-1 PRINT HEAD, MANUFACTURING METHOD THEREFOR, AND
'PRINTER BACKGROUND OF THE INVENTION 1. Field of the Invention
“The present invention relates to a new print head, a manufacturing
method therefore, and a printer. 2. Description of the Related Art
Conventionally, such print heads are known in which ink-pressurizing
cells, which are individually provided with heating elements, are covered
by a nozzle-formed member, in which simall ink-ejection nozzles are
formed. When the heating elements are rapidly heated, bubbles of ink
vapor (ink bubbles) are generated, and ink drops'are ejected from the
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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
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Ink-pressurizing ce e substrate member d is constructed by

1forming.the heating., elgments ¢nn a surface of a semiconductor substrate

e formed of silicon, etc., and laminating a barrier layer f on the

semidrd ueterssubstrateve at thensared sidesastihesidesat phichttheead, a
heating elements c are deposited. The barrier
manufacturing method therefore, and a printer.

2. Description of the Related Art

| Conventionally, such print heads are known in which
ink-pressurizing cells, which are individually provided with
heating elements, are covered by a nozzle-formed member; in
which small ink-ejection nozzles are formed. When the
heating elements are rapidly heated, bubbles of ink vapor
(ink bubbles) are generated, and ink drops are ejected from
'the ink-ejection nozzles due to pressures applied by the ink
bubbles.

Such a print head 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 ¢ and which defines side
surfaces and one end surface of ink-pressurizing cells b.
The substrate member d.is constructed by forming the heating
elements ¢ on a surface of a semiconductor substrate e
formed of silicon, etc., and laminating a barrier layer f on

the semiconductor substrate e at the same side as the side

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



2 layer f defines side surfaces of the ink-pressurizing cells b; in other
words, it serves as side walls of the ink- pressurizing cells b. The barrier
layer f is formed of, for example, a dry film which is curable by light
exposure, and is constructed by laminating the dry film over the entire
surface of the semiconductor substrate e, on which the heating elements
c are formed, and removing unnecessary parts by a photolithography
process. Accordingly, the substrate d is‘completed. Then, a
nozzle-formed member g is laminated on the barrier layer f of the
substrate member d. The nozzle- formed member g is provided with
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heating elements ¢ are formed, and removing unnecessary
parts by a photolithography process. Accordingly, the
substrate 4 is completed.

Then, a nozzle-formed member g is laminated on the
barrier layer f of the substrate member d. ‘The nozzle-
formed member g is provided with ink-ejection nozzles h,
which are aligned relative to the heating eléments ¢ formed
- on the substrate member 4.

Accordingly, the ink-pressurizing cells b, of which end
surfaces are defined by the substrate member d and the
nozzle—formed‘member g. and side surfaces are defined by the
barrier 1éyer f. are formed. The ink-pressurizing cells b
are linked with an ink passage i, and are provided with the
ink-ejection nozzles h which oppose the heating elements c.
The heating elements ¢ in the ink-pressurizing cells b are
electrically connected to an external circuit via conductors
(not shown) deposited on the semiconductor substrate e.

Normally, a single print head includes hundreds of

‘heating elements c and ink-pressurizing cells b containing



heating elements ¢ and ink-pressurizing cells b containing - 3 the heating
elements c. The heating elements c are selectively heated in accordance
with a command issued by a control unit of a printer, and ink drops are
ejected from the corresponding ink-ejection nozzles h. In the print head a,
the ink-pressurizing cells b are filled with ink supplied via the ink passage
I from an ink tank (not shown) which is combined with the print head a.
When a current pulse is applied to one df the heating elements c for a
short time such as 1 to 3 is, the heating element c is rapidly heated, and a
bubble of ink vapor (ink bubble) is generated at the surface thereof. Then,
thiaehdlat iinly babblacaxpands, a qeréainvetimeyobinkitepushed akhead,
and the same volume of ink is ejected out from the corresponding
spkesiédiehlio e hed akninReesy danciakwdrbh, whichnimajettddfomd by a
etigck)- jectii) nozzle h, adheres (lands on) to_a print medium such as a
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is formed by laminating a single substrate member; in which a plurality of
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nozzle-formed member, and a plurality of head chips are arranged in a
fiiled with ink supplied via the ink passage i from an ink
tank {not shown) which is combined with the print head a.
When a current pulse is applied to one of the heating
elements ¢ for a short time such as 1 to 3 us, the heating
element ¢ is rapidly heated, and a bubble of ink 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—éjection nozzle h,
adheres (lands on) to a print medium such as a piece of
paper, etc.

The above-described print head a is usually used for a
serial head which 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:



direction perpendicular to the feed direction of the print medium. - 4
When the print head a is used, it is moved in the direction perpendicular
to the feed direction of the print medium and prints a line. Then, the print
medium is moved in the feed direction and the next line is printed. In the
above-described print head a, characteristics of ink drop ejection are
affected by positional relationships between the heating elements c (the -
ink-pressurizing cells 'b) and the ink-efedion nozzles h. When the heating
elements c (the ink-pressurizing cells b) and the ink- ejection nozzles h
are greatly displaced, the ejection speed may be reduced and the
ejectiitipginedtion mpuy bt dremded. Fsirtheedoreiit May everele in the
impossible to eject ink drops. Accordingly, displacements between the
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‘barrier layer f and fixing the nozzle-formed member g is performed at a

ink drop ejection are affected by positional relationships
between the heating elements c (the ink-pressurizing cells
b) and the ink-ejection nozzles h. When the heating
elements ¢ (the ink-pressurizing cells b) and the ink-
ejection nozzles h are greatly displaced, the ejection speed
may be reduced and the ejecting direction may be changed.
Furthermore, it may even be impossible to. eject ink drops.
Accordingly, displacemeﬁts between the heating elements c
(the ink-pressurizing cells b) and the ink-ejection nozzles.
h lead to a degradation of the printing gquality, and thus
are a large problem.

Generally, heating processes are necessary for
manufacturing the print head a. For example, after the
barrier layer f is formed on the semiconductor substrate e
and the nozzle-formed member g is laminated on the barrier
layer £, a heat curing process for curing the barrier layer
f and fixing the nozzle-formed member g is performed at a
high temperature. In addition, another high-temperature

curing process is performed to provide ink resistance to the

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



high temperature. In addition, another high-temperature curing process is
performed to provide ink resistance to the barrier layer f, which is formed
of dry film resist. - 5 As described above, heating processes are
necessary for manufacturing a print head. Coefficient of linear expansion:
of silicon, which is normally used for forming the semiconductor substrate
e, is 2.6 x 10-6, and that of nickel, which is normally used for forming the
nozzle-formed member g, is 13.4 x 10-6& Accordingly, the coefficients of
linear expansion of silicon and nickel differ by approximately one order of
magnitude. When two materials having extremely different coefficients of

linearaxpassioniasedaminaies, tagethier iy apbeRAINLIIOCasS IRlBiNg sary for
displacement occurs due to the difference in shrinkage rates. Such a
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the heating element c (the ink- pressurizing cell b), and at position (c),
gwhith id farthet 10-%. Accordingly, the coefficients of linear
expansion of silicon and nickel differ by approximately one
order of magnitude.

When two materials having extremely different
coefficients of linear expansion are laminated together in a
heating process, relative displacement 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 ¢ (the ink-pressurizing cell b) and the ink-ejection
nozzle h are aligned. However, at position (b), which is
~apart from position (a}), the ink-ejection nozzle h is
displaced relative to the heating element ¢ (the ink-
pressurizing cell b)), and at position {¢), which is farther
apart from position (a), the ink-ejection nozzle h is
completely displaced, even from the ink-pressurizing cell b.
Such a displacement increases along with the size of the

members which are laminated together. When the heating



apart from position (a), the ink-ejection nozzle h is completely displaced,
even from the ink-pressurizing cell b.. Such a displacement increases
along with the size of the members which are laminated together. When
the heating - 6 element c (the ink-pressurizing cell b) and the ink-ejection
nozzle h are displaced relative to each other (see Fig. 36, position (b)),
the ejecting direction is changed. In addition, when the displacement
therebetween is increased still further ($ee Fig. 36, position (c)), it
becomes impossible to eject ink. In the printer market, it is required to
increase the printing speed, and one approach to satisfy this requirement
eibdnaénoreasq theenimkepobreanasiog which inkjisagj@ciate Vilﬂ@m@fectlon
resolution of a printer is maintained and the number of nozzles is
npefdasel, feesidd epaaripdhead a8tk ihercagct. Db hd siffRicRte. 36,
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addition, in large print heads such as line heads, etc., there Is a large
- sprichienfirthasthe sh&plaggneers,bqswgemilaﬁth@tng elemaieerte
~ink pressurizing cells b) and the ink-ejection nozzles h become relatively
impgssible to eject ink.

| In the printer market, it is required to increase the
printing speed, and one approach to satisfy this requirement

is to increase the number of nozzles from which ink is

- ejected. When the resolution of a printer is maintained and

the number of nozzles is increased, the size of a print head
is also increased. Thus, the influence of the displacements:
betwéen the heating elements c (the ink-pressurizing cells

- b} and the ink-ejection nozzles h, which occur due to the
difference in coefficients of linear expansion, is also
increased. In addition, in large print heads such as liine
heads, etc., there is a large problem in that the
displacements between the heating elements ¢ {the ink-
pressurizing cells b) and the ink-ejection nozzles h become
relatively large.

In addition, the conventional print head includes a
plurality of head chips that are individually cdnstructed,
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



In addition, the conventional print head includes a plurality of head chips
that are individually constructed, and the ink passages and the
nozzle-formed members contained in the head chips are separately
installed. Accordingly, the conventional print head has a complex
structure for - 7 - supplying each of the head chips with ink. Furthermore,
since a single head chip is constructed on a single nozzle-formed
member, the printing characteristics aref degraded due to the dimensional
errors of the head chips, displacements of the head chips which occur
when the head chips are arranged, etc. Short length of the head chips is
sampgthet aguseaeither degradatam ot heprinkibgreharacteristics. Since the
head chips are manufactured by forming heating elements on a
semidordteeFBebsraRl ieg g chia Theukesdmiduviriut®romistiticsted on
difficult to form long substrate members. When the length of the substrate
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members. However, when the heating elements are formed on

degsiratemangeersthaplirg Ashariciength, its diffiddidomMakRsiz@he head
thicknesses, etc., of the heating elements formed in the different

chipgraEenaniers tib sahe.-

Short length of the head chips is another cause of the
degradation of the printing characteristics.

Since the head chips are manufactured by forming
heating elements on a semiconductor substrate, that is, on a
- circular semiconductor wafer, it is difficult to form long
substrate members. When the length of the substrate members.
is increased, yield is reduced and manufacturing cost is
increased. Accordingly, it is difficult to increase the
length of the substrate members. However, when the heating
elements are formed on the substrate members having a short
length, it is difficult to make sizes, thicknesses, etc., of
the heating elements formed in the different substrate
members the same.,

As a result, when a plurality of head chips are
‘arranged, the characteristics of ink drop ejection, and more
specifically, the size of the ink drops, cannot be made
uniform at all of the head chips.

When such head chips are merely arranged on one line,

images printed by the adjacent head chips appear differently.



As a result, when a plurality of head chips are arranged, the
characteristics of ink drop ejection, and more specifically, the size of the
ink drops, cannot be made uniform at all of the head chips. When such
head chips are merely arranged on one_line, images printed by the
adjacent head chips appear differently.= 8 Accordingly, there is a problem
in which print mottling occurs. SUMMARY OF THE INVENTION
Disclosed herein is a print head including a substrate member which
Afoths site-surfdcesdhd-oné eRd Strfabe of the” irfkiprasstirizifg tets; Hhd
ocvéé%i?h is provided with the heating elements; a nozzle-formed member
which forms the other end surface of the ink-pressurizing cells, and in
which the ink-ejection nozzles, which individually correspond to the
ink-pressurizing cells, are formed; and a head frame which supports the
SUhbZzRecfapmetine MOEENTHUEY the nozzle-formed member is supported by

the head frame, and the interval between the ink-ejection nozzles formed
in the oz RBFmed fiiember exteRids And hfifiks BOHG  with the fiéag-rate

frame. Agcording{ljy by making the coefficient C§)f|inear ex ansi%n of the,. .
meﬁx edf wllCl‘I\ = v‘m% = (% sur%a%es =43 one @nc#) suriace oLl the
ead frame closer to that of the 'substrate member, the displacéments

irhetweendhe heating alements:(the inktpresswizing celis) angithe <ne
ink-ejection

heating elements; a nozzle-formed member which forms the

other end surface of the ink-pressurizing cells, and in

which the ink-ejection nozzles, which individually

correspond to the ink-presgsurizing cells, are formed; and a

head frame which supports the nozzle-formed member.

Thus, the nozzle-formed member 1s supported by the head
frame, and the interval between the ink-ejection nozzles
formed in the nozzle-formed member extends and shrinks along
with the head frame. Accordingly, by making the coefficient
of linear expansion of the head frame closer to that of the
substrate member, the displacements between the heating
elements (the ink-pressurizing cells) and the ink-ejection
nozzles can be made zZero, or can be reduced to an extremely
small amount.

Disclosed herein is a manufacturing methed for a print

head, in which a substrate



nozzles can be made zero, or can be reduced to an extremely small
amount. Disclosed herein is a manufacturing method for a print head, in
which a substrate 9 member, which forms side surfaces and one end
surface of ink-pressurizing cells and which is provided with heating
elements, is laminated at a high temperature on a nozzle- formed
member, which forms the other end surface of the ink- pressurizing cells
and in which the ink-ejection nozzles,which individually correspond to the
ink-pressurizing cells, are formed, includes the steps of laminating the
nozzle- formed member on a head frame, which has the same coefficient
mgfirEr eXpdisSiof agmse sdisstraganf@Enier, and tenmpeeatdreslitfahichof
.is_higher than room temperature; and laminating the substrate member
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T2. Thus, the nozzle-formed member Is more s iy s?ep of
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the step of laminating the nozzle-formed member on the head frame. The
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are formed, includes the steps of laminating the nozzle-
formed member on a head frame, which has the same
coefficient of linear expansion as the substrate member, at
a temperature T;, which is higher than room temperature; and
laminating the substrate member on the nozzle-formed member
at a temperature T,, which is higher than room temperature.
The temperature T, is.higher than the temperature T,.

Thus, the nozzle-formed member is more shrunk at the
step of laminating the substrate member on the nozzle—formedr
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
as the subétrate-member. Accordingly, when the interval
‘between the heating elements (the ink-pressurizing cells)
and thé 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-



between the heating elements (the ink-pressurizing cells) and the interval
between the ink ejection-nozzle are designed to become the same at
temperature T2, at which the substrate member is laminated on the
nozzle-formed member, the displacements between the heating elements
(the ink - 10 pressurizing cells) andThé%R-ejection nozzles can be made
small. Disclosed herein is a print head having at least ink- pressurizing
cells, heating elements, and ink-ejection nozzles, includes a plurality of

Prégsstratelmendserss eaghfhichforms Sidecsuifaces andcie kadnade
surface of the ink-pressurizing cells, and which is provided with the

=T} ting elements; and a nozzle- formed member which forms the other

end spuface.of the.ink; pressurizing,cells, and,in which the ink-gjection
nozzles, which individually correspond to the ink-préssurizing cells, are
priosmed. - The subbirate membess arerpravidedanith the inkrpressiizing z 1es,
cells and the heating elements which individually correspond to the
inpkuptessarizivgreells; andfa pRialing 6t heatkeips afécSolstructearbyorms
,Iaminatin%%he substrate megbers on a common nozzle-formed member
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anth€ inkzpressurizing, cells., The head chips;are arranged in adireclion. ; ;1.
perpendicularito a feed direction of a print medium in a zigzag manner so
fothatenaefestions of the bead ehips sveslap-one enothersindhethe ink-
pressurizing cells, and in which the ink-ejection nozzles, which
individually correspond to the ink-pressurizing cells, are formed.
The substrate members are provided with the ink-pressurizing
cells and the heating elements which individually correspond to
the ink-pressurizing cells, and a plurality of hsad chips are
constructed by laminating the substrate members on a conmon
nozzle-~formed membsr in such a manner that the ink-ejection
nozzles individually correspond to the ink-pressurizing cells.
The head chips are arranged in a direction perpendicular to a
feed direction of a print medium in a zigzag manner so that end
portions of the head chips overiap one another in the
longitudinal direction thereof, and in such a manner that the ink
inlets of the ink pressurizing cells of the head chips oppose one

another, and a common ink passage is formed between the head

chips which coppose one another.



longitudinal direction thereof, and in such a manner that the ink inlets of

the ink pressurizing cells of the head chips oppose one another, and a

common ink passage is formed between the head chips which oppose

one another. - 11 Thus, a plurality of head chips are constructed on a

single, common nozzle-formed membet. Accordingly, the positional

accuracy of the ink ejection nozzles can be improved, and print mottling

can be made less conspicuous by arranging the head chips in a zigzag

mantietsp thap endzidrtionsithececf avartap ane apathterubradditiony single,

since a single ink passage is connected to a plurality of head chips, the
COBFRELUTE Tor- SuppiyRRTinkeilB 6dch Sk Read ehips<dn Beshadenal
_Simpler. Di c]Er sed herein is a print head including a substrate member .

and a rozzle-formed meniber which have Sap%?g‘xiﬁweatﬁgp e sgm8ne Print
ncRogffigient of linear expansion. Accordinglysinthe.abaye printhead, o chips

displacements between the heating elements and the ink-ejection
irnezziészandbetweensthe ink:peessurizing: eells attethednk-ejectivay one

nozzles, which occur due to the difference in coefficients of linear
arg¥pansion between the substrate member and the nozzle-formed

member, can be reduced. in addition, degradation of durability dye to the

noreto P Bttt 18 g HEGBortor Ean B sdipredtset ted =
p1Rlisclased herejp s aprintheagdncluding a Warbs  sypplyving ink to each

of the head chips can be made simpler.

Disclosed herein is a print head including a substrate
member and a nozzle-formed member which have approximately the
same coefficient of linear expansion.

Accordingly, in the above print head, displacements between
the heating elements and the ink-eijection nozzles, and betwsen
the ink-pressurizing cells and the ink-ejection nozzles, whic
occur due te the difference in coefficlients of linear sxpansion
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.

Disclosed herein 1s a print head including a warp-
suppressing member which has approximately the same coefficient

of linear expansion as



suppressing member which has approximately the same coefficient of
linear expansion as - 12 the nozzle-formed member, and which is
laminated on the frame member at the side opposite to the side at which
the nozzle- formed member is laminated. Thus, due to the
warp-suppressing member, the frame +aember also receives tension at
the side opposite to the side at which the nozzle-formed member is
laminated. Disclosed herein is in order to prevent the lamination surface

thef thedrameimenmsberfrorewarping, @ manufactlisngmethbdfot aprintame
head includes the steps of forming a lamination surface of the frame

TERTb&r. o Whith thé RBzZ e forhted fferibefis® to Betfminated G tHE -
£ Osmgﬁ of a gurved g_ugggggl%%%\éance; and laminating the nozzle-formed

member on the lamination surface at a high temperature, so that the

framermembendeferms:atan (aperatingtemperature due-to a differencesin

coefficients of linear expansion between the frame member and the
memEzte f0anede member regachra manter thattheclaminatientsurface ofide

the frame member becomes flat. Thus, the lamination surface becomes

a3t the - Bperatitg temperailirecReRbrdifig te 8 a5p8ct of the present
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surface of the frame member from warping, a manufacturing method
for a print head includes the steps of forming a lamination
surface of the frame member, on which the nozzle-formed member is
to be laminated, in the shape of a curved surface 1n advance; and
laminating the nozrle-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 nozzlie-formed
member in such a manner that the lamination surface of the frame
member becomes fliat.

Thus, the laminatlion surface becomes flat at the
operating temperature.

According to an aspect of the present invention, in order o
avoid the problem which occurs due to the warping of the
lamination surface of the frame member, there is provided print
head comprising: a substrate member which forms side surfaces
and one end surface of ink-pressurizing cells and which is
provided with heating elements; and & nozzle-formed member

which forms the other end surface of the ink-pressurizing



head comprising: a substrate member which forms side surfaces and one
end surface of ink-pressurizing cells and which is provided with heating
elements; and a nozzle-formed member which forms the other end
surface of the ink-pressurizing -12a- cells, which has a higher coefficient
of linear expansion than the substra}gaéngmber, and in which ink-ejection
nozzles, which individually correspont o the ink-pressurizing cells and
from which ink is ejected by applying current to the heating elements and
heating the heating elements, are formed, wherein intervals between the

celleating-elenierits,sbetweemthe inkegressurizingcells;and betweenther than
ink-ejection nozzles are increased from a central portion toward a_

eriphet aFpoRIJRSTAST inciedsed fréit & cehfrar fofionitevardaz les, which

._peripheral portion. Thus, intervals between landing points of the ink drops,
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wenunifokmity of the intervals between the-landing: peints gan he; ayeided.
According to another aspect of the present invention, in order to avoid the

e problers wiiich veetrsrduestosthb avdrping ef therdlaminationesurfacesaf the
frame member, there is provided a control method for a print head which
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elements;
increased from a central portion toward a peripheral portion.



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 heatiig elements and heating the
heating elements, are formed, the control method for the print head
comprising the step of: adjusting the time to apply current to the heating
ietemestsistichithat thenheatingetements positionehetoserto=a central on .
portion receive current earlier than the heating elements positioned closer
to a Pétisheral POFiGnR.STRES MR tirka 10 by Thitfer €0 théhedtiigdrors

belemen“ts pfswiﬁtioned élo er to the central. Qgﬁtion, at which the travel due +
iStaRcES of e ink trops 8ré fitade fonger dlie o the Waking of “the ““¢ =°

ngﬁ@H¥¥5¥h§Hga8§(gﬂgeJH¥Q§GQ§§N%@%$%Qﬁﬂ%ﬁgaﬂgﬁdigéapoints can be

Accordingly, landing time of the ink drops on the print medium is made
athe same over the entire region. Disclosed herein is a print head having at

least ink- pressurizing cells, heating elements, and ink-ejection nozzles,

includeSarpltrality Of stibstdie HeRbers which forfis Site ‘Strfades Bnd 1

Q%ESEG%%S%%E% qf the inkspregsyrizing CSQE%%%d Which.arg provided with, -,
the heating elements; a nozzle-formed member - 14

lamination surface of the Irame member, there is provided 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

th

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, ars formed, the control method for the print hesad
comprising the step of: adjusting the time to apply current to
the heating elements such that The heating slements positioned
closer to a central portion receive current earlier than the
heating elements positioned closer to a peripheral portion.
Thus, the time to apply current to the heating slements
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 =arlier.



which forms the other end surface of the ink-pressurizing cells, and in
which the ink-ejection nozzles, which individually correspond to the
ink-pressurizing cells, are formed; a head frame which supports the
nozzle-formed member; and a plurality of head chips which are
constructed by laminating the substrgtf rggmbers 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 are
arranged in a direction perpendicular to a feed direction of a print
Aggedidmand thesheaddramesisopravided withohead-chipreeeivingrholeslium is
which individually receive the head chips. Thus, the nozzle-formed
mATEMbeF IS ElFpaied Ly the Read frafive:Yhd the interval between the
ink-ejecti ozzles formed in the nozzle-f member extends.and
shri n@ %?oﬂn% e\fv&ltﬁ%ﬁeg jh?galdsfrgr'l%ei l»g{:ccogr %%T)ggﬁff making the %beﬁgﬁent
pot lingan expansion:qf thehead frame.gloser todhat ofthe. subst@tencrzles,
member, the displacements between the heating elements (the
limk-pressurizing cells)and theunk-ejectionrauzzies san de madeszerojor
can be reduced to an extremely small amount. In addition, since a

SPirafit ofead it Feceiving Foles whith ihdividitERS Tecehddtieshedd and
i f in the. d t igidi head. f i .‘
ERIRS &Eg .%&f%%?&%é ed{n\.%j aﬂé‘”}%agﬁﬁ é‘%{iﬁﬁé&'&e eg néaz@fe%%m

increased in the Tongitu irection ther ccorgi’hg y, a printh
mBavig high rigidity, which is



- 15 especially suitable as a line head, can be obtained. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a perspective view of a
print head according to a first embodiment of the present invention; Fig. 2
is an exploded perspective view of the print head according to the first
embodiment; Fig. 3 is a sectional view of an important part of the print
head according to the first embodiment; Fig. 4 is a sectional view of Fig. 3
cut along line IV- 1V; Fig. 5 is a perspeclide view showing a state in which
a nozzle-formed member is disposed on a supporting jig in a
manufacturing process of the print head according to the first
whintlodifnenis Fighé is eischesadicsapreseatatign shewingie-siepsdurizing
combining a head frame and the nozzle-formed member in the
Chbhtifaciithdglprocesshbf tHeepriminead eetdrdingtozkd sfirst which
_embodiment; Fig. 7 is a schematic representation showing a step of

LRSI ddistrtE HRTREEE 2 thB R oD TBTRaF Hiehfdtan chgls - are
£ BARUEACTA IR BPCPE3 AL NI head AGEQIINg B UISL - formea

embodiment; Fig. 8 is a schematic representation showing a head unit
miekyis cangtructpd by Lontining the hgadHame, ieich 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 are arranged in a directicn perpendicular to a
feed direction of a print medium, 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 the nozzle-formed member extends and shrinks along
with the head frame. Accordingly, by making the coefficient
of linear expansion of the head frame closer to that of the
substrate member, the displacements between the heating
elements (the ink-pressurizing cells) and the ink-ejection
nozzles can be made zerc, or can be reduced to an extremely
small amount. In addition, 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 thereof.

Accordingly, a print head having high rigidity, which is



- 16 nozzle-formed member, and the substrate members in the
manufacturing process of the print head according to the first
embodiment; Fig. 9 is a schematic representation showing a step of
combining the head unit and an ink-passage unit in the manufacturing
process of the print head according to the first embodiment; Fig. 10 is a
graph showing a laminating temperature of the head frame and the
nozzle-formed member and a laminating stemperature 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

eBleseherang a0 extanpioncurye f the el hetweei heaiing glegents

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
Bgresent invention and an ink passage plate; Fig.. 12 is an exploded

elshePHRAER Fthe BSMBIHRdPBAHYBEE print head according to the

second embodiment and_the ink passage plate; Fig. 13 is.a ra# .
show?r%ggthe relatioRstp be e(-f?egnjr')t‘ﬁe(::‘ Vc%r?t%nf’gf f%rrﬁﬁ%(ﬁte)gﬁ§ according

ierainepicke! Eacli Allen ande theyeoefficieataf ingaLgxpapsion of the
altoy; Fig. 14 is a side view showing a problem that the first

Fig. 2 is an exploded perspective view of the print
head according to the first embodiment;

Fig. 3 is a sectional view of an important part of the
print head according to the first embodiment;

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

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



embodiment of the present invention may have; - 17 Fig. 15is a
schematic side view of a print head according to a third embodiment of
the present invention; Figs. 16 is a schematic side view showing a state
before a nozzle-formed member and a frame member are laminated in
accordance with an example of a manufacturing method for a print head
of the third embodiment; Fig. 17 is a schematic perspective view showing
a state in which the temperature is redaged-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

nd fame- NerRal arelarainateshia aseordancerwilt anpthiehexample ¢
manufacturing method for a print head of the third embodiment; Fig. 19 is

mapvi@nitic $ie Wewshewingta ttate privhichibedempecatdisis to the
reduced to room temperature after laminating the nozzle-formed member
tArF e iienber; Fig 20is a schematic side view of a print head

accorgg? toga fOéll‘th em qnm,g § reser tl% entlon ng{l%lf ,l%:step of

perspective View ofaprlnt ead : accor ing 10 a fitth emba e

CARBERLINYERINN; IHith @248 £ exitodad peepectiveadew of the RiiNtthe
head according to the fifth embodiment;

manufacturing process of the print head according to the
first embodiment; |

Fig. 10 is a graph showing a laminating temperature of
the head frame and the nozzle-formed member and a laminating
- temperature of the substrate members and the nozzle-formed
member along with an extension curve of the interval between
ink-ejection nozgles formed in the nozzle-formed member and
én extension curve of the interval befwe@n 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:



Fig. 23 is a sectional view of Fig. 24 cut along line XXIII-XXIll showing an
important part of the print head - 18 - according to the fifth embodiment;
Fig. 24 is a sectional view of Fig. 23 cut along line XXIV-XXIV; Fig. 25 is a
sectional view of Fig. 23 cut along line XXV-XXV; Fig. 26 is a sectional
view of Fig. 23 cut along line XXVI-XXVI; Fig. 27 is a sectional view of
Fig. 24 cut along line XXVII-XXVII; Fig. 28 is a sectional view of Fig. 24
out along line XXVII-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

nozzlgfgymexbmember s Hsmaenufasiuingpracessrofdhg 1t heads
according to the fifth embodiment; Fig. 31 is a schematic representation

‘g astée oft comibindingubstiakenrhembetshanhihesrorzletformetlion ;
member in the manufacturing process of the print head according to the

fifth efmbd8meéRt; £fy. %2‘1?‘3%5&%tiﬁ#@ﬁregéﬁﬁatiéﬁgwémga_a ptaye

‘before a nozzle-formed member and a frame member are
laminated in accordance with an example of a manufacturing
method for a print head of the third embodiment;

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

Fig. 18 is a sch@matic side view showing a state before
a nozzle-formed member and a frame member are laminated in
accordancé 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 schemétic side view of a print head
according to a fourth embodiment of the present invention:

Fig. 21 is a perspective view of a print head according
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

XXTIT-XXIITI showing an important part of the print head



unit 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 - 19 - first embodiment; Fig. 33 is a schematic
representation showing a step of combining the head unit and an
ink-passage unit in the manufacturing process of the print head according
to the fifth embodiment; Fig. 34 is a perspective view of a conventional
print head; Fig. 35 is an exploded persp@éctive view of the conventional
print head; and Fig. 36 is a sectional view showing a problem of the
conventional print head. DESCRIPTION OF THE PREFERRED

AMBEIINMEN G Stabedimantsabbheimesent invention will be described
below with reference to the accompanying drawings. A print head 1
accortling -toifirksemboedivtéminiad phArthexatl fBig fulkdolon thubbtmimkline
)Jge{t ?{Jrinter. The print head 1 includes a nozzle-formed member 2, in which
fS “r"gﬁf;%f ink-ejection nozzles 3 are formed. Several hundred

Ink-ejgglion azzjes %aé%éq_f nsein &, single, subsirate member, Whihwill; ;o
be descrgl%e(?be ow. The nozzle- ormeg member 21?2 formed (% nic eCP ra

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

Fig. 27 is a sectional view of Fig. 24 cut along line
XIVII~-XXVIL;

Fig. 28 is a sectional view of Fig. 24 cut along line
XXVIIT-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
print 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.
unit 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



comprising nickel in the shape of, for example, a sheet having a thickness
of 15 to 20 pm by an electroforming technique. The ink-ejection nozzles 3
having a diameter of - 20 approximately 20 pm are formed in the
nozzle-formed member 2 (see Figs. 2 and 3). When nickel or a material
comprising nickel is used as the material for forming the nozzle-formed
member 2, the nozzle-formed member 2 in which the ink- ejection nozzles
3 are positioned with high accuracy caniise ebtained with a relatively low
cost. The nozzle-formed member 2 is laminated to a head frame 4. The
head frame 4 includes an outside frame portion 4a having a rectangular
fshape ansbibdigenbridge portions 4b which are integrally formed with the
outside frame portion 4a and which link the lateral sides of the outside
frameF portiohH LGt & corSiamBihtfepvalcRECSTEMERL IR Ghavigssa step of

tan h f d llel t h oth Fi
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n;yﬁu%get%lagew@esw & portiall qrienfation, the lengihyof fhe to the

openings 5 corresponds to the width of'the size 'A4’, that is, 21 cm.
fhieadhframpatisafernted of a material having the same coefficient of Imear
expansion as a semiconductor substrate of the substrate member, which
will b& d8scribkdis a perspective view of a conventional print
head;

Fig. 35 is an exploded perspective view of the
conventional print head; and

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

conventional print head.

DESCRIPTICON OF THE PREFERRED EMBODIMENTS

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

A print head 1 according to a first embodiment is a
print head for a full-color, bubble ink jet printer.

The print head 1 includes a nozzle-formed member 2, in
which a plurality of ink-ejection nozzles 3 are formed.
Several hundred ink-ejection nozzlegs 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 nickel in the shape of, for example, a sheet
having a thickness of 15 to 20 pm by an electroforming

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



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 (Al203), mullite, aluminum nitride, silicon
carbide, etc., may be - 21 used from the group of ceramics, quartz (Si02),
etc., may be used from the group of glass, and Invar, etc., may be used
from the group of metals. The head frame 4 may have a thickness of, for
example, 5 mm, and is sufficiently rigid2@vhen the head frame 4 is
laminated on the nozzle-formed member 2 at a high temperature such as
150C, the nozzle-formed member 2 tries to shrink by a larger amount
affrinaidiebd frard® duat catemferamed Idwerithan the: EMing&ingned member 2
temperature (150C), and thus becomes tense. Since the head frame 4 is

(SERicRRAET righ, #inerval PGB R HT Rk-cpactdnnabedal, marrrasing
le interval, varies in accordance, with the coefficient of linear
o o et e e B R R BT ek B - pormea

expansion o ead frame

mBfzze-formad, memes Pe by Usinta fsxsBIPle) & heqlrseting-adhesive.
sheet. A plurality of head chips HC are formed by laminating substrate

e irepiiars 6oz theeso e frmedsmdenbeed. Wicardingly) aaploatfeof can be
head chi(%s HC are formed on a single nozzle-formed member (see Fig.

Oby RS hMAERUBsFRLHHETBLRE R diREEcted by

The nozzle-formed member 2 is laminated to a head frame
4. The head frame 4 includes an outside frame portion 4a
having a rectangular shape and three bridge portions 4b
which are integrally formed with the outside frame portion
4a and which link the lateral sides of the outside frame
portion 4a at a constant interval; Accordingly, four
openings 5 having a rectangular shape are formed in parallel
to each other (see Fig. 2). 1In the case in which the print
head 1 is applied to a line printer which prints on *A4°
sized paper in a portrait orientation, the length of the
openings 5 corresponds to the width of 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 (A1,0,),

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



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 - 22 side surfaces of ink-pressurizing cells 9; in other words, it
serves as the side walls of the ink-pressurizing cells 9. The barrier layer
10 is formed of, for example, a dry film @hich is curable by light exposure,
and is constructed by laminating the dry film over the entire surface of the
semiconductor substrate 7, on which the heating elements 8 are formed,

uaed refpowing e NgEeSEArN: paks BiMi BROIOLRAgBPhYOCESS.ete. , may be
Accordingly, the substrate member 6 is completed. In the substrate

URfRNTEre®, tHethitkaaps ofthelbasier fn@r 10Vvaapp@kimateiyel? be used
and the heating elements 8 have a square shape of which the length of

L8, tgi’(?e L PPRodm MY 3850, In addition, the width of the
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considered in which the print héad 1 is app ine printér which

5prinis e A4i sizedfRpei #ha Pprifalbarentaiiiedn sheh AL@8e £iPane 4 is
single opening 5 formed in the head frame 4, approximately five thousand
lamigjadish sovzidwes apzokmefidanied member 2 at a high

temperature such as 150°C, the nozzle-formed membér 2 tries
to shrink by a larger amount than the head frame 4 at a
temperature lower than the laminating témperature {150°C},
and thus becomes tense. Since the head frame 4 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 4.
‘The head frame 4 is laminated on the nozzle-formed member 2
- by using, for example, a heat-setting adhesive sheet.

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

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



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 - 23

facilitate understanding, the drawings are partly exaggerated and

elements are sometimes omitted. The skbstrate members 6 are laminated

on the nozzle- formed member 2 by heat-curing the barrier layer 10 at

approximately 105C. Accordingly, the laminating temperature is mainly
sdelermineddecascartdanas Withdbe uahiaracigrisiics1of the bagies 8eF MPords |

Although the laminating temperature of the nozzle-formed member 2 and
iiheS sEmSfaté drhbersisip st likfitedfio 1B CLks pacessary thiaigdheells 9.
7 aéni%ati%g&temperature of the nozzle-formed member 2 and the head

m
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reference to a graph shown in Fig. 10. Fig. 10'is a grap owing t

1eslationshipghaiveeaithe dempesature andthajaterldetwaer ther the
ink-ejection nozzles 3 formed in the nozzle-formed member 2 (nozzle
SRITAOanAnE e rautisrishit Befivecpnthehdipbefeitrelimb ing elements 8

are formed, and removing unnecessary parts by a
‘photolithography process. Accordingly, the substrate member
6 is completed.

In the substrate membérs 6, the thickness of the
barrier layer 10 1s approximately 12 pm, and the heating
elements 8 have a square shape of which the length of each
 side is approximétely 18 pm. In addition, the width of the
ink-pressurizing cells 9 is approximately 25 um.

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



the interval between the heating elements 8 formed in the substrate
members 6 (heater interval). In the graph, curve A shows the relationship
between the temperature and the nozzle interval, wherein the nozzle
interval at room temperature (R.T.) is L1. In addition, curve B shows the
relationship between the temperature and the heater interval, wherein the
heater interval at room temperature (R.T.) is L2. - 24 When the coefficient
of linear expansion of the nozzle- formeg+nember 2 is al, the coefficient
of linear expansion of the semiconductor substrate 7 is a2, and the
temperature is T, the above-described curves A and B can be expressed
R fallouise & bkl 134 TG L e a120hothgeld 2 1 and al
> a2. Therefore, the head frame 4 is laminated on the nozzle- formed
enegertad empezdkredisatwbichaneweihesdosdryediicross each
other. Then, the substrate members 6 are laminated on the

“nozzIERSmTPRERE? FaMP et &rattife TRamhratisfower thm NDzzle-

When the head fr 4 is laminated,on the nozzle-formed_member 2 at
A RS TE Y RSe Al oo P S Ry At

dpassameId than B kead Kamehdhgly, the laminating
temperature is mainly determined in accordance with the
characteristics of the barrier layer 106. Although the
laminating temperature of the nozzle-formed member 2 and the
substrate members 6 is not limited to 105°C, it is necessary
that the laminating temperature of the nozzle-formed member
2 and the head frame 4 be higher than the laminating
‘temperature of the ﬁozzle—formed member 2 and the substrate
members 6. This will be explained with reference to a graph
shown in Fig. 10.

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

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



a temperature lower than the laminating temperature (T1), 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. Since the coefficient of linear expansion
of the head frame 4 is approximately the same as that of the substrate
members 6, the nozzle interval and the heater interval become
approximately the same at the same - 254temperature. Accordingly, the
displacements between the heating elements 8 and the ink-ejection
nozzles 3 do not easily occur. The nozzle interval of a completed print

head ishéntermnesbloyr & requirad precisionefa BHFShEWRICBfheitozz1e-
head is to be installed. Accordingly, L2 is determined in a design. phase.
fnrned areaseethelretsiragd. L tvandeeififdrsélyroalcufatddesed erphesion

nggag&shown_in Fig. 10 from the coefficient of linear expansion al of the
ZREFHEHIRBRBETL 9 tHE SR HIA R of lidSarepRfbnthe deawerature -

SETHCORAUCIGL RSIALS LAMICH 18 Pl CORITBN OLINER! opressed as
expansion of the head frame 4), the Taminating tempera(t:ure T of i
forziesdormed member 2 and the head frame 4, and the temperature

difference AT between the laminating temperature T1 and room

températdre RLL.) + Alteta&tively, L2 may also be calculated from the

following
wherein, L, > L; and o; > «,.

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

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

When the head frame 4 is laminated on the nozzle-formed
member 2 at the temperature T,, the nozzle-formed member 2
tries to shrink by a larger amount than the head frame 4 at
a temperature lower than the laminating 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. Since the coefficient of linear expansion of
the head frame 4 is approximately the same as that of the

substrate members 6, the nozzle interval and the heater

interval become approximately the same at the same



equation. L1 = L2 (a2AT - 1)/(alAT - 1) Due to the differences caused in
the manufacturing process, the nozzle interval at room temperature (R.T.)
may be too small or large relative to the L1. In such a case, an
adjustment can be made by changing the. laminating temperature of the
head frame 4 and the nozzle-formed member 2. For example, when the
nozzle interval at room - 26 temperature (R. T.) is LO2, which is smaller
than L1, the head frame 4 may be laminated on the nozzle-formed
member 2 at a temperature T02, which is higher than the laminating
temperature T1 determined at the design phase. In addition, when the

naRgledatansal at rerdemperatyre (Rd ->d§59§a&éuféh'§éa@8ézwgé‘nuthe
the head frame 4 may be laminated on the nozzle-formed member 2 at a

hempénatuss #D8nwkich imddwehinanithe dajaioatingitemperaike I1do not
determined at the design phase. The coefficient of linear expansion of the
fE aME@ s preferably lower than that of the nozzle-formed member

2. When the head frame 4 is laminated on the nozzle-formed member 2
e T e o SOMBORRGE BB Read 15
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and the temperature s reduce

dwzienfeedoperber duecalue 2 e M fie hegd frame 4 0 eiths’en the
(1) an expanding direction or (2) a

print head is to be installed. Accordingly, L, is
determined in a design phase. 1In such a case, the required
L; can be inversely calculated based on the graph shown in
Fig. 10 from the coefficient of linear expansion oy of the
nozzle-formed member 2, the coefficient of linear ex?ansion
-0y of the semiconductor substrate 7 (which is also the
coefficient of linear expansion of the head frame 4}, the
laminafing temperature T; of the nozzle~formed member 2 and
the head frame 4, and the temperature difference AT between
the laminating temperature T, and room temperature (R.T.).
Alternatively, L, may also be calculated from the following
equation.

Ly = Ly (0AT - 1)/(04AT - 1)

Due to the differences caused in the manufacturing
process,'th@ 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-formed member
2.

For example, when the nozzle interval at room



shrinking direction. The direction of the applied force is determined by the
relationship between their coefficients of linear expansion. When the
nozzle-formed member 2 receives the force in the direction (2), there is a
risk that concavities and convexities (wrinkles) will be formed in the
nozzle-formed member 2. Accordingly, the nozzle-formed member 2
preferably receives the force in the direction (1), the expanding direction,
rather than in the direction (2). Thus,_pregferably, the coefficient of linear
expansion of the head frame 4 is lower than that of the nozzle-formed
member - 27 2 and approximately the same as that of the substrate

TRapBeEsG.la adglition the;laminating fem pﬁ@tgﬁ%ﬂﬁfﬁh%ﬁﬂgﬁ%ﬁf?‘”ﬁe head
4 and the nozzle-formed membeér 2 is preferably higher than any
femperatunesyathehithifalloaieg prceshes awsz ReE0rraathaATGREMBGY, 2 at a
the nozzle-formed member 2 constantly receives a tension during the
REEEERE e foFmed HlEhd Rinkldgihsrofthehetitidrahsnd wnt thg

- ' . In the
nozzler f(%rtrlned eng%r 2, S0 th%t no wrinkles are formed. In

Pk %-féscﬁ%eg] AR ETHRHE A Fraie 43S B ARaRAAFE the In addition,
Whezglecipsmed mewber, 2 8 39C, and dagp @8@8%%@‘?&9? H2PAE 1y,
laminated on the nozzle-formed member 2 at 105 C. Accordingly, a hea
winiichl issfolraeddy camahiniDg.thehe head frame 4 may be laminated
on the nozzle-formed member 2 at a temperature Ty;, which is
lower than the laminating temperature T, determined at the
design phase.

The coefficient of linear expansion of the head frame 4
is preferably lower than that of the nozzle-formed member 2.
When the head frame 4 is laminated on the nozzle-formed
member 2 and thé temperature is reduced to room temperature
(R.T.), the nozzle-formed member 2 receives a force from the
head frame 4 in either (1) an expanding direction or (2} a
shrinking direction. The direction of the applied force is
determined by the relationship between their coefficients of
linear expansion. When the nozzle-formed member 2 receives
the force in the direction (2), there is a risk that
concavities and convexities (wrinkles) will be formed in the
nozzle-formed member 2. Accordingly, the nozzle-formed
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



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 provided for one color, and four
ink-passage plates 12 individually corresponding to four colors are
provided in total (see Figs. 1 and 2). The ink-passage plates 12 are
formed of a material which does not easily deform and which has ink
resistance. Each of the ink-passage plates 12 includes a chamber portion
13 which fits into one of the openings 5 formed in the head frame 4, and
a flange portion 14 which is integrally formed with the 28 chamber portion

AZakong pidsthaeel1the flahaaspritign Hhisdoured se asipdevafe

size larger than the planer. shape of the openings 5. The chamber portion
mkEBnizepravidled with an opening 15 at the side opposite to the side at
which_the flange portion 14 is formed, and notches 16 for positioning the

substrdte AEHBRYG altdiriddin telsige bRARSARE S hin® £5 Kie head

igs. 3 and 4é.| addition, .the flange portion 14 is provided with an . .
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above-described opening 15 (see Figs. 1, 2, and 4). The notches 16 are
paErrdiRgaueid twoAimesatiossithe dpening 15 le sffichrmedanmeaniibat end

portions of the _

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

- Accordingly. a head unit 11 is formed by combining the

~head frame 4, the nozzle-formed member 2, and the substrate
members 6, and ink-passage plates 12 are then attached to
the head unit 11 {see Fig. 1}.

One ink-passage plate 12 is provided for one coloxr, and
four ink-passage plates 12 individually corresponding to
four colors are provided in total (see Figs. 1 and 2). The
ink-passage plates 12 are formed of a material which does
not easily deform and which has ink resistance. FEach 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



opposing notches 16 overlap each other in the direction in which they are
arranged. The size of the notches 16 is determined such that the
substrate members 6 can fit therein. Each of the ink-passage plates 12 is
adhered to the head frame 4 in such a manner that the chamber portion
13 fits into the opening 5 and the flange portion 14 contacts the outside
frame portion 4a and the bridge portions 4b of the head frame 4. In
addition, the substrate members 6 lamingted on the nozzle-formed
member 2 are positioned inside the notches 16 formed in the chamber
portion 13 and are adhered to the chamber portion 13 (see Figs. 3 and 4).

dhasmBRinfgthednk-pasaagepates e Wihidhe bead 28,Unik11 8% portion
described above, closed spaces surrounded by the chamber portions 13
ot thesinkepassage plates 1@ ansMheanaizie-farmegkmenthes 2ta1@ planer
formed. These closed spaces are connected to the exterior environment
- Shptredgi e iAReRIRIY tibes Thenghsepkess i dsages 18foprovided
ransferring ink which i?f supplied thrq%lgeh the ink-supply tubes to each of L
TR TR i BEACIS AR, SORGRINK rhRske 18100 at whien
aeanegiedde aRlvialibnohheads chinsddG, and e, sHugiure o sepplying
ink is made simpler than a print head in which the head chips are
podividiaty pwvides! with inkrpassageablemssisgleRiogei-mpeacei thahe side
substrate members 6 are
walls of the opening 15 (see Figs. 3 and 4). 1In addition,
‘the flange portion 14 is provided with an ink-supply tube 17,
which projects from the side opposite to the side at which
the chamber portion 13 is forﬁed, and which is connected to
the above-described opening 15 (see Figs. 1, 2, and 4).

The notches 16 are arranged in two lines across the
opening 15 in such a manner that end portions of the
opposing notches 16 overlap each other in the direction in
which they are arranged. The size of the notches 16 is
determined such that the substrate members 6 can fit therein.

Each of the ink-passage plates 12 is adhered to the
head frame 4 in such a manner that the chamber portion 13
fits into the opening 5 and the flange portion 14 contacts
the outside frame portion 4a and the bridge portions 4b of
the head frame 4. In addition, the substrate members 6
laminated on the nozzle-formed member 2 are positioned
inside the notches 16 formed in the chamber portion 13 and

are adhered to the chamber portion 13 (see Figs. 3 and 4).

By combining the ink-passage plates 12 with the head



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 oppose one another. Thus, the ink passage 18 is
formed between thetwo 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). Four flexible substrates 19, which electrically
connect the heating elements 8 formed in the substrate members 6 to an
exterior control unit, are individually provided for four colors (only one of

Jhew is shawnda Kig- AeRagh o the é@&Q@dSnggé@é 12 isHovded vy the

with connecting tabs 19a, - 30 which are inserted through openings 20
dbaméebetweenieshead framehé ahdkhe inkspagsageptates 12 (886 the
Fig. 4), and extend to the substrate members 6. The connecting tabs 19a

n0e el ReRRe Mo T oS oIS thot SHBRAS, Ahntedrespaces are
individugll\éc nnq: ted to the heating elements 8 formﬁgin gle substrate
(o] O o a
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members 6. The iNk-sUppy tubes 17 provdeaBhth M phREaRI BidiBg 1ok~
sk eyngiyishially gonnected 4e-{nk taaks £Rotsshawe which ipdividually

contain inks of different colors, and the ink passages 18 and the
timepsdssurizing ciallk Swreckilledswith pnk Sweplied fongbhe ik tanks. supply
tubes to each of the ink-pressurizing cells 9. Accordingly,
a single ink passage 18 is connected to a plurality of head
chips HC, and the structure for supplying ink is made

- simpler than a print head in which the head chips are
individually provided with ink passages.

In a single closed space, the substrate members 6 are
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
oppose one another. Thus, the ink passage 18 is formed
between the two rows of the substrate members 6, and the
ink-pressurizing cells 9 are connected to the ink passage 18
via the ink inlets %9a (see Fig. 3).

Four flexible substrates 19, which electrically connect
the heating elements 8 formed in the substrate members 6 to
an exterior contreol 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,



When a current pulse is applied for a short time such as 1 to 3 s to some
of the heating elements 8 selected in accordance with a command issued
by the control unit of the printer, the corresponding heating elements 8
are rapidly heated. Accordingly, at each of the corresponding heating
elements 8, a bubble of ink vapor (ink bubble) is generated at the surface
thereof. Then, as the ink bubble expands, a certain volume of ink is
pushed ahead, and the same volume- af ink-is ejected out from the
corresponding ink-ejection nozzle 3 as an ink drop. The ink drop, which is
ejected from the ink-ejection nozzle h, adheres (lands on) to a print

whedhinaguch asamiece ehpapsinepdhendhe K- resdiZing Rl the
from which the ink drops are ejected are immediately refilled with ink
hepsdinpmeanié passhgdse 3nK Sonsthegamnd anesnt.as (keeejebtbg.ink ), and
-dro%gé The manufacturing process of the above-described print head 1

SRt B oristy SepIAHEE bERPWRATERFEh @ to ERR. SWBeFRéftheabs 19a
B e ot e LS B O SIS n

is disposed on a supporting Jig aving a see FIg:

wiepsnn ahy  iiriReaZeANe LHRANSE 24S disPered R4Re SYPRIUIREnts 8
jig 21 is because the nozzle-formed member 2 is extremely thin and it
- feamen nigintelreitsubspa-by éismémbers 6.

The ink-supply tubes 17 provided on the ink-passage
plates 12 are individually connected to ink tanks {not
shown), which individually contain inks of different colors,
and the ink passages 18 and the ink-pressurizing cells 9 are
filled with ink supplied from the ink tanks.

When a current pulse is applied for a short time such
as 1 ﬁo 3 ps to some of the heating elements 8 selected in
accordance with a command issued by the control unit of the
printer, the corresponding heating elements 8 are rapidly
heated. Accordingly, at each of the corresponding heating
elements 8, a bubble of ink vapor (ink bubble) is generated
at the surface thereof. Then, as the ink bubble expands, a
certain volume of ink is pushed ahead, and the same volume
of ink is ejected ocut from the corresponding ink-ejection

-nozzle 3 as an ink drop; The ink drop, which is ejected
from the ink-ejection nozzle h, adheres (lands on) to a
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



Next, the head frame 4 is laminated on the nozzle- formed member 2
disposed on the supporting jig 21 by heating a heat-setting adhesive
sheet, for example, an epoxy adhesive sheet, at 150C (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 150C. Next, the supporting jig 21 is removed, and the substrate
members 6 are laminated on the nozzlegformed member 2 at 105C, 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

187940 f9leachinEOlRh AFO AROLINCIBAN ! The cappigted (See

Fig. 8), and an ink-passage unit 22, which is constructed by another - 32
- proceliseisattachad tatimbead-uoédd (68e tige bR Ilchassaged Pt int
22 is constructed by combining the above- described four ink-passage
hepfed 17 Lhdhghechniefihy srpimiiac hehoy. Mihd priefheathde to

the he%d framg 4, which has approximately the same coefficient of linear

FJé?Sansmngs that of the semiconductor substrates 7 (for example, silicon
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electroforming technigue, and is disposed on a supporting
jig 21 having a flat surface (see Fig. 5). The reason why
- the nozzle-formed member 2 is disposed on the supperting jig
21 is because the nozzle-formed member 2 is extremely thin
and it cannot maintain its shape by itself.

Next, the head frame 4 is laminated on the nozzle-
formed member 2 disposed on the supporting jig 21 by heating
a heat-setting adhesive sheet, for example, an epoxy
adhesive sheet, at 150°C (see Fig. 6). 1In Fig. 6, reference .
numerals 2' and 4' schematically show the shapes of the
nozzle-formed member 2 and the head frame 4 which extend by
being heated to 150°C.

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

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

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



The head frame 4. Then, the substrate members 6 are laminated on the
nozzle-formed member 2 at a temperature lower than the laminating
temperature of the head frame 4 and the nozzle-formed member 2.
Accordingly, the interval between the ink-ejection nozzles 3 formed in the
nozzle- formed member 2 and the interval between the heating elements
8 formed in the substrate members 6 are always the same at
temperatures lower than the laminatinggemperature 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

pebihes substratg mermhers G andthe pumlersafhepting glements 8 gnd o

the ink-ejection nozzles 3 provided for a single substrate member 6 are
inicrgeeesadisplacemerts hetwaanstteuexeiiensic eiamenisiSanthhesbove -
ink-discharge nozzles 3 do not easily occur. Accordingly, the size of the
dpfRrEHERMA EaHT 3BnbeRASHRFRrédsEEe End thushe Print feasads ing
mg[%%ecially s;%ita le for.long print heads such as print heads for line
prlnt(aézfs,(erfg. nsad%‘l"%%j by laminating the head frame 4 on the

nozzlgsforpgd mambere.dhe Nozziefougd memher 200iGiNs ﬂi%s
rigidity. Thus, as described above, it is possible to form a prlntﬁea ora

- apperprintes treiictifeuspriel beads fior fewtcalars piasambingshnsion as
that of the semiconductor substrates 7 (for example, silicdn
substrates) which are the base substrates of the substrate
members 6, is first laminatéd on the nozzle-formed member 2.
The head frame 4. Then, the substrate members 6 are
laminated on the nozzle-formed member 2 at a temperature
lower than the laminating temperature of the head frame 4
and the nozzle-formed 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 substrate members 6 are always the
same at temperatures lower than the laminating temperature
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 nozzles 3 provided for a single
substrate member 6 are increased, displacements between the

exothermic elements 8 and the ink-discharge nozzles 3 do not

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



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

beuiEahle 8¢ aipréteReachthabisdopg iy adiecinn RerpeRdisuiar {Q thenecially
feed direction of a print medium, and is especially suitable as a line

shéaabAecofdinglyopantspieet derddsinceased sAlidugh hegites@atr 1ine
invention was applied to a print head for a full-color, bubble ink jet printer

- PHihESIOve A described embodiment, the present invention may also

be applied.to.nrint heads far monocolor prijnters, In addition, even in the
case ?r?1 W%(I% it é%r%ésaégr?‘f i;ivaélﬁjﬁgﬁ%s‘?‘ a pl%lde tglgf)%in R&EF ot £ the
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above-described structure in which the four print heads for four colors are
higimbiregh dndyan irthvidual ssintibeat Maybeapreparedifor eacheeibie to
~ form a print head for a line piinter‘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. 1In
addition, since a plurality of head chips HC are formed on a
single nozzle-formed member, positional accuracy of the ink-
ejection nozzles can be increased and the printing
characteristics can be improved. 1In addition, since a
single ink passage is connected to a plurality of head chips
HC, the structure for 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-



The shapes and structures of the members of the first embodiment are
described merely for illustrating an example of a print head to which the
present invention is applied, and are not intended to limit the scope of the
present invention. Next, a print head according to a second embodiment
of the present invention will be described below. In the following
descriptions of the second embodiment, explanations regarding the parts
having the same construction as in theFgst-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

aByeRtiak a2 SHBbREAEAR OF eacordingdaitie $aeANtaBROMEE1s0 e

includes the substrate members 6 and the nozzle-formed members 2
awhithdiiveappriximabein e samemopffictentof gndatexpansidm Taddition,
even when heat is applied in the fabrication process, displacements
eN&vebh thEBPeahSe- 35 #RifdntdBaANATRE fHklejdBSEd N ed 8, sRplied

between the ink-pressurizing.cells 9 and the ink-ejection nozzles 3
G R S R A T S e R ket

isHRSRIR Mefabels 6 andhedizZle-armesiBoBbaeicsah e 'edveedure in
Accordingly, variations of the ejecting direction and ejection speed, which
whdaths dtiedo floarr print heads for four colors are combined, and
an individual print head may be prepared for each color.

The shapes and structures of the members of the first
embodiment are described merely for illustrating an example
of a print head to which the present invention is applied,
and are not intended to l1imit 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 second embodiment,
explanations regarding the parts having the same
construction as in the first embodiment are omitted, and
components similar to those in the first embodiment are
denoted by the same reference numerals.

In order to attain the object of the present invention,
‘a print head 30 of accerding to the second embodiment
includes the substrate members 6 and the nozzle-formed
members 2 which have approximately the same coefficient of

linear expansion. Thus, even when heat is applied in the

fabrication process, displacements between the heating



displacements between the heating elements 8 and the ink- ejection
nozzles 3, and between the ink-pressurizing cells 9 and the ink-ejection
nozzles 3, can be reduced, and degradation of the printing quality can be
prevented. 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 nozzle-formed member are also increased. Thus, when the
coefficients of linear expansion of the substrate members and of the

JREISoIEOEMpEL At ATELent,  [rcg o separale e substiate
~members and ?he nozz e-Jformed]mem er IS generate ,‘an ura%ﬁi‘ﬁ/ 8]11

ithe psine Bead-is-degraded 1 & gontRetaecoidiRg Lo therabayesdssoribeds
print head 30, the difference in the coefficients of linear expansion
wistwk endioa suldsteaté andinbersif fina ¢ne nozzie-rmatkagabes t2is between

extremely small, so that high durability can be obtained. - 36 Although
Hhe pFEbSH T IBARET Spflicdd a-ffe MRad WidiPpmeE dremiesizéd can

et S R
Alfection and-ejeqtion speed, which occur due tc the
dispiacements between the heating elements 8 and the ink-
ejection nozzles 3, and between the ink-pressurizing cells 9
and the ink-ejectiocon nozzles 3, can be reduced, and
degradation of the printing guality can be prevented.

Accordingly, various adhesives including héatmsetting
adhesives can be used in the fabrication process.

When a print head is driven (when thé ink is ejected),
the temperature of the ink is increased for an instant, so
that the temperatures of the substrate members and of the
nozzle-formed member are also increased. Thus, when the
coefficients of linear expansion of the substrate members
and of the nozzle-formed member are different, a force to
separate the substrate members and the nozzle-formed member
is generated, and durability of the print head is degraded.
In contrast., according to the above-described print‘head 30,
the difference in the coefficients of linear expansion
between the substrate members 6 and the nozzle-formed member
2 is extremely small, so that high durability can be

obtained.



In addition, although the print head 30 was constructed of a plurality of
substrate members 6 in the second embodiment, the present invention is
not limited to this, and a line of 21 cm can also be covered by a single
substrate member 6. When the length of the substrate member 6 is
increased as described above, the influence of the difference in the
coefficients of linear expansion between the substrate members 6 and
the nozzle-formed member 2 is increasgg. 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

embogimapt. il b, Lres lusirateahelow. For exampl e pripthead

30 may be manufactured by a following process using on watfer
Hekglararystal psticong asra meteriak obthe samieendyctey substratese’,
which are the base members of the substrate members 6, a dry film resist
aisignizdriaof the bhgicsd¢aymrd Odane drivermalloylas dmadendl of thveesntion
nozzle-formed memper 2. The ink-ejection nozzles 3 are formed in the
ML 597 BB rABE M fbd2 By BBy R hinyeBEe sV ¢hing S eRfial
cég(gjjde q! tion. The heating elements (heaters) 8 are formed by
h[amlna'ting a thin film layer on the semiconductor substrate

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

The print head 30 according to the second embodiment
will be further iilustrated below.

For example, the print head 30 may be manufactured by a
following process using a silicon wafer ({single-crystal
silicon} as a material of the semiconductor substfates 7,
which are the base members of the substrate members 6, a dry
£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-



7 formed of the silicon wafer, and then the dry film resist is laminated on
the semiconductor substrate 7. Then, the side walls of the
ink-pressurizing cells 9 are formed by removing unnecessary parts of the
dry film resist by a photolithography process. Accordingly, the substrate
member 6 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 150C for 15 minutes- Inyar 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

reeafdentablineas expansianobl2e¢irbn Fhpsdbe Loafficiens of lipgah.;
expansion of Invar alloy is almost the same as that of silicon (2.6 x 10-6),
civhichiid ¢hesbase: material of the substrate member 6. When the print

head 30 is constructed as described above, the displacements between

the h&Bfhd &Rt Sla‘ﬁ‘ﬂerﬁlgﬁje(:ﬂ&ﬁﬁﬁfﬂés 8 an¢ Herwees thy
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extreme | amount, and gradation of the prln%'ng quaf;ty
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(Fe) and 36% nickel (Ni), and has the coefficient of linear expansion of

is 2Zham@i6; vevichois thhenisenucoaliedhdire substrate 7. Then, the

side walls of the ink-pressurizing cells 9 are formed by

removing unnecessary parts of the dry film resist by a

photolithography process. Accordingly, the substrate member

6 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-¢%. Thus, the
coefficient of linear expansion of Invar alloy is almost the
same as that of silicon (2.6 x 10-%), which is the base
material of the substrate member 6. .When the print head 30
‘is constructed as described above, therdisplacements 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 amount, and

degradation of the printing guality can be prevented.



graph shown in Fig. 13. When the content of ferrum (Fe) is close to 64%,
the coefficient of linear expansion becomes higher than the minimum
value (see Fig. 13). Accordingly, an alloy, in which the content of ferrum
(Fe) is adjusted around 64% so that the difference in coefficients of linear
expansion between the silicon and the alloy is reduced, may also be
used. According to the second embodiment, the print head 30 may also
have the following construction. The bagg material of the substrate
members 6 and the material of the barrier layer 10 are the same as
described above, and Pyrex glass (which is a trademark of Corning Inc.

for a hardalass N d 740bds Used pathe natgrial dordbe raozzle-formes.

member 2. The coefficient of linear expansion of Pyrex glass is 3.3 x
(¥e-b. ané id6 gjenlickadzi¥s B.arenfbrined inthe nerzieriofmeshmembes near
2 by a reactive ion etching (RIE) process using a chromium layer as a
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(size - 39 'A6") having a length of 105 mm, in which one substrate

‘himetergistarbirated. namwme nozziesfo(med magben2.)The accordingly,
an alloy, in which the content of ferrum (Fe) is édjusted
around 64% so that the difference in coefficients of linear
expansion between the silicon and the alloy is reduced, may
also be used.

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

The base materialrof the substrate members 6 and the
material of the barrier layer 10 are the same as.deSGribed
above, and Pyrex glass (which ié a tradematk 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 106, 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 printing, the displacements hardly occur, and
degradation of the printing quality can be brevented.

Furthermore, according to the second embodiment, the

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



base material of the substrate member 6, the material of the barrier layer
10, and the material of the nozzle-formed member 2 may be the same as
described above. Since the difference in coefficients of linear expansion
between the substrate member 6 and the nozzle- formed member 2 is
extremely small, the displacements between the heating elements 8 and
the ink-ejection nozzles 3, and between the ink-pressurizing cells 9 and
the ink- ejection nozzles 3, are also extremely small. Even the maximum
displacement between the heating elements 8 and the ink-pressurizing
cells 9 is only several micrometers. Accordingly, degradation of the

‘prirtingrgualingisalmesly eampletely praventad Theishanssaadhibstrate

structures of the members of the above- described second embodime_nt
mgfegaschibéd rarelfait siflstating anrexambie Gbarpedt heatbtarwhich The
the present invention is applied, and are not intended to limit the scope
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above-described first embodiment, a construction for_ reducing
mdisplacemanisybeiweendhe Anating: elegrnts seandikoriection nozzles

3, and between the ink - 40 pressurizing cells 9 and the ink-ejection
‘nozzledBGgaghe difference in coefficients of linear
expansion between the substrate member 6 and the nozzle-
formed member 2 is extremely small, the displacements
between the heating elements 8 and the ink-ejection nozzles
3. and between the ink-pressurizing cells 9 and the.ink~
ejection nozzles 3, are also extremely small. Even the
maximum displacement between the heating elements 8 and the
ink-pressurizing cells 9 is only 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 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 third embodiment of
the present invention will be described below.

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

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



suggested. More specifically, according to the first embodiment, the head
frame 4 formed of a material having the same coefficient of linear
expansion as the semiconductor substrate 7, which is the base substrate
of the substrate member 6, is laminated on the nozzle-formed member 2
at a high temperature. Then, the substrate member 6 may be laminated
on the nozzle-formed member 2 at a lower temperature than the
laminating temperature of the head fragw 4 and the nozzle-formed
member 2. Accordingly, after the nozzle-formed member 2 is laminated
on the head frame 4, the interval between the ink- ejection nozzles 3

piuaainihe gozde-farmed membRy 2 YRueS;Naocordance,With the ya s
coefficient of linear expansion of the head frame 4. Since the coefficient
sofidmstieéxpansion of the head frame 4 is approximately the same as

that of the substrate member 6, the intervals between the heating
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elements ¢ and the ink-ejection nozzles 3, and between the
subkspresseriZzing eblisch and thaélbejseticubdékrate of the substrate
member 6, is laminated on the nozzle-formed member 2 at a
high temperature. Then, the substrate member 6 may be
laminated on the nozzle-formed member 2 at a lower
temperature than the laminating temperature of the head
frame 4 and the nozzle-formed member 2.

Accordingly, after the nozzle-formed member 2 is
laminated on the head frame 4, the intervél between the ink-
ejection nozzles 3 formed in the nozzle-formed member 2
varies in accordance with the coefficient of linear
exXpansion of the head frame 4. Since the coefficient of
linear expansion of the head frame 4 is approximately the
same as that of the substrate 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 nozzles 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



nozzles 3, can be avoided. In order to obtain the above-described effect,
the coefficient of linear expansion of the head frame 4 is preferably lower
than that of the nozzle-formed member 2. However, in such a case, there
is a risk that the head frame 4 will warp due to the difference in
coefficients of linear expansion between the head frame 4 and the
nozzle-formed member 2. More specifically, in the case in which the
coefficient of linear expansion of the-ndazle-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
ntemieratBe ismduseddras dagilaminating temperature. Accordingly,
there is a risk that the head frame 4 will warp in such a manner that the
side dUHfRAGT vitficlo Headsz Adiforahaeefbec? iddnindtedieconies

con ve%%ee Fi ]&A# As shown in Fig. 14, when the head frame 4 warps,
S efsthing irthtidd BPfHe iRERRESS- RV d a Uit ARRfurh k%Gt ad s
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the ink drops on the print medium k become narrower toward the

Hperpearal pertisncidushawsepiferaieotitse tervak MpetweeRdNead frame
landing points 1 causes deformation of a printed image similar to

4 spRédcaraberraiion bPa tdves. AtEbaiegigahdpriotefficients of linear

expansion between the head frame 4 and the nozzle-formed _
member 2.

More specifically, in the case in which the coefficient
of linear expansion of the nozzle-formed member 2 is higher .
than that of the head frame 4, the 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 ink drops toward a print medium k
such as a piece of paper, etc., varies, and intervals m
between landing points 1 of the ink drops on the print
medium k become narrower toward the peripheral portion.

Such nonuniformity of the interval m between the landing
points 1 causes deformation of a printéd image similar to

spherical aberration of a lens. Accordingly, the printing



- 42 - quality is degraded. In addition, when the head frame 4 warps, travel
distances n of the ink drops between the ink-ejection nozzles and the
print medium k become shorter toward the peripheral portion. When the
travel distances n differ as described above, the ink drops ejected at
positions closer to the peripheral portion reach the print medium earlier
than the ink drops ejected at positions closer to the central portion.
Accordingly, when such a print head.is gsed 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

qi;gatj]je_@ar[pge@%fx&taeéc’cordingly, the printing quality is degraded.
J

Accordingly, an object of the third embodiment is to prevent warping of a

laminatioa satfasenf, thetfeame membera thatdmed 3UFRGERN Which/be
nozzle-formed member is laminated, and to avoid the problem which

désdinngedtaihel wensing ok thttlantndtitsteacs ot thokampandhbor.
In the following descriptions of the third embodiment, explanations
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described above, the ink drops ejected at positions closer
to the peripheral portion reach the print medium earlier
than the ink drops ejected at positions closer to the
central portion. Accordingly, when such a print head is
used in a line printer, printed lines are deformed in such a.
manner that central parts are displaced in a direction
reverse to the paper feed direction (in a delay direction)}
relative to the peripheral parts. Accordingly, the printing-
guality is degraded.

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

In the following descriptiohs of the third 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.

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



As shown in Fig. 15, in a print head 100 according to - 43 the third
embodiment, a warp-suppressing member 101 is laminated on a surface
4d of the head frame 4 which is at the opposite side of a lamination
surface 4c, on which the nozzle-formed member 2 is laminated. When the
nozzle-formed member 2 is formed of nickel or a material comprising
nickel as in the first embodiment, the warp-suppressing member 101 is
preferably formed of nickel or a matetalgepmprising nickel. The
warp-suppressing member 101 is laminated on the head frame 4 at the
same temperature as the laminating temperature of the nozzle-formed

) deadframe, 4 ggggﬂe{ - ihe e, th .
tﬁgﬁyﬁgﬁgmembeﬁ 1%1%%?ninated%%ﬁg%%a%%ﬁé%rﬁé 4pla 1 1s
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sides of the head frame 4 receive the same tension at the operating
tatRPRRFd thecdidifig9tthe Herinatieon cambéarevaited fonwhich the
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igs. 16 and 17 show an example of a manufacturing method for
g prnt heggrggggr@ﬁ[ﬁﬁsjfh@th’rﬁ fBGHeRtor (P BResEREiReARde - formed
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nozzle-formed member 2 is to be laminated, g}ﬁ?orme S0 as 16 be 9
asonvexthed fistkfacerdddbahdi, the warp-suppressing member 101
is preferably formed of nickel or a material comprising
nickel.

The warp-suppressing member 101 is laminated on the °
head frame 4 at the same temperature as the laminating
temperature of the nozzle-formed member 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 44 at
the opposite sides of the head frame 4 receive the same
tension at the operating temperature. 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 surface 201b at the

opposite side of the lamination surface 20la is formed so as

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



opposite side of the lamination surface 201a is formed so as to be flat.
The curvature of the lamination surface 201a is - 44 determined such that
deformation of the head frame 201, which occurs at the operating
temperature due to the difference in coefficients of linear expansion
between the head frame 201 and the nozzle-formed member 2, can be
compensated for. Then, the nozzle-formed member 2 is laminated on the
lamination surface 201a of the head frage 201 at a temperature higher
than the operating temperature, for example, at 150C (see Fig. 16). In a
print head 200 which is constructed as described above, the lamination

SReR3U@ afdbe head frafee 40h-A8f0IMS3! IR ORCLAINIAeTIReratyie

due to a shrinking force of the nozzle-formed member 2. However, since
wihgclamicatiorsswfacden20 bpisfatmed; seaape bea tapyexat fitss, thige
lamination surface 201a becomes flat by receiving the shrinking force
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dhapasisthata lapination surface 301a, on which the nozzle-formed

member 2 is to be laminated, becomes convex.
Then, the nozzle-formed member 2 is. laminated on the

lamination surface 20la of the head frame 201 at a
temperature higher than the operating temperature, for
example, at 150°C (see Fig. 16}.

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

Figs. 18 and 19 show another example of a manufacturing
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 30la, 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 becomes concave (see Fig. 18). The

curvature of the lamination surface 30l1a is determined such



Accordingly, a surface 301b at the opposite side of the lamination surface
301a becomes concave (see Fig. 18). The curvature of the lamination
surface 301a is determined such - 45 that deformation of the head frame
301, which occurs at the operating temperature due to the difference in
coefficients of linear expansion between the head frame 301 and the
nozzle-formed member 2, can be compensated for. Then, the
nozzle-formed member 2 is laminated ogthe lamination surface 301a of
the head frame 301 at a temperature higher than the operating
temperature, for example, at 150C (see Fig. 18). In a print head 300

aieh i eonsiticien ag flesaribad. ahoye.Jhe lagipation, surface.301a 0Ly the

the head frame 301 deforms at the operating temperature due to a
agheinkinbn foreemd e nazzie durenecomembed 2 ridlawenek sincedberficients
lamination surface 301a is formed so as to be convex at first, the
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Jsee Fig. 9). hows a print head according to a fourth
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head 400, intervals D between heating elements, between
liakpnegsiwizinguasdilscand bepvesn itke head frame 301 at a
temperature higher than the operating temperature, for
example, at 150°C (see Fig. 18).

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

Fig. 20 shows a print head according to a fourth
embodiment of the present 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

portion (C.P.) toward the peripheral portion (P.P.). More

specifically. the relationship between the intervals can be



ejection nozzles (in Fig. 20, positions thereof are shown by black dots for
convenience) are increased from the central portion (C.P.) toward the
peripheral portion (P.P.). More specifically, the relationship between the
intervals can be - 46 - expressed as follows: DI < D2 < D3 < D4 < D5 At
the operating temperature, which is lower than the laminating
temperature of the nozzle-formed member 2 and the head frame 4, the
lamination surface 4c of the head framet4 bBecomes concave. Thus,
ejecting directions (shown by the arrows in Fig. 20) of the ink drops at
positions farther from the central portion (C.P.) and closer to the
epgnphesali pagiondPiByare tilted toward the center. Accordingly,
intervals d between the landing. points on the print medium become even
from the ceriédl poRbBN(AR.) €0 Br¥e peripheral portion (P.P.), and the
state shown in Fig. 14, in which the intervals between the landing points

becot& ﬁgﬁoﬁgéma%gﬁ@ﬁ’ﬁ?&ﬁ%@rtioﬂhéﬁbé%v&iﬂgﬁ?M%n the
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points can be expressed as follows: us, according
higsiefrahdead 400:0f tha ot emhagdimgale degragationof tsd frame 4

printing quality due to nonuniformity of the intervals between the landing

bpgeipmesf concave. Thus, ejecting directions (shown by the
arrows in ?ig.'ZO) of the ink drops at positions farther
from the central portion (C.P.) and closer to the peripheral
portion (P.P.} are tilted toward the center. Accordingly,
intervals d between the landing.points on the print medium
become even from the central portion (C.P.) to the
peripheral portion (P.P.}, and the state shown in Fig. 14,
in which the intervalé between the landing points become |
narrower toward the peripheral portiocn, can be avoided.
More specifically, the relationship between the intervals
between the landing points can be expressed as follows:

dl = d2 =~ d3 = 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 landing.points of
the ink drops can be avoided.

Furthermore, according to a control method for a print
head according to the fourth embodiment, the time to apply

current to the heating elements 8 is adjusted sﬁch that the

heating elements 8 positioned closer to the central portion



the ink drops can be avoided. Furthermore, according to a control method
for a print head according to the fourth embodiment, the time to apply
current to the heating elements 8 is adjusted such that the heating
elements 8 positioned closer to the central portion - 47 receive current
earlier than the heating elements 8 positioned closer to the peripheral
portion. When the head frame 4 warps as shown in Fig. 14, the distances
between the ink-ejection nozzles 3 and ghe print medium k become
shorter toward the peripheral portion. Thus, if all the heating elements 8
receive current at the same time, the ink drops ejected at positions closer

riodbeveeniA PO UaNRhipl 2 longsl ie aRd landan R meglum

later. Accordingly, as described above, the time to apply current to
poeditiniceledenisos isradjustades usbrtheis d1esheatingralements 8

positioned closer to the central portion receive current earlier than the

heatifg:ernidits Beposifiziaae clbswiatnheperiphert pdrtionith othér the

. words, the heating elements 8 disposed at positions_at which the travel
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elements 8 land on the print medium at the same time. Accordingly, when

ithea plintdieachissappligd 40 anlinetpringe - pogteddineSrrent at the same
time, the ink drops ejected at positions closer to the
central point travel for a longer time and land on the print
medium later. Accordingly, as described above, the time to
apply current to the heating elements 8 is adjusted such
that the heating elements 8 positioned closer to the central
portion'receivé current earlier than the heating elements 8
pesitioned 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 ejected earlier. Thus,
the ink drops ejected by all the heating elements 8 land on
the print medium at the same time. Accordingly., when the
print head is applied to a line printer, printed lings
become straight from the central portion to the peripheral
“portion, and high printing guality 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



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 - 48 - the scope
of the present invention. Next, a fifth embodiment of the present invention
will be described below. An object of the fifth embodiment is to reduce
the displacements as much as possible between the ink-pressurizing
cells, which are individually provided with heating elements and the

tHK-aissfin Bezales WiiekJRdividiady €9ugaspond to the ink-pressurizing
cells, and to increase the rigidity of the print head. A print head 500
accoiing: to theffifthtémbaotioddmat tthe Hrédent invesdion iSapsnt headwill
used in a full-color, bubble ink jet printer. In the following descriptions of

ben&aRITEMRAIRETC ExpldihtiBRd $edaraingthe phiE Havipedisens is to

cqnstruction as.in the first embodiment are omitted, and .compqnents
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2, in which a plurality of ink-ejection nozzles 3 are formed. ‘

heating elements and the ink-ejection nozzles, which

individually correspond to the ink-pressurizing cells, and

to increase the rigidity of the print head.

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

In the following descriptions of the fifth embodiment,
eﬁplanations regarding the parts having the sanme
construction as in the first embodiment are omitted, and
components similar to those in the first embodiment are
denoted by the same reference numerals.

The print.head 500 includes a nozzle-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—fbrmad member 2 is
formed of nickel or a material comprising nickel in the
shape of, for example, a sheet having a thickness of 15 to
20 uym by an electroforming technique, and the ink-ejection

nozzles 3 having a diameter of approximately 20 um are



Several hundred ink-ejection nozzles 3 are formed in a single substrate
member, which will be described below. Also in the fifth embodiment, the
nozzle-formed member 2 is formed of nickel or a material comprising
nickel in the shape of, for example, a sheet having a thickness of 15 to
20 pm by an electroforming technique, and the ink-ejection nozzles 3
having a diameter of approximately 20 m are - 49 formed in the
nozzle-formed member 2 (see Figs. 22443,.and 24). The nozzle-formed
member 2 is laminated to a head frame 24, in which a plurality of
head-chip-receiving holes 25 are formed. The head-chip-receiving holes

£GP B UNIAecy 00, KU A00RS, YLGR DEHILAUM £FEsRONSL0 0 ang
colors. In each of the groups, head-chip-receiving holes 25 ~are arranged

24y the longitudinal direction thereof in a zigzag manner. The
head-chip-receiving holes 25 individually correspond to head chips HC,
whicA be dederitfeeisidnnasnibat helmatiashipate&icairbe head frame
disposed therein (see Fig.. 22). In the case in which the print head 500 is

24 ppit&d ¥4 SihePprittdithprivts B 3dr Shil paperivanerbates 25 are
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holes 25 corresponds to the width of the.Size

into four groups, which individually correspond to four

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

are arranged in the longitudinal direction thereof in a

zigzag manner.

The head-chip-receiving holes 25 individually
correspond to head chips HC, which will be described below,
so that the head chips HC can be disposed therein (see Fig.
223. |

In the case in which the print head 500 is applied to a
line printer which prints on 'A4' sized paper in a portrait
corientation, the length of each of the groups of the head-
chip-receiving holes 25 corresponds to the width of the size
"A4', that is, 21 cm.

The head frame 24 is formed of a material having the
same coefficient of linear expansion as a semiconductor
substrate of the substrate member, which will be described
below. When, for example, a silicon substrate is used as
the semiconductor subst:ate, silicon nitride is used for
forming the head frame 24. Alternatively, alumina (Al,05),

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



'‘Ad', 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 semiconductor substrate, silicon nitride is
used for forming the head frame 24. Alternatively, alumina (Al203),
mullite, aluminum nitride, silicon carbide, etc., may be - 50 used from the
group of ceramics, quartz (S'02), etc., gy be used from the group of
glass, and Invar, etc., may be used from the group of metals. The head
frame 24 may have a thickness of, for example, 5 mm, and is sufficiently

whglg- When %ﬁé“?ﬂd@”%@@ér‘éﬁ%@?dgg&?‘%?%é%owe%tca, may be

member 2 at a high temperature such as 150C, the nozzle-forme
uswinFarohtriesetogsfvink yra frgesamanat thavdhe head frameaz4 Beaused
temperature lower than the laminating temperature (150C), and thus
frerohbs teRuB| e the kb8 frame 24 is sufficiently rigid, the interval
ction nozzles 3, that is, a nozzle interval, varies in

between the ink-eje
acco ﬁéﬁcge\ﬁﬁh ﬁﬁa&?efﬁéiew AP eRpdriktSHBERE 1 fFahe SXamPLe,
- 5 Thf headdrajue 2445 'amigatefonneppzziggiormed, memies 2% ne 24 1s

using, for example, a heat-setting adhesive sheet.
laminated on the nozzle-formed member 2 at a high

- temperature such as 150°C, the nozzle-formed member 2 tries
to shrink by a larger amount than the head frame 24 at a
temperature lower than the laminating temperature (150°C),
and thus becomes tense. Since the head frame 24 is
sufficiently rigid, the interval between the ink-ejection
nozzles 3, that is, a nozzle interval, varies in accordance
with the coefficient of linear expansion of the head framer
24. 'The head frame 24 is laminated on the nozzle-formed
member 2 by using, for example, a heat-setting adhesive

- sheet.

A plurality of head chips HC are formed by laminating
substrate.members 6 on the nozzle-formed member 2.
‘Accordingly, a plurality of head chips HC are formed on a
single nozzle-formed member {see Fig. 22}.

In the fifth embodimenit, the substrate members 6 are
the same as those in the first embodiment, and explanations
thereof are thus omitted.

As in the above-described embodiments, the thickness of

the barrier layer 10 1is approximately 12 pum, and the heating



A plurality of head chips HC are formed by laminating substrate members

6 on the nozzle-formed member 2. Accordingly, a plurality of head chips

HC are formed on a single nozzle-formed member (see Fig. 22). In the

fifth embodiment, the substrate members 6 are the same as those in the

first embodiment, and explanations thereof are thus omitted. As in the

above-described embodiments, the thickness of the barrier layer 10 is

approximately 12 m, and the heating- 54 elements 8 have a square

shape of which the length of each side is approximately 18 pm. In

addition, the width of the ink-pressurizing cells 9 is approximately 25 pm.
eASRIRIANBPIRa% 623 Schpisidesad ewhiendhs PHNERCAIA0DUE of each

applied to a line printer which prints on 'A4' sized paper in a portrait
sadentaBorppsurhmadastyfdr 8a single Jroupdiheadechipiecentidgh of the

holes 25 formed in the head frame 24, approximately five thousand
ipk-QESTH RbFHBE 3%fe ¥6rnfed M MR FEIBHASY nfdmBar-2 and

sixte%nssutglstreate m%bers 6c%re laminated thereon. Since is jmpossible |

to show the acturare numBePHnk- 2S8R HoL RS itk hglraige print
ndREnsieNS;ig tagéqi%iagw@cmi&?e ligited 12 3126 N AraWINGS A6 *aq-

partly exaggerated and elements are sometimes omitted in order to
sfecdifatpapederstangdingprtrait orientation. In such a case, for

a single group of head-chip-receiving holes 25 formed in the
head frame 24, approximately five thousand ink-ejection
nozzles 3 are formed in the nozzle-formed member 2 and
sixteen substrate members 6 are laminated thereon. Since is
impossible to show the accurate numbers of ink-ejection
nozzles 3 with accurate dimensions in the drawings which are
limited in size, the drawings‘are partly exaggerated and
elements are sometimes omitted in order to facilitate
understanding.

Because of the reason described above in the first

- - embodiment, the head frame 24 and the nozzle-formed member 2

are laminated together at 150°, and then the substrate
“members 6 are laminated to the nozzle-formed member 2 at
approximately 105°.

Accordingly, a head unit 11 is formed by combining the
head frame 24, the nozzle-formed member 2, and the substrate
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



Because of the reason described above in the first embodiment, the head
frame 24 and the nozzle-formed member 2 are laminated together at
1500, and then the substrate members 6 are laminated to the
nozzle-formed member 2 at approximately 105. Accordingly, a head unit
11 is formed by combining the head frame 24, the nozzle-formed member
2, and the substrate members 6, and ink-passage plates 12 are then
attached to the head unit 11 (see Fig. ZL). One ink-passage plate 12 is
provided for one color, and - 52 four ink-passage plates 12 individually
corresponding to four colors are provided in total (see Figs. 21 and 22).

£&he i%&@f@g& %teﬁllkgtags f‘ifé“%%&&%i“@&%r'ﬂh&%}:%%?%ﬁ’ egg”%o

deform and which has’ink resistance. As shown in Fig. 24, ea
fikrpassage Plates 13 rivotudes asflangewortions &4 hayipg the shape like ) |
a plate of which the size is larger than a region including the
Thead-chippeseiig pdlet s, diid elramberperdons 18 whitlepreftudh ich
from one. side of the flange portion 14. Fi?\' 24 shows a sectional view of
[

LR 23%ht SR e SERERX AP hrE A ik Rl o es i tance .

e SIS e SR BERS IR gy s 12
iﬁ@&ﬁd@@d@ﬂﬁiﬁﬁyéCb@ﬂ@ﬁ@ﬂ"@@“ﬂ&%zﬁgwﬁh@a&hape like a plate
of which the size is.larger than a region including fhe
head-chip-receiving holes 25, and chamber portions 13 which
protrude from one side of the flange portion 14. Fig. 24
shows a sectional view of Fig. 23 cut along line XXIV-XXIV
at a part including two head-chip-receiving holes 25.

As shown in Fig. 24, the size of the chamber portions
13 is determined such that they can 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 beloﬁ°

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.



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 rganner 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. 53 In addition, the flange
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1
passage 27 which extends in ngftudinal direction of the flange

phertian 134 akthervigsestionthereen ThaiNksPIPASSAE8RY 187 which
connected to the concavities 26 formed in the chamber portions 13. The
efidrgredsoriion tdef e giktpabtage plited@tis calsefrabdedWith@s portion

ink-supply tube 17, which proi)eé:ts from the side_{(;gposite to the side at _
LfhRh thEenibEe PJolfoh PSERC formedDénd WhicHiBRbKNBERBAEthe 7 1S
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passage plates isTadhered to the head frame 24 in'sucha
pdapRehibhai the chamber portions 13

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

Each of the ink-passage plates 12 is adhered to the
head frame 24 in such a manner that the chamber bortions i3
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 & laminated on the
nozzle-formed member 2 are positioned inside the ﬁotches 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



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 notejes.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 - 54 unit

&H&@SQﬁsgﬂxﬁ@§3¥@58@55g59@9e%§HﬂQHPdgggyg esﬁﬁgggﬂaed by the

portions 13 of the ink-passage plates 12 and the "'nozzle-fo member

. champlormpdrthesssclosed spaces incidesisksypplynassage 2anfiethe
concavities 26, and the ink passages 18, and are connected to the
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supplied through the ink-supply passages 27 is transferred through the
i SEagH T HPRASh BAREAHE redourih ARG RkhAGGN ife head the

1eippHEAgdadiyidually gravided yiibdhe ok Rasspges 19 a.single

ink-supply passage 27 is connected to a plurality of ink passages 18 (see

- elnigi2ément only through the ink-supply tubes 17. Ink which
is supplied through the ink-supply passages 27 is
transferred through the ink passages 18 to each of the ink-
pressurizing cells 9.

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

Four flexible substrates 19, which electrically connect

the heating elements 8 formed in the substrate members 6 to

an exterior control unit, are individually provided for four



and 26). Thus, the structure for supplying ink is made simpler than a print
head in which the ink-supply passages 27 are individually provided with
ink passages. This construction is shown in Figs. 27 and 28. Fig. 27 is a
sectional view of Fig. 24 cut along line XXVII-XXVII. As shown in Fig. 27,
the head-chip-receiving holes 25 are arranged across the ink-supply
passage 27. Fig. 28 is a sectional view of Fig. 24 out along line
XXVIHI-XXVIII. As shown in Fig. 28, thedwead-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

cmgmperz 9~ gateger epnipol Lnit gus jnd @“9%9@%@” %Oéﬁ "of the
IDle

colors {only one of them is shown in Fig. 22). Each of the flex

£Ihstiaies Lhisdirpxided with eennestng &rhs IPesnvbishse tisegtetabs 19a,

through openings 20 formed between the head frame 4 and the
wihkqlassage plates 12 SdeFigudh), caehdxigind BPthecsupstrateetween the
members 6. The connecting tabs 19a are electrically connected to

hesladiigs tndhotity, WHcPRRSAGRIRARFESnIectdF fPieia - 24) .
heati I t f inth bst The.ink-
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es 17 provided on the ink-passage plates 12 are individua

- 19Nepteddoduk ks (09t sbawah vdich ndivisiiady copiintks@fot shown),
different colors, _

which are individually connected to the heating elements 8
formed in the substrate members 6.

The ink-supply tubes 17 provided on_the ink-passage
plates 12 are individually connected to ink tanks {(not
shown), which individually contain inks of different colors,
and the ink-supply passages 27, the ink passages 18, and the
ink-pressurizing cells 9 are filled with ink supplied from
the ink tanks. |

When a current pulse is applied for a short time such
as 1 to 3 us to some of the heating elements 8 selected in
accordance with a command issued by the control unit of the
printer, the corresponding heating elements 8 are rapidly
‘heated. Accordingly, at each of the corresponding heating
elements 8, a bubble of ink wvapor (ink bubble) is generated
at the surface thereof. Then, as the ink bubble expands, a
certain volume of ink is pushed ahead, and the same volume
of ink is ejected cut from the corresponding ink-ejection
nozzle 3 as an ink drop. The ink drop,'which is ejected

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



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 s to some
of the heating elements 8 selected in accordance with a command issued
by the control unit of the printer, the corresponding heating elements 8
are rapidly heated. Accordingly, at each of the corresponding heating
elements 8, a bubble of ink vapor (ink bypble) is generated at the surface
thereof. Then, as the ink bubble expands, a certain volume of ink is
pushed ahead, and the same volume of ink is ejected out from the

p%%%sglf)?’:cg%”éi%%‘?“&é‘_ Qoéﬁgéea%%” ' Fi;;gé Q'dTphc%i”k YRR Wh;%ﬁeis ink-

ejecte e ink-ejection nozzle h, adh ands on) toa rint
pesiiie sHEh @sceniese of papal, 9t JhenniBe itk RIespHizinECcllsted

from which the ink drops are ejected are immediately refilled with ink
attgodgimarbliak physagdsl 1By theBanienkmbhmoaxgthetdjectedknipassages

drops. The manufacturing %rocess of the above-described print head 500

HilP¥e bherPeRfafea betof fitheretdace B irR  2915RS - First, the

g D S o I B e
‘hERASOHOMYrill be briefly explained below with reference to
Figs. 29% to 33.

First, the nozzle~formed member 2 is formed by an
electroforming technique, and is disposed on a supporting
jig 21 having a flat surface (see Fig. 29). The reason why
the nozzle-formed member 2 is disposed on the supporting ijig
21 is because the nozzle-formed member 2 is extremely thin
énd it cannot maintain its shape by itself.

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 numerals 2' and 24° schematically show the shapes
0of the nozzle-formed member 2 and the head frame 24 which
extend by being heated to 150°C.

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

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



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 itself. 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

150C (see Fig. 30). In Fig. 30, reference numerals 2' and 24’

schematically show the shapes of the rezzle-formed member 2 and the

head frame 24 which extend by being heated to 150C. Next, the

supporting jig 21 is removed, and the substrate members 6 are laminated
<8R ¢he nozzle-formed member 2 at 105C, so that the head chips HC are

formed (see Fig. 31). Fig. 31 only schematically shows the laminating

step, Aadaiiy sepen, sulisd aie: Enkels 6lare sBowognea - $bee Fig.

color. Accordingly, the head unit 11 is completed (see Fig. 32), and an
3k-padgennke; pdsErpigeonstictéd bywhdgtherdproeess tisuatededy

to the head unit 11 (see Fig. 33). The ink- e unit 22 js constructed _
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24, which has approximately the same coefficient of linear expansion as

the above-described four ink-passage plates 12 using a
connecting member (not shown).

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

the numbers of heating elements 8 and the ink-ejection

nozzles 3 provided for a single substrate membher 6 are



that of the semiconductor substrates 7 (for example, silicon substrates)
which are the base substrates of the substrate members 6, is first
laminated on the nozzle-formed member 2. Then, the substrate members
6 are laminated on the nozzle- formed member 2 at a temperature lower
than the laminating temperature of the head frame 24 and the
nozzle-formed member 2. Accordingly, the interval between the ink-
ejection nozzles 3 formed in the nozzlefgrmed member 2 and the interval
between the heating elements 8 formed in the substrate members 6 are
always the same at temperatures lower than the laminating temperature

1atthennzzle-formed member 2 mweeﬁ;k f@@%@nl%%ﬁ@&% ents 8

head having improved characteristics 0 rop ejection can

anbtainges. hyenahsimtiedize obtheswbstraie memnbermsG apdobsur .
numbers of heating elements 8 and the ink-ejection nozzles 3 provided

Arsrersinglelsubstiate meathep B drbe S8rimcredsedddBpRicearerts easily
between the exothermic elements 8 and the ink-discharge nozzles 3 do
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heads such as print heads for line printers, etc. m%et e head frame 24
pisiprosiged withea plurality of head-chip-receiving holes 25 which extend

Inﬂnzince the head frame 24 is provided with a plurality of
head-chip-receiving holes 25 which extend in the
longitudinal direction thereof, the head frame 24 is rigid
in the longitudinal direction. Accordingly, by 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 conspicucus. In
addition, since a plurality of head chips HC are formed on a
‘single nozzle-formed member, positional accuracy of the ink-
ejection nozzles can be increased and the printing
characteristics can be improved.

The above-described print head 500 is suitable as a

print head that is long in a direction perpendicular to the



longitudinal direction thereof, 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
(o ed a2 iBgledioZa ipined R, PaslioTd aeHRey A 0P G can1e
ejection nozzles can be inCreased and the printing characteristics cah be
adnproyved.el he:abave-gdesssibedmying hepd 5RO ispuitable:as apBrinkeathsed.
that is long in a direction perpendicular to the - 59 feed direction of a print :
medidhthag@hedpiaiysisablelaveninedieadaAcopmlinghd primt a print
speed_can be increased. AIthou%hht&t?e present invention was applied to a
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monocolor printers. In addition, even in the case in which the present
affyeftian isoapplieAt heads for monocolor printers. In addition,
even in the case in which the present invention is applied
to a print head for a full-coloxr printer, the present
invention is not limited to the above-described structure in
which the four print heads for four colors are combined, and
an individual print head may be prepared for each color.

The shapes and structure of the members of the above-

described fifth embodiment are described merely for
. 1llustrating 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.



to a print head for a full-color printer, the present invention is not limited to
the above-described structure in which the four print heads for four colors
are combined, and 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 in\ier%]gog‘. - 60 - Claims: 1. A print head
comprising: a substrate member which forms side surfaces and one end
surface of ink-pressurizing cells and which is provided with heating
elements; and a nozzle-formed member which forms the other end
Chaimes 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 whichink- 1% ejecied byappying-erent to the heating elements and
heating the heating elements, are formed, wherein intervals between the
heatifg eiéments; harwaka rthehinkipréssmdzing dells varfdbetweenithe e

ink-ejection nozzles are increased from a central portion toward a
en shr%ace d%zﬁng—pxessurlzlng cells a%d 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 applyving current to the heating elements and
heating the heating elements, are formed,

wherein intervals bketween the heating elements, between
the ink-pressurizing cells, and between the ink-ejection
nozzles are increased from a central portion toward a

peripheral portion.



peripheral portion. - 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 formgd,-the control 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 closer to a
centra2l portion receive current earlier than the heating elements

positidried CIGSEH 6% pBripherhl portiEnP3 1A tonfof msthod foralpias @
head-aceardingfo. Claigy, 2. furthgrcomprising the-step.of; adiusting the

time to apply current to the heating elements such that the heating
selerrents positioked clesertoz thescentidlportion wedetvie carnendeares with
than the heating elements positioned closer to the peripheral portion. - 62
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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
control 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 cleoser 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.



method of Claim 2 or 3. 5. A method of printing onto a print medium,
including the control method of Claim 2 or 3. - 63 PRINT HEAD,
MANUFACTURING METHOD THEREFOR, AND PRINTER ABSTRACT
OF THE DISCLOSURE A print head is provided with at least
ink-pressurizing cells, heating elements, and ink-ejection nozzles. In
addition, the print head includes subsfrate members which form side
surfaces and one end surface of the ink- pressurizing cells, and which are
provided with the heating elements; a nozzle-formed member which
formsthe pther end swiace.9fdhe inkspressusizing cells and,in whigh the
ink- ejection nozzles, which individually correspond to the ink- pressurizing

neells;areformeds ando-a head frame which supports the nozzle-formed
member. Figure 1

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

the control method of Claim 2 or 3.



- 63 -
PRINT HEAD, MANUFACTURING METHOD THEREFOR, AND PRINTER

ABSTRACT OF THE DISCLOSURE

A print head is provided with at least ink-pressurizing
cells, heating elements, and ink-ejection nozzles. In
addition, the print head includes substrate members which
form side surfaces and one end surface of the ink-
pressurizing cells, and which are.provided with the heatihg
elements: a nozzle-formed member which forms the other end
surface of the ink-pressurizing cells, and in which the ink-
ejection nozzles, which individually correspond to the ink-
pressurizing cells, are formed:; and a head frame which

supporis the nozzle—formedrmember.

Figure 1



