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 THERMAL 'EXPANSI ON ot The present invention relates in general to

an ink jet print head, and nore particularly to such an ink jet print
ghead that includes a nozzl e nenber +wetde-of nmetal and an ink punp nenber

§(pi ezoel ectric/electrostrictive filmtype actuator) nade of a ceramc

terial, which are superposed

§ INK _JET PRINT HEAD HAVING MEMBERS WITH \/

i DIFFERENT COEFFICIENTS OF THERMAL EXPANSION
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The present invention relates in general to an ink

jet print head, and more particularly to such an ink jet
print head that includes a nozzle member made of metal and
an ink pump member (piezoelectric/electrostrictive film type
#‘, actuator) made of a ceramic material, which are superposed
.' on each other and bohded together into an integral laminar
? structure. The present inven_tion is concerned with a
.technique for improving ink-jetting characteristics or
capability of the laminar ink jet print head.
ro In the recent market of printers, there is a
rapidly increasing demé.nd for an ink Jjet printer which
operates quietly at a réla.tively low cost. The ink jet
printer has an ink jet print head which is —adapted to raise
the pressure in an ink chamber filled with a mass of ink, to
‘ thereby jet or discharge f_ine ink particles from nozzles so
as to effect a desired printing operatién.

| A known type of the ink jet print head uses a
piezoelectric/electrost:ri-c-ti-ve eler;lént. disposed on a wall of
the ink chamber, as means for raising the pressure in the

ink chamber. In this type of the print head, a volume of the
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r3on each :other and bonded together into am integral |am nar structure. The
redent ‘invention is concerned with a technique for inproving ink-jetting
haracteristics or capability of the lamnar ink jet print head.

n the recent market of printers, ther& ¥s a rapidly increasing demand for
nink jet printer which operates quietly at a relatively |low cost. The
nk jet printer has an ink jet print head which is adapted to raise the
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print head of this type is advantageous for reduced

B

consumption of electric power, as compared with another type

e

of the ink print head in which the ink is heated by a heater
disposed in the ink chamber, to generate minute bubbles used
for jetting the fine ink particles.

Referring to Figs. 6 and 7 showing an example of

the above type of the ink jet print head utilizing the

displacement of the piezoelectric/ electrostrictive element,

a nozzle plate 4 having a plurality of nozzles 2, an orifice
plate 8 having a plurality of orifices 6, and a channel
plate 10 are superposed on each ot.he'r such that the channel
plate 10 is interposed between the plates 4 and 8. These,
p plates 4, 8, 10 are bonded together into an iﬁk nozzle
member 16, in which are formed ink discharge channels 12 for
leading or guiding an ink material to the respective nozzles
# 2, and an ink supply channel or channels 14 for leading the

ink material to the orifices 6. The ink jet print head
further includes an ink pump member 24 which consists of two
plates 18, 24 formed in lamination on the ink nozzle member
16. The ink pump member 24 has a plurality of voids 22 which
correspond to the nozzles 2 and orifices 6. With this ink
pump member 24 superposed on and bonded to the ink nozzle
member 16, an. ink chamber 26 corresponding to each of the
voids 22 is formed behind the corresponding nozzle and

orifice 2, 6. The ink pump member 24 includes a plurality of
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he ink.chamber, as neans for raising the pressure in the ink chanmber. In
s type'of the print head, a volunme of the

EPLACEMENT SHEET - 2- i nk chanber is
‘$hanged upon energi zation and di splac&nent of the

" Biezoel ectric/electrostrictive elenent. The ink jet print head of this
jype i s advantageous for reduced consunption of electric power, as

'gg?g&%gégﬁ%iéﬁggfgvefggg}oégr{£§3$gk gigggn gad£é1vggéﬁltggxgg§yls
formed on a relatively thin p@rtion of the pump member 24
& defining the corresponding ink chamber 26. In this ink jet
-; print head, the ink nozzle member 16 consisting of the
: + nozzle plate 4, orifice plate 8 and channel plate 10 is
generally made of metal, such as stainless steel, in view of
the manufacturing cost and the easiness of precision -

processing on the plates. As shown in Fig. 6, the nozzle

plate 4 consists of a first nozzle plate 4a having tapered
sections of the nozzles 2, and a second nozzle plate 4b
having straight sections of the nozzles 2.

The ink pump member 24 of the ink jet print head
of the above type may favorably consist of a piezoelectric/
electrostrictive film type actuator made principally of a
] ceramic material, as disclosed in JP-A-3-128681 assigned to
the assignee of the present application. This piezoelectric/
electrostrictive film type actuator has a ceramic substrate
d corresponding to the above-indicated plates 18, 20, and a
piezoelectric/electrostrictive element formed on oﬁe of
opposite..major surfaces of the ceramic substrate. The
piezoelectric/electrostrictive element consists of a first
electrode film, a piezoelectric/electrostrictive film and a
second electrode film, which are laminated in this order to
form an integral laminar structure. The actuator of this
type is advantageously small-sized and cheap, and assures
high operating reliability. Further, this actuator is

excellent in its ability to generate a large amount of
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ilSpOSEd in the ink chanber, to generate.m nute bubbles used for jetting
] heifiné ink particles. Referring to Figs. 6 and 7 show ng an
% $xanple of the above type of the ink jet print head utilizing the
£ §i spl acenent of the piezoelectric/el étrostrictive el enent,
having a plurality of nozzles 2, .an orifice

HENHE?

generated, assu:glng an J.mproved operating response. Thus,
the actuator as described above can be advantageously used
as the ink pump member of the ink jet print head.

The inventors of the present invention made an
analysis on the ink jet print head formed by superposing the
metallic nozzle member having the nozzles for jetting the
ink material, on the ink pump member in the form of the
piezoelectric/electrostrictive £film tybe actuator as
described above. It was revealed as a result of the analysis
that the amount of displacement of the ink pump member
incorporated in the print head is significantly smaller than
the nominal or intended amount of displacement of the
actuator itself. i

In the case where the ink jet print head is formed
such that the ink pump member made of ceramic and the nozzle
member made of stainless steel are ) bonded together at a
temperature of 120°C with an adhesive, for example, the ink
pump member incorporated in the print head undergoes a
displacement of 0.20um upon application of a given vﬁltage
thereto, whereas the ink pump member as formed separately
from the print head undergoes a displacement of 0.30um upon
application of the same voltage. Thus, the amount of
displacement of the ink pump member is reduced as large as
more than 30% after the pump member is incorporated in the

print head.

Ne

a nozzle plate
plate 8 having a plurality
pl ate 10 are superposed .on each other such

& tihhat the channel plate 10 is interposed between thiwp tes 4 fnd 8. These
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Rk naterial to the orifices 6. The ink j.et print head further includes an
ANk punp menber 24 which consists of two plates 18, 24 formed in

ani nation on the ink nozzle nenber 16. The ink punp nmenber 24 has a
qurality of voids 22 which correspohd-to the nozzles 2 and orifices 6.
{th this ink punp nenber 24 superposed on and bonded to the ink nozzle
enmber 16, an ink chanber 26 correspondi-ng to each of the wvoids 22 is

¢r mred behind the_correspondi ng nozzle and orifice 2, 6. The ink %unp
dnber 24 incIude%navhﬁﬂraﬁtEhQﬁabove situation, the linventors o

FPLACENENT SHEET - .
CI%:he pé%sent invention made various analyses on the reduction

of the displacement of the ink pump member, which results in

deterioration of the ink jetting capability of the ink jet
print head. It was revealed as a result of the analyses that
the ink pumb member is subject to thermal stresses generated
therein, or thermal strain remaining therein, due to the

heat history during the process of fabricating thg print

head or due to the heat application to the fabricated print
head, since the nozzle member and ink pump member of the
head are made of different materials, that is, metal and
ceramic, which have different coefficients of thermal
expansion. Consequently, the ink pump member undergoes
flexural deformation or compression, due to the thermal
# stresses or strains, resulting in undesirably reduced amount
of displacement 6f the ink pump member.
The present invention therefore seeks to pfovide an ink
*, jet print head, preferable efpbddiments of which have an ink pump member
which ensures a sufficiently large amount of displacement
thereof upon application of a given voltage thereio; thereby
assuring improved ink jetting capability of the print head.
According to the present )

invention, +there 1is provided an ink jet print head
comprising: a metallic nozzle member having a plurality of
nQzzlées through which fine particles_of ink are jetted; a

ceramic ink pump member superposed on and bonded to one of
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: plezoelectrlc/electrostrlctlve el enents 28 each flxedly fornmed on a
};?flatlvely thin portion of the punp nenber 24 def ining the correspondi ng
gk chamber 26. In this ink jet print head, the ink nozzle nenber 16

cpnsi sting of the nozzle plate 4, arigfi.ce plate 8 and channel plate 10 is
bneral |y made of netal, such as stainless steel, in view of the
hnuf acturing cost and the easiness of precision
shown in Fig. 6, the nozzle plate 4 consists of a first nozzle plate 4a
qvi ng oppesite majoromsunffadde obzthes ndzzded mersmeondthezihk guatpe 4b
gvi ng straight sections of the nozzles 2.

member having a plurality of ink chambers- formed behind the
respective nozzles of the nozzle member, said ink pump
member including a plurality of
piezoelectric/electrostrictive elements each disposed on a
bortion of the ink pump member defining the corresponding’
one of the ink chambers, for defofming the portion so as to
change a pressure of the corresponding ink chamber, whereby
the ink supplied to the ink chamber is jetted through the
corresponding one of the nozzles; and a CTE adjusting member
superposed on and bonded to at least one of the nozzle
member and the ink pump member, for reduciné a stress which
is applied to tﬁe ink pump member due to a difference
between a coefficient of thermal expansion of the nozzle
member and that of the ink pump member.

.. According to one form of the present invention,
the CTE adjusting member is superposed.on énd bonded to the
other surface of the nozzle member remote from the ink pump
member. The coefficient of thermal expansion of the CTE
adjusting member is smaller than that—of the nozzle menber,
or is even smaller than that of the ink pump member which is
smaller than that of thé.nozzle member. With the ink pump
member and CTE adjusting member having relatively small
coefficients 6f thermal expansion being formed on the
opposite surfaces of the nozzle member having a large
coefficient of thermal expansion, the present érint head has

a laminate of three members with small-large-small
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3 he |nk :punp nenber 24 of t he ink jet priknt head of the above type may
‘avorably consist of a plezoelectrlc/ electrostrictive filmtype actuator
ade principally of a ceramc nater? as disclosed in JP-A-3-128681
4ssigned to the assignee of the pre ent application. This piezoelectric/

gl ectrostrictive filmtype actuator has a ceram c substrate correspondi ng
tto t he above-i ndi cat ed plates 18 20, and a piezoelectric/electrostrictive
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print head, it is desirable that the thickness of the CTE

; adjusting member is as small as possible. Therefore, the CTE
' adjusting member is preferably formed of a material having
| the possibly smallest coefficient of thermal expansion and a
comparatively high Young's modulus, so as to yield a desired
CTE adjusting effect ever; with the small thickness. The
0 nozzle member is usually formed of a material having a
larger coefficient of thermal expansion than a ceramic
material. However, when the nozzle member is formed of a
material having a smaller coefficient of thermal expansion
than a ceramic material, the print head is desirably
% constituted by a laminate of three members with large-small-
large coefficients of thei‘mal expansion. Namely, in this
particular case, the coefficient of thefmal'expansion of the
:'h. CTE adjusting member is preferably larger than that of the
I nozzle member. | )
? According to "another form of the invention, the
CTE adjusting member is superposed on and bonded to one
major surface of the ink pump member remote from the nozzle
member. In this case, the coefficient of thermal expansion
-0of the CTE adjusting member may be larger than that of the
ink pump member, preferably, is equivalent to that of the
nozzle member. Alternatively, the CTE of the CTE adjusting

member may be smaller than that of the ink pump member. In
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i¥¥pe i s advantageously snall-sized apd cheap, and assures high operating
Rliability. Further, this actuator is excellent inits ability to
gggnerate a | arge anDunt of - 4 -
-dijspl acenent by application of a ré1é¥|vely | ow voltage thereto, with a
¢syfficiently |arge magnitude of force generated, assuring an inproved
erating response. Thus, the actuator as described above can be

Vant%ﬁ%ﬁ%%'%éﬁg?jthe CTE adjusting member serves to effectively

% restrict the flexural deformation of the ink pump member due

to a difference in the thermal expansion and contraction

i characteristics between the ink pump member and the nozzle
{ member.

According to a further form of the invention, the
CTE adjusting member is interposed between and bonded to the
ink pump member and the nozzle member. In this case, the CTE
adjusting member is formed of a material having a smaller
coefficient of thermal expansion than the nozzle member. In
this arrangement, the CTE adjusting member serves to
effectively restrict or reduce the thermal deformation
induced by the nozzle member having the larger coefficient
of thermal expansion, to thereby reduce stresses which take
place in the ink pump member.

In the ink jet print head constructed according to
the present invention, the CTE adjusting -member is
.r' superposed on and bonded to at least one of the ink pump

member and nozzle ﬁember, to cooperate with these members to
P -constitute an integral laminar structure. Therefore, the CTE
adjusting member can effectively alleviate or reduce
‘compressive stresses or tensile stresses applied to the ink
pump member due to a difference of the coefficient of
thermal expansion between the metallic nozzle member and the
P ceramic ink pump member. In particular, the CTE adjusting
member is able to effectively restrict flexural deformation

of the ink pump member resulting from such stresses, so that
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5 the i;nk punp nenber of the ink jet pri:nt head. The inventors
tthe present invention nmade an analysis on the ink jet print head formed
e superposing the netallic nozzle nmenber having the nozzles for jetting
_#t e ink material, on the ink punp nefber in the formof the

=P ezoelectrlc/electrostrlctlve film type act uat or as descri bed
" above. It mas revealed as a result of the analysis that the anount of
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:nozzle ink jet print head exhibits significantly 1mproved ink

jetting capability.

As described above, the coefficient of thermal
expansion of the CTE adjusting member used for the present
‘invention needs to be appropriately selected depending upon
the po;ition of the CTE adjusting member in the print head.

#’ In any case, the CTE adjusting member can effectively reduce
) stresses applied to the ink pump member due to the heat
history during the process of producing the print head. The
CTE adjusting member can also effectivély reduce stresses
which are applied to the ink pump member due to a difference
of the .coefficient of thermal expansion between the nozzle
5 member and ink pump member, when the print head is heated
after it is fabricated. Consequently, the present ink jet

priﬁt head is advantageously free from an adverse influence

of the stresses present in the ink pump member on its ink
jetting capability.

The above and optional objects, features and

advantages of the present im.rention will be Dbetter
understood by reading the following detailed description of
presently preferred embodiments of the invention, when
considered in connection with the accompanying drawings, in

5 which:
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i ven vol t age
romthe print head undergoes a displacement of 0.30pm upon
he sanme voltage. Thus, the anount of displacenent of the ink punp nmenber

s reduced as |arge as_ nore than 30%.after the pynp nmenber js |ncorporated

made of stainless steel are bonded together at a tenperature of

20kerr]C with an adhesive, for exanple the ink punp nenber incorporated
n the print head undergoes a: displacenment of 0.20pm upon application of a
thereto, whereas the 1@k-punp nenber as forned separately
application of

print hedtfg- 1 is an elevational view in vertical cros
section of one embodiment of an ink jet print head of the
present invention;

Fig. 2 is an exploded perspective view explaining
the structure of the ink jet print head of Fig. 1;

Fig. 3 is a plan view showing an example of a
channel plate of an ink nozzle member of the ink jet print
head of Fig. 1; i

Fig. 4 is a vertical «cross sectional view
corresponding to that of Fig. 1, showing an ink jet print
head as another embodiment of the present invention;

Fig. 5 is an expldded perspective . view
correspondiﬁg to that of Fig. 2, for explaining the
structure of the ink jet print head of Fig. 4;

Fig. 6 is a vertical cross sectional view showing
a known ink jet print head by way of example;

Fig. 7 is a cross sectional view taken along line
7-7 og Fig. 6;

Fig. 8 is a vertical cross sectional view
corresponding to that of Fig. i, éhowing an ink jet print
head as a further embodiment of the present invention; and

Fig. 9 is a vertical cross ' sectional view
corresponding to that of Fig. 1, showing an ink jet print
head as a still further embodiment of the present invention.

Referring to Fig. 1 schematically showing in cross

section an ink jet print head 40 as one preferred embodiment
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n PLACEIVENT SHEET - 5- - In view of the above
‘Situation, the inventors of the present invention nmade various anal yses on

"t he reduction of the di spl acenent of the ink punp nenber, which results in

~deterioration of the ink jetting <agabtlity of the ink jet print head. It
was revealed as a result of the analyses that the ink punp nmenber is
subject to thermal stresses generated therein, or thernmal strain remaining
~therein, due to the heat history during the process of fabricating the
“print ofhthe mresfant dnventicon, a itatEign tD Wwhhich 5bs i 2atewpbeded head,

. since the nozzl e menber and i nk pump nenber of the

perspective view of the print head 40, an ink nozzle member
42 and an ink pump member 44 are bonded together to form an
integral structure of the ink jet print head 40. In this
print head 40, an ink material is supplied to a plurality of
ink chambers 46 formed in. the ink pump member 44, and is
jetted or discharged from a plurality of nozzles 54 formed
through the ink nozzle member 42. The present print head
further includes a CTE (coefficient of thermal expansion)
adjusting plate 80 having a suitable thickness, which is
bonded to one of the opposite major surfaces of the ink
nozzle member 42 remote from the ink pump member 44, in
other words, to the surface of the nozzle member 42 through
which the ink is jetted.
More specifically described, the ink nozzle member
42 consists of a metallic nozzle plate 48 and a metallic
orifice plate 50 which are relatively thin flat plates, and
* a metallic channel plate 52 interposed between thesg plates
48, 50. The nozzle plate 48 and the orifice plate 50 are
integrally bonded to the channel plate 52 with a suitable
adhesive. The nozzle plafe 48 is formed by bonding a first
nozzle plate 48a having tapered holes, and a second nozzle
plate 48b having straight holes, such that the nozzle plate
48 have a plurality of nozzles 54 (three in this embodiment)
for permitting jets of fine ink particles, each nozzle 54
consisting of one tapered hole and oﬁe straight hole of the

respective plates 48a, 48b. The orifice plate 50 and the
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@eod are nade of different materials, that is, metal and ceramic, which
iave different coefficients of thermal expansion. Consequently, the ink
®unp nenber undergoes flexural deformation or conpression, due to the

't hermal stresses or strains, resdll2ng in undesirably reduced anmount of
-di spl acenent of the ink punp nmenber. The present invention therefore
.seeks to provide an ink jet .print head, preferable enbodi nents of which

z-have an ink pu menber which ensures a sufficiently |arge anount of
¥ di spl ad@rnel RIRkR0I2 UpRYE appFPeative thraughvRAalesi fge >'hEPEMEL t her eby

%;assuring | nproved ink jetti-ng capabilit

; _ f th t _head.
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.. print
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head . . . ' X .
are éilgned with the respective nozzles 54 as viewed in the

direction of the thickness of the plates 48, 50, 52, and
have a diameter which is larger by a given value than that
of the nozzles 54.

The orifice plate 50 further has a plurality of
orifices 58 (three in this embodiment) fo;ped therethrough,

for permitting flow of the ink into the respective ink

‘chambers 46. The channel plate 52 is formed with a window 60

which is closed at its opposite openings by the nozzle plate
48 and orifice plate 50,'respectively, whereby an ink supply
channel 62 communicéting with the orifices 58 is defined by
the channel plate 52, nozzle plate 48 and orifice plate 50.
The orifice plate 50 further has a supply port 64 through
which the ink is fed from an ink reservoir into the ink
supply channel 62. _

The plates 48, 50, 52 of the ink nozzle member 42
is preferably formgd of a metallic material{ such as nickel
or stainless steel. With the plates 4@, 50 made of metal,
the nozzles 54 and orifices 58 can be formed through the
respective plates 48, 50 with high dimensional accuracy.
Each of the orifices 58 is desirably formed in tapered shape
such that the diameter of the orifice 58 is reduced in the
direction of flow of the ink (i.e., the direction from the
ink supply channel 62 toward the ink chambers 46), as shown

in Fig. 1 by way of example, so as to function as a check
T _

—
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gnpr|5|ng a netallic nozzle nmenber havi-ng a plurality of ngzzl es through
hi ch fi'ne particles of ink are jetted; a ceranic ink punp nenber

~“super posed on and bonded to one of

;?-6- opposite major surfaces of thgsnazzle nenber, the ink punp nenber

“ having a plurality of ink chanbers fornmed behind t he respecti ve nozzl es

of the nozzle .nenber, said ink punp

valve for reducing the ink from -flowing in the reverse
"direction. In the instant embodiment, the plates 48, 50 and
52 are made of stainless steel (SUS304), and fine holes like
the nozzles and orifices 54, 58 are formed by punching,
while the contours of the plates 48, 50, 52 are established
by a combination of photolithégrabhy and etching. Then,
these plates 48, 50 and 52 are bonded together by an
1 epoxy-type adhesive, for example, to thereby form the

Y integral ink nozzle member 42.

) Other than the epoxy-type adhesive as indicated
above, the adhesive used herein may consist of a hot-melt
type adhesive film containing nylon or polyolefin, provided
the édhesive is sufficiently resistant to heat generated in
the subsequent heat treatment step needed for bonding the

5. plates 48, 50, 52 together.

The ink pump member 44 includes a closure plate 66

and a connecting plate 68 which are relatively thin flat

- plates, and a spacer plate 70 interposed between the plates

66, 68. These plates 66, 68, 70 are superposed on eaéh other

and formed integrally inéo the ink pump member 44.

The- connecting plate 68 has first communication
holes 72 and second communication holes 74 formed -
therethrough, which are respectively aligned with the
through-holes 56 and orifices 58 formed in the orifice plate

5 50, as viewed in the direction of the thickness of the

plates 68, 50. The diameter of the first communication holes

72 is substantially equal to or slightly larger than that of
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e ber . I ncl udi ng a plurality of

Wi .czoel ectric/electrostrictive el enents each di sposed on a portion of the
¢ Nk punp nenber defining the corresponding one of the ink chanbers, for
'def orming the portion so'as to chardde -a pressure of the correspOnding i nk
hanber, whereby the ink supplied to the ink chanber is jetted through the
orrespondlng one of the nozzles; and a CTE adjusting nenber superposed on

ﬁand bonded to at | east one_of the nozzl e nmenber and the jnk nber,
“for redbei nghroughsbelgsi ch6.i Whi\g i &de odtlﬁé‘etﬁ% pBip HReb to a

ot e e G e ey Bl A e
‘t he pregen |nve@né¥% 5.
| The spacer plate 70 has a plurality of rectangulax
windows 76 formed therethrough. The spacer plate 70 is
superposed on the connecting plate 68 such that each of the
windows 76 communicates with' the corresponding first and
second communicetion holes 72, 74 formed in the connecting
plate 68.

On one major surface of the spacer plate 70 remote
from the connecting plate 68, there is superposed the
above-indicated closure plate 66 for closing the openings of
the windows 76. Thus, the above-indicated ink chambers 46
are formed in the ink pump member 44, such that the chambers

i 46 communicate with an exterior space through the first and
second communication holes 72, 74.

The ink pump member 44 is formed as an integrally

'1' formed fired ceramic structure. More specifically, green

sheets as precursors for the closure plete 66, connecting

plate 68 and spacer plate 70 are initially- formed, laminated

on each other, and then fired into an integral ceramic body
“as the ink pump member 44. While the ceramic material ueed
for forming the ink pump member 44 is not limited to any
particular kinds, alumina, zirconia and the 1like may be
3 favorably employed in view of its formability and other
properties. In this embodiment, the ink pump member 44 is

formed of zirconia which contains 3mol% of ¥Y,0;. The closure

—_
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e CTE adj usting nmenber is superposed on and bonded to the other

e nozzle nenber renote fromthe ink punp nenber. The coeffici

e nenber, or is even snaller

surface
ent of

her mal expansi on of the CTE adjgsﬁhng menber is smaller than that of the
an that of the ink punp nmenber which

mal | er than that of the nozzle nmenber. Wth the ink punp nenber and

having relatively small coefficients of thernal
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arge coef

thickness of 180um.
The ink pump member 44 further has piezoelectric/

electrostrictive elements 78 formed on the outer surface of

the closure plate 66, such that the elements 78 correspond

to the respective ink chambers 46 formed in the member 44.

Each of the piezoelectric/electrostrictive elements 78 has a

piezoelectric/electrostrictive unit consisting of a lower

electrode 75, a piezoelectric/electrostrictive layer 79 and
an upper electrode 77, which are formed in lamination on the
closure plate 66, by a suitable film-forming method. As the
piezoelectric/electrostrictive element 78 of the instant
embodiment, it is particularly preferable to employ a
piezoelectric/electrostrictive element as proposed in
co-gendimg U.S. Patent Application No. 07/912,920 assigned
to the same ass%gnee as the present application.

More specifically, films of the lower and upper

electrodes 75, 77 and piezoeiectric/electrostrictive layers

79 are formed on the outer surface of the closure plate 66,

by .any one of various known methods which include thick-£ilm
forming processes, such as scregn printing, spraying,
dipping and coating, and thin~film forming processes, such
as ion-beam method, sputtering, vacuum vapor deposition, ion
plating, CVD and plating. The formation of these layers 75,
77, 79 may be effected either before or after sintering of

the closure plate 66 (the ink pump member 44). Then, the
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ftoefficients of thermal expansion, whereby the thermal deformation as
#encountered in a binetal can be restricted. To assure excellent printing
f'characteristics of the ink jet print head, it is desirable that the
“thickness of the CTE adjusting msnB& ~“is as small as possible. Therefore,
" the CTE adjusting nenber is preferably fornmed of a material having.- the

- possibly smal |l est coefficient of thermal expansion and a conparatively

CV: ?E ,:{ e@gﬁg?ﬁg?#l%se :?.Sa"sl"h29 yaj.n% dpieq%%il%%rig@l%ﬂi%é%@éjf\%: t even
layer 79 thus formed on the closure plate 66 may be
heat-treated as needed, either in different steps following
formation of the respective films and layer 75, 77, 7%, or
in one step following formation of all the films and layer
75, 77, 79.

The electrode films 75, 77 of each piezoelectric/
electrostrictive unit may be formed of any electrically
conductive material which can withstand a high-temperature
oxidizing atmosphere generated upon the heat-treatment or
firing as described above. For instance, the electrode films
75; 77 may be formed of a single metal, an alloy of metals,
a mixture of a metal or alloy and an insulating ceramic or
glass, or an electrically conductive ceramic. Preferably,

§ the electrode material contains as a majpr component a noblg
metal having a high melting point, such as platinum,
pallad}um or rhodium, or an alloy such as silver-palladium

‘. alloy, silver-platinum alloy or platinum~-palladium alloy.

The piezée1ectric/electrostrictive layer 79 of

1 each piezoelectric/ el'ectrostrictive unit may be formed of
any piezoelectric or electrostrictive material which
produces a relatively large amount of strain or displacement
due to the converse or reverse piezoelectric effect or the
electrostrictive effect. The piezoelectric/electrostrictive

{ material may Dbe either a crystalline material or an
amorphous material, and may be a semi-conductor material or

a dielectric or ferroelectric ceramic material. Further, the
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o0zzl e nenber is usually fornmed of a material having a |arger coefficient

f therfal expansion than a ceramic material. However, when the nozzle

Eynbnber is formed of a material having a smaller coefficient of thernal

I expansion than a ceranic materials, /e print head is desirably

. constituted by a laminate of three nenbers with |arge-small- |arge
coefficients of thermal expansion. Namely, in this particular case, the

2t eSS R R P a8 B o
A e i s L
require such a polarization treatment.

The piezoelectric/electrostrictive material used
for the piezoeiectric/electrostrictive layer 79 preferably
contains as a major component lead zirconate titanate (PZT),
lead magnesium niobate (PMN), lead nickel niocbate (PNN),
lead manganese niobate, lead antimony stannate, lead zinc

7 niocbate, lead titanate, 'or a mixture thereof. The
piezoelectric/electrostrictive material having the above
major combonent may further contain as an additive an oxide
or other compound of lanthanum, strontium, barium, niobium,
zinc, cerium, cadmium, chromium, cobalt, antimony, iron,
yttrium, tantalum, tungsten, nickel, and/or manganese, SO as

! to provide a material containing PLZT, for examp%e.

The piezoelectric/electrostrictive unit consisting
of the electrodes 75, 77 and piezoelectric/electrostrictive

‘. layer 79 generally has a thickness of not larger tpan 100um.

| The thicﬁness of each electrode 75, 77 is generally 20um or 

| smaller, preferably 5Sum dr smaller. To. assure a relatively
large amount of displacement with a relatively low voltage,
the thickness of the piezoelectric/electrostrictive layer 79
is preferably 50um or smaller, more preferably, within a
range of_3um to 40um. In this embodiment, the piezoelectric/
electrostrictive layer 79 has a thickness of 30um, and is
formed of a material which contains lead magnesium niobate,

lead zirconate and lead titanate as major components. The
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hber. In this case, the coefficient of thermal expansion of the CTE

idj usting menber may be larger than that of the ink punp nmenber,

referably, is equivalent to that of the  nozzle nenber. Alternatively, the
“CTE of the CTE adjusting nenber mayl®e-snaller than that of the ink punp
“menber. In _

REPLACEMENT SHEET -8-. either case, the
~CTE adj usting menber serves to effectively restrict the flexural

“def or mIRST SHleglerede PUnponsists @fea copper layer and a chromium

layer and fbrmed by sputtering; and the lower electrode 77
is formed by printing and firing a platinum paste.

Further, the above-indicated CTE adjusting plate
80 is integrally bonded to the outer surface of the nozzle
plate 48 of the ink nozzle member 42. The CTE adjusting
plate 80 has a plurality of through-holes 82 formed
therethrough, which are aligned with the nozzles 54 formed
Q in the nozzle plate 48, as viewed in the direction of the
f thickness of the plates 48, 80. The through-holes 82 has a
larger diameter than that of the nozzles 54, so as not to
interrupt the ink Jjetting from the nozzles 54. This CTE
adjusting plate 80 serves to reduce the stress that is
applied to the ink pump member 44 and then to the
piezoelectfic/electrostrictive element 78 due to a
difference'in the coefficient of thermal expansion between
the ink nozzle member 42 and the ink pump'member 44. The CTE
‘p adjusting plate 80 is preferably for@ed of a material having
a smaller coefficient of thermal expansion than the metallic
ink nozzle member 42, and more preferably formed of a
material having a smaller coefficient of thermal expansibn
than the ink pump member 44 whose .CTE is smaller than that
of the ink nozzle member 42. Generally, the CTE adjusting

plate is formed of a ceramic material such as alumina.
j The material and dimensions (e.g., thickness) of
the CTE adjusting plate 80 may be optimally selected or

determined depending upon those of the ink nozzle member 42
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“a dif-ference in the thernal expansi on .and contraction characteristics
tween the ink punp nenber and the nozzle nenber. According to
a further formof the invention, the CTE adjusting nenber is interposed
bet ween and bonded to the ink punp #nber and the nozzle nmenber. In this
case, the CTE adjusting nenber is formed of a material having a smaller
coefficient of thermal expansion than the .nozzle nmenber. In this

t, .the CTE adjusti nb ) t ffectively. trict
reduce Fb i REFPABEBDRE: fdn MORRICRPGYE 191 1o, /S vBAGEF ALy BRS¢ he.
|2 ger SORLILELER of SHeT R CXBRISLONy 'SLIdET B LICGNuEIIE Wi of

selected in view of the apparent coefficient of thermal

expansion {CTE) of the ink pump member 44, and the apparent

CTE and the rigidity of the ink nozzle member 42, in an
attempt to restrain the thermal expansion and contraction of

the ink nozzle member 42 to be commensurate with the CTE of

the ink pump member 44. The rigidity of the ink nozzle

'b member 42 is determined by the Young's modulus and the.shape
of the nozzle member 42. Then, the material and dimensions

of the plate 80 are more specifically determined by
experiments. In particular, the CTE adjusting plate 80 is
preferably made of a material which has a relatively high
Ybﬁng's modulus, and exhibits the apparent coefficient of

' thermal expansion that is substantially equal to the CTE of
the ink pump member 44, when measured after the adju§ting
plate 80 is bonded to the nozzle member 42. The higher” the

. Young's modulus of the CTE adjusting plate 80 is, the
smaller thickness of the plate 80 is needed for achieQing

' sufficiently high rigidity. The CTE adjusting blate 80
desirably has a small thickness since a sufficiently large
distance can be maintained between tHe ink jet print head
and a recording medium. In this context, the CTE adjusting
plate 80 desirably has a thickness of about 0.lmm or

5 smaller. In the instaﬁt embodiment, the CTE adjusting plate
80 consists of.a 96% alumina plate having a thickness of

280um, which is formed by a tape forming method, punching

and firing.
This Sheet Has Been Replaced




N the .ink jet prlnt head constructed accordlng to the present
-inventi'on, the CTE adjusting nember is superposed on and bonded to at
| east one of the ink punp nenber a g nozzl e nenber, to coperate with these
menbers to constitute an integral 2 m nar structure. Therefore, the CTE
‘adjusting nmenber can effectively- alleviate or reduce conpressive
stresses or tensile stresses applied to the ink punp nenber due to a

difference of- tgf?ﬁfﬁgf%ﬁiSHtpQBVLEQErQerQfﬂ?nédf@séfﬁﬁeﬁﬂaEQesﬁEta'|'C

nozzl e nmenber ceramc menber. In particular, the CTE

52O f0, bt mes e Ak ddmatmindhasu o0 o
coefficient of thermal expansion of about 8 X 10-¢/°C. This
CTE of the alumina is lower than that of zirconia (10 X 10

-6/°Cc) which mainly forms the ink pump member 44 of this
embodiment, and is also lower than the CTE of SUS304 (16 X
10-¢/°C) which forms the ink nozzle member 42. Accordingly,
the apparent coefficient of thermal expansion of the bonded

' assembly of the ink nozzle member 42 and the CTE adjusting
plate 80 can be made substantially equal to the CIE of the
ink pump ﬁember 44, by properly controlling the thickness of
the CTE adjusting plate 80. In the instant embodiment, the
thickness of the CTE adjusting plate 80 is controlled to be
280um as a result of simple calculation. It is more
desirable to determine the thickness of the CTE adjusting
plate 80 based on data obtained by experimgnts, or by
computer simulation. )

_‘.’ The adhesive used for bonding the ink nozzle
member 42 and iAk pump member 44 may be selécted from

"-variqusl known adhesives, such as those “"of vinyl-type,
acrylic-type and epoxy-type, or those containing polyamide,
phenol, resorcincl, wurea, melamine, polyester, furan,
polyurethane, silicone, rubber, polyimide and polyolefin,
provided the selected adhesive is resistant to the ink .
material.

It is desirable in terms of production efficiency
that the adhesive is in the form of a highly viscous paste

which can be applied by coating using a dispenser, or by
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pi ezoel ectric/el ectrostrictive el enent, whereby the present

t'he i nk punp nmenber can be effectiwvely displaced by the

head exhibits significantly inproved ink jetting capability.

As described above, the coefficient & thernal expansi on of the CTE
adj usting nenber used for the present
sel ect ed dependi ng upon.

print head.

screen-printing, or is in the form of a sheet which permits
punching therethrough. The adhesive in the form of a highly
viscous paste may be obtained by mixing an adhesive material_
with a filler to thereby increase the viscosity of the
resulting adhesive.

A sample of the ink jet print head 40 constructed
as shown in Figs. 1 and 2 was produced in the following
manner. Initially, the ink pump member 44, ink nozzle member
42 and CTE adjusting plate 80 were p;epared according to the
instant embodiment. Then, these members and plate 44, 42, 80
were stacked at a pressure of 2kg/cm?, and bonded together
at 120°C for an hour, by using an epoxy type adhesive. As a
comparative sample, there was produced an ink jet print head
which is not provided with the CTE adjusting plate 80. The
thus _obtained two specimens of ink jet print heads were
evaluated by measuring the amount qf displadement of the
piezoelectric/electrostrictive element 78 of each head when
a given voltage is applied to the element 78. The
measureﬁent revealed that the ink jet.print head 40 having
the CTE adjusting plate 80 exhibited a displacement of
0.28um v}héreas the print head as the comparative sample
having no CTE adjusting plate exhibited a displacement of as
small as 0.2lum.

In the ink jet print head 40 constructed according
to the present invention, the CTE adjusting plate 80 serves
to effectively reduce or eliminate stresses due to the

"difference in the coefficient of thermal expansion between

A
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in any pése, the CTE adjusting nmember can effectively reduce stresses
applied to the ink punp nmenber due to the heat history during the process

of producing the print head. The E adj usting nenber can al so
effectively reduce stresses whi ch<éare applied to the i nk punp nmenber due
to a difference of the coefficient of thernmal expansion between the
nozzl e nmember and ink punp nmenber, when the print head is heated

after ify1s g b;,'?gg pefRUIEGHENLLY. chDe 1 BCSED iilbé 44, PuhBbnhead is

I'SE I nTiuence stresses pr esent in

0BG DA g3 bk OB e el e cotormesonie
presentog 'E}Yériﬁﬁnpufﬁb“hemﬁér Bet 18 the above-described embodiment.
Accofdingly, the ink pump member 44 and the piezoelectric/
electrostrictive element 78 undergo desired amounts of
displacement thereof without suffering from the stress
applied to the pump member 44. Consequently, the present
print head 40 assures significantly improved operating
' characteristics of the in.k pump member 44, and accordingly
improved ink jetting capability.
In the ink jet print head 40 as described above,
the material for the piezoelectric/electrostrictive element
78 disposed on the ink pump member 44 is different from the
material for the closure plate 66, connecting plate 68 and
spacer plate.70 of the ink pump member 44. In the process of
producing the print head : 40, therefore, thermal stresses
remain in the piezoeledtrid/electrost;}ctive element 78, in
‘. particular, in the piezoelectric/electrost;ictive layer 79,
| due to the difference of Ehe CTE between these different
materials for the element 78 and pump member 44. Such‘-
thermal stresses can also be effectively reduced by the CTE
adjusting ‘plate 80, resulting in improved durability of th
piezoelectric/electrostrictive layer 79, and improved
displacement characteristics of the piezoelectric/
electrostrictive element 78 and the ink pump member 44.
As described above, it is desirable to reduce the

thickness of the CTE adjusting plate 80 to a minimum. Fig. 3
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"understood by reading the follow ng detailed description of
preferred enbodinments of the invention, when considered in
connection with the acconpanyi ng drawi ngs, in whi ch:

Fig. 1 is an elevati@3al~ viewin vertical cross section of
one enbodi nent of an ink jet print head of the

shows another embodiment of the invention which includes a
means for reducing the thicknesé of the CTE adjusting plate
80. In this figure, there is illustrated another form of the
channel plate 52 of the ink nozzle member 42 of the ink
print head as shown in Figs. 1 and 2. This channel plate 52
is formed of 42%Ne-Fe alloy having a coefficient of thermal
expansion of 7 X 10 "¢ /°C, which is smaller than that of
SUS304. The channel plate 52 has a multiplicity of holes 84
formed therethrough over the entire area of its surface
except the window 60 and through-holes 57, as shown in Fig.
3, whereby the plate 52 has a mesh-like configuration and
exhibits relatively low rigidity.

On the other hand, the CTE adjusting plate 80 of
the instant embodiment is formed of a material having 96% of
alumina, and has a thickness of 100um. When a given voltage
is applied to the piezoelectric/electrostrictive element 78
of this embodimént, the element 78 undergoes a displacement
of 0.28um, which is equivalent to that obtained in the
previous embodiment, even though the thiékness (100um) of
the CTE adjusting plate 80 is smaller than that of the plate
80 of the previous embodiment.

In the manner as described above, the thickness of
the CTE adjusting plate 80 can be further reduced by
optimally designing the shape of the channel plate 52. In

the extreme case, the thickness of the CTE adjusting plate

80 can be reduced to zero, by suitably selecting the

material of the channel plate 52 and/or optimally designing
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present. i nventi on; Fig. 2. is an expl oded perspective view

expl aining the structure of the ink jet print head of Fig. 1;

Fig. 3 is a plan view showi ng an exanple of a channel plate of an ink
nozzl e nenber of the ink jet print” Zxa’d of Fig. 1; Fig. 4is a
vertical cross sectional view corresponding to that of Fig. 1, show ng an
ink jet print head as another enbodi nent of the present invention;

9 Beigr” apfDiopt Rcehs, BEIBRCYE, 4 Sk S ERRRELOGLRY L1 o
Fig. 6obfitdoiet! eceil.héﬁ?a':'f SELLLONBL LheWpshaw Tx%ad. In this case,
the channel plate 52 per se can be considered as the CTE
adjusting plate.

| In the illustrated embodiments, the CTE adjusting

plate 80 is superposed on the surface of the ink nozzle

member 42 which is opposite to the surface thereof to which

the ink pump member 44 is bonded. However,- the _locatioﬁ of

. the (;'I‘E adjusting member (80) in the ink jet print head of

the present inventibn may be suitably selected as needed,

provided the adjusting member (80) is able to reduce the

stress applied to the ink pump member 44 due to the

difference of the coefficient of thermal expansion between

the ink nozzle member 42 and the ink pump member 44. In

another embodiment of the invention as shown in Figs. 4 and

5, a plate-like CTE adjusting member 86 is superposed on and

integrally bonded“ to the the surface of the ink pump member

' 44 which is opposite to the surface thereof to which the ink
nozzle rﬁember 42 is bonded. )

- . The ink nozzle member 42 and the ink pump member

. 44 used in the first embodiment of Figs. 1 and 2 are used in

the instant embodiment of Figs. 4 and 5. Nameljr, the instant

embodiment is different from the first embodiment only in

respect of the CTE adjusting member. As shown in Figs. 4 and

5, the CTE adjusting member 86 of this embodiment is

provided on the side of the ink pump member 44 on which the

éiezoe1ectric/electrostrictive element 78 is provided, such
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a known:ink jet print head by way of exanple; Fig. 7 is a cross
sectional view taken along line 7-7 of Fig. 6; Fig. 8 is a
vertical cross sectional view go&gegponding to that of Fig. 1, show ng
an ink jet print head as a further enbodi nent of the present invention;
and Fig. 9 is a wvertical cross sectional view
corresponding to that of Fig. 1, showng an ink jet print head as a stil

furthegnLobedemeidj@itihe RlcRIRH 84VRRASYY over the eR&hé&Rei M@.to Fig. 1
schematically showing in cross section an ink jet print head 40 as one
pr ef erMere egpedi FRAA11ly, the CTE adjusting plate 86 takes the form -

of a 1l1lid having opposite leg portions 88, 88, which are

bonded to the upper surface of the closure plate 66 of the

ink pump member 44. Thus, the CTE adjusting plate 86 is

formed as an integral part of the ink jet print head.

The CTE adjusting member 86 thus positioned in the

print head may be formed of a material, such as alumina,

‘ which has a relatively small coefficient of thermal
expansion (contraction), as in the first embodiment. When
the CTE of the material of the CTE adjusting member 86 is
smaller than that of the ink pump member 44, the CTE
adjusting member 86 serves to effectively reduce or restrict
the stress on the pump member 44, in other words, its
flexural deformation, caused by the therma; expansion and
contraction of the ink nozzle member 42.having a relatively“
large ?oefficient of thermal expanSion. Alternatively,'the

é CTE .adjusting member 86 may be formed of a mate;ial having a
larger coefficient of thermal expansion than the ink pump
member . 44. Particularly, the coefficient of thermal
expansion of the CTE adjusting mémber 86 may Dbe
substantially equal to thathof the ink nozzle member 42. In
this case, too, the flexural deformation of the ink pump
member 44 can be effectively reduced or restricted, assuring
improved ink jetting capability of the ink jet print head.

To effectively alleviate the flexural deformation

of the ink nozzle member 42 and ink pump member 44, the CTE
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of

di scharged froma plurality of nozzles 54 forned

of the present invention, and to Fig. 2 which is an expl oded perspectlve
view of 'the print head 40, an ink nozzle nmenber
44 are bonded together to forman i tegral structure of the ink jet print

head 40. In this print head 40, an i Bk material is supplied to a plurality
I nk chanbers 46 formed in the ink punp nmenber 44, and is
t hrough the ink nozzle

member é&ju-srg?.nar %%%Erprdﬁntu&e@q.n the instant embodiment of Figs.

4 and 5 is formed of stainless steel (SUS304) as used for
the ink nozzle member 42, and has a thickness of 300um. The
ink pump member 44 of the thus obtained ink jet print head
undergoes a displacement of 0.2%9um when a given voltage is
applied to the piezoelectric/electrostrictive element 78,
whereas the ink pumé member 44 of the ink jet print head
which does not include the above-described CTE adjusting
member 86 undergoes a displacement of as small as 0.21um. It
will be readily understood that the provision of the CTE
adjusting member 86 1leads to significanﬁly' improved ink
jetting capability of the ink jet print head.

Referring next to Fig. 8 showing an ink jet print_
head 90 as a further embodiment of the present invention,
the print head includes the ink nozzle member 42~and the ink
pump member 44 as used in the illustrated embodiments, and a

CTE adjusting plate 92 interposed between the ink pump

~ member 44 and ink nozzle member 42. More specifically, the

CTE adjlisting plate 92 is bonded . at its opposite major
surfaces to the connecting plate 68 of the ink pump member
44 and the orifice plate 50 of the ink nozzle member 42,
such that themagjusting plate 92 is sandwiched between these
plates 68, 50. The CTE adjusting plate 92 has a first set of
through-holes 94 and a second set of through-holes 96 formed
therethrough, which are respectively aligned with the first
communication holes 72 and the second communication holes 74

formed ‘through the connectlng' plate 68 of the ink pump
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‘further includes a CTE (coefficient of thermal expansion) adjusting plate
80 having a suitable thickness, which is bonded to one of the opposite
maj or surfaces of the ink nozzle nenber 42 renote fromthe ink punp nmenber
44, in other words, to the surface f The nozzle nmenber 42 through which
the ink is jetted. More specifically described, the ink nozzle
menber 42 consists of a netallic nozzle plate 48 and a netallic orifice

pl at e &Qich re_rel ati y.thin flat plates, an a et | &. channel

pl ate g'% | nrer"p'f(j)l'seasbevt%v\exe-"'>e/('3‘r3§i t:h%sgﬁﬁl é’?‘és‘?%t&é’?‘ S%E g’ﬁg r%ﬂz%‘zﬁ?ﬂerlép sat£§48 and

the oridj.ce Sggar egsi nt I Rﬂﬂﬁg e gyhagpgl pkat with a

sui t.abltfg agﬁég%\%e. g?ﬁe %%zzl%%%t é:}gS 1S f%éra'n%a% bg;/4 bongi ng a ??%t
substantially the same diameter of the communication holes

72 and 74, respectively. The ink chambers 46 of the ink pump
member 44 are held in communication with the nozzles 54 and
the orifices 58 of the ink nozzle member 42, via the
respective sets of the through-holes 94, 96.
The CTE adjusting plate 92 used in this embodiment
| is formed of a material having a smaller coefficient of
thermal expansion than the ink nozzle member 42. Preferably,
the coefficient of thermal expansion of the CTE adjusting
plate 92 is equivalent to that of the ink pump member 44.
The CTE adjusting plate 92 thus provided in the print head
serves to effectively reduce or eliminate tensile stresses
based on the flexural deformation of the ink pump membe; 44
caused by the thermal expansion and contraction of the ink
nozzle member 42 having a relatively large coefficient of
‘ thermal expansion. The thus constructed ink jet print head
90 is advantageoﬁs over the print head as shown in Figs.'l
and 2, in that the thickness of the CTE adjustin§ plate 92
can be selected as desired without regard to restrictions on
the distance between the nozzles of the print head and a
recording medium. Further, the present ink jet print head 90
is advantageous over the print head as shown in Figs. 4 and
5, since the CTE adjusting plate 92 does not place any
restrictions on the design of the wiring on the surface of

the closure plate 66 of the ink pump member 44.
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nozzle pl ate 48a having tapered holes, and a second nozzle plate 48b
havi-ng strai ght holes, such that the’ nozzle plate 48 have a plurality of
nozzles 54 (three in this embodi nent for permtting jets of fine ink
particles, each nozzle 54 consistin 8ot one tapered hol e and one straight
hol e of the respective plates 48a, 48b. The orifice plate 50 and the

-12 ’ .

The ink jet print head 90 constructed as described
above may_be modified such that the CTE adjusting plate 92
and the connecting plate 68 of the ink pump member 44 are
formed into an integral single member. Referring to Fig. 9
showing such modification by way of example, an ink jet
print head 98 has a CTE adjusting plate 92 interposed
between the orifice plate 50 of the ink nozzle member 42 and
the spacer plate 70 of the ink pump member 44. The CTE

‘ adjusting plate 92 is bonded to the orifice and spacer
plates 50, %0, and is thus formed as an integral part of the
print head 98. In this embodiment, the connecting plate 68
is incorporated into the CTE adjusting plate 92.

To produce the ink jet print head 98, the ink pump
member 44 which does not include the conﬁéc£ing plate 68 is
first prepared, and then bonded to the CTE a@justing plate
92 énd the ink nozzle member 42, so that the pump member 44
is formed as an integral part of the print head 98. In the

‘ thus obtained ink Jet print head 98, tensile stresses due to
_the flexural deformatlon of the ink pump membe; 44 can be
effectively reduced or eliminated, whereby the print head 98
exhibits effectively improved ink jetting capability.

ﬁyi;e the present invention has been described in -
its presently preferred embodiments with a certain degree of
particularity, it is to be understood that the invention is
not limited to the details of the illustrated embodiments,
but may be embodied with various changes, modifications and

improvements, which may occur to those skilled in the art,
—_—
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channel - pl ate 52 have respective through- holes 56, 57 forned through the
t hi ekneds thereof. These through-hol'es 56, 57 are aligned with the
respective nozzles 54 as vi ewed |nné£§ direction of the thickness of the
pl ates 48, 50, 52, and have a dian€t®er which is larger by a given val ue
than that of the nozzles 54. The orifice plate 50 further has a
pIuraIity of orifices 58 (three in this enbodi nent) formed therethrough,

for f:ﬁhfxbh‘&gg%h%‘i‘ dv’\‘np&ﬂé;tévzﬁ% vf/I SARE Gintferd 0 C@g@%ftfnéé- The

channe ate orne which 1s close Its
opposi 48 eRenkl %férﬁé& ha ezl e plate ™ 48 and orifice plate 50, -

respectively, ereby an ink supply channel 62 communicating with the
orifices 58 is defdmachdBance, the ink nozzle member 42 and the ink
pump member 44 may employ various known structures other
than' those of the illustrated embodiments. While the ink
supply channel 62 for supplying the ink.material'into the
ink chambers 46 is formed within the ink nozzle member 42 in
the illustrated embodiments, the ink supply channel 62 may
4 be formed within the ink pump member 44.
. Further, the location and number of the nozzles 54
and orifices 58, and the location and number of the ink

chambers 46 may be suitably selected as needed, depending

upon the application of the.ink jet print head, for example.

e
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the channel plate 52, nozzle plate 48 and orifice plate 50. The orifice fj
pl ate 50 further has a supply port 64 through which the ink is fed froman
ink reservoir into the ink supply_ nnel 62. The pl ates 48,

50, 52 of the ink nozzle nenber 42 7.s preferably forned of a netallic
material, such as nickel or—stai-nless steel. Wth the plates 48, 50 nade

of nmetal the nozzles 54 and orifices 58 can be fornmed through the

respective piares48, 50 wi uwummmmmmal accuracy. Each of the
orifices 58 is desirably for ape such that the dianeter of
the orifice 58 is reduced in the dirdctfon*of flow of the ink (i.e., the
direction fromthe ink supply channel 62 toward the ink chanbers 46), as
shown 1. An ink jet print head including a
metallic nozzle member (42) having a plurality of nozzles
(2) through which fine particles of ink are jetted, and a
ceramic ink pump member (44) superposed 6n and bonded to one
of opposite major surfaces of said nozzle member, said ink
pump member having a plurality of ink chambers (46) formed
. behind the respective nozzles of said nozzle member, said
ink pump member including a plurality of piezoelectric/
electrostrictive elements (28) each disposed on a portion of
said ink pump member defining the corresponding one of said
ink chambers, for deforming said portion so as to change a
pressure of the corresponding ink chamber, whereby the ink
supplied to the ink chamber is jetted through the
corresponding one of said ﬁozzles, characterized in that:
a CTE adjusting member (80; 86;.92) is superposed
‘. on and bonded-to at least one of said nozzle member and said
ink pump member, for redgcing a stress which i; applied to
said ink .oump member due to a difference between a

coefficient of -thermal expansion of said nozzle member and

that of said ink pump member.

2. An ink jet print head as defined in
-claim 1, wherein said CTE adjusting member (80) is
superposed on and bonded to the other of said opposite major

surfaces of said nozzle member which is remote from said ink
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T g.~ 1 by way of exanple, so as to function as a check

(SUS304)
by punchi ng,

val ve fof fromflowing in the reverse direction. In the
i nst ant (H“ﬂg miﬂ" I(jmnrat es 48,-.5@0jand 52 are made of stainless steel

i ke the nozzles and orifices 54, 58 are forned
while the contours of the plates 48, 50, 52 are established

Lnex h

pump member, the coefficient of thermal expansion of said
CTE adjusting member being smaller than. that of said nozzle
member.

3. An ink jet print head as defined in
claim 2, wherein the coefficient of thermal expansion of
said CTE adjusting member is smaller than that of said ink .

pump member.

4. An ink jet print head as defined in
claim 2, wherein said CTE adjusting member has a thickness

of not larger than 0.lmm.

5. An ink jet print head as defined in
claim 1, wherein said CTE adjusting member (86) is
superposed on and bonded to one majbr surface of said ink

pump member which is remote from said nozzle member.

6. An ink jet print” head as defined in
claim 5, wherein the coeff::.c:.ent of thermal expansion of
said CTE adjustlng member is larger than that of said ink

pump member.

7. An ink jet print head as defined in
claim 6, wherein the coefficient of thermal expansion of
said CTE adjusting member is equivalent to that of said

nozzle member.
h \
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“’by a conbi nation of Dhotollthography and. etching. Then, these plates 48,
50 and * 52 are bonded together by an epoxy-type adheS|ve, for exanple, to

thereby:f m l lll i nk nozz menber 42. Q her than the
epoxy- typﬂlm m“ l WH i cat ed a%)gv t he adhesi ve used herein may
.consi st of *a hot~ &t * type adhesive fi | m cont ai ni ng nylon or polyolefin,

provided the adhesive is suff|C|entIy resistant to heat generated in the

subsequent heat treatgen e e f t Rl 84n00, 52
t oget her. éFEe in gurprg ggr%begi‘ﬁﬁel nc egfsa cl oslgtr%éflpﬁate 66

and a SOM¥IPCEl NGyiRéAé £n 68 eI E8e2f £ci&htt iofe! ﬁhébinalf | @kpadd B6€S ofa spacer
plate 70 |nterposed bet ween the pl ates.

said CTE adjusting member is smaller than that of said ink

pump member.

9. An ink jet print head as defined in
claim 5, wherein said CTE adjusting member includes a pair
of leg portions which are bonded to said outer surface of

. said ink pump member, such that the CTE adjusting member

passes over said piezoelectric/electrostrictive element.

10. 2An ink jet print head as defined in
claim 1, wherein said CTE adjusting member (92} 1is
interposed between and bonded to said nozzle member and gaid
ink pump member, the coefficient of thermal expansion of
said | CTE adjusting membér being smaller than that of said

nozzle member.

11. An ink jet print head as defined in
claim 10,. wherein the coefficient of thermal expansion of
said CTE adjusting member is equivalent to that of said ink

pump member.

12. An ink jet print head as defined in any
one of claims 1-11, wherein said nozzle member (42) consists
of a nozzle plate (48) having said plurality of nozzles -

(54), a channel plate (52) having a window (60) formed

Sheet Has Been Replaced
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66, 68.:These plates 66, 68, 70 are superposed on each other and formned
|ntegraF#y*TnTU“The F”R"punp menber ‘44, The connecting plate 68

has f|r holes 72 and second communication holes 74

f or med ﬂ“@gﬂﬁma& ich are respdctively aligned with the

t hr ough- o fices 58 forned in the orifice plate 50, as viewed
in the direction of the thickness of .the plates 68, 50. The di arreter of

the first comunication holes 72 s substantlas ¥x (}_ual to or L htIy
| ar ger thexethroygh, and an -orifice plate av a pl ura .1.

of orifices (58) formed thereﬁhrough, said ink pump member
being superposed on: said orifice plate, said window of said
channel plate being closed by and between said nozzle plate
and orifice plate to provide an ink supply channel (62)
through which the ink is fed to said ink chambers of said
ink pump member, said orifices communicating with said ink
supply channel and said ink chambers, for guid:u".ng the ink

' from the ink supply channel to the respective ink chambers.

13. An ink jet print head as defined in
claim 12, wherein said channel plate of said nozzle member
has a plurality of through-holes (57) formed therethrough,
for permitting discharge of the ink from said ink chambers
toward said nozzles, and a multiplicity of holes (84) formed
therethrough over the entire area of a surface thereof
except said window and said plurality of through-holes.

® . |

14. An ink jet print head as defined in any
one of claims 1-13, wherein said ink pump member comprises a
closure plate (66), a spacer plate (70) and a connecting
plate (68) which are laminated on each other such that said
spacer plate is interposed between said closure plate and
said connecting plate, said spacer plate having a pluraltiy
of windows (76) that are closed by and between said closure
plate and said connecting member to provide said plurality

of ink chambers (46).
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-14- ——ther’t“ﬁ'rough “hol es 56, whi le the dianeter of the second

commnl im“ﬁllarger by a given value than that of the

orlflce m‘“\r“‘ mm\ e spacer plate 70 has a plurality of rectangul ar
or med"t her et hr ough. Thé §6acer plate 70 is superposed on the

Connectl ng plate 68 such that each of the w ndows 76 comunicates with the

corresponding first and . second communi cation holes 72, 74 fornmed in the

connecting plate 68. 15. An incl)g' %réet r’rBL,ghtSUfngae_ g; t&efﬁpeaéferinpl ate 70

renot e
claim 14, wherein said CTE adju'sting member consists of said

connecting plate of said ink pump member.

16. An ink jet print head as defined in
claim 14, wherein éaid . piezoelectric/electrostrictive
elements are formed on said closure plate of said ink pump
member, each of said pJ.ezoelectrlc/electrostrJ.ctJ.ve elements

‘ consisting of an upper electrode (75), a lower electrode
(77), and a ©piezoelectric/electrostrictive layer (79)

interposed between said upper and lower electrodes.
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fromthe cbnnectlng plate 68, there is superposed the above-indicat
closure plate 66 for closing the openings of the w ndows 76. Thus,

above-indi cated i nk chanbers 46 are 4f
t hat the chanbers

.and

second comuni cati on holes 72, 74.

formed as an integrally fornmed fired ceramc structure. More.
speci fical Iy, of eqfx ¥h9e'sRiAe HEARHVING MEMBRRS IR e plate 66,

connecting platepRy

on each other, and then fired 1nto an |ntegral ceram ¢ body as the

punp nenber 44 VWil e the ceram c ABETRACT used

menber 44 is not limted to any

An ink jet print head is disclosed which includes a metallic
nozzle member (42) having a plurality of nozzles (54)
thfough. which fine particles of ink are jetted, and a
ceramic ink pump member (44) superposed on and bonded to the
nozzle member. The ink pump member has a plurality of ink
chambers (46) formed behind the respective nozzles, and a
plurality of piezoelectric/electrostrictive elements (78)
each disposed on a portion of the ink pump member defining
the corresponding one of the ink chambers, for deforming the
portion so as to change a pressure of the corresponding ink
chamber, whereby - the ink supplied to the “ink chamber is
jetted through the corresponding nozzle. The ink jet print
head further inclﬁdes a CTE adjusting mgmber (80, 86, 92)
superposed on and bonded to the nozzle member and/or the' ink
pump member, for reducing a stress which is applied to the
ink pump member due to é difference between a coefficient of
thermal expansion of the nozzle member and that of the ink
pump member.

_—

Thls Sheet Has Been Repl

LT

ed
t he

_ rmed in the ink punp nmenber 44,
46 comuni cate wi th an exterior space through the first

The i nk punp nenber 44 is

i nk

o

such
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for formng the ink punp



in wiew of its formability and other’ properties. In this enbodinent, the
i nk punp nenber 44 is formed of zirconia which contains 3nol % of
Y[err](Jerr]. The closure - 15 -
plate 66 has a thickness of |0Opm and the connecting plate 68 has a

t hi ckness of 180pm while the spacer plate 70 has a thickness of 180pm

'barticu[ar ki nds, alum na, zirconia Lnd the |li ke may be favofably enpl oyed Z
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The ink:punp nmenber 44 further has pieLoeIectricl el ectrostrictive

el enents 78 forned on the outer surface of the closure plate 66, such that
the el ements 78 correspond to the respective ink chanbers 46 fornmed in the
menber 44. Each of the piezoelectric/electrostrictive elenents 78 has a

pi ezoel ectric/electrostrictive unit consisting of a lower electrode 75, a
pi ezoel ectric/electrostrictive layer 79 and an upper el ectrode 77, which
are formed in lam nation on the .closure plate 66, by a suitable
filmformng nmethod. As the piezoelectric/ghectrostrictive elenent 78 of
the instant enbodinent, it. is particular preferable to enploy a

pi ezoel ectric/el ectrostrictivé/Bel e posed in co-pending U S.
Pat ent Application No. 07/912,92

—_—
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to the sanme assi gnee as the pr;:iﬁs appli.cation. Mor e
speclfléally films of the | ower and upper electrodes 75, 77 and
pi ezoel ectric/el ectrostrictive layers 79 are fornmed on the outer surface
of the closure plate 66, by any one of various known net hods which include
thick-film form ng processes, such as screen printing, spraying, dipping
and coating, and thin-filmform ng processes, such as ion-beam nethod,
sputtering, vacuum vapor deposition, ion plating, CVD and plating. The
formati on of these layers 75, 77, 79 may be effected either before or
after sintering of the closure plate 66 (the ink punp nenber 44). Then,
t he
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REPLACEMENT SHEET Lf!f: - 16 - el ectrode filns
75, 77 and piezoelectric/electrostrictive layer 79 thus forned on the
closure plate 66 may be heat-treated as needed, either in different steps
following formation of the respective filnms and |layer 75, 77, 79, or in
one step following formation of all the filns and |layer 75, 77, 79.

The el ectrode filns 75, 77 of each piezoelectric/ electrostrictive unit
may be formed of any electrically conductive material which can w thstand
a high-tenperature
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oxi di zi.ng at nosphere generated upon ﬁ? heat-treatnent or firing as

desgcri bed above. For instance, the éelectrode filns 75, 77 may be forned of
a single nmetal, an alloy of nmetals, a mxture of a netal or alloy and an
insulating ceramc or glass, or an electrically conductive ceramc.
.Preferably, the electrode material contains as a mmjor conponent a noble
nmetal having a high nelting point, such as platinum palladi umor rhodi um
or an alloy such as silver-palladium alloy, silver-platinumalloy or

pl ati num pal | adi um al | oy. The piezoelectric/electrostrictive

| ayer 79 of each piezoelectric/electrostrictive unit nmay be forned of

any piezoelectric or electrostrictixe materi al i s—pr8Giuces a relatively
| arge anount of strain or displ ment

78
78, ;Bsﬁ';
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due to the converse or reverse piezoelJJiric effect or the
eleatroStrictive effect. The piezoel'ectric/electrostrictive material my

be either a crystalline material or an anorphous nmaterial,

and may be a

sem -conductor nmaterial or a dielectric or ferroelectric ceramc nateri al

Furt her,

t he - 17 -

pi ezoel ectric/electrostrictive material nmay either require a
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treatment for initial polarization OFQbLE;ng, or may not require such a

polarlzatlon treat nent. The piezoel ectric/electrostrictive
material used for the piezoelectric/electrostrictive |ayer 79 preferably
contains as a nmjor conponent |ead zirconate titanate (PZT), |ead
magnesi um ni obate (PMN), |ead nickel niobate (PNN), |ead manganese

ni obate, | ead antinony stannate, |ead zinc niobate, l|lead titanate, or

a mxture, thereof. The piezoelectric/electrostrictive material having .
the above nmmjor conponent may further contain as an additive an oxide or
ot her conpound of | anthanum strontium -barium niobium zinc, cerium
cadm um chrom um cobalt, antinony, iron, yttrium tantalum tungsten

ni ckel , and/ or manganese, so as
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to prowvide a material containing PLZT,Egéﬁfexanple. The
piezoelectric/electrostrictive unit consi'sting of the el ectrodes 75, 77
and piezoelectric/electrostrictive l|ayer 79 generally has a thickness of
not larger than 1 00pm The thickness of each electrode 75, 77 is generally
20pmor smaller, preferably S5pmor smaller. To assure a relatively |I|arge-
anmount of displacenent with a relatively |ow voltage, the thickness of the
pi ezoel ectric/electrostrictive layer 79 is preferably 50mor smaller, nore
preferably, within a range of 3pmto 40pm In this enbodinent, the

pi ezoel ectric/ electrostricti-ve layer 79 has a thickness of .30pm and is
formed of a material which contains | ead nagnesi um ni obate, |ead zirconate
and lead titanate as nmaj or conponents. The
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REPLACEMENT SHEET - 18- upper el ecknste 78

consists of a copper layer and a chromium |ayer and forned by sputtering,
~and the | ower electrode 77 is formed by printing and firing a pl ati-num
past e. Further, the above-indicated CTE adjusting plate 80 is
integrally bonded to the outer surface of the nozzle plate 48 of the ink
nozzl e menber 42. The CTE adjusting plate 80 has a plurality of

't hrough-holes 82 forned -1 -

INK JET PRINT HEAD HAVING MEMBERS WITH
DIFFERENT COEFFICIENTS OF THERMAL EXPANSION

The present invention relates in general to an ink
jet print head, and more particularly to .such an ink jet
print head that includes a nozzle member made of metal and
an ink pﬁmp member {piezoelectric/electrostrictive film type
actuator) made of a ceramic material, which are superposed
on each other and bonded i:ogether into an integral laminar
structure. The present invention is concerned with a
technique for improving ink-jetting characteristics or
capability of the ]..aminar ink jet print head.

In the tecent market of printers, there is a
'rapidly increasing_ demand for an ink jet printer which
opera’t_.:es quietly at a relatively low cost. The ink jet
printer has an ink jet print head which is ‘adapted to raise
t_he pressure in an ink chamber filled with a mass o_f ink, to
the:;eby jet or discharge fine ink particles from nozzles so
as to effect a desired printing operation.

A known type of the J.nk jet print head uses a
_plezoelectrlc/electrostrictlve element disposed on a wall of
thz ink chamber, as means for raising the pressure in the

ink chamber. In £t-.hzl.s type of the pr:.nt head, a volume of the

[

R?*P;_,ACF ﬂ*'\r' SHEETS SG"

Lh:mao) pa. d .50 g f:ed 34
'V{ Drawing(s) : paged J8. to pagsd...’?f .
M Abstract paged 35 to paged .=

DATE GF RECEIPT .,.zslfi,*.t .........




.-‘.
[

t her et hrough, which are aligned with the nozzles 54 forn

d_in the naozzl

=Y

plate 48, as viewed in the direction of the thickness

80. The through-holes 82 has a |I|arger dianmeter than thgt ref—the—rrozrz

54, so as not to interrupt the ink jetting.-fromthe noz:
adjusting plate 80 serves to reduce the stress that is

punp nenber 44 and then to the piezoelectric/electrostr
due to a difference in the coefficié&nf of thernml e

t he i nk nozzle nenber 42 and the ink punp nenber 44. Theée

I REPIACEMEN® SSHEET

CJ

2 Aoz 30aud ek,

[E

dtive elenent]

pansi on between

nK

plate 80 is preferably formed of a material having a smaller coefficient
of thermal exfrnNshatbéhals tdiangRidpobs eh8kgigdwich D displacaichtore

preferably forned of a
the piezoelectric/electrostrictive element.

print head of this type is advantageous

The ink jet

for reduced

consumption of electric power, as compared with another type
of the ink print _head in which the ink is heated by a heater
disposed in the ink chamber, to geherate minute bubbles used
for jetting the fine ink particles.

Referring to Figs. 6 and 7 showing an example of
the above type of the ink jet print head utilizing the
displacement of fhe piezoelectric/electrostrictive element,
a nozzle plate 4 having a plurality of nozzles 2, an orifice
plate 8 having a plurality of orifices 6, and a channel

plate 10 are superposed on each other such that the channel

plate 10 lS interposed between the piates 4 and 8. These.

plates 4, 8, 10 are bonded together into an ink nozzle

member 16, in which are formed ink discharge channels 12 for

leading or guiding an ink material to the respective nozzles ’

2, and an ink supply channel or channels 14 for leading -the
ink material to the orifices 6. The ink jet print head
further includes an ink pump member 24 which consists of two
plates 18, 24 formed in lamination on ‘the ink nozzle member

16. The ink pump member 24 has a plurality of voids 22 which

correspond to the nozzles 2 and orifices 6. With this ink
pump member 24 superposed on and bonded to .the ink nozzle
member 16, an. ink chamber 26 corresponding to each of the

voids 22 is formed dbehind the éorresponding nozzle and

orifice 2, 6. The ink pump member 24 includes a plurality of



b

material having a smaller coefficient of thermal expansi offs

punp nenber 44 whose CTE is smaller than that of the ink rﬁﬁ?ﬁ@ﬁ"h@_ﬁﬁgg%

Ay

Generally, the CTE adjusting plate ijs formed of a ceramf paterial such

b

alumna. The material and dinensions (e.g., th]ckn2g AUG 1998he
CTE adjusting plate 80 may be optinmally selected or detefn]ned depending
upon those of the ink nozzle nenber 42 . : -

- 19 - -

piezoelectric/electrostrictive elements 28 each fixedly
formed on a relatively thin portion of the pump member 24
defining the corresponding ink chamber 26. In this ink jét

, print head, the ink nozzle member lé consisting of the
nozzle plate 4, orifice plate 8 and c;hannel plate 10 is
generally made of metal, such as stainless steel, in view of
the manufacturing cost and the ea_siness of precision
processing on. the plates. As shown in Fig. 6, the nozzle

st plate 4 consists of a first nozzle plate 4a having tapered
sections of the nozzles 2, and a second nozzle plate 4b
having straight sections of the nozzles 2.

The ink pump memberl 24 of the ink jet print head
of the above type may favorably consist of a piezoelectric/
electrostrictive film type actuator made principally of a
ceramic material, as disclosed in JP-A-3-128681 assignéd to
the assignee of the present application. This piezoelectric/
electrostrictive film type actuator has a ‘ceramic substrate
corresponding to the above-indicated plates 18, 20, and a

" piezoelectric/electrostrictive element formed. on oile'w-\* of
opposite major surfaces of thé_ ‘dceramic’ substrate. The
piezoelectric/electrostrictive element consists of a first
electrode film, a piezoelectric/electrostrictive film and a
second electrode film, which are laminated in this order to
form an integral laminar structure. The actuator of this .
type is advantageously small-sized and cheép, and assures
high operating reliability. Further, this actuator is

excellent in its ability to generate a large amount of



and5ink punp nenber 44. Mre specifically, the material and_ dinensions of

the CTE adjusting plate 80 are generally selected in
apparent coefficient of thermal expansion (CTE) of the

and the apparent CTE and the rigidity of the ink nozzle
attenpt to restrain the thermal expansion and contractionfof ZﬁeAUGﬂﬂ%
nozzl e nmenber 42 to be comensurate with the CTE of the fnk nmenber '
44, The rigidity of the ink nozzle nenb&r-42 is determ ngd by the g s.

nodul us and the shape of the nozzle nenber 42. Then, the

-er-42, i'n an

“dimensions of the plate 80 are nore specifically detern1ned by

experi ment SaiLBlQ&Eﬁ\éﬁgl Yy LPS1dded USE' W RERLEIEOY S1ow voltage

thereto, with a sufficiently large magnitude of force
generated, assuring an 5.mproved operating response. Thus,
the actuator as described above can be advantageously used
as the ink pump member of the ink jet print head.
The inventors of the present invention made an
_ analysis on the ink jet print head formed by superposing the
metallic nozzle member having the nozzles for jetting the
ink material, on the ink pump member in the form of the
piezoelectric/electrostrictive £film tybe "actuator as
described above. It was revealed as a result .of the analysis
that the amount of displacement of the ink pump member
incorporated in the print head is significantly smaller than
the nominal or intended amount of dispiacement of the

actuator itself.

In the case where the ink jet print head is formed
such that the ink pump member made of_' ceramic and the nozzle
member made of stainless steel are bonded together at a
temperature of -120°C’ with' “an’ 'adh'esiw;'e, for example, the ink |
pump membexr J.ncorporated in the fpr:l.nt head undergoes a
displacement of 0. 2011m upon applica.t:.on of a given voltage
thereto, whereas the ink pump member as formed separately
from the print head undergoes a displacement of 0.30um upon.
application of the same wvoltage. Thus, the amount. of
displacement of the ink pump member is reduced as large as

more than 30% after the pump member is incorporated in the
print head.



preferably nade of a material which has a relatively high Young' s
expansi on t hat

nodul us, and exhibits the apparent coefficient of thernmal

is substantially equal to the CTE of . the ink punp nen]

after the adjusting plate 80 is bonded to the nozzle 1eﬂ%ﬂﬁc

the Young's nodulus of the CTE adjusting plate 80 is,|the snal[er

t hi ckness of the plate 80 is needed for achieving suf i ¢ I

rigidity. The CTE adjusting plate 80 -desirably has alsfall I ckness
since a sufficiently large distance can be mai ntai ned] betweem—tte—rmic |

print head and a recording nedium In this context, the CTE adjusting

plate 80 desirably hag,agidii Ckpesse Oibé@l&l&alemnor theT8lhv@ncok8 ofe

i nstant enbodinent, the CTE adjusting plate -

the present invention made various analyses on the. reductlon
of the displatement of the ink pump member, which resulps in
deterioration of the ink jetting capability of the ink jet
print head. It was reveeled as a result of the analyses that
the ink pumzi member j.s subject to thermal stresses_'ge.ne_rated
therein, or thermal strain remaining therein, due to the
heat history during the process of fabricating th_e print
head or due to the heat application to the fabricated print
head, since the nozzle member and ink pump member of the
head are made of different materials, that is, metal and
ceramic, which have different coefficients ef thermal
expansion. Consequently, the 4ink pump member undergoes
flexural deformation or compression, due to the thermal
stresses or straiss, resulting in undesirably reduced amount

of displaceﬁeﬁt ef the ihk pump member.

The present 1nvention therefore seeks to provide an 1ink

RS

. Jet print head, preferable embodiments of which have an 1nk pump member-

which ensures a sufficiently 1arge amount of dJ.splacemenﬁ

thereof upon application of a given voltage thereto thereby

assuring improved lnk jetting capabillty of the prxnt head.
According - to the ‘present '

invention, there is provided an: ink jet print head

comprising: a me't;allic t;!oz_z_;_l.e _member hﬁa’.v_ihg-_ "'a_-'plura_glity of

nqzeles through which £ine particles of ink are jetted; a

ceramic ink pump member superposed on and bonded to one of



80 consists of a 96% al um na plate having a thickness of 280pm which is
fformed by a tape form ng nmethod, punching and firing.

- 20- Al um na whi ch provides the CTE adjusti We
ink jet print head of the instant enbodi nent has a coeffi & NT. SMEER

expansion of about 8 X 10[err]/[err]C. *This
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opposite major surfaces of the nozzle member, the ink-pﬁmﬁ
member haviné a plurality of ink chambers formed behind fhe
respective nozzles of the nozzle member, said ink pump
member including a plurality " of
piezoelectric/electrostrictive elements each disposed on a
bortion of the ink pump member defining the corresponding
one of the ink chambers, for'deforming the portion so as to
change a pressure of the corresponding ink chamber, whereby
the ink supplied to the ink chamber is jetted through éhe
corresponding one of the nozzles; and a CTE adjusting member
superposed on and bonded to at least one of the nozzle
member and the ink pump member, for reduciné a stress which
is applied to tﬁe ink pump member due to a differehce
between a coefficient of thermal expansion of the nozzle
member and that of the ink pump membefﬂ

| Accofding to one form of the present invention,
the CTE adjusting member is superposed. on -'and bonded to the
éther surfage of the nozzle member remote from the ink pump
member. The coefficient of thermal expansion of the CTE
adjusting member is smaller than -that.’of the nozzle member,
or is even smaller than that of the ink pump member which :I.S
smaller than that of thé'hozzle member. With the ink pump
member and CTE adjusting member having relatively small
coefficients of thermal exﬁansion .being formed on the
opposite surfaces of the nozzle member having a large

coefficient of thermal expansion, the present print head has

a laminate of three members with small-large-small



CTE of the alumna is |lower than that of zirconia (10 X 10 '/ C) which
mainly fornms the ink punp nenber 44 of this enbodi neng, Wwa
than the CTE of SUS304 (16 X 10-[err]/[err]C) which f rR cmfﬂ y ;]
menber 42. Accordingly, the apparent coefficient of thejndl e anS|on o
t he bonded assenbly of the ink nozzle nmenber 42 and tle EMF !
pl ate 80 can be nade substantially equal _.to the CTE of {tlhe i nk purrp nper
44, by properly controlling the thi cknés€ of the CTE djusting plate 80
In the instant enbodi ment, the thickness of the CTE a

controlled to be 280pmas a result of sinple calculation. It is nore

desirabl e t xodfFifdciientst heft htikeiels ekphheibdf afiersdbyng thel atkexifhlbased
on data obtai ned by experinments, or by
deformation as encountered in a bimetal can be restricted.

To assure excellent printing characteristics of the ink jet
print head, it is desirable that the thickness of the CTE
adjusting member is as small as possible. Therefore, the CTE
adjusting member is preferably formed of a material having
the possibly smallest coefficient of thermal expansion and a
comparatively high Young's modulus, so as to yield a desired
CTE adjusting effect even. with the small thickness. The
nozzle n_tfamber is wusually formed of a material having é.
larger coefficient of thermal expansion than a ceramic
materigl. However, when the nozzle member is formed of a’
inate'rial haviné a smaller coefficient of thermal expahsion
than a ceramic material, the print head is desirably
constituted by a laminate of three members with large-small-
large coefficients of themal expansion. Namely, in this
particular case, the coefficient of thefma;l. expansion of the
CTE adjusting member is preferably larger than that ‘of the |

nozzle member. B . .
According to 'aihothei: form of thc,a ihveﬁﬁoh, {:Hé
CTE adjusting member is superposed on and bonded ‘to one
major surface of the ink pump member remate fr;m the Lt-lozz;:a_'
member. In this case, the coefficient of. therma.l expans:.on
of the CTE adjusting member may be larger than that of the
ink pump member, preferably, is equivalent to that of the
nozzle member. Alternatively, the CTE of the CTE adjusting

member may be smaller than that of the ink pump member. In



conput er simul ati on. : The adhesi ve used for bonding. the |nk

nozzle nenber 42 and ink punp nenber 44 may be selected f CREPLKGEMENISSHEET

known adhesives, such as those of -vinyl-type, acrylifp-

epoxy-type, or- those cont ai ni ng pol yam de, phenol, resorgifaol,, re

mel am ne, polyester, furan, polyurethane, silicone, rub ,§Sbﬁ§ﬁnﬁnﬁ
pt to.the ink

ef fi-ci ency

and polyolefin, provided the selected adhesive 1is resis
mat eri al . It is desirable im&erns of producti
that the adhesive is in the formof a highly viscous past
applied by coating using a dispenser, or by :

" either case, the CTE adjusting member serves to effectively

restrict the flexural deformation of the ink pumphmember due
to a difference in the thermal expansion and contrac'tion\
characteristics between the ink pump member and the nozzle
member.

According to a further form of the invention, the
CTE adjusting member is interposed between and bonded to the
ink pump member and the nozzle member. In this case, the CTE
adjusting member is formed of a material having a smaller
coefficient of fhermal expansion than the nozzle member. In
this arrangement, the CTE adjusring member serves to -
effectively restrict or reduce the thermal dJdeformation
induced by the nozzle member having the larger coefficient
of thermal expansion, to thereby reduce stresses which take
place in the ink pump member.

In the ink jet print head constructed according to
the present invention, the 'CTE adjusting member is
superposed on ‘and bonded to at least one of the ink pump
member and nozzle memberrwtogcoﬁperate.witﬁ these members to
-constitute an integral laminar structure. Therefore, the CTE
adjusting member can effectlvely" allevrate or reduce
‘compressive stresses or tensile stresses applieuhto the iuk'
pump member due to a difference of - the coefficient of
thermal expaneien between the metallic nozzle member and the
ceramic ink‘pump member. In .particular, the CTE adjusting
member is able to effectively restrict flexural deformation

of the ink pump member.resulting from such stresses, so that




- 21 - screen-printing, or is in the formof a sheet

hi i .
punchi ng t herethrough. The adhesive in the formof a hi gmwmgtm&?ﬁﬁﬁﬁ%t
i feepd

may be obtai ned by m xing an adhesive material wth a

i ncrease the viscosity of the resulting adhesive. | ; e pf
the ink jet print head 40 constructed as shown in Figs}f L %}i%
produced in the foll ow ng

- 9 -

7]

the ink pump member. can be effectively displaced by the
piezoelectric/electrostrictive element, whereby the present
| ink jet print head exhibits significantly improved ink
jetting capability.

As described above, the coefficient of thermal
expansion of the CTE adjusting rember used for tne present
invention needs to be appropriately selected depending upon
the poeition of the CTE adjusting member in the print-head.
In any case, the CTE adjusting member can effectively reduce
stresses applied to the ink pump member due to the heat
history during the process of producing the print head. The
CTE adjusting member can also effectively reduce stresses
which are applied to the ink pump member due to a difference
of the .coefficient of thermal expansion between the nozzle
member and ink pump member, when the print head is heated
after it is fabticeted. Consequently, the present ink jet
print head is advantageously free from an adverse influence
of the stresses present in the ink pump member on its ink
jetting capability. )

i The above and optional onjects, features and’
advantages of the present intention will Dbe Dbetter
understood;by readlng the following detailed description of
nresenély; pfeferred embodiments of the ,invention, when

considered in connection with the accompanying drawings, in

which:



manner. Initially, the i nk punp menber 44, ink nozzl e
adj usting plate 80 were prepared according to the
Then, _
2kg/cnferr}, and bonded together at 120[err]C for an
epoxy type adhesive. As a conparative*sanple,
jet print head which is not provided with the CTE adj

i ns.
t hese nmenbers and plate 44, 42, 80 were stacked

nenher

t mt*:,mmaﬁNTn’éHEETr

A?~and—G¢ﬁ

S

a-pressure qf

t here ng L?ﬁé&’ﬁg*’?ﬁ

e

t hus obtai-ned two speci nens of

ink jet yori-nt heads werg eval uated by'

measuring the anount of displacenent of the piezoel ecli-etetrectrostTiTTI ve
el enent 78 of each head when a given voltage is applied to the
element 78. The neasurenent reveal ed that. tthe ink jet print head 40
having the CTE adj usti%rg i 3% €280 Se8KAbFORY aVHPY prRc SifdiCaf cross

section of one embodiment of an ink jet print head of the

present invention;
Fig. 2 is an exploded perspective view explaining

the structure of the ink jet print head of Fig. 1;

’

Fig. 3 is a plan view showing an example of a
channel plate of an ink nozzle member of the ink jet print
head of Fig. 1;

Fig. 4 is a vertical cross sectional view

corresponding to that of Fig. 1, showing an ink jet print
head as another embodiment of the present invention;

Fig. S is an exploded perspective view

correspondiﬁg to for

that of Figqg. 2,_ explaining the

structure of the ink jet print head of Fig. 4;
Fig. 6 is a vertical cross sectional view showing

"a known ink jet print head by way of example;

Fig. 7 is a cross_secﬁionél view taken along line
7-7 of Fig. 6;

Fig. 8 is a vertical cross- sectional view

corresponding to that of Fig. i, ;howing an ink ﬁet
head as a further embodiment of the present invention;

Fig. 9 “is a vertical cross

print
and

view

sectional

corresponding to that of Fig. 1, showing an ink jet print

head as a still further embodiment of the present invention.
Referring to Fig. 1 schematically'showing in cross

section an ink jet print head 40 as one preferred'embodiment



0. 28pm whereas the print head as the conparative sanple having no CTE

adjusting plate exhibited a displacenent of as snall as A FET
In the ink jet print head 40 constructed according to thf REPEAGEMENT SH

i nvention, the CTE adjusting plate 80 serves to effectivel requce or
elimnate stresses due to the difference in the coeffi¢igntypfaid4998!
expansi on between -22-

- ll -

of the present invention, and to Fig. 2 which is an exploded
perspective view of the print head 40, an ink nozzle member
42 and an ink pump member 44 are bonded together to form an
integral structure of the ink jet print head 40. In this
print head 40, an ink material is supplied to a plurality of
ink chambers 46 formed in the ink pump member 44, and is
jetted or discharged from a plurality of nozzles 54 formed
through the ink nozzle member 42. The present print head
further includes a CTE (coefficient of thermal expansion)
adjusting plate 80 having a suitable thickﬁess, which is
bonded to one of the opposite major surfaces of the ink
nozzle member 42 remote from the ink .pump member 44, in
other words, to the surface of the nozzle member 42 through
which the ink is jetted.

More specifically described, the ink nozzle member”
42 consists of a metallic nozzle plate 48 and a metallic
orifice plate 50 which are relatively thin flat plates, and
a metallic channel p_late 52 interposed betwé_eﬁ these plates
48, 50. The nozzle plate 48 and the orifice plate 50 are
integrally bonded to the channel plate 52 with a suitable
adhesive. The nozzle pla;:e 48 is formed by bonding a first
nozzle plate 48a having t-:apered holes, and a __éécond nozzlg )
plate 48b having straight holes, such that the .nozzle _piat;e:
48 have a plurality of nozzles 54 (three in this embodiment)
for permitting jets of fine ink particles, each nozzle 54
consisting of one tapered hole and ohe straight hole of the

respective plates 48a, 48b. The orifice plate 50 and the



the ink nozzle nenber 42 and the ink punp nenber 44, which stresses are
t'ensil e stresses caused by flexural deformation of the ink punp nmenber 44
in the above-described enbodi nent. Accordingly, the ink pETETERIE 2
the piezoelectric/ electrostrictive el ement 78 undergo defsiTtEY uEN

di spl acenent thereof w thout suffering fromthe stress appljed to the purnp
menber 44. Consequently, the present print head 40 assureps Fi 23 KUGamgy
i mproved operating characteristics of-tihe 4dnk punp nmenbery 4 and :
accordingly inproved ink jetting capability. I nf tYre=TrTk—T et
print head 40 as described above, the material for the

pi ezoel ectric/electrostrictive el ement
channel plate 52 have respective through-holes 56, 57 formed

through the thickness thereof. These through-holes 56, 57
are aligned with the respective nozzles 54 as viewed in the
direction of the thickness of the plates 48, 50, 52, and
have a diameter which is larger by a given value than that
of the nozzles 54. .

The orifice plate 50 further has a plurality of
orifices 58 (three in this embodiment) formed therethrough,
for permitting flow of the ink into the respective ink
chambers 46. The channel plate 52 is formed with a window 60
which is closed at its opposite openings by the nozzle plate
48 and orifice plate 50,.respectively, whereby an ink supply
channel 62 communicéting with the orifices 58 is defined by
the channel plate 52, nozzle plate 48 and orifice plate 50.
The orifice_ plate 50 further has a supply port 64 through
wﬁich the ink is fed from an ink reservoir into the ink”
supply channel 62.

The_plgteé 48, 50, S2 of the ink nozzle member 42
is preferably formed sf-a metéllic ﬁaterial{ such as.nickel!z
or stainless steel. With the plates 48, 50 made of metal;
the nozzles 54 and orifices 58 cén be formed through the
respective plates 48, 50 ~vf;i.t:h high dimensional accuracy.
Each of the orifices 58 is desirably formed in tapered shape
such that the diameter of the orifice 58 is reduced in the
direction of flow of the ink (i.g., the direction from thé
ink supply channel 62 té&ard the ink chambers 46), as shown

in Fig. 1 by way of example, so as to function as a check



78 di sposed on the ink punp nenber 44 is different fromthe material for
the closure plate 66, connecting plate 68 and spacer plate 70 of the ink
punp menber 44. In the process of producing the print haGeklaraikais
thermal stresses remain in the piezoelectric/electrostrifc .
in particular, in the piezoelectric/electrostrictive |ayer , he
di fference of the CTE between these different nmaterials.Jar iﬂekﬁﬁéﬂﬂbt 78
and punp nenber 44. Such thernal stressgs_can al so be ef q

by the CTE adjusting plate 80, resultifng in inproved durf
pi ezoel ectric/electrostrictive | ayer 79, and inproved__d g
characteristics of t he pi ezoel ectric/ electrostrictive elenent 78
and the ink yalve neeberre8icing the ink from flowing in the reverse

.direction. In the instant embodiment, the plates 48, 50 and
52 are made of stainless steel (SUS304), and fine holes like
the nozzles 'and orifices 54, 58 are formed by punching,
while the contours of the plates 48, 50, 52 are established
by a combination of photolithography and etching. Then,
these plates 48, 50 and 52 are. bonded together by an
epoxy-type adhesive, for example, to thereby form the
integral ink nozzle member 42. | .
Other than the epoxy-type adhesive as indicated
above, the adhesive used herein may consist of a hot-melt
type adhesive film containing nylon or polyolefin, provided
~ the adhesive is sufficiently resistant to heat generated in
the subsequent heat treatment step needed for bonding the
plates 48, 50, 52 together.
‘I.‘he ink pump member 44 includes a closure plate 66
and a connecting plate 68 which are relatively thin flat
. plates, and a spacer plate 70 interposed between the plates.
: 66, 68. 'J.’hese plates 66 68, 70 are. superposed on each other
and formed integrally into the ink pump member 44.

S e cohhecting plate 68 has first communication
holes _7'?2‘3; .-‘ahd o second communication holes 74 formed -
therethrough, i .wh_i,.ch .are respectively: :aligned with the
through-holes SG‘and"orifi'ces' 58 formed in the orifice plate
50, as viewed in the direction of the thickness of the
plates 68 50. 'rhe diameter of the first communication holes |
72 is substantially equal to or slightly larger than that of



As descri bed above, it is desi rable to reduce the thickness of the CTE

adjusting plate 80 to a mininum Fig. 3 -

- 23 - shows anot her enbodi ment of the invention vvh "CREPLAFFMEQE S#EETTE ns
for reducing the thickness of the CTE adjusting plate {8p: In this figurg,
there is illustrated another formof the channel platp p223 Aumemk
nozzl e menber 42 of the ink :

- 14 -

the through-holes 56, while the diameter of the second
communication holes 74 is larger by a given value than that
of the orifices 58.

| The spacer plate 70 has a plurality of‘rectangular
windows 76 formed therethrough. The spacer plate 70 -is
superposed on the connecting plate 68 such that each of the
windows 76 communicates with the corresponding first and
second communicgtion holes 72, 74 formed in the connecting
plate 68. -

On one major surface of the spacer plate 70 remote
from the connecting plate 68, theré is superposed the
above-indicated closure plate 66 for closing the openings of

_the windows 76. Thus, the above-indicated ink chambers 46
are formed in the ink pump member 44, such that the chambers
46 communicate with an exterior space through the first and
second éommunication holes 72, 74.

The ink pump member 44 is formed as an integrally

. formed- fired cer;mic stfucture. More. specifically, green
sheets as precursors for the closure pléte*ﬁﬁ, connecting
plate 68 and spacer plate 70 are initially- formed, laminated

- on each other, and then fired into an integral ceramic body
as the ink pump member 44. While the ceramic material used
for forming the ink.:pump member 44 is ot limited to any
i)articula.r kinds, alﬁmina, zirconia and the like may: be
favorably employed in view of its formability and other
properties. In this embodiment, the ink pump member 44 is

formed of zirconia which contains 3mol% of ¥,0;. The closure



print head as shown in Figs. 1 and 2. This channel plate
42%Ne- Fe all oy having a coefficient of thermal expansion
/[err]C, which is smaller than that of SUS304. The chann
multiplicity of holes 84 forned therethrough over the enfi e 2% %ts
surface except the wi ndow 60 and through-holes 57, as sh I ?ﬁ@?
whereby the plate 52 has a mesh-1ike configuration and

low rigidity. On the other-hemd; the CTE adjudting plate 80 of
the instant enbodinent is formed of a material having 96% of —_ar unrmar—aaed
has a thickness of 100pm Wen a given voltage is applied to the

pi ez0el ect 1 1gL el ogL gL LOLNEKELEITRE T6un 0" add e WAy S e! oTont

68 has a thickness of 180um, while the spacer plate 70 has a

thickness of 180um.
| The ink pump member 44 further has piezoelectric/
electrostrictive elements 78 formed on the outer surface of
the closure plate 66, such that the elements 78 correspond
.to the respective ink chambers 46 formed in the member 44.
Each of the piezoelectric/electrostrictive elements 78 has a
pieéoe1ectric/electrostrictive unit consisting of a lower
electrode 75, a piezoelectric/electrostrictive layer 79 and
an upper electrode 77; which are formed in’ lamination on the
closure plate 66, by a suitable film-forming method. As the
piezoelectric/electrostrictive element 78 of the instant
embo@imeﬁt, it is particularly preferqble to employ a
piezoelectric/electrostrictive element as proposéd in
co—pending U.S. Patent Application No. 07/912,950 assigned
to tlie same assxgnee as the present application.

More specifically, fllms of the lower and upper
electrodes 75, 77 and piezoeiectric/glectrost:ictive layers
79 are formed on the outer surface of the closure plate 66,
by .any one of various known methods which include thick-film
forming processes; such as screen prinﬁing: spraying,
dipping and coatiﬁg, and thin-film forming processes, such
as ion-beam method, sputtering, vacuum vapor deposition, ion
plating, CVD and plating. The formation.of these layers 75,
77, 79 may be effecﬁed either before or after Sintering.of

the closure plate 66 (the ink pump member 44). Then, the



of 0.28pm which is equivalent to that obtained in the prguw-ous

enbodi ment, even though the thickness (100pm) of the CTE a(BmaCEMENJ | SHEET
80 is smaller than that of the plate 80 of the previous ephb
In the manner as described above, the thickness of the CTE
80 can be further reduced by optinmally.designing the shap
plate 52. In the extrene case, the thickness of the CTE af]j
80 can be reduced to zero, by suitably jgelecting the matefial of the

channel plate 52 and/or optimally designing

electrode films 75, 77. and piezoelectric/electrostrictive
layer 79 thus ‘formed on the closure plate 66 may be
heat-treated as needed, either in different steps following
formation of the respective films and layer 75, 77, 79, or
in one step foilowing formation of all the films and layer
75, 77, 79.

The electrode films 75, 77 of each piezoélectric/
electrostrictive unit may be formed of any electrically
conductive material _which can withstand a ,high-temperatu;re
oxidizing atmosphére generated upon the heat-treatment 6r
firing as described .above. For instance, the electrode films
75', 77 may be formed of a single metal, an alloy of metals,
a mixture of a metal or alloy and an insulating ceramic or
glass, or an electrically conductive ceramic. Preferably,
the electrode haterial contains as a majpr component a noblq
metal havihg a2 high melting point, such as platinum,
pallad}um or rhodium, or an alloy such as silver—pallqdiuﬁ
alloy, silver-platinum alloy or'platinum-pa;ladium alloy.

The. piezc;electric/electrostrictive layer 79 of
each piezoelectric/electrostrictive unit may be formed of
any p:LezoelectrJ.c or electrostrictive material whxc‘:h
produces a relatively large amount of strain or displacement
due to the converse or reverse piezoelectric effect or the
electrostrictive effect. The piezoelectric/electrostricﬁive
material may be either a crystalline material or an
amorphous material, and may be a semi-conductor material or

a dielectric or ferroelectric ceramic material. Further, the



othér portions of the print head, so as to appropriately control the
thermal stress in the print head. In this case, the cha b
se can be considered as the CTE adjusting plate. L

T SHEET

illustrated enbodiments, the CTE adjusting plate 80 is
surface of the ink nozzle nenber 42 which is opposite t
thereof to which the ink punp nenber 44 is bonded. Ho

hg
. the Foca®

erposed on tfe

of the CTE adjusting nmenber (80) in thg ink jet print

ead—uof

n

piezoelectric/electrostrictive material may either require a
treatment for initial polarization or poling, or may not
require such a polarization treatment.

The piezoelectric/electrostrictive material used
for the piezoelectric/electrostrictive layer 79 preferably
contains as a major component lead zirconate titanate (P2T),
lead magnesium niocbate (PMN), lead nickel niobate (PNN),
lead manganese niobate, lead antimony stann;ate, lead zinc
niobate, lead titanate, ‘or a mixture - thereof. The
piezoelectric/electrostrictive material hav_ing the aber
major component may further contain as an additive an oxide
or other compound of lanthanum, strontium, barium, niobium,
zinc, cerium, cadmium, chromium, cobalt, antimony, iron,
yttrium, tantalum, tungsten, nickel, and/or manganese, so as
to provide a material containing PLZT, for examp]:e.

The piezoelectric/electrostrictive unit consisting
of the electrodes 75, 77 and piezoelectric/electrostrictive
layer 79 generally has .a thickziess of not larger than 100um.
The thic};neés ~of each.electrode 75, 77 is generally 20um or.
smaller, preferably 5um or smaller. To assure a relatively
1afge amount of displacement with a relatively log voltag;,'
the thickness of the piezoelectric/electrostrictive layer 79
is preferably S50um or smaller, more preferably, within a
range of 3um to 40um. In this embodiment, the piezéel-ec'c.ric/
electrostrictive layer 79 has a thickness of 30um, and is
formed of a material which contains lead magnesium niobate,

lead zirconate and lead titanate as major components. The




t he present
adj usting nenber (80) is able to reduce the stress ap
difference of the coefficient of tﬂERWEMENFEBIﬁEPn
the ink nozzle nenber 42 and the ink punp ne
enbodi nent, of the invention as shown in Figs. 4 and 5
adj usting nenber 86 is superposed on and integrally bpnjle
surface of the ink punp member 44 whichg s opposite t
to which the ink nozzle menber 42 is bonded.

menber 42 and the ink punp nenber 44 used in the first enpodrmemnt

menber 44 due to the
bet ween

invention may be suitably selected as needed, provided t

he

L art

PN,

The i nk nozzl e

g

£
A\~

1 and 2 are used in the instant enbodi nent of Figs. 4 and 5. Nanely,

i nst ant

upper electrode 75 consists of a copper layer and a chromium

layer and formed by sputtering, and the lower electrode 77
is formed by printing and firing a platinum paste.

Further, the above-indicated CTE adjusting plate
80 is integrally bonded to the outer surface of the nozzle
plate 48 of the ink nozzle member 42. The CTE adjusting
plate 80 has a plurality of through-holes 82 formed
therethrough, which are aligned with the nozzles 54 formed
in the nozzle plate 48, as viewed in the direction of the
thickness of the plates 48, 80. The through-holes 82 has a
larger d_iameter than that of the nozzles 54, so as not to

interrupt the ink jetting from the nozzles 54. This CTE

adjusting plate 80 serves to reduce the stress that is

applied to the ink pump member 44 and then to the
piezoelectric/electrostrictive element 78 due to a
difference in the coefficient of thermal expansion between
the ink nozzle member 42 and the ink pump member 44. The CTE
adjusting plate 80 is preferably formed of a material ha.ving

a smaller coefficient of thermal expansion than the metallic

ink nozzle member 42, and more preferably formed of a

Fe
material having a smaller coefficient of thermal expans_:'!.__on

than the ink pump member 44 whose.CTE is smaller than that

of the ink nozzle member 42. Generally, the CTE adjusting

plate is formed of a ceramic material such as alumina.
The materJ.al and dimensions (e.g., thickness) of

the CTE adjusting plate 80 may be optimally selected or

|t

gs.
t he

determined depending upon those of the ink nozzle member 42



embodi nent is different fromthe first enbodi ment only in respect of the

CTE adj usting nenber. As shown in Figs. 4 and 5, the CTE adjusting nmenber
86 of this enbodinment is provided on the side of the U
whi ch the piezoelectric/electrostrictive elenent 78 i éﬁﬂg gﬁﬁgﬁ@ﬁf

that the adjusting nmenber 86 passes over the el enent 78.
specifically,

B Mor e
the CTE adjusting plate 86 takes the form| 23 AUG 1996
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and ink pump member 44. More specifically, the material and
dimensions of the CTE: - adjusting plate 80 are generally
selected in view of the apparent coefficient of thermal
expansion (CTE) of the ink pump member 44, and the apparent
CTE and the rigidity of the ink nozzle member 42, in an
attempt to restrain the thermal expansion and contraction of
the ink nozzle member 42 to be commensurate with the CTE of
the ink pump member 44. The rigidity of the ink nozzle
member 42 is determined by the Young's modulus and the.shape
of the. nozzle member 42. Then, the material and dimensions
of fhe plate 80 are more specifically determined by
experiments. In parﬁicular, the CTE adjusting plate 80 is
preferably made of a material which has a relatively high
Young's modulus, and exhibits the apparent coefficient of
thermal expansion that is substantially equal to the CTE of
the .ink pump member 44, when measured after the adjusting

plate 80 is bonded to the nozzle member 42. The higher the

" Young's modulus of the CTE adjusting plate 80 is, the

- smaller thickness of the plate 80 is needed for achieving

sufficiently high rigidity. The CTE adjusting blate “80
des:Lra.bly has a small thickness since a sufficiently large
distance can be maintained between the :Lnk jet print head
and a recording medium. In this context, the CTE adjusting
plate 80 desirably has a thickness of about 'O.I.mm or
smaller. In the instant embodiment, the CTE adjusting plate
80 consists of a 96% alumina plate having -a thickness of

280um, which is formed by a tape forming method, punching

and firing.

- on



r—

of a lid having opposite |leg portions 88, 88, which jrREP . SR

.upper surface of the closure plate 66 of the ink p np HUD , the
CTE adjusting plate 86 is fornmed as an integral parjt rint
head. The CTE adj usting nenber 86 thus pogi pyi nt
head may be fornmed of a material, such as al um na, . At f vel y
smal | coefficient of thermal expansion écontractio ),

embodi nent. When the CTE of the materi 8P of the CTE aujwetiag.genber] 86 is

smal l er than that of the ink punp nenber 44, the CTE adjusting nenber 86
serves to effectively reduce or restrict the stress on the punp nenber 44,

in other words, its  RhexuhalweRHPHEVIARs GAUSedEbYahse 1P I alee%BaNSi ON

and of the ink jet print head of the instant embodiment has a
coefficient of thermal expansion of about 8 X 10-¢/°C. This
CTE of the alumina is lower than that of zirconia (10 X 10

“¢/°C) which mainly forms the ink pump member 44 of this
embodiment, and is also lower than the CTE of SUS304 (16 X
10-¢%/°C) which forms the ink nozzle member 42. Accordingly,
the apparent coefficient of thermal expansion of the bonded
assembly of the ink nozzle member 42 and the éTE adjusting
plate 80 can be made substantially equal to the CTE of the
ink pump member 44, by properly controlling the thickness of
the CTE adjusting plate 80. In the instant embodiment, the
thickness of the CTE adjusting plate 80 is controlled to be
280pm as a result of simple calculation. It is more
desirable to determine the thickness of the CTE adjusting
rlate 80 based on data obtained by experiments, or by
computer simulatidn. - .

The adhesive used for bonding the ink nozzle
member 42 and iek. pump member 44 may be selected from

‘-various known adhesives, such as those ;of vinyl-type,
acrylic-type and epoxy-type, or those containing polyamide, -
phenol, resorcinol, urea; melamine, polyester, furan;
polyurethane, silicone, °’ rubber,- polyimide and polyolefin,
provided the selected adhesive is resistant -to the ink
material. )

It is desirable in terms of production efficiency
that the adhesive is in the form of a highly viscous paste

which can be applied by coating using a dispenser, or by



contraction of the ink nozzle member 42 havi ng a relatlvely | ar ge

.coefficient of thermal expansion. Alternatively, the
86 may be formed of a material having a |arger COfoICREHﬂWEME"hq&Egru

of

t 00,

expansion than the ink punp mnenber 44. Particularly, S e
expansion of the CTE adjusting nenbgr ﬁ%@ be
substantially equal to that of the ink nozzle nenber #2 se,
the flexural deformation of the ink Dump nenber| 4decag be effe ti
reduced or restricted, assuring inproved ink jetting capability of

jet print head. To effectively alleviate t
def or mati on

justi ng nenber

Nt

vel y
I nk

Ofretepxgprg.]xlgtg.]r?é,z Ioer r’rfsnti%r the gg-ml QE Q ni?eerr:e %.rch4%e1}tng

punching therethrough. The adhesive in the form of a highly
viscous paste may be obtained by mixing an adhesive material
with a filler to thereby increase the viscosity of the
resulting adhesive. |

A sample of the ink jet print head 40 constructed
as shown in Figs. 1 and 2 was produced in the following
manner. Initially, the ink pump member 44, ink nozzle member
42 and CTE adjusting plate 80 were p.repared _according to i:he
instant embodiment. Then, these members and plate 44, 42, 80
were stacked at a pressure of 2kg/cm?, and bonded together
at 120°C for an hour, .by using an epoxy type adhesive. As a
comparative sample, there was produced an ink jet print head
which is not provided with the CTE adjusting plate 80. The
thus _obtained two specimens of ink jet print heads were
evaluated by measuring the amount qf displacement of the
piezoelectric/electrostrictive element 78 of each head when
2 given voltage is applied to .the' eiement 78. The
mgasure;neht revealed that the ink jet print head 40 having
the CTE adjusting plate 80 exhibited a displacement of
0.28um h.rhereas the print head as the comparative sa.mgle

having no CTE adjusting plate exhibited a displacement of as

. _small as 0.21lum.

In the ink jet print head 40 constructed according
to the present invention, the CTE adjusting plate 80 serves
to effectively reduce or eliminate stresses due to the

difference in the coefficient of thermal expansion between



b

menber 42,

adj usting nenber 86 used in the instant enbodi nent of Figs.
and 5 is formed of stainless steel (SUS304) as used for '
and has a thickness of 300pm The ink punp
thus obtained ink jet print head undergoes a displ ace
given voltage is applied to the piezoelectric/electrogtrn
whereas the ink punp nenber 44 of the Lp%zjgt print hegad

the ink nozzle member 42 and the ink pump member 44, which
stresses are tensile stresses caused by flexural deformation
of the ink pump member 44 in the above-described embédiment.
Accordingly, the ink pump member 44 and the piezoelectric/
electrostrictive element 78 undergo desired amounts of
displécement thereof without suffering from the stress
applied to the pump member 44. Consequently, the present
print head 40 aséures significanﬁly improved operating
characteristics of the iﬁk pump member 44, and accordingly
improved ink jetting capability.

In the ink jét print head 40 as described above,
the material.for the piezoelectric/electrostrictive element
78 disposed on the ink pump member 44'is different from the
material for the closure plate 66, connecting plate 68 and
spacer plate 70 of the ink pump member 44. In the process of
producing the print head _ 40, thei:efore, thermal stresses
remain in the piezoeleétric/electrost;}ctive~element 78, ih
particular, in ;he piezoelectric/electrostrictive layer 79,

due to the difference of the CTE between these different

materials for the elément 78 and pump member 44. Such

thermal stresses can also be effectively reduced by the CTE

- adjusting ‘plate 80, resulting in improved durability of th

piezoelectric/electrostrictive layer 79, and improved
displacement characteristics of the biezoelectfic/
electrostrictive eleﬁent 78 and the ink pump member 44.

As described above, it is desirable to reduce the

thickness of the CTE adjusting plate 80 to a minimum. Fig. 3




whi ch does not include the above-described CTE adjustlng nenber 86

under goes a di splacenent of as small as 0.21pm It
understood that the provision of the CTE adjusting
significantly inproved ink jetting capability of t
Referring next to Fig. 8 showing an ink jet print
enbodi nent of the present invention, the print heag
nozzl e nenber 42 and the ink punp nenbe?3 44 as use

enbodi nent s,

and a CTE adjusting plate 92 interpos

menber 44 and I nk nozzl e nenber 42. Mre specifically, ad'u~

plate 92 is %%%dia%ﬁg& QﬂﬂgéhﬁéamfmdforthesU{r{v%%%iohowth@.@:hc‘iﬂgfﬁééé'ga
68 of the ink

means for reducing the thickness of the CTE adjusting plate
80. In this figure, there is illustrated another form of the
channel plate 52 of the ink nozzle member 42 of the ink
print head as shown in Figs. 1 and 2. This channel plate 52
is formed of 42%Ne-~Fe alloy having a coefficient of thermal
expansion of 7 X 10 "¢ /°C, which is smaller than that of
SUS304. The channel plate 52 ha; a multiplicity of holes 84
formed therethrough over the entire area of its surface
except the window 60 and through-holes 57, as shown in fig.
3, whergby the plate 52 has a mesh-like_configuration and
exhibits relatively low rigidity. .

On the other hand, the CTE adjusting plate 80 of
the instant embodiment is formed of a material having 96% of
alumina, and has d thickness of 100um. When a given voltage
is applied to the piezoelectric/electrostrictive element 78
of this embodiment, the element 78 undergoes a displacement
of 0.28um, which is equivalént to that obtained. in the
previous embodiment,.even though the thiékness (100um) of
the CTE adjusting plate 80 is smaller than that of the plate
80 of the previous embodiment. |

In the manner as described above, the thickness of
the CTE adjusting plate 80 can be further reduced by
optimally desighing the shape of the channel plate 52. In
the extreme case, the thickness of the CTE adjusting plate
80 can be reduced to zero, by suitably selecting the

material of the channel plate 52 and/or optimally designing




44 and the orifice pl ate 50 of the ink nozzle nenber 42, such that the
adjusting plate 92 is sandwi ched between these plates . e

adjusting plate 92 has a first set of through-holes 94 aﬁﬁmgf§e¢3ﬂq8&ﬁﬂ f
t hrough-hol es 96 formed therethrough, which are respectfiely aligné t
the first communication holes 72 and the second communifc3t ipg A‘%eﬁ%m
formed through the connecting plate 68 9f2£h§ I nk punp

other portions of the print head, so as to appropriately
control the thermal stress in the print head. In this case,
the chanﬁel plate 52 per se can be considered as the CTE
adjusting plate. -

In the illustrated embodiments, the CTE adjusting
plate 80 is superposed on the surface of the -ink nozzle
member 42 which is opposite to the surface thereof to which
the ink pump member 44 is bonded. However, the location of

. the éTE adjusting member (80) in the ink jet print head of
the present invention may be suitably selected as needed,
provided the adjusting member (80) is able to reduce the
stress applied to the ink pump member 44 due to the
difference of the coefficient of thermal expansion between
the ink nozzle member 42 and the ink pump member 44. In
another embodiment of the invention as shown in Figs. 4 and
5, a plate-like CTE ;djﬁsting member 86 is superposed on and
integrally bonded;to the the surface of the ink pump member
44 which is opposite to the éhrfaée thereof to which the ink
nozzle member 42 is bonded.

- The ink nozzle member 42 and the ink pump member

44 gsed in the first embodiment of Figs. 1 and 2 are used in

the instant embodiment of Figs. 4 and 5. Namely, the instant
embodiment is different from the first embodiment only in
respect of the CTE adjusting member. As shown in Figs. 4 and

5, the CTE adjusting member 86 of this embodiment is

provided on the side of the ink pump member 44 on which the

piezoelectric/electrostrictive element 78 is provided, such



menber 44, as viewed in the direction of the thickness of . pHates—68,
92. These through-hol es 94 and 96 have substantially the sane d?GWbﬁHEEbf
t he communi cation holes 72 and 74, respectively. The in

the ink punp nenber 44 are held in conmmunication with the nggzk aryd
the orifices ‘58 of the ink nozzle nenber 42, via the r

t he t hrough-hol es 94, 96. ThQICIE adj usti ng pljat
enbodiment is formed of a materi al haV|ng a smaller coqfficient of
t hermal expansion than the ink nozzle nenber 42. Preferably, “The
coefficient of thermal expansion of the CTE adjusting plate 92 is
equi val ent thathaheofadjusting membeneBberpassses over the element 78.

More specifically, the CTE adjusting plate 86 takes the form
of a 1lid having opposite leg portions 88, 88, which are
bonded to the upper surface of the closure plate 66 of the
ink pump member 44. Thus, the CTE adjusting plate 86 is
formed as an integral part of the ink jet print head.

The CTE adjusting member 86 thus poéitioned in the
print head may be formed of a material, such as alumina,
which has a relatively small coefficient of thermal
expanSLOn (contraction), as in the first embodiment. When
the CTE of the material of the CTE adjusting member 86 is
smaller than that of the ink pump member 44, the CTE
adjusting member 86 serves to effectively reduce or restrict
the stress on .the pump member 44, in other words, its
flexural deformation, caused by the thermal expansion and“
contraction of the ink nozzle member 42 having a relatively
large coefficient of thermal expansion. Alternatively, the
CTE .adjusting member 86 may be formed of a material having a
larger coefficieﬁt of thermal expansion than the ink pump
member 44. Particularly, the coefficient of thermal
expansion of the CTE adjusting 'member 86 may Dbe
substantially equal to thatuof the ink nozzle member 42. In
this case, too, the flexural deformation of the ink pump
member 44 can be effectively reduced or restricted, assuring
improved ink jetting capability of the ink jet print head.

To effectively alleviate the flexural deformation

of the ink nozzle member 42 and ink pump member 44, the CTE



The CTE adjusting plate 92 thus provided in the print head serves to
effectively reduce or elimnate tensile stresses based on t X

deformati on of the ink punp nenber 44 caused by the thermal
contraction of the ink nozzle nmenber 42 having a relativel yfl §
coefficient of thermal expansion. The thus constructed ink
90 i s advantageous over the print head as shown in Figs. 1 jJano
the thickness of the CTE adjusting plate 5 can be sel ect eq |

wi thout regard to restrictions on the distance between the nozzles o)
print head and a recording nedium Further, the present ink']
90 is advantadagestsingveembdre $6 iwteddad tde sjmwantnerﬁqumeﬁnamf lﬁ,gssl nce

the CTE adjusting plate 92 does not place any
' 4 and S is formed of stainless steel (SUS304) as used for

the ink nozzle member 42, and has a thickness of 300um. The
ink pump member 44 of the thus obtained ink jet print head
undergoes a displacement of 0.29um when a given voltage is
app_lied to the piezoelectric/electrostrictive element 78,
whereas the ink pump member 44 of the ink jet print head
which does not include the abqve—described CTE adjusting
member 86 undergoes a displacement of as small as 0.2luym. It
will be readily understood that the provision of the CTE
adjusting member 86 1leads to significantly improved ink
jetting capability of the ink jet print head.

Referring next to Fig. 8 showing an ink jet. print
head 90 as a further embodiment of the present invention,
the print head includes the ink nozzle member 42“ end the ink

.~ pump member 44 as used in the illustrated embodiments, and a
CTE adjusting plate 92 interposed between the ink pump
member 44 and ink nozzle member 42. More specifically, the
CTE adjtisting plate 92 is bonded . at its opposite major
surfaces to the connecting plate 68 of the ink pump member
44 and the orifice plate 50 of the ink nozzle member 42,
such that the_aqjus.tiﬁg plate 92 is sandwiched between these . -
plates 68, 50. The CTE adjusting plate 92 has a first set of
through-holes 94 and a second set of through-holes 96 formed
therethrough, which are respectively aligned with the first
communication holes 72 and the second communication holes 74

formed through the connecting plate 68 of the ink pump



restrictions on the design of the wring on the surface of
plate 66 of the ink punp nenber 44.

REPLACENMENT. SHEET - The ink jet print head 90
descri bed above may be nodified such that the CTE adjusting glate 92 and
the connecting plate 68 of the ink punp nenber 44 are forngd|}i n23 AUG 1996
integral single nmenmber. Referring to Fig,;9 show ng such ngdiffication by

way of exanple, an ink jet

the cl osure
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member 44, as viewed in the direction of the thickness of

the plates 68, 92. These through-holes 94 and 96 have

substantially the same diameter of the communication holes

72 and 74, respectively. The ink chambers 46 of the ink pump

member 44 are held in communication with the nozzles 54 and

the orifices 58 of the ink nozzle member 42, via the

respective sets of the through-holes 94, 96.

The CTE adjusting plate 92 used in this embodiment

is formed of a material having a smaller coefficient of

thermal expansion than the ink nozzle member 42. Preferably,

the coefficient of thermal expansion of the CTE adjusting

plate 92 is equivalent to that of the ink pump member 44.

The CTE adjusting plate 92 thus provided in the print head

serves to effectively reduce or eliminate tensile stresses

based on the flexural deformation of the ink pump member 44

caused by the thermal expansion and contraction of the ink

nozzle member 42 having a relatively large coefficient of

thermal expansion. The thus constfucted ink jet print head

90 is advantageous over the print head as shown in Figs. 1

and 2, in that the thickness of the CTE'adjustiné plate 92

can be selected as desired without regard to restrictions on

the distance between the nozzles of the print head and a

recording medium. Further, the present ink jet print head 90

is advantageous over the print head as shown in Figs. 4 and

5, since the CTE adjusting plate 92 does not place any

restrictions on the design of the wiring on the surface of

the closure plate 66 of the ink pump member 44.



print head 98 has a CTE adjusting plate 92 interposed between the orifice

plate 50 of the ink nozzle nenber 42 and the spacer plate 0 ' "
punp menber 44. The CTE adjusting plate 92 is bondedpto th RPﬁ AtClEﬁIEN'f' HEET
spacer plates 50, 70, and is thus forned as an integral paftjof the print
head 98. In this enbodiment, the connecting plate 68 is ingofpcatAlS 986
the CTE adjusting plate 92.- -Tggproduce the ink j¢t|print head

98, the ink punp nenber 44 which does not include the conngcting plate 63
is first prepared, and then bonded to the CTE adjusting pl &e. 92 and the

i nk nozzl e nenber 42, so that the punp nenber 44 is formed as an integral
part of the print headThs.ink iete prinbshesd 83heapnstrursed pis rlesrrddreds,
tensile stresses due to . .

: above may be modified such that the CTE adjusting plate 92
and the connecting plate 68 of the ink ﬁump member 44 are
formed into an integral .single member. Referring to Fig. 9
showing such modification by way of example, an ink jet
print head 98 has a CTE adjusting plate 92 interposed
between the orifice plate 50 of the ink nozzle member 42 and
the spacer plate 70 of the ink pump member 44. The CTE
adjusting plate 92 is bonded to the orifice and spacer
plates 50, 70, and is thus formed as an integral part of the
print head 98. In this embodiment, the connecting plate 68
is incorporated into the CTE adjusting plate 92.

To produce the ink jet print head 98, the ink pump
member 44 which does not include the connecting plate 68 is
first prepared, and then bonded to the CTE a@justing plate
92 and the ink nozzle member 42, so that the pump member 44
is formed as an integral part of the print head 98. In the

. thus obtained ink jet print head 98, tensile stresses dge to
_the flexural deformation of the ink pump membe¥ 44 can be
effectively reduced or eliminated, whereby the print héad 98
exhibits effectively improved ink jetting capability.

ﬁhiye the present invention has been described in -
its presently pfeferred embodiments with a éertain degree of
particularity, it is to be understood ‘that the invention is
not limited to the details of the illustrated embodiments,
but may be embodied with various changes, modifications and

improvements, which may occur to those skilled in the art,



the flexural deformation of the ink punp nenber 44 can be ef
reduced or elimnated, whereby the print head 98 exhibits ef
i nproved ink jetting capability. Wil e the present
been described in its presently preferred enbodi ments with
degree of particularity, it is to be understood that the in
not limted to the details of the ill ustbgated enbodi nents,
enbodi ed with various changes, nodifications and | mpr ovenern

occur to those skilled in the art,

1 Lz

 BEPLAGEMENT SHEET

| venrion mas
Tdntd Sfle w96
b
t;, whi ch may

without departing from the scope of the invention as defined
in the appended claims.

For instance, the ink nozzle member 42 and the ink
pump member 44 may employ various known structures other
than those of the illustrated embodiments. While the ink
supply channel 62 for supplying the ink material into the
ink chambers 46 is formed within the ink nozzle member 42 in
the illustrated embodiments, the ink supply channel 62 may
be formed within the ink pump member 44.

Further, the location and number of the nozzles 54
and orifices 58, and the location_amd number of the ink
chambers 46 may be suitably selected as needed, depending

upon the application of the ink jet print head, for example.



- 29 - W t hout departing fromthe scope of the invention as defined in
the appended cl ai ns. . For instance, the ink nozzle nenber 42 and
the ink punp.enber 44 may enploy various known structures other than.
those of the'illustrated enmbodinents. Wiile the ink sup IM i G2
suppl yi ng.the el e the. ink chanbers 46 is To MNT&HEEE-
I nk nozzle nerlmmmmﬂﬂ"ﬂﬂm ustrated;enbodi nents, th nk supply
channel 62 may * be& f or ned s n the i nk punp nenber 44. 23 AUG 1996
Further, the | ocation and nunber of the nozzles 54

v

CLAIMS:

1. An ink jet print head including a
metallic nozzle member (42) having a plurality of nozzles
(2) through which fine particles of ink are jetted, and a
ceramic ink pump member (44) superposed on and bonded to one
of opposite major surfaces of said nozzle member, said ink
pump member having a plurality of ink chambers (46) formed

. behind the respective nozzles of said nozzle member, said
ink pump member including a plurality of piezoelectric/
electrostrictive elements (28) each disposed oh a portion'of
said ink pump member defining the corresponding one of said
ink chambers, for deforming said portion so as to change a
ﬁressure of the corresponding ink chamber, whereby the ink
supplied to the ink chamber 'is jetted through the
correspending one of said nozzles, characteriz;d in that:

a CTE adjusting membef (80; 86;_92) is superposed
on and bonded to at least one of said nozzle member and said
ink pump member, for reducing a stress which ié applied to
said ink .pump member due to a difference between a
coefficient of thermal expansion of said nozzle member and

that of said ink pump member.

2. An ink jet print head as defined in
‘claim 1, wherein said CTE adjuétiﬁg member (80) is
superposed on_and bonded to the other of said opposite major

surfaces of said nozzle member which is remote from said ink



and orifices 58, and the location and nunber of the ink chanbers 46 may be
suitably sel ected as needed, depending upon the appllcat|fn~ the ink jet
REPLA

print head, for exampte—"
REPLACEVENT SHEET 'CLAI MS: A Ff N.'E.NT SHEEr

g][l Rgzﬂhggd \\“‘““M‘M\“‘E“\!‘\ metal lic _r103zlzl_e menber (42) I‘a;l @3 Al%ural ity

pump member, the coefficient of thermal expansion of Ssaid
CTE adjusting member being smaller than. that of said nozzle

member.

3. An ink jet print head as defined in
claim 2, wherein the coefficient of thermal expa.rision of
said CTE adjusting member is smaller than that of said ink

pump member.

4. An ink jet print head as defined in
claim 2, wherein _said CTE adjusting member has a thickness

of not larger than O0.lmm.

5. An ink jet print head as defineci in
claim 1, wherein said CTE adjusting member (86) is
superposed on and bonded to one maj-or surface of said ink
punnp member which is remote from said nozzle member. .

” 6. | An ink jet print head as defined in
clai_..m 5, wherein the coefficient of thermal expansion of

said CTE adjusting member is larger than that of said ink

pump member.

7. An ink jet print head as defined in
claim 6, wherein the coefficient of thermal expansion of

"said CTE adjusting' member is equivalent to that of said

nozzle member.



(2) through which fine particles of ink are jetted, and a
punp nenber (44) superposed on and bonded to one of oppgs
surfaces of said- nezzLe-nenbeL ~—said ink punp nenber ha

of ink chanbersw for rred behl nd the respective nozzl ¢s|of2 3 Ayl

menber, said including a plurality of pJegoelectric/
el ectrostricti each disppsed on a portion pf Sar e
punp nenber deflnlng the correspondlng one of said i nk anpers, for

deform ng said portion so as to change a pressure of the corresponding
i nk chanber, whereby the ink upplied to  the ink cha IS jetted
t hr ough t he cor respondi-ng dﬁ’e bk sdpd rﬁfﬂf}tesheéﬂaﬁéct%n?’z'&ii i A%t hat :

a CTE adj ust] ggmmesnb héreln theg%)oef§1 YEF rpoieq:hermal expansion of

said CTE adjusting member is smaller than that of said ink

pump member.

9. An ink jet print head as defined in
claim 5, wherein said CTE adjusting member includes a pair
of leg portions which are bonded to said outer surface of -
said ink pump member, such that the CTE adjusting me.mber'

passes over said piezoelectric/electrostrictive element.

10. An ink jet print head as defined in
claim 1, wherein said CTE adjusting member (92) 1is
interposed between and bonded to said nozzle member and s-aid
ink pump member, the coefficient of thermal ekpa.nsion of
said CTE adjusting membc;r being smaller than that of said

nozzle member. -

11. An ink jet print head as defined in
claim 10,. wherein the coefficient of thermal expansion of
said CTE adjusting member is equivalent to that of said ink

pump member. -

12. An ink jet print head as defined in any
one of claims 1-11, wherein said nozzle member {42) consists
of a nozzle plate (48) having said plurality of nozzles

(54), a channel plate (52) having a window (60) formed




on and bonded to at | east one of said nozzle nenber and sai,dggpﬂe‘gm T
menber, for reducing a stress which is applied to said itkvbunp_QZéﬁEE_
due to a difference between a coefficient of thermal expgnsion of said
nozzl e merber—and tThat of: said ink punp nenber. 3 AUG 1994 2
An ink jet prj ined in claim1l, wherein pald CTE

adj usting nﬁmmmmmm“\ super posed on and bonded to the other of sal
opposite ma aces of said nozzl¥ menmber which i s~empte—fromsaid
I nk

therethrough, and an orifice plate (50) having a plurality
- of orifices (58) formed therethrough, said ink pump member
being superposed on said orifice plate, said window of said
channel plate being closed by and between said nozzle plate
and orifice plate to provide an ink supply channel (62)
through which the ink is fed to said ink chambers of said
ink pump member, said orifices communicating with said ink
supply channel.and said ink chambers, for guiding the ink

from the ink supply channel to the respective ink chambers.

13. An ink jet print head as defined in
claim 12, wherein said channel plate of said nozzle member
has a plurality of through-holes (57) formed therethrough,
for permitting discharge of the ink from said ink chambers
toward said nozzles, and a multiplicity of holes (84) formed
therethrough over the entire area of a sqrface thereof

except said window and said plurality of through-holes.

14. An ink jet print head as defined in ény
one of claims 1-13, wherein said ink pump member comprises a
closure plate (66), a spacer plate (70) aﬁd a connecting
plate (68) which are laminated on each other such that said
spacer plate is interposed-betw;en said closure plate and
said connecting plate, said spacer plate having a pluraltiy
of windows (76) that are closed by and between said closure
plate and said'connecting'member to provide said plurality

of ink chambers (46).




punp nenber, the coefficient of thermal expansion of said CTE adj usti ng
nmenber being smaller than that of said nozzle nenber.

An ink jet pri-at-head-as-defined in claim2, wherein the co fﬁfEMﬂEMEm'

tsglearr?lnkexgﬁgﬁl mm“iﬂm‘ﬁiﬁ adj usting rrerrber is smaller t a!
34 .

SHEET

1S. An ink jet print head as defined in
claim 14, wherein- said CTE adjusting member consists of said

connecting plate of said ink pump member.

16. An ink 3jet print head as defined in
claim 14, wherein said piezoelectric/electrostrictive
elements are formed on said closure plate of said ink pump
member, each of said piezoelectric/electrostrictive elements
consisting of an upper electrode (:75), a lower electrode
(77), and a piezoelectric/electrostrictive layer (79)

interposed between said upper and lower electrodes.



4._'An_ink jet print head as defined in claim2, wherein said CTE
adj usting nenber has a thickness of not larger than O.

5. An ink jet print head as defined in claim1l, whergqi #[‘LE%AQENENE SHEET

adj usting nenber (86) is superposed on and bonded to ¢ng¢ naj or surt acP

said ink - punp menber which is remote from said nozzl efmpnigeg
6. An ink jet print head as defined in 3glaimb5, wherg¢ip the co%mécl

D

said ink punp nenber.

of thernal expansion of said CTE adjusting menber is l arger—t+hkan-that

n

JINK JET PRINT HEAD HAVING MEMBERS WITH
DIFFERENT COEFFICIENTS OF THERMAL EXPANSION

ABSTRACT

An ink jet print head is disclosed which includes a metallic

nozzle meémber (42) having a plurality of nozzles (54)

through which fine particles of ink are jetted, and a

ceramic ink pump member (44) superposed on and bonded to the
nozzle member. The ink pump member has a plurality of ink
chambers (46) formed behind the respective nozzles, and a
plurality of piézoelectric/electrost_:rictive elements (78)
each disposed on a portion of the ink pump member defining
the corresponding one of the ink chambers, for deforming the
portion so as to change a pressure of the corresponding ink
chamber, whereby the ink supplied to the “ink chamber is
jetted through the corresponding nozzle. The ink jet print
head further includes a CTE adjusting member (80, 86, 92)
superposed on and bonded to the nozzle member and/or the' ink
.. pump member, for reducing a stress which is applied to the
ink pump member due to a difference between a coefficient_of
themél expansion of the nozzle member and that of the ink

pump member.

Figure 1

f



7. Anink jet print head as defined in claim®6, wherein the coefficient
of thernmal expansion of said CTE adjusting nenber is equivalent to that
of said nozzl.e nmenber. ' 8. An ink jet print
head. as 'defined in claimb5, wherein the coefficient of t mal expansi on
of

1/8

3+—48a
48b.
4760

Ju
/64
77

N

N
0O a
OR®© \\
NN NN
N ) \“ N N
o NN 8NN g
& \\\\ \/"0

N NN jQ
\Egada: AN

e~ . N /\\

& N X\/ 9N 5
HNAND / ;Q\ —
NGNS

Q N , \ //\\

IN "N ARN
N

N L.\ l\—’f\ /-‘ |

= N L D NN ™
NEN AR

i

6—
5.1

40




said CTE adjusting nenber is smaller than that of said ink punp nmenber.

9. Anink jet print head as defined in claimb5, wherein said CTE

adj usting nenber includes a pair of leg portions which are bonded to said
outer surface of said ink punp nenber, such that the CTE adjusting nenber
passes over said piezoelectric/electrostrictive el enent.

10. An ink jet print head as defined PA8® claim 1, wherein said CTE

adj usting nenber (92) is interposed between and bonded TRE@K&EW“?'Q”EET

menber and said ink punp nenber, the coeffl #ht of the
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said CTE adjusting nenber being smaller than that of said nozzle nenber.
Il. Anink jet print head as defined in claim10, wherein the coefficient
of thermal expansion of said CTE adjusting nmenber is equivalent to that of
said ink punp nenber. 12. An ink jet print head as
defined in any one of clains 1-11, wherein said nozzle rrFﬁbeL(AZ\

consi sts of a nozzle plate (48) having said plurality of| rREPLREEMENT
a channel plate (52) having a w ndow (60) fbf&red p— 3fkET
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t-her'et hrough, and an orifice plate (50) having a plurality of orifices
('58) fornmed therethrough, said ink punp nenber being superposed on said
orifice plate, said wi ndow of said channel plate being closed by and
bet ween said nozzle plate and orifice plate to provide an ink supply
channel (62) through which the ink is fed to said ink chanbers of said
I nk punp nenber, said orifices conmunicating with said ink
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supply channel
supply channel
jet print head
nozzl e nmenber

for permtting
nozzl es, .and a
entire area of
t hr ough- hol es.

any one of clains 1-13, wherein said i

and said ink chanmbers, for guiding the ink fromthe ink

to the respective ink chanbers. 13. An ink
as defined in claim12, wherein said channel plate of said
has a plurality of through-holes (57) formed therethrough,

di scharge of the ink fromsaid ink chanbers toward said

mul tiplicity of holes (84) fggmed therethrough over the

a surface thereof except said wi ndow and shigEmACERMENT SHEET
14. An ink jet print heap . '

ot

35 AUG 996
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closure plate (66), a spacer plate (70) and a connecting plate (68) which
are | am nated on each other such that said spacer plate is interposed

bet ween said closure plate and said connecting plate, said spacer plate
having a pluraltiy of w ndows (76) that are closed by and between said
closure plate and said connecting nenber to provide said plurality of.ink
chanbers (46). [
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15. An ink jet print head as defined in claim 14, wherein said CTE

adj usti ng nenber consists of said connecting plate of said ink punp

menber . ' 16. An ink jet print head as defined in claim

14, wherein said pi ezoel ectric/electrostrictive elenments are formed on
said closure plate of said ink punp nenber, each of said

pi ezoel ectric/electrostrictive elenents_consisting of an upper el ectrode
(75), a lower electrode (77), and a ’dBezoelectric/electrostrictive.

| ayer (79) interposed between said upper and | ower el ecfrede '
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