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The present invention relates to an on-demand type

| ink jet print head and a method for replenishing ink in an on-

demand type ink jet print head as well as a method for

removing bubbles contained in an ink from a head assembly in
an on-demand type ink jet print head.

A so-called "on-demhnd type ink Jjet print head" that
forms ink droplets by input of a print signal roughly comes in
three.types. The first is a bubble jet type in which a heater
is arranged on the front end of & nozzle to instaﬁtaneoﬁsky
gﬁSify ink, whereby ink~dropléts are produced and jetted by

| expansive pressure at the time the ink is gasified. The second

’ is a type in which a part of a container forming ink reservoir
is formed qf a piezbelectric element that defotms by a print
signal, whérgby ink is jetted in the form of droplets 'by
pPressure produced within the container by deformation of the
Piezoelectric elemeht. The thirxd .is a type in which a
Piezoelectric element is arranged in a pressure chamber having

2 nozzle opening, whereby ink is jetted ih the form of droplets

from the nozzle by varying the ink préssure in the pressure

.
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~thereby form ng.dots on the recording nedi um by such ink droplets. (Prior
"Art)" A SHRRBEF o PY oFXRARSHEN y BT nﬁg?EFaﬁF’i"ﬁf‘ headLhdaPlegant ekic
droplets_ by ipput of a print :signal roughly conmes in three types. The first
iIs a buﬁﬁ?’ée?gt type in which a heater is arranged on the front end of a

Portee by | NStk 2T Toked tA Y Pinesl® Fabend ExaRbnl® FBI LG 4
Nos. 459‘85/19.90 and 52625/1990, the above three types of on-
demand type ink jet print head's are so designed that one end of
a piezoelectric element whose other end is fixed to a base is
-brought into resilient contact with a vibrating film forming a
§ressure chamber, so that ink in the pressure chamber can jet
in the form of droplets from a nozzle opening while causing the
vibrating film to be deformed by expansion and contraction of
the piezcelectric element.

Since these print heads reeeive ink from an ink tank
through a pipe, ink supply piping is necessary, and this makes
a head assembly large in structure. In addition, ink supply
pressure must be maintained constant, and in the case of
supplying the ink while utilizing a difference in water head,
the ink pressure to be applied to the print head varies
depending on the femaining amount of ink, thereby causing
inconsistency in print quality. Further, removal of bubbles
that heve enter‘ed into the print head entails a waste of ink

’ due to the bubbles being sucked togethe.f with the ink by
applying negative pressure to the nozzle openings.

To overcome the difficulties noted above for known
ink jet print heads, the present invention provides an on-
demand type ink jet print head according to independent claim
1. Further advantageous features of this ink jet print head
are evident from the dependent claims 2 to 11 and the
following description and drawings. The invention furthermore
provides the methods of replenishing ink in an on-demand type
ink jet print head and removing bubbles contained in an ink
from a head assembly in an on-demand type ink jet print head
according to independent <claims 12 and 13. Further
advantageous features of these methods are evident from the
following description and drawings. S I
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possible and requiring no sucking out of the ink to remove

bubbles. _
According to a second aspect, the invention provides an on-

demand type ink jet print head featured ‘as having minimal

crosstalk.
According to a third aspect, the invention provides

techniques for operating an on-demand type ink jet print head,
such as a technique for replenishing ink to the tanks, a

technique for removing bubbles having entered into the head

assembly, and the like. _ :
Further aspects of the invention will Dbecome more

apparent from the following description of preferred

embodiments.
The invention furthermore provides an on-demand type ink

jet print head that prints data by jetting ink in a pressure
chamber onto a recording medium from nozzle openings in the
form of ink droplets upon input of a print signal and thereby

forming dots on the recording medium by such ink droplets.
To achie_ve the above objects, <the invention is

characterized as forming a2 plurality of independent tanks at a
part that is on a lower side when mounted on a carriage. One
of the tanks ﬁas a pressure varying meéns and the other tank
communicates with an air release port. A head assembly is
arranged 6n top of the tanks so as to communicate with the
respective tanks by means of flow paths disposed on both sides
of the head assembly.

If the pressure of one of the tanks is varied by a pump
with a nozzle 6pening surface of the head assembly sealed by a
cap or the like, then ink in this tank moves to the.other tank

via the head assembly. It is during this process that bubbles
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-of droplets fromthe nozzle by varying the ink pressure in the pressure

chanber

by exansion and contraction of the piezoelectric elenent. As

di scl osed in Japanese Patent Exam ned Publication No. 45985/ 1990 and

52625/ 1990,

to a base is brought into resilient contact wwth a vibrating film

having entered into the head assembly are discharged into the
other tank. These bubbles are then released into the

atmosphere from the air release port.

When the pressure in the two tanks is #eleased to the
atmosphere upon end of the discharging of the bubbles, the ink
moves from one tank to the other via the_head assembly so that
the ink levelé in the tanks come to be equal to each other. As
a result, the ink that has passed through the head assembly at
the time the bubbles have been discharged is replenished for
printing again, thus producing no waste of ink. Further, since
the head assembly is connected to the tanks by siphonage, the
ink is supplied at a certain water.head independently of the
ink level in the tanks, thus allowing stable printing to be

achieved.

Figure 1 is a diagram'showing an embodiment of the
invention with ink flow paths; |

Figure 2 is a perspective view'Showing an appearance of
a8 print head of the invention;

Figure 3 is an exploded perséective view showing an
embodiment of a base forming the print head;

Figures 4 (a) and 4(b) are diagrams showing an
embodiment of a head.assembly, of which Figure 4 (a) is a front
view of the head assembly and Figure 4 (b) is a diagram showing

a cross-section taken along a line A-A shown in Figure 4 (2);
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t he above three types of on-demand type ink jet print heads are
so designed that one and of a piezoelctric el enment whose other end is fixed



. formng a pressure chanber, so that ink in the pressure chanber can jet in
the formof droplets froma nozzle opening while causing the vibrating film
to be deformed by expansion and contraction of the piezoelectric el enent.
Sice these print heads receive ink froman ink tank through a pipe, ink
supply piping is necessary, and this nmakes a head assenbly large in
structure. In addition, ink supply pressure nust be nmaintained constant,

and-in the Caserigq:e 5 is a perspective view showing an exemplary

head assembly of the'inventibn;

Figure 6 is a sectional view showing an exemplary
vibrating element unit;

Figure 7 is a sectional view showing a structure for
connecting a vibrating element and a vibrating plate;

Figuré 8 is a diagram showing another exemplary
vibrating element; |

Figure 9 is an exploded perspective view showing
another exemplary head assembly of the invention;

Figure 10 is a diagram showing a structure of a
preésure chamber forming plate in enlarged form; -

Figure 11 is a diagram showing an exemplary pressure
transmitting member in enlarged form;

Figure 12 is a perspective view showing the vibrating
element unit in enlarged form;

Figure 13 is .a perspective view showing another

' exemplary vibrating element unit;

Figure 14 is an exploded perspective view showing an
ekemplary head assembly using the vibrating element unit shown
in Pigure 13;

Figure 15 is a diagrams showing another embodiment of
the invention with ink flow paths;

Figure 16 is a diagram showing still Anothe: exemplary

vibrating element unit;
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_of supplying the ink while utilizing a diffence in water head, the ink

" pressure to be applied to the print head varies depending on the remaining
anount of ink, thereby casing incosistency in print ‘quality. Further,
renoval of bubbles that have entered into the print head entails a waste of
I nk due to the bubbl es being sucked together with the ink by

. Figure 17 is a diagram showing another embodiment with
a nozzle plate; and
Figures 18 (a) and 18(b) are diagrams illustrative of

an operation of the nozzle plate shoﬁn in Figure 17.

Embodiments of the invention will now be described with
reference to the accompanying drawings. '
Figure 2 shows an appearance of a print head of the
invention. In Figure 2, reference numeral 1 designates a base
serving also as a carriage mounting member. In this base a
main tank 3 and a sub tank 4, which are independent of each
other as shown in Figuré 3, are disposed at a position lower
than a head 2 when mounted on the carriage. In the respective
tanks are partitions 3a, and 4a.
| Returning to Figure 2, the base 1 includes a portion 7
that forms a tahk body and a cover member 8 that seals a front
' end of the tank body portion 7. The tank body portion 7 has an
ink replenishing port 10 on top of the main tank 3, an air
release port 11 on top 6f the sub tank 4, and a heatar'hounting
hole 12 between these tanks 3, 4 as the provision for uéing hot
melt ink. The air release port 11 permits passage of gas, and
at the same time, is sealed by a member that blocks passage of

liquid, such as a filter 17 made of porous fluorine-containing

resin or porous silicon.

- 6 - This Sheet Has Been Reraced

AT




; 2 applying negative pressure to the nozzle openings. SUMARY CF THE

" I NVENTI ON A first object of the invention is to provide an on-denmand type
ink jet print head featured as mnimzing a difference in water head

bet ween nozzl e openi ngs as nuch as possi ble and requiring no sucking out of
the ink to renove bubbl es.

" The cover member 8 includes a front plate 14 and a back
plate 15 as shown in ?igure 3. In front of the front blate 14
are arms 13, 13 that suppoft the print head 2 and grooves l4a,
14b, each forming a flow path that allows the respective tanks
3, 4 to communicate with a head assembly 2 (described later) in
cooperation with the back plate 15. On the upper ends of the
respective grooves l4a and 14b are throughholes 14c and 14d
that communicate with ink supply ports 138, 138 of the head
assembly 2 (Figure 9). On the back plate 15 are throughholes
15a and 15b that communicate with the lower ends of the
respective grooves l4a and 14d formed on the front plate 14, so
that the respective grooves l4a and 1l4b can communicate with
the main tank 3 and the sub tank 4, respectively, at lower
positions of the tanks. In Figure 3, reference numeral 16
designates an ink receiving member to be used when ink is
replenished. | |

Figure 1 roughly shows the print head of the invention
by way. of a flow path structure. The head assembly 2
communicates with the bottom portions of the respective tanks
3, 4 on the side thereof by means of vertically extending flow
Paths 20 and 21 that are formed of the grooves l4a and 14b of
the cover member 8 so that the head assembly 2 can be connected
to the main tank 3 and the sub tank 4 by siphonage. The head
aSsembly 2 has, as will be described later, nozzle openings 31

S0 that the head assembly 2 can communicate with the air. The
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, A second object of the invention is to provide an on- denmand type ink jet
prlnt head featured as having mniml crosstalk. A third object of the
invention is to propose techniques-for operating -an on-denmand type ink jet
print head, such as a technique for replenishing ink to the tanks, a
techni que for renoving bubbles having entered into the head assenbly, and

the |iKke. )
size of each nozzle opening 31 is so small as 60 um in diameter

that the siphoning action is maintained by the meniscus.

In such a construction, when the maih tank 3 is
pressured or evacuated by supplying air from, e.g., a pump or
by a sucking means 23 with the entire surface over the nozzle
openings 31 hermetically sealed with a cap, a difference in
pressure is produced between the main tank 3 and the sub tank
4. As a result, the ink in a tank whose pressure is higher,
e.g., the main tank 3 flows into the sub tank 4 whose pressure
is lower via the head assembly 2. At this point, the air in
the sub t&nk 4 that is compressed by the flowing of the ink is
released into the atmosphere from the filter 17, thereby
maintaining the sub tank 4 at atmospheric pressure; Even if
the pressure of the main tank 3 is increased so much as to
cause the in% level to reach the filter 17, the filter 17,
having the function of biocking £luid, the ink will in no way

flow out. _

' " In the ink moving process the bubbles in the head
assembly 2, riding on the ink flow, are bound to be discharged
into, e.g., the sub tank 4. When the main tank 3 is caused to
Communicate with the atmosphere upon movement of the ink by a
Predetermined amount, the ink moves via the head assembly 2
until the difference in water head between the main tank 3 and
the sub tank 4 is eliminated, while the bubbles that have flown
into the sub tank 4 are released into the atmosphere from the

air'release port 11l.
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O her objects of the invention will becone nore apparent fromthe follow ng
description of preferred enbodi ments. To achi-eve the above objects, the
invention is character- ized as formng a plurality of independent tanks at
a part that is on a lower side when nounted on a carriage. One of the tanks
has a pressure varying neans and the other tank conmunicates with an air
rel ease port. A head assenbly is arranged on top of the tanks so as to
conmuni cate with the
since the bubbles in the head assembly 2 have been
removed bjr moving the ink from one tank 3 to the othei: tank 4
in this way, no such operation as sucking the ink from the
nozzle openings is required as in al conventional head assembly
in which bubbles é.re removed by applying a negative pressure to
the nozzle openings. Thus, even in the case where large
amounts of bubbles are produced at the time of melting,
particularly, such as in hot melt ink that involves melting of
solid ink for use, thére is no waste of ink by sucking out,
thereby contributing to a reduction in running cost.
Further, the head assembly 2 is disposed at a position
higher than the ink tanks 3 and 4 and is supplied with ink from
the bottom of each of the tanks 3 and 4 by siphonage. As a
result, the ink is supplied to all the nozzle openings 31 at a
certain pressure irrespective of the levels of ink in the tanks
3, 4, thereby allowing stable ink droplets to be formed.
Figures 4 (a) and 4(b) and Figure 5 show an embodiment
' of the head assembly. In Figures 4 (a) énd 4(b) and Figure 5,
reference numeral 30 designates a noizle plate, which has a
plurality of nozzle openings 31 extending in a sheet forward
direction in the form of an array (in a vertical direction as
 viewed in the figures). A plurality of such arrays of nozzle
openings aie arranged in an auxiliary scanning direction (in a

horizontal direction as viewed in the figures). These nozzle

openings 31 are isolated from one another in the vertical
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'respective tanks by neans of flow paths di sposed on both sides of the head

assenbly. If the pressure of one of the tanks is varied by a punp with a

nozzl e openi ng surface of the head assenbly sealed by a cap or the like,
then ink in this tank noves to the other tank via the head assenbly. It is
during this process that bubbles having entered into the head assenbly are

di scharged into the other tank. These bubbles are then released into the

direction by walls 32 so thgt the ink can be supplied from ink

¢low paths 33 which interpose the nozzle openings therebetween.

Reference numeral 34 designates a vibrating plate,

which is arranged at a predetermined distance from the nozzle

plate 30 so as to form a pressure chamber 35 with respect to

the nozzle plate 30. An end of the vibrating plate 34 is fixed

on a front end of a support member 37 that is carried on a basé

36. On a side of the support member 37 confronting the nozzle

plate project wall surfaces 38 so as to form a groove 33 for

supplying the ink to the pressure chambers 35. The vibrating

plate 34 is firmly secured to a front end of the wall surface

38 so that the vibrating plate 34 can be supported. By the

way, at the time the ink is jetted, i.e., when a vibrating

element 40 is expanded and contracted, stress acts also on the

wall surface 38 through the vibtating plate 34, thereby causing

the support member 37 to be distorted. As a result, the gap

between the nozzle plate 30 and the vibrating plate 34 having

" an array of nozzle openings to which the expﬁnded and

contracted vibrating plate belongs changes. The phenomendn of

jetting the ink from nozzles by such change of gap, the so-

called "crosstalk,” is likely to occur. 1In order to prevent

such trouble from happening, it is desirable to employ a means

for increasing the strength of the support member 37 to a

possible degree. Fof‘éxample, a material such as titanium that

is lightweight and highly‘ sgnthetic may be used, or a

reinforcing plate may be mounted at a lower iegion of the

- 10 =~
This Sheet Has Been Replaced




, atmosphere fromthe air release port. Wen the pressure in the two tanks is
"rel gased to the at nosphere upon end of the discharging of the bubbles, the
i nk nmoves fromone tank to the other via the head assenbly so that the ink
| evel s in the tanks cone to be equal to each other. As a result, the ink
t hat has passed though the head assenbly at the tine the bubbles have been
di scharged is replenished for printing again, thus produci ng no waste of

support member. The inventors have found that a practically
adequate print quality can be ensured by suppressing a
distortional displacement of the support member 37 to suéh a
degree as from 1/9 to 1/11 times a displacement of the
vibrating plate 34 due to expansion ﬁnd contraction of the
vibrating element 40. As a result of the above structure, the
ink can flow into the pressure chamber 35 in a stream shown by
arrow B in Figure 4(b) from the groove 33 whosé £luid
resistance is relatively small. Further, since the ﬁibrating
element 40 (described later) can be isolated from the ink,
shortcircuiting of the vibrating element between the.eleCtrodes
can be obviated even in the case of using electrically
conductive ink. |
Reference numeral 40 designates the above-mentioned
vibrating element. The vibrating element 40 is divided into
two regions in an axial direction. On both sides of an
inactive region (lower as viewed in Figure 4(b)), i.e., the
. side that exhib'its no piezoelectric effect , are substrates 41,
42 bonded. This ina;tive region is fixed on the base 36
through these substrates 41 and 42. Each of the substrate 41
and 42 is made of a material whose acoustic impedance is iarger
than the vibrating element 40, e.g., alumina or metallic
Silicon. On the other hand, on the end of an active region of
the vibrating element 40, i.e., the region expanding and
contracting upon application .of a signal, is a pressure

transmitting member 43 fixed. This active regién is connected
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, ink. Further, since the head assenbly is connected to the tanks by
si phonage, the ink is supplied at a certain water head independently of the
ink level in the tanks, thus allow ng stable printing to be achi eved. 3

to the vibrating plate 34 through the pressure transmitting
member 43. By providing the inactive region and fixing such
region in this way, repetitive expanéion and contraction of the
vibrating element 40 do not produce distortion on the bonded
surfaces between the substrates 41 and 42 and the vibrating
element 40. This contributes to minimizing the fatigue and
thereby increasing' the lif.e of the vibrating element 40, the
substrates 41 and 42, and the bonded surfaces. In addition,
since the acoustic impedance of the substrates 41 and 42 is
larger than that of the vibrating element 40, abnormal
vibrations ca;t be prevented by positively reflecting elastic
undulationé produced within the vibrating elen.lent' 40 on the
surfacés of the substrates 41 and 42, thereby ensuring that
vibrating components effective in jetting the ink will be
transmitted to the vibrating plate 34. |
Further, .s.tnce the vibrating element 40 is connected to
the vibrating plate 34 through the pressure t'ransmitting member
' 43, in the case of using a2 small vibrating element, if the
Pressure transmitting member is fabricated in a size larger
than the end surface area of the vibrating element 40 and
Smaller than the area of the vibrating plate 34, the expansion
and contraction of the vibrating plate 34 can be transmitted
effectively to the vibrating plate 34. As a result, ink
Jetting performance can be improved. |

Figure 6 is a d.Lagram showing an embodiment of the

above-mentioned vibrating element. This vibrat:.ng element
B ——




" FIG 1 is a diagram showi ng an enbodi nent of the invention with ink flow
*paths; FIG 2 is a perspective view showi ng an appearance of a print head
of the invention; FIG 3 is an expl oded perspective view show ng an
enbodi ment of a base formng the print head; FIGS. 4 (a) and 4(b) are
di agrans show ng an enbodi - nment of a head assenbly, of which FIG 4 (a) is
a front view : ' _

includes a.first layer forming a first electrode 50, a second
1ayez; forming a piezoelectric layer 52, and a third layer
forming a second electrode 51. The first electrode 50 is a
thin coating ‘made of a silver-palladium (Ag-Pd) or platinum
(Pt) containing electrically. conductive coating material
prepared as a paste. The second layer is a thin coating made
of a piezoelectric element material, e.g., a lead titanate or
lead zirconate containiﬁg_ composite perovskite ceramic material
prepared as a paste. The third layer is a thin coating made of
the silver-palladium (Ag-Pd) or platinum (Pt) containing
electrically conductive. material prepared as a paste. | These
three layers are laminated on a surface plate so that each
electrode layer is interposed between the piezoelectric layers.
At this point, electrodes, which are the electrodes 51 in this
embodiment, are cut off almost at middle portions 54 thereof to
stop conductivity. An electrode forming material is coated on.
each of the first electrodes 50 so as to expose from an end
. surface (the right end surface as viewed in Figure 6) and on
each of the second electrodes 51 are formed so as to expose
from the other end surface (the .left'end surface as viewed in
Figure 6). The vibrﬁting element thus prepared in laminated
form with a predetermined number of layers is dried, and then
baked at temperatures from 1000 to 1200°C for about one hour

while applying pressure. '
A vibratihg element plat? in the form of a single board

has a structure such that each of the first électrodes S0
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of the hgad assenbly and FIG 4 (b) is a diagramshowi ng a cross-section
taken algng a line A-A shown in FIG 4 (a); FIG 5is a per spective view
showi ng an exenpl ary head assenbly of the invention; FIG 6 is a sectional
view shopi ng an exenplary vibrating el ement unit; FIG 7 is a sectional
view shoi ng a structure for con- necting a vibrating element and a

V|brat|ng pl at e;

forming one of a pa;r of electrodes, exposes one end thereof to
an end surface of the vibrating element, with the other end
thereof being covered with the piezoelectric layer, while one
end of each of the second electrodes 51 is exposed to the other
end surface of the vibrating element with the other end thereof
being covered with the piezoelectric layer. _

The vibrating element is formed by cutting this
vibrating element plate in strip-like form or slitting the
plate in comb-like form while leaving one end thereof not
slitted into a predetermined size using a dicer or a diamond
cutter.

Electrically conductive layers 55 and 56 on both end
surfaces of the vibrating element.are formed, so that the
electrodes 50 whose polarities are the same, can be connected
in patallei with one another by the electrically conductive
layer 55 and the electrodes 51 by the electrically conductive
layerlss. If these electrically conductive layers 55 and 56

. are fixed with an electrically conductive adhesive to
electrically . conductive layers 57 and 58 fbrmed on the
substrates 41 and 42, respectively, then the layers 55 and 56
can be connected to external sources electrically. The
vibrating element can provide an adequate ink jetting output
even with a minimal voltage because the pieioelectric layers 52
are very thin and because the respective electrodes 50 and 51,
Producing a drive electric field, are connected in parallel
with éaéh other. | | ’
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. FIG 8 is a diagram show ng another exenplary vibrating elenent; FIG 9 is
an expl oded perspective view show ng another exenplary head assenbl y of the
invention; FIG 10 is a diagramshowing a structure of a pressure chanber
form ng pI ate in enlarged form FIG 11 is a diagram showi ng an exenplary

pressure transmtting nenber in enlarged form

Further, the éle.ctrodes 51 are electrically
disconnected by the piezoelectr:‘_.c material at the middle
portions thereof 54 and 54. Therefore, it is only a free end
side (the left side as viewed in Figure 6) that expands and
contracts upon application of an exciting voltage, while
leaving no voltage applied to the regions secured to the
substrates 41 and 42. As a result, there will be in no way a
case where undesired force acts on the vibrating element,
thereby ensuring a long life. In addition, since the vibrating
element has a general structure in which a layer made of a
pie;oelectric material and a layer made of an electrode
material are as uniforx_n as possible; in other woz'"ds, since the
whole structure of the vibrating element is such that the
electrodes extend as far és to the inactive region, warpage or
bending of the vibrating element due to temperature change or

secular deterioration can be prevented.
Figure 7 shows a structure by which the vibrating plate
. is connected to the front end of ﬁhe thus constructed viﬁrating
| element. The front erid of the vibrating element 40, which is
the free end side 'thereof; is covered with a cup-like pressure
transmitting member 60. The pressure transmitting member 60
| "~ has on the back surface thereof a recessed portion whose size
l is slightly largér than the size of the front end of the
‘ vibrating ele.ment 40, and the recessed portion side of the
pressure transmittiﬁg member 60 _co.nfronts the vibrating element

40. The pressure transmitting member 60 is secured by loading
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FIG 1% is a perspective view showing the vibrating element unit in
‘enlatgdd form FIG 13 is a perspective view show ng another exenplary
vibratifng element unit; FIG 14 is an expl oded perspective view show ng an
exenpl gry head asserrbly using the vibrating elenent unit shown in FIG 13;
FIG 1p is a diagrans show ng anot her enbodi nent of the

a heat-resistant adhesive 61 into the free space in the
recessed portion to ensure that the pressure transmitting
member 60 will be in contact with a vibrating plate 62.
Accordingly, the effect of not only preventing the outflow of
the adhesive, but also positioning the pressure transmitting

member at the very small front end surely can be provided.

While the case of preparing a plurality of layers

integrally has been described in the above-me'nﬁioned

b embodiment, it is apparent that the same effect can be obtained

by fixing a plurality of piezcelectric vibrating plates 65,

each vibrating piate having at one end thereof electrodes 63,

64 bonded integrally on both sides with an adhesive as shown in
Figure 8. |

Figure 9 shows a print head structure in the form of an

exploded lamination structure. 1In Figure 9, reference numeral

| 70 designates a nozzle plate. The nozzle plate has a plurality

| of nozzle opénings 71 formed by electroforming when made of

* nickel as a material, by etching when made of metallic silicon,

or by press working when made of stainless steel, nickel, or

brass. These nozzle openings 71 are arranged so as to form a

vertical array when mounted on a carriage. There are a
Plurality of such arrays. In f‘igure 9, reference numeral 72
designates positioning holes for assembling.

Reference numeral 81 designates a pressure chamber
foming plate, which is arrangec% as a second layer meﬁtber for

forming pressure chambers with the nozzle _plaite 70. The
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~invention with ink flow paths; FIG 16 is a diagram show ng still another
‘exenplary vibrating elenent unit; FIG 17 is a di agram show ng anot her
enbodi nent with a nozzle plate;, and FIGS. 18 (a) and 18(b) are diagrans
illustrative of an operation of the nozzle plate shown in FIG 17. DETAI LED
DESCI PTI ON OF THE
pressuré chamber forming ;.alate interﬁ:oses a plurality of
vibrating plates 73 between frames 77 and 78, a number of such
vibrating plates being equal to a number of nozzle opening
arrays. As shown in Figure 10, each vibrating plate 73 has
film-like vibrating portions 74 and horizontally extending
walls 75. The vibra.ting portions 74 are formed by molding a
high polymer material having heat resistance and resilience,
e.g., polyimide®. Each wall 75 isolates the vertically arrayed
.’ nozzle openings 71 from one another and controls the gap
between the vibrating portion 74 and the nozzle plate 70 with
an end thereof abutting against the back surface of the nozzle
plate 70. On both sides of each vibrating. plate 73 are gaps
provided to allow slits 80 to be formed, the slits being
provided to sﬁpply ink to the nozzle plate 70. On the frames
77 and 78 are throughhole# 82 and 82 érovided to supply the ink
between the vibrating plates 73 and the nozzle plate 70. These
throughholes 82 are designed to widen toﬁard a print region but
) are diéposed ocutside the print region. In Figure 10, reference
‘numeral 84 designates positioning holes for assembling.
Reference numeral 86 designétes pressure transmitting
members, which are arranged as third 1éyer members to connect
vibrating elements 122 (described later) to the vibrating
Portions 74 of the corresponding vibra__ting plate 73. 1In the
case of using hot melt ink, a heat-resistant high polymer such
as PpsS is subjected to injection molding, or a metallic

material is etched or pressed so that ﬁhe pressure ‘transmitting
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PREFERRED ENMBODI MENTS Enbodi ments of the invention will now be descri bed
withHlreference to the acconpanyi ng draw ngs. 4 FIG 2 shows an
appefrance of a print head of the

3

member can be formed into, e.g., 2 C-shaped member such as
shown in Figure 11 so as to'be fitted with a front end of the
vibrating element 122. The surface area of the front end 86a
of the pressure transmitting member is selected so as to be
larger than the surface area of the front end of ﬁhe vibrating
element 122 and smaller than the surface area of a single

vibrating portion 74 defined by the walls 75. The mass .of the

pressure transmitting member is set so as to be smaller than

the mass of the active region of the vibrating element, i.é.,
the mass of the vibrating regidn. More preferably, the mass of
the pressure transmitting member is set to about 1/10 the mass
of the vibrating region. |
Reference numeral 88 designates a pressure transmitting
member support plate for positioning the pressure transmitting
members 86, which is arranged as a fourth layer member. This

pressure transmitting member support plate 88 is formed by

providing ladder-like frames 90 so as to be positioned in
* alignment with the pressure transmitting members 86. The
pressure transmitting member support plate 88 is also designed
to allow the pressure tran_smittihg members 86 to be held by
throughholes 92 provided by the frames 30 in such é manner that
the pressure transmitting members 86 can move in the axial
direction. Outside the print region are throughholes 94.

These throughholes 94 widen toward the print region to supply

the ink between the vibrating plates 73 and the back surface of
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nvention. In FIG 2, reference nuneral 1 designates a base serving also as
‘a carri age nounting nenber In this base a main tank 3 and a sub tank 4,

whi ch are i ndependent of each other as shown in FIG 3, are disposed at a
position | ower than a head 2 when nounted on the carriage. In the respec-
tive tanks are partitions 3a, and 4a. ‘Returning to FIG 2, the base 1

i ncl udes a portion 7 that fornms a tank body and a cover nenber 8 that seals

a front
the nozzle plate 70. In Figure 11, reference numeral 96

designates positioning holes for assembling.

Reference numeral 98 designates a flow path forming
plate, which is arranged as a fifth layer member. The flow
path forming plate has long holes 100 (described later) that

allow the vibrating elements 122 to pass therethrough. Each

- long hole 100 is disposed at a posit;on confronting an array of

nozzle openings, and a moat-like recessed portion that encloses
each of these long holes 100 is formed to provide ink supply
paths 102. These ink supply paths 102 are formed at such
positions as to allow communication with long holes 93 of the
pressure transmitting member suppoit plate 88 and the slits 80
of the pressure chamber forming plate 81. These ink supply
paths 102 also communicaﬁé with throughholes 104 that widen
toward the print region but are disposed outside the print

region. In Figure 11; reference numeral 106 designates

positioning projections. |
* Reference numeral 110 designates a vibrating element

unit holder, which is arranged as a sixth layer member. This
vibrating element unit holder 110 has a window 112 for allowing
vibrating element wunits 120 to pass therethrough and

indentations 114 that come in engagement with both ends of the

vibrating element units 120. Throughholes 116, 116 for
_Supplying the ink to the first to the fifth layer members are
also provided in regions outside the print region. In Figure

11, reference numeral 118 designates positioning'throughholes.
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.end of the tank body portion 7. The tank body portion 7 has an ink
replenlshlng port 10 on top of the maintank 3, anair release port 11 on top
of the sub tank 4, and a heater nounting hole 12 between these tanks 3, 4
as the provision for using hot nmelt ink. The air release port 11 permts
passage of gas, and at the sane tinme, is sealed by a nenber that blocks
passage of liquid, such as a filter 17 made of porous fluorine-containing

resin or porous silicon.
Reference numeral 120 deszgnates the above-mentioned

vibrat:.ng element unit, in which a plurality of vibrating
elements 122 are arranged SO as to be aligned with the nozzle
openings 71 as shown in Figure 12, so that the vibrating
element unit 120 is interposed between two substrates 124 and
126. Each of the substrates 124 and 126 is made of a material

such as the above-mentioned material whose acoustic impedance

is large. Each vibrating element 122 is designed to have the
active region and the inactive region as described above. The
inactive region is fixed to the substrates 124 and 126 and the
length of the active region is selected so that the inactive
region extends almost from the fifth-layer flow path forming
plate 98 to the pressuré transmitting members 8§. The
substrates 124 and 126 have steps 128 and 130 respectively so
that these substrates do not come in contact with the active
region of each vibrating element 122.

Reference numgral 134 designates a base having a
* throughhole 136 and throughholes 138 and 138 outside the

throughhole 136. The throughhole 136 can accommodate a

nNecessary number of vibrating element units 120. The
throughholes 138 communicate with the openings of the ink flow
paﬁhs of the base 1 that forms the ink tanks. In Figure 12,
reference numeral 140 designates positioning throughholes.

As a result of the ébove-mentioned lamination
Structure, when a plurality of viprating element units 120 are

2ssembled into the throughhole 136 of the base 134 and then let
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. The cover nenber 8 includes a front plate 14 and a back plate 15 as shown
in FIG 3. In front of the front plate 14 are arns 13, 13 that support the-
print head 2 and grooves 1l4a, 14b, each forming a flow path that allows the
respective tanks 3, 4 to communicate with a head assenbly 2 (described
later) in cooperation with the back plate 15. On the upper ends of the
respective grooves 14a and 14b are throughhol es 14c and 14d that

comuni calfeWri AdbWK 132PRfY the vibrating element unit holder 110 allow
such assembly to pass therethrough, the.substrates 124 and 128
forming each vibrating element unit 120 come in engagement with
the indentations 114 of the holder 110, thereby causing each
vibrating element unit 120 to be seﬁ to a predetermined
position. As the projections 106 of tﬁa flow path forming
plate 98 are inserted into the positioning holes 140 and 118 of
the base 134 and the holder 110, respectively, under this
condition, the vibrating elements 122 of the respective
vibrating element unit 120 project from the long holes 100 of
the flow path.forming plate 98.

The pressure transmitting member support plate 88 is
carried on the thus assembled body so that the front ends of
the vibrating elements 122 can pass through the throughholes 92
of the support plate 88. The pressure transmitting members 86
are then inserted into the respective throughholes 92.
Accordingly, the pressure transmitting members 86 are set on

| * the front ends of the vibrating elements 122.
Then, when the vibrating plate 73 and the nozzle plate

70 are placed on the thus assembled body while positioned with
. the projections 106 as a reference, the respective pressure
transmitting members 86 abut against the vibrating portions 74
of the vibrating plates 73, so that the pressure chamber 35
(Figure 4) is formed by a vibrating porﬁion 74 and the walls 75

defining such vibrating portion 74. The thus formed préssure
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ports 138, 138 of the head assenbly 2 (FIG 9). On the back plate 15 are

* t hr oughho! es 15a and 15b that communicate with the | ower ends of the

respedqti ve grooves 14a and 14b formed on the front plate 14, so that the
respeqti ve grooves 14a and 14b can communicate with the main tank 3 and the
sub tdnk 4, respectively, at | ower positions of the tanks. In FIG 3,
refer¢nce nuneral 16 designates an ink receiving nenber to be used when ink

's re lemfﬂﬁ%’rs 35 communicate with the nozzle openings 71,
respectively. .

Upon completion of laminating the respective layer
members, these layer members are fixed integraliy to complete
a head assembly. As this head assembly has been mounted on the
base 1 so that the arrays of nozzle openings extend vertically,

throughholes l4c, 14d formed on the cover member 8 of the base

1 are connected to the throughholes 138 of the base 134, thus
completing the ink flow paths between the ink tanks 3 and 4 and
the head assembly 2.

| When pressure is applied to one of the tanks, e.g., the

ink tank 3 under this condition as described above; the ink

from the ink tank 3 flows to the throughholes 138 of the
base 134 and the throughholes 116 of the holder 110 to reach

the throughholes 94 of the flow path forming plate 98. The ink

that has reached the flow path forming plate 98 is scattered

around while passing through the ink supply paths 102, flowing
into thé slits 80 of the pressure chamber forming plate 81 from
the long holes 93 of the pressure transmitting member support
plate 88, then and from the slits 80 to the pressure chambers
formed between the vibrating plates 73 and the nozzle plate 70.
Since the respebtive throughholes 92 of the pressure
transmitting member support plate 88 are seﬁled by' the
vibrating plates 73, the vibrating element units 120 will never

be immersed in the ink.
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T
,FIG 1 roughly shows the print head of the invention by way of a flow path
*structure. The head assenbly 2 comu-. nicates with the bottom portions of
the respective tanks 3, 4 on the side thereof by nmeans of vertically
extending flow paths 20 and 21 that are fornmed of the grooves 14a and 14b
of the cover menmber 8 so that the head assenbly 2 can be connected to the
main tank 3 and the sub tank 4 by siphonage. The head assenbly 2 has as

will be describefnile it is designed to fix a plurality of vibrating
elements 122 Pétween the loég substrates 124 and 126 in this
embodiment, as shown in Figure 13, a single vibrating element
150 may be fixed between substrates 152, each of which
substrates has the same width as the vibrating element 150 to
achieve a single-vibrating element single-unit construction.
In this case, as shown in Figufe 14, throughholes 156 are

formed so as to be aligned with vibrating element units 158 and

the vibrating element units 158 are set to these throughholes
156 by sliding. By similarly setting the flow path forming
plate 98, the pressure transmitting support plate 88, the
pressure transmitting members 86, the pressure chamber forming
plate 81, and the nozzle plate 70 under this condition, the
head assemblf-can be compleﬁed.

This embodiment allows correspondencelbetween a single

vibrating element unit and a single nozzle opening. This

allows replacement of a defective vibrating element on a single
* element basis, thereby contributing to reducing maintenance and
manufacturing cost. .

While pressure is applied to one of the tanks to move
the ink to the other tank through the head assembly in the
above embodiment, it is apparent that ﬁne same effect can be
achieved by evacuating one of the tanks.

Figure 15 shows another embodiment of ink supply paths
to the respeéﬁive pressure chambers in the print head of thg

invention. In this embodiment seal members 161 to 165 are
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| gt er, nozzle openings 31 so that the head assembly 2 can comunicate with
the air. The size of each nozzle opening 31 is as small as 60 pmin
difaneter so that the siphoning action is maintained by the neniscus. In
s@§ch a construction, when the main tank 3 is pressured or evacuated by
sypplying air from e.g., a punp or by a sucking neans 23 with the_entlre
sfirface over the nozzle '

arranged on either an upper or a lower end or ends of the

4

vertically extending arrays of nozzle openings in order to
regulate the direction of the ink flowing into the ink supply
paths 33. According to this embodiment, the ink flows from a
single ink supply path 33 to the other ink supply path 33 via
the pressure chambers 35 as shown by arrows in Figure 15, when
the ink passes through the head assembly 2 upon pressuring or

evacuating the main tank 3. As a result, the ink can be loaded

into the pressure chambers 35 surely by driving out bubbles
remaining at the pressure chambers 35 into the supply path 33.
While the inactive region of the vibrating element is
interposed by the substrates on both sides in the above
embodiment, the inactive region may also be fixed only on a
single side of the vibrating element as éhown in Figure 16.

That is, the inactive region of a vibrating element 170

is fixed on a substrate 171 on a single side thereof by an
adhesive, and then such an adhesive as to become rigid after
cured, e.g., &n adhesive prepared by mixing ceramic powder with
a2 binder, is applied as far as to a support member 172 in such
a manner that the bottom and the exposed other side of the

substrate 171 can be covered up.

This technique allows reaction produced at the time of
driving the vibrating element to be received by the adhesive
layer 173, thus preventing variations in the gap between the

nozzle opening and the vibrating element surface accompanied by
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openings 31 hernetically sealed with a cap, a difference in pressure is

* produced between the main tank 3 and the sub tank 4. As a result,

t he i nk

in a tank whose pressure is higher, e.g., the main tank 3, flows into the

sub tank 4 whose pressure is |lower via the head assenbly 2. At this point,

the air

in the sub tank 4 that is conpressed by the flow ng of the
the deformation of the substrate 171, which further obviates
crosstalk. .

Figure 17 shows another embodiment of the nozzle plate.
In Figure 17, reference numeral 181 designates buffer flow
paths arranged at positions as close to nozzle openings 180 as
possible and remote from the vibrating plates 34. Each buffer
flow path is formed into a throughhole whose diameter is
smaller than the nozzle opening 180. The diameter of each
buffer flow path 181 is selected to about 45 to 50 um if the
diameter of the nozzle opening is set to 60 um. It has been
verified that-the diameter of the buffer flow path which is 0.6
to 0.95 times that of the nozzle opening can prevent drying of
the ink from the buffer flow path as well as crosstalk while
maintaining the siphonage.

In this embodiment, if no printing is performed, the
meniscus 182 of each buffer flow path 181 retreats towafd the
ink flow path side as shown in Figure 18(a). When a vibrating
element 40 is excited to form a dot under this condition, the
ink in the pressure chamber 35 is compressed as the vibrating
plate 34 confronting the vibrating element 40 projects toward
the pressure chamber 35. As a result, an ink droplet jets out
from the nozzle opening 180 confronting the vibrating element
40 that has been excited. The change in ink pressure in the
pressure chamber 35 is propagated around to apply pressure to
the ink in pressure chambeis belonging to other nozzle openings
that are adjacent to this nozzle 6pening 180. .However, the
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ink §s released into the atnosphere fromthe filter 17, thereby maintaining

*the $ub tank 4 at atnospheric pressure. Even if the pressure of the main
tank!3 is increased so much as to cause the ink level to reach the filter
17, the filter 17, having the function of blocking fluid, the ink will in
no way outflow. In the ink noving process the bubbles in the head assem
bly 2, - riding on the ink flow, are bound to be discharged into, e.g., the
sub tank 4. Wen the main tank 3 is caused to

meniscus 182 of the buffer flow path advances toward the front
surface (Figqure 18 (b)) by the propagation of pressure
undulations, which propagation is absorbed by a change' in
volume of the meniscus 182, thereby causing the pressure
undulations to be'damped. As a result, the crosstalk caused by
the driving of adjacent vibrating elements can be prevented.
As the pressure undulations are damped in this way, the
meniscus of the buffer flow path 181 retreats toward the ink
'.*' flow path 33 side. Accordingiy, dots are sequentially formed
by repeating the above-mentioned process while preventing

crosstalk to a possible extent.
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communi cge wth the atnosphere upon novenent of the ink by a predeterm ned
anourit , e ink noves via the head assenbly 2 until the difference in water
head bet\@een the main tank 3 and the sub tank 3 is elimnated, while the

bubbl es ghat have flown into the sub tank 4 are released into the

assenbl y§2 have been renoved by noving the ink from one tank

atmospheffe fromthe air release port U Shce the bubbles i ket HieBétn Replaced

t ank

10

15

20

25

30

35

i T

An on-demand type ink jet print head, comprising:

a plurality of ink tanks (3,4) disposed at a lower
position of a carriage to be independent of each other;

_pressure varying means provided on one of said tanks

(3,4),

an air release port (1ll) communicating with the other one
of said tanks (3,4);

a head assembly (2) provided on top of said tanks (3,4)
to communicate with said tanks (3,4) through flow paths
(33) at both sides of said head assembly (2).

An on-demand type ink jet print head according to claim
1, wherein each of said tanks (3,4) comprises a container
portion with a front surface thereof being open and a
cover plate (8), said cover plate (8) having flow paths
(33) on a back surface thereof, said flow paths (33)
extending to said head assembly (2).

An on-demand type ink jet print head according to claim 1
or 2, wherein said air release port (11) is air-
transmitting and is provided with a filter (17) blocking
passage of liquid.

An on-demand type ink jet print head aécording to one of
the preceding claims, wherein said head assembly (2)

. comprises a lamination structure which comprises:

a nozzle plate (70) hav;ng a plurality of nozzle openlngs
(71);
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4 in this way, no such operation as sucking the ink from the nozzle S

‘openiphgs is required as in a conventional head assenbl §ﬁ bubbles
are renmoved by applying a negative pressure to the nozz
even fn the case where | arge anmounts of bubbles are pro |ne of
mel tijng, particularly, such as in hot ne8t ink that inv

solid ink for use, there is no waste of ink by sucking out thereby
contrfibuting to a reduction in

a preseure chamber forming pléte (81) for forming
pressure chambers in cooperation with said nozzle plate
(70);

5 a flow path forming plate (38) for forming flow paths for
supplying ink;

a vibrating element unit (120) having a part of a
vibrating element (122) secured to a substrate (124,126);
10 and

a base (134) for accommodating said vibrating element
unit (120) and fixing said respective layer members
integrally.
15 _
5. An on-demand type ink jet print head according to claim
4, wherein said pressure chamber forming plate (81) has a
vibrating portion at a position confronting said nozzle
opening (71)'end walls (75) defining a single direction
20 - between said nozzle openings (71).

6. An on-demand type ink jet print'head according to claim 4

‘ or 5, wherein said flow path forming plate (98) comprises
o a throughhole (104) for allowing passage of said
3B vibrating element (122) and a recessed portion formed so

as to enclose said throughhole (104).

7. An on-demand type ink jet print head according to one of

claims 4 to 6, wherein said vibrating element unit (120)

30 is so arranged that a half of said vibrating element

(120) is formed as an inactive region and secured to said

substrate or substrates (124,126), while the other half

of said vibrating element (120) is formed as an active

region, said active region being a free end.'said half of

3% said vibrating element (120) being defined by dividing
said vibrating element (120) in an axial direction.

* c L ] H *
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Further, the head assenbly 2 is disposed at a position
ink tanks 3 and 4 and is supplied with ink fromthe bottom

the tanks 3 and 4 by siphonage. As a result, the ink is supplied
e nozzl e openings 31 at a certai n:{)ressure i rrespective of the
ink in the tanks 3, 4, thereby al

Gwi ng stable ink droplets to be
(a) and 4(b) and FIG 5 show an enbodi nent of

said method comprising the step of moving said ink from
one tank to the other via said head assembly by varying a
pressure of said one tank by said pressure varying means.

A method of removing bubbles contained in an ink from a
head assembly in an on-demand type ink jet print head
comprising a plurality of tanks, said tanks being
disposed at a lower position of a carriage so as to be
independent of each other, a pressure varying means
provided on one of said tanks, an air release port
communicating with the other one of said tanks, and a
head assembly arranged on top of said tanks so as to
allow said head assembly to communicate with said tanks
through flow paths at both sides of said head assembly,
said method comprising the step of moving said ink from
one tank to the other via said head assembly by varying a
pressure of said one tank by said pressure varying means.
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d{he head assenbly. In FIGS. 4 (a) and 4(b) and FIG 5, reference nuneral 30
desi gnates:a nozzle plate, which has a plurality of nozzle openings 31
extending in a sheet forward direction in the formof an arny (in a
vertical direction as viewed in the figures). A plurality of such arrays of
nozzl e openings are arranged in an auxiliard scanning direction (in a

hori zont al

direction as viewed in the figures). These nozzl e openings 31

are isolated fromone another in the vertical

10

15

20

ABSTRACT

An on-demand type ink 3jet print head is described,
comprising: a plurality of ink tanks (3,4) disposed at a
lower position of a carriage to be independent of each
other, pressure varying means provided on one of the

~ tanks (3,4); an air release port (11) communicating with

the other one of the tanks (3,4); a head assembly (2)
provided on top of the tanks (3,4) to communicate with
the tanks through flow. paths (33) at both sides of the
head assembly (2). The invention provides stable
printing independent of the amount of ink in an ink tank
and dischaﬁge bubbles in a nozzle head together with the
ink. A method of replenishing ink in an on-demand type
ink jet print head thus constituted, comprises the step
of mbving said ink from one tank to the other via said
head assembly by varying a pressure of said one tank by
said pressure varying means.
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Ul
Js arrpbnged at a predeternined distance fromthe nozzle plate 30 so as to
‘form'a pressure chanber 35 with respect to the nozzle plate 30. An end of
the vijorating plate 34 is fixed on a front end of a support nenber 37 that
is cariried on a base 36. On a side of the support menber 37 confronting the
nozzlj pl ate project wall surfaces 38 so as to forma groove 33 for
suppl ying the ink to the pressure chanbers 35. The vibrating plate 34 is
firmy secured to a front end of the wall
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surface

the timp the ink is jetted,

and con
vi brati

As a repult,
an array of nozzle openings to which the expanded and contracted
ng pl ate bel ongs changes.

havi ng
vi brati

ract ed,
ng pl ate 34,

stress acts also on

i.e.,

38 so that the vibrating plate 34 can be supported. By the way, at

el ement 40 i s expanded

$§§?§£|2§§32£3ce 38 through t he

t her eby causing the support nenber 37 to be distorted.

3

i

the gap between the nozzle plate 30 and the vibrating plate 34
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The pHenomenon of jetting the ink fromnozzles by such change of gap, the /“
*so-cdljl ed "crosstalk," is likely to occur. In order to prevent such trouble
from happening, it is desirable to enploy a nmeans for increasing the
strength of the support nenber 37 to a possible degree. For exanple, a

mat erijjal such as titaniumthat is |ight 'ﬁht and highly synthetic may be
used, [or a reinforcing plate my be m)uV\F; é gl ower region of the

suppoft mnenber. The . -
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4 nventjors have found that a practically adequate print quality can be f;
ensurgd by suppressing a distortional displacenent of the support nenber 37 /1
to.sudh a degree as from[err] to [err] times a displacenent of the

vi br atfi ng plate 34 due to expansion and coptraction of. the vibrating

el enmenit 40. As a result of the above ykéghr§7 the ink can flowinto the
pressure chanber 35 in a stream shown tby=arrow B in FIG 4(b) fromthe

groove 33 whose fluid resistance is relatively
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Further, since the vibrating el¥;€b€%;pcadescribed | ater) can be L’/
ted fromthe ink, shortcircuiting'of tHe vibrating el ement between the I
 odes can be obviated even in the case of using electrically

ctive ink. Reference nuneral 40 designates the above-nentioned

{ing element. The vibrating elenent 40 is diyvigef/Anto two regions in

al direction. On both sides of an i nacLivgrZ&sion (lower as viewed in
(b)), ie., the side

TR




t hat exhlbits no piezoelectric effect, substrates 41, 42 are bonded. This -1/
inactivelregion is fixed on the base 36 through these substrates 41 and 42. /i
Each of fhe substrate 41 and 42 is nade of a material whose acoustic

i npedance is larger than the vibrating el enent 40, e.g., alumna or
metallic|silicon. On the other hand, on the end of an active region of the
vibrating elenment 40, i.e., the region expanding and contracting upon
applicat?on of a signal, a pressure tran-
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J mtgting member 43 is fixed. This active region is connected to the 8/
vibrdting plate 34 through the pressure transmtting nmenmber43. By prOV|d|ng
t he ijnactive region and fixing such region in this way, repetitive
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expanisi on and contracti on of
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the vibrating el ement 40 do not produce distortion on the bonded surfacesq .
betméén the substrates 41 and 42 an Eﬁé?iar i ng el enment 40. This /!
contributes to mnimzing the fatigye A therleby increasing the life of
the yibrating el enent 40, the substrates 41 and 42, and the bonded
surfaces. In addition, since the acoustic inpedance of the substrates 41
and 42 is larger than that of the vibrating el enent 40, abnornal vibrations
can be prevented by posi - -
i ‘liﬁriil{r’\“{i"{!"ﬁﬁi'
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tively re4 | ecting el astic undul ati ons produced w Flﬁel \g-bratl ng el errent/o
40 on the surfaces of the substratés 41 and 42, thereby ensuring that

Vi bratlng conponent s effective |n3}_5'ett|n362he |J1,B wi | Ilz{@transscﬁtted to /
connected to the V|brat|ng pI-

menber Af In the case of usi '. ey I .j;: ej%ressure
transm tfti ng nenber is fabrich :, T _.'_ T _.--: m
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than th nd surface area of the V|brat|ng el enent 40 and smal |l er than thﬁ

area‘*'éf he vibrating plate 34, the ,1 nd contraction of the
Vi brat.i pl ate 34 can betransmtt %Iytothe vi brating plate I
34. -As result, ink jetting per f or mance can be inmproved. FIG 6 is a

di agramgshowi ng an enbadi ment of the abov

This vi frati ng el ement 8 ncl gdgz% a8 rst I ej5f£_§m a fi

a secon R

(/7

yrent i oned \6| brat)@g el enent .

* 7

elfé:t rode 50,

| AN k\\\w M\\I I\\\\‘/ \Xﬂ\\F l\\\_

| 33/§ 38/§

N

N ==

.33 .-
40

ey N
NI

2 37 4 42 37 3

- FIG. [8(4)

/8. "
NN NN

||II|I|| |I|I||I

is Sheet Has Been Reﬂlaced

lI il




| ayer forming a piezoelectric layer 52, and a third | ayer fornfégi%¥ Second
el ectrode 51. The first electrode 50 is a thin coating nade of a
silver-palladium (Ag-Pd) or platinum (Pt) containing electrically
conductive coating mterial pre- pared as a paste. The second |layer is a
thin coating made of a piezoelectric elenent material, e.g., a |ead
titanate or |ead zirconate containing conposite perovskite ceramc materi al
prepared as a paste The third layer is a.{hin coating nmade of

ON-DEMAND TYPE INK JET PRINT HEAD
AND METHOD OF OPERATING SAME

REPLACED SHEETS SG REP
LACE
V1 Descrintion : paged ...1... 10 paged ..2&.... 7 e A? .MAE\IT SHEETS SG

EZ Claim(s) @ paged .27, to paged .30.....
¥ Drawing(s) :caged .. V“ e paged L
[A Abstract tpagsd 3L wopaged LT
DATE OF RECEIPT oo,

The present invention relates to an on-demand type
ink jet print head and a method for replenishing ink in an on-
demand type ink jet print head as well as a method for
removing bubbles contained in an ink from a head assembly in

an on-demand type ink jet print head.

A so-called "on-demand type ink Jjet print head" that
forms ink droplets by input qf a print signal roughly comes in
three.types. The first is a bubble jet type in which a heater
is arranged on the fronf end of a nozzle to instantaneously
gasify ink, whereby ink droplets are produced and jetted by
expansive pressure at the time the ink is gasified. The second
is a type in which a part of a container forming ink reservoir
is formed of a piezoelectric element that deforms by a print
signal, whereby ink is jetted in the form of droplets by
pressure produced within the container by deformation of the
piezoelectric element. The third ‘is a type in which a
piezoelectric element is arranged in a pressure chamber having
a nozzle opening, whereby ink is jetted in the form of droplets

from the nozzle by varying the ink pressure in the pressure

is Sheet Has Been Reﬂlaced , _ . This is the replacement sheet
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t he SI|'Ylﬁ§.' Pd) or platinum (Pt) containing electrically

conductl pared as a paste. These three |l ayers are | am nated
on a surf hat each el ectrode |ayer is interposed between the
pi ezoel e ay ers At this point, @ ectrodes which are the el ectrodes

51 in this enbodl ment, are cut off al most at middl e portions 54 thereof to

st op conduglamies; b¥n expassiete aner n¢PREFARE G| of s thGatRiPznelestmiof t he

first el e_cé{é)n(ljeelft_SO S0 as to expose

As disclosed in Japanese Patent Exaﬁined Publication
Nos. 45985/1990 and 52625/1990, the above three types of on-
demand type ink jet print heads are so designed that one end of
a piezoelectric element whose other end is fixed to a base is
brought into resilient conta&; with a vibrating film forming a
preésure chamber, so that ink in the pressure chamber can jet
in the form of droplets from a nozzle opening while causing the
vibrating £ilm to be deformed by expansion and contraction of
the piezoelectric element.
Since these print heads receive ink from an ink tank

through a pipe, ink supply piping is necessary, and this makes
a head assembly large in structure. In addition, ink supply
pressure must‘be maintained constant, and in the case of
supplying the ink while utilizing a difference in water head,
the ink pressure to be applied to the print head varies
depending on the remaining amount of ink, thereby causing
inconsistency in print quality. Further, removal of bubbles
that have entered into the print head entails a waste of ink
due to the bubbles being sucked together with the ink by
applying negative pressure to the nozzle openings. |

To overcome the difficulties noted above for known
ink jet print heads, the present invention provides an on-
demand type ink jet print head according to independent claim
1. Further advantageous features of this ink jet print head
are evident from the dependent claims 2 to 11 and the
following description and drawings. The invention furthermore
provides the methods of replenishing ink in an on-demand type
ink jet print head and removing bubbles contained in an ink
from a head assembly in an on~demand type ink jet print head
according to independent «c¢laims 12 and 13. Further
advantageous features of these methods are evident from the
following description and drawings.
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f r OThiscBhecPHSL ot Re3faGeq(t he right end surface as viewed in FIG 6) and on each

of t rodes 51 are fornmed so as to expose fromthe other end
sur f end surface as viewed in FIG 6). The vibrating el enent
t hus aminated formwith a predgterrrined nunber of |ayers is
The claims are to be understood as a first non-

limiting approach to define the invention in general terms.

According to a first aspect, the invention provides an on-

-demand type ink jet print head featured as minimizing a
difference in water head between nozzle openings as much as

possible and requiring no sucking out of the ink to remove

bubbles.
According to a second aspect, the invention provides an on-

demand type ink jet print head featured as having minimal

crosstalk.
According to a third aspect, the invention provides

technigues for operating an on-demand type ink jet print head,
such as a technique for replenishing ink to the tanks, a
technique for removing bubbles having entered into the head

assembly, and the like.
Further aspects of +the invention will become more

apparent from the following description of preferred

embodiments.

The invention furthermore provides an on-demand type ink
jet print head that prints data by jetting ink in a pressure
chamber onto a recording medium from nozzle openings in the
form of ink droplets upon input of a print signal and thereby

forming dots on the recording medium by such ink droplets.
To achieve the above objects, the invention is

characterized as forming a plurality of independent tanks at a
part that is on a lower side when mounted on a carriage. One
of the tanks has a pressure varying means and the other tank
communicates with an air release port. A head assembly is
arranged on top of the tanks so as to communicate with the
respective tanks by means of flow paths disposed on both sides
of the head assembly.

If the pressure of one of the tanks is varied by a pump
with a nozzle opening surface of the head assembly sealed by a
cap or the like, then ink in this tank moves to the other tank
via the head assembly. It is during this process that bubbles

This is the replacement sheet
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8 dried, and then baked at tenperatures from[err] to [err] C for about
one hour while applying pressure. A vibrating elenent plate in the form of
a single board has a structure such that each of the first el ectrodes 50
form ng one of a pair of electrodes, exposes one end thereof to an end
surface of the vibrating elenment, with the other end thereof being covered

with the piezoelectric layer, while one end of
: -
having entered into the head assembly are discharged into the
other tank. These bubbles are then released into the

atmosphere from the air release port.

When the pressure in_the'%wo tanks is released to the
atmosphere upon end of the discharging of the bubbles, the ink
moves from one tank to the other via the head assembly so that
the ink level$ in the tanks come to be equal to each other. As
a result, the ink that has passed through the head assembly at
the time the bubbles have been discharged is replenished for
printing again, thus producing no waste of ink. Further, since
the head assembly is connected to the tanks by siphonage, the
ink is supplied at a certain water head indepen&ently of the

ink level in the tanks, thus allowing stable printing to be

achieved.

Figure 1 is a diagram showing an émbodiment of the
invention with ink flow paths;

Figure 2 is a perspective view showing an appearance of
a print head of the invention;

Figure 3 is an exploded'perspective view showing an
embodiment of a base forming the print head;

Figures 4 . (a) and 4(b) are diagrams showing an
embodiment of a head assembly, of which Figure 4 (a) is a front
view of the head assembly and Figure 4 (b) is a diagram showing

a cross-section taken along a line A-A shown in Figure 4 (a);
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each of the second electrodes 51 is exposed to the other end surface of the
vibrating elenment with the other end thereof being covered with the

pi ezoel ectric layer. The vibrating elenent is forned by cutting this
vibrating element plate in strip-like former slitting the plate in
conb-like formwhile | eaving one end thereof not slitted into a
predeterm ned size using a dicer or a dianond cutter. Electrically

conductive layers SFigude56 0sbe! lp&iébective view showing an exemplary

head assembly of the invention;

Figure 6 is a sectional view showing an exemplary

vibrating element unit;

Figure 7 is a sectional/view showing a structure for
connecting a vibrating element and a vibrating plate;

Figuré 8 is a diagram showing another exemplary
vibrating element;

Figure 9 is an exploded perspective view showing
another exemplary head assembly of the invention;

Figure 10 is a diagram showing a strﬁcture of a
pressure chamber forming plate in enlarged form;

Figure 11 is a diagram showing an exemplary pressure
transmitting member in enlarged form;

Figure 12 is a perspective view showing the vibrating

element unit in enlarged form;
Figure 13 is a perspective wview showing another
exemplary vibrating element unit;

.Figure 14 is an exploded perspective view showing an
exemplary head assembly using the vibrating element unit shown
in Figure 13;

Figure 15 is a diagrams showing another embodiment of

the invention with ink flow paths;

Figure 16 is a diagram showing still another exemplary

vibrating element unit;
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surfaces of the vibrating elenment are fornmed, so that the el ectrodes 50
whose polarities are the sane, can be con- nected in parallel wth one
anot her by the electrically conductive |layer 55 and the el ectrodes 51 hy
the electrically conductive |ayer 56. If these electrically conductive
| ayers 55 and 56 are fixed with an electrically conductive adhesive to
electrically conductive |ayers 57 ad 58 forned on the subsets 41 and 42,

respectively, then the layers 55 and 56

Figure 17 is a diagram showing another embodiment with
a nozzle plate; and
Figures 18 (a) and 18(b) are diagrams illustrative of

an operation of the nozzle plateGSQOwn in Figure 17.

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

Figure 2 shows an appearance of a print head of the
invention. In Figure 2, reference numeral 1 designates a base
serving also as a carriage mounting member. In this base a
main tank 3 and a sub tank 4, which are independent of each
other as shown in Figure 3, are disposed at a position lower
than a head 2 when mounted on the carriage. In the respective
tanks are partitions 3a, and 4a.

Returning to Figure 2, the base 1 includes a portion 7
that forms a tank body and a cover member 8 that seals a front
end of the tank body portion 7. The tank body portion 7 has an
ink replenishing port 10 on top of the main tank 3, an air
release port 11 on top of the sub tank 4, and a heater mounting
hole 12 between these tanks 3, 4 as fhe provision for using hot
melt ink. The air release bért 11 permits passage of gas, and
at the same time, is sealed by a member that blocks passage of

liguid, such as a filter 17 made of porous fluorine-containing

resin or porous silicon.
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can be connected to external sources electrically. The vibrat- ing el enment
can provide an adequate ink jetting output even wwth a mniml voltage
because the piezoelectric layers 52 are very thin and because the
respective el ectrodes 50 and 51, producing a drive electric field, are
connected in parallel with each other. Further, the electrodes 51 are
electrically disconnected by the piezoelectric material at the mddle

portions thereof 54 —

The cover member 8 includes a front plate 14 and a back
plate 15 as shown in Figure 3. In front of the front plate 14
are arms 13, 13 that support the print head 2 and grooves l4a,
14b, each forming a flow path-thaé allows the respective tanks
3, 4 to communicate with a head assembly 2 (described later) in
cooperation with the back plate 15. On the upper ends of the
respective grboves l4a and 14b are throughholes l4c and 14d
that communicate with ink supply ports 138, 138 of the head
assembly 2 (Figure 9). On the back plate 15 are throughholes
152 and 15b that communicate with the lower ends of the
respective grooves 1l4a and 14d formed on the front plate 14, so
that the respective grooves l4a and 14b can.communicate with
the main tank 3 and the sub tank 4, respectively, at lower
positions of the tanks. 1In Figure 3, reference numeral 16
designates an ink receiving member to be used when ink is
replenished.

Figure 1 roughly shows the print head of the invention
by way of a flow path structure. The head assembly 2
communicates with the bottom portions of the respective tanks
3, 4 on the side thereof by means of vertically extending flow
.paths 20 and 21 that are formed of the grooves 14a and 14b of
the cover member 8 so that the head assembly 2 can be connected
to the main tank 3 and the sub tank 4 by siphonage. The head
assembly 2 has, as will be described later, nozzle openings 31

s0 that the head assembly 2 can communicate with the air. The
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and 54. Therefore, it is only a free end side (the left side as viewed in
FIG 6) that expands and contracts upon applica- tion of an exciting
voltage, while | eaving no voltage applied to the regions secured to the
substrates 41 and 42. As aresult, there will be in no way a case where
.undesired force acts on the vibrating el enent, thereby ensuring a |ong
life. In addition, since the vibrating 2enment has a general structure in

which a | ayer made of a piezoelectric material and a | ayer
size of each nozzle opening 31 is so small as 60 pum in diameter

that the siphoning action is maintained by the meniscus.

In such a constrquion, when the main tank 3 is
pressured or evacuated by supplying air from, e.g., a pump or
by a2 sucking means 23 with the ehtire surface over the nozzle
openings 31 hermetically sealed with a cap, a difference in
pressure is produced between the main tank 3 and the sub tank
4. As a result, the ink in a tank whose pressure is higher,
e.g., the main tank 3 flows into the sub tank 4 whose pressure
is lower via the head assembly 2. At this point, the air in
the sub tank 4 that is compressed by the flowing of the ink is
released into the atmosphere from the filter 17, thereby
maintaining the sub tank 4 at atmospheric pressure. Even if
the pressure of the main tank 3 is increased so much as to
cause the ink level to reach the filter 17, the filter 17,
having the function of blocking fluid, the ink will in no way

flow out.

In the ink moving process the bubbles in the head
assembly 2, riding on the ink flow, are bound to be discharged
into, e.g., the sub tank 4. When the main tank 3 is caused to
communicate with the atmosphere upon movement of the ink by a
predetermined amount, the ink moves wvia the head assembly 2
ﬁntil the difference in water head between the main tank 3 and
the sub tank ¢ is eliminated, while the bubbles that have flown

into the sub tank 4 are released into the atmosphere from the

air release port 11.
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made of an electrode material axe as uniformas possible; in other words,
since the whole structure of the vibrating elenent is such that the
el ectrodes extend as far as to the inactive region, warpage or bendi ng of
the vibrating el enent due to tenperature change or secul ar deterioration
over time can be prevented. FIG 7 shows a structure by which the vibrating
plate is connected to the front end of _§he thus constructed vibrating
Since the bubbles in the head assembly 2 have been
removed by moving the ink from one tank 3 to the other tank 4
in this way, no such operation as sucking the ink from the
.nozzle openings is required as in a conventional head assembly
in which bubbles are removed by aﬁplying a negative pressure to
the nozzle openings. 'Thus, even in the case where large
amounts of bubbles are produced at the time of melting,
particularly, such as in hot melt ink that involves melting of
solid ink fof use, there is no waste of ink by sucking out,
thereby contributing to a reduction in running cost.
Further, the head assembly 2 is disposed at a position
higher than the ink tanks 3 and 4 and is supplied with ink from
the bottom of each of the tanks 3 and 4 by siphonage. As a
result, the ink is supplied to all the nozzle openings 31 at a
certain pressure irrespective of the levels of ink in the tanks
3, 4, thereby allowing stable ink droplets to be formed.
Figures 4 (a) and 4(b) and Figure 5 show an embodiment
of the head assembly. 1In Figures 4 (a) and 4(b) and Figure 5,
reference numeral 30 designates a nozzle plate, which has a
plurality of nozzle openings 31 extending in a sheet forward
direction in the form of an array (in a vertical direction as
- viewed in the figures). A plurality of such arrays of nozzle
openings are arranged in an auxiliary scanning direction (in a

horizontal direction as viewed in the figures). These nozzle

openings 31 are isolated from one another in the vertical
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element. The front end of the vibrating el ement 40, which is 9 the free
end side thereof, is covered with a cup-like pressure transmtting nenber
60. The pressure transmtting nenber 60 has on the back surface thereof a

"recessed portion whose

-10-

directioh by walls 32 so that the ink can be supplied from ink
flow paths 33 which interpose the nozzle openings therebetween.
Reference numeral 34 designates a vibrating plate,
which is arranged at a predeterm}ned distance from the nozzle
plate 30 so as to form a pressure chamber 35 with respect to
the nozzle plate 30. An end of the vibrating plate 34 is fixed
on a front end of a support member 37 that is carried on a base
36. On a side of the support member 37 confronting the nozzle
plate project wall surfaces 38 so as to form a groove 33 for
supplying the ink to the pressure chambers 35. The vibrating
plate 34 is firmly secured to a front end of the wall surface
38 so that the vibrating plate 34 can be supported. By the
way, at the time the ink is Jjetted, i.e., when a vibrating
element 40 is expanded and contracted, stress acts also on the
wall surface 38 through the vibrating plate 34, thereby causing
the support member 37 to be distorted. As a result, the gap
between the nozzle plate 30 and the vibrating plate 34 having
an array of nozzle openings to which the expanded and |
contracted vibrating plate belongs changes. The phenomendn of
jetting the ink from nozzles by such change of gap, the so-
called "crosstalk," is likely to occur. 1In order to prevent
such trouble from happening, it is desirable to employ a means
for increasing the strength of the support member 37 to a
possible degree. For example, a material such as titanium that
is lightweight and highly synthetic may be used, or a

reinforcing plate may be mounted at a lower region of the
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size is slightly larger than the size of the front end of the vibrating

el ement 40, and the recessed portion side of the pressure transmtting
menber 60 confronts the vibrating el ement 40. The pressure transmitting
menber 60 is secured by | oading a heat-resistant adhesive 61 into the free
space in the recessed portion to ensure that the pressure transmtting
menber 60 will be in contact with a Vi%rating plate 62. Accordingly, the
effect of not only preventing the outfl ow of

support member. The inventors have found that a practically
adequate print quality ‘can be ensured by suppreésing a
distortional displacement of the support member 37 to such a
degree as from 1/9 to 1/X1 times a displacement of the
vibrating plate 34 due to expaﬁsion and contraction of the
vibrating'element 40. As.a result of the above structure, the
ink can flow into the pressure chamber 35 in a stream shown by
arrow B in Figure 4(b) £from the groove 33 whose £fluid
resistance is relatively small. Further, since the vibrating
element 40 (described later) can be isolated from the ink,
shortcircuiting of the vibrating element between the electrodes
can be obviated even in the case of using electrically
conductive ink.

Reference numeral 40 designates the above-mentioned
vibrating element. The vibrating element 40 is divided into
two regions in an axial direction. On both sides of an
inactive region (lower as viewed in Figure 4(b)), i.e., the
side that exhibits no piezoelectric effect, are substrates 41,
42 bonded. This inactive region is fixed on the base 36
through these substrates 41 and 42. Each of the substrate 41
and 42 is made of a material whose acoustic impedance'is larger
than the vibrating element 40, e.g., alumina or metallic
silicon. On the other hand, on the end of an active region of
the vibrating element 40, i.e., the region expanding and
contracting upon application of a signal, is a pressure

transmitting member 43 fixed. This active region is connected
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t he adhesive, but also positioning the pressure transmtting nenber at the
very small front end surely can be provided. Wile the case of preparing a
plurality of layers integrally has been described in the above-nentioned
enbodi nent, it is apparent that the sanme effect am be obtained by fixing a
plurality of piezoelectric vibrating platgs 65, each vibrating plate having
at one end thereof electrodes 63, 64 bonded integrally on both sides with

an adheSivetgsti(m%&ﬁfﬁglga plate 34 through the pressure transmitting
member 43. By providing. the inactive region and fixing such
region in this way, repetitive expansion and contraction of the
vibrating element 40 do not produce distortion on the bonded
surfaces between the substrates ‘4l and 42 and the vibrating
element 40. This contributes to minimizing the fatigue and
thereby increasing the life of the vibrating element 40, the
substrates 41 and 42, and the bonded surfaces. In addition,
since the acoustic impedance of the substrates 41 and 42 is
larger than that of the vibrating element 40, abnormal
vibrations can be prevented by positively reflecting elastic
undulations produced within the vibrating element 40 on the
surfaces of the substrates 41 and 42, thereby ensuring that
vibrating components effective in jetting the ink will be
transmitted to the vibrating plate 34.

Further, since the vibrating element 40 is connected to
the vibrating plate 34 through the pressure transmitting member
43, in the case of using a small vibrating element, if the
pressure transmitting member is fabricated in a size larger
than the end surface area of the vibrating element 40 and
smaller than the area of the vibrating plate 34, the expansion
and contraction of the vibrating plate 34 can be transmitted
effectively to the vibrating plate 34. As a result, ink
jetting performance can be improved.

Figure 6 is a diagram showing an embodiment of the

above-mentioned wvibrating element. This wvibrating element

. This is the replacement sheet
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8. FIG 9 shows a print head structure in the formof an expl oded

| am nation structure. In FIG 9, reference nuneral 70 designates a nozzle
pl ate. The nozzle plate has a plurality of nozzle openings 71 fornmed by

el ectrof orm ng when nmade of nickel as a material, by etching when nade of
netal lic silicon, or by press working when,made of stainless steel, nickel,
or brass. These nozzle openings 71 are arranged so

includes a first layer forming a first electrode 50, a second
layer forming a piezoelectric layer 52, and a third layer
forming a second electrode 51. The first electrode 50 is a
thin ceating~made of a silver-palladium (Ag-Pd) or platinum
(Pt) containing electrically eonductive coating material
prepared as a paste. The second layer is a thin coating made
of a piezoelectric element material, e.g., a2 lead titanate or
lead zirconate containing composite perovskite ceramic material
prepared as a paste. The third layer is a thin coating made of
the silver-palladium (Ag-Pd) or platinum (Pt) containing
electrically conductive material prepared as a paste. These
three layers are laminated on a surface plate so that each
electrode layer is interposed between the piezoelectric layers.
At this point, electrodes, which are the electrodes_Sl in this
embodiment, are cut off almost at middle portions 54 thereof to
stop conductivity. An electrode forming material is coated on
each of the first electrodes 50 so as to expose from an end
surface (the right end surface as viewed in Figure 6) and on
each of the second electrodes 51 are formed so as to expose
from the other end surface (the left end surface as viewed in
Figure 6). The vibrating element thus prepared in laminated
form with a2 predetermined number of layers is dried, and then
baked at temperatures from 1000 to 1200°C for about one hour
while applying pressure. |

A vibrating element plate in the form of a single board

has a structure such that each of the first electrodes 50
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as to forma vertical array when nounted on a carriage. There are a
plurality of such arrays. In FIG 9, reference nuneral 72 designates
positioning holes for assenbling. Reference nuneral 81 designates a
pressure chanber formng plate, which is arranged as a second | ayer nenber
for formng pressure chanbers wth the nozzi%e plate.70. The pressure
chanber formng plate interposes a plurality of vibrating plates 73 between

frames 77 and 78, a nunber of
forming one of a pair of electrodes, exposes one end thereof to

an-end surface of the vibrating element, with the other end
thereof being covered with the piezoelectric layer, while oné
end of each of the second elec¢trodes 51 is exposed to the other
end surface of the vibrating elemént with the other end thereof
being covered with the piezoelectric layer.

The vibrating element 1is formed by cutting this
vibrating element plate.in strip-like form or slitting the
plate in comb-like form while leaving one end thereof not
slitted into a predetermined size using a dicer or a diamond
cutter.

Electrically conductive layers 55 and 56 on both end
surfaces of thg vibrating element are formed, so that the
electrodes 50 whose polarities are the same, can be connected
in parallel with one another by the electrically conductive
layer 55 and the electrodes 51 by the electrically conductive
layer 56. 1If these electrically conductive layers 55 and 56
are fixed with an electrically conductive adhesive to
electrically . conductive layers 57 and 58 formed on the
substrates 41 -and 42, respectively, then the layers 55 and 56
can be connected to external sources electrically. The
vibrating element can provide an adeguate ink jetting output
even with a minimal voltage because the piezoelectric layers 52
are very thin and because the respective electrodes 50 and 51,

producing a drive electric field, are connected ih parallel

with each other.
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such vibrating plates being equal to a nunber of nozzle opening arrays. As
showmn in FIG 10, each vibrating plate 73 has filmlike vibrating portions
74 and horizontally extend- ing walls 75. The vibrating pardons 74 are
formed by nolding a high polyner material having heat resistance and
resilience, e.g., [err]. Each wall 75 isol af®s the ver- tically arrayed
nozzl e openings 71 from one another and controls the gap between the

vibrating portion Ezér%ﬁgrt,he the electrodes 51 are electrically
disconnected by the piezoelectric material at the middle
portions thereof 54 and 54. Therefore, it is only a free end
side (the left side as viewed in Figure 6) that exPands and
contracts upon application of an exciting voltage, while
leaving no voltage applied to the fegions secured to the
substrates 41 and 42. As a result, there will be in no way a
case where undesired force acts on the vibrating element,
thereby ensuring a long life. In addition, since the vibrating
element has a general structure in which a layer made of a
piezoelectric material and a layer made of an electrode
material are as uniform as possible; in other words, since the
whole structure of the vibrating element is such that the-
electrodes extend as far as to the inactive region, warpage or
bending of the vibfating element due to temperature change or
‘'secular deterioration can'be prevented.

Figure 7 shows a structure by which the vibrating plate
is connected to the front end of the thus constructed Viﬁrating
element. The front end of the vibrating element 40, which is
the free end side thereof, is covered with a cup-like pressure
transmitting member 60. The pressure transmitting member 60

- has on the back surface thereof a recessed portion whose size
is slightly larger than the size of the front end of the
vibrating eléﬁent 40, and the recessed portion side of the
préssure transmitting member 60 confronts the vibrating element
40. The pressure transmitting member 60 is secured by loading
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nozzle plate 70 with an end thereof abutting against the back surface of
the nozzle plate 70. On both sides of each vibrating plate 73 are gaps
provided to allow slits 80 to be forned, the slits being provided to supply
ink to the nozzle plate 70. On the frames 77 and 78 are throughhol es 82 and

~16~

a heat-resistant adhesive 61 into the free space in the
recessed portion to ensure that the pressure transmitting
member 60 will be in contict with a wvibrating plate 62.
Accordingly, the effect of not only preventing the outflow of
the adhesive, but also positionj:ng the pressure transmitting
member at the- very small front end surely can be provided.

While the case of preparing a plurality of layers
integrally has been described in the above-mentioned
embodiment, it is apparent that the same effect can be obtained
by fixing a plurality of piezoelectric wvibrating plates 65,
each vibrating plate having at one end thereof electrodes 63,
64 bonded integrally on both sides with an adhe'sive as shown in
Figure 8.

Figure 9 shows a print head structure in the form of an
exploded lamination structure. In Figure 9, reference numeral
70 designates a nozzle plate. The nozzle plate has a plurality
of nozzle opénings 71 formed by electroforming wh.en made of
nickel as a material, by etching when made of metallic silicon,
or by press working when made of stainless steel, nickel, or
brass. These nozzle openings 71 are arranged so as to form a
vertical array when mounted on a carriage. There are a
plurality of such arrays. In Figure 9, reference numeral 72
designatés positioning holes for assembling.

Reference numeral 81 designates a pressure chamber
forming plate, which is arranged as a second layer member for

forming pressure chambers with the nozzle plate 70. The
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- 10 - 82 provided to supply the ink between the vibrating plates 73 and
the nozzle plate 70. These throughhol es 82 are designed to wi den toward a
print region but are disposed outside the print region.-In FIG 10,

ref erence nuneral 84 designates positioning holes for assenbling. Reference
nuneral 86 designates pressure transmtting nmenbers, which are arranged as

third layer nenbers to =17

pressure chamber forming plate interposes a plurality of
vibrating plates 73 between frames 77 and 78, a number of such
vibrating plates being equal to a number of nozzle opening
arrays. As shown in Figure "10, each vibrating plate 73 has
film-like vibrating portions 74' and horizontally extending
walls 75. The vibrating éortions 74 are formed by molding a
high polymer material having heat resistance and resilience,
e.g., polyimide®. Each wall 75 isolates the vertically arrayed
nozzle openings 71 from one another and controls the gap
between the vibrating portion 74 and the nozzle plate 70 with
an end thereof abutting against the back surface of the nozzle
plate 70. On both sides of each vibrating plate 73 are gaps
provided to allow slits 80 to be formed, the slits being
provided to supply ink to the nozzle plate 70. On the frames
77 and 78 are throughholes 82 and 82 provided to supply the ink
between the vibrating plates 73 and the nozzle plate 70. These
throughholes 82 are designed to widen toward a print region but
are disposed outside the print region. In Figure 10, reference
numeral 84 designates positioning holes for assembling.
Reference numeral 86 designates pressure transmitting
members, which are arranged as third layer members to connect
vibrating elements 122 (described later) to the vibrating
portions 74 of the corresponding vibrating plate 73. In the
case of using hot melt ink, a heat-resistant high polymer such
as PPS is subjected to injection molding, or a metallic

material is etched or pressed so that the pressure transmitting
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connect vibrating elenents 122 (described later) to the vibrating portions
74 of the corresponding vibrating plate 73. In the case of using hot nelt

i nk, a heat-resistant high polyner such as PPS is subjected to injection
nol ding, or a netallic material is etched or pressed so that the pressure
transmtting menber can be forned into, e.g., a Cshaped menmber such as
shown in FIG 11 so as to be fitted Mﬁth a‘F?ont end of the vibrating

el enent 122. The surface area of
member can be formed into, e.g., a C-~shaped member such as

shown in Figure 11 so as to be fitted with a front end of the
vibrating element 122. The surface area of the front end 86a
of the pressure transmitting. member is selected so as to be
larger than the surface area of the front end of fhe vibrating
element 122 and smaller fhan the surface area of a single
vibrating portion 74 defined by the walls 75. The mass of the
pressure transmitting member is set so as to be smaller than
the mass of the active region of the vibrating element, i.e.,
the méss of the vibrating region. More preferably, the mass of
the pressure transmitting member is set to about 1/10 the méss
of the vibrating region.

Reference numeral 88 designates a pressure transmitting
member support plate for positioning the pressure transmitting
members 86, which is arranged as a fourth layer member. This
pressure transmitting member support plate 88 is formed by
providing ladder-like frames 90 so as to be positioned in
alignment with the pressure transmitting members 86. The

'pressure transmitting member support plate 88 is also designed
to allow the pressure transmitting members 86 to be held by
throughholes 92 provided by the frames 90 in such a manner that
the pressure transmitting members 86 can move in the axial
direction. Outside the print region are throughholes 94.
These throughholes 94 widen toward the print region to supply

the ink between the vibrating plates 73 and the back surface of
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the front end 86a of the pressure transmtting nmenber is selected so as to
be larger than the surface area of the front end of the vibrating el enent
122 and snaller than the surface area of a single vibrating portion 74
defined by the walls 75. The mass of the pressure transmitting member is
set so as to be smaller than the mass of_ ;ﬁe active region of the vibrating
element, i.e., the mass of the vibrating region. Mre pref- erably, the

mass of theyu efshEee! PN L HigNT "Dk I%3€t 11, reference numeral 96

designates positioning holes for assembling.

Reference numeral 98 designates a flow path forming
plate, which is arranged as .a fifth layer member. The flow
path forming plate has long holes 100 (described later) that
allow the vibrating elements 122 to pass therethrough. Each
long hole 100_is disposed at a position confronting an array of
nozzle openings, and a moat-like recessed portion that encloses
each of these long holes 100 is formed to provide ink supply
paths 102. These ink supply paths 102 are formed at such
positions as to allow communication with long holes 93 of the
pressure transmitting member support plate 88 and the slits 80
of the pressure chamber forming plate 81. These ink supply
paths 102 also communicate with throughholes 104 that widen
toward the print region but are disposed outside the print
region. In Figure 11; reference numeral 106 designates
pPositioning projections.

Reference numeral 110 designates a vibrating element
unit holder, ;hich is arranged as a sixth layer member. This
vibrating element unit holder 110 has a window 112 for allowing
vibrating element wunits 120 to pass therethrough and
indentations 114 that come in engagement with both ends of the
vibrating element units 120. Throughholes 116, 116 for
supplying the ink to the first to the fifth layer members are
also provided in regions outside the print region. 1In Figure

11, reference numeral 118 designates positioning throughholes.
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to about [err] the nmass of the vibrating region. Reference nuneral 88
designates a pressure transmtting nenber support plate for positioning the
pressure transmt- ting nmenbers 86, which is arranged as a fourth | ayer
menber. This pressure transmttingnmenber support plate 88 is forned by
provi ding | adder-1like franes 90 so as2to be positioned in alignnment with
the pressure transnlttlng mem bers 86. The pressure transmtting nenber

support plate 88
Reference numeral 120 designates the above-mentioned

vibrating element unit, in which a plurality of vibrating
elements 122 are arranged so as to be aligned with the nozzle
openings 71 as shown in Figure 12, so that the vibrating
element unit 120 is interposed between two substrates 124 and
126. Each of the substrates 124 and 126 is made of a material
such as the above-mentioned material whose acoustic impedance
is large. Each vibrating element 122 is designed to have the
active region and the inactive region as described above. The
inactive region is fixed to the substrates 124 and 126 and the
length of the active region is selected so that the inactive
region extends almost from the fifth-layer flow path forming
plate 98 to the pressure transmitting members 86. The
substrates 124 and 126 have steps 128 and 130 resﬁectively so
that these substrates do not come in contact with the active
region of each vibrating element 122.

Reference numeral 134 designates a base having a
throughhole 136 and throughholes 138 and 138 outside the
throughhole 136. The throughhole 136 can accommodate a
necessary number of vibrating element units 120. The
throughholes 138 communicate with the openings of the ink flow
paths of the base 1 that forms the ink tanks. In Figure iz,
reference numeral 140 designates positioning throughholes.

As a result of the above-mentioned lamination
structure, when a plurality of vibrating element units 120 are

assembled into the throughhole 136 of the base 134 and then let
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I's al so designed to allow the pressure transmtting nmenbers 86 to be held
by troughholes 92 provided by the franes 90 in such a manner that the
pressure transmtting nmenbers 86 can nove in the axial direction. CQutside
the print region are throughholes 94. These throughhol es 94 w den toward
the print region to supply the ink betwe&h-the vibrating plates 73 and the
back surface of the nozzle plate 70. In FIG 11, reference nuneral 96

desi gnat estpesiinddiwia 1I0lcfs ¥ vibrating element unit holder 110 allow
such assembly to pass therethrough, the substrates 124 and 128
forming each vibrating element unit 120 come in engagement with
the indentations 114 of the-golder 110, thereby causing each
vibrating element unit 120 to be set to a predetermined
position. As the projections 106 of the fléw path forming
plate 98 are iﬁserted into the positioning holes 140 and 118 of
the base 134 and the holder 110, respectively, under this
condition, the vibrating elements 122 of the respective
vibrating element unit 120 project from the long holes 100 of
the flow path forming plate 98.

The pressure transmitting member support plate 88 is
carried on the thus assembled body so that the front ends of
the vibrating elements 122 can pass through the throughholes 92
of the support plate 88. The pressure transmitting members 86
are then inserted into the respective throughholes 92.
Accordingly, the pressure transmitting members 86 are set on
the front ends of the vibrating elements 122.

Then, when the vibrating plate 73 and the nozzle plate
70 are placed on the thus assembled body while positioned with
thé projections 106_as a reference, the respective pressure
transmitting members 86 abut against the vibrating portions 74
of the vibrating plates 73, so that the pressure chamber 35
(Figure 4) is formed by a vibrating portion 74 and the walls 75

defining'such vibrating portion 74. The thus formed pressure
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assenbling. Reference nuneral 98 designates a flow path form ng pl ate,
which is arranged as a fifth | ayer nenber. The flow path form ng plate has
| ong hol es 100 (described later) that allow the vibrating elenents 122 to
pass therethrough. Each | ong hole 100 is_disposed at a position confronting
an array of nozzle openings, and a noaf #ike recessed portion that encloses
each of these long holes 100 is forned to provide

chambers 35 communicate with the nozzle openings 71,

respectively.

Upon completion of laminating the respective layer
members, these layer membersi;re fixed integrally to complete
a head assembly. As this head assembly has been mounted on the
base 1 so that the_afrays of nozzle openings extend vertically,
throughholes l4c, 14d formed on the cover member 8 of the base
1 are connected to the throughholes 138 of the base 134, thus
completing the ink flow paths between the ink tanks 3 and 4 and
the head assembly 2.

. When pressure is applied to one of the tanks, e.g., the
ink tank 3 under this condition as described above, the ink

from the ink tank 3 flows to the throughholes 13§'of the
base 134 and the throughholes 116 of the holder 110 to reach

the throughholes 94 of the flow path forming plate 98. The ink
that has reached the flow path forming plate 98 is scattered
around while passing through the ink supply paths 102, flowing
into the slits 80 of the pressure chamber forming plate 81 from
the long holes 93 of the pressure transmitting member support
plate 88, then and from the slits 80 to the pressure chambers
formed between the vibrating plates 73 and the nozzle plate 70.
Since the respective throughholes 92 of the pressure
transmitting member support plate 88 are sealed by the
vibrating plates 73, the vibrating element units 120 will never

be immersed in the ink.
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I nk supply paths 102. These ink supply paths 102 are forned at such
positions as to all ow communi cation with long holes 93 of the pressure
transmtting nmenber support plate 88 and the slits 80 of the pressure
chanber formng plate 73. These ink supply paths 102 al so communi cate with

t hr oughhol es
-23—

While it is designed to fix a plurality of vibrating
elements 122 between the long substrates 124 and 126 in this
embodiment, as shown in Figure 13, a single vibrating element
150 may be fixed between i;ubstrates 152, each of which
substrates has the same width as the vibrating element 150 to
achieve a single-vibrating element single-unit construction.
In this case, as shown in Figure 14, throughholes 156 are
formed so as to be aligned with vibrating element units 158 and
the vibrating element units 158 are set to these throughholes
156 by sliding. By similarly setting the flow path forming
plate 98, the pressure transmitting support plate 88, the
pressure transmitting members 86, the pressure chamber forming
plate 81, and the nozzle plate 70 under this condition, the
head assembly.can be completed.

This embodiment allows correspondence between a single
vibrating element unit and a single nozzle opening. This
allows replacement of a defective vibrating element on a single
element basis, thereby contributing to reducing maintenance and
manufacturing cost.

While pressure is applied to one of the tanks to move
the ink to the other tank through the head assembly in the
above embodiment, it is apparent that the same effect can be
achieved by evacuating one of the_tanks.

Figure 15 shows another embodiment of ink supply paths

to the respective pressure chambers in the print head of the

invention. In this'embodiment seal members 161 to 165 are
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104 that widen toward the print region but are disposed outside the print
region. In FIG 11, reference nuneral 106 desi gnates positioning
proj ections. Reference nuneral 110 designates a vibrating el enment unit
hol der, which is arranged as a sixth layer nmenber This vibrating el enent
unit holder 110 has a wi ndow 112 for aJIfﬁﬁng vi brating el ement units 120
to pass therethrough and i ndentations 114 that cone in engagenent with both
arranged on either an upper or a lower end or ends of the
vertically extending arrays of nozzle openings in order to
regulate the direction of the ink flowing into the ink supply
paths 33. According to thisiémbodiment, the ink flows from a
single ink supply path 33 to the other ink supply path 33 via
the pressure chambers 35 as shown by arrows in Figure 15, when
the ink passes through the head assembly 2 upon pressuring or
evacuating the main tank 3. As a result, the ink can be loaded
into the pressure chambers 35 surely by driving out bubbles
remaining at the pressure chambers 35 into the éupply path 33.
While the inactive region of the vibrating element is
interposed by the substrates on both sides in the above
embodiment, the inactive region may also be fixed only on a
single side of the vibrating element as shown in Figure 16.
| That is, the inactive region of a vibrating element 170
is fixed on a substrate 171 on a single side thereof by an
adhesive, and then such an adhesive as to become rigid after
cured, e.g., én adhesive prepared by mixing ceramic powder with
a binder, is applied as far as to a support member 172 in such
a manner that the bottom and the exposed other side of the
substrate 171 éan be covered up.
This technigue allows reaction produced at the time of
driving the vibrating elemént to be received by the adhesive

layer 173, thus preventing variations in the gap between the

nozzle opening and the vibrating element surface accompanied by
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ends of the vibrating el enment units 120. Throughhol es 116, 116 for
supplying the ink to the first to the fifth |ayer menbers are al so provided
in regions outside the print region. In FIG 11, reference nuneral 118

desi gnat es posi- tioning throughhol es. Reference nineral 120 designates the
above-nentioned vibrating el enent gg%t in-which a plurality of vibrating

el ements 122 are arranged so as to aligned with the nozzle

the deformation of the substrate 171, which further obviates
crosstalk.

Figure 17 shows another embodiment of the nozzle plate.
In Figure 17, reference nuﬁ§ral 181 designates buffer flow
paths arranged at positions as close to nozzle openings 180 as
possible and remote from the vibrating plates 34. Each buffer
flow path is formed into a throughhole whose diameter is
smaller than the nozzle opening 180. The diameter of each
buffer flow path 181 is selected to about 45 to 50 um if the
diameter of the nozzle opening is set to 60 um. It has been
verified that-the diameter of the buffer flow path which is 0.6
to 0.95 times that of the nozzle opening can prevent drying of
the ink from the buffer flow path as well as crosstalk while
maintaining the siphonage. |

In this embodiment, if no printing is performed, the
meniscus 182 of each buffer flow path 181 retreats toward the
ink flow path side as shown in Figure 18(a). When a vibrating
element 40 is excited to form a dot under this condition, the
ink in the pressure chamber 35 is compressed as the wvibrating
plate 34 confronting the vibrating element 40 projects toward
the pressure chamber 35. As a result, an ink droplet jets out
from the nozzle opening 180 confronfing the vibrating element
40 that has been excited. The change in ink pressure in the
pressure chamber 35 is propagated around to apply pressure to
the ink in pressure chambers belonging to other nozzle openings

that are adjacent to this nozzle opening 180. However, the
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openings 71 as shown in FIG 12, so that the vibrating elenent unit 120 is
I nt erposed between two substrates 124 and 126. Each of the substrates 124
and 126 is nade of a material such as the above-nentioned material whose
acous- tic inpedance is large. Each vibrating elenent 122 is designed to
have the active region and the inactivesregi on as descri bed above. The
I nactive region is fixed to the sub- strates 124 and 126 and the | ength of
the active region is

meniscus 182 of the buffer flow path advances toward the front

surface (Figure 18 (b)) by the propagation of pressure
undulations, which propagation is absorbed by a change in
volume of the meniscus 182, thereby causing the pressure
undulations to be damped. As a résult, the crosstalk caused by
the driving of adjacent vibrating elements can be prevented.
As the pressure undulations are damped in this way, the
meniscus of the buffer flow path 181 retreats toward the ink
flow path 33 side. Accordingly, dots are sequentially formed
by repeating the above-mentioned process while éreventing

crosstalk to a possible extent.
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sel ected so that the inactive region extends alnost fromthe fifth-Iayer
flow path formng plate 98 to the pressure trans- mtting nmenbers 86. The
substrates 124 and 126 have steps 128 and 130 respecthHh hedd Hhd Bebn RdpRi
substrates do not come in contact with thg active region m, "mm m ing
el ement 122. Reference nuneral 134 designates a base hav

136 and t hroughhol es 138 and 138 outside the

CLATMS

1. An on-demand type ink jet print head, comprising:
a plurality of ink tanks (3,4) disposed at a lower
position of a carriage to be independent of each other;

pressure varying means provided on one of said tanks
(3,4),

an air release port (11) communicating with the other one
of said tanks (3,4);

a head assembly (2) provided on top of said tanks (3,4)
to communicate with said tanks (3,4) through flow paths
(33) at both sides of said head assembly (2).

2. An on-demand type ink jet print head according to claim
1, wherein each of said tanks (3,4) comprises a container
portion with a front surface thereof being open and a
cover plate (8), said cover plate (8) having flow paths
(33) on a back surface thereof, said flow paths (33)
extending to said head assembly (2).

3.. An on-demand type ink jet print head according to claim 1
or 2, wherein said air release port (1l1) is air-
transmitting and is provided with a filter (17) blocking
passage of liquid.

4. An on-demand type ink jet print head according to one of
the preceding claims, wherein said head assembly (2)
comprises a lamination structure which comprises:

a nozzle plate (70) having a plurality of nozzle openings
(71);
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t hroughhol e 136. The t hroughhol e 136 can accorrrmdat"e“é_ neéessa?y nunber of

vibrating elenment units 120. The throughhol es 138 co ntRepladed
openings of the ink flow paths of the base 1 that for E h\‘ s. In
FIG 12, reference nuneral 140 desi gnat e88positioning As a
result of the above-nentioned | am nation structure, when a plurality of

vibrating elenment units 120 are assenbled into the throughhole 136 of the

base 134 and then
a pressure chamber forming plate (81) for forming

pressure chambers in cooperation with said nozzle plate
(70);

a flow path forming plate' (98) for forming flow paths for
supplying ink;

a vibrating element wunit (120) having a part of a
vibrating element (122) secured to a substrate (124,126);
and

a base (134) for accommodating said vibrating element
unit (120) and fixing said respective layer members

integrally.

5. An on-demand type ink jet print head according to claim
4, wherein said pressure chamber forming plate (8l1) has a
vibrating portion at a position confronting said nozzle
opening (71) and walls (75) defining a single direction

between said nozzle openings (71).

6. An on-demand type ink jet print head according to claim 4
or 5, wherein said flow path forming plate (98) comprises
a throughhole (104) for allowing passage of said
vibrating element (122) and a recessed portion formed so
as to enclose said throughhole (104).

7. An on-demand type ink jet print head according to one of
claims 4 to 6, wherein said vibrating element unit (120)
- is so arranged that a half of said vibrating element
(120) is formed as an inactive region and secured to said
substrate or substrates (124,126), while the other half
of said vibrating element (120) is formed as an active
region, said active region being a free end, said half of
said vibrating element (120) being defined by dividing

said vibrating element (120) in an axial direction.
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let the window 112 of the vibrating element unit holder 110 allow such
assenbly to pass therethrough, the substrates 124 - 12 - and 128 form ng
each vibrating el enent unit 120 cone in engagenent V\HhibSItehe{adeﬁREﬁueEd)nS

e 2 L]

8. An on-demand type ink jet print head according to claim
7, wherein said inactive region is of a lamination
structure having an elect;ode (51,52) and a piezoelectric
material (52) laminated in a manner similar to said
active region, and has a region for cutting off a signal
at least to an electrode establishing one polarity.

9. An on-demand type ink jet print head according to one of
claims 4 to 8, wherein said pressure chamber forming
plate (81), said flow path forming plate (98), and said
base (134) have throughholes (82,104,138) for forming ink
supply paths (102) communicating with said  ink tanks
(3,4) at portions outside a print region.

10. An on-demand type ink jet print head according to one of
claims 4 to 9, wherein a throughhole whose diameter is
smaller than that of said nozzle opening (180) is
arranged at a region confronting said ink flow path (102)
of said nozzle plate (70) to allow a buffer flow path
(181) for preventing crosstalk to be formed.

11. An on-demand type ink jet print head according to claim
10, wherein a diameter of said buffer flow path (181) is
0.6 to 0.95 times said diameter of said nozzle opening

(180).

12. A method of replenishing ink in an on-demand type.ink jet
print head comprising a plurality of tanks, said tanks
being disposed at a lower position of a carriage so as to
be independent of each other, pressure varying means
provided on one of said tanks, an air release port
communicating with the other one of said tanks, and a
head assembly arranged on top of said tanks so as to
allow said head assembly to communicate with said tanks
through flow paths at both sides of said head assembly,
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t hereby causing each vibrating el enment unit 120 to be set-to- a
predeterm ned position. As the projections 106 of the flo
plate 98 are inserted into the positioning holes 140 and
and the hol der 110, respectively, under this condition, the
el ements 122 of the respective vibrating@lement unit 120 p
long holes 100 of the flow path form ng plate 98. The pressure transnlttlng

fonnn
S

menber support plate 88 is -

13.

said method comprising the step of moving said ink from
one tank to the other via said head assembly by varying a
pressure of said one tank by said pressure varying means.

A method of removing bubbles 'contained in an ink from a
head assembly in an on-demand type ink jet print head
comprising a plurality of tanks, said tanks being
disposed at a lower position of a carriage so as to be
independent of each other, a pressure varying means
provided on one of said tanks, an air release port
communicating with the other one of said tanks, and a
head assembly arranged on top of said tanks so as to
allow said head assembly to communicate with said tanks
through flow ‘paths at both sides of said head assembly,
said method comprising the step of moving said ink from
one tank to the other via said head assembly by varying a
pressure of said one tank by said pressure varying means.
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carried on the thus assenbl ed body so that the front ends of the vibrating
el enents 122 can pass through the through- holes 92 of the support plate
88. The pressure transmtting menbers 86 are then inserted into the
respective through- holes 92. Accordingly, the pressure transmtting
menbers 86 are set on the front ends of the vibrating elements 122 Then,
when the vibrating plate 73 and the nozzle plate 70 are placed on the thus

assenbl ed body while positioned w th31

ON DEMAND TYPE INK JET PRINT HEAD AND METHOD OF

OPERATING SAME

ABSTRACT

An on-demand type ink _jet print head is described,
comprising: a plurality of ink tanks (3,4) disposed at a
lower position of a carriage to be independent of each
other, pressure varying means provided on one of the
tanks (3,4); an air release port (1ll) communicating with
the other one of the tanks (3,4); a head assembly (2)
provided on top of the tanks (3,4) to communicate with
the tanks through flow paths (33) at both sides of the
head assembly (2). The invention provides stable
printing independent of the amount of ink in an ink tank
and discharge bubbles in a nozzle head together with the
ink. A method of replenishing ink in an on-demand type
ink jet print head thus constituted, comprises the step
of moving said ink from Qne tank to the other via said
head assembly by varying a pressure of said one tank by

said pressure varying means.

FIGURE 1
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the projections 106 as a reference, the respective pressw-e transnmitting . .
menbers 86 abut against the vibrating portions 74 of the vibr ati% EI at es

73, so that the pressure chanber 35 (FIG 4) is formed by dh n Replaced
portion 74 and the walls 75 defining such vibrating portionrﬁ mim
formed pressure chanbers 35 communicate with the nozzl e openi

respectively. Upon conpletion of |am-+mt+ng the respective |ayer nem
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bers, these |layer nenbers are fixed integrally to conplete a head assenbly.
As this ‘head assenbly has been nounted on the base 1 so that the arrays of
nozzl-e openi ngs extend vertically, throughholes 14c, 14d forned on the
cover mem ber 8 of the base 1 are connected to the thoughhol es 138 of the
base 134, thus conpleting the ink flow paths between the ink tanks 3 and 4
and the head assenbly 2. Wen pressure i.spapplied to one of the tanks, eg.
t he ink

FIG. 3

This Sheet Has Been RTlaccd
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tank 3 under this condition as described above, the ink fromthe_ink tank 3

flows the throughhol es 138 of the base stand 134 and the throughholes 116

of the holder 110 to reach the throughholes 94 of the flow h BeRy Replaced
pl ate 88. The ink that has reached the flow path form ng pl at ,
scattered around whil e passing through the ink supply paths

into the slits 80 of the pressure chanber formng plate 81 fromthe | ong

hol es 93 of the pressure transmtting =3~
FIG. 4 a
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menber support plate 88, then and fromthe slits 80 to the pressure
chanbers formed between the vibrating plates 73 and the nezzle plate 70.
Since the respective throughholes 92 of the pressure transp{ti

11ting menber
support plate 88 are sealed by the vibrating plates 73, thd}5 Replaced
el enent units 120 will never be imersed in the ink. I , ”Imﬂml
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- 13 - Wile it is designed to fix a plurality of vibrating elenents 122
bet ween the | ong substrates 124 and 126 in this enbodi- nent, as shownin -

FIG 13, a single vibrating el ement 150 may be fixed betweeRhi HasBBSR
152, each of which sub- strates has the sane width as the vi ﬂ,

eplaced
150 to achieve a single-vibrating el ement single-unit constr IH’"I]WI’W[
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In this case, as shown in FIG 14, throughholes 156 are forned -so as to be. ..

aligned with vibrating elenent units 158 and the vibrating iSYRL UIFitS
158 are set to these through- holes 156 by sliding. By sinmi laced
the flow path formng plate 98, the pressure transmtting suiu H] '

I

the pressure transmtting nenbers 86, the pressure chanber f
81, and the nozzle plate 70 under thi s ®ondi.—tign, the head assenbly can
be conpl et ed. /G §I
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Thi s enbodi nent all ows correspondence between a single vibrating el enent
unit and a single nozzle opening. This allows replacenent-of -a-defective

vibrating element on a single elenent basis, thereby contrjbuting to

reduci ng nai ntenance and manufacturing cost. \Wile pressur@gmsst e Hepfladed
one of the tanks to nove the ink to the other tank through I :
assenbly in the above enbodinent, it is apparent that the

7

be

86a

FIG. 11
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achi eved by evacuating one of the tanks. FIG 15 shows anot her enbodi nent

of ink supply paths to the respective pressure chanbers in the print head

of the invention. In this enbodi nent seal nenbers 161 to 165 are aranged on

ei ther an upper or a lower end or ends of the vertically ext endi ng arrays-- - .
of nozzle openings in order to regulate the direction of theThisrSeet iR ”ﬂgﬁ laced

into the ink supply paths 33. Accordi rg-to this enbodi nent, n’, ﬂ’"
from

120 —>

FIG. 13 F;f?\ﬁo

L —152
152/
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a single ink supply path 33 to the other ink supply path 33 via the
pressure chanmbers 35 as shown by arrows in FIG 15, when the.ink passes

t hrough the head assenbly 2 upon pressuring or evacuating the main tank 3... .
As a result, the ink can be |oaded into the pressure chanbellkis Sfaet$iy{ g

a D . 3l £ p D
driving out bubbles remaining at the pressure chanbers 35 in aced
path 33. Wiile the inactive region of t?&‘/‘\’/‘l brati ng el enment ’ﬂﬁ]/ﬁl"l

This is the replacement sheet
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i nterposed by the substrates on both sides in the above enbodi nent, the

I nactive region may al so be fixed only on a single side of the vibrating
el enent as shown in FIG 16. That is, the inactive region of a vibrating
el enment 170 is fixed on a substrate 171 on a single side thereof by an
adhesi ve, and then such an adhesive as to becone rigid after .cured, e.g.,
an adhesi ve prepared by m xing ceram c pgyder with a binder, is applied as

FIG. 15

far as to a support nenber 172
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I n such a manner that the bottom and the exposed other side of the

substrate 171 can be covered up. This is the repl acenent sheet
Thi s technigque-all-ows- reaction produced at the tinme of

.Sheet Has Been Reﬂlaced

-11-

FIG. 17
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Absiis-§ treS

dri:_-.v'i?ng"the vibrating el ement to be received by tHe a®i#rbhrEMENEEHEESS SG

4'hus preventing variations in the gap between the
vi brating el ement surface acconpa- nied by the defijogatsan.:of -
171, which further obviates crosstalk. FIG 17 shdwsr ppel;

t he nozzle plate.

N

o

Ngz ek e-gpont pgoeand., chBagcd 4.

er enbodi went ..o W
In FIG 17, reference nuneral 181lpdgsi.gnates buffer flow,

paths arranged at positions as close to-nbzzl e opdnings 180 as°

BACKGROUND OF THE INVENTION

(Field of the Invention) -
The present invention relates to an on-demand type ink jet

print head that prints data by jetting ink in a pressure:

chamber onto a recording medium from nozzle openings in
the form of ink droplets upon input of a print signal and
thereby forming dots on the recording medium by such ink
droplets. : i

(Prior Art)

A so-called “on-demand type ink jet print head” that
forms ink droplets by input of a print signal roughly comes
in three types. The first is a bubble jet type in which a heater
is arranged on the front end of a nozzle to instantaneously
gasify ink, whereby ink droplets are produced and jetted by
expansive pressure at the time the ink is gasified. The second
is a type in which a part of a container forming ink reservoir
is formed of a piezoelectric element that deforms by 2 print
signal, whereby ink is jetted in the form of droplets by
pressure produced within the container by deformation of
the piezoelectric element. The third is a type in which a
piezoelectric element is arranged in a pressure chamber
having a nozzle opening, whereby ink is jetted in the form
of droplets from the nozzle by varying the ink pressure in the
pressure chamber by expansion and contraction of the
piezoclectric clement.

As disclosed in Japanese Patent Examined Publication
Nos. 45985/1990 and 52625/1990, the above three types of
on-demand type ink jet print heads are so designed that one
end of a piezoelectric element whose other end is fixed to a
base is brought into resilient contact with a vibrating film
forming a pressure chamber, so that ink in the pressure
chamber can jet in the form of droplets from a nozzle
opening while causing the vibrating film to be deformed by
expansion and contraction of the piezoelectric element.

Since these print heads receive ink from an ink tank
through a pipe, ink supply piping is necessary, and this

makes a head assembly large in structure. In addition, ink

supply pressure must be maintained constant, and in the case

_of supplying the ink while utilizing a difference in water

head, the ink pressure to be applied to the print head varies
depending on the remaining amount of ink, thereby causing
inconsistency in print quality. Further, removal of bubbles
that have entered into the print head entails a waste of ink

due to the bubbles being sucked together with the ink by

This is the replacement sheet
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possi bl e and renote fromthe vibrating plates 34. Each buffer flow path is
formed into a throughhol e whose diam eter is smaller than the nozzle

openi ng 180. The di anmeter of each buffer flow path 181 is selected to about
45 to 50 [err] if the diameter of the nozzle opening is set to 60 [err]. It
has been verified that-the dianmeter of the buffer flow path which is 0.6 to
0.95 times that of the nozzle opening cap prevent drying of the ink from
the buffer flow path as well as

applying negative pressure to the nozzle opemngs.

SUMMARY OF THE INVENTION

A first object of the invention is to provide an on-demand
type ink jet print head featured as minimizing a difference in
water head between nozzle openings as much as possible
and requiring no sucking out of the ink to remove bubbles.

A sccond object of the invention is to provide an on-
demand type ink jet print head featured as having minimal
crosstalk. _ '

A third object of the invention is to propose techniques for
operating an on-demand type ink jet print head, such as a
technique for replenishing ink to the tanks, a technique for
removing bubbles having entered into the head assembly,
and the like.

Other objects of the invention will become more apparent
from the following description of preferred embodiments.

. To achieve the above objects, the invention is character-
ized as forming a plurality of independent tanks at a part that
is on a lower side when mounted on a carriage. Oue of the
tanks has a pressure varying means and the other tank
communicates with an air release port. A head assembly is
arranged on top of the tanks so as to communicate with the

. Tespective tanks by means of flow paths disposed on both
sides of the head assembly.

If the pressure of one of the tanks is varied by a pump with
a nozzle opening surface of the head assembly sealed by 2
cap or the like, then ink in this tank moves to the other tank
via the head assembly. It is during this process that bubbles
having entered into the head assembly are discharged into
the other tank. These bubbles are then released into the
atmosphere from the air release port.

When the pressure in the two tanks is released to the
atmosphere upon ead of the discharging of the bubbles, the
ink moves from one tank to the other via the head assembly
so that the ink levels in the tanks come to be equal to each
other. As a result, the ink that has passed through the head
assembly at the time the bubbles have been discharged is
replenished for printing again, thus producing no waste of
ink. Further, since the head assembly is connected to the
tanks by siphonage, the ink is supplied at a certain water
head independently of the ink level in the tanks, thus
allowing stable printing to be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
This is the replacement sheet
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crosstal k while maintaining the siphonage. In this enbodinent, if no
Printing is perforned. the neniscus 182 of each buffer flow path 181
retreats toward the ink flow path side as showmn in FIG 18(a). Wen a
vibrating element 40 is excited to forma dot under this condition, the ink
in the pressure chanber 35 is conpressed as the vibrating plate 34 '
confronting the vibrating el enent 40 prcg ects toward the pressure chanber
35. As aresult, an

FIG. 1 is a diagram showing an embodiment of the
invention with ink flow paths;

FIG. 2 is a perspective view showing an appearance of &
print head of the invention;

FIG. 3 is an exploded perspective view showing an
embodiment of a base forming the print head;

" FIGS. 4 (a) and 4(b) are diagrams showing an embodi-
ment of a head assembly, of which FIG. 4 (a) is a front view
of the head assembly and FIG. 4 (b) is a diagram showing
a cross-section taken along a line A—A shown in FIG. 4 (a);

FIG. 5 is a perspective view showing an exemplary head
assembly of the invention;

FIG. 6is a sectional view showing an exemplary vibrating
element unit;

FIG. 7 is a sectional view showing a structure for con-
necting a vibrating element and a vibrating plate;

FIG. 8 is a diagram showing another exemplary vibrating
element;

FIG. 9 is an exploded perspective view showing another
exemplary head assembly of the invention;

FIG. 10 is a diagram showing a structure of a pressure
chamber forming plate in enlarged form;

FIG. 11 is a diagram showing an exemplary pressure
transmitting member in enlarged form;

FIG. 12 is a perspective view showing the vibrating
clement unit in enlarged form;

FIG. 13 is a perspective view showing another exemplary
vibrating element unit;

FIG. 14 is an exploded perspecuve view showing an
cxcmplary head assembly using the vibrating clement unit
shown in FIG. 13;

* FIG. 15 is a diagrams showing another embodiment of the
invention with ink flow paths; =

FIG. 16 is a diagram showing still another exemplary’
vibrating clement unit;

FIG. 17 is a diagram showing another embodiment with
a nozzle plate; and -

FIGS. 18 (a) and 18(b) are dxagrams illustrative of an
operation of the nozzle plate shown in FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the invention will 5ow be described w:th
reference to the accompanying drawings.
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I nk dropletjets out fromthe nozzle opening 180 confronting the vibrating
él errent 40 that has been excited. The change in ink pressure in the
pressure chanber 35 is propagated around to apply pressure to the ink in
pressure chanbers bel onging to other nozzle openings that are adjacent to
this nozzl e opening 180. However, the neniscus 182 of the buffer flow path
advances toward the front surface (FFr@ 18 (b)) by the propagation of

pressure undul ations, "ﬁ(ﬁhz shows an appearance of a print head of the
invention. In FIG. 2, reference numeral 1 designates a base
serving also as a carriage mounting member. In this base a
main tank 3 and a sub tank 4, which are independent of each
other as shown in FIG. 3, are disposed at a position lower
than a head 2 when mounted on the carriage. In the respec-
tive tanks are partitions 3a, and 4a.

Returning to FIG. 2, the base 1 includes a portion 7 that
forms a tank body and a cover member 8 that seals a front
end of the tank body portion 7. The tank body portion 7 has
an ink replenishing port 10 on top of the main tank 3, an air
release port 11 on top of the sub tank 4, and a heater
mounting hole 12 between these tanks 3, 4 as the provision
for using hot melt ink. The air release port 11 permits

" passage of gas, and at the same time, is sealed by 2 member
that blocks passage of liquid, such as a filter 17 made of
porous fluorine-containing resin or porous silicon.

The cover member 8 includes a front plate 14 and a back
plate 15 as shown in FIG. 3. In front of the front plate 14 are
arms 13, 13 that support the print head 2 and grooves 14a,
14b, each forming a flow path that allows the respective
tanks 3, 4 to communicate with a head assembly 2
(described later) in cooperation with the back plate 15. On
the upper ends of the respective grooves 14a and 14b are
throughholes 14¢ and 144 that communicate with ink supply
ports 138, 138 of the head assembly 2 (FIG. 9). On the back
plate 15 are throughholes 15a and 15b that communicate
with the lower ends of the respective grooves 144 and 14b
formed on the front plate 14, so that the respective grooves
144 and 145 can communicate with the main tank 3 and the
sub tank 4, respectively, at lower positions of the tanks. In
FIG. 3, reference numeral 16 designates an ink receiving
member to be used when ink is replenished.

FIG. 1 roughly showsthe print head of the invention by
way of a flow path structure. The head assembly 2 commu-
nicates with the bottom portions of the respective tanks 3, 4
on the side thereof by means of vertically extending flow

paths 20 and 21 that are formed of the grooves 144 and 14b
of the cover member 8 so that the head assembly 2 can be
connected to the main tank 3 and the sub tank 4 by
siphonage. The head assembly 2 has, as will be described
later, nozzle openings 31 so that the head assembly 2 can
communicate with the air. The size of each nozzle opening
31 is as small as 60 um in diameter so that the siphoning
action is maintained by the meniscus.

In such a construction, when the main tank 3 is pressured
or evacuated by supplying air from, e.g., a pump or by a
sucking means 23 with the entire surface over the nozzle

This is the replacement sheet
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propagation is absorbed by a change in volune of the neniscus 182, thereby
causing the pressure undul ations to be danped. As a result, the crosstalk
caused by the driving of adjacent vibrating el enents be prevented. As the
pressure undul ations are danped in this way, the neniscus of the buffer
flow path 181 retreats toward the ink flgprath 33 side. Accordingly, dots
are sequentially forned by repeating the  above-nenti oned process while

preventing . = . . . .
openings 31 hermetically sealed with a cap, a difference in

pressure is produced between the main tank 3 and the sub
tank 4. As a result, the ink in a tank whose pressure is higher,
e.g., the main tank 3, flows into the sub tank 4 whose
pressure is lower via the head assembly 2. At this point, the
air in the sub tank 4 that {s compressed by the fowing of the
ink is released into the atmosphere from the filter 17, thereby
maintaining the sub tank 4 at atmospheric pressure. Even if
the pressure of the main tank 3 is increased so much as to
cause the ink level to reach the filter 17, the filter 17, having
the function of blocking fluid, the ink will in no way outflow.

In the ink moving process the bubbles in the head assem-
bly 2, riding on the ink flow, are bound to be discharged into,
e.g., the sub tank 4. When the main tank 3 is caused to
communicate with the atmosphere upon movement of the
ink by a predetermined amount, the ink moves via the head
assembly 2 until the difference in water head between the
main tank 3 and the sub tank 3 is eliminated, while the
bubbles that have flown into the sub tank 4 are released into
the atmosphere from the air release port 11.

Since the bubbles in the head assembly 2 have been
removed by moving the iok from one tank 3 to the other tank
4 in this way, no such operation as sucking the ink from the
nozzle openings is required as in a conventional head
assembly in which bubbles are removed by applying a
negative pressure to the nozzle openings. Thus, even in the
casc where large amounts of bubbles are produced at the
time of melting, particularly, such as in hot melt ink that
involves melting of solid ink for use, there is no waste of ink
by socking out, thereby contributing to a reduction in
operating cost.

Further, the head asscrably 2 is disposed at a position

“higher than the ink tanks 3 and 4 and is supplied with ink
from the bottom of each of the tanks 3 and 4 by siphonage.
As a result, the ink is supplied to all the nozzle openings 31
at a certain pressure irrespective of the levels of ink in the
tanks 3, 4, thereby allowing stable ink droplets to be formed.

FIGS. 4 (a) and 4(b) and FIG. 5 show an embodiment of
the head assembly. In FIGS. 4 (@) and 4(b) and FIG. 5,
reference numeral 30 designates a nozzle plate, which has a
plurality of nozzle openings 31 extending in a sheet forward”
direction in the form of an array (in a vertical direction as
viewed in the figures). A plurality of such arrays of nozzle
openings are arranged in an auxiliary scanning direction (in
a horizontal direction as viewed in the figures). These nozzle
openings 31 are isolated from one another in the vertical
direction by walls 32 so that the ink can be supplied from ink
fiow paths 33 which interpose the nozzle openings therebe-

“tween. |
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crosstalk to a possible extent. This is the replacenent sheet - 15 -
VWat is clainmed is: 1. An on-denand type ink jet print head, conprising:

-6 -

Reference numeral 34 designates a vibrating plate, which
is arranged at a predetermined distance from the nozzie plate
30 so as to form a pressure chamber 35 with respect to the
nozzle plate 30. An end of the vibrating plate 34 is fixed on

- afront end of a support member 37 that is carried on a base
36. On a side of the support member 37 confronting the
nozzle plate project wall surfaces 38 so as to form a groove
33 for supplying the ink to the pressure chambers 35. The
vibrating plate 34 is firmly secured to a front end of the wall
surface 38 so that the vibrating plate 34 can be supported. By
the way, at the time the ink is jetted, i.c., when a vibrating
element 40 is expanded and contracted, stress acts also on
the wall surface 38 through the vibrating plate 34, thereby
causing the support member 37 to be distorted. As a result,

" the gap between the nozzle plate 30 and the vibrating plate
34 having an array of nozzle openings to which the
expanded and contracted vibrating plate belongs changes.
The phenomenon of jetting the ink from nozzles by such
change of gap, the so-called “crosstalk,” is likely to occur.
In order to prevent such trouble from happening, it is
desirable to employ a means for increasing the strength of
the support member 37 to a possible degree. For example, a
material such as titanium that is lightweight and highly
synthetic may be used, or a reinforcing plate may oe
mounted at a lower region of the support member. The
inventors have found that a practically adequate print quality
can be ensured by suppressing a distortional displacement of
the support member 37 to such a degree as from ' to Y1
times a displacement of the vibrating platc 34 due to
expansion and contraction of the vibrating element 40. As a
result of the above structure, the ink can flow into the’
pressure chamber 35 in a stream shown by arrow B in FIG.
4(b) from the groove 33 whose fluid resistance is relatively
small. Further, since the vibrating element 40 (described
later) can be isolated from the ink, shortcircuiting of the
vibrating element between the electrodes can be obviated
even in the case of using electrically conductive ink.

Reference pumeral 40 designates the above-mentioned
vibrating element. The vibrating element 40 is divided into
two regions in an axial direction. On both sides of an
inactive region (lower as viewed in FIG. 4(3)), i.c., the side
that exhibits no piezoelectric effect, substrates 41, 42 are
bonded. This inactive region is fixed on the base 36 through
these substrates 41 and 42. Each of the substrate 41 and 42
is made of a material whose acoustic impedance is larger
than the vibrating element 40, e.g., alumina or metallic
silicon. On the other hand, on the end of an active region of
the vibrating element 40, ie., the region expanding and
contracting upon application of a signal, a pressure trans-
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a plurality of ink tanks disposed at a |ower position of a carriage and
bei ng i ndependent of each other; pressure varying neans for varying
pressure provided on a first of said tanks: an air rel ease part

communi cating with a second of said tanks; and a head assenbly provided on
top of said tanks comu- nicating with said tanks through first flow paths
oppos- ' -17-

mitting member 43 is fixed. This active region is connected
to the vibrating plate 34 through the pressure transmitting
member 43. By providing the inactive region and fixing such
region in this way, repetitive expansion and contraction of
the vibrating element 40 do not produce distortion on the
bonded surfaces between the substrates 41 and 42 and the
vibrating element 40. This contributes to minimizing the
fatigue and thereby increasing the life of the vibrating
element 40, the substrates 41 and 42, and the bonded
surfaces. In addition, since the acoustic impedance of the
substrates 41 and 42 is larger than that of the vibrating
element 40, abnormal vibrations can be prevented by posi-
tively reflecting elastic undulations produced within the
vibrating element 40 on the surfaces of the substrates 41 and
42, thereby ensuring that vibrating componeats effective in
jetting the ink will be transmitted to the vibrating plate 34.

Further, since the vibrating element 40 is connected to the
vibrating plate 34 through the pressure transmitting member
43, in the case of using a small vibrating element, if the
pressure transmitting member is fabricated in a size larger
than the end surface area of the vibrating element 40 and
smaller than the area of the vibrating plate 34, the expansion
and contraction of the vibrating plate 34 can be transmitted
effectively to the vibrating plate 34. As a result, ink jetting
performance can be impraved.

FIG. 6 is a diagram showing an embodiment of the
above-mentioned vibrating element. This vibrating element
includes a first layer forming a first electrode 50, a second
layer forming a piezoelectric layer 52, and a third layer
forming a second electrode 51. The first electrode 50 is a thin
.coating made of a silver-palladium (Ag—Pd) or platinum
(Pt) containing electrically conductive coating material pre-
pared as a paste. The second layer is a thin coating made of
a piezoelectric element material, e.g., a lead titanate or lead
zirconate containing composite perovskite ceramic material
prepared as a paste. The third layer is a thin coating made of
the silver-palladium (Ag—Pd) or platinum (Pt) containing
electrically conductive material prepared as a paste. These
three layers are laminated on a surface plate so that each
clectrode layer is interposed between the piezoelectric lay-

_ ers. At this point, electrodes. which are the electrodes 51 in
this embodiment, are cut off almost at middle portions 54
thereof to stop conductivity. An electrode forming material
is coated on each of the first electrodes S0 so as to expose
from an cnd surface (the right end surface as viewed in FIG.
6) and on each of the second electrodes 51 are formed so as
to expose from the other end surface (the left end surface as
viewed in FIG. 6). The vibrating element thus prepared in
laminated form with a predetermined number of layers is
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i ng S|des of said head assenbly, said head assenbly conprising a nozzle
array, a pressure chanber corre- sponding to said nozzle array, and second
fl ow paths being | ocated on opposing sides of said pressure cham ber. 2
The on-dermand type ink jet print head according to claim1l1l, wherein each of
said tanks conprises a container portion with a front surface thereof being
open and a cover -8~

dried, and then baked at temperatures from 1000° to 1200°
C. for about one hour while applying pressure.

A vibrating element plate in the form of a single board has
a structure such that each of the first electrodes 50 forming
one of a pair of electrodes, exposes one end thereof to an end
surface of the vibrating element, with the other end thereof
being covered with the piezoelectric layer, while one end of
each of the second electrodes 51 is exposed to the other end
surface of the vibrating element with the other end thereof
being covered with the piezoelectric layer.

The vibrating element is formed by cutting this vibrating
element plate in strip-like form or slitting the plate in
comb-like form while leaving one end thereof not slitted into
a predetermined size using a dicer or a diamond cutter.

Electrically conductive layers 55 and 56 on both end
surfaces of the vibrating element are formed, so that the
electrodes 50 whose polarities are the same, can be con-
nected in parallel with one another by the electrically
conductive layer 55 and the electrodes 51 by the electrically
conductive layer §6. If these electrically conductive layers
§5 and §6 are fixed with an electrically conductive adhesive
to electrically conductive layers 57 and 58 formed on the
substrates 41 and 42, respectively, then the layers 55 and 56
can be connected to external sources electncally The vibrat-
ing element can provide an adequate ink jetting output even
with a minimal voltage because the piezoelectric layers 52
are very thin and because the respective electrodes 50 and
51, producing a drive electric field, are connected in parallel
with each other.

Further, the electrodes 51 are electrically disconnected by
the piczoelectric material at the middle portions thereof 54
and 54. Therefore, it is only a free end side (the left side as

* viewed in FIG. 6) that expands and contracts upon applica-
tion of an exciting voltage, while leaving no voltage applied
to the regions secured to the substrates 41 and 42. As a result,
there will be in no way a case where undesired force acts on
the vibrating clement, thereby ensudng a long life. In
addition, since the vibrating element has a general structure
in which a layer made of a piezoelectric material and a layer
made of an electrode material are as uniformas possible; in

other words, since the whole structure of the vibrating
element is such that the electroces extend as rar as to the

inactive region, warpage or bending of the vibrating element
due to temperature change or secular deterioration over time
can be prevented.

FIG. 7 shows a structure by which the vibrating plate is
connected to the front end of the thus constructed vibrating
clement. The front end of the vibrating element 40, which is
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pl ate, said cover plate having said first flow paths on a back surface
tthereof, said first flow paths extending to said head assenbly. 3. The
on-denmand type ink jet print head according to claiml1l, wherein said air
rel ease port is air-transmtting and is provided with a filter bl ocking
passage of liquid. 4. An on-demand type ink-jet print head, conprising: a
pluralty of ink tanks di sposed at a+4 @wer position of a

the free end side thereof, is covered with a cup-like pressure
transmitting member 60. The pressure transmitting member
60 has on the back surface thereof a recessed portion whose
size is slightly larger than the size of the front end of the
vibrating element 40, and the recessed portion side of the
pressure transmitting member 60 confronts the vibrating
element 40. The pressure transmitting member 60 is secured
by loading a heat-resistant adhesive 61 into the free space in
the recessed portion to ensure that the pressure transmitting
member 60 will be in contact with a vibrating plate 62.
Accordingly, the effect of not only preventing the outflow of;
the adhesive, but also positioning the pressure transmitting
member at the very small front end surely can be provided.

While the case of preparing a plurality of layers integrally
has been described in the above-mentioned embodiment, it
is apparent that the same effect can be obtained by fixing a
plurality of piezoelectric vibrating plates 65, each vibrating
plate having at one end thereof electrodes 63, 64 bonded
integrally on both sides with an adhesive as shown in FIG.
8.

FIG. 9 shows a print head structure in the form of an
exploded lamination structure. In FIG. 9, reference numeral
70 designates a nozzle plate. The nozzle plate has a plurality
‘of nozzle openings 71 formed by electroforming when made
of nickel as a material, by etching when made of metallic
silicon, or by press working when made of stainfess steel,
nickel, or brass. These nozzle openings 71 are arranged so
as to form a vertical array when mounted on a carriage.
There are a plurality of such arrays. In FIG. 9, reference
mumeral 72 designates positioning holes for assembling.

Reference numeral 81 designates a pressure chamber
forming plate, which is arranged as a second layer member.
for forming pressure chambers with the nozzle piate 70. The
pressure chamber forming plate interposes a plurality of;
vibrating plates 73 between. frames 77 and 78, a number of
such vibrating plates being equal to a2 number of nozzle
.opening arrays. As shown in FIG. 10, each vibrating plate 73
has film-like vibrating portions 74 and horizontally extend-
ing walls 75. The vibrating portions 74 are formed by
molding a high polymer material having heat resistance and
resilience, e.g., polyimide®. Each wall 75 isolates the ver-
tically arrayed nozzle openings 71 from one another and
controls the gap between the vibrating portion 74 and the
nozzle plate 70 with an end thereof abutting against the back - -
surface of the nozzle plate 70. On both sides of each, -
vibrating plate 73 are gaps provided to allow slits 80 to be
formed, the slits being provided to supply ink to the nozzle
plate 70. On the frames 77 and 78 are throughholes 82 and
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carrlage and bei ng i ndependent of eacother, pressure varying neans for
varying pressure provided on a first of sald tanks; an air rel ease port
comunicating wth a second of said tanks and a head assenbly provi ded on
top of said tank and comunicating with said tanks through first flow paths
di sposed on opposi ng sides of said head assenbly, said

- 10 -

82 provided to supply the ink between the vibrating plates 73
and the nozzle plate 70. These throughholes 82 are designed
to widen toward a print region but are disposed outside the
print region. In FIG. 10, reference numeral 84 designates
positioning holes for assembling.

Reference numeral 86 designates pressure transmitting
members, which arc arranged as third layer members to
connect vibrating elements 122 (described later) to the
vibrating portions 74 of the corresponding vibrating plate
73. In the case of usmg hot melt ink, a heat-resistant high

polymer such as PPS is subjected to injection molding, or a
metallic material is etched: or pressed so that the pressure
transmitting member can be formed into, ¢.g., a C-shaped
member such as shown in FIG. 11 so as to be fitted with a
front end of the vibrating element 122. The surface area of
the front end 86a of the pressure transmitting member is
selected so as to be larger than the surface area of the front
end of the vibrating element 122 and smaller than the surface
area of a single vibrating portion 74 defined by the walls 75.
The mass of the pressure transmitting member is set so as to
be smaller than the mass of the active region of the vibrating
clement, i.c., the mass of the vibrating region. More pref-
erably, the mass of the pressure transmitting member is set -
to about Y10 the mass of the vibrating region.

-Reference numeral 88 designates a pressure transmitting -
member support plate for posmomng the pressure transmit-
ting members 86, which is arranged as a fourth layer

member. This pressure transmitting member support plate
88 is formed by providing ladder-like frames 99 so as to be

positioned in alignment with the pressure transmitting mem-
bers 86. The pressure transmitting member support plate 88
is also designed to allow the pressure transmitting members
86 to be held by throughholes 92 provided by the frames 90
in such a manner that the pressure transmitting members 86 -
can move in the axial direction. Outside the print region are
throughholes 94. These throughholes 94 widen toward the
print region to supply the ink between the vibrating plates 73
.and the back surface of the nozzle plate 70. In FIG. 11,
reference numeral 96 designates positioning holes for
assembling.

Reference numeral 98 designates a flow path forming
plate, which is arranged as a fifth layer member. The flow
-path forming plate has long holes 100 (described later) that

~ allow the vibrating elements 122 to pass therethrough. Each
long hole 100 is disposed at a position confronting an array
of nozzle openings, and a moat-like recessed portion that
encloses each of these long holes 100 is formed to provide

' ink supply paths 102. These ink supply paths 102 are formed
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head assenbly conprising a |amination structure com prising: a nozzle
plate having a plurality of nozzle openings; pressure chanber formng plate
defining pressure cham bers in cooperation with said nozzle plate a flow
path form ng plate having second flow paths for supplying ink; a vibrating
el ement unit having a part of a vibrating

- 11 -

at such positions as to allow communication with long holes
93 of the pressure transmitting member support plate 88 and
the slits 80 of the pressure chamber forming plate 73, These
ink supply paths 102 also communicate with throughholes
104 that widen toward the print region but are disposed
outside the print region. In FIG. 11, reference qumeral 186
designates positioning projections.

Reference numeral 110 designates a vibrating element

. unit holder, which is arranged as a sixth layer member. This
vibrating element unit holder 110 has a window 112 for
allowing vibrating element units 120 to pass therethrough -
and indentations 114 that come in engagement with both
ends of the vibrating element units 120. Throughholes 116,
116 for supplying the ink to the first to the fifth layer
members are also provided in regions outside the print
region. In FIG. 11, reference numeral 118 designates posi-
tioning throughholes.

Reference nimeral 120 designates the above-mentioned
vibrating element unit, in which a plurality of vibrating
elements 122 are arranged so as to be aligned with the nozzle
openings 71 as shown in FIG. 12, so that the vibrating
element unit 120 is interposed between two substrates 124
and 126. Each of the substrates 124 and 126 is made of a
materal such as the above-mentioned material whose acous-
tic impedance is large. Each vibrating element 122 is
designed to have the active region and the inactive region as
described above. The inactive region is fixed to the sub-
strates 124 and 126 and the length of the active region is
selected so that the inactive region extends almost from the
fifth-layer flow path forming plate 98 to the pressure trans-
mitting members 86. The substrates 124 and 126 have steps-
128 and 130 respectively so that these substrates do not
come in contact with the active region of each vibrating
element 122, :

Reference numeral 134 designates a base having a
throughhole 136 and throughholes 138 and 138 outside the
throughhole 136. The throughhole 136 can accommodate a
necessary number of vibrating element units 120. The
throughholes 138 communicate with the openings of the ink
flow paths of the base 1 that forms the ink tanks. In FIG. 12,
reference numeral 140 designates positioning throughholes. .

" As a result of the above-mentioned lamination structure,
when a plurality of vibrating element units 120 are
assembled into the throughhole 136 of the base 134 and then
let the window 112 of the vibrating clement unit holder 110

- allow such assembly to pass therethrough, the substrates 124
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el enent” secured to a substrate; and a base for accommodating said vibrating

el ement unit and fixing said nozzle plate,

sai d pressure chanber form ng

plate, said ink flow formng plate, and said vibrating elenment unit

integrally with one anot her.

_12_

and 128 forming each vibrating element unit 120 come in
engagement with the indentations 114 of the holder 110,
thereby causing each vibrating element unit 120 to be sct to
a predetermined position. As the projections 106 of the flow
path forming plate 98 are inserted into the positioning holes
140 and 118 of the base 134 and the holder 110, respectively,
under this condition, the vibrating elements 122 of the
respective vibrating element unit 120 project from the long "
boles 100 of the flow path forming plate. 98.

The pressure transmitting member support plate 88 is
carried on the thus assembled body so that the front ends of
the vibrating elements 122 can pass through the through- -
holes 92 of the support plate 88. The pressure transmitting -
members 86 are then inserted into the respective through-
holes 92. Accordingly, the pressure transmitting members 86
are set on the front ends of the vibrating elements 122.

Then, when the vibrating plate 73 and the nozzle plate 70
are placed on the thus assembled body while positioned with
the projections 106 as a reference, the respective pressure
transmitting members 86 abut against the vibrating portions
74 of the vibrating plates 73, so that the pressure chamber 35
(FIG. 4) is formed by a vibrating portion 74 and the walls 75
defining such vibrating portion 74. The thus formed pressure
chambers 35 communicate with the nozzle openings 71,

respectively.

Upon completion of laminating the respective layer mem- -
bers, these layer members are fixed integrally to complete a
head assembly. As this head assembly has been mounted on
the base 1 so that the arrays of nozzle openings extend
vertically, throughholes 14¢, 144 formed on the cover mem-
ber 8 of the base 1 are connected to the throughholes 138 of
the base 134, thus completing the ink flow paths between the
ink tanks 3 and 4 and the head assembly 2.

When pressure is applied to one of the tanks, e.g., the ink
tank 3 under this condition as described above, the ink from
the ink tank 3 flows the throughholes 138 of the base stand
134 and the throughholes 116 of the holder 110 to reach the
throughholes 94 of the flow path forming plate 88. The ink
that has reached the flow path forming plate 88 is scattered
around while passing through the ink supply paths 102,
flowing into the slits 80 of the pressure chamber forming
plate 81 from the long holes 93 of the pressure transmitting
member support plate 88, then and from the slits 80 to the
pressure chambers formed between the vibrating plates 73
and the nozzle plate 70. Since the respective throughholes 92
of the pressure transmitting member support plate 88 are
sealed by the vibrating plates 73, the vibrating element units
120 will never be immersed in the ink.
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- 16 -'5. The on-denmand type ink jet print head according to claim4,

‘Wherein said pressure chanber formng plate has a vibrating portion at a

position confronting said nozzle open- ings and walls defining a single

direction between said nozzle openings. 6. The on-dermand type ink jet print

head according to claim4, wherein said flow path form ng plate conprises a
_13_

While it is designed to fix a plurality of vibrating elements
122 between the long substrates 124 and 126 in this embodi-
ment, as shown in FIG. 13, a single vibrating element 150
may be fixed between substrates 152, each of which sub-
strates has the same width as the vibrating element 150 to
achieve a single-vibrating element single-unit construction.
In this case, as shown in FIG. 14, throughholes 156 are
formed so as to be aligned with vibrating element units 158
and the vibrating element units 158 are set to these through-
holes 156 by sliding. By similarly setting the flow path
forming plate 98, the pressure transmitting support plate 88,
the pressure transmitting members 86, the pressure chamber
forming plate 81, and the nozzle plate 70 under this condi-
tion, the head assembly can be completed.

This embodiment allows cormespondence between a
single vibrating element unit and a single nozzle opening.
This allows replacement of a defective vibrating element on
a single element basis, thereby contributing to reducing

maintenance and manufacturing cost.

While pressure is applied to one of the tanks to move the
ink to the other tank through the head assembly in the above
embodiment, it is apparent that the same effect can be
achieved by evacuating one of the tanks.

FIG. 15 shows another embodiment of ink supply paths to
the respective pressure chambers in the print head of the
invention. In this embodiment seal members 161 to 165 are
arranged on either an upper or a lower end or ends of the
verticaily extending arrays of nozzle openings in order to
regulate the direction of the ink flowing into the ink supply
paths 33. According to this embodiment, the ink flows from
a single ink supply path 33 to the other ink supply path 33
via the pressure chambers 35 as shown by arrows in FIG. 15,
when the ink passes through the head assembly 2 upon
pressuring or evacuating the main tank 3. As a result, the ink
can be loaded into the pressure chambers 35 surely by
driving out bubbles remaining at the pressure chambers 35
into the supply path 33.

While the inactive region of the vibrating element is
interposed by the substrates on both sides in the above
embodiment, the inactive region may also be fixed only on
a single side of the vibrating element as shown in FIG. 16.

Thar is, the inactive region of a vibrating element 170 is
fixed on a substrate 171 on a single side thereof by an
adhesive, and then such an adhesive as to become rigid after
cured, e.g., an adhesive prepared by mixing ceramic powder
with a binder, is applied as far as to a support member 172
in such a manner that the bottom and the exposed other side
of the substrate ;71 can be covered up. This is the replacement sheet
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t hroughhol e for all ow ng passage of said vibrating elenent and a recessed
portion fornmed so as to encl ose said through- hole. 7. The on-denand type
ink jet print head according to claim4, wherein said pressure chanber
formng plate, said flow path form ng plate, and said base have

t hroughhol es for form ng i nk supply paths comrunicating with said ink tanks
at portions outside a print region. - 14 -

This technique allows reaction produced at the time of
driving the vibrating element to be received by the adhesive
layer 173, thus preventing variations in the gap between the
nozzle opening and the vibrating element surface accompa-
nied by the deformation of the substrate 171, which further
obviates crosstalk.

FIG. 17 shows another embodimeat of the nozzle plate. In
FIG. 17, reference numeral 181 designates buffer flow paths
arranged at positions as close to nozzle openings 180 as
possible and remote from the vibrating plates 34. Each
buffer flow path is formed into a throughhole whose diam-
eter is smaller than the nozzle opening 180. The diameter of
each buffer flow path 181 is selected to about 45 t0 50 um
if the diameter of the nozzle opening is set to 60 ym. It has
been verified that-the diameter of the buffer flow path which
is 0.6 to 0.95 times that of the nozzle opening can prevent
drying of the ink from the buffer flow path as well as
crosstalk while maintaining the siphonage.

In this embodiment, if no printing is performed, the
meniscus 182 of each buffer flow path 181 retreats toward
the ink flow path side as shown in FIG. 18(c). When a
vibrating element 40 is excited to form a dot under this
condition, the ink in the pressure chamber 35 is compressed
as the vibrating plate 34 confronting the vibrating element
40 projects toward the pressure chamber 35. As a result, an
ink droplet jets out from the nozzle opening 180 coofronting -
the vibrating element 40 that has been excited. The change
in ink pressure in the pressure chamber 35 is propagated
around to apply pressure to the ink in pressure chambers
belonging to other nozzle openings that are adjacent to this
nozzle opening 180. However, the meniscus 182 of the
‘buffer flow path advances toward the front surface (FIG. 18
(b)) by the propagation of pressure undulations, which
propagation is absorbed by a change in volume of the
meniscus 182, thercby causing the pressure undulations to
be damped. As a result, the crosstalk caused by the driving

of adjacent vibrating elements can be prevented.

As the pressure undulations are damped in this way, the
meniscus of the buffer flow path 181 retreats toward the ink
flow path 33 side. Accordingly, dots are scqueatiaily formed
by repeating the above-mentioned process while preventing

_crosstalk to a possible extent.
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8. The on-demand type ink jet print head according to claim4, wherein a

t hr oughhol e whose dianeter is smaller than said nozzle openings is arranged
at a region confronting said ink flow path of said nozzle plate to allow a
buffer flow path for preventing crosstalk to be forned. 9. The on-demand
type ink jet print head according to claim8 wherein a dianeter of said

buffer flow path is 0.6 to 0.95 tines said giameter of said nozzle
openi ngs. -

" What is claimed is:

1. An on-demand type ink jet print head, comprising:
plurahty of ink tanks disposed at a lower position of a
carriage and being mdependent of each other;

pressure varying means for varying pressure provided on
a first of said tanks:

an air release port communicating with a second of said
tanks; and

a head assembly provided on top of said tanks commu-
nicating with said tanks through first flow paths oppos-
ing sides of said head assembly, said head assembly
comprising a nozzle array, a pressure chamber corre-
sponding to said nozzle array, and second flow paths
bemglocatedonopposmg sides of said pressure cham-

ZTheon-demandtypckaetpnnthwdaceordmgto
claim 1, wherein each of said tanks comprises a container
portion with a front surface thereof being open and a cover-
plate, said cover plate having said first flow paths on a back
mrfacethereof,saxdﬁrstﬂowpathsexuendmgtosadhm
assembly.

3. The on-demand type ink jet print head according to
claim 1, wherein said air release port is air-transmitting and
is provided with a filter biocking passage of liquid.

4. An on-demand type ink-jet print head, comprising:

a plurality of ink tanks disposed at a lower position of 2

carriage and being independent of each other; _
pressure varying means for varying pressure provided on
- a first of said tanks; g
' an air release port communicating with a second of said
=" tanks; and
a head assembly provided on top of said tamks and
commumcanngthhsaxdtankst!noughﬁrstﬂowpaths
disposed on opposing sides of said head assembly, said
headassembly comprising a lamination structure com-
prising:
a nozzle plate havmg a plurality of nozzle openings;
prusumchamberfoxmngpla:edeﬁmngprusurecham
bers in cooperation with said nozzle plate;
a flow path forming plate having second flow paths for
supplying ink;
avibranngelementumthavmgapmofav:braung
" element secured to a substrate; and
a base for accommodating said vibrating clement unit and
fixing said nozzle plate, said pressure chamber forming
plate,saxdmkﬂowformngplate,andsmdvxbrmng
element unit integrally with one another
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10. An on-dermand type ink jet print head, conprising a pressure chanber
havi ng a corespondi ng nozzle open- ing; a vibrating plate constituting one
wal | of said pressure chanber; vibrating el enent nmeans for vibrating said
vibrating plate, wherein said vibrating el enent nmeans conprises a first

portion defining an inactive region secured, with
- 16 -

5. The on-demand type ink jet print head according to
claim 4, wherein said pressure chamber forming plate has a
vibrating portion at a position confronting said nozzle opea-
ings and walls defining a single direction between said
nozzle openings.

6. The on-demand type ink jet print head accordmg to
claim 4, wherein said flow path forming plate comprises a

throughhole for allowing passage of said vibrating element
and a recessed portion formed so as to enclose said through-
bole.

7. The on-demand type ink jet print head according to
claim 4, wherein said pressure chamber forming plate, said
flow path forming plate, and said base have throughholes for
forming ink supply paths communicating with said ink tanks
at portions outside a print region.

8. The on-demand type ink jet print head according to
claim 4, wherein a throughhole whose diameter is smaller
than said nozzle openings is arranged at a region confronting
said ink flow path of said nozzle plate to allow a buffer fow
path for preventing crosstalk to be formed.

9. The on-demand type ink jet print head according to
claim 8, wherein a diameter of said buffer flow path is 0.6
to 0.95 times said diameter of said nozzle openings.

10. An on-demand type ink jet print bead, comprising:

a pressure chamber having a componding nozzle opean-

. ingy
avﬂxanmg;mneconmnnnngcmmsvndlofsndpmsmne

= vibranngelementmeansforv:braungsazdvibranngplam,
’ wherein said vibrating elemeat means comprises:

a first portion defining an inactive region secured, with -
respect o a fixed end of said vibrating clement
means, to 2 substrate;

a second portion defining an active region operatively
coupled.thhmpecttoaﬁeemdofwdvibraﬁng
clement means, to said vibrating plate; and -

a:hxrdpomonsepamnngsmdﬁrstandsadmnd
portions;

wheremsaxdmacnveregmneompmesaﬁrstlammanon
structure having a first electrode layer, a piezoelectric
matedal, and a second electrode laminated to one
another,

wherein said active region comprises a second lamination
structure including a first electrode, said piezoelectric
material, and said second electrode, _
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respect to a fixed end of said vibrating el enent neans, to a substrate; a
second portion defining an active region operatively coupled, wth respect
to a free end of saidvibrating elenment nmeans, to said vibrating plate; and
a third portion separating said first and said second wherein said inactive
region conprises a first lamnation structure having a first el ectrode

| ayer, a piezoelectric - 17 -

wherein said first and said second electrodes are not

conductive with one another, and

wherein said first electrode is separated from said first

electrode layer by additional piezoelectric material
disposed in said third portion to thercby electrically
ld:s‘:cnmect said first electrode from said first electrode
yer.

- 11. The on-demand type ink jet print head according to
Claim 10, wherein said substrate has an acoustic impedance
higher than an acoustic impedance of said vibrating element

means.

12. The on-demand type ink jet print head according to
claim 10, further comprising a pressure transmitting member
operatively coupled to said vibrating element means.

13. The on-demand type ink jet print head according to
claim 10, wherein said vibrating element means is inter-
posed between two substrates. .

14. The on-demand type ink jet print head according to
claim 13, wherein a mass of said pressurc transmitting
member is Yio times a mass of said active region. .

' 15. The on-demand type ink jet print head according to !
claim 13, wherein said pressure transmitting member is of
C-shape. ‘ :

16. The on-demand type ink jet print head according to
claim 10, further comprising a support member for fixing
said substrate and said pressure chamber. :

- 17. The on-demand type ink jet print head according to
claim 10, wherein said first electrode layer and said second
electrode are not conductive with one another.

L
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material, and a second electrode | am nated to one another, wherein aid
active region conprises a second lamnation structure including a first
el ectrode, said piezoelectric material, and said second el ectrode,

-1~

FIG. 1
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- 17 - Wwherein said first and said second el ectrodes are not conductive

W th one another, and wherein said first electrode is separated fromsaid
first electrode |ayer by additional piezoelectric material disposed in said
third portion to thereby electrically disconnect said first el ectrode from
said first electrode |ayer.

FlG. 3
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11 The on-demand type ink jet print head according to claim 10, wherein

. said substrate has an acoustic inpedance hi gher than an acoustic inpedance
of said vibrating el enent neans. 12. The on-dermand type ink jet print head

according to claim 10, further conprising a pressure transmtting nenber

operatively coupled to said vibrating el enent neans. 13. The on-demand type
ink jet print head according to , = 3-

FIG. 4(a)
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claim 10, wherein said vibrating el ement neans is inter- posed between two
-substrates. 14. The on-denmand type ink jet print head according to claim
13, wherein a mass of said pressure transmttng nenber is [err] tines a
mass of said active region. 15. The on-demand type ink jet print head
according to claim13. wherein said pressure transmtting nenber is of

C- shape. - 4-
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16. The on-demand type ink jet print head according to claim 10, further
conprising a support nenber for fixing said substrate and said pressure
chanber. 17. The on-demand type ink jet print head according to claim 10,
wherein said first electrode |ayer and said second el ectrode are not
conductive with one anothe

- 5=

FIG. 7
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ABSTRACT

ON-DEMAND TYPE INK JET PRINT HEAD

An on-demand type ink jet print head, comprising: a plu-
rality of ink tanks disposed at a lower position of a carriage
to be independent of each other, pressure varying means
provided on one of the tanks; an air release port communi-
cating with the other one of the tanks; a head assembly
provided on top of the tanks to commumicate with the tanks
through flow paths at both sides of the head assembly. The
object of the invention is to achieve stable printing inde-
pendent of the amount of ink in an ink tank and discharge
bubbles in a nozzle head together with the ink.
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