle interval, wvaries in
abcordance with the coefficient ofllinear 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 intervél and the heater

interval become apprbximately the same at the same




a tenperature |l ower than the | am nating tenperature (TR)Septedtiber d0b6is becones
tense. The interval between the ink- ejection nozzles 3, that is, the
nozzle interval, varies in accordance with the coefficient of |inear
expansion of the head frame 4. Since the coefficient of |inear expansion
of the head frane 4 is approximately the sanme as that of the substrate
menbers 6, the nozzle interval and the heater interval becone

approxi mately the sane at the sane 22 Septenber 2006 25 tenperature.
Accordi ngly, the displacenents betweemd4he heating elenents 8 and the

i nk-ejection nozzles 3 do not easily occur. The nozzle interval of a
conpleted print head is determned by a required precision of a printer in

L B el Y Y e AR
| cul at ed d th h N Fig., .10 f th fficient of
[ Tear - eXBRISTON HATALEE S 6 FORTEI RO, "YU (oot Fent of

| i near e i of the sem conductor substrate 7 (which is also the
coefficigﬁgﬂéﬁpﬁcﬁgé? expansi on of the head franme 4), the [|am nating

Td. Qf = d,ye ; 4, dth
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tenperature difference tenperature T1 and room
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foll owi ng equation.
print head is to be installed. Accordingly, L, is
determined in a design phase. In such a case, the required
L, can be inversely calculated based on the graph shown in
Fig. 10 from the coefficient of linear expansion o; of the
nozzle-formed member 2, the coefficient of linear exﬁansion
a, of theksemiconductor substrate 7 (which is also the
coefficient of linear expansion of the head frame 4), the
laminafing temperature T; of the nozzleaforﬁed member 2 and
the head frame 4, and the temperature difference AT between
the laminating temperature T; and room £emperature (R.T.).
Alternatively, L, may also be caiculated from the following
eqguation.

L; = Ly (0AT - 1)/(a;AT - 1)

Due to the differences caused in the manufacturing
process, the nozzle interval at room temperature (R.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 thé nozzle-formed member
2. | |

For example, when the nozzle interval at room




L1 ='L2 (a2AT - 1)/(alAT - ‘1) Due to the differences camspembsr 2006

manuf acturing process, the nozzle interval at roomtenperature (R T.) may
be too small or large relative to the L1. In such a case, an adjustnment
can be made by changing the |am nating tenperature of the head franme 4 and
the nozzle-formed nenber 2. For exanple, when the nozzle interval at room
22 Septenber 2006 26 tenperature (R T.) is L02, which is snaller than
L1, the head frame 4 nay be | am nated on the nozzle-formed nenber 2 at a
tenperature T02, which is higher than the-lam nating tenperature T1

determ ned at the design phase. In addition, when the nozzle interval at
roomtenperature (R T.) is LO3, which is larger than L1, the head frane 4

e fﬂ@iéffﬁaufér‘ab?ﬁa{‘ CEb o R ST g TR 06 R
e oL b Lo R adhad's RS SR
o (bALITLAC o0 e lerhon B S gt e epereL e s
force fromifieratiensl 41 AB drined tah:ertrfel)dé?srh. g dif eEdd A, (2) a
shrinking direction. The direction of the applle force i's determ ned by
the rel atyris e hedxees iMedrvapedt i CdeNt SeRberature (R.T.) is Ly,
| which is 1§rger than L,, the head frame 4 may be ;aminated
on the nozzle-formed member 2 at a temperature Ty, which is
lower than the laminating temperature T; determined at the
design phase.
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 thé temperature is reduced to room température
({R.T.), the nozzle-formed member 2 receives a force from the
head frame 4 in either (1) an expanding direction or (2) 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 direction (2), there is a risk that |
concavities and convexities (wrinkles) will be formed in the
nozzle-formed member 2. Accordingly, the nozzle-formed
membér 2 preferably receives the force in the direction (1),
the expanding directidn, rather than in the direction (2).
Thus, preferably, the coefficient of linear expansion of the

head frame 4 is lower than that of the nozzle-formed member




| i near expansion. Wien the nozzl e-fornmed nenber 2 recei2weptemble2ob®rce in
the direction (2), there is a risk that concavities and convexities
(winkles) will be formed in the nozzle-formed nmenber 2. Accordingly, the
nozzl e-formed menber 2 preferably receives the force in the direction (1),
t he expanding direction, rather than in the direction (2). Thus,
preferably, the coefficient of |inear expansion of the head frane 4 is

| ower than that of the nozzle-forned nenber ---- ------- 22 Sept enber 2006
27 2 and approximately the sane as t+hat of the substrate nenbers 6. In
addition, the lamnating tenperature Tl of the head franme 4 and the
nozzl e-formed nenber 2 is preferably higher than any tenperatures at which

fol |l ow ng, %rn%ceaspi)e:soﬁ %tqu’rf%r r’r%%m Accortqlancgl&(f trh for nmed nmenber 2

constant 'y rece es a rensifon quri ng he processes per or ne&- after the
| am nati gp, TIt g head frame 4 and the nozzle- forned nenber 2, so that no
WW|nkIes are formed. In the above- described exanple, the head franme 4 is

| ami nat ed on_rhhgaReeshe, ! ehEPYaBlRIng RbnbeRGru2adr! Nor Hie substrate

menbers 6 are | am nated On the nozzl e- rrerrber 2 4t

Accor di n@name? dedd lt'?iet nbk 1% -FFYrRA MentRPiNiiRg ﬁr@%erﬁ%@.‘} fhr:!.@'iﬁ%]:‘1 the

nozzl e-formed nenber 2, and the substrate nenbers 6, and ink-passage

pl ates 1Zhame adnien caipled@t®GelsO at which following processes are ‘

| performed. Accordingly, the nogzle—formed member 2;

constantly receives a tension during the processes performed
after the lamination of the head frame 4 and the nozzle-
formed member 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
members 6, and ink-passadge 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 and which has'ink resistance. Each of the
ink—passage plates 12 includes a chamber portion 13 which
fits into one of the openings 5 formed in the head frame 4,

and a flange portion 14 which is integrally formed with the




the head unit 11 (see Fig. 1). One'ink-passage pl ate 122 Septepbenzooied 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 deformand which has ink
resi stance. Each of the ink-passage plates 12 includes a chanber portion
13 which fits into one of the openings 5 forned in the head frame 4, and
a flange portion 14 which is integrally forned with the 22 Septenber 2006
28 chanber portion 13 at one side thexgof. The flange portion 14 is
formed so as to have a size larger than the planer shape of the openings
5. The chanber portion 13 is provided wth an opening 15 at the side
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i s connecte ove- described openl ng 4) .
The not C%%ﬂ%@%e%&h@”ﬂ%d alth thed iIdReSAYsATS HE tHRPNIdY a1L5 dlfﬁc?xUCh a

manner that end portions of the opposing notches 16 overlap each other in
t he di r eaiHed ¥ liahgeMploeit ibheY 42HS ForaREed anBh@ otichR Of1 ¢ Mot ches 16 is

determ ned such that the substrate menbers 6 can fit therein
positioning the substrate members 6 are formed in the side
walls of the cpening 15 (see Figs. 3 and 4). In adddition,
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).

The notches 16 are arranged in two lines across the
-opening 15 in such a mannér that end portions of the
oﬁposing notches 16 overlap each other in the direction in
which they are arranged. The size of the notches 16 is
determined such that the substrate members 6 can f£it therein.

Fach of the ink-passage plates 12 is adhered to the
head frame 4 in such a maﬁner that the chamber portion l§
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 portion 13 ksee Figs. 3 énd 4).

By combining the ink-passage plates 12 with the head




Each of the ink-passage plates 12 is adhered to the hesskplenar2obei N such a
manner that the chanber portion 1,3 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 frame 4. In addition, the substrate nenbers 6 |am nated on
the nozzl e-formed nenber 2 are positioned inside the notches 16 fornmed in:
the chanber portion 13 and are adhered to the chanber portion 13 (see
Figs. 3 and 4). By conbining the ink-passage plates 12 with the head 22
Septenber 2006 29 wunit 11 as descr+bed above, closed spaces surrounded by
the chanber portions 13 of the ink-passage plates 12 and the

nozzl e-formed nenber 2 are forned. These cl osed spaces are connected to

t he exterj.or Vi OB ugh.it he 1 nk-_supply. tube 7 d serve
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the head chips are individually provided with ink passages. In a single
closed spRffedt?tl HPUHAISK TR ey ¥ dhmdddi o B alddoddH taf irgi de the
not ches 16, and are arranged in tw rows in a zigzag nmanner so that end
porti ons swippliiye tubldlstiral e EEfce GORIH ghdmanoidiefor and in such a

manner that ink inlets 9a of the ink-pressurizing cells 9

transferring‘in@ which is supplied Fhrough the ink~supply
-tubes to each of the ink-pressurizing cells 9. Accordingly,
a single ink passage 18 is connected to a plurality of head
chips HC, and the structure for supplying ink is made
simpler than a print head in which the head chips are
individually provided with ink passages.

In a single closed space, the substrate members 6 are
individuélly fitted inside the notches 16, and are arranged
in two rows in a zigzag manner so that end portions of the

‘substrate memhers 6 overlap one another, and in such a

manner that ink inlets 9a of the ink-pressurizing cells 9

ocppose one another. Thus, the ink passage 18 is formed

between the two rows of the substrate members 6, and the?

ink-pressurizing cells 9 are connected to the ink passage lé
via the ink inlets 9%9a (see Fig. 3).

Four flexible substrates 19, which electrically connect
the heating elements 8 formed in the substrate members 6 to
an exterior control unit, are individually provided for four
colors (only one of them is shown in‘Fig. 2). Each of the

flexible substrates 19 is provided with connecting tabs 19a,




oppose one another. Thus, the ink passage 18 is fornmed:2 dplewdeiobbe two
rows of the substrate nenbers 6, and the ink-pressurizing cells 9 are
connected to the ink passage 18 via the ink inlets 9a (see Fig. 3). Four
flexi bl e substrates 19, which electrically connect the heating elenents 8
formed in the substrate nenbers 6 to an exterior control unit, are

I ndi vidually provided for four colors (only one of themis shown in Fig.
2). Each of the flexible substrates 19 is provided with connecting tabs
19a, 22 Septenber 2006 30 which are ggserted through openings 20 forned
between the head frame 4 and the ink-passage plates 12 (see Fig. 4), and
extend to the substrate nenbers 6. The connecting tabs 19a are

el ectrical,ly.,connected to tact .poi nts. (not wn) , ich ar

i vi dud TP s o Tl RPtT it 2 FOmd B INr e Meubst  at e
menber s The. ink-s I b 17 provide n t I Nk- sage,, plates 12
are indi Sile utgle‘ﬁ]%/%on&n%&&/eﬁ}%o%ﬁﬁ( qé;sn%asge( rPg'taq:esSng\;eaq)(,se %(S: i n4 ivictfal | y
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When a CYeend1 RiSR.dis AR ADT & Witad] BoSHA (2t Ll S 0 some
of the heating elenentsyg sé*%cté%ﬁin accé% a cé’mﬁt# a command i ssued by

the cont k@i didredfiddi& i RNk ool 1l r@ﬁ&@{miﬂ&ﬂegf lNBoflEERt s 8 are
rapidly heated. Accordingly, at each of the correspondi ng heating
formed in the subgtrate 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 fo 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
heated. Accordingly, at each of the corresponding heating
elements 8, a bubble.of ink wvapor (ink bubﬁle) 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-ejection
nozzle 3 as an ink drop. The ink drop., which is ejected
fromlthe ink-ejection nozzle h, adheres (lands on) to a
print medium such as a piece of paper, etc. Then, the ink-
pressurizing cells 2 from which the ink drops are ejected

are immediately refilled with ink through the ink passages




el ements 8, a bubble of ink vapor (ink bubble) is geneesepembatzoode surface
thereof. Then, as the ink bubble expands, a certain volunme of ink is
pushed ahead, and the same volune of ink is ejected out fromthe
corresponding ink-ejection nozzle 3 as an ink drop. The ink drop, which is
ejected fromthe ink-ejection nozzle h, adheres (lands on) to a print
medi um such as a piece of paper, etc. Then, the ink- pressurizing cells 9
fromwhich the ink drops are ejected are inmediately refilled with ink

t hrough the ink passages 22 Septenber 2006 31 18 by the sane anount as
the ejected ink drops. The manufacturing process of the above-described
print head 1 will be briefly explained belowwth reference to Figs. 5to
9. First, the nozzle-forped nenmber.2 is formed by .an el ectroform ng

Cechn qud® B R Smen plBlndn 1° thB, 50eeRg® el S2%Rs0i ng A f1at surtace
(see Fig. S). mlDenbfaR00:tlYng! BE082E! 62T PHUPLLTREDEE Erh Bell! BRRAET ON Lhe
supporting jig 21 1S because”the nozzl e-fornmed nenber I's extrenely thin

and it c { mai;Rtagn | p I I i thhe-eteqdnideang 4 is
| am nat e o%’Eggagéz?Eepgﬁg?ggd%ﬁgégé?% %F%gggg ton Fhe sﬂbporting jig 21
by heatipgqs2 Real-setting adhesive sheet, for exanple, an epoxy adhesive

sheet, at I50C (see Fig. 6). In Fig. 6, reference nunerals 2' and 4
schemati cal | yrshaw, t hge SHaP£8e Of otEa MEABLE- § 0L BedopmBREhy2aand t he head

frame 4 which extend by
\electroforming techpique, and is dispoged on a supporting
jig 21 having a flat surface {(see Fig. 5). The reason why
the nozzle-formed member 2 is disposed on the supporting jig
21 1is 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 nozzle-
formed member 2 disposed on the supporting jig 21 by heating .
a heat—setting.adhesive sheet, for example, an epoxy
adhesive sheet, at 150°C (see Fig. 6). 1In Fig. 6, reference
numerals 2' and 4' schematically show the shapes of the
nozzle-formed member 2 and the head frame 4 which extend by
being heated to 150°C.

Next, the supporting.jig 21 is removed., and the
substrate members 6 are laminated on the nozzle-formed
member 2 at 105°C, so that the head chips HC are formed (see
Fig. 7). Fig. 7 only schématically shows the laminating
‘step, and only seven substrate members 6 are shown for each
color.

.Accordingly, the head unit 11 is éompleted (see Fig. 8),

and an ink-passage unit 22, which is constructed by anocther




being heated to 150C. Next, the supporting jig 21 is remsepedbera00bt he
substrate nenbers 6 are | am nated on the nozzle-fornmed nenber 2 at 105C
so that the head chips HC are fornmed (see Fig. 7). Fig. 7 only
schematically shows the lam nating step, and only seven substrate nenbers
6 are shown for each <color. Accordingly, the head unit 11 is conpleted
(see Fig. 8), and an ink-passage unit 22, which is constructed by anot her
22 Septenber 2006 32 process, is attached to the head unit 11 (see Fig.
9). The ink-passage unit 22 is constraeted by conbining the above-

descri bed four ink-passage plates 12 using a connecting nenber (not

shown). In the print head 1, the head frane 4, which has approximtely the

same Coelééf(%é%% Q.If_S léifﬁhgépggs{ﬂ@slﬁ%a?tMt o{\ll\;]r%%éelpigorgiyct the

subst r at Tt ‘exanple, sillcon strates) are’t he' base
substrat of t . S fdrs ] _

nozzl e-f g?ln]gcf)én%%ﬁgz%q%{@% %%%&c%&d%%%orbﬁ%ﬁ%ﬁ%?ﬁ%&ﬁ%mer S 6
are | amqud e v tf&ﬁoj@rﬁ&?éﬁa@@ PEADSE 22 Alsng Wﬁéﬁﬁnd{ ower than

the | am nating tenperature the head frame 4 and the nozzle-Torned
menber 2.mdWsF di ikt Yshdwe) | nterval  between the ink-ejection nozzles 3

formed in the nozzle- formed nenber 2 and the interval between the heating

el ements 8 fompedhien pidierts Wesld at,e tRTIYad Eramee al Waysdhdas :

| qpproximately the same coefficient of linear expansion as
that of the semiconductor substrates 7 (for example, silicon
substrates) which are the base substratés of the substrate
members 6, is first laminatéd on the nozzle-formed member 2.
The head frame 4. 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—fbrmed member 2. Accordingly, the intérval
between the ink-ejection nozzles 3 formed in the nozzle-
formed member 2 and the interval between the heating
elements 8 formed in the subsfrate members 6 are always the
same at temperatures lower than the laminafing temperature
of the nozzle-formed member 2 and the head frame 4. ThuSl a
print head having improved characteristics of ink drop
ejection can be obtained. Even when the size of the
substrate 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-disdharge nozzles 3 do not

easily occur. Accordingly, the size of the print head 1 can




sane-at tenperatures |ower than the | am nating tenper ak@epemdér obe

nozzl e-formed nenber 2 and the head frane 4. Thus, a print head having
i-nproved characteristics of ink drop ejection can be obtained. Even when
the size of the substrate nmenbers 6 and the nunbers of heating el enents 8
and the ink-ejection nozzles 3 provided for a single substrate nmenber 6
are increased, displacenents between the exothermc elenents 8 and the

i nk-di scharge nozzles 3 do not easily occur. Accordingly, the size of the
print head 1 can 22 Septenber 2006 3333be 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 lamnating the head frane 4

?nggﬁty%hus-f%%ﬂ%crl d’zabove [ Z"lelgpéﬁ Ch glosrzné)%;%{h%tl}ﬂiegg

for a lingPrdgier ﬂ%iég 1ﬂ%§ dsg f W, of onbi ned.
Furthernore, si néti:‘ef(%ﬂ i,%wﬂeagnf hi ps are sposﬁduw eEﬁfzgl gzoz:%ainl’gln{]er in
the abovgsdasd+dedkfint head, even when head chips HC having different
printing characterlstlcs are arranged print nottling can be nade | ess

conspi cuous. I saRditticdN, by NeMifatiWAltdHey nefagheadmehisponHenar e formed on
a single nozzle-formed menber, positional accuracy of the ink- ejection -

‘nozzl es qakAie: 4 Meimea® esbniut tA1e 1 Mo e aieE dibes T ab e ngTpr oved.
In addition, since a

high rigidity. Thus, as described above,vit is possible to

form a print head for a line printer in which four print

heads for four colers are combined.

Furthermore, since the head chips HC are disposed in a
zigzag manner in the above-described print head, even when
head chips'HC having different printing characteristics are

- arranged, print mottling can be made less conspicuous. In
addition, since a plurality of head chips HC are formed on a
single nozzle-formed member, positional accuracy of the ink-
ejection nozzles can be increased and the printing
characteristics can be improved. 1In addition, since a
single ink passage is connected to a plurality of head chips
HC, the structure for suﬁplying ink to each of the head
chips HC can be made simpler.

The above-~described print head 1 is suitable as a print
head that is long in a direction perpendicular to the feed
direction of a print medium, and is especially suitable as a
line head. Accordingly, print speed can be increased.

Although the present invention was applied_to a print

head for a full-color, bubble ink jet printer in the above-




single ink passage is connected to a plurality of head2@apeabertdtys t he
structure for supplying ink to each of the head chips HC can be made
sinmpler. The above-described print head 1 is suitable as a print head that
is long in a direction perpendicular to the feed direction of a print
medium and is especially suitable as a |ine head. Accordingly, print
speed can be increased. Although the present invention was applied to a
print head for a full-color, bubble ink jet printer in the above 22

Sept enber 2006 34 described enbodiymesy -t he present invention nmay 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
fuII-CoIq{ limted.to the

ri.nter, %P . re§§nt inventi%n.is n%t
above- dedS HBAPes BRRCSHEERE . e REETE oo dP VRO ™hARs 5P BSur col or s
nmoi . dndi Vi | i . ) d _far. h | )
the cancbithscto Bl nda 0 el Wi REAR- AT ISP A IE Al 3AED o0! Of

descr | DLy Qb QI dldliSlf hiilh WheCERUhr, UnveRldhl o i ch (e

present invention I's a , and are“not o] e scope of

the presapy a ighiel halla MOX! o 2u1fi-8o1B9a%:a6e0r1 R Brasaggond enbodi ment

of the present invention wi i bg descri b IomL I'n the fpllomﬁng
descri pt ijgR%en®fionhessaeend ianhed RNtthe @FRNVANALISRRS PeRO A tduRrd vire jpart s

“having the sane
‘whicp the four print hea@s for four colors are combined, and
an individual print head may be prepared for each color.

The shapes and structures of the members of the first
embodiment are described merely for illustrating an example
of a print head to which the present invention is applied,

"and are not intended to limit the scope of the present
invention.

Next, a print head according to a second embodiment of
the present invention will be described below.

In the following desc:iptions of the second embodiment,
explanations regarding the parts having the same
construction as in the first embodiment are.omitted, and
components similar to those in the first embodiment are
denoted by the same reference numerals.

In order to attain the object of the present invention,
a print head 30 of according to the second embodiment
includes the substrate members 6 and the nozzle-formed
members 2.which have approximately the same coefficient of
‘linear expansion. Thus, even when heat is applied in the

fabrication_process,'displacements between the heating

i




construction as in the first enbodi ment are omitted, aadepemb@oent s
simlar to those in the first enbodinent are denoted by the sane reference
nunerals. In order to attain the object of the present invention, a print
head. 30 of according to the second enbodi ment includes the substrate
menbers 6 and the nozzle-forned nenbers 2 which have approxi mately the
sane coefficient of |inear expansion. Thus, even when heat is applied in
the fabrication process, displacenents between the heating 22 Septenber
2006 35 elements 8 and the ink-ejectggn_nozzles 3, and between the

I nk-pressurizing cells 9 and the ink-ejection nozzles 3, which occur due
to the difference in shrinkage rates between the substrate nenbers 6 and

61 oot | ng LA dh A e UG SRR T ook U He s the s O 11
di spl ts _bet the heat i I ts. d the ink-_ eject] I

3, “hnd DAt TSI T T SR 2 A E s gk AP TR MICE I 1o nozsl es.
3, can befieaueet, anghe 20radatd Gk e ddie A IALNGMELI LM ARen
prevent ed. "Accordi ngly, various adhesives i'hcluding neat-setting adhesives

can be usgg igabtﬁgﬁb; |t 0 &P e W fepfdﬂﬁeé‘%é?nﬂesrdd%,io‘r’@%hn(men

the ink is eject e tenperature o e 1nk 1s 1ncrease

i nstant, b0 rddiled.Ne ARIRRIBIHAES Wiridie GHPF Ak BRAImHAnd of the

nozzl e-fornmed nmenber are al so1ncreased. Thus, when tlhe
direction and ejection speed, which occur due to 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, can be reduced, and
degradation of the printing quality can be prevented.

Accdrdingly, various adhesives including heat-setting
adhesives can be used in the fabrication process.

.When a print head is driven (when thé ink is ejected),
the temperature of the ink is increased for an instant, so
that the temperatures of the substrate members and of the
nozzle-formed member are also increased. Thus, when the
coefficients of lineér expansion of the substrate members
rand of the nozzle-formed member are different, a force to
separate the substrate members and the nozzle-formed membexr
is generated, and durability of the print head is degraded.

~ In contrast, according to the above-described print head 30,
the difference in the coefficients of linear expansion
between the substrate members 6 and the nozzle-formed member
2 is extremely small, so. that high durability can be

thaihed."




coefficients of l|inear expansion of the substrate nmenmyersptenitdr zioet he

nozzl e-formed nenber are different, a force to separate the substrate
menbers and the nozzle-forned nmenber is generated, and durability of the
print head is degraded. |In contrast, according to the above-described
print head 30, the difference in the coefficients of |inear expansion

bet ween the substrate nmenbers 6 and the nozzle-fornmed nenber 2 is
extrenely small, so that high durability can be obtained. - - ---------
--- -- 22 Septenber 2006 36 Although36he present invention was applied to
a line head which prints on.'A4' sized paper in a portrait orientation in
the second direction, the present invention may also be applied to other

print heads S!A@*Eh%ﬁgﬁegh@l)?r@% £ ifbGntl na%%ist 'rhgpliéht @8”8“&&?8 print

head 30 was constructe a plurality of subs e nenbers n the

second  HERUWIN PGy SN NN Phdrer19ln |d BdhRddlid this, — and a

line of 21 cmcan al'so be covered by a single substrate nenber 6. Wen the

| engt h ofortiln teitasin aine tHRYRRIcorR i A RASCA1RS pHesen D vaRon t he
i nfluence of the difference in the coefficients Of |inear expansion

bet ween niadye s beatapplEREIERD & taRg: (P18 THO T Rl GRidRd JEeElegriad 1S

I ncreased. Accordingly, in such a case, the use of the print head

accor di nipetagist,heetar.esent i nventi on becones nore

In gddition, although fpe print head 30 was constructed
of a plurality of substrate members 6 in the second
embodiment, the present invention is not limited to this,
and a line of 21 cm can also be covered by a single
substrate member 6. When the length of the substrate member
6 is increased as described above, the influence of the
difference in the coefficients of linear expansion between
the substrate members 6 and the nozzle-formed member 2 is
increased. Accordingly, in such a case; the use of the
print head according to the present invention becomes more
advantageous. |
The print head 30 according to the secbnd embodiment

will be further illustratéd below.
| For example, the print head 30 may be manufactured by a
following process using a silicon wafer (single-crystal
Silicon)'as a material of.the semiconductor substfates 7.
which are the base members of the substrate members 6, a dry
film resist as a material of the barrier layer 10, and Invar
al;oy”as a material of thernozzle-formed member 2.

The ink-ejection nozzles 3 are formed in the nozzleé




~advantageous. The print head 30 according to the secorz} Sipteotera@oé will be
~further illustrated below. For exanple, the print head 30 may be

manuf actured by a follow ng process using a silicon wafer (single-crystal
silicon) as a material of the sem conductor substrates 7, which are the
base nenbers of the substrate nenbers 6, a dry filmresist as a materia

of the barrier layer 10, and Invar alloy as a material of the

nozzl e-formed nmenber 2. The ink-ejection nozzles 3 are fornmed in the nozzle
22 Septenber 2006 37 forned nenber 2 Py a spray etching process using a
ferric chloride solution. The heating elenents (heaters) 8 are formed by
lam nating a thin filmlayer on the sem conductor substrate 7 forned of

the sili d the dry fil ist_is laninated_an th
sem cond RUBICA TR & P i PR REIce T Y T SR 71 ng

cells 9 r renovi ng unnecessary parts of the dry filmresist by
a photoﬁ%?ﬂ%%?%%%VH%Pﬁgggg. Accordingly, the substrate nmenber 6 is

formed. The suybstfate ;MR t%mégtﬁg%egg%lzgfn-a%g[ gg%gy@ﬁﬁﬁggtfngafe

positioned relative to &ach other, are t hem at

200 107 dimntui o s lnayde ) S alitald T 1
7 formed of the silicon wafer, and then the dry film resist
is laminated. on the semiconductor substrate 7. Then, the
side walls of the ink-pressurizing cells 9 are formed by
removing unnecessary parts of the dry film resist by a
photolithography process. Accordingly, the substrate member
6 1s formed.

" The substrate members 6 and the nozzle-formed member 2
are positioned relative to each other, and are laminated by
heating them at 150°C for 15 minutes.

Invar alloy, of which the nozzle-formed member 2 is
formed, consists of 64% ferrum (Fe) and 36% nickel (Ni}, and,
as can be seen from a graph shown in Fig. 13, has a |
coefficient of linear expansion of 1.2 x 10;5. Thus, the
coefficient of linear expansion of Invar alloy is almost %he
same as that of silicon (2.6 x 10-%), which is the base
material of the substrate member 6. When the print head 30 .
'is constructed as described above, the.displacements between
the heating elements 8 and ink-ejection nozzles 3, and
between the ink-pressurizing cells 9 and the ink-ejection
nozzles 3, are of only an extremely sméll amount, and

degradation of the printing quality can be prevented.




as can be seen froma graph shown in Fig. 13, has a @eafchiembersoo®df |inear
expansion of 1.2 x 10-6. Thus, the coefficient of |inear expansion of
Invar alloy is alnbst the sanme as that of silicon (2.6 x 10-6), which is
the base nmaterial of the substrate nmenber 6. Wen the print head 30 is
constructed as descri bed above, the displacenents between the heating
elenments 8 and i nk-ejection nozzles 3, and between the ink-pressurizing
cells 9 and the ink-ejection nozzles 3, are of only an extrenely snall
anount, and degradation of the primnti3g quality can be prevented. 22

Sept enber 2006 38 As described above, Invar alloy consists of 64% ferrum
(Fe) and 36% nickel (N ), and has the coefficient of |linear expansion of

1.2 x 10-6, é%eééri}?% a LBLPEM YL Y 0555%{;/{?9?%%%89 58PV, 4 f%i::?unls When

the content of ferrum I's ~¢close e coeffrcien ear
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Accordingly, an alloy, 1n which the content o errum I S agjasted

around 64%afAstbat oth@z gi &f @bemcewlrblpoﬁfﬁrfé G Siflim [VRA 1EXRANST ON
between the silicon and the all'oy is reduced, may also be used. According

to the sgeapd gﬁbwﬂlmﬁnkagth§3prlWhehe%ﬂe3@on%aﬁtab%0faafamtmgeBOhbownng
construction. The base material of the substrate nenbers 6 and the

mat er i al chbstheobanri eehbayeericacatt BE Janeassettpaakibadbeabiys, and
Pyrex glass (which is a trademark of Corning Inc.
higher than ;he minimum value (see Fig. 13). Accor@ingly,
an alloy, in which the content of ferrum (Fe) is adjusted
around 64% so that the difference in coefficients of linear
expansion between the silicon and the alloy is reduced, may
also be used.

rAccording to the second embodiment, the print head 30
may also have the following construction.

The base material.of the substrate members 6 and the
material of the barrier layer 10 are the same as described
above, and Pyrex glass (which is a trademark of Corning Inc.
for a hard glass, No. 7740), is used as the material for the
nozzle-formed member 2. The coefficient of'linear expansion
of Pyrex glass is 3.3 x 10-6. The ink-ejection nozzles 3 are
formed in the nozzle-formed member 2 by a reactive ion
etching (RIE) process using a chromium layer és a mask.

When the print head 30 constructed as described above
is used for printing, the displacements hardly occur, and
degradation of the printing quality can be prevented.

Furthermore, according to the secénd embodiment, the

print head 30 may also be, for example, a line head (size




for a hard glass, No. 7740), is used as the material farseplembermael e-f or med
menber 2. The coefficient of |linear expansion of Pyrex glass is 3.3 x
10-6. The ink-ejection nozzles 3 are formed in the nozzle-formed nenber 2
by a reactive ion etching (RIE) process using a chromum|layer as a mask.
When the print head 30 constructed as descri bed above is used for

printing, the displacenents hardly occur, and degradation of the printing
quality can be prevented. Furthernore, according to the second enbodi hent,
the print head 30 nay al so be, for exasple, a line head (size 22 Septenber
2006 39 'A6') having a length of 105 nm in which one substrate nenber 6
I's lam nated on one nozzle-fornmed nenber 2. The base material of the

bstrat 6, th terial_qf th o] ' | 10, t h terial
of the noZO - B SraBrD Ay B e Mgl GHee ADSI Ve, S nee -
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3, and betwee I'nk-pressuri zing ce ‘then ej ection nozzl es
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heating elenents 8 and the ink-pressurizing cells ! onl'y several
m Cr onet @efnberACC g B@! ¥hede@hrRdald Ao siritle® RblRel.Ng quality is al most

conpl etely prevente

Since the difference in coefficients of linear
expansion between the substrate member 6 and the nozzle-
formed member 2 is extremely small, 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, are also extremely small. Even the
maximum displacement between the heating eleménts 8 and the
ink-pressurizing cells 9 is onlf several micrometers.
Accordingly, degradation of the printing quality is almost
completely prevented.

The shapes and structures of the members of the above-
described second embodiment are described mérely for
illustrating arn example of a print head to which the presént
invention is applied, and are not intended to limit the
scope. of the present invention.

Next, a print head acéording to a third embodiment of
.the present invention will be described below.

In the above-described first embodiment, a construction
for reducing the_displacements between‘the-heating elements

8 and ink-ejection nozzles 3, and between the ink-




The shapes and structures of the nenbers of the above-2xdesembbemosecond
enbodi nent are described nerely for illustrating an exanple of a print
head to which the present invention is applied, and are not intended to
limt the scope of the present invention. Next, a print head according to
a third enbodi nent of the present invention will be described below. In

t he above-described first enbodi ment, a construction for reducing the

di spl acenents between the heating elenments 8 and ink-ejection nozzles 3,
and between the ink 22 Septenber 2006 4@0. pressurizing cells 9 and the

I nk-ej ection nozzles 3 was suggested. More specifically, according to the
first enbodinment, the head franme 4 fornmed of a material having the sane
coefficient of Ilnear t he en1co ductor bs rate 7,. which
o the bate BB G FhC e driaR g Moriina dcon i he
nozzl e- foqﬁg% gper 2 at a high tenperature. Then, the substrate menber 6
may be Ia ate bnthermzﬂefommdrmMer at a lower tenperature

than the |am ﬁﬁgbngp%%ﬁﬁgﬁf QEcBQ a@o gﬁ@”%”%%s@r‘gmbﬂﬁllﬁ%%' e-f or med

menber 2. According he nozz am nated on

the head éﬂ@%aﬁ f&?’l @o‘iﬂledjgfv\%e%attlé?:laﬁk a%l?l%t t(ﬂ% %l es 3 forned

in the nozzl e-for vari es accordance™ i th the coefficient of
linear = coefficient of linear expansion as the semiconductor

substrate 7,.which is the base substrate of the substrate
member 6, is laminated on the nozzle-formed member 2 at a
high temperature. Then, the substrate member 6 may be
laminated on the nozzle-formed member 2 at a lower
temperature than the laminating temperature of the head
frame 4 and the nozzle-formed member 2.

| Accordingly, after the nozzle-formed member 2 is
1aminated on the head frame 4, the intervél between the ink-
ejection nozzles 3 formed in the nozzle-formed member 2
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 appfoximately the
‘same as that of the substrate member 6, the intervals
between the heating elements 8 and the ink-pressurizing
cells 9 formed on the substrate member 6, and the interval
between the ink-~-ejection ﬁozzles 3 formed in the nozzle-~
formed member 2 vary at the same rate. Accordingly, the
problem which occurs due to the displacements between the
heating elements c¢ and the ink-ejection nozzles 3, énd

between the ink-pressurizing cells 9 and the inkfejectioﬁ




expansi on of the head frame 4. Since the coefficient @2 sehiemdar20eapansi on
of the head franme 4 is approximately the sane as that of the substrate
nmenber 6, the intervals between the heating elenents 8 and the

i nk-pressurizing cells 9 formed on the substrate nmenber 6, and the
interval between the ink-ejection nozzles 3 fornmed in the nozzle- forned
menber 2 vary at the sanme rate. Accordingly, the problemwhich occurs due
to the displacenents between the heating elenments ¢ and the ink-ejection
nozzles 3, and between the ink-pressugizing cells 9 and the ink-ejection
22 Septenber 2006 41 nozzles 3, can be avoided. In order to obtain the
above-descri bed effect, the coefficient of |inear expansion of the head

frame 4 inso Zrlreef%rat()zl Ibovver t.han t hat of the nozzl e-fornmed nenber 2.
However ; 1OF%sh “d ¢48%e,°F REPé9® 'a risk that the head frane 4 will warp

due to the di Leggagﬁekgogﬁgéghﬁ%ﬁgtgb ;ebégg%r%g épggg%ggfbg ween the head

franme 4 and the nozz er I'fl ® he case in

whi ch t he, cogfitisci f i ! fqrmed menber 2 is
higher | CeateaEn g Tnical BpBhadoH W tnd p’%@é%@%‘%&n&%ﬁ 2 shrinks

at a hi QB%fre%Ia%lgo%@Je%d th@nl 'e%?ﬁa'%e%‘% IR o LM o 2 ﬁ%\ﬂbfe‘ln@”t al

tenperature is reduced fromth amnating tenperature. ccordingly, Fhere
i's a riskowedbrthanheatn & 2aRed WnlrealdP 4 HiC i tMaMehddtfte iR Side

surface on _
4 will warp due to the difference in coefficients of linear
expansion between the head frame 4 and the nozzle-formed
member 2.

More specifically, in the case in which the coefficient
of linear expansion of the nozzle-formed member 2 is higher
than that of the head frame 4, the ncozzle-formed member 2
shrinks at a higher rate compared to the head frame 4 when

. the environméntal temperature is reduced from the-laminating

- temperature. Accordingly, there is a risk that the head
frame 4 will warp in such a manner that the side surface on
which the nozzle-formed member 2 is laminated becomes
concave (see Fig. 14}.
| As shown in Fig. 14, when the head frame 4 warps, the
ejecting direction of the ink drops toward a print medium kl
such as a piece of paper, etc., varies, and intervals m
between landing points 1 of the ink drops on the print
medium k become narrower toward the peripheral portion.
Such nonuniformity of the interval m between the landing
points 1 causes deformation of a printed image similar to

. spherical aberration of a lens. Accordingly, the printing




whi ch the nozzl e-formed nenber 2 is | am nated becones 22ceprawver 200&€e Fi g.
14). As shown in Fig. 14, when the head frame 4 warps, the ejecting
direction of the ink drops toward a print mediumk such as a piece of
paper, etc., varies, and intervals m between | anding points 1 of the ink
drops on the print mediumk becone narrower toward the peripheral portion.
Such nonuniformty of the interval mbetween the |anding points 1 causes
deformation of a printed image simlar to spherical aberration of a |ens.
Accordingly, the printing 22 Septenbergq2006 42 quality is degraded. In
addi ti on, when the head franme 4 warps, travel distances n of the ink drops
bet ween the ink-ejection nozzles and the print mediumk becone shorter

toward the _peripheral pqrtion. When the travel distances n differ as
describe@“ﬁﬁﬁgg;lﬁhgeﬁﬁﬁgﬁpnps ejected at positions, closer to the

peri pheral pottiog.reach th rint di,um earlier__than_the ink drops

ej ected at po Pt?gﬂﬁgﬁ?BSeVﬁ?g %ﬁg Hggﬁt?%Fmﬁo?twgﬁPsAcE%?g?%gly, when such

2 Print Beaddec ot R e N S htad Lbges e ggl ored 1n such

a nmanne centr arts are drsplaced Tn a directron "reverse to the

paper 1 egd hieeCLinaN thiep2iie! Bl ¥ dBbme! SHAILE: Qwhba REE pher al
parts. Accor&ingly, the Srlntlng quality 1s degraéé . Accordingly, an
obj ect o tN@HERHANd p8FRILNTEN WK the travel distances n differ as
_ described above, the ink drops ejected at positions . closer
~to the peripheral portioh reach the print medium earlier
than the ink drops ejected at positions closer to the
.central portion. Accordingly, when such a print head is
-used in a line printer, printed lines are deformed in such a
manner that central parts are displaced in a direction
reverse to the paper feed direction (in a delay direction)
'relative to the peripﬁeral parts. Accbrdingly, the printingr
gquality is degraded.

Accordingly, an object of the third embodiment is to
‘prevent warping of a lamination surface of the frame member,
that is, a surface on which the nozzle—forméd member is
laminated, and to avoid the problem which occurs due to thg
warping of the lamination surface of the frame member.

In the following descriptiohs of the third embediment,
explanations regarding thé parts having the same
.construction as in the first embodiment are omitted, and
componenté similar to those in_the first embodiment are
denoted by the same reference numerals;

As shown - in Fig; 15, in a print head 100 according to




prevent warping of a lamnation surface of the franme radepembeddoos is, a
surface on which the nozzle-formed nenber is |amnated, and to avoid the
probl em which occurs due to the warping of the |am nation surface of the
frame nenber. In the follow ng descriptions of the third enbodi nent,
expl anations regarding the parts having the sane construction as in the
first enbodi ment are omtted, and conponents simlar to those in the first
enbodi ment are denoted by the sanme reference nunerals. As shown in Fig.
15, in a print head 100 accordi ng to. 2¢3 Septenber 2006 43 the third
enbodi ment, a warp-suppressing nmenber 101 is |amnated on a surface 4d of
the head frame 4 which is at the opposite side of a | am nation surface 4c,
2 is lam nated. Wen C13}31r}—ozzle-formed

menber 2 P FONECH TORHTRDC of FaFR-EPRE SO0 TG Al 12as i n ¢ he
i cicel or ATt g A BRE RS TRaq E2smel o MG § rbtber 101 1 s
a0 S b TR, B, TR SRR LS e L
RS R X L SRR T
the opposichpel! 363 Lledritfed@@d nflilkdl. 4 GCRlate iR M rising nickel :

as in the first embodiment, the warp-suppressing member 101

is preferably formed of nickel or a material comprising

nickel.

| The warp-suppressing member 101 is laminated on the

head frame 4 at the same temperature as the laminating

temperatﬁre of the nozzle-formed member 2 and the head frame

4. In the above-described case, the warp-suppressing member

101 is lahinated on the head fréme 4 at 150°C.

In the print head 100, the two surfaces 4c and 44 at

the opposite sides of the head frame 4 receive the same

fension at the opefating temperature. Accordingly, the head

frame 4 can be prevented from warping.

Figs. 16 and 17 show an example of a manufacturing

method for a print head according to the third embodiment of

the present invention.

| First, a lamination surface 20la of a head frame 201,

- on which the nozzle-formed member 2 is to be laminated, is
formed so.as‘to be convex, and a surface 201b at the

opposite side pf_the lamination surface 20la is formed so as

to be flat. 'The curvature of the lamination surface 20la is




tension at the operating tenperature. Accordingly, the2sspembérzoe 4 can be
prevented fromwarping. Figs. 16 and 17 show an exanple of a manufacturing
met hod for a print head according to the third enbodi nent of the present
invention. First, a lam nation surface 20la of a head frane 201, on which
t he nozzle-fornmed nmenber 2 is to be lamnated, is forned so as to be
convex, and a surface 201b at the opposite side of the |am nation surface
20la is forned so as to be flat. The curvature of the |am nation surface
201a is 22 Septenber 2006 44 determ ngd-such that deformation of the head
frame 201, which occurs at the operating tenperature due to the
difference in coefficients of Iinear expansi on between the head franme 201

and the 4% &'mr#sn% m}} t de ae":l.qrheor?etrhsat edac{er % the

nozzl e-f Or mee Hhi na | 'am nat1on sur ace 201a of the
head frang ; t nperature, for

exanpl e, r‘ml[l%%éC’)%tcu;}:ese %Tgﬁ{ééiﬁe% qhfrl n Q%%Qﬁ{vﬁ g:lﬁseeconstruct ed as
descr i be(&m%% Pebrcd N '%Bfﬁ!dl%ﬁé”éf?‘cﬁr?@éxa ééﬁ) rt%d}?adia WP il |

deforns at the operatlng tenperature due to a force of the

o1 SRR, IR i, A5 s O, sl g 01 1o
flat by rRaRefiddted for.

Then, the nozzle-formed member 2 is laminated on the -
lamination surface 201a of the head frame 201 at a
temperature higher than the operating temperature, for
example, at 150°C (see Fig. 16).

In a print head 200 which is constructed as described
above, the lamination surface 20la of the head frame 201
deforms at the operating temperature due to a shrinking
force of the nozzle-formed member 2. Hoﬁever, since the
lamination surface 20l1a is formed so as to be convex at
first, the lamination surface 20la becomes flat by receiving
the shrinking force (see Fig. 17).

Figs. 18 and 19 show another example of a manufacturing
method for a print head according to the third embodimentqof

.the present invention.

First, an entire body of a head frame 301 is warped in

such a manner that a lamination surface 301la, on which the
Vnozzle—formed member 2 is tco be laminated, becomes convex.
Accordingly, a surface 301b at the opposite side of the’
lamination surface 301la becomes concave (see Fig. 18). The

curvature of the lamination surface 30la is determined such




the shrinking force (see Fig. 17). Figs. 18 and 19 shme Sepehiver2088anpl e of
a manufacturing nethod for a print head according to the third enbodi nent
of the present invention. First, an entire body of a head frane 301 is
war ped in such a manner that a | am nation surface 30l1a, on which the
nozzl e-formed nmenber 2 is to be | am nated, becones convex. Accordingly, a
surface 301b at the opposite side of the |amnation surface 30la becones
concave (see Fig. 18). The curvature of the |lam nation surface 30la is
determ ned such 22 Septenber 2006 45 4% hat deformation of the head frane
301, which occurs at the operating tenperature due to the difference in
coefficients of |inear expansion between the head franme 301 and the

nozzl e-f d r.2,. C C n for. zzl.e-tar med
menber ZQ#%31§%§%%'35%8R ?%eQ%Fa%g%a %%%ﬁghP édex®§ g % %P%% %gaékgrane 301
at a te I [ i r engld R ARIREIARL U cob®r i | e, at
150C (seg%éiﬁﬂ#ﬁg)&e%%ggagpg%thﬁgh Q§6€&VE?bh |s?%%hg%%ﬁ%?§§1§§é%g§cribed

above, 't Qg I;aMHat ie%awﬂoﬂc%&%@m&;ﬂé@é&%%ﬁmﬁodede;mr ms at the

operating tenperaturé due to a shrinking force of the nozzle-fornmed nenber

2. Hoveveloz Ald1ES e medibeRabl, 0atlUercRmpdlddted ¢ored so as to be convex
at first, the lamnation surface 301la becones flat by receiving the

shrinking forgRefiSEEhEl Hoz29¢-formed member 2 is laminated on the

lamipation surface 301la pf_the head frame 391 at a
temperature higher than the operating temperature, for
example, at 150°C (see Fig. 18).

In a print head 300 which is constructed as described
above, the lamination surface 301la of the head frame 301
deforms at the operating temperature due to a shrinking
force of the nozzle-formed member 2. However, since the
lamination sﬁrface 301a is formed so as to be confex at
first, the lamination surface 30la becomes flat by receiving
the shrinking force {see Fig. 19).

Fig. 20 shows a print head according to a fourth
embodiment of the present invention, and an‘object of the
fourth embodiment is the same as that of the third
embodiment.

In the print head 400, intervals D between heating
elements, between ink-preésurizing cells, aﬁd between ink-
-ejection nozzles (in Fig. 20, positions thereof are shown by
black dots for convenience) are increased from the central
portion (C.P.) toward the peripheral pdrtion (P.P.). More

specifically, the relationship between the intervals can be




Fig. 20 shows a print head according to a fourth enbadSeprinbaf200fie present
I nvention, and an object of the fourth enbodinment is the sane as that of
the third enbodinent. In the print head 400, intervals D between heating
el enents, between ink-pressurizing cells, and between ink- ejection nozzles
(in Fig. 20, positions thereof are shown by black dots for convenience)
are increased fromthe central portion (C P.) toward the peri pheral
portion (P.P.). Mdre specifically, the relationship between the intervals
can be 22 Septenber 2006 46 expressetbas follows: DI < D2 < D3 < D4 < Db
At the operating tenperature, which is |lower than the |am nating
tenperature of the nozzle-forned nenber 2 and the head frane 4, the

| am nat i r.f C Of .head frame 4 becones concave. Thus, ejecting
directio%%qﬁgﬁﬁﬁﬁpgé F%%lgﬁgfoms in Fig. 20) of the ink drops at positions

farther frompyhg gentrak Ropki @npEC. P.) and closer to the peripheral
portion (P.P. a?e ti%ted ?omarg the center. Accordingly, intervals d

bet ween the | gading B?EBE\‘éiHQ £BRpBEh PhrgediHith De§ OTBwe¥eBhhhOBhé he
central portion (C.P.) to the peripheral portion (P.P.), and the state

shown i n jGEMAnakdng HemparGhuirRe ofMitdky ab% Zh el woehedhacmbagi 120 apa the becone
narrower toward the peripheral portion, can be avoided. Mre specifically,
the rel atieds Firaneeehet Naminkeival Surface 4c of the head frame 4
'becomgs concave. Thus, ejecting_directions (ghown by the

arrows in Fig. 20} of the ink drops at positions farther

from the central portion (C.P.) and closer to the peripheral

portion (P.P.) are tilted toward the center. Accordingly,

intervals d between the landing points on the print medium

become even from the central portion (C.P.)}) to the

peripheral portion (P.P.), and the state shown in Fig. 14,

in which the intervalé between the landing points become |

narrower toward the peripheral portion, can be avoided.

More specifically, the relationship between the intervals

between the landing points can be expressed as follows:

dl = d2 = d3 = d4 = d5

Thus, according to the print head 400 of the fourth

embodiment, degradation of the printing quality due to
nonuniformity of the intervals between the landing.points of
the ink drops can be avoided.
Furthermore, according to a control method for a print
.head according to the fourth embodiment, the time to apply
- current to the heating elements 8 is a&justed sﬁch that the

_heating elements 8 positioned closer to the central portion




bet ween the | andi ng points can be expressed as fol | ows22 SHptembei2006d3 = d4 -
d5 Thus, according to the print head 400 of the fourth enbodi nent,
degradation of the printing quality due to nonuniformty of the intervals
bet ween the | anding points of the ink drops can be avoi ded. Furthernore,
according to a control nethod for a print head according to the fourth
enbodi nent, the tine to apply current to the heating elenents 8 is

adj usted such that the heating elenents 8 positioned closer to the central
portion 22 Septenber 2006 - 47 receivwg current earlier than the heating
el ements 8 positioned closer to the peripheral portion. Wen the head
frame 4 warps as shomn I n Fig 14, the distances betmeen the i nk-ejection
nozzl es er . toya he peri pher al

3 q@d t he g m Kk beco shor
ot oo, ke IR Oy | CECLITE CoRae e RO Pho | VB0 PO PR e
time, th%ééﬁf‘é&é’& | §€5£d; ttﬂ&%&ff@%%ﬂﬁf&r&’o Ce””a' poi nt

travel onger ne an um | ater. Accordlngly,

as described 3PQVE +H. %‘?‘neﬁdﬁfeﬁm adog‘;é&[égjrggrgh&gl tlr}pli}] t| Qg nts 8.is

adj usted such  that eating el enen 8 positioned oser tot e central
portion r&E@&é&%&é’rﬁ&ﬁe&@%h@&ﬁ]@%éé‘&&?%bﬂﬂlé& eFeINE Bne POSiAL ONEd

.closer to the peripheral portion. ot her words, the heating elenents 8
di sposed rdanesik i kdSomd MbEhes h@owéf@veﬂletwielﬁﬁefm p&Ke 69PS Tsud Onger

recei ve current

if all_Fhe heating elementg 8 receive current at the same
time, the ink drops ejected at positions closer to the
central point travel for a longer time and land on the print
medium later. Accordingly, as described above, the time to
apply current to the heating elements 8 is adjusted such
that the heating elements 8 positioned closer to the central
portion receive current earlier than the heating elements 8
positioned closer to the peripheral portion. In other words,
the heating elements 8 disposed at positions at which the
travel time of the ink drops is longer recelve current
earliexr, so that the ink drops are ejected earlier. Thus,
the ink drops ejected by all the heating elements 8 land on
the print medium at the same time. Accordingly, when the
'print head is applied to a line printer, printed lines
become straight from the central portion to the peripheral
portion,_and high printing quality can be maintained.

The shapes and structures of the members of the above-
described third and forte embodiments are described merely
for iilustrating an example of a print head to which the

preseﬁt_inVention is applied, and are not intended to limit




earlier, so that the ink drops are ejected earlier. Th2septetberZ00& dr ops
ejected by all the heating elenents 8 land on the print nmediumat the sane
time. Accordingly, when the print head is applied to a line printer,
printed lines becone straight fromthe central portion to the peripheral
portion, and high printing quality can be maintained. The shapes and
structures of the menbers of the above- described third and forte

enbodi ments are described nmerely for illustrating an exanple of a print
head to which the present invention iggapplied, and are not intended to
limt 22 Septenber 2006 48 the scope of the present invention. Next, a
fifth enbodi mnent of the present invention will be described bel ow. An
object of _.the fifth enbodiment is.to reduce the displacenents as nuch as
possi bl e & FESRe K& r{?‘ﬁkpﬁuﬂéﬂ’&r ARV TEEN s, which are individually

provi ded with, heating, nenis.and the_ink-ejecti nQzz| whi

I ndi vi dual |y gSF ésﬁogﬁg% ?ﬁéO?ﬁw?B&eeguFF%ihgg%sﬁps}83ﬁ8%§P8 Vﬁgiease t he
rigidity,aof RNt A,print. hea a i . fift
enbodineﬁ% g%gﬁ?ﬁge%rgggﬁgzin&@hﬁ&%ﬁkﬁ%qg§8$¥%%ﬁ%§gd%&§§§lhﬁ$§ ﬁﬁIRPCOIor,

bubbl € | Pl RieNilsp15ehidhtbOllcO il 425 oghliinds pafuan el .
5 d e p g

~embodi nent,  explanations regarding t arts having the sane constructlph
?ﬁel?_£h?n%kgggs%%EQQ&ﬁ%nbeiﬁ%,O%hﬁhﬁﬂar%PQnGEQHB%%&ﬂ&Sp&b@ﬁh@h W3 thhose in
irs

. | nent are ‘
heating elements and the ink-~ejection nozzles, which
individually correspond to the ink—pressurizing cells, and
fo increase the rigidity of the print head.

A print head 500 according to the fifth embodiment of
the present invention is a print head used in a full-color,
bubble ink jet printer.

In the following descriptions of the fifth embodiment,

. eiplanations regarding the parts having‘the same
construction as in the first embodiment are omitted, and
components similar to those in the first embodiment are
denoted by the same reference numerals.

The print head 500 includes a nozzle—férmed member 2,
in which a plurality of ink-ejection nozzles 3 are formedl‘
Several hundred ink-ejection nozzles 3 are formed in a
single substrate member, which will be described below.
Also in the fifth embodiment, the nozzleufdrmed member -2 is
-formed of nickel or a material comprising nickel in the
shape of, for example, a sheet having a thickness of 15 to
20_um.by an eléctroforming_technique, and the ink—ejection

nozzles 3 having a diameter of approximately 20 pum are




denoted by the sane reference nunerals. The print head2356flembgl2oabes a

nozzl e-formed nmenber 2, in which a plurality of ink-ejection nozzles 3 are
formed. Several hundred ink-ejection nozzles 3 are formed in a single
substrate nmenber, which will be described below. Also in the fifth

enbodi nent, the nozzle-formed nmenber 2 is forned of nickel or a materia
conprising nickel in the shape of, for exanple, a sheet having a thickness
of 15 to 20 pmby an el ectroform ng technique, and the ink-ejection
nozzl es 3 having a dianeter of approxigmtely 20 pmare 22 Septenber 2006

49 formed in the nozzle-fornmed nenber 2 (see Figs. 22, 23, and 24). The
nozzl e-formed nenber 2 is lamnated to a head frane 24, in whi ch a
pluralit e IVI I ar,e r

head- ch|)é %%ggiggnéﬁ o 8§% g%%mgﬁ gg g 2 #ﬁ%% gr groups wﬁlch
|nd|V|du§IIy correspond to four colors. In each of t he groups,

head- chi p-receiving holes 25 are arranged in the |ongitudinal direction

thereof in a Tﬁégﬁagzﬂ@nfsmeahﬁeﬁséﬁ EhiE 1566hY¥188 PO &5néra! flnyd dual Iy
correspond to head chips HC, which wll be described below, so that the

head chi ps HenCaRiba Q'ﬁﬂﬁi@dlkﬁebg'ﬂeﬁﬁe@hEbgrecgaﬁlnbnhbﬂ@scQ%eaka whi ch
the print head 500 is applied to a 1ine printer which prints on 'A4" sized
paper infRred.r arthe head-chip-receiving holes 25 can be divided

~into four groups. which indivi@ually correspond tq_four

colors. In each of the groups, head-chip-receiving holes 25

are arranged in the longitudinal direction thereof in a

zigzag manner. |

The head-chip-receiving holes 25 individually
correspond to head chips HC, which will be described below,

so that the head chips HC can be disposed therein (see Fig.

22).

In the case in which the print head 500 is applied to a
line printer which prints on 'A4' sized paper in a portrait
orientation, the length of each of the groups of the head-

chip-receiving holes 25 corresponds to the width of the size

'A4', that is, 21 cm.

The head frame 24 is formed of a material having the
same coefficient of linear expansion as a semiconductor
substrate of the substrate member, which will be described

.Vbelow. When, for example, a silicon substrate is used as
the semiconductor substrate, silicon nitride is used for
forming the head frame 24. Alternatively, alumina (A1,0;),

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




orientation, the length of each of the groups of the hesdptembedqroogecei vi ng
hol es 25 corresponds to the width of the size '"A4', that is, 21 cm The
head frame 24 is forned of a material having the sanme coefficient of

| i near expansion as a sem conductor substrate of the substrate nenber,
which will be described below Wen, for exanple, a silicon substrate is
used as the sem conductor substrate, silicon nitride is used for formng
the head franme 24. Alternatively, alumna (A1203), nullite, alum num
nitride, silicon carbide, etc., may be5Q@2- Septenber 2006 50 used fromthe
group of ceramcs, quartz (S 02), etc., may be wused fromthe group of

gl ass, and Invar, etc., may be used fromthe group of netals. The head

frame 24 gan B dhigHMe Dol X AWRLrs T, jandeks SHbLi gbent |y

rigid. Wen the frame 24 1s am nat ed on the nodzZl e-forned” nenber 2

at a hi g deRIMsiol ¥he PR De YGsd NanPaghenl O/dRI M he? dddges 1o

shrink by a |arger anotnt than the head frame 24 at a  terfperature | ower
than the draf rall BG aladttaa (. 150C), and thus becones tense. Since the
head frame 24 is sufficiently rigid, the interval between the ink-ejection

nozzl es ‘3, thaéhei Bead Reambezuniakvabvevar tBsckiedeCorjamos ewainpléhe
coefficient of linear expansion of the head franme 24. The head frane 24 is
| am nat ed oum,t hadndzz lsafffdroiect iye rderid bwhesi nhe fherade amulee 24ais :
heat - setti ng adhesive
laminated on the nozzle-formed member 2 at a high
temperature such as 150°C, the nozzle-formed member 2 tries
to shrink by a larger amount than the head frame 24 at a
temperature lower than the laminating temperature (150°C),
and thus becomes tense. Since the head frame 24 is
sufficiently rigid, the interval between the ink-ejection
nozzles 3, that is, a nozzle interval,.varies in accordance
with the coefficient 6f linear expansion of the head framel
" 24. The head frame 24 is laminated on the nozzle-formed
member 2 by using, for example, a heat-setting adhesive
sheet.
A plurality of head chips HC are formed by laminating
substrate members 6 on the nozzle-formed member 2.
Accordingly, a plurality of head chips HC are formed on a
single nozzle-formed member (see Fig. 22).
In the fifth embodiment, the substrate members 6 are
‘the same as those in the first embodiment, and explanations
thereof are thus omitted.

As in the above-described embodiments, the thickness of

the‘barrier layer 10 is approximately 12 um, and the heating




sheet. A plurality of head chips HC are fornmed by | am2a@Eeptegbersddst r at e
menbers 6 on the nozzle-forned nenber 2. Accordingly, a plurality of head
chips HC are forned on a single nozzle-forned nenber (see Fig. 22). In the
fifth enbodi nent, the substrate nmenbers 6 are the same as those in the
first enbodinment, and explanations thereof are thus omtted. As in the
above-descri bed enbodi nents, the thickness of the barrier layer 10 is
approximately 12 m and the heating 22 Septenber 2006 51 elenents 8 have
a square shape of which the length of 2ach side is approximtely 18 pun.
In addition, the width of the ink-pressurizing cells 9 is approximtely 25
pm As an exanple, a case is considered in which the print head 500 is

appl i ed te%.eqm%rl{ge PHYE V!&l%‘:eoréé ifich Sﬂ'rféeci dfh éndiprirait

orientation. Tnh such a case r I ngl'e group of head-chi p-receiving

hol es 25 fiqdred, '%%%1%% F%Tg‘m?f‘, BP R TR tild VA diowrande

I nk-ej ection noz in the nozzl e-fornmed menber 2 and

si xteen syhstial&fEibals Lale J al tgpbineieory Hnee is inpossible to

show the accurate nunbers of ink-ejection nozzles 3 with accurate
di mensi ons i nash@ndeawimpds ,Wal ehsar s ldofistigéred SnZewhiche theaprigs are

partly exaggerated and elenents are sonetines omtted in order to

facilitatieadirsl®y stdngbplied to a line printer which prints on ‘A4’
sized paper in a portrait orientation. 1In such a case, for
‘a single group of head-chip-receiﬁing holes 25 formed in the
head frame 24, approximately five thousand ink-ejection
nozzles 3 are formed in the nozzle-formed member 2 and
sixteen substrate members 6 are laminated thereon. Since is
impossible to show the accurate numbers of ink-éjection
nozzles 3 with accurate dimensions in the drawings which are
limited in size, the drawings.are partly exaggerated and
elements are sometimes omitted in order to facilitate
understanding.

Because of the reason described above in the first
embodiment, the head frame 24 and the nozzie—formed member 2
are laminated together at 150°, and then the substrate
members 6 are laminated to the nozzle-formed member 2 at
approximately 105°.
| Accordingly, a head unit 11 is formed by combining the
head frame 24, the nozzle-formed member 2, and the substrate

lmembers 6, and ink-passage plates 12 are then attached to
the head unit 11 (see Fig. 21).

Oné ink-passage plate 12 is provided for cne color, and




Because of the reason described above in the first erfacdpiombér,200he head
frame 24 and the nozzle-fornmed nenber 2 are |am nated together at 1500, :
and then the substrate nenbers 6 are lam nated to the nozzle-fornmed nenber ;
2 at approximately 105. Accordingly, a head unit 11 is formed by comnbi ni ng 5
the head franme 24, the nozzle-fornmed nenber 2, and the substrate nenbers
6, and ink-passage plates 12 are then attached to the head unit 11 (see
Fig. 21). One ink-passage plate 12 is provided for one color, and 22

Sept enber 2006 52 four ink-passage- @ates 12 individually corresponding
to four colors are provided in total (see Figs. 21 and 22). The

I nk- passage plates 12 are fornmed of a material which does not easily

deform a mhlch 2%%535 n%ﬁ%&%%aﬁﬁeln%ivﬁﬁ g?lgn §§9ﬁa§éndﬁﬁ +@f the

I nk- pass e pﬁﬁ# €s a flrange po ng t e shape like a

bl ate Offo\m.i IR B pidyh Ayl 1123 (88L0RiLAC) Ud AG' bY)

~head- chi p- rece|V|ng hol'e and anber portions 13 which protrude from

one si deqgf, E] %E%@Q%eﬁ%ﬁ%%%@ 1% aE%gfo%ﬁeGSBﬁwﬁ Aateelin@Nghivhew of Fig.

23 cut along at a part including two head-chip-receiving

hol es 2540R% mv‘”éas&l? Gefédm LR WhaRknOhakhenghaebekstpacki.ons 13 is
determ ned such that they can be individually fitted inside the

head- chi p-recgkVsRgwhOiASF2§. 28¢ thah o€0BEaVitkepadbageepliaterdizo that
there are clearances in

includes a flange portion 14 having the shape like a p;ate

of which the size is larger than a region including the
head-chip—receiving holes 25, and chamber portions 13 which
protrude from one side of the flange portion 14. Fig. 24
shows a sectional view of Fig. 23 cut along line XXIV-XXIV
at a part including two head-chip-receiving holes 25.

As shown in Fig. 24, the size of the chamber portions
13 is determined such that they can berindividually fitted
inside the head-chip-receiving holes 25, and that
concavities 26 are formed so that there are clearances in
the head-chip-receiving holes 25. Each of the concavities

26 forms an ink passage 18, which will be described below.

| The chamber portions 13 are individually provided Wi%hm
notches 16 at the edge thereof. The notches 16 are
connected to the concavities 26, and are large enough that
the substrate members 6 can be fitted therein.
More specifically, the notches 16 are formed in two
rows in a‘zigzag manner so that the concavities 26 oppose
one another and end portions of the notches overlap one

another in the direction in which they are arranged.




t he head-chi p-receiving holes 25. Each of the concavi td2epterbed2006r5 an i nk
passage 18, which will be described below. The chanber portions 13 are

i ndividual ly provided with notches 16 at the edge thereof. The notches 16
are connected to the concavities 26, and are | arge enough that the
substrate nmenbers 6 can be fitted therein. Mre specifically, the notches
16 are fornmed in two rows in a zigzag nanner so that the concavities 26
oppose one another and end portions of the notches overlap one another in
the direction in which they are arrangeg. ------------ - - - 22
Septenber 2006 - 53 1In addition, the flange portion 14 of the ink-passage
plate 12 is provided with an i nk- supply passage 27 mhlch extends in the

| ongi tudi nal direction of tgg fl ang Eprtlon t L dsection thereof.
The i nk- suppl yPp@8dadgecs7 it8e LIAREE 84T tdPhe 8 P85F68fed in the

hanb t 13. t. 14 t.h k |l ate 12
al's0 pr oFIARP W i aﬁ’ﬁon‘ﬁ&ds%ﬁp ik Bk K-Sty &%S'%?e e side
te t d t h t d
whr o | 53 e a0 Ayl A Rl A Tl Il o

21, 22, E ag at.fs. head
frarre 24 i n suz:tllil aﬁ%ans%er rhh Iga%gflan?er porrﬁglsll’repsﬂ]i% areae%itted1 Into the
head- Ch'%dﬁﬂéﬂf@dniduyﬂgség%JéVﬂgﬁéé'hﬁ,formed in the chamber

portions 13..

The flange portion 14 of the ink-passage plate 12 is
also provided with an ink-supply tube 17, which projects
from the side opposite to the side at which the chamber
portions 13 are formed, and which is connected to the above-
described ink-supply passage 27 (see Figs. 21, 22, and 24).

Each of the ink-passage plates 12 is adhered to the
head frame-24 in such a manner that the chamber ﬁortions 13
are fitted into the head-chip-receiving holes 25 formed in
the head frame 24 and the flange portion 14 contacts the

_head frame 24 (see Figs. 25 and 26). Fig.125 is a sectional
view of Fig. 23 cut along line XXV-XXV, and Fig. 26 is a
sectional view of Fig. 23 cut along line XXVI-XXVI. The
flange portion 14 contacts the head frame 24 at position
shown in Fig. 26.

| In addition, the substrate members 6 laminated on the
nozzle-formed member 2 are positioned inside the notches 16
formed in.the chamber portions 13 and are adhered to the
chamber portions 13 (see Figs. 23 and 24).

By combining the ink-passage plates 12 with the head




the head frame 24 and the flange portion 14 contacts tR2&Seplember Kob@ane 24
(see Figs. 25 and 26). Fig. 25 is a sectional view of Fig. 23 cut al ong
line XXV-XXV, and Fig. 26 is a sectional view of Fig. 23 cut along line
XXVI - XXVI. The flange portion 14 contacts the head frame 24 at position
shown in Fig. 26. In addition, the substrate nenbers 6 | am nated on the
nozzl e-formed nenber 2 are positioned inside the notches 16 fornmed in the
chanber portions 13 and are adhered to the chanber portions 13 (see Figs.
23 and 24). By conbining the ink-passage plates 12 with the head 22

Sept enber 2006 54 wunit 11 as descri bed above, closed spaces surrounded by
the chanber portions 13 of t he i nk- passage plates 12 and the

| e-for med _nenb d k- suppl
paseages BT o AR deasRined %g%vsndcﬁ—wge% %%%55%2%&%%% N

ted,to.th L t h | tub
e b A A I SRR e Mg oo
t f h f
N A g o e T

passages lﬁ%lu?ses' R SO LR o ARANSEECR 60 o PGl 1Y of

i nk passages 18 (see Thus, the structure for
suppl yi g il alsS dFRe 1851 BRI hrthaRnRcRitedt theathd Bxtairgbt he ink-supply

~ passages

_environment only through the ink-supply tubes 17. Ink which
is supplied through the ink-supply passages 27 is
transferred through the ink passages 18 to each of the ink-
pressurizing cells 9.

Although the head chips HC are individually provided
with the ink passages 18, a single ink-supply passage 27 is
connected to a plurality of ink passages 18 (see Fig. 24, 25,
and 26). Thus, the étructure for supplying ink is made |
simpler than a print head in which the ink-supply passages
27 are individually provided with ink passéges. This
construction is shown in Figs. 27 and 28. Fig. 27 is.a
sectional view of Fig. 24 cut along line XXVII-XXVII. As
shown in Fig. 27, the head-chip-receiving holes 25 are
arranged across the ink-supply passage 27. Fig. 28 is a
sectional view of Fig. 24 cut along line XXVIII-XXVIII. As
shown in Fig. 28, the head—chip—receiving holes 25 are
‘individually provided with the ink-~passages 18.

Four flexible substrates 19, which electrically connect

the heating elements 8 formed in the substrate members & to

_an exterior control unit, are individually provided fbr four




27 are individually provided wth ink passages. This 22Suptemretd0086 i S shown’
in Figs. 27 and 28. Fig. 27 is a sectional view of Fig. 24 cut along line
XXVIT-XXVII. As shown in Fig. 27, the head-chip-receiving holes 25 are
arranged across the ink-supply passage 27. Fig. 28 is a sectional view of
Fig. 24 cut along line XXVI1I-XXVIl1I. As shown in Fig. 28, the

head- chi p-receiving holes 25 are individually provided wth the

i nk- passages 18. Four flexible substrates 19, which electrically connect

the heating elenents 8 fornmed in the-sdbstrate nenbers 6 to an exterior
control unit, are individually provided for four 22 Septenber 2006 55
colors (only one of themis shown in Fig. 22). Each of the flexible

subst 1 at &5, 184 S GJayidied o WhdiPEChidih LaPF 10220 W GIRH B e t e

t hr ough openi ngs ormed between the rane 4 ‘and the ink-passage

pl ates 12 {sSedid Guratcddnd £XLeHhdw ddtf wURS ldodine JEME R 1Bhe

connecting tabs 19a are electrically connected to contact points (not

shown), whidD @Fee il a6 Bt d0 dohediarld e teieiiete 8 fornmed
in the substrate nmenbers 6. The ink-supply tubes 17 provided on the

i Nk- passaged mmaines 42T aHadink -l dage praeised 2t q serk Fiank 4(not
shown), which individually contain inks of different colors, and the

i nk- supplanhdasgages 127, tHeheubst eass agathekd, 6and Thize conmeqiriess aba ng

cells 9 are filled with ink supplied from the ink tanks.

‘ ~19%a-are electrically_connected to contac? 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-supply passages 27, the ink passages 18, and the

_ink-pressurizing cells 9 are filled with ink supplied f£rom

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
.agcordance with a command issued by the control unit of the
printer, the corresponding heating elements 8 are rapidly
heated. Accordingly, at each of the corresponding heating
elements 8, a bubble of ink vapor (ink bubble) is generated
ét the surface thereof. Then, as the ink bubble expands, a
certain volume of ink is pushed ahead, and the same volume
of ink 1s ejected out from the corrésponding ink-ejection
‘nozzle 3 as an ink drop. The ink drop; which is ejected

from the ink-ejection nozzle h, adheres (lands on) to a




When a current pulse is applied for a short tinme such 22s&epkmber 806 s to sone
of the heating elenents 8 selected in accordance with a conmand i ssued by
the control unit of the printer, the corresponding heating el enents 8 are
rapidly heated. Accordingly, at each of the correspondi ng heating

el enments 8, a bubble of ink vapor (ink bubble) is generated at the surface
thereof. Then, as the ink bubble expands, a certain volune of ink is
pushed ahead, and the same volune of ink is ejected out fromthe
correspondi ng i nk-ejection nozzle 3 &s an ink drop. The ink drop, which is
ejected fromthe ink-ejection nozzle h, adheres (lands on) to a 22

Sept enber 2006 56 print mediumsuch as a piece of paper, etc. Then, the
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by an e ectro orm ng chni que n a supporting jig 21

having ajjl g %Hgfgﬁﬁe(ﬁﬁ%uﬁhgasz%he LR Jters Gmkitopishe nozzl e-formed
“menber 2 is disposed on the supporting’jig 21 is because the nozzle-forned

nmenber ‘2 is exhE eaRhNELBEAriagdptbcE38NeE HRENhBLRel-BEsERaPadbyrihsel f.
Next, the head franme 24 is | am nated on the nozzl e-
head 500 will be briefly explained below w%th reference to
Figs. 29 to 33.

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. 29). The reason why
the nozzle~formed member 2 is disposed on the supporting jig
21 is because the nozzle-formed member 2 is extremely thin
énd it cannot maintain its shape by ifself.

Next, the head frame 24 is laminated on the nozzle-
formed member 2 disposed on the supporting jig 21 by heating
a heat-setting adhesive sheet, for example, an epoxy
adhesive sheet, ét 150°C (see Fig. 30). 1In Fig. 30,
reference numerals 2' and 24' schematically show the shapes
of the nozzle-formed member 2 and the head frame 24 which
extend by being heated to 150°C.

Next, the supporting jig 21 is removed, and the
substrate members 6 are laminated on the nozzle-formed
member 2 at 105°C, so that the head chips HC are formed (see
?ig. 31). Fig. 31 only schematicallyrshows the laminating

- step, and only seven substrate members 6 are shown for each




formed nenber 2 di sposed on the supporting jig 21 by a2septembercr006
heat - setti ng adhesi ve sheet, for exanple, an epoxy adhesive sheet, at 150C
(see Fig. 30). In Fig. 30, reference nunerals 2' and 24' schenmatically
show t he shapes of the nozzle-fornmed nmenber 2 and the head frane 24 which
extend by being heated to 150C. Next, the supporting jig 21 is renoved, and
the substrate nenbers 6 are |lam nated on the nozzle-formed nenber 2 at
105C, so that the head chips HC are fornmed (see Fig. 31). Fig. 31 only
schematically shows the |lam nating stgp,-and only seven substrate nenbers
6 are shown for each 22 Septenber 2006 57 <color. Accordingly, the head
unit 11 is conpleted (see Fig. 32), and an ink-passage unit 22, which is
constructqﬁkg anot her process, is attached to the head unit 11 (see Fig.
33). The Thk%passage unit 22 is constructed by conbining the

bove-d I bed, four. ink- | at ' i .nenber. t
hown) 1 ne i 357 MR MR miy PhrRyeR NER R T (O
th ffici | i [ : ' t
substrar o2ty (15 0 e A ARAR B8, M e Mo AR BT

aggilt(raa1£ ﬁnnﬁé$én€§%)€¢@%§gﬁ%ﬁsen the é;ﬁlljgts? ir%%%iﬂn%é L@?@Gaiafg(ﬁb% nated on the
nozzl e- fiyed fRIbEK Hadssyd IR BT £s | QRS tib@ked hey | bR iy
 the above-described four ink-passage plates 12 using a
connecting member (not shown).

In the print head 500, the head frame 24, which has
approximately the same coefficient of linear expansion as
that of the semiconductor substrates 7 (for example, silicon
substrates) which are the base substrates of the substrate
members 6, is first laminated on the nozzle-formed member 2.
Then, the-substrate members 6 are laminated on-the nozzle-
formed member 2 at a temperature lower than the laminating
témperature of the head frame 24 and the nozzle-formed
member 2. Accordingly, thé interval between the ink-
ejection nozzles 3 formed in the nozzle—fofmed member 2 and
the interval between the heating elements 8 formed in the
substrate members 6 are always the same at temperatures
lower than the laminating temperature of the nozzle-formed
member 2 and the head frame 24. Thus, a print head having
improved characteristics of ink drop ejection can be
obtained. Even when the size of the substrate members 6 and
the numbers of heating elements 8 and the ink—ejecfion

nozzles 3 provided for a single substrate member 6 are




tenperature of the head frame 24 and the nozzl e-f or ned2 Septetnder 206
Accordingly, the interval between the ink- ejection nozzles 3 forned in the
nozzl e-formed nmenber 2 and the interval between the heating el enents 8
formed in the substrate nmenbers 6 are always the sane at tenperatures

| ower than the [am nating tenperature of the nozzle-forned nenber 2 and
the head frame 24. Thus, a print head having inproved characteristics of
ink drop ejection can be obtained. Even when the size of the substrate
menbers 6 and the nunbers of heating Benents 8 and the ink-ejection
nozzles 3 provided for a single substrate nenber 6 are 22 Septenber 2006

58 increased, displacenents between the exothermc elenents 8 and the
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printers, etc. Since the head frane I's provi h a prurality of
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thereof, the head frame 24 is rigid in the longitudinal direction.

Accor di nglnordisd@mand ithtis he peadt’ ham 54007 st Bepeeiahayf or med nmenber
2, the nozzle- formed nenber 2 obtains high rigidity. Thus, as described

above, | tsuitgmassifre londf prinad pelads ket ber paihitnBeadgs Fogr 1ifewhi ch
four print heads for four colors are
printe;s, etc.

Since the head frame 24 is provided with a plurality of
head-chip-receiving holes 25 which extend in the
longitudinal direction thereof, the head frame 24 is rigid
in the longitudinal direction. Accordingly, by lamipating
the head frame 24 on the nozzle-formed member 2, the nozzle-
formed member 2 obtains high rigidity. Thus, as described
above, it is possiﬁle to form a print head for a line
printer. in which four print heads for four colors are
combined.

Furthermore, since the head chips HC are disposed in a
zigzag manner in the above-described print head, even when
head chips HC having different printing characteristics aier
arranged, print mottling can be made less conspicuous. In
addition, since a plurality of head chips HC are formed on a
single nozzle-formed member, positional accuracy of the ink-
ejection nozzles can be increased and the printing
characteristics can be improved.

The above-described print head 500 is suitable as a

print head that is long in a direction perpendicular to the




conbi ned. Furthernore, since the head chips HC are di s 2se@mber 2806 zi gzag
manner in the above-described print head, even when head chi ps HC having
different printing characteristics are arranged, print nottling can be
made | ess conspicuous. In addition, since a plurality of head chips HC are
formed on a single nozzle-fornmed nenber, positional accuracy of the ink-
ej ection nozzles can be increased and the printing characteristics can be
i nproved. The above-described print head 500 is suitable as a print head
that is long in a direction perpendicltr-to the 22 Septenber 2006 59
feed direction of a print nedium and is especially suitable as a line
head. Accordingly, print speed can be increased. Although the present
i nventi oS gaRBkitgent Bfaapgkﬂhth%@_iftﬁf, anldulils- €@pRli aRURb IR itk eet
printer in the above- described enbodi nent, the present invention may al so
be appl agdat 0ipel RealeadackeraiBaagQ! Qi BpRed chh dddiinid@Rasef/en in
the case in which the present invention is applied to a print head for a
full-col or. prabtRéugh hEherpesesénti PNeBht26ni Kafohppliefiedot a phent
above-descri bed structure in which the four print heads for four colors
are conbiheed, famda &nlilRdblbdyabupbilet indadetraprietprefar athef @bosach col or.
The shapes and structure of the nenbers of the above- described fifth
enbodi nedesarébddsembbddmantel $hiopreiskends tinyenidoanmayamdlse dfe a print
head to which the present

applied to print heads for monocolor printers. In addition,

even in the case in which the present invention is applied

te 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
an individual print head may be prepared for each color.

The shapes and structure of the members of the above-
described f£ifth embodiment ére described merely for
illustrating an example of a print head to which the present
invention is applied, and are not intended to limit the

scope of the present invention.




I nvention is applied, and are not intended to limt the Sepmaperd6t he
present ‘invention. -- ------- - - -------- R --- - - 22 Septenber
2006 60 CLAIMS |- A print head having at |east ink-pressurizing cells,
heating el enents, and ink-ejection nozzles, the print-head conprising: a
substrate nmenber which forns side surfaces and one end surface. of the

i nk-pressurizing cells and which is_ ggovided with the heating el ements; a
nozzl e-fornmed menber which forns the other end surface of the

i nk-pressurizing cells, and in which the ink- ejection nozzles, which

i ndi vidual ly correspond to the ink- pressurizing cells, are forned; and a
head franme whi ch supports the nozz€BAIMSned nenber, wherein the

nozzl e-forned nenber is lamnated tothe head frane at a higher
tenperature T1 than the  tenperature T2 of lamination of the substrate
menber to the nqgzz| e-forme mper. 2. A print head according to Claiml,
wherein the 'eagx B ﬁ}fsadq VIAse alodreasyi dpk-presspgdaingeggddsi.on as

t he sub er. 3. Aprint head according to Claim.1 or -2, wherein a
coeffic?{ef‘{l#%}&?%ee%er“%ipaﬂg‘i oHGTe 19 1Ry Az dhfeBdnt head gher than
a coef fidnfgiii HfngdJ N€ar expansion of the head o

a substrate membe; which forms side surfaces and one
end surface.of the ink-pressurizing cells and which is
provided with the heating elements;
| a nozzle-formed member which forﬁs the cother end
surface of the ink-pressurizing cells, and in which the ink-
ejection nozzles, which individually correspond to the ink-
pressurizing cells, are formed: and | |

a head-.framé which supports the nozzle—formed.
member, wherein the nozzle-formed member is laminated
to the head frame at a higher temperature T1 than the

temperature T2 .of lamination of the substrate member

to the nozzle-formed member.

2. A print head accotdimg to Claim 1, wherein
- the head frame has the same coefficient of linear

expansion as the substrate member.

3. A print head according to Claim 1 or 2, wherein a

coefficient of linear expamsion of the nozzle-formed member
is higher than a coefficient of linecar expansion of the head

frame .

4. A print head according to Claim 1, 2 or 3, wherein a

- -plurdlity of substrate units, each of which iancludes one oK




.frame. 4. Aprint head according to daim1l, 2 or 3, vi2eSepicmber2opéural ity
of substrate units, each of which includes one or 22 Septenber 2006 61
nore substrate nenbers, are provided for individually ejecting inks of
different colors, and wherein the substrate nenbers included in the
substrate units are attached to a single nozzle-fornmed nmenber. 5. A print
head according to any one of the preceding d ains, wherein the print head
is aline head. 6. A print head accor@lng to any one of the preceding

Cl ains, wherein the nozzle-forned nenber is formed of a materi al
conprising nickel. 7. A manufacturing nethod for a print head, in which a

subst r at goFenaehs i@ nkRbBEsS| e Sprbasasdandronedieiduably f ace of
i nk-pressurizing cells and which is provided with heating elenents, is

| am nat e jalctanki dhkscFeaarifeeeh® olo0s7| anfiowhede ienties  svitstcet®rns t he
ot her .end surface of the ink-pressurizing cells and in which the

i nk- e] ectiembergozncsideshiah thedsubdtiabkby woitespoadatioadied i tk-a
pressurizing cells, are forned, the manufacturing nmethod for the print’
head conpsingileg nolze lst-dogmeld: meabenati ng t he nozzl e-fornmed nmenber to a head
frame, which has the sane coefficient of |inear expansion as the

substrate nenber, at a tenperature T1, which i's higher than room

tenperature; and ) .
: 5. A print head according to any one of the preceding

Claims, wherein the print head is'a line head.

6. A print head according to any one of the preceding
Claims, wherein the nozzle-formed member is formed of a

material comprising nickel.

7. A manufacturing method for a print head, in which a
substrate member, which forms side surfaces androne‘end
surface of ink-pressurizing cells and which is provided with
héating elements, is laminated at a high temperature to a
nozzle~formed member, which forms thé other end surface of
the ink-pressurizing cells aﬁd in which the inkuejectibn“
nozzles, which individually coxrrespond to the ink-
pressurizing cells, are formed, the'manufacturing method for
the print head comprising the steps of:

la@inating the nozzle-formed member to a head frame,
which has the séme coefficient of linear expansion as the

- substrate member, at a temperature Ti, which is higher than

room temperature; and




22 Septenber 2006 62 |am nating the substrate nmenber2ztsepichi@ensora! e- f or ned
menber at a tenperature T2., which is higher than room tenperature,
wherein the tenperature T, is higher than the tenperature TZ. 8. A

manuf acturing nmethod for-a print head according to Claim?7, wherein the
tenperature T, is higher than any tel atures. at which other steps in

t he nanufacturlng process are performed. 9. A print head having at |east

i nk- pressur&ammgati&glshe b&&btﬂgt@|ﬂﬁﬁﬂb§, andhbnhoghggtfggmﬁgzzles t he
print head conprising. a plurality of substrate nenbers which form side

sur f aceecdred aite aetenpenfaaer-eofl, | hehiiok- pEeasyhkz Bfafekhsm and which are
provided with the heating el enents; and a nozzl e-forned nmenber which forns

t he ot Gempematugerface of the ink-pressurizing cells, and in which the ink-
ej ection nozzles, which individually correspond to the i nk- pressuri zing

cells, are ﬁmm@n tiker empehateubsT atse nkyhar sctaie fHeoVi ded with the
i nk-pressurizing cells and the ‘heating el ements which individually

corresEﬁﬁEeFétPﬁe Tak- pressurizing cells, wherein the. nozzle-fornmed nmenber
is lamnated to 'the head franme at a hlgher-tenperature Ti than the
tenperature T2 of lam nation of the substrate nenber to

8. A manufacturing method for a print head according
to Claim 7, whereln the tempetature Tl is higher than any
_temperatures at thch other steps in the manufacturlng

process are performed.

9. A priant head having at least ink-pressurizing cells,
- 'heating elements, and ink-ejection nozzles. the print head
comprising: -

a plurality of seDStrate members which Form side
1surfaces and one end surface of the ink-pressurizing cells
and.whlch are provided w1th the heatlng elements; and

a nozzieeformed member which forms the other ead

,rsgrface of the ink-pressuriziang cells, and iﬁ which the ink-
ejection noiiles,-which individually correspond to the ink- .°
pressuriiing cells, are Formed,

wherein the substrate members are provided with the
ink~pree$urizing cel;s and the heating elements which
individually,correspoud'to the inknpresserizing cells,

. the head frame at a tugher temperature Tl than the"
temperature T2 of lamlnatlon of the substrate member tov

,the nozzle formed member,

wherein a plurality of head chips are constructed by




.the nozzl e-formed nenber, wherein a plurality of head2depesbar2006
constructed by ----- ------ 22 Septenber 2006 63 lamnating the substrate
menbers on a comon nozzle-formed nenber in such a manner that the

i nk-ejection nozzles individually correspond to the ink-pressurizing
cells, and wherein the head chips are arranged in a direction

perpendicular to a feed direction of a print mediumin a zigzag manner So
that end portions of the head chips ove¥l-ap one another in a |ongitudinal
direction thereof, and in such a manner that ink inlets of the ink
pressurizing cells of the head chi ps oppose one another, and a common ink

passage j it Relaesm it e afnairds onhiaC bopmpas Aoarecanothed. 10. A
print head according to Claim9, wherein the ink passage is formed by

| ami nat i gt a7 i of RGN helatorhead nknkkjpasiage npkzatteshavi ng an
opening, which is open at one side and is connected to an ink-supply tube,

S0 as to {meridddia wrestmgpoadd tthamel dnkheressdrdkipy aedldi spoded i nside
notches which are forned in the ink-passage plate at the same side as the
si de on whi chwhegeinz the- headedhipsberei arrangedt #d. aldirachi¢mt head
according to Gaim9 or 10, wherein the print head is a line head. 12. A
print hegsemmooiiiuigpit ddClaaifiued] digremtibh ofheér @i nth&eddyr; 8- fior ned
menber is fornmed of a material conprising .

zigzag manner so that end portions of the head chips overlap

one another in a longitudinal direction thereof, and in such

a manner that ink inlets of the ink pressurizing cells of

the head chips oppose one- another, and a common ink passage

is formed between the head chips which oppose one another.

10. A print head according to Claim 9, whergin the ink
passage is formed by laminating the nozzle-formed member on
an ink-passage plate having an opening, which is open at one
side and is connected to an ink-supply tube, so as to cover
the opening, ]

and wherein the head chips are disposed inside notches
which are formed in .the ink-passage plate at the same si?e

as the side on which the nozzle-formed member is laminated.

11. A print head according to Claim 9 or 10, wherein the

print head is a line head.

12. A print head according to Cléim 9, 10 or 11, wherein the

nozzle-formed member is formed of a material comprising




22 Septenber 2006 64 nickel. 13_ A print head accorxlisagieih®erapoys one of
Clains 9 to 12, wherein a plurality of substrate units, each of which

i ncludes one or nore substrate nmenbers, are provided for individually
ejecting inks of different colors, and wherein the substrate nenbers
included in the substrate units are attached' to a single nozzle-forned
menber. 14. A print head .conpri sing: substrate nenber which forns side
surfaces and one end surface of -i nk- 4'e§'surizing cells and which is
provided wth heating elenents; and a nozzl e-forned nenber which is

| ami nated on the substrate menmber, which forms the other end surface of
the. inkipkedsurizing cells, and in which ink-ejection nozzles, which
i ndi vi-dual Iy correspond to the ink-pressurizing cells, are formed, wherein
t he nozzl e-formed nenber is lanmnated to the head frame at a higher

tenperature Ti _than the " 'tenperature T2 of |am natign of .the substrate
menber to thé oz 8?%8%@%?%%%%‘3%&? Fhene, 68 FAPdTetbbP Ad the

nozzle-foLned. nenbﬁ% hﬁye gﬁproxinately t he same coefficient of _|inear
expansioﬂ.eﬁﬁlgeﬁtg 7 %@0 g§bstrate units, each of which includes

' one or more substrate members, are provided for individually
ejecting inks of differeat colors, and wherein the substrate
. memmbers included in the substrate units are attached to a.

single nozzle-formed member.

14, A print head compriﬁing:

a substrate member which forms side surfaces and one
end surfacg of ink-pressurizing cells aﬁd which is provided
with heating elements; and

a nozzle-formed member which is laminated on the
substrate member, whiéh forms the other end surface of the.
inkrpressuFizing cells, and in which ink-ejection nozzles,
which individually correspond to the ink-pressurizing cells,

are formed,
wherein the nozzle-formed member is laminated to

‘the head frame at a higher temperature T1 than the

temperature T2 of lamination of the substrate member to
the nozzle-formed member,

wherein the substrate member and the nozzle-formed
member have approximately the same coefficient of linear

expansion.




15, Aprint head according to Caim 14, wherein a base2ggpeabéoo®f the
substrate nenber is silicon, and a material of the nozzle-formed nenber is
Invar alloy or a ferrum nickel (Fe-N) alloy having a conposition close to
Invar alloy. 16. A print head, conprising: a substrate nenber which forns
side surfaces and one end surface of ink-pressurizing cells and which is
provided wth heating elenents; a nozzle-formed nenber which is | am nated
on the substrate member, which forns &he other end surface of the

I nk- pressurizing cells, mhlch has a higher coefficient of |inear expansion
than the substrate nenber, and in which ink-ejection nozzles, which

i ndi vi duall'y ¢6rre§p9ﬁdnlt0htehe acBbTaLA§SHbi zilagmcanl, swhareifioaneasea frane
menber which has approxinmately the sanme coefficient of |inear expansion as
t he substnisaiea-irAMYE HARd sulds ttaties remberatiad sdi.itdee .nead e- frartewrd agenber ;
and a war p-suppressi ng nenber which has approximately the sane coefficient
of | i nearofxian sioxx las- fidmmea 2@mbao dse d nviaanizdovamt whifelrougi-| ani nat ed on
the frame nenber at the side opposite to the side at which the

nozzl e- f orimke Ing(feeN1i )i slllay rhetwihg 22 coapmosiidonpedesesdo Tavar

manuf acturing nethod for a print head which includes a substrate nmenber,
whi'ch f oradkslayt.de surfaces and '

16. A print head, comprising:

a substrate member which forms side surfaces and one
end surface of ink-pressurizing cells and which is provided
with heating elements;

a nozzle-formed member which is laminated on the
substrate member, which forms the other end surface of the:
ink-pressurizing cells, which has a higher coefficient of
linear expansion than the substrate member, and in which
ink-ejection nozzles, which individually correspond to the
ink-preesurizing cells, are formed;

a frame member which has approximately the same
coefficient of linear expansion as the substrate member end
which is laminated on the nozzle-formed member; and

a warp-suppressing member which has approximately the
same'ceefficient of linear expansion as the nozzle-formed
member, and which is laminated on the frame member at the
side opposite to the side at which the nozzle-formed member

is laminated.




one end surface of ink-pressurizing cells, and which 22 Sepemyérdeos wi t h
heating el enments, a nozzle-forned nenber, which fornms the other end
surface of the ink-pressurizing cells, which has a higher coefficient of

| i near expansion than-the substrate nenber, and in which ink-ejection
nozzles, which individually correspond to the ink-pressurizing cells, are
formed, and a frane nenber, which supports the nozzle- formed nenber and
whi ch has approxinmately the sane coef$® cient of Iinear expansion as the
substrate nmenber, the manufacturing nmethod for the print head conprising
the steps of: formng a lamnation surface of the frane nenber, on which
t he nozzle-fouwnmed perekfiastuheiheg matrhodt €dr anptrhat bBhagewhich curved
surface in advance; and |l am nating the nozzl e-forned nenber on the

| ami nat i Ghcliddace aibst g nteatzar atwiriesh Weemeh s itdee stirdmeese®ber def or s
at an operating tenperature due to a difference in coefficients of Iinear
expansi oroietemsknsuhtade anke inkrperesevk g oed s f e #higBnB&r in such a
manner that the |am nation surface of the franme nenber. becones flat. 18. A
manuf act yrawidel hotth dreatinng reldment e comi v 2L sEsde MSEPEI006 - 67

‘to Cdaim1l7, wherein the | am nation surface of the frame nenher is forned
as a cur vaticurfemnes el ethen gihgiagn et e esiR&S S 1E%pposi te

side of the lamination surface L ) .
~cells, which has a higher coefficient of linear expansion

than.- the substrate member, and in which ink:ejection nozzles,
which individually correspond to the ink-pressurizing cells,
are formed, and a frame member, which supports the nozzlé-
formed meﬁber and which has approximately the same
coefficient of linear expansion as the substrate member, the
'ﬁanufactﬁring method for the print head comprising the steps
of:
forming a lamination surface of the frame member, on
which the nozzle-formed member is to be laminated, in the
shape of_a curved surface in advance; and
laminating the nozzle-formed member on thellamination
surface at a high temperature,
whereby the frame member deforms at an operating
temperature due to a difference in coefficients of linear
expansion between the frame member and the nozzle-fqrmed
member in such a manner that the lamination surface of the

frame'member becomes flat.

18. A manufacturing method for a print head according




is formed as a flat surface. 19. A manufacturing nethod sepemgeq@oosmt head
according .to Claim1l7 or 18, wherein the frame nmenber has a uniform

thi ckness over the entire region, and the |lam nation surface of the frane
menber is fornmed as a curved surface by warping the entire body of the
frame nenber. 22 Septenber 2006 68 20. A print head having at |east

i nk-pressurizing cells, heating el enents, and ink-ejection nozzles, the
print head conprising: a plurality-of7substrate nenbers which forns side
surfaces and .one end surface of the ink-pressurizing cells, and which are
provided with the heating el enents; a nozzle-formed nenber which forns the

ot her end rface.of the jnk-pressurizi. I a } i t he i nk-
ej ect i ontﬁogiﬁgg', ?M'@h&?%ﬁ‘ v?lg%:‘fwl}:aétﬁ%gls%glr# Co '?’ %eltlﬂﬁ\li\?t%@%ssuri zi ng
cells, are forned;_.a head_ fr i rt he.1.R0 ar gedemenber ;
and a pIWFQLFFylﬁff%E% d%?ﬁ%m%ﬁ¥@%52¥éﬂggﬁgt%ﬁ?tgg@béﬁk?gﬁinating t he

Subst 1 al & HRIDELAED A CHIILA0LELe didTe RRRkatsuahsarmaoder { hat

t he ink- y correspond to the ink-pressurizing

cells, wggrgbgmgae heade£hi p Scé&rranged in a direction perpendicular to
? Pugt

a feed direction of a print um and wherein the head franme is provided
w th head-chip ‘

19. A manufacturing method for a print head according
to Claim 17 or 18; wheréin the frame member has & uniform
thickness over the entire region, and the lamination surface
of thé fréﬁe member is formed as a curved surface by warping

--the entire body of the frame member.




recei ving hol es which individually receive the head chizseptemBédr.2086 pri nt
head according to Claim 20, wherein the head chips are arranged in a
zigzag manner so that end portions of the head chips overlap one anot her
in a longitudinal direction thereof, and in such a manner that 22
Septenber 2006 69 ink inlets of the ink pressurizing cells of the head
chi ps oppose one another. 22. A print head according to Caim?20 or 21,
further conprising an ink passage pgate which covers the head frame at
the side opposite to the side at which the head chips are forned, and
which is used for supplying each of the head chips with ink, wherein the

i nk- passage plate is provided with chanber portions which are individually

fitted in theoheasl-ghint negehvvRaghat efeasind dkheBeadrehing are _
i ndividually disposed inside notches which are individually formed in the

chanber qediti ohsataing ke eadge st hen@oink-23iechiphi nbzbhead, agoorpdiing to C ai m
20, 21 or 22, wherein the head frame and the substrate nenbers have

appr oxi teedl gompeisiaigs coefficient of |inear expansion. 24. A print head
according to any one of Clains 20 to 23 wherein_ a coefficient of |inear
expansi on of 2t PEUFRAAYe o Sl t raE fhBEMPRr i wWHah theamsasdeef fici ent of

| i near exggnsion 0 t he head Egégn%f %gé {%ﬁﬂirﬂ head.accordi ng to any one-

of O ai s 20°%d LY RHEr BFA AF ~pressurizing cells,

and which are provided with the heating elements;

a nozzle-formed member which forms the other end
surface of the ink-pressurizing cells, and in which the ink-
ejection nozzles, which individually corresﬁond to the ink-

'~ pressurizing éells, are formed;

a head frame which supports the nozzle-formed member;
“and -

a plurality of head chips which are constructed by
‘laminating the substrate members on a common nozzle-formed
member in such a manner that the ink-ejection nozzles
individually correspond to the ink-pressurizing cells,

wherein the head chips are arranged in a direction
perpendicular to .a feed direction of a print medium, and

wherein the head frame is provided with head-chip-

receiving holes which individually receive the head chips.

21. A print head according to Claim 20, wherein the
~head chips are arranged in a zigzag manner so that end
portions of the head chips overlap one another in a

. longitudinal direction thereof, and in such a manner that




plurality of substrate units, each of which includes meepemBar Bept enber
2006 70 nore substrate nenbers, are provided for individually ejecting
inks of different colors, and wherein the substrate nenbers included in
the substrate units are attached to a single nozzle-fornmed nmenber. 26. A
print head according to any one of Clains 20 to 25, wherein the print head
Is aline head. 27. A print head according to any one of Clains 20 to 26,
wherein the nozzle-fornmed nenber is forned of a material conprising

ni ckel . 28. A print head manufactured®ccording to the nethod of any one
of Clainms 7, 8 and 17 to 19. 29.A printer having a print head according to
any one of Cains 1 to. 6, 9 to 16, and 20 to 28. 30. A nethod of printing

onto a phhRtinketsms CORPLngi poesdhnel Strep «@fl 18r bat g Hesid@htibe print head
of any one of Clains 1 to 6, 9 to 16, and 20 to 28 or the printer of Caim
29. oppose one another,

22. A print head according to Claim 20 or 21, further
comprising an ink passage plate which covers the head frame
at the side opposite to the side at which the head chips are
féiméd,Yand ﬁhich is ﬁsed for suﬁﬁlying eéﬁh of the hééd
chips with ink,

wherein the ink-passage plate is provided with chamber
portions which are individually fitted in the head-chip-
receiving holes, and the head chips are individually
disposed inside notches which are individually formed in the

chamber portions at the edge thereof,.

23. A print head according to Claim 20, 21 or 22,
wherein the head frame and the substrate members have

approximately the same coefficient of linear expansion.

24, A print head according to any one of Claims 20 to 23 wherein

a coefficient of linear expansion of the nozzle-formed
member is higher than a coefficient of linear expansion of

the head frame.

25. A print head according to any one of Claims 20 to 24 wherein a

plurality of substrate units, each of which includes one or
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- 70 -
more substrate members, are provided for individually
ejecting inks of different colors, and wherein the substrate

members included in the substrate units are attached to a

single nozzle-formed member.

26. A print head according to any one of Claims 20

to 25, wherein the print head is a line head.

27. A print head according to any one of Claims 20 to
26, wherein the nozzle-formed member is formed of a material

comprising nickel.

28. A print head manufactured according to the method of

any one of Claims 7, 8 and 17 to 19,

29.A printer having a print head according to any one

of Claims 1 to 6, 9 to 16, and 20 to 28.

30.A method of printing onto a print medium, comprising
the step of printing using the print head of any one of Claims

1 to 6, 9 to 16, and 20 to 28 or the printer of Claim 29.




