PRI NT HEAD, MANUFACTURI NG METHOD THEREFOR, AND PRI NTER
. BACKGROUND OF THE INVENTION 1. Field of the Invention
- Fhe present.-invention relates to a new print head, a
‘manuf acturing nmethod therefore, and a printer. 2.
Description of the Related Art Conventionally, such
print heads are known in which :ink-pressurizing
cells, which are individually prOV|ded with heating
el enents, are covered by a noZzle-forned nenber, in
whi ch smal | i nk- ej ection nozzles are forned. When the
.heating elenents are rapidly. heated, bubbles of ink
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ejected from the ink-ejection nozzles.due to
pressures applied by the. ink bubbles. Such a print
head normal ly has a construction shown in Figs. 34
BACKGROUNDAOPT MHE NeWENTIONC| udes a substrate nmenber d
which is -provided with heating elenents ¢ and which
. 1def fled.dsiode theudh&eatiand one end surface of
i nk-pressurizing cells b. The substrate nmenber d is
consthecpegseytf brvienicheradateagto! el sppnpsintohead, a
- surface of a sem conductor substrate e fornmed of
-mappifggturiggecmethed thereieireg andaer padntgyr f on
the sem conductor substrate e at the sane side as the
25i dResgriphien Pﬁetﬁéaﬁﬁﬂ@t@ﬂeﬁﬁﬁts c are deposited.
‘The barrier. - | ayer f defines side surfaces of
t he. gﬂ%v%QE%%%§}%yngsg%p|grlnt ‘heads are known in which

Ank-pressurizing cells, which are 1nd1v1dually provided with
heating elements, are covered by a nozzle-formed member; in
which small ink-ejection nozzles are formed. When the
heating elements aié rapidly heated, bubbles of ink vapor
(ink bubbles} are generated, and ink drops- are ejected from
3the ink—ejection.nozzles.due to préssures applied by the ink _
bubbles.

Such a print head normally has a construction shown in

- #Figs. 34 and 35.

A print head a includes a substrate member d which is
‘provided with heating elements c¢ and which defines side
surfaceé and one end surface of ink-pressurizing cells b.
'The substrate member d‘is constructed by forming the heating
elements c on a surface of a semiconductor substrate e
#£ormed of silicon, etc., and laminating a barrier layer f on
the semiconductor substrate e at the same side as the side

sat-which the heating elements c are deposited. The barrier




b;" in other words, it serves as side walls of the

i nk- pressurizing cells b. The barrier layer f is.

formed of, for exanple, a dry filmwhich is curable

by |ight exposure, and is constructed by |am nating
"the dry filmover the entire surface of the

sem conduct or substrate e, on which the heating

el enents ¢ are forned, and renoving unnecessary parts

by a photolithography process.2 Accordingly, the '

substrate d is conpleted. Then, a nozzle-fornmed nenber

gis lamnated on the barrier layer f of the

layest radermbekeside e fewd of Moldethi e s@rdi Fing cells
provided with ink-ejection nozzles h, which are
bal iignedhes! abirde,t att Berveat iaxy ei@meMBle JOrtmed Dik-
the substrate nenber d. Accordingly, the
preksprdgdng zeddscol.l s The dfamhieah leayer firfacRsrme® of, for
- defined by the substrate nenber d and the
‘exonplle-f or dwy FéAmewhdcharis siwimlsle flac dsigire akgosiacke, and
. by the' barrier layer f, are fornmed.. The
ignroprEsyatrdi Ry demisabingr dHd Wi f4ilnh carer ihe entire
- passage i,. and are provided with the .ink-ejection
' -Sﬁsffpssoﬁ mpcﬁearaﬁegéupft@xh@matg:a@eemnm hicthethe
ting elenents c in the ink-pressurizing cells b
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shown) deposited on the
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¢l ydes hund s.of heating elenents ¢ and
S?ﬁggﬁ?gss§r|2|n %Fggdb cont ai ni ng the heating

'ﬁg:te I'n accorﬁﬂ%?%hﬂg?ﬁ Sg%ﬁ%%aﬁdargsggge%yléegx the
barrier layer f of the substrate member d. The nozzle-
formed member g is provided with ink-ejection nozzles h.
which ére aligned relative to the heating eléments ¢ formed
~on the substrate member d.

Accordingly, the ink-pressurizing cells b, of which end
surfaces are defined by the substrate member 4 and the
nozzle—formed‘member g, and side surfaces éré defined by the
barrier léyer f, are formed. The ink-pressurizing cells b
are linked with an ink passage i, and are provided with the
 ink-ejecti0n noziles h which oppose the heating elements c.
The heating elements ¢ in the ink-pressurizing cells b aré*
electrically connected to an external circuit via conductors:
(not shown) deposited on the semiconductor substrate e.

Normally, a single print heéd includes hundreds of

‘heating elements ¢ and ink-pressurizing cells b containing




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
with ink supplied via the ink passage i froman ink
tank (not shown) which is conbined with the print head
a. Wwen a current pulse is applied to one of the
heating elenments ¢ for a short tinme such as 1 to 3 s,
the heating elenment c is rapi3dl~y heated, and a bubbl e
of ink vapor (ink bubble) is. generated at the
surface thereof. Then, when the. ink bubble expands,
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e ink: rop, which is e ected fromthe 1 nk-ejection
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as a piece of paper, etc. The above-described print

theadofrespuadahlyy inked feit idn sRWZAled@Ad Whi ch
includes a plurality of head chips. .A single head

chi pIastherpeinbyhead aat thg ank-pgeesanbatingt eells b are
menber, in which a plurality of ink-pressurizing cells
fahdledheathninkl suppildedr e ifaortiied inkn pmssayy 6 from an ink
nozzl e-formed nenber, and a plurality of head chips .
tapk &netngbdwin whidir dst icombiamege mditdultive tporimte Heeedd a.
direction of the print medium Wen the print head a
Whenygegurrentspudeed iisn apipd iedi tec omen ofe tben dieatiag

to the feed direction of the print nediumand prints
eLemeRES FhEAT ?h@hBFWnﬁlﬁﬁdﬁ@ﬁPi§Sndvéﬁ 3 us, the heating
- . element ¢ is rapidly heated, and a bubble of ink vapor (ink
bubble} is generated at the surface thereof. Then, when 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 h as an ink drop. The ink
-drop, which is ejected from the ink-~ejection noczzle 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 includes 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
heating 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:




in the feed direction and the next line is printed. In

t he  above-descri bed print head a, characteristics of

ink drop ejection are-affected by positiona

rel ati onshi ps between the heating elenents c (the

i nk-pressurizing cells b) and the ink-ejection

nozzl es h. When the heating elenents ¢ (the

i nk-pressurizing cells b) and the ink- ejection

nozzles h are greatly displécédf the ejection speed

may be reduced and the ejecting direction may be

changed. Furthernore, it may even be inpossible to

ej ecWhenk theopsintAbeaddiandky iseids phiac are fiosrdae tive ahe

the heating elenents ¢ .(the ink-pressurizing cells b) .
ddmecition mergegrticaianiz dhe [fdesbdirectdnyrafiatheprint
of .the printing quality, and thus are a. large

meddyme dndGardmdis ya limeat i Tihepr,o0ddss geriarte netisss aty moved
for manufacturing the print head a. For exanpl e,

igs the fieed ghmecdlangpad fthies negrtnddinen isherinted.

sem conductor substrate e and the nozzl e-fornmed :
- menbiR hfsapgipndesardhednherpatr head payeharaciegdgtics of
.curing process for curing the barrier |ayer f and ]
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iLgh tenperature. I n_addition, ,apother
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may be reduced and the ejecting direction may be changed.
Furthermore, it may even be impossible to;éject ink drops.
Accordingly, displacemehts between the heating elements c
 .(th¢.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 necéssary for
manufacturing the print head a. For example, after the
barrier 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. In addition, another high-temperature .

curing process is performed to provide ink resistance to the

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




sem conductor substrate. e, is 2.6 x 10-6, and that of

nickel, .which is normally used for formng the

nozzl e-formed nenber g.,. is 13.4 x .:10-6.

Accordingly, the coefficients of |inear expansion of

silicon and nickel differ by approxinmately one order

of magni tude. When two materials having extrenely
~different coefficients of |inear expansion are

| am nated together in a heatbng process, relative

di spl acenent occurs due to the difference in

shrinkage rates. Such a displdcenent varies in

aCCOfdagEe M hhq! QEo%f f ﬁéﬁ%iﬁﬁeﬁgbBSS.%ESf Qgréi filL8s8hry for

.linear expansion between ers t

mhﬁﬁEB@EﬁQ1n%oﬁebE§ht ﬁ%ﬁd!s'daaf%%8§%n&§okh91near ggpan31on

di fference becones |larger. Wth reference to Fig.-

oft sBeSkbhoNwhakh. ke nbeglil 23' W Fori®g the

i nk-pressurizing cell b) and the ink- ejectlon nozzl e

sbmatendugbedsubeteuee’. e,atisPosist k0N ofH) , andi €t Sof nickel,
.apart fromposition (a), the ink-ejection nozzle his

- wHiiepl asedoimbalyvased the Featning ehempolzzde(-EFoemedkmember
pressurizing cell b), and at position (c), which is
-gf.aith@B.4apal 0-fr oAquesrdimyly A)thdé heoefikiei@acts of linear
nozzle h i.s conpletely displaced,.even fromthe
ekpanpgiensofi sihgcosl hnfd; nick8lcdififeirs pyaeppeokimately one
i ncreases along with the size of the nenbers which
opfler| aki magedtudget her. \Wen the heating 6 el enent c
(the |nk ressur|2|n cel | and the ink-ejection
- noZ¥pen E@Qﬁ%ﬁ&%ﬁ%dh@%}ﬁﬁlQ%tfﬁm%bﬁhdbf %FGQEee

... 36, osi_tion gb)) the _ej ectlng direction is .
‘ceﬁgﬁbgagnF of linear expan51on are laminated together in a

heating process, relative displacement occurs 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 c-(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~ejectioh nozzle h is
displaced relative to the heating element c¢ (the ink-
pressufizing cell b), and at position (c), 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 iﬁcreases along with the size of the

members which are laminated together. When the heating -




.addition, when the displacenent therebetween Is
Increased -Still further (see Fig. 36, position (c)),
it becones ,:lnpossible to eject ink. In the printer
market, it is required to increase the printing

. speed, and one approach to satisfy this requirenent
iIs to increase the nunber of nozzles fromwhich ink is
When the resolution of a printer is nmaintained and
t he nunber of nozzles is ineréased, the size of a
print head 1s also increased. Thus, the influence of
t he displacenents, - between the heating elenents c

e1bhE tngh?fﬁﬁsﬂ kzgfgsggk&§ln8)ﬁéﬂg B?fah&ktﬁéeihkogjectlon

nozz cur ue tot erence In
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In addition, in large print heads such as |ine heads

.psgiuohhew)l StRel 8f88tRhEPHEREERIbAA st BRanged. In
di spl acenents between the heating elenments ¢ (the
-~ affktiofn! ewREn Eh8JdEEbl ScbhendthbLebB8kwEERCiE Oincreased
nozzl es h becone relatively large. In addition, the
-.sthhVefitirohat pseatrigad3sncpodesianpl(a)pliiy bécomead
" chips that are individually constructed, .and the ink
: ippesajbleahd éhechoruke-forned nenbers contalned” in
the head chips are separately installed. Accordingly,
t he hommmxoimtexpmimtkmbadihaies aemnipfesk i ringtxgase the
for -- gplying each of the head chips wth ink.
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on a_ single nozzle-formed nenber, the printing
1§h5?a%@%¥¢§§¢0§he number of nozzles from which ink is

rf'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 dlsplacements:'

‘between the heatlng elements ¢ (the ink-pressurizing cells
= b) and the ink-ejection nozzles h, which occur due to the
N differencé in coefficients of lineai expansion, is also
increased. 1In addition, in 1arge,print‘heéds 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
piurality 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




are degraded due to the dinmensional errors of the head
chi ps, displacenents of the head chi ps which occur
when the head -chips are arranged, etc. Short |ength
of the head chips is another cause of the

.degradation of the printing characteristics. Since
the head chips are manufactured by formng ,.heating
el ements on a sem conductor substrate, that is, on.a ]
circul ar sem conductor wafer,7it is difficult to form
| ong substrate nenbers. When the length of the
substrate nenbers: is increased, yield is reduced and

=B &ﬁﬁpughea BQSthbsheaa%ﬁaagdm ?xcg_ﬁqy ngly, it is

ficult to increase the ength o e substrate

”E”bﬁﬁﬁthéEM@ﬂ@r’sﬂH@@ éhﬁlﬂﬁﬁé'ﬁgadeéﬁﬂﬁni§ ébﬁstrueted on.

formed on the substrate menbers having a short

al engblle hbzkie-dbbhbaumbmberBkfespzentinly e teristics
etc., of .the heating elenments fornmed in the

attief aegeaaeauaﬁér gbethsedhinesslibfajasRrofs af ald thead. chlps
when a plurality of head chips are. arranged, the
dikpiactmensti of thei hkadr chipgewhiich, oectrmwhen the head

: specifically, the size of the ink drops, cannot be -

. che awvei Aorangedal etof the head chi ps. Wen such head
chips are nerely arranged on one line, imges printed
by tHlontl] bergith hefdthei peadppletps dif fanebhey. cauge_of ‘the
Accordingly, there is a problemin which print
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Since the head_chlps 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 1ncreased yield is reduced and manufacturlng cost is

increased. Accordingly, it is difficult to increase the

Jength of theAsubstraté members . Howeve:, 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
farfanged, 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 one line,

. images printed by the adjaceht head chips appear differently.



In order to solve the above-described problens,
according to one aspect of the present invention, a
print head i'ncludes a substrate nenber which forns
side surfaces and one end surface of the
I nk-pressurizing cells, and which 1is provided with
- the heating elenents; a nozzle-formed nenber which
forms the other end surface of the ink- .pressurizing
cells, and in which the ink--& ection nozzles, which
i ndividually correspond to the ink-pressurizing cells,
are forned; and a head frane which supports the
= r r f Mysstie ot
ABESEhENgL 9T PRS0 BB YA dk LIRS iR OEng
obBehipgen the ink-ejection nozzles fornmed in the
nozzl e-fornmed nmenber extends and shrinks along wth
the head frame. Accordingly, by nmaking the coefficient
of linear expansion of the head frame closer to that

. SOMMARE OFUlREr ZINVEN®ODRr, the di spl acenments between

the heating -elenents (the ink-pressurizing cells) and
‘the Imkexrdect tonsolozztles abovbedeadeibedoprobleas,be
reduced to an extrenely .small anmount. According to
aagorfigngatpeoheohsphetppéséhe preswnionnwention, a print
- manufacturing nethod for a print head, in which a

- . heaflsingiudesoa guhBtratewnenbefowisial dorng fsidess sunfaces

one end surface of ink-pressurizing cells and which
ap@ preverddsurfacheafi fje dpkmpessurizing mflds atangl which
gh tenperature on a nozzle- formed nmenber, which
1?0Pﬁﬁv%ﬂ%doWﬁEP ERg bepfipg edemedtsika nozzle-formed

mémber which forms the other end surface of the ink-
péessurizing cells, and in which the ink-ejection nozzles,
~which individually correspond to fhe ink-pressurizing cells,
are formed; aﬁd a head frame which supports the nozﬁle—
‘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 mémber extends and shrinks along
with the head frame. Accordimgly, by making the coefficient
-of linear expansion of the head frame closer to that of the
substrate member, the displacements betwéen the heating
;elements {the ink-pressurizing cells) and the ink-ejection
nozzles can. be made zero, or can be reduced to an extremely
small amount. |

According to another aspect of the-present invention, a

‘manufacturing methed for a print head, in which a substrate




pressurizing cells and in which the ink-ejection
nozzles, :which individually correspond to the
i nk-pressurizing cells, are formed; includes the
steps of lam nating the nozzle forned nmenber on a head
frame, which has the same coefficient of |inear
expansi on as the substrate nenber, at a tenperature
T1, which is higher than roomtenperature; and
| ami nating the substrate memb& -on the nozzl e-forned
menber at a tenperature T2, which is higher than;
.roomtenperature. The tenperature T1 is higher than
mehberg"ReAN o rid shies sufead Zdfa fsHdmchdehbetads of
. nore shrunk at the step of |lamnating the substrate
inkrpeie seurtia Ny zd 18- i dhIBHThEd g ddd tWiestiedating
of lam nating the nozzle-forned nenber on the head
eflementsThd sndanlimaftedred: remiarh Stenpdesatwtonsh W thozzle-
the head frame at the sane shrinkage rate, and the

‘fhomedt membelras vihiehs fimeneodftfe mtdmr aind imasdace of the ink- -

expansion as the substrate nmenber. Accordingly, when
PrResuxiEing cejdisnwaad time whdatli mheeligdeieqitivn nozzles,

i nk-pressurizing cells) and the interval between the
whikhelagivdAuaddy eoxrespgad divedthe ndcamessvwriszimng cells,

at tenperature T2, at which the .substrate nenber.is
aranfREMEG - oAnCRUdRS, Fhe- FdeRsd ferfEinating the nozzle-
,fdisglace nts between the heating elenments (the ink -
togmeh, BEURPE, PRy ac BPRS) TXRIe hahiGh Hascihen S8¥;| es'

cap.be.made _.snall. Accordi.ng to another aspect of
oS REE DL BRL of ndaRersn SRASITH 45 Hiky ARALIG LR MeRaT. at
'a'EgmBé§§§Hkbzb?9 &ﬁkéﬁ’igeﬂabﬂgr 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, is higher than the temperature T,. |

Thus, the nOzzle—fqrmed 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-formed member shrinks

along with the head frame at the same shrinkage rate, and

- “the head frame has the same coefficient of linear expansion

.las the subétrate 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
substrate member is laminated on the nozzle~formed member,

the displacements between the heating elements (the ink-




el ements, and ink-ejection nozzles, includes a ,
plurality of substrate nenbers, each of which forns
side surfaces and one end surface of the
i nk-pressurizing cells, and which is provided with
the heating el enents; and a nozzle-fornmed nenber
whi ch fornms the other end surface of-the ink--
pressurizing cells, and in which the ink-ejection
nozzl es, which individually cbrespond to the
I nk-pressurizing cells, are fornmed. The substrate
menbers are provided with the ink-pressurizing cells
p@@gshggzﬁggtb@glghegﬁﬁt%hﬂhhﬁﬂ e'é@#%@dﬁﬁﬂé es can be made
correspond™to the'ink-pressurizing ce
shkyfal ity of head chips are constructed by.Ian1nating
the substrate nenbers on a common nozzl e-forned

-menbgEcbPash§ e afBoRer hABpbctheri BkeepeekbAl BA%éheion, a
i ndi vidually correspond to the ink-pressurizing

. p&fhkshedfiehh€adgchitp3ecakct dAnkapiedsurizand RANION heating

perpendicular to a feed direction of a print .nedium
" elsmantsgzagdninRee jeottibat nezdleer,t iaedudlest ke pieathiity of
chi ps overlap one another in the |ongitudina
- substratenmembersof gaghdoifnwhich Hommsnendehaurifaedsnland one
inlets of the ink. pressurizing cells of the head
- ebfli pyrbppesefohbeafvkhpresangizing ceddsn amd padsigds

is formed between the head chi ps which oppose one
‘paAvided with theTheatingppdementsy; oﬁnﬁeadn@ﬁmég—épgmed

constructed on a single, common nozzle-fornmed nenber.
meRRSF dWhEFY, ToRES EB§|PFbﬁ§Ie&€c§P§§9°@f°€héhe ink-

ection nozzles can be_ _inproved,  and print

i nk-e
DS ERE RN CBL fnganfiade WBACH Eh6.dhkppeltion nozzles,

which individually correspond to the ink-pressurizing cells,
‘are formed. The substrate members are provided with the
ink-pressurizing cells and thé-heating elements which
‘individually correspond to the ink-pressurizing cells, and a
plurality of head chips 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.. The head chips ére arranged
in a direction perpendicular to a feed direction of a priﬁt
-medium in a zigzag manner so that end portions of the head
chips overlap one another in the longitudinai direction
thereof, and in such a manner that the ink inlets of the ink:
- pressurizing cells of the head chips oppose one another, and-
‘@& common ink passage is formed between the head chips which

.oppose one another.




arrangi ng the head chips in a zigzag manner so that
end 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 can be nmade sinpler.
According to anot her aspect of the present invention,
a print head includes a substrate nmenber and a

nozzl e-formed mnenber whi ch have approxi mately the
same coefficient of |inear expansion. Accordingly, in
the print head according to the present i nvention,

di sphgegment 1191.95 1269 & bp dhggﬁt ERDoE sglsnésné{agucw&.on a

i nk- eJecilon nozz wWeen pr €ssSUrt zi ng

sﬁﬁbh.é apemibA hB%z%e%bkﬂgd“ﬁéﬁb%?. Wﬂb%%ra&‘ﬁg&gdu%hgo

the difference in coefficients of |inear exp

pbsiveenal haccarhsy ke tABMR Rk - @H@ckﬁ%nnﬁéékgegoﬁgﬁd
menber, can be reduced. In addition, degradation o

1ﬂprabeﬂLtanduﬁriﬁttﬁettlﬂﬁbeééﬁ Bt mBABehakYyr BoAYpiBdous. by
the operation can be suppressed. According to another
anspegingf théehpadsenipsniAanki gilgzag mAhh8t B8afhat end
i ncl udes a war p-suppressi ng menber which has
poppions nebhetgof heverlepcoréf anbeheérof |inear expansion
‘as - 12 the nozzle-formed nenber, and which is
I ami Imatestlidriarhe s¥ncearea nelngle atnk heassalpe appasdrimedioed to
the side at which the nozzle-fornmed nenber is
a| pheral ey ghuseaduehipst htheaspreoppresEongsuppbeing ink

the frane
to each of the head chips can be made simpler.

According to another aspect of the present invention, a

print head includes a substrate member and a nozzle-formed

member which have approximately the same coefficient of
linear expansion.

Accordingly., in the print head according te the present

invention, displacements between the heating elements and
fhe inkﬂejectidn nozzles, and between the ink-pressurizing
célls and the ink-ejection nozzles, which occur due to the
differende in coefficients of linear expansion between the
substrate member and the nozzle-formed member, can be
reduced. In addition, degradation of durability due to the
increase of temperature during the operation can be
suppressed. A | |

According to another aspect of the present invention, a.
print head includes a warp-suppressing member which has

. approximately the same coefficient of linear expansion as



.menber al so receives tension at the side opposite to
the side at which the nozzle-forned nmenber is

| am nat ed. According to anot her aspect of the present
invention, in order to prevent the | am nation surface
of the frame nmenber from warping, a manufacturing

nmet hod for a print head includes the steps of formng
a |lam nation surface of the: .franme nenber, on which
the nozzle-fornmed nmenber istl&be lamnated, in the
shape of a curved surface in advance; and | am nating
the nozzle-formed nmenber on the |am nation--surface at
tBehhn8R 24 BURGHALY femdrt Nahat BEiEHATE fhteadShOLAR
at an operating tenperature due to a ditfference I'n
£28R61 neBRES a®f theNgahec¥ppRsiel 6! WRENstAE ht2WRich the
menber and the nozzl e-formed nmenber in such a manner

nbhRalet forhadl famber $4rfiamenatelihe frame nenber
becones flat. Thus, the |l am nation surface becones

41 atTiais | hédue Oper theé NGatBrPepBas indGRNBEINI £ Frame

anot her aspect of the present invention, in order to
“membed ahsoprebkdweshtehsaonuas dhe tadeheppvsipéngoothe
the | am nation surface of the frame nmenber, intervals

spdewatnwhhehhthei ngzelerformedbmemben fhelamknated.
pressurizing cells, and between the ink-gejection
nozAceording 1@ andherasspedt onf athe mregerporinwention,
_toward a peripheral portion. Thus, intervals between
ipapadag bei REsventt ke haminapionpsusfiecandf othe fname
deﬁradation of the printing quality due to .
nestithi F5PH ¥9TBiNg hedi RRBRTAFBuBERGcBAthe? fordrngrint head
.points
-1Rciu&es the steps of forming a lamination surface of the.
-+ frame member, on which the nozzle—formedrmember 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, so that 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.
Thus, the lamination surface becomes flat at the
operating temperature.

According to another aspect of the present invention,

in order to avoid the problem which occurs due to the

- warping of the lamination surface of the frame member,

intervals between the heating elements, between the ink-

pressurizing cells, and between the ink-ejection nozzles are




can be avoi ded. According to another aspect of the.
present invention, in order to avoid the problem

whi ch occurs due to the warping of the |amnation
surface of the frame nmenber, a control nethod for a
print head includes the step of adjusting the tine to
apply current to the heating. elenments such that the
heati ng el enents positioned closer to the centra
portion receive current eard il .- than the heating

el ements positioned closer to the peripheral portion.
Thus, the tine to apply current to the heating

: I
- lﬁﬁ%?éns‘e e pwaeﬁﬁgﬁggﬁéﬁigrgté‘é o, SRR o peR e Portion.
o?n?ﬁé g?enégeévg%%m@égﬁggnOi%ﬁgfnbaﬁb?ﬁ%bg@g;#&%ﬁ%ﬁy drops:

b#%@gkp%nakggmpfahﬁ??h@%aﬁ%%&%nogf GRS %&ﬁ%& '%ﬁﬁlf%y due

t he~sane "over entire region. CCOI‘

t%nﬂb%%ﬁ1§%?ﬁ§gyogftEﬁepﬁﬁ%gﬁbalgv%%kh%%m %hé”ldﬂdﬂﬁﬁ“b01nts

I nk-pressurizing cells, heating

,c%heqﬁp%§01agg i nk-ej ection nozzles, includes a
plurality of substrate nmenbers whi ch forms side

sur f aegsras \A%_Oﬂs &nethéHr hapecefl of henknfreseasuinengion,
cells, and ich are provided with the heating

i@l OFIRIS todaleid ehbopReBlemTidich bécus cdue aorstidie

ot her end surface of the ink-pressurizing cells, and

- watrpdhigc o ft tbei Nmépattiban saafalces ofwhiheh £xiane wegaksit y a
correspond to the ink-pressurizing cells, are forned,
canftaad. fredbedwfoch as ppportt bealde imgdxdest dheedtep of
adjusting the time to apply current to the heating. elements
such that the heating elements positioned closexr to the
céntral portion ieceive current earlier. than the heating
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
elements, and ink-ejection nozzles, includes a plurality of
substrate members which forms side surfaces and one end

surface of the ink-pressurizing cells, and which are

provided with the heating eélements; a nozzle-formed member




menber; and a plurality of head chips which are
constructed by |lamnating the substrate nenbers on a
comon. nozzle-. formed nenber in such a manner that
the ink-ejection nozzles individually correspond to
the i nk-pressurizing cells. The head chips are
arranged in a direction perpendicular to a feed
direction of a print nedium and the head frane is
.provided with head-chip-retelding hol es which
|nd|V|duaIIy recei ve the head chips. Thus, the
nozzl e-fornmed nmenber is supported by the head frane,

whtight lfernst eheabtheirwesd sta-fidtde & GiHO M NO4Ft&Ssurizing
fornmed in the nozzl e-formed nenber extends and shrinks

celldsg awilt hint tvhiibhadhler dmk-eAeearibm oz z Ins rekiingh t he
coefficient of linear expansion of the head frane
ivfdavéduadlyhebrobspoed sobdheatimkvpdsrsuntiming cells, are
. displacenents between the heating elenents (the
fomkegr eashendi iganel Whilchnduppen sk -tdjee gid zmil e Nzt
can be made zero, or can be reduced to an extrenely
meRBLE; afBdng. Pluraddityi of headcehdns owhdldh yansf constructed
head-ghig: receivin% hol es which individually receive
byhdamingtingpthe pubpirate MemiersheRd & apgion mozzle-.
riﬁig of the head frame 'is_increased in the :
£p5 S tBEMREF &P SBFPoR MABPEST thaic ddieyiimdigiectiqmmozzles
.head. : g : ﬁhlch is - 15 especial
LGHTIRELE SofFREPARAG o0k CodimoREs e oo ifs. The
PTI ON_OF THE DRAW, NGS ers ctive
hOEE, hITE BF Pt hERdcac et th AJEerd it Brlpeshbott it
feédtﬁfr8é€§8Ht aneELiRQ’medlum, and the head frame is
provided with head-chip-receiving holes which individually
receive the head chips.

Thus, the nozzle-formed member is supported by the head
frame, and the interval between the ink—ejection nozzles
formed in thg nozzle-formed member extends and shrinks along
with the head frame. Accordingly, by making the coefficient
of linear éxpansion of the head frame closer to. that of the
substrate meﬁber, the displacements between the heating
~elements (the ink-pressurizing cells) and the ink-ejection
_hozzles can be made zero, or can be reduced to an extremely
small amount. In additidn, since a plurality of head-chip-
receiving holes which individually receive the head chips
are formed in the head frame, the rigidity of the head frame

is increased in the longitudinal direction théréof.

Accordingly. a print head having high rigidity, which is




Fig.. 2 is an exploded perspective view of the print.
head according to the first enbodinent; Fig. 3 is a
sectional view of an inportant part .of the print
head according to the first enbodinent; Fig. 4 is a
sectional viewof Fig. 3 cut along line IV IV, Fig. 5
is a perspective view showing a state in which a
nozzl e-formed nmenber is disposed on a supporting jig
in a manufacturing process-ol5the print head
according to the. first enbodinent; Fig. 6 is a
schematic representati on show ng a step of conbining.
e3pBead1h kAR IN G0 2 i UJRE, Rl |dbidthea.
manuf act Uri ng process of ‘the print head according to
the first enbodinent; Fig. 7 is a schematic
representati on showi ng a step of conbining substrate

BRERPeDESaRY piiTON @32 I181d RmfNGwber in  the

manuf acturing process of the print head according to

the:Fig.firss anpedspestivel gie® of a pEieFihiedd according

representati on showing a head unit which is

~ tooasfiusteembpdimenitniof) thwe diesckrit amredtion; 16

- nozzle-fornmed nmenber, and the substrate nenbers in the
manuf&gt u2i hyg. apr ezpdedefl pkespecttvieeadeac ofir diheg pirdnt
the first enbodinent; Fig. 9 is.;a schematic :

headr ageprdingn tohdbiend iarsdt embefdimegrthi ni ng t he head
unit_and an_ink-passage unit in the

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:

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

"Fig. 7 is a schematic representation showing a step of
combining'substrate members_and the nozzle-formed member in
- the manufacturing 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




manufacturi ng process of the print head according to
the first enbodinent; Fig. 10 is a graph showi ng a

| am nating tenperature of the head frame and the
nozzl e-formed nenber and a |anm nating tenperature of
t he substrate nenbers and the nozzle-fornmed nenber
along wth an extension curve of the interval between
i nk-ej ection nozzles fornmed in the nozzl e-fornmed
menber and an extension curvkbof the interval between
heating el enents :forned in the substrate nenber; Fig.
11 is a perspective view of a conbined body of a

nRzizlle -FAehedC GRIMHCY] @ tIRE Wb ARAU bt s tHif the

present Invention and an ink passage plate; Fig.. |
mafhuda cHui0de HriRYeRE O the/ iW A H ity ifthg hasltne
of a print head according to the second enbodlnent and |
flitet embpddisege ;pl ate; Fig. 13 is a graph showing the - 3
rel ati onship between the content of ferrum (Fe) in an |
f errBigni ekkb -gFsehkbhatlitoyeprdsenttht ionekhoaingt aoktep of
| i near expansion of the alloy; Fig. 14 is a side view
combiinigda theobleadh indt wand fanr shhk-gassdgeenmidf dtrhethe
present invention may have; - 17 Fig. 15is a
napuépgtiurisigdprecessoofa tiwei prindadheadacomadidigg da the
third enbodi nent of the present invention; Figs. 16 is
firs¢hempeddmenge vi ew showing a state :before a

nozz| e-forned nenber and a franme nenber are | am nated

i n aEtdr dhfcksSwit §raRheRBAPLBIOR AaWARaLdBoutpmgerature of

the head frame and'the nozzle-formed member and a laminating
~ temperature of the substrate members and the nozzle-formed
member along with an extension curve of the interval between

ink-ejection nozzles formed in the nozzle-formed member and

an extension curve of the interval between 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 showing the relationship between the
content of ferrum (Fe) in an ferrum-nickel (Fe-Ni) alloy and
the coefficient of linear expansion of the alloy:

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

embodiment of the present invention may have;



method for a print head of the third enbodi nent; Fig.
17 is a schematic perspective view showng a state in
whi ch the tenperature is reduced to roomtenperature
after lami nating the nozzle-forned nenber and the
frame ,nmenber; Fig. 18 is a schematic side view
-showi ng a state before a nozzle-forned nenber and a
frame nenber are laminated ia accordance with another
exanpl e of a manufacturing nmelhod for a print head of
the third enbodinent; Fig. 19 is-a schematic side view
showing a state in which the tenperature is reduced

‘to rpeg.t espesahusehahbeic lsdleNieRJoltN@ print head
nozzl e-formed nenber and the frame nenber; Fig. 2D is

- amcRaldEmg ito @ ddividewmodinyrthlohaath prassa i 1ifrditon ;
fourth enbodi nent of the present invention; .Fig. 21
|'s aFpgsspkétiseaVeehenhtdcpside htat ahoaifigna kTake .
fifth enbodi neat of the present invention; Pig..22 is
‘b omep lao ted zierSpevieidy menibemar @nd ke fyanyd mdwsd: are
according to the fifth enbodinent; Fig. 23 is a -
lapdniaded ini emcoirdange M4 tdutanalegragplien®f X Manufddtiuring
shomﬁn% an inmportant part of the print head - 18
‘metbedditey eoPrAatt heald e ddendiirdriembopinients
sectional view of Fig. 23 cut along.line_ XXI V- XXI'V,
Fi g. F28-i 37 a18cRt Pohanaticwrerspegtiys vievwasbayingne state
 XXV= XXV, .
in which the temperature is 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
accordance with another example of a manufacturing 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 the frame member;
Fig. 20 is a schematic 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'a0cording
to 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 view of Fig. 24 cut along line

XXITI-XXII1 showing an important part of the print head




Fig. 26 is a sectional view of Fig. 23 cut along line
XXVI - XXVI; Fig. 27 is a sectional view of Fig. 24 out
along line XXVII-XXVI1; Fig. 28 is a sectional view
of Fig. 24 cut along line XXVIII-XXVIII; Fig. 29 is a
per spective view showng a state in which a

nozzl e-fornmed nmenber of a print head according to the
fifth enbodinent; Fig. 30 shows a step of conbining a
head frame and a nozzle-fofnedl frenber in the _
manuf acturi ng process of the print head according to
the fifth enbodiment; Fig. 31 is a schematic

&S combi ni ng substrate
ag n‘?):ersga% ?:E'e i ee?norne%enq:f

nozz merber in the
mn%gg Ehngspaogsaﬁle a&h%@w BE Fgad 28C QLA aqohg line
t he enbodi nen is a sChematic
KEAR-&XGRt.ati on showi ng a head unit which is
constructed by conbining the head frame, the
nozzfeggf opgedsmanBekrisndlt PeefUbBSt FAGE DBNBALS alengh@ine
manuf acturing process of the print head according to
Xrexxvi9 first enbodinment; Fig. 33 Is a schematic
representati on showi ng a step of conbining the head
“uni tFagd aa iskapsssagdenali view blfeFignacof eatueilong iine
process of the print head according to the fifth.
- XXWIedXWant ;

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

XXVII-XXVIT;

Fig. 28 is a sectional view of Fig. 24 cut along line
XXVIII-XXVIII;
Fig. 29 is a perspective view showing a state in which

a nozzle-formed member of a print head according to the

fifth embodiment;

Fig. 30 shows a step of combining a head frame and a
nozzle-formed member in the manufacturing procéss of the
lprint head according to the fifth embodiment:

Fig. 31 is a schematic representation showing a step of .
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
ﬁﬁit which is constructed by combining the head frame, the
nozzle-formed member, and the substrate members in the

manufacturing process of the print head according to the



Z. Fig. 34 is a perspective view of a conventiona
print. head; Fig. 35 is an expl oded perspective view of
the conventional print head; and Fig. 36 is a
sectional view showi ng a probl-em of the conventiona
print head. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Enbodi nents of the present Invention will be
described. below with reference to the acconpanying
drawi ngs. A print head | acéo}aiﬁg to a first
enbodinent is a print head for a full-color, bubble
ink jet printer. The print head 1 includes a
fiozt enfbwdismemetber 2, In which a plurality of
i nk-ejection nozzles 3 are forned. ..Several hundred
I nk- Biget B8n isoaz seheRadie frepredentatic rflewing a step of
substrate nmenber, which will be described bel ow. The
cembAnd.nfgorihed headham i iand amehlofpassied enit in the
mat erial conprising nickel in the shape of, for
Tapafsicdu T neh @ocaRsy iafy e e ead asceownd g phe bihe
~an electroform ng technique. The ink-ejection nozzles
LALkRy iempodigentst er of -20 approximately 20 mare
. formed in_the nozzle-fornmed nenber 2 (see Figs. 2 and .
3). hen ﬁﬂc%@laoPegsﬁﬁFéﬂWSIV&&WbP#é@hGQﬁV ignal print
]us§q as the material for form ng the nozzle-fornmed.
' er 2, the nozzle-forned nmenber.2 in which the ink-

SRCITIR AT AR N A TR N O
conventional print head; and

Fig. 36 is a sectional view showing a problem of the

conventional print head.

DESCRIPTION OF THE PREFERRﬁD 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 nozzles 3 are formed in a
Single substrate member, which will be described below. The
nozzle-formed member 2 is formed of nickel or a material
comprising hickel in the shape of, for example, a sheet
having a thickness of‘15 to 20 pm by an electroformiﬁg

technique. The ink-ejection nozzles 3 having a diameter of




The nozzle-formed nmenber 2 is lanminated to a head
frame 4. The head frane 4 includes an outside frane
portion 4a having a rectangul ar shape and three
bridge portions 4b which are integrally fornmed with
the. outside frame portion 4a and which |ink the
| ateral sides of the outside frane portion 4a at a
constant interval. Accordingly, four openings 5
having a rectangul ar shape ar@0ferned in parallel to
each other (see Fig. 2). In the case in which the
print head 1 is applied to a |ine printer which
xS it e 14 ' Mfmd r@d i ﬂ{-,ﬁé
- the | engt ﬁlgfl 2t0hgt¥%§gi ngs %d]c%? P%g%olgéd%zt% ‘? e de?%mber 2
- (ekd Fa.g¥.7@ 'af¥l 3).hatwndd nédk&Mod e ﬁ‘@?@riéfn@oﬂ?kfsing
formed of a material having the sanme coefficient o -
niickedr iexpeeRd &% ahe n@iéﬁﬁmtﬁdﬁrfoﬁﬂﬁgﬁ rene Rbz21E-formed:
substrate nenber, which will be describe bel ow.
méber 2or téeamolzeles fRidmnerD memist ratfn ivhisiedtwe idke
sem conduct or substrate, silicon nitride is used for
efjectiing nbezlesd 3 mawe pbsiAliarehtwMe \hidgh Wdd@racy can be
(A12(c)3), mullite, alumnumnitride, silicon
obinined with a wejlabldvelyl lawexbdtrom t he group of
ceramcs, quartz (S 02), etc., nmay be .used fromthe
gr ouphef ngrake-fangednpambest €. isndpmisagedd tof momedie frame
group of netals. The head frame 4 may have a thickness
4of , Ther hegadnframe ¢ dpclades ans ntsidatinang gertion 4a
n the head frane 4 is |amnated on the

Wh
b3 B0e St SPREANAENGE: Shoge AT gree bridge portions 4b

- which are integrally formed with the outside frame portion

'4a and which link the lateral sides of the outside frame

.pdrtion 4a at a constant interval. Accordingly, four
openings 5 having a rectangular shaﬁe are formed in parallel
to each other (see Fig. 2). In the case in which the print
head 1 is applied to a line printer which prints on ‘A4’
lsized paper in a portrait orientation, the length of the
openings 5 corresponds to the width of the size 'A4', that
‘is, 21 cm.

The head frame 4 is formed of a material having the
same coefficient of linear expansion as a semiconductor
substrate of the substrate member, which will be described
below. When, for example, a silicon substrate is used as
the semiconductor substrate, silicon nitride is used for
forming the head frame 4; Alternatively, alumina (Al,0;},

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



tenperature such as 150C, the nozzle-fornmed nenber 2
tries to shrink by a |larger anount than the head

frame 4 at a .tenperature |ower than the |am nating
tenperature (150C), and thus becones tense. Since the
head frame 4 is sufficiently.rigid, the interval

bet ween the ink-ejection nozzles 3, that is, a nozzle
interval, varies in accordance. -with the coefficient

of linear expansion of the he&H frame 4.. " ne-head

frame 4 is | am nated on the nozzle-forned nenber 2

.. by using, for exanple, a heat-setting adhesive
ushdefrom pher girouy of keadnis ddame (SHwopd Rtc., may be
lam nating substrate nenbers 6 on the nozzle-forned
- ugedbéron. thécgoedpngify glags urald thnvelr hest chinpsy He used
are formed on a single nozzle-forned nenber (see Fig.
fppm thehgopuphefsmetadst.e nenbers 6 is constructed by
form ng heating elenents 8 on a surface of a

sen Bipdiradriranestrmay Raver aetthdfksibiscofi, €br. example,
and lam nating a_ barrier |ayer 10 on the
- SsBy cBRduE oPUSERSieRtdYy Tidithe Wasme tdicddiend tiname 4 is
si de gt which the heating elements 8 are fornmed (see
lamjuatedon Ghe rRzzigrfosmedajiember defitngs high |
side surfaces of iniBBgessurizing cells 9; in other

| UEPEEItOre SuFheasalSPRC sithe meprdestorpied member 2 tries
b HREEERHY, 41 S905RH) Bndins PRl Hhechebd Erol, s o
hipbEolin SO LS, SERTHRUSEE  Bhprk TR o)
-v:aﬁ@n%ﬁ@QdH&é&mesSHQﬁgé?teSchgntﬁQiﬁgahh%rg%%tunQS
el enents 8
" sufficiently rigid, the interval between the ink-ejection
nozzles 3, that is, a nozzle interval, varies in accordance
:with thé coefficient of linear expansion of the 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._Z).-

Each of the substrate members 6 is constructed by .
‘forming heating elements 8 on a surface of a semiconductor
substrate 7 formed of silicon, etc., and laminating a
barrier layer 10 on the semiconductor substrate 7 at the

same side as the side at which the heating elements 8 are

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




are fornmed, and renoving unnecessary parts by a
photol|thography process. Accordingly, the substrate
menber 6 is. "conpleted. In the substrate nenbers 6,
the thickness of the barrier layer 10 is
approximately 12 m and the heating elenents 8 have a
- square shape of which the length of each :side is
approximately 18 m In additi the width of the
i nk-pressurizing cells 9 is” %%rOX|nately 25 Juan. As
an exanple, a case is considered in which the print
head 1 is applied to a line printer which prints on
sifg' surfagesd pdpdnki-prespurtivding eeldn #; dh dihatichords,
a case, for . -a single opening 5 forned in the head
ifr gREVES agpithei pddel yallls wf ttheusiand prdssjmictimn cells 9.
nozzles 3 are formed in the nozzle-formed nmenber 2 and
ThexbaErlstbdavere 10efse foroedr of .afiomtestngtier.ean dry £ilm
. Thus, approxi mately three hundred and ten
”WhﬁﬁheﬂﬁcFPEﬁbﬁéz?Wéélshér@xﬁ@ﬁﬂiﬁ-l@ﬂﬂsﬁﬂuﬂqnstructed by
substrate penber 6. Accordingly, is inpossible to
LeREHAEIRS SBEURsFeTAlRbEVEToR @ﬁ@mr@ WU agec efattde
drawings which are limted in size.

SShiFRRaREEor sybaLFats 7. 8 wpach the blating Silncio s
. d d he d
- =HEOFORhAdL 8y, %eisxéﬁ?s“nﬁﬂﬁsﬁ%%‘é%r{ PRECELN Pat e
%p@@ggf{ﬁ% ?Eégh# g&?ﬁggga?PIéF%Fggéﬁli Ot&@ su%sq%gg%rmember

6 PP OXh 105C. Accordingly, the |am nating
t enpera re |s mai nly determ ned in accordance with

theIn 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
1side is approximétely 18 um; In addition, the width of the
- .ink-pressurizing cells 9 is approximately 25 pm.

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, approximately
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 accurate dimensions in the

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




characteristics of the barrier layer 10. Al though the
-lam nating tenperature of the nozzle-forned nenber 2
and the substrate menbers 6 is not limted to 105C,
it is necessary that the lam nating tenperature of

t he nozzle-forned nenber .2 and the head frane 4 be

hi gher than the lam nating tenperature of the

nozzl e-formed nenber 2 and the substrate nenbers 6.
This will be explained with-r28erence to a graph
shown in Fig. 10. Fig. 10 is a graph show ng the

rel ati onship between the tenperature and the interval

fl%tlvm%ﬂéﬂ% seda%@fn%n ttfb]o@a%ﬁ_r?gg OJﬁf%E%algtwe

nozzl e- forne mber 2 (‘nozz -1 nterva

elx@lodferand %nlaefe%%rﬁﬂée éx%’%n@ﬁin?e@%iﬂﬂ@i i nterval

between the heating elenents 8 forned in the

-. SubgheakALEEFALE SMEmLALA! 6T airB! 2hidhhteldN ohhehe' ARZz1e-
curve Ashows the relationship between the tenperature

- foittheldh embez? 126 by heatalcurigy aibe Bxa-iea? | aydtt aro/alt
at room tenperature (RT.) is L1. In addition, curve

aPpslocimattiedy nelsaci.ondkiceor@dngdsn e tenpieratiie and
the heater interval, wherein the heater interval at
-tempamﬁ&mmerasumalbmdebtexmuhed-£h4aduhﬁdaﬂue with the
coefficient of |linear expansion of the nozzle- -
chafrociedistiioer of itheapbarriiercdefyfercilnt lthiovedr the
expansi on of the sem conductor substrate 7 is a2, and
lapdnpédper femperatyre, Oﬁhéh@bmzd@soﬁqrmﬁ aembes A& and the

and B can be expressed as follows: A L =L, +
sEps§§ate 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 hozzle-formed member 2 and the substrate
‘members 6. This will be-explained with reference to a graph
.éhown in Fig. 10.

_ Fig. 10 is a graph showing the relationship between the
temperature and the interval between the ink-ejection
“hozzles 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
'fsubstrate membersl6 {heater interval). In the graph, curvé
-A- shows the relationship betweeﬁ the temperature and the
nozzle interval, wherein the nozzle interval at room
température (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,.




B: L =12 + L2a2T -wherein. L2 > L, and a, > CX2

Therefore, the head frane 4 is |amnated on the

nozzl e- fornmed nmenber 2 at a tenperature T1, at which

curve A and ..Curve B cross each other. Then, the
substrate nenbers 6 are | am nated on the

nozzl e-fornmed nenber 2 at a tenperature T2, which Is

lower than T., Wen the head frame 4 is |lamnated on

the nozzle-forned nmenber 2-aB4the tenperature T1, the

nozzl e-formed nenber 2 tries to shrink by a |arger

anount than the head franme 4 at a tenperature |ower

t han Whied [t RAVISHTI JiRRETH Wikhdalt Jexpa¥i dilUSF the nozzle-
becones tense. The interval between the ink- ejection
froarddamepbdmhat is,of heemwzaderfid el of VBIn&Sr | @xpansion
accordance with the coefficient of |inear expansion of
afhetheh e ifocanbictolSi sutes t et € 0Bf {$ chepntard thée@émperature -
expansion of the head frame 4 is approximtely the

e ddhe lahovd-ddser it toateesrehband B, calebaoazpeessed as
‘interval and the heater interval becone approximtely
- fllostive at the same - 25 tenperature. Accordingly,

the di SEI acenents between the heating elenents 8 and
“the Prklefebui bnbréz| es 3 do not easily occur. The
-nozzle interval of a conpleted print head is

det ePri fed by % ¥2%T red precision of a printer in

'ﬁﬂgfgldihiz > Ly and o > 0.

Therefore, the head frame 4 is laminated on the nozzlé—
. formed member 2 at a temperature T,, at which curve A and
-ourve B cross each other.

Then, the substrate membérs 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
ﬁember 2 at the temperature T;, the nozzle-formed member 2
tries to shrink by a larger amount than the head frame 4 at
a temperature lower than.the 1amiﬁating.temperature (T;).
and thus becomes tense. The‘interval between the ink-
‘ejection nozzles 3, that is, the nozzle interval, varies in
'accordance with the coefficient of linear expansion of the
head frame 4. Sinpe the cqefficient of linear expansion of
the head frame 4 is approximately the same as that of the
substrate members 6, the nozzle interval and the heater

interval become approximately the same at the same




print head is to be installed. Accordingly, L2 is
determined in a design phase. In such a case, the
required L1 can be inversely. cal cul ated based on the
~graph shown in Fig. 10 fromthe coefficient of |inear
expansion al of the nozzle-formed nenber 2, the
coefficient of linear expansion a2 of the
sem conduct or substrate 7 (which is also the
coefficient of |inear expansidh of the head frane 4),
the lamnating tenperature Tl of the. nozzle-forned
nmenber 2 and the head franme 4, and the tenperature
ithnigeafamige AT Mdﬁﬂh%{@re £1dn d‘féﬁi‘&céxﬁ&?ﬁé %&E&egh the
and roomtenperature ( Al'ternatively,

el e ed@mii el &l dHdeHd e.u_fhelé F¢Fon 68Y2% 1.9& 3Léo “not
L2 (a2AT - 1)/ (alAT - 1) Due to the differences caused

gasitllye commtf.acturi ng process, the nozzle interval at
roomtenperature (R T.) may be too small or |arge
rel-afheenbazikeibterials vch aa corpdeted mdints tHEAd AN
be made by changing the:. lamnating tenperature of
detenmiagd hane Leand ek mozzlsidoroikd mnhete?. iffovhich the
exanpl e, when the nozzle interval at room- 26
phigpdeaduis R e instaddedwi drdordimgdlyr Lhams L1,
t he head frame 4 may be |am nated on the

adeisdgmw pivase - t dpaualure Rose . ithe hreguired

hi gher_than the lam nating tenperature T1 determn ned

Lat CEReD 8e§PEﬁrﬁﬁé¥ecaﬂﬁu&§G?@|Bﬁsedwﬁénthﬁegmﬁnﬁe§hown in

.ﬁmte omtenperature (R.T.) is LO3,
. from t e coefficient of lirear expansion a; of the

- nozzle-formed member 2, the coefficient of linear expansion
Oy of the semiconductor substrate 7 (which is also the
coefficient of linear expansion' of the head frame 4), the
laminaﬁing temperature T; of the.nozzle—forﬁed member 2 and
the head frame 4, and the temperature difference AT between
the laminating temperature T, and room temperature (R.T.).
Alﬁernatively, L, may also be calculated from the following
equation.

Ly = Ly (0,AT - 1)/(a;AT - i)

Due to the differences caused in the manufacturing
.pfocess,'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 the nozzle-fdrmed member:
5 _

For example, when the nozzle interval at room




which is larger than L1, the head frame 4 may be

| am nated on the nozzle-fornmed nenber 2 at a

tenperature T03, which is .lower than the | am nating
tenperature Tl determned at the design phase. The
coefficient of linear expansion of the head frane 4

is preferably |ower than that of the nozzle-forned

menber 2. \When the . head frane 4 is |lamnated on the

nozzl e-fornmed nmenber 2 and th&6t enperature i s reduced

to roomtenperature (R T.), the nozzle-fornmed nenber

2 receives a force fromthe head frame 4 in either

{enpera vupanck nY. fi 12 | 0N Wil )i <A snﬁlr]'fé'i:l‘"fﬁﬁn L;. the head
direction. The direction of-the applied force Is _

Tiednes M nedtly [ye thanired ©€dd 0s hilbe bROYRER-£HBhEA member 2 at a
coefficients of |inear expansion. \Wen the :

tregued 13 fuorered) ,newhech2 isebiighes: thke ft®eCq dnindi@ng
direction (2), there is a risk that concavities and

Tampayd tims Twdederesined ldt thd dlemwidyr pids. In addition,:
nozzl e-fornmed nmenber 2. Accordingly, the nozzle-forned

- Whathdhe nsragler dhitervakiaesrade tanperatutde(R.T.) is Lg,,
direction (1), the expanding direction, rather than
Whidhd silangenoihan L. Thhe heast dhsiley 4 ey be laminated
coefficient. of .linear expansion of the head franme 4

905 Hhgayozz gt forme b manhe h ¢ Ate-d oremperaiiee To27 whidch is
and approxinately the sanme as that of the substrate

19K DR the Jemimeddng rempanataie gt deterarined Bt the
é%‘thegﬁfad frame 4 and the nozzle-forned nenber 2 is

prép r agfehi_gher than any tenperatures at which

-fol'@ﬂL”QOQ%ESSiéﬁ% g%elinear expansion of the head frame 4
is_p;eferably 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 fofmed in the
nozzle-formed member 2. Accordingly, the nozzle-formed
member 2 preferably receives the force in the direction (1),
the expanding direction, rather than in the diredtion (2).
.Thus, preferably, the coefficient of linear expansion of the

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



-perforned. Accordingly, the nozzle-forned nenber 2
constantly receives a tension during the processes
performed after the | am nation of the head frame 4 and
the nozzle- formed nenber 2, so that no winkles are
formed. In the above-described exanple, the head
frame 4 is lam nated on the nozzle-fornmed nenber 2 at
150C, and then the substrate nenbers 6 are |am nated
on the nozzl e-formed menber-22%4t- 105 C. Accordingly,
ahead unit 11 is fornmed by conbining the head frane
4, the nozzle-fornmed nenber 2, and the substrate
TR approxat el RAsS aitd A @ha oF aHd e tashed
to the head unit 11 (see Fig. 1). One ink-passage
menleas1%.i s provi ded for one color, and four
i nk- passage plates 12 individually corresponding to
f our Inohddstaon, pthei daskinattiagaltefmpesafkiuge. T1 efdtBe. head
The ink-passage plates 12 are forned of a materi al
fgsimeh ddaes]l thet neezilley- fitafrednmenbearhix hishgerafiserably higher
resi stance. Each of the ink-passage plates 12
theg aadys tempemaiavresoati ohitdh floldlowing prionasasse afe
the openings 5 fornmed in the head frame 4, and a
‘periegaedor t AGFOrAinglyn ithe mogglg 1fpmedrmenkienh 2 he
- 28 chanber portion 13 at one side thereof. The
ComBtGE LI FRERLVES s tegsion dnrdag Fhvarrosessas performed
| ar ger _than the planer. shape of the openings. 5. The
A EPep PSR LIST, S5, BEFT et GPEhiTHS FPZRle-

the side opposite tqg the side at. which he f] ange
SR HOTRBRS 2 of o 4t doh Skl o Ay foxmed "% 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-passage plates 12 are then attached to
the head unit 11 (see Fig. 1).

One ink-passage plate 12 is prowvided for one color, and
four ink-passage plates 12 individually corresponding to
 f6ur 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



positioning the substrate nmenbers 6 are fornmed in the
side walls of the opening 15 (see Figs. 3 and 4). In
addition, the flange portion 14 is provided with an
i nk-supply tube 17, which projects fromthe side
opposite to the side at which the chanber portion 13
is formed, and which is connected to 'the -
above-descri bed openi-ng 15 (see Figs. 1, 2, and 4).
The notches 16 are arranged-im8two |ines across the
opening 15 in such a manner that end portions of the
opposing notches 16 overl ap each other in the

éﬂ H\Glscrhf I'bet}/e aé’fd rl{rﬁé}tga%% S'fzf neJ t&)e:rtion

t er m ned su stra

t f
bt b S A S
: loft Rafe tdferbil 8. PAHd Uhahber fddrtidH 015 I'll% provided.

opening 5 and the flange portion 14 contacts

walthSiafe dye P as AN Wi Yidhd pgydidese wrﬂu@@i@ acﬁ‘ which

' ~the head franme 4. In addition, the substrate nenbers

Hheniflained Yortiom Az |1 R, MeiHE ok e rmslﬁdlo.ned
~inside the notches 16 forned in the chanber portion 13
pesd. t iand nad fdee dubss it o T D@ taren fhinfeReanidfe side

3 and 4). By conbining the ink-passage plates 12 with
wiald shedd the2 @pendmig 15l (aeed Figysi.bad amldouve,. cllosedtdition,
paces surrounded by the chanber portions 13 of the
thek flasgeg@opitdions 1 ign @rovd dedo wAltd: fagy dmk -wsappdly Zube 17, -
are fornmed. These cl osed spaces are connected to the
wBILCEr PFoIemEsr FmaEnh tthen|si.deh cppgis itige tionjthes gddley at which

tubes 17, and serve as ink passages 18 for
the chamber portlon 13 is formed, and which is connected to

1therab0ve-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
.obposing notches 16 overlap each other in the directioh in
which they are arranged. The size of the notches 16 is
determined such that the substrate members 6 can fit thereiot
| Each of  the ink-passage plates 12 is adhered to the.
head frame 4 in such a manner that the chamber portion 13
fits into the openiﬁg-s and the flange portion 14 contacts
the outside frame portion 4a and the bridge portions 4h of
the head frame 4. 1In addition, the substrate members 6
laminated on the nozzle-formed member 2 are positioned
inside the notchés 16 formed in the chamber portion 13 and
are adhered to-the chamber portion 13 (see Figs.l3 énd'4).

By combining the ink-passage plates 12 with the head




transferring ink which is supplied through the

i nk-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 --sinpler than a
print head in which the head chips are individually
provided with ink passages. In a single closed space,
the substrate nenbers 6 are- #Rdrvidually fitted
inside the notches 16, and are arranged -in-two roms
in a zigzag nmanner so that end portions of the

WIS tTRlfs NEer Sodd QUSEVED A A ifkes Mg+ dufdEd By the

.manner that ink inlets 9a of the ink-pressurizing
cﬁfdmmeﬁ papiasts AR @éhailerinkipfssdde pIdcnsSEAtd She
is formed between the two rows of the substrate
mezdier-<forfined amentidie. 2 Ak -fumessly | Fids< atlosdl affaces are
connected to the ink passage 18 .via the ink inlets
Gnneded-ity Qle dveridrexmtieconmEstt adrelsy hrodgichthe ink-
el ectrically connect = the heating elenents 8 fornmed in
suURP st dathest d he st ssegrvep asainkx tpers sgesn itd diowni t,
are individually provided for four: colors (only one
ransfienning dadwvhiich misy suppliest thafoudie thd dvikisupply
substrates 19 is provided with connecting tabs 19a, -
‘besthcpagte A ddia dplmraRghtdFdmh e e or mé@cordingly,
betme n th head frane 4 and the ink-passage plates

Pﬁssa&‘?d 1%%&@%%‘4‘?@ do& pdgraddisef head

onn |n tabs 19a _are electr.icall connected
C?‘&Pc‘?o NCio Pgh TS STHEBRGWAPT SHRBLY L Tl

- 's%'l%‘i:t %ilaﬂmo “E)%lnq:atl'xea% Gilne %10% %he head chips are

individually provided with ink passages.

In a single closed space, the substrate members 6 are

individually fitted inside the notches 16, and are arranged

-in two rows in a zigzag manner so that end portions of the

substrate members 6 overlap one another, and in such a

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

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

between the #wo rows of the substrate members 6, and the

-ink-pressurizing cells 9 are connected to the ink passage 18

_via the ink inlets 9a (see Fig. 3).

- Pour 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,




formed in the substrate nenbers 6. The ink-supply
. tubes 17 provided on the ink-passage plates 12 are
i ndividually connected to ink tanks (not shown),
whi ch individually contain inks of different colors,
and the ink passages 18 and the ink-pressurizing cells
9 are filled with ink supplied fromthe ink tanks.
When a current pulse is applied for a short tine such
as 1 to 3 is to sone of the-hdltirng el enents 8:
selected in accordance with a command i ssued by the
control unit of the .printer, the correspondi ng
WEAH e SR e B @{&dgﬁ?l&é&iﬁﬁ@tﬁﬂ-fm Hddlden the
at each of the correspondi ng heating .elenents 8, a
Hudib | Fraife i lan@Rdie (MK UG pratsner At Gthe #idNes), ang
surface thereof. Then, as the 1 nkK bubbl e expands, a

- eoetreral rto/ ineTBUYs tirdtd et @heaghe anshridie: abs 19a

volume of ink is ejected out fromthe correspondi ng

+ - dnek-edjestinieral 1yo zzimmed: tas] ao idda tHap .poliietd Nfadt Gfhown) ,
which is ejected .fromthe ink-ejection nozzle h,

vidiedy eore( limddyigmalily sommdcttedrad whe txdatanh glianmts 8
- of paper, etc. Then, the ink- pressurizing cells 9

- Hoxmedine Hhieh s ubsit ratep memtersj éct ed are i mmedi atel y
~refilled wth ink through the ink passages - 31 18 by

- ‘the ThAeinkpeHPPdY thbes| &dt paovikedr ops thehdnk-passage

manuf act uring process of the above-described print
plates Ig prepdngiivdoualdyy comnertied dn vinkn tosksy dnat

o Figs, .5 to 9. First, the nozzle-fornmed nenber 2 is
5 H@d Hylgﬁ individually contain inks of different colors,

and the ink passages 18 and the ink-pressurizing cells 9 are
filled with ink supplied from the ink tanks.

When a current pulse is applied for a short time such
as 1 to 3 us to some of the heating elementé 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 vapor (ink bubble) ié generated
at the surface thereof. Then, as the ink bubble expands, a
© certain volume of ink is pushed ahead, and the same volume
of ipk is ejected out from the corrésponding ink-ejection
~nozzle 3 as an ink dropQ 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. Then, the ink-
- pressurizing cells 9 from which the ink drops are ejected

are immediately refilled with ink through the ink passages




el ectrof orm ng techni que, and is di sposed on a
supporting jig 21 having a flat surface (see Fig. 5).
The reason why .the nozzle-forned nenber 2 is disposed
on the supporting jig 21 is because the nozzle-forned
menber 2 is extrenely thin and it cannot maintain its
shape by itself. Next, the head frane 4 is | am nated
on the nozzle- .forned nenber 2 disposed on the
supporting jig 21 by heating 3lheat-setti ng adhesive
sheet, for exanple, an epoxy adhesive sheet, at 150C
(see Fig. 6). In Fig. 6, reference nunerals 2'.and 4
18C Egmahbc 8hig ShEWNithess hiaRe S RicHde 1 k0%l or ned
menber 2 and the head franme 4 which extend by being
- heat B tRad@PAStuNeNy, ptbee§HPBE! thBJabb¥eldek®ribed print
~ renoved, and the substrate nenbers 6 are | am nated on
- hebhd mowila- ber bedeflgnespldidedl 206w $4thhaefidiedead,
. chips HC are fornmed (see Fig.. 7). Fig. 7 only .
-Féghentt toablLy shows the [am nating step, and only
seven substrate nmenbers 6 are shown for each color
Accdfdirsigl ythe heohzbe- finimed Imesbeonpl| tseflofmed biygan
8), and an ink-passage.unit 22, which is constructed
epgchrefaeming3bechrigues, and ast ddspdsed the ahsagponitting
11 ésee Fig. 9). The ink-passage unit 22 is
- Jtgndt rBaYERIby Edabi Ann§ache (§B6VEigdeSdri bBHef meason why
| nk- passage plates 12 using a _connecting nenber (not
| the fpzzlenteReed, npmbagad Is @heppesd PRafBedsupposhing jig -

_Zfafsrbecause the nozzle-formed member 2 is extremely thin
~and. it cannot maintain its shape by itself.

Next, the head'frame 4 '1s laminated on the nozzle-

- formed member 2 disposed on the supporting jig 21 by heating .
a‘heat—setting‘adhesiversheet, for example, an epoxy
‘adhesive sheet, at 150°C (see Fig. 6). In 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 schematically shows the laminating
step, and only seven substrate members 6 are shown for each
color.

Accprdingly, the head unit 11 is completed (see Fig. 8),

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




- approxi mately the sane coefficient of |inear expansion
as that of the sem conductor substrates 7 (for
exanple, silicon substrates) which are the base
substrates of the substrate nenbers 6, is first
| am nated on the nozzle-forned nenber 2. .The head
frame 4. Then, the substrate nenbers 6 are |am nated
on the nozzle-formed nenber 2 at a tenperature | ower
than the lam nating tenperat sz of the head frame 4
and the nozzle-formed nenber 2. Accordingly, the
interval. ..between the ink-ejection nozzles 3 forned

pjgﬂclagg n@ézLl%tatg%ﬁe%maﬁaehe%gamltthgﬂ rtts rev%lig. 9). The

tweeh the heating elenents or me

1ﬁkb§h§§E§enﬁﬁﬁ%r§261§r%oﬂ W@%%t%%?bys%%ﬁﬂ@hlgﬁ the above-

tenperatlres [ ower than the lamnating tenperature

a&B@rmeéal eohier TRY - gﬁﬁgﬁbezp@@t@etshq 2hedd nlg %oqmectl
hus,a .print head having inproved characteristics o

méﬂbegr@ﬁot ghewhi)Qn can be obtai ned. Even when the

size of the substrate nenbers 6 and the nunbers of

heat Imgtioe epeni® Beadand the he¥defeaneol, NWAILAShds

provided for a single substrate nmenber 6 are _
. approgimatelgi theasanentseecliftivientt b€ ldxedhcedpansion as

el enents 8 and the ink-discharge nozzles 3 do not .
tkhati by bheusemiAconddrhgkysubbtratere Gf (ifloe mmamplheadlllcon

1 can 33 be easily increased, and thus the print head
substratesti whiigh' sut 8beebhise suhgtpaites bfadbessebsisate

print heads for line printers, etc. In addition, by
mwﬁhﬁiﬁﬁtﬁnglﬁ hEikeidlaminatadoant ﬁée nozzle-formed member 2.

menber the nozzl e-forned nenber 2 obtains
" The head frame 4. Then, the substrate members 6 are

laminated on thé nozzle-formed member 2 at a temperature

lower than the laminating temperature of thF head frame 4

and theﬁnozzle—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-subsﬁrate members 6 are always the

-Same at temperatures lower than the laminating temperature- i
- of the nozzle-formed member 2 and the head frame 4. 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-ejection nozzies 3 provided for a single
substrate member 6 are increased, displacements between the
exothermic elements 8 and the ink-discharge nozzles 3 do not

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



hi gh rigidity. Thus, as described above, it is

possible to forma print head for a line printer In

whi ch four print heads for four colors are comnbi ned.
Furthernore., 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 ate arranged, print nottling can be

made | ess conspicuous. In ad#¥tion, since a plurality

of head chips HC are fornmed on a single nozzle-forned
menber, positional accuracy of the ink- ejection
bBOzakedyCancheasser,caned thind e Ridild Mbad 1 is especially
characteristics can.be inproved. I'n addition, since a :
- sailkgbiel fyrpasnagprintc peadst hdo as P Headyf fradine
chips HC the structure for supplying ink to each of
-~ primwthead etchi ps HC can be made sinpler. The
above-described print head | is sultable as a print

, . heba additien| oby laméndiiegttha heafdefitameal ar ohothe

the feed .direction of a print medium and is
nggpderfprpedumeabes 3s &hel noszileadoriedomgimbgiry 2 obtains
print speed can be increased. . Although the present
- highehigdfitis afpusedasodgspiriibed mbeyef.oitais possible to
- full-color, bubble ink aet printer in the above - 34
- foER R BEdnEnBsafnERT, at hdngr BEdRternianwhdehndpua pFint
hbe afgllgd to grint heads for nonocolor printers. In

82071 F8R, FOBYeROLRTFBTEaSMPARRA-ch t he present

inventign is applied to a print Eead for a full-color.
or i R ChesHo T neatice | IS ie e PRLRS: AF AFe ciieBotRd in a
zfQQXS'ggﬁﬁéfbfg %Bguggggg-hgscribed 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. In addition, since a
single ink passage is connected to a plurality of head chips
-HC, the structure for supplying 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-




-which the four print heads for four colors are

conmbi ned, and an individual print head nay be

prepared for each color. The shapes and structures of

the menbers of the first enbodi ment are descri bed

merely for illustrating an exanple of a print head to

whi ch the present invention is applied, and are not

intended to limt the scope of the present invention.
.Next, a print head according3to-a second enbodi nent

of the present invention will be described below In

~ the follow ng descriptions of the second enbodi nent,
dexkirabald eibJdaarRd NGHOrRAE: Nawdit 1die i also be
--construction as in the first enbodinent are omtted,

appd iedC AP PIERIS Hldld Ford edisAdm gihtfdrsst In addition,
enbodi nent are denoted by the same reference

eveneia Thel wadeddn twhiall dibe tpyege)tecinvedn ttilm prsemmlled
-invention, -a print head 30 of according to the

. 'tseaopatwrl.‘owauhrﬁor ianduldessdlver qutigttrent e thenipgresseht

: and the nozzle-formed nenbers 2 which have
- lapgngiomatisl ypothd igkmed def fihe @ows-daswdibed structure in
expansi on. Thus,. even when heat is applied in the ,

Whé@h thei ougr prdad, heiags degmday [shaten anee dedtdinggl. and

el enent's 8 and the ink-ejection nozzles 3, and
-aBetlﬂééNifiﬁé‘ ipdngy é‘@ﬁﬁ’r MAYh dec éiqeé’agf%dfc’%@aCh °°1°1' .

i nk- §$ect|on nozzl es whi ch occur due.to

i 1 T EREnEBaPRSSRAAInREGUOFHERS B8 fEEnNOBHETE Y FapeTirst
PSR S0, AR AL TS BTG Ao cxampie
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 descriptions of the seéond 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

dincludes 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




"direction and ejection speed, which occur due. to the
di spl acenents between the heating elenents 8 and the
i nk- ejection nozzles 3, and between the
i nk-pressurizing cells 9 and the ink-ejection nozzles
3, can be reduced, and degradation of the printing
guality can be prevented. Accordingly, various
~adhesi ves including heat-setting adhesives can be
used in the fabrication proce3s.-Wen a print head is
driven (when the ink is ejected), the tenperature of
.the ink is increased for an instant, so that t he

%m§H¥§l€ épﬁj%% J%?é f%d“ﬂﬁ%ﬁfé ndt§%$ween the

ozzl e-forme SO |ncreased

ke preRefdriGiie g.frgt %eqflé ignediq eef@&%w%ﬁceﬁﬁl StHSIT AL 6,

menbers and the nozzl e-forned nenb are
wiilde Ritur AWORCE e eRRRd & %Mﬂlaigeé '"FEPLQ—%’ SHetween

and the nozzl e-fornmed nmenber is generated,

tthe g tinatef nichdedls Bl PG HeS rﬂﬁﬂl@%rmé@ member 2, can

contrast, according to the above-described print head
b8l reduvedli f Aecoadd ngl yt, heaadeitfigie s tife |d aRAring
expansi on between the substrate nenbers 6 and the
ddareritd-ono amed efeittdion? speeeixt mmity il dweo tidhathe
hi gh durability can be obtained. - .36 Although the
dpnseéemememtenbmlwems thapp biead ing @Jlenmxtsh@a@nmltdie ink-
prints on 'A4'" sized paper in aportrait orientation
ejjgctiens @@@ﬁde@i Bec andn bettveepr dbentinkmpaesisorizimg cellis 9

also be applied to other print heads such as seri al
~ejection nozzles 3, can be reduced, and

‘degradation of the printing quality can be preévented.

Accordingly, various adhesives including heat-setting

adhesives can be used in the fabrication process.

.When a print head is driven (when the ink is ejected),
the temperature of the ink is increased for an instant, so
that the temperatures of the substrate members and of the 5

~nozzle-formed member are also increased. Thus, when the “
. coefficients of linear expansion of the substrate members'

and of the nozzle-formed member are different, a ferceuto

- separate the substrate members and the nozzle formed member

is generated, and durablllty 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

obtained.



In addition, although the print head 30 was.

constructed of a plurality of substrate nenbers 6 in

t he second enbodi nent, the present invention is not
limted to this, and a line of 21 cmcan also be
covered by a single .substrate nenber 6. Wen the

| ength of the substrate nenber 6 is increased as

descri bed above, the influence of the difference in

the coefficients of |inear expénsion between the
substrate nenbers 6 and the nozzle-fornmed nmenber 2 is

i ncreased. Accordingly, in such a case, the use of the
prin : c dj t (1Y 1Q1, ;
o o SR e preskl HRvetath! yot e A ane
HRREORGA IO QR onMldla D& fald Nedpdd | 14514 P&ckPel oW

For exanple, the print head 30 may be manufactured by
oridntdtaWnNd P HORE SedbTid @ Bred # i iPN d Gresent invention
(sl ngle-crystal silicon) as a material of the

megialeed bel @ppddest el @ther pHHE€ hedds thechase serial
menbers of the substrate nenbers 6, a dry filmresist

hesgisnatedd.al of the barrier |layer 10, and Invar- alloy
as a material of the nozzle-formed nenber 2. The
i nk- éhegdfidhionzzatthBughether pednitnhehd 30z was codétructed
formed menber 2 by a spray etching process using a
offeer pdurellidyi ¢f. sybisdiriadie mMEmbdrsaté rig dihemsvacond
(heaters) 8 are fornmed by ..lamnating a thin film .
P neR t, h #hee Bresealc Lovesiismy dise not flgmidedita Hais,
silicon wafer, and then the dry filmresist .
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 second embodiment
will be further illustrated 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 substrates 7,
which are the base members of the substrate members 6, a dry
£ilm resist as a material of the barrier layer 10, and Invar

alloy as a material of the nozzle-formed member 2.

The ink—ejection nozzles 3 are formed in the nozzle-




is lam nated on the sem conductor substrate 7. Then,
the side walls of the ink-pressurizing cells 9 are
formed by renoving unnecessary parts of the dry film
resist by a photolithography process. Accordingly,
the substrate nenber 6 is fornmed. The substrate

“ menbers 6 and the nozzle-forned nenber 2 are
positioned relative to each other, and are | am nated
by heating themat 150C for 3B i nutes. I|nvar all oy,
of which the nozzle-fornmed nenber 2 is . fornmed,
. consi sts of 6496ferrun1(Fe) and 36@bn|ckel (N| , and,

n e |
£B8tmeAmBRLEEED i)l&og] & pH; expanSI onwa ﬂli:ogd% rﬂ?rﬁ%g'ferrlc

coefficient of [inear

chmgrlggegglgtggh.of I'i near expansion of Invar alloy is
alnost the -sane as that of silicon (2.6 x 10-6),

Whi Ofhé Shé 461 RGSE1 eMBLEEI EheatelBy BUBSE’ #bemBaITBE! 6.
When the print head 30 is constructed as descri bed

- lahouatihfeadthihagaTentiayket Weethe sldia dRdlidthr substrate
el ements 8 and i nk-ejection nozzles 3, and between

7t fiermal- pfeshar s1ildgoneWated amthd thennkin ety @ilm resist
nozzles 3, are of only an extrenely small anount, and

idejamintted oh the pemicongugialr tspbsarate r.evdhiterd. the

- - 38 As described above, Invar alloy consists of 64%

~ sidervalls: Qﬁerhendnxﬁurﬁﬁﬁmmlzaug)cead@ Waarehdormed: by
coefficient of linear -expansion of 1.2 x 10-6, which

TegOYhRI MIRNAOAE Gaye PRFtShOL gh@pﬂryh&m1m|raay§t:hy a
Wien_t he content of ferrum (Fe) close to 64% the

P%%EP%%Eh@ﬂ%aehY|PHQ§PS§xpaﬁ§p@ﬁdaeséweSthe substrate member

6 is 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 10-6. -Thus, the

vcoefficient_of linear expansion of Invar alloy is almost the
“:same as that'of silicon (2.6 x 107%), which is the base
“material of the substrate mémber 6. VWhen 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 small émount, and

degradation of the printing quality can be prevented. .




% i gher than the m ni mum val ue (see Fig. 13).

Accordingly, an alloy, in which the content of ferrum

(Fe) is adjusted around 64% so that the difference in

coefficients of |inear expansion between the silicon

and the alloy is reduced, may al so be used. According

to the second enbodi nent, the print head 30 may al so

have the followi ng construction. The base naterial of

the substrate nenbers 6 and-t%& -material of the

barrier |layer 10 are the sane as descri bed above, and

Pyrex glass (which is a trademark of Corning Inc. for

a hang gkassibda abé4Q),, Thvawsad 13y o dTaly I 64 ferrum

the :nozzle--forned nmenber 2. The coefficient of ‘
- {Fier}e amde 3gan siiake I0f(NAY),©Xardl asss ithed.cbe i fentd NEE 1inear
~ink-ejection.: nozzles .3 are fornmed in the :
expanisd.onooded .2enha0-2, byhich ehst the monim8khcithlge in th

(RIE) process using a chromium |l ayer as a mask. Wen
“gira@hp sivewnhdad F3@ -c di¥st r Whteed the desdrarbie o bfvserum S(Fe) is.

used for printing, the displacenents hardly occur, and
cdegradat 841t -oftbeheosfificieg tqed ilinezan dxpareimntietomes
- . Furthernore, according to _the second enbodi nent, the
hipghgr fbag Ihenminimyg yalueod seeadiies, 13 ). nddwmflingly,

ﬁSiii -39 .'A6') having a |length of 105 mm in which
ABnBLlsQBst Al ¥higBhffbe gondepinodafedmm (Fe) is adjusted
~_hozzle-formed nenber 2. The base material of the .
aZRBA0, B3 RenbBATe thendLTkeaERGe oP CReTTisdemts of linear

okEBE18. PR e R ST koR bl RS b Secucea, may
also be used.

.According to the second embodiment, therprint head ‘30
may also have the following construction.

The base materialef the substrafe members 6 and the
material of the barrier layer 10 are the same as‘deSCribed
‘above, and Pyrex glass (which ié a trademaik 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 as a mask.
| When the print head 30 constructed as described above
is used for p;inting, the displacements hardly occur, and
‘degradation of the p;inting quality can be prevented.

Furthermore, aécording to the second embodiment, the

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




Since the difference in coefficients. of |inear

expansi on between the substrate nenber 6 and the

nozzle formed nmenber 2 is extrenely snmall, the

di spl acenents between the heating el enments 8sand the

I nk-ejection nozzles 3, and between the

i nk-pressurizing cells 9 and the ink- ejection nozzles

3, are also extrenely small. en the maxi nmum

di spl acenment between the heati’rig el enents 8 and the

I nk-pressurizing cells 9 is only several mcroneters.

Accordi ngly, degradation of the printing quality is

'ahlﬁw‘dstha\@mmlaetlaqgtpr a2 Nt @5l mif heis halpbsh atle  substrate

structures of the nenbers of the above'- described

meah ety Gerdfodianimatad aesmeé beokznke efgriied member 2. - The

illustrating an exanple. of a print head to which the
émten%@aemﬁ dihe sulgiivaie menber 6 nothé mateletal cof the

I|n1t the scope of the present invention. Next, a

b&”’-‘&@%é&é’%é&rrd.w the Mmaterinkmbdbemoztle tformed
sent. invention will be described below. In. the

&eg'@ly Rey e SamsistidrIFribed ARA¥eict i on  for

dug ts_bet the heat
G enehbee bie niPrREERER ian%ﬁ?:%%{lgge%tsiﬁé ddnees:

.ekﬁgnsﬂ%n bé%we%re§ urlé&%g: %ﬁﬁs e the nozzle-

e ect Lo "ho2z|

f
f%g‘g%ldf %“%?#E% 22960L g{'t?.%ﬂe%g‘t g?:}aél o ne "310 ascments
beRGEENCHARB! nak thihgeaN MRS PN e J.%ﬁ«{necj%%otnornozzles

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 elements :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 merely for
' illustrating an example of a print headlto which the present
- dnvention is applied, and are not intended to limit the
.scope of the present invention.

Next, a print head according 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 elemenfs

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




substrate 7, which is the base substrate of the.
substrate nenber 6, is |lam nated on the nozzl e-forned
menber 2 at a high tenperature. Then, the substrate
menber 6 nay be |am nated on the nozzl e-fornmed nenber
2 at a lower tenperature than the
| am nati ng-tenperature of the head frame 4 and the
nozzl e-formed nmenber 2. Accordingly, after the
nozzl e-formed nember 2 is tahfnated on the head frane
4, the interval between the ink- .ejection nozzles 3
formed in the nozzle-forned nenber 2 varies in
paessudapiagwckhlshe aadl hel dmik-@fjddtionar no@l@asiPKas
of . the head frame 4. Since the coefficient of |inear
seggantedn of the head frane 4 is approximately the
sane as that of the substrate nenber 6, the intervals
“bet \idere t $petitbicahly) eavobsd8ngntot hke first embodiment,
i nk--pressurizing cells 9 forned on the substrate

. thenheadcframg dhEormedr vfl a betteedalt havink- ¢hec same

nozzles 3 formed in the nozzle- formed nmenber 2 vary
c%?ffh€1§ﬁﬁe°falépeﬁgcGKEﬁﬁgR?P glse thgr semagondiucitor
_occurs due to the QisEIacenents bet ween the heating
subghEate ¢.awhichelipnkhej baseosuhsiznts 9f she subsirate

bet ween the ink-pressurizing cells 9 and the
meMReE| @t F¥nlaminatad, opethg nezzlpsforppgepember,2 at a
. porder to obfain the above-descri bed effect, the
n R FPRPRREERTS T | nLlFR exRfto FURSSEE REMRBHAT! paREY4bPS

Iy | ower fha t%at of. the. nozzl e-forpged nenber

LETER d HF abeRls 2endo, heReRRIESH S TBRaF ne
tQ8FGr-EE P8 than the laminating  temperature of the head
frame 4 and the nozzle-formed member 2.

Accordingly, after the nozzle-formed member 2 ié
‘laminated on therhead frame 4, the interval between the ink-
. eéjection 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
Iinear expansion of the head frame 4 is approximately 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 nbzzles 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 ¢ and the ink-ejection nozzles 3, and

between the.ink—preSSurizing cells 9 and the ink-ejection




4 wll warp due to the difference in coefficients of
i near - -expansi on between the head frane 4 and the
nozzl e-formed nenber 2. Mre specifically, in the
case in which the coefficient of |inear expansion of
the nozzle-formed nmenber 2 is higher than that of the
head frame 4, the nozzle-formed nenber 2 shrinks at a
. higher rate conpared to the head frane 4 when the
environnental tenperature i3 4kduced fromthe
| am nating tenperature. Accordingly, there is a risk
that the head frame 4 will warp in such a manner that
noze 1sisda ,swahade @voidaach the nozzl e-forned nenber 2
is |lam nated beconmes concave (see Fig. 14). As shown
i n Fig.otderwhenobbaihegatef aboveddvaepsbedherrejcegt ithe
direction of the ink drops toward a print mediumKk
- coedlifigdeatpiodcd inkarapapanstion, ofantibes heddl firdney valis
m between | anding points 1 of the ink drops on the
ppefprabldydilowelr Tbeomthadr odwihet auerzl e-fonmerd preartar 2.
portion. Such nonuniformty of the interval m between ‘
 HpHeveandilRgSuphi At sasecalibeseddsomnatisyn thiata tive dteedl frame
‘image simlar to spherical aberration of a |ens.
4AE’é-g|1dWﬁ§Py’,dth§°pﬂ: ddgfergpceqial copfifdcdeptadef linear .
In addition, when the head frame 4 warps, travel
‘eXppapinpcLetweeny ke hradr Spamsednesd the nezzdicedommed
nozzl es and the print mediumk becone shorter toward
n Wéer.geripheral portion. Wen the travel distances n

d'ffﬁgréﬁﬁpecifically, 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 nozzle-formed member 2

shrinks at a higher rate compared to the head frame 4 when
the environmental 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 inﬁ drops toward a print medium k
such as a piece of paper, etc., variés, andrintervals 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
ﬁoints 1 causes deformation of a printéd image similar to

- spherical aberration of a lens. Accordingly, the printing.



descri bed above, the ink drops ejected at positions
closer to the peripheral portion reach the print
nedi um earlier than the ink drops ejected at
positions closer to the central portion. Accordingly,
when such a print head is wused in a line printer,
printed lines are defornmed in such a:. nmanner that
central parts are displaced in a direction reverse to
the paper feed direction (in 42delay direction)
relative to the peripheral parts. Accordingly, the
printing .quality is degraded Accordingly, an object
gahlikg ik gdgerledi nent is to prevent warping of a
| am nation surface of the franme nenber, that is, a
sur f agca@d@ivhosh #hennerél Rehar FRAMEMGardps, travel
~ lam nated, and to avoid the problem which occurs due
. diigsthheeswar pEnghefl inke drepshaldtediiriias e -4 feetf 1enre
menber. In the follow ng descriptions of the third
"nembddsmant], thexphintt medd ue gambdicund Ehqatds @l the
the sane construction as in the first enbodi nent are
perniiphettalapdrtionpon¥hes she [taraved. tdicsmriced he diffdr as
enbodi ment are denoted by the sane reference nunerals.
dpascrhbed phoveg. the, ink drppisntejesdwd G quxiridions taloser
- 43 the third enbodi nent, a warp-suppressi ng nenber
teothesperipbpaprddprertionureach Apeofpringd medivn aarlier
which is at the opposite side of a lam nation surface
then pheyhPkhdrARs RISSEEdf aitnP@SAdiions Tlasamiithdhey.
vwgn ige nozzl e-formed_ nmenber 2 is forned of nickel
CHP R P RF F AP conpFPerAdPHL¥kehen 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. Accordingly, the printingr
‘quality 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—foimed member is.
laminated, and to avoid the problem which occurs due to the
warping of the lamination surface of the frame mémber.

In the following descriptions of the third embodiment,

' expianations regarding the parts having the same
construction as in the first eﬁbbdiment are omitted, and
components similar to those in the first embodiment are
dénoted by the same reference numerals.

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



.. agefiBr fhge § iz gth embedigendr, nettieo waofp tduppresss fngameember 101

as-in the first enbodi nent, the warp-suppressing

menber 101 is preferably fornmed of nickel or a

mat eri al conprising nickel. The warp-suppressing

menber 101 is lam nated on the head frane .4 at the

sanme tenperature as the lamnating tenperature of the

nozzl e-fornmed nmenber 2 and the head frane. 4.. In the
above-descri bed case, the warp-suppressing nenber 101

is lam nated on the head framd34-at 150C. In the print

head 100, the two surfaces 4c and 4d at the opposite

sides of the head franme 4 receive the sane tension at

thie 1@ ldnitd L@ Atd W rfCEop &6l ¥ng thEnbeat 01

frame 4 can be prevented from war pi ng. %%gs. 16 and 17

- lafdwated® xRl sWifatd it end Neadret Aot FTATwIRIAR T 14 at

" head according to the third enbodi nent of the present

they eppiosriteFistisle, of | deinon enrdeeeadd lec Oford Medeh the
frame 201, on which the nozzle-forned nenber 2 is to

noe zlerifoatned, membefro2neds damindtede GREXthéNtbBzle-Fformed
surface 201b at the opposite side of the | am nation
membezce 161 £ormefoofedistkeds ort ; atfdrtal wmprising nickel
curvature of the lam nation surface 20la is - 44

.201, which occurs at the operating tenperature due to
iphpreferablanfermed. odf mickead omfa imateriad paunpoising
Rg#geen the head frame 201 and the nozzl e-forned

n ér 2, can be conpensated for.

The warp-suppressing member 101 is laminated on the
head frame 4 at the same temperature as the laminating
- temperature of the nozzle-formed meﬁber 2 and the head frame:

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

101 is laminated on the head frame 4 at 150°C.
In the print head 100, the two surfaces 4c and 4d at
. thé opposite sides of the head frame 4 réceive thé-same
tension at the operating temperafure. Accordingly, the head
frame 4 can be prevented from warping.

Figs. 16 and 17 show an example of a manufacturing
-méthod 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 sﬁrface 201b at the
opposite side of the lamination surface 20la is formed so as

to be flat. The curvature of the lamination surface 201la is



Then, the nozzle-formed nenber 2 is. |am nated on the
| am nation surface 20la of the head frane 201 at a
tenperature higher than the operating tenperature, for
exanpl e, at 150C (see Fig. 16). In a print head 200
which is constructed as descri bed. above, the
| am nation surface 20la of the head frame 201 deforns
at the operating tenperature due to a shrinking force
of the nozzle-formed nenber-244However, since the
| am nation surface 20la is forned so as to be convex
at first, the lamnation surface 20l1a becones flat by §
deteRiniindd RS HHaKIdG Jrif6 d5 &k Rie Hdda figie 361, o
and 19 show anot her exanpl e of a manufacturing _ |
whitihh b dud's atPHiiY JiRA% AGHP Melnite Dt de dbd reo the
enbodi nent-of the present invention. First, an entire
digferehoe Headdofamidiltd ofvariinthdt Nexsdiedi én "BEHBREen the
that a |l am nation surface 301la, on which the
heeziz lferainer 2ed ey athe? nick 416 o 1inest nedrdsbr bECof®RE be
convex. Accordingly, a surface 301b at the opposite
compengfa tiglde £dram nati on surface 30la becomes concave
(see Fig. 18). The curvature of the lam nation .
sur f §aen30thei podaler fommddsmenber4 25is. fllamtinated on the -
def ormation of the head frame 301, which occurs at the
- 1gpdpatiieg sexfacs: 20dades the heaf firaman A0l mt a
coefficients of linear expansion between the head
teppetatyreahdohes thep ther onsad imdb dremperalinge, for
co nsated _for. Then, the nozzle-forned menber 2 is
REPIGr eBtod ORE (See Fig. 16)- |

In-a print head 200 which is constructed as described:
above, the lamination surface 20l1a of the head frame 201

. deforms -at the operating temperature due to a shrinking

force of the nozzle-formed member 2. However, 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 manpfacturing
-method for a print head according to the third embodiment of
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
nozzle-formed member 2 is to be laminated, becomes convex.
Accordingly, a surface 301b at the opposite side of the
lamination surface 30la becomés concave (see Fig. 18). The

curvature of the lamination surface 30l1a is determined such



| am nati on surface 30la of the head franme 301 at a
tenperature higher than the operating tenperature, for
exanpl e, at 150C (see Fig. 18). In a print head 300
whi ch is constructed as descri bed above, the

| am nati on surface 30la of the head frame 301 deforns
at the operating tenperature due to a shrinking force
of the nozzle-formed nenber 2. However, since the

| ami nation surface 301a is fothed so as to be convex
at first, the lam nation surface 30la becones flat by
receiving the shrinking force (see Fig. 19). Fig. 20
1ROV dtldtii e AUOHERD e A [ hun SODWUABAY at the

of the present invention, and an object of the fourth

@ﬁi@d:ilﬁiﬁlttd@dﬂﬁ:mw tdathela i tdhdd in coefficients
enbodinent. In the print head 400, intervals D between

diedtiinegre letpainissorh &fameian irep MREFUMF17dng 3¢ |&nd afik
bet ween i nk- ejection nozzles (in Fig. 20, positions

* ndzerlecif cameds imembeay 2 ,bloank bdotconipn o nfgnce) are
increased fromthe central portion (C. P.) toward the

per i fhenal ther hperlePEPrnedMpembespciifs danipatielde on the
rel ati onship between the intervals can be - 46
laminedden surfisideoidlaDpi< the he@l Lifamec JHL At tahe
operating tenperature, which is |ower than the
teRpeRatiung bdgberathea dhe operating ftampsratamsor or
and the head frame 4, the |amnation surface 4c of

eXREPYEad Aty 70" £ (see Fig. 18).

In a print head 300 which is constructed as described:
above, the lamination surface 30la of the head frame 301 -
deforms at the operating temperature due to a shrinking
fdrce of the nozzle-formed member 2. Hdwever,VSince the
lamination sﬁrface 30la is formed so as to be convéx at
first, the lamination surface 30la becomes flat by receiving
~ the shrinking.force (éee Fig. 19).

Fig. 20 shows a print head accordiﬁg to a fourth
embodiment of the'present.invéntion, 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-pressurizing cells, and between ink-
'ejection nozzles (in Fig. 20, positions thereof are shown by
black dots for convenience) are increased from the central
bortion (C.P.) toward the peripheral pértion (P.P.). More

specifically, the relationship between the intervals can be




becones concave. Thus, ejecting directions (shown by
the arrows in Fig. 20) of the ink drops at positions
farther fromthe central portion (C P.) and closer to
t he peripheral portion (P.P.) are tilted toward the
center. Accordingly, intervals d between the |anding
points on the print nmedium becone even fromthe
central portion (C.P.) to the peripheral portion
(P.P.), and the state shown~i%6Frg. 14, .in which the
interval s between the | anding points becone narr ower i
toward the peripheral portion, can.be avoided. NMore. j
exipeesidemldyy dinewsel ati onshi p between the intervals ' :
bet ween the | andi ng points can be expressed as
fol | pisx pdl <- D2¢- Dd3¢$p5d4 a d5 Thus, according.to
the. print head 400 of the fourth. enbodi nent,
degr adathenopbkraliéngr teimpegatuskl,t whdvR 8 lower than the
nonuni formty of the intervals between the |anding
lpoiinad ioly tempenatuwheops de e zzie-dedmeldl pidmdrayo2e and the
according to a control nethod for a print .head
hgedo £aiamg tio tthe flaminatdemodivrduce e of rthet hemdplframe 4
current to the heating elenents 8 is adjusted such
- bergmesheongayei-ng Thivene etie ot ik idiirendd opisodshomn tiye the
central portion - 47 receive current earlier than the
ARG e Fdfeni2® )8 ofp Shiet iigke dropgs @it posifdons farther
geéwﬁ eral portion. \Wen the head frame 4 warps

£n CePgTady POEd ongi( S Bnde 87 CAOERT: KO the peripheral

nd t he medi um k becone

poR 5By (b S Re Tt EPHPT b o R EREs | Acdordingly.

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 intervals 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 = 43 = d4 =~ 45

Thus, according to the print head 400 of the fourth .
‘embodiment, degradation of the printing quality due to
nonuniformity of the intervals between the landinglpoints 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
eurrent te the heating elements 8 is adjusted such that the

heating elements 8 positioned closer to the central portion .



if all the heating elenments 8 receive current at the
sane tine, the ink drops ejected at positions closer
to the <central point travel for a |longer tinme and

| and on-the print mediumlater. Accordingly, as
descri bed above, the tine to apply current to the
heating elenments 8 is adjusted such that the heating
el enents 8 positioned closer to the central portion
receive current earlier than #he-heating el enents 8
posi tioned closer to the peripheral portion. In other
words, the heating elenents 8 disposed at positions

e edtent amalidd N e o iQ{QO%S.Ldén%At‘E‘Q?r

receive current earlier, so that the i'nk drops are
RidiRfheRBdlider HY She tdigrigie:H 0O/ REF.ed by all

the heating elenents 8 and on the print nedium at

the wheR theeheAac@irdinagly warpkeast BRowhr it F182d 14S the -

applied to a line printer, printed |lines becone

© dHfsrt@inglils foedmecne thentind - djerdtivh RiNe s igherttle print

portion, and high printing quality can be nai ntai ned.
niBidd.ugh &p decane: shoadienr dowelrd thenpehdpheafall homhiore- Thus,
described third and forte enbodi nents are descri bed

- ifeedlly thieo heialtlingt ediemeg tan G xamglieofcuarnemtntathddd tsame

which the present invention is applied, and are not

Gimeendde tiak dxops. ejgcteide adc @osidiionise glossantto the

i.nvention. Next, a fifth enbodi ment of the present

CeRFERL BR1RM trayeldLear apd@ngerokimean aglj demdofony Hhe print
fifth enbodiment is~ to_ reduce the displacenents ]
MM H 248 pos FFPE ABGATen 3th describsfe dbariezi e time to
a%%&%sbuggbgq Bethgdhgh %%B!%I%hggkge% ggtgdjustedzsuch
that the heating elements 8 positioned closer to the central

poxrtion 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 receive current

earlier, so that the ink drops are ejedted 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 illustrating an example of a print head to which the

present invention is applied, and are not intended to limit




-heating elenments and the ink-ejection nozzles, which
i ndividually correspond to the ink-pressurizing cells,
and to increase the rigidity of the print head. A
print head 500 according to the fifth enbodi nent of
the present invention is a print head used in a
full-color, bubble ink jet printer. In the follow ng
descriptions of the fifth enbodi nent, explanations
regardi ng. the parts having t4% sane construction as
in the first enbodinent are omitted, and conponents
simlar to those in the first enbodi nent are denoted

th¥ EBSpéaHE %ﬁEeb%BQEnQUEﬁ%éh%loﬁhe print head 500
i ncludes a nozzle-forned nenber.2, in which a

- plurgékty &ffiﬁkheéﬁﬁédfﬁenﬁoéf|Eﬁe3p§é§eﬁ€rﬂﬁ€entlon will
Several hundred ink-ejection nozzles 3 are forned in a

bestagteibusbeabs . "TERRebhjekitCBrWithle B¢ rdasembl@dment is to
below. Also in the fifth enbodi ment, the

. redazeether aedphagbeentsi as h&bﬁEdsoboBSQbe Bet@een the
materi al conprising nickel in the shape of, for
-1akappéssunlzmngtchalsngwhlbhlakaeindahlaﬁauay Promidgd with
an el ectroform ng techni que, and the ink-ejection
‘heatihgselehnentsganddtheelisk-efjeappooxnratdey  2@hichr e
- 49 formed in the nozzle-formed nenber 2 (see Figs.
ingividualhy24prreapondz Epether kol -pupsenrizisg cells, and
lam nated to a head frame 24, in which a plurallty of
tﬁe&ﬂcéﬂﬂﬁerébélFiﬁgdthe§f25harErlnFohﬁéé The

head chi p-recei ving holes 25 can be divided
A print head 500 according to the £ifth embodlment 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 havinglthe same
donstruction 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-formed member 2,
in which a'plurality of ink—ejection.nozzles 3 are formed.
Several hundred ink-ejection nozzles 3 are formed in a
.single substrate-member, which will be described beiow;
Also in the fifth embodiment, the'nozzle~f6rmed member 2 is
formed of nickel or a material comprising nickel in the
shape of, for exaﬁple, a sheet having a thickness of 15 to
.20 um by an electroforming téchnique, and the ink-ejection .

nozzles 3 having a diameter of approximately 20 pm are




~.Into four groups,. which individually correspond to
four <colors. In each of the groups,

head- chi p-receiving holes 25 are arranged in the

| ongi tudi nal direction thereof in a zigzag manner.
The head- chi p-receiving holes 25 individually
correspond to head chips HC, which will be descri bed
bel ow, .so that the head chi ps HC can be di sposed
therein (see Fig. 22). In {he9case in which the print
head 500 is applied to a line printer which prints on
'AA' si zed paper in a portrait orientation, the

h;qf C W?Q
fo %E)i flglcé:i%% E’goﬁw %%?gﬁeggpﬁ?s deth 1§{M dt2h2 of23 and
zhﬁe size 'A4 that is. 21 cm The head-frame 24 is
forned of a naterlal havi ng the sanme coefficient of

| i neghe EXH288L0RORREA ﬁ@ﬂb&?nﬁuikoiamﬁ%%hr ebeaoﬁeaaeframe
substrate nenber, which wll be described below.

2¥hedn BA cBX arr@h_e.,raalw b@omle%mﬁi-q:éc%lﬁ% &%wshgs are
sem conductor substrate, silicon nitride is used f

. fbemedng trhe head-hife rét¢eiMing’ htliese!ns, dﬂnU%bnﬂ1v1ded
(A1203), mullite, alumnumnitride, silicon carbide,

-ieto. fommy gireupsH0 whidhe d nllh@iduad 1" @dirrefspoaidaitioc our
quartz (Si02), etc., may be wused fromthe group of

cgllayxs. afd kachr ofettbe, grayplse head-dhipyrekeivinguholes 25
of netals. The head frane 24 nmay have a thickness, of,

arer agxanped, 18 the dpdgitudifhilciddmelofr ongitbherdbéninhe
head franme 24 is

zZigzag 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
-T"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
below. When, for example, a silicon substrate is used as.
the'semiqonductor substrate, silicon nitride is used for

forming the head frame 24. Alternativély, alumina (Al,0,},

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



| am nated on the nozzle-formed nmenber 2 at a high
tenperature such as 150C, the nozzle-fornmed nenber 2
tries to shrink by a larger anount than the head
frane 24 at a tenperature |ower than the |am nating
tenperature (150C), and thus becones tense. Since the
head frame 24 is sufficiently rigid, the interval
between the ink-ejection nozzles 3, that is, a nozzle
interval, varies in accordanc® +with the coefficient
of linear expansion of the head frame 24.. The head
frame 24 is |amnated on the nozzle-forned nenber 2

%&d“%&%  thl ]g%ﬁ%" & | p&g@csse a&&zati%%lz e e%e@et may be

plura ty o are tormed by mnatin

%BESEE%hetﬂEUE§B%p o%ngﬁ%%sno%ﬂd?IBQ%EEdeﬂEﬂQe&w%'be used

ccordingly, & plurality of 'head chips HC are formned

£OBmA thdl E%ng]%zh@tfa@'s@d nember (see Fig. 22). In
the fift odi nent, the substrate nenbers 6 are

, - t ehgafBaasrihAe €2 Nmhfehhivesh €ADeRhABAt ofantior example,
expl anations thereof are thus omtted. As in the

. sahfyeafdsds bad faciediti®ntrdgiidie Whietk thes hefad tHrame 24 is .

barrier layer 10 is approximtely 12, and the heating
lamihatelde vantthel nbzzd ea foquede neindies @f awhiac hitghe

l ength of each side is approximately 18 pm In
- tenperatoret sachi dish 160° Che thienhogzd esdormedg megltleg @ tries

I's approximately 25 m As an exanple, a case is
toosbirdaketdyi p Wargert nmoyntntthameé;@ew@aids taeple ¢ ©F a

a line printer which prints on 'A4'

temperature lower than the laminating temperature (156°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 of linear expansion of the head frame
. 24. The head frame 24 is laminated on the nozzlie-formed
member 2 by using, for example, a heat-setting adhesive
- sheet.

A plurality of head chips HC are formed by laminating
substfate.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 substréte.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




sized paper in a portrait orientation. In such a case,
for a single group of head-chip-receiving holes 25
formed in the head frame 24, approxinmately five

t housand ink-ejection nozzles 3 are fornmed in'the
nozzl e-formed nenber 2 and sixteen substrate nenbers
6 are lamnated thereon. Since is 1inpossible to show
the accurate nunbers of ink-ejection nozzles '3 with
accurate dinmensions in the dr2awings which are limted
in size, the drawings are partly exaggerated and

el enents are ymeﬂnesonntedin mdertojadlitMe

HRdehtlsaRdiige Be Hisdif H2 d gaéqpvc&- each

in the first .enbo |nent the hea rane

sherzlie & ﬂﬁmf 48 e | o raaiﬁctlt&aetﬂifé vﬁtat}%f the

and then the substrate members 6 are |ami-nated to
iRRZPreskariod ndeRan 2 Alis aRProdineitiyy 235 um

Accordingly, a head unit 11 is forned by conblnlng t he
~-headpgr aneeXd4mpll8e BOZake- figr dedsiaeked in @hdchh@&he print

substrate nenbers 6, and ink-passage plates .12 are '
hishdn 580t achagpiided e lzead nenigr 11l s aghikilg prﬁ.’k&ts @e 'A4’

I nk- passage plate 12 is provided for one color, and -
s32edf papeirmkinpas pagdralidt esikhtatdion .dudin )such a case, for
corresponding to four colors are provided in total
a( sdaglieggro2p aifd hzz)d- chllpe riegieiyisgn e lssatass formede in the
formed of a material which does not easily deform and
hgpdc Frame Rdk APPrordnedelys fdvewihomsang ink-egipstion

t he_i nk- passa%e pl ates 12
nozzles 3 are Yormed in the nozzle-formed member 2 and

[

sixteen substrate members 6 are laminated thereon. Since is _
~impossible to show the accurate numbers of ink-ejection
nozzles 3 with accurate dimensions in the drawings which are
limited in size, the drawings‘are partly exaggerated and
jelements.are sometimes omitted ih order to facilitate
understanding.

Because of the reason described above in the first
. embodiment, the head frame 24 and the nozzle-formed member 2
-are laminated together at 150°, and then the substrate
“members & are 1aminated to the nozzle-formed member 2 at
approximately 105°.

Accordingly, a head unit 11 is formed by combining the
jhead frame 24, the nozzle—formed.member 2, and the substrate
members 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




includes a flange portion 14 having the shape like a
plate of which the size is larger than a region

i ncl udi ng the head-chi p--receiving holes 25, and
chanber portions 13 which protrude fromone. side of
the flange portion 14. Fig. 24 shows a sectional-view
of Fig. 23 cut along line XXIV-XXIV at a part

i ncl udi ng two head-chi p-recei ving holes 25. As shown
in Fig. 24, the size of the- chanber portions 13 is
determ ned such that they can be individually fitted
"inside-the head-chi p-receiving holes 25, and that

BRI SRl B A, S UL e e

el .I‘ ecel vi Ing es . . IO _
R R e i o S L

hBdk Kicdualkdl I oMi G It HRS € which
ThRcHEK bEarboll PLTES, 12 r THRARR UF ¥ riga3a% wnicn

d688CaAYIL kRSi1§ P &nlPWIS ANHY ihidtredif& ance. '
substrate menbers 6 can be fitted therein. Mbre

spechi §RbWN, ihNeigot ghesedbhabe theNBki-pak¥Bge’ plbtes 12
in a zigzag manner so that the concavities 26 oppose

-~ iABRudest heFlandeeparitabhn AAS hefvinke thel Giepeoddikedd plate

- one another in the direction in which they are .
ofirwhhghdthe 53zel dsaddiigean thiahe a lmegenpdnicdladitg ahe
t he i nk-passage plate 12 is provided with
‘healrohipuppbegipdngapeles @i, clandexihenmtsn porftdons 13 which
| ongi tudinal direction of the flange portion 14 at
pratruflgscomonnehsidef ofTithe dlaqgspippyidovadd -27 Fiig. 24
connected to the concavities 25 formed in the chanber
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 be individually 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 with
‘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. -




portions 13. The flange portion 14 of the ink-passage

plate 12 is also provided with an ink-supply tube 17,

whi ch projects fromthe side opposite to the side at

whi ch the chanber portions 13 are formed, and which

I's connected to the above- described ink-supply

passage 27 (see Figs. 21, 22, and 24). Each of the

i nk-passage plates 12 is adhered to-the head frane 24

in such a manner that the chawsber portions 13 are

fitted into the head-chip-receiving holes 25 forned in

the head franme 24 and the flange portion 14 contacts

t he e A 2 S i.gs .and .26) .. Eiq. . [

secthngﬁdgéggﬁfoihéigiaggchP%gﬁ%%glﬁi#g E&%—%ﬁ%ﬁbgﬁ%age

Ri Q. 326 si 3 | e _& _
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thdls AP t4 AorRATAiNRL AULL T Ik 3R fihnge portion

e?i‘?f%i tdi on, - tt%‘e suts]gﬁq'r até‘. nmenpers 6lr-l:Il anﬁgfna_t ed on nt%ee portlon

12024 enlOTRE JRIRAY thed R H20S ifHO NGk 1 if tfssage 27 is

notches 16 fornmed in the.chanber portions 1I3. and are

coRfecedd ol e TONHRIAL IV 129)1F olinecb Sfh RIHES .chébid
24). By conbi ning the ink-passage plates 12 with the

pagddonsb43.unit 11 as descri bed above, closed spaces
surrounded by the chanber portions 13 of the

I nk-phssAfanpeapestidnand bifethe, iakzpasshoenpdatenter is

2 are fornmed. These cl osed spaces include ink-supply
apssspeyvided widhc amc dwnkt-iseppAdd, .tubwd Yhe whigh projects

passages 18, and are connected to the exterior

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 portioms 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. 25 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




environment only through the ink-supply tubes 17. Ink
whi ch is supplied through the ink-supply passages 27
is ..transferred through the ink passages 18 to each
of the ink- pressurizing cells 9. Al though the head
chips HC are individually provided with the ink
passages 18, a single ink-supply passage 271s
.connected to a plurality of Ink passages 18 (see Fig.
24, 25, and.26). Thus, the stbdcture for supplying ink
is made sinpler than a print head in which the :

i nk-supply passages. .27 are individually provided
My [ C C S
1tth 11 I_/? %%%g%‘?ﬁ)'s_ad I'Hb%7ve %é&' %}%?%‘%% | s@?xgav\;\nnégd by the
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t he "head- chi p-recei vi ng hol'es 2 are -arranged

~---n@%rzq%ift&qlédﬂﬁre§m Y2 RASS Amda. Fithesd éfoded spaces
sectional view of Fig. 24 cut along Tine

- ineTde XXW-IsuppAy padvaded F khd&old¥vities 26, and the
head-chip-receiving holes 25 are :individually

ipkopadethgaist &, hand e ssagesctlds ttouwhd | @xidat for
substrates 19, which electrically connect the heati.ng

- eplvireniend fomlye dhroudle thd sinlatsippEhbertbds t 7. anlnk which

- exterior control unit, are individually provided for
ifsosupplied dchrough diley iovie- sofppihemassadwwRT nifi g.

22). Each of the flexible substrates 19 is provided

- twans feamedc thrgugb $hegd nk A SR g $hsk tearh ebHughe ink-

openi ngs 20 forned between the head frame 4 and the
PreRsyadgdgs geddds 912 (see Fig. 24), and extend to

the substrate nenpers 6. The connect| ng tabs
. 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—suéply passages.
‘27 are individually provided with ink passéges. 'I'his;
vconstruction is shown in Figs. 27 and 28. Fig. 27 is a
.-~sectional view of Fig. 24 cut:aloﬁg 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 6 to

.an exterior control unit, are individually provided for four




19a. are electrically connected to contact points (not
shown), which are individually connected to the
heating elenents 8 fornmed in the substrate nenbers 6.
The i nk-supply tubes 17 provi ded 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
i nk passages 18, and the ink-gpsessurizing cells 9 are
filled with ink supplied from the ink tanks. . Wen a
current pulse is applied for a short tinme such as 1

IR e o A L TR 5 oo
BN R b
b B e gl*;i*ﬁﬁ?%ﬁ@@%% 18Pk nbtboon e
B
dﬂh'é%téda‘Hdﬂﬂﬁﬂjéﬁﬂsﬁﬁé%@tﬁéhﬁé&ée§ponﬂhégconnect1ng tabs

i nk-ejection nozzle 3 as an ink drop. The ink drop,

O 10R.Ghrd e1RicAGtiRh1 Ty WBdic ik - € eséh BAcHOogaletd, (not shown),
adheres (lands on) to a -- 56 - print nediumsuch as a

whiiREE adfe AEvidRiXly Hwhedtdi | K- tips seatixg nglements 8
cells 9 fromwhich the ink drops are ejected are

fiormedi dinelthe efitidtachtw tnkenibdeg 6 ough t he i nk- passages
18 by the sane anobunt as the ejected ink drops. The
manuthet dnkrguppdyessibets tlife paloonieledesuy i thed mkmassage
. plates 12 are individually connected to ink tanks {not
sthn), which individually contain inks of different'colorsf
-and the ink-supply passages 27, the ink passages 18, and the
ink—pressurizing,cells 9 are‘filled with ink supplied from
-.the ink tanks. |
When a current pulse is applied for a short time such
as 1 to 3 pus to some of the heating elements 8 selected.in
accordance with a command issued by the control unit of the
printer, the corresponding heatinglelements 8 are rapidly
’heated. Accordiqgly, at each of the corresponding heating
-~ elements 8, a bubble of ink vapor (ink bubble) is geherated
‘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

nozzlile 3 as an_ink drop. The ink drop,'which is ejected

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




:head 500 will be briefly explained below wth
.reference to Figs. 29 to 33. First, the nozzl e-fornmed
menber 2 is formed by an el ectroformng technique,
and is disposed on a supporting jig 21 having a flat
surface (see Fig. 29). The reason why the

nozzl e-fornmed nmenber 2 is disposed on the supporting
jig 21-is because the nozzle-formed nenber 2 is
extrenely thin and it cannotsgraintain its shape by
itself. Next, the head frame 24 is [am nated on the
nozzl e forned menber 2 di sposed on the supporting jig

R T S il
Pgsﬁsm ine gednd. 'eog%é%&?h it R b al % febtea
ag@”?ﬁgeﬁlﬁ%%g%PQﬁgiﬁq e suppoﬁ?lng 11 ‘ﬁp%kbhﬂxﬂdgbages

15089" ¥ske. 2fhe! BifouRD Ak, WAL 6A¢ iyl nat ed on

the nozzl e- orne at® 105C, so that the head

Ch'p@héﬂhéﬁﬁfaefﬁfﬂn?Sﬁﬁoceghgof3¥he Ebﬁve3§egﬁkibed print
schematically shows the lamnating step, and only

‘hégdeBodURsNaAbe BRARENY CxPIiTRAVbd W @Ath rdference to
~color. Accordingly, the head unit~ii is conpleted
. rigee Bbgto 33)., and an ink-passage unit 22, which is
constructed by another process, is attached to the
“headrimst, 1thésrezElg-foBmpd mbmbemrk 2pdss fgemed by22an

is constructed by conbini ng
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 -
.and it cannot maintain its shape by 1tself.

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, at 150°C (see Fig. 30). 1In Fig. 30,

reference humerals 2" and 24° schematicaliy 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 aré formed (see
fFig. 31). Fig. 31 only schematically shows the laminating

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




t he above-described four ink-passage. plates 12 using

a connecting nenber (not shown). In the print head

500, the head frame 24, which has approxinmately the

same coefficient of |linear expansion as that of the

sem conductor. substrates 7 (for exanple, silicon
substrates) which are the base substrates of the
substrate nenbers 6, isfirst |am nated on the

‘nozzl e-formed nmenber 2. Then57the substrate nenbers 6
are | am nated on the nozzle- forned nenber 2 at a
tenperature |l ower than the |am nating. tenperature of

%ﬁygxhead frane 24 and the nozzle-fornmed nmenber 2.
ccordingly, the interval between the ink- ejection
nozzheso2aiAgT%Y the! RBaROHAl QM MBI JBIRIted e Fig.
the interval "between the heating elenents 8 forned in °

3he oD Aink -PRIERIGE Qualte B Wausi dhei $atdh@ructed by
tenperatures |ower than the |am nating tenperature of

. anld®hee? Prodedsed s EiRRhed Y tHe Heed diarel P4 see Fig.
Thus, a print head having inproved characteristics of

33Nk dmije dnkcipaetagen uida t @B ai ) atbnSvanc v b heomb eing
of the substrate nmenbers 6 and the nunbers of heating

thlec mbove -Segatibed iFokae|isdd-passawz ZplestSs fkdwistody a
for a single substrate nenber 6 are 58 i ncreased, :

coingelcAdd eige membleat (mert tsfhewmdot herni ¢ el ements 8 and

t he i nk-di scharge nozzles 3 do not easily occur.

- AccotHi Ebeyprint bead 500t h&hgr headhda@ne0@cawhjeh has
easily increased, and thus the print head 500 is

apPpeFIEIAte 1Ys (hheasioaes ratdiginnhiohebineany @rransion as
rint heads for I|ine

that of the semiconductor substrates 7 (for example, silicon
- substrates) which are the base substrates of the substrate
members 6, is first lamihated on the'nozzle—formed member 2.
Then, thejsubstrate members 6 are laminated on‘the nozzle-
formed member 2 at a temperature lower than the laminating
temperature of the head frame 24 and the nozzle-formed
.memberrz. Accordingly. the interval between the ink-
mejéction nozzles 3 formed in the nozzle-formed member 2 and
* the interval between the heating elements 8 formed in the

- substrate members 6 are always the same at temperatures
Jower 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 8land the ink-ejection

nozzles 3 provided for a single substrate member 6 are




printers., etc. Since the head frame 24 is provided
with a plurality of head-chip-receiving holes 25
whi ch extend in the |ongitudinal direction thereof,
the head frane 24 is rigid In the |ongitudina
direction. Accordingly, by lamnating the head frane
24 on the nozzl e-formed nenber 2, the nozzle- forned
menber 2 obtains high rigidity. Thus, as described
above, it is possible to fornb& print head for a line
~printer. in which four print heads for four colors are
conbi ned. Furthernore, since the head chips HC are

a .y c , _ ) g
16380384, iBp Bt TSIed IHIE AROMRAERS dlifbn e o
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- can be made | ess conspicuous. In addition, since a

ARberalinlgd yof thead ichl RF Hhea -l TAPBR SHNBE casily
nozzl e-formed nenber, positional accuracy of the ink-

igjceelised ,nead ehusarhle priditcased BUb tie ¢¥pdtidly
characteristics can be inproved. The above-descri bed
spiitabllee £#61r500nigs peintableadss suckprashtpriasd Hdwds ifor line
long in a direction perpendicular to the - 59 feed
‘patilnéetisonedt.a print nedium and is especially
suitable as a line head. Accordingly, print speed can
-be | 8tneastde Readofigamehd4piesprovildednwiidh waplurality of
applied to a print head for a full-color, bubble ink
hpad-ghilpr-gecedving hodes 2desdhdidie exdifistiiferiihe t he
present invention may al so be . o
longitudinal direction therecf, the head frame 24 is rigid
- in the longitudinal direction. Accordingly, by laminating
" the head frame 24 on the nozzle-formed member 2, the nozzle-
. formed member 2 obtains high rigidity. Thus, as described
~above, it is possible to form a print head for a line
' printer. in which four print heads for four colors are
combined.

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
rsingle 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




.applied to print heads for nonocolor printers. In
addition, even in the case In which the present
invention is applied to a print head for a full-color
printer, the present inventionis not limted to the
above-descri bed structure in which the four print
heads for four colors are conbined, and an individua
print head nay be prepared for each color. The shapes
and structure of-the nmenbers © +the above- descri bed
fifth enbodi ment are described nerely for
-.illustrating an exanple of a print head to which

-ftagﬁ] B SSER hNYRNL B st GRRLIGE. ARH A @il MLEPUSE cabie

scope of "the present

a%' al ‘ﬁnelheédp“ Alccedd ngARPY it dhesktd drlise 'E‘?rf@:?éased

whi ch ' forns side surfaces and one end surface of

i k- R1ERSHERZERE HLELEnBNENVYRLHERohS wREO%D ngQQeWtU‘a print
heati ng el enents; and a nozzle-fornmed ne whi ¢

hbadangoi-ha @hngncaudr,smm% GhK Rt Pcif@ss Wi 2NY above-
cells, which has a higher coefficient of |inear

dexpatibedn cinbadimeatsulthler presemthdnventiidn mashidlso be
i nk-ej ection nozzles, which individually correspond
applikd itokppiatsheradsnforemonozad.or miwtieads .| NKin iaddition,
ej ected by applying current to the heating el enents
evpd ihedhengaskeihewhiloh ¢mgn@aesen¢ramvﬂnhm¢n\MHﬂappiled
intervals between the heating el enents, between the
tpnR- préssubpapngotenl fuldngodemwdaninitied . riheejpatagent
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 fifth 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.




nozzles are increased froma central portion toward a
peri pheral portion. - 61 2. A control nethod for a
print head which includes a substrate nmenber, which
forns side surfaces and one end surface of

i nk-pressurizing cells and which is provided with
heating el enments; and a nozzl e-forned nenber, which
forms the other end surface of the ink-pressurizing
cells, which has a higher_ggefficient of |inear
expansion than the substrate nenber, and in which

i nk-ej ection nozzles, which individually correspond
to the ink-pressurizing cells and fromwhich ink is
Céauted by applying current to the heating elenents
and heating the heating el enents, are forned, the
control nethod for the print head conprising the step
of : adjusting.the tinme to apply current to the heating
el enent & ARt R5edt FRIPatiN9g el ement's posi ti oned
closer_to. a.central porti.on.receive current earlier

Uhant (RO TR n g EP Bt € bt GHE8 SroLarer ol one
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wﬁﬁﬁphégﬁiégﬂéfgﬂe%gsghﬁn&i”E to apply current to the

eati ng enents such that the heating el enents

posid ired clfeshkdt Aembf WISIEH ato Y then oi8eei ¥8d
current earlier than the heating elenments positioned

sutrbses do thee iperppbesalipdnd i oflls, Géhich hAsphai Afigher
head operabl e according to the contro

coefficient of linear expansion than the substrate member,
and in which ink-ejection nozzles, which individually
correspond to the ink-pressurizing cells and from which ink
is ejected by applying current to the heafing elements and
heating the heating elements, are formed,

wherein intervals between the heating elements, between
the ink-pressurizing cells, and between the ink-ejection

nozzles are increased from a central portion toward a

peripheral portion.




method of Claim2 or 3. 5. A nethod of printing onto a
print nmedium including the control nethod of Claim?2
or 3,

- 61 -

2. A control method for a print head which includes 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 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 and
from which ink is ejected by applying current to the heating
elements and heating the heating elements, are formed, the
Cdntrol method for the print head comprising the step of:

adjusting the time to apply current to the heating
elements such that the heating elements positioned cleser to
a central portion receive current earlier than the heating

elements positioned closer to a peripheral portion.

3. A control method for a print head according to
Claim 2, further comprising the step of:

adjusting the time to apply current to the heating
elements such that the heating elements positioned closer to
the central portion receive current earlier than the heating

elements positioned closer to the peripheral portion.
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4. A print head operable according to the control

method of Claim 2 or 3.

5. A method of printing onto a print medium, including

the control method of Claim.2 or 3.




