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PIEZOELECTRIC DRIVER FOR AN INK JET RECORDING
HEAD, AND ITS MANUFACTURING METHOD

This invention relates to a piezo-electric driver
for an ink jet recording head, and a method of
manufacturing the piezo-electric driver.

Japanese Patent Application (OPI) No. 1052/19%2
(the term "OPI" as used herein means an "unexamined
application") discloses an ink jet recording head of
a vertical vibration mode comprising a nozzle plate
having a plurality of nozzles, vibrating boards

.. positioned- behind. "the?%i}ogzle plate, piezo-electric
”'vibrgtdfgiggaémvertical vibration mode small enough to
" “match the nozzles abutted against the backs of the
vibrating boards, and pressure chambers formed by the
nozzle plate and the vibrating boards into which ink
from an ink flow path flows. In the recording head,
the piezo-electric vibrators are driven according to
a given recording signal to pressurize the ink and to
jet it in the form of ink droplets. '

An ink- jet recording head of this type is
advantageous in that decreasing the size of the piezo-
electric vibrators permits a decrease in the pitch of
arrangement of the nozzles. However, in order to
decrease the size of the piezo-electric vibrators, it
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Thi s |nvent|on relates to a piezo-electric driver for an ink jet

head, ' and a method of manuf acturing the piezo-electric driver.

Japanése Patent Application (OPI) No. 1052/1992 (the term"OPI" as used
herei n neans an "unexanm ned application”) discloses an ink jet

head of a vertical vibration node %onprising a nozzle plate having a
oards positioned behind the nozzle

plurality

of nozzl es, vibrating

pl ate, piezo-electric

is necessary to elongate each of the pressure chambers
in the ink jetting direction to allow the latter to
have an internal volume.large enough'to contain jet
ink droplets. In addition, it is necessary to form
annular grooves in the portions of the wvibrating
boards which confront with the peripheries of the
pressure chambers, so that the portions thus thinned
receive the small displacement of the piezo-electric
vibrators with high efficiency.

The recording head may be modified to meet the
above-described requirements; however, the effects of
such a modification "is limited. That is, if the
island portion defined by the annular groove is longer
than a certain value, then only the portion thereof
which is in abutment with the pieonelectric vibrator
is bent and the pressure that can be applied to the
ink in the pressure chamber is limited.

In view of the foregoing, an object of the
1nventlon.ls ta. pron&é‘a novel piezo-electric driver
for an ink jetnrecordlng'head'whlch has piezo-electric

"vibrators limited in displacement to pressurize the

ink in the pressure chambers with high efficiency, and
a method of readily manufacturing the piezo-electric
driver with.high accufacy.

The foregoing cbject of the invention may be
achieved by the provision of:

(1) a piezo-electric driver for an ink Jjet
recording head comprising, =

a piego-electric plate having at least a

front end portion as an inactive region, and another
portion in which conductive layers are laminated, the
piezo-electric plate is cut at predetermined intervals

recordi ng

recordi ng
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vibrators of a vertical vibration node small enough to match the nozzles
abutted agai nst the backs of the vibrating boards, and pressure chanbers
formed 'by the nozzle plate and the vibrating boards into which ink froman
ink“flow path flows. In the recording head, the piezo-electric vibrators
are driven according to a given recording signal to pressurize the ink and
tojet it in the formof ink droplets. An ink jet recording head of
this type is advantageous in that decreaéﬁng the size of the piezo-

el ectric vibrators permts a decrease in the pitch of arrangenent of the
nozzles. However, in order to decrease the size of the piezo-electric

vibrators, toi Form segments similar to teeth of a comb which form a plurality of piezo-electric
vibrators, the front end portion of each of the piezo-electric vibrators is formed into the
inactive portion, and

a pressufe facilitating front end plate is mounted on at least one surface of the
inactive region in such a manner that the front end face thereof is flush with the outer
end face of each piezo-electric vibrator; and

(2)  a method of manufacturing a piezo-electric driver for an ink jet recording
head, in which, | |

a piezo-electric material and a conductive material a.re laminated to form a piezo-
electric plate at least a front end portion of which is an inactive region;

a pressure facilitating front end plate is mounted on at least one surface of the
inactive region in such a manner that the front end face thereof is flush with the front
end face of the piezo-electric plate,

the piezo-electric plate together with the front end plate is cut at pr_edetermined

~_intervals to form segments similagzdo teeth of a comb which form a plurality of piezo-

o e

_ melectﬁc:élém-énts, and
while the front end plate is rhounted on the front end portion of the piezo-electric
plate as described above, the rear end plate is mounted on the rear end portion of the
latter. Hence, the rear énd plate holds the piezo-electric vibrators which are obtained by
cutting the resultant product as deséribed above. In addition, the rear end plate_can be
utilized for mounting the reSult.ant vibrator assembly on a holing member with ease.
For a bettér understanding of thé invention, embodiments will now be described,

by way of example,with reference to the accompanying drawings, in which:-
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2 IS necessary to elongate each of the pressure chanbers in the ink
jetti'ng direction to allowthe latter to have an internal volune |arge
enough to contain jet ink droplets. In addition, it is necessary to form
grnul ar grooves in the portions of the vibrating boards which confront with
t he peripheries of the pressure chanbers, so that the portions thus thinned
receive the small displacenent of the piezo-electric vibrators with high

ef ficiency. The recording head ngy be nodified to meet the
above-descri bed requirenents; however, the effects of such a nodification
s limted. That is, if the

Fig. 1 is a perspective view showing a piezo-
electric vibrator assembly, which constitutes one
embodiment of this invention.

Fig. 2 is a sectional view showing an example of
an ink jet recording head using the piezo-electric
vibrator assembly shown in Fig. 1.

Fig. 3 shows perspective views for a description
of a method of manufacturing the assembly shown in
Fig. 1.

Fig. 4 is a perspective view showing the
arrangement of a device for forming piezo-electric
vibrators.

Fig. 5 shows another embodiment of the invention.
More specifically, FIG. 5(a) is a diagram showing a
front and rear end plate forming layer; FIG. 5(b) is
a diagram showing 'a piezo-electric plate forming
layer; FIG. 5(c), is a diagram showing the laminate of
those layers.

Fig. 6 is a perspective view showing a piezo-
electrlc plate 1n anogggr embodlment of the invention.
‘ ?Ig"7'ls a perspectlve view for a description of

- a ‘method of manufacturing the piezo-electric plate
shown in Fig. 6.

Fig. 8 is a perspective view showing another
embodinment of the invention.

Fig. 9 is a perspective view showing a piezo-
electric vibrator assembly, whlch constitutes another
embodiment of the -invention.

Fig. 10 shows a piezo-electric vibrator assembly,
which constitutes another embodiment of the invention.
More specifically, parts (a) and (b) of Fig. 10 are
perspective views showing the top and the bottom of
the piezo-electric vibrator assembly, respectively;
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I sl and, portion defined by the annular groove is |onger than a certain

val ue, then only the portion thereof which is in abutnent wth the

pi ezo-électric vibrator is bent and the pressure that can be applied to the
i fk“in the pressure chanber is |inited. In view of the foregoing,
an object of the invention is to provide a novel piezo-electric driver for
an ink jet recording head which has piezqg-electric vibrators limted in

di spl acenent to pressurize the ink in the pressure chanbers with high
efficiency, and a nmethod of readily manufacturing the piezo-electric driver
wi th high accuracy The f oregoi ng object of the invention may be

achi eved b‘ymc} ?r q\s/ Iasflront suie view of the piezo-electric vibrator assembly.

Figure 11 is a perspective view of a method of manufacturing the piezo-electric
vibrator assembly shown in Figure 10.

Figure 12 is a sectional view of an example of an iﬁk jet recording head using the
piezo-electric vibrator assemblies shown in Figure 10, showing the dummy vibrators and
the piezo-electric vibrators thereof.

Figure 13 is a perspective view of a piezo-electric vibrator assembly, which
constitutes another embodiment of the invention.

Figure 14 is a perspective view of the assembly shown in Figure 13, which is cut
at predetermined intervals into pieces like the teeth of a comb.

Figure 15 shows the steps of manufacturing acc.ording to another embodiment of
the invention.

Figure 16 shows the steps of manufacturing another embodiment of the invention.

Figure 17 is a sectional view showing the structure of an ink jet recording head

"_using the piezo—eléctric vibrator a'ssiemblies shown in Fig. 16.
- ' Pfe%e;r—e—d;‘r-nbedlments of thxs invention will be descnbed with reference to the
accompanying drawings.

Fig. 1 shows a piezo-electric driver, which constitutes one embodiment of the
invention. ' |

In Fig. 1, reference numerai 1 designates a piezo-electric vibrator assembly from
which the piezo-electric driver is formed. The assembly 1 comprises a piezo-electric
plate 2 which is cut into pieces like the feeth of a comb together with a front end plate 6

adapted to increase a contact area and a metal plate
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(1) a piezo-electric driver for an ink jet recording head conprising,

a plezo electric plate having at least a front end portion as an inactive

regi o, and anot her portion in which conductive |ayers are | am nated,

pi ezo-electric plate is cut at predetermined intervals
3
6

10 fixedly secufed to the rear end portion of the
piezo-electric plate 2 through a rear end plate 7
adapted to combine piezo-electric elements together,
thus coupling the piezo-electric plate 2 to an ink jet

recording head.

More specifically, in the assembly 1, one of its
components, namel¥, the piezo-electric plate
2 is formed as follows: First, a paste-like piezo-
electric material layer 2a having a front end portion
and a rear end portion and a middle portion between
them as viewed in the longitudinal direction is
obtained. Conductive layers 2b are laminated in the
middle portion of the paste-like piezo-electric
material layer 2a so that the middle portion serves as
an active portion 5. The remaining portions;
the front end portiocn and the rear end portion serve
as a front end inactive portion 4f and a rear end
inactive portion 4r, respectively. The front end
plate 6 and the rear end plate 7 are formed by using
a paste-like free-cutting ceramic material which is,
for instance, the same as the piezo-electric material.
_ The. front dnd rear.eﬁﬁfplates 6 and 7 thus formed are
mcqnted—SEfﬁpe front end .inactive portion 4f and the
rear end inactive portion 4r, respectively.
components are then formed into one unit by sintering.
In the embodiment, as shown in Fig.
front end portion of .the piezo-electric plate 2
together with the front end plate 6 is cut into pieces
like the teeth of a comb with a wire saw or dicing
saw, until the cutting'iine reaches the'straight line
connecting- the rear edge -of the top 6a of the front
end plate 6 and the front edge 4ra of the rear end
inactive portion 4r. The pieces thus obtained are

piezo-electric driving elements 3 which,

to voltage applied thereto, are moved across the

(DT
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to formsegnments simlar to teeth of a conb which forma plurality of

pi ezo-electric vibrators, the front end portion of each of the -

pi ezo- électric vibrators is formed into the inactive portion, and

a pressure facilitating front end plate is nounted on at |east one surface
of the inactive region in such a manner that the front end face thereof is
flush with the outer end face of each'ﬁiezo electric vibrator; and

a met hod of naﬂ E%tbg;#g%%& -!:gzﬁr@égﬁf%'fhéjrffﬁi?rnf q._rhéar}_.ésg{&dtq_;,erecordl ng

head conprls? a p1ezo- ctric materi al
and a conductpwesseatrerchamberéeorm a pi ezo- electrlc pl ate having a front

end face and havi ng,akpla eaﬁ{ef’o-f-é%tﬁf@ ?Qg{-_éori Of i ggrhédan adactive

regi on; nounti ng ressure faciTitating front end plate having a
front end fao%h@ﬂna%nl%’e%-t Fir S0 §W§B€lo?1§%1r’a°‘i}%a%t1r9v§q’-@lﬁdon in such
a manner thatgsaidstanee, em@fﬁﬁpbﬁﬁdéﬁbdifi@ﬂtwﬁmdhpb&tenas1ﬁnﬁﬂ1thh

said front end face of salg, ol ezp-gheClli bl 2& 1 &% tnrough the
surface of the front end plate 6 to the upper surface
of the active portion 5; and similarly an external
common electrode 9 is formed which extends from the
rear end inactive portion 4r to the rear end face 7a
of the rear end plate 7. Thereafter, the metal plate
10 of stainless steel or the like is fixedly mounted
on the rear end plate 7 as shown in FIG. 3(d). Thus,
the piezo-electric vibrator assembly 1 has been

formed. .

Fig. 2 shows an ink jet recording head eguipped
with the above-~described piezo-electric vibrator
assemblies 1.

Also shown in Fig. 2, reference numeral 41
designates a nozzle plate which has a number of
nozzles 43 on both sides of a flow-path forming spacer

L 42 whlch«aré.arranged:;n a direction perpendicular to
the surface of the draW1ng. Behind the nozzle plate
41, a vibrating board 47 is provided in parallel with
the nozzle plate 41 through a common ink chamber 44
and pressure chambers 45 formed on a flow-path forming
board, thus forming a flow-path forming member 40.

In the rear surface of the vibrating board 47,
annular grooves 48 are formed along the peripheries of
the pressure chambers 45, ‘thus providing island
portions 49 which operate-as follows: In response to
the displacement of the piezo-electric vibrators 3,
the island portions 49 are inwardly flexed while being
kept in parallel with the nozzle plate 41.
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cutting said piezo-electric plate together with said front end plate at
predetermned intervals to forma plurality of piezo-electric el enents.
Hence, "'the rear end plate holds the piezo-electric vibrators which are
obtai ned by cutting the resultant product as described above. In addition,
the rear end plate can be wutilized for nmounting the resultant vibrator
assenbly on a hol ding nenber with ease. For a better understanding
of the invention, enbodinments wll now1be8described, by way of exanple with
reference to the acconpanyi ng drawi ngs, in which:-

Further in Fig. 2, reference numeral 51 designates a holding block of plastic
which is fixedly secured to the rear surface of the flow-path forming member 40, to
position the piezo-electric vibrator assemblies 1. The holding block 51 has two piezo-
daﬂhvmmmnmnmmmmghd&SZwmmhm@awwmcmmwmmmgmUw
longitudinal length of the pressure chambers 45 and are arrahged along the lines of the
nozzles 43. The holding block 51 is mounted on the vibrating board 47 with an adhesive
agent by utilizing a reference hole formed in the flow-path forming member 40.

A pair of piezo-electric vibrator assemblies | are inserted into the mounting holes
52 in such a manner that they face each other. As shown in Fig. 3(d), the metal plate 10
is larger than the rear end plate 7; that is, the former 10 is protruded from the upper and
lower ends and the right and left ends of the latter 7. The metal plates 10 are bonded to
the surfaces of the mounting holes 52 with an adhesive agent 54. In this operation, each
of the metal plates 10 is positioned by using guide grooves formed on both sides of the
mounting hole 52 so that the piezo-electric vibrators 3 are set on the portion 49 of the

'~ vibrating boaqi___{l’_?-wi_th@_hig_h.qc_:_c;g;%cy and the piezo-electric vibrators 3 are also
‘ preven.téd ?ramz;gii*nclined relatii/e =tc') the board 47 (i.e. in the direction of thickness).
m’i‘hat i§, positioning the metal plate .10 in the above-described manner allows the piezo-
electric vibrators 3 to be bonded to the rear surfaces of the island portions 49 of the
vibrating board 47 with adhesive :ctgents 59. The adhesive agents 59 are applied to the
end faces of the piezo-electrid vibrators 3 with the end faces of the piezo-electric |

vibrators 3 in plane contact with the island portions 49. Fig. 2 also
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4, . Fig. 1 is a perspective view showi ng a piezo- electric vibrator
assenbly, which constitutes one enbodi nent of this invention. Fig. 2
is a sectional view showi ng an exanple of an ink jet recordi ng head using
the piezo-electric vibrator assenbly shown in Fig. 1. Fig. 3 shows
perspective views for a description of a nethod of manufacturing the
assenbly shown in Fig. 1. Fig. 4 is a perspective view show ng the
arrangenent of a device for form ng pi ez&-el ectric vibrators.

shows circuit board 55 provided on the positioning and holding block 51 and flexible
cables 56.

With reference to Fig. 2, the piezo-electric vibrator assembly of the present
invention may provide the following advantages. The rear end plate 7 increases the
rigidity of the piezo-electric plate 2. The assembly 1 can be readily coupled to a holding
block 51 mounted on the rear of a flow-path forming member 40. The piezo-electric
driving elements 3 including the front and plate pieces 6 are uniformly abutted against
the whole areas of island portions 49 formed on a Vibrating board 47 so that the island
portions 49 are uniformly pushed against the surface of a nozzle plate 41, to pressure the
ink in the pressure chambers 45.

Now, the manufactufe of the above-described piezo-electric vibrator assembly 1
will be described with reference to Fig. 3.

First, a piezo-electric material layer 2a, which is substantially equal in
configuration and in thickness to the piezo-electric plate 2, is formed by using a paste-

_like piezo-electricnmaterial such gszlead titanate-zirconate, lead titan-zirconate or barium

- a2 . -

_ '_':t.i_tanate.'- Next,-the piezo-electric m';terial layer 2a is marked off into marginal portions.
Specifically, in the middle portion of the piezo-electric material layer 2a, i.e. excluding
the front end portion of 0.2 to 1.0 mm in length and the rear end portion of
approximately 3.0 mm in length, conductive layers 2b of silver palladium are formed so
as to overlap each other. The condﬁctive layers are formed to have a thickness of about
3 pum by coating or vapour deposition. Thus, a green sheet for a single-layer-type piezo-

electric plate 2 having the front inactive portion 4f, the rear inactive portion 4r, and the
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Fi:g. 5.shows anot her enbodi nent of the invention. Mire specifically, FIG
5(a) i§ a diagram showing a front and rear end plate formng |ayer; FIG
5(b) is a diagram showi ng a piezo-electric plate formng layer; FIG 5(c),

is a diagram showi ng the | am nate of those |ayers. Fig. 6is a
perspective view show ng a piezo- electric plate in another enbodi nent of
the i nvention. Fig. 7is a &@rspective view for a description of a

515 8 Der spobiagee, PO R oRBRELHoNAS: PBRBLARHERE deahdidnahidon.
Fig. 9 is a peyppective view showi ng a piezo- electric vibrator assenbly,
bl ezo- el oct i ¢ vi HhARSTE GG ek, pleab S BYERE Blate e dodhed | 0707
the inventi onas Mshewspeidi callay?) partd paptendiks) pfezu-pladuie
material layer 2a is formed to a thickness of 15 to 30
um, and conductive layers 2b are alternately formed to
a thickness of about 3 um in such a manner that
internal electrodes extended from the front and rear
ends' are overlapped in the middle portion of the
piezo-electric material layer 2a leaving margins at
the' front and rear end portions. This process is
repeated several times to obtain a green sheet for a
multi-layer type piezo-electric plate 2 having the
front and rear inactive portions 4f and 4r.

The remaining manufacturing steps will be
described with reference to the multi-layer type
piezo-electric plate 2. The green sheet thus formed
for the piezo-electric plate 2 is processed as shown
in Fig. 3(b). That is, the front and rear end plates
6 and 7 are mounted on the front and rear inactive
portions 4f and 4r, respectively.

- Mo:;__:ﬁec,ufa.calfy', the front end plate 6 of free-~
cutt:.ng ceramic material which is substantially equal
in thickness to the piezo-electric plate 2 is mounted
on the front end inactive portion 4f with a small gap
S, preferably 0.0 to 0.5 mm, between the front end
plate 6 and the active portion 5. Similarly, the rear
end plate 7, which is larger in width than the front
end plate 6, is mounted on the rear end inactive
portion 4r. The}:eafter, the piezo-eléctric plate 2
and the front end plate 6~are cut so that their front
end faces are flush with each other, and then the
piezo-electric plate 2 and the front and rear end
plates 6 and 7 are combined into one unit by
sintering. Alternatively, plates 2,6 and 7 may be
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perspective views showing the top and the bottom of the piezo-electric

vi brator assenbly, respectively,;
5, and part (c) is a front side view of the piezo-electric vibrator

assenbl y. Figure 11 is a perspective view of a nethod of
manuf acturing the piezo-electric :
11

processed as follows: After they are combined into
one unit by sintering, the piezo-electric plate 2 and
the front end plate 6 are cut with the dicing saw or
the like so that the front end faces of those plates
2 and 6 are flush with each other. The front end
plate 6 and the rear end plate 7 may be lapped over
the active portion 5 if they do not obstruct the
displacement of the piezo-electric vibrators.

Next, as shown in FIG. 3(c¢), external segment
electrodes 8 are vapor-deposited on the upper and
lower surfaces of the active layer 5 including the
front end plate 6 by applying vapor in the directions
of the arrows D and E. An external common electrode
9 is vapor-deposited on the lower surface of the rear
end inactive portion 4r and the rear end face 7a of
the rear end plate 7 by applying vapor in the
direction of the arrow F.

As was described above, the external segment
electrode 8 is formed on the rear end face 6b of the
front end plate 6 and on the upper surface of the
piezo=electric plate 2 by vapor deposition in ‘the
directiogiéﬁipgéLérréﬁéD,_ In order to prevent the
electrode. from being broken at the edge 6a of the

" front end plate 6, the rear end face 6b of the front
end plate 6 should be sloped as shown in Fig. 9. For
this purpose, the aforementioned sintering process may
be utilized to make the coefficient of contraction of
the piezo-electric material slightly larger than that
of the front end plate 6, or the front end plate 6
should be machined to have the rear end face 6 sloped.

Thereafter, as shown—in Fig. 3(d), a metal
plate 10, larger both in length and in width than the
rear end plate 7, is fixedly mounted on the latter 7
with an adhesive agent.
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vi brator assenbly shown in Figure 10. Figure 12 is a sectional view
of an exanple of an ink jet recording head using the piezo-electric
Yibrafor assenblies shown in Figure 10, showi ng the dunmy vibrators and

the piezo-electric vibrators thereof. Figure 13 is a perspective
view of a piezo-electric vibrator assenbly, which constitutes another
enbodi nent of the invention. Figure 14 is a perspective view of the
assenbly shown in Figure 13, which is cld at predetermned intervals into
pieces |ike the teeth of a conb. Figure 15 shows the steps of
manuf act uri ng accordi ng to another enbodi nent of the invention.

::Ingg;? i (133 ShOWlg-‘int ()al, a{[eeﬁgzogélecrmg %{b%:t%y aésggbfiynp rthrh%rfox('amn«!:jao gipr}g&tssegfast he
follows: The assembly 1 is fixedly held with a jib or jig. Then, as shown in Fig. 3(e),
the front end portion of the assembly 1 is cut at intervals corresponding to the pitch of
arrangement of the nozzles 43 into pieces like the teeth of a comb until the cutting line
reaches the straight line L connecting the rear edge 6a of the top of the front end plate 6
and the front edge 4ra of the rear end inactive portion 4r. The cutting is performed at an
angle 6 to the plane of the piezo-electric plate 2.

Fig. 4 shows an example of a device for cutting the piezo-electric vibrator
assembly 1. Sloped mounting members 34 are mounted on a jig body 32 which is
moved vertically while being held in parallel with a wire saw 31. More specifically,
each sloped mounting member 34 has a workpiece mounting surface 33 which is sloped
in correspondence to the angle of inclination of the aforementioned straight line L, and it

is fixedly mounted on the jig body 32 with the workpiece mounting surface 33 set

oblique with the wire saw 31. The metal plate 10 is fixedly secured to the worki;iece

N

. mounting surface:33:in such-a magmer that the front end portion of the piezo-electric
_ plate 2 éxtén—d;;;);;dly. Under t};is ééndition, the jig body 32 is moved vertically
towards the wire saw 31, to cut the -piezo-electric vibrator assembly in the above-

described manner.

Fig. 5 shows another embodiment of the invention, in which a number of piezo-
electric plates 2 can be formed from a large size plate. Fig 5(a) shows a front and rear
end plate forming layer. Fig 5@) shows a piezo-electric plate forming layer 12a and

| Fig. 5(c) shows the lamination of those Tayers.
First, a piezo-electric plate forming layer 12a is formed by using a paste-like

piezo-electric material which is large enough to arrange a number of piezo-electric
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Figure. 17 is a sectional view showing the structure of an ink jet recording
head wusing the piezo-electric vibrator assenblies shown in Fig. 16.
Preferred enbodi nents of this invention will be described with reference to
t he acconpanyi ng draw ngs. Fig. 1 shows a piezo-electric driver,

whi ch constitutes one enbodi nent of the invention. In Fig.1, reference

nuner al

1 designates a piezo-electric vibrator assenbly from which the

pi ezo-electric driver is formed. The assédbly 1 conprises a piezo-
electric plate 2 which is cut into pieces like the teeth of a conb together

W th
pl at e

a front end plate 6 adapted to increase a contact area and a netal

plates 12 in the longitudinal direction and in the lateral direction on it. Next, as shown
in Fig. 5(b), two kinds of internal electrodes 12b which are indicated by hatchings sloped
upwards to the right and upwards to the left are alternately printed as patterns while
clamping the piezo-electric plate forming layer 12a, thereby forming active portions 15
(crossed region) at intervals which are equal to, slightly smaller or slightly larger than
the longitudinal dimension of the piezo-electric plate 12.

The formation of the two kinds of internal electrodes 12b is carried out by using a
printing mask which is Set to the mark (4—) on the piezo-electric platé formir-lg'layer 12a.
In the formation of those internal electrodes 12b, it is essential that they do not extend
out of the piezo-electric plate forming layer 12a.

The front and rear end plate forming layer 14 is to form the front and rear end
plates 14f and 14r. The front and rear end plate forming layer 14 is equal in size to the
piezo-electric plate forming layer 12a. As shown in the part (a) of Fig. 5, the front and

rear end plate forming layer 14 has reference holes 14c which are in alignmerit with

_reference holes--12¢ ’formed in theg;ﬁezo-electnc plate forming layer 12a. With the

PR g

, '_ I_reference ‘holes- 14c-as reference pomts wmdows 14d corresponding to the regions of the

active portions 15 are formed in the layer 14. Thereafter, the layer 14 is placed on the
piezo-electric plate forming layer 12a with pins inserted into the reference holes 12c and
l4c, and then those layers are for;ned'im:o one unit by sintering under pressure.

Next, the resulting product i-s cut along one or two cutting lines B which define

the front end plate 14f and the rear end plate 14r, and external electrodes are formed
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6. 10 fixedly secured to the rear end portion of the piezo-electric plate 2
through a rear end plate 7 adapted to conbi ne piezo-electric elenents

toget her, thus coupling the piezo-electric plate 2 to an ink jet recording
head. More specifically, in the assenbly 1, one of its conponents,
namely, the piezo-electric plate 2 is forned as follows: First, a
paste-li ke piezo- electric material |ayer 2a having a front end portion and
a rear end portion and a nmiddle portion ddtween themas viewed in the

| ongi tudi nal direction is obtained. Conductive layers 2b are lam nated in

t he

on the surface thereof.

As was described above, the internal electrodes 12b do not extend outside the
piezo-electric plate forming layer 12a. Hence, the formation of the external electrodes
can be achieved without a mask which covers the outer side of the piezo-electric plate.
After the formation of the external electrodes, a voltage of 75v is applied to those
electrodes for one minute for polarization. Thereafter, the resulting product is cut along
cutting lines A to obtain a number of piezo-electric plates 2.

As shdwn in Fig. 2, in the piezo-electric vibrator assembly 1 formed in the
above-described manner, the piezo-electric vibrators 3 are combined together with the
rear end plate 7 as a common base, and the front end plate 6 is cut in correspondence to
the piezo-electric vibrators 3, thus uniformly depressing the island portions 49 on the
vibrating board 47.

Figs. 6 and 7 shows another example of the piezo-electric vibrator assembly
according to the invention, and its manufacturing method.

In the pi;eﬁ:é}:eget‘rié.ﬁb;a'é?fasg_rnmy 1, a piezo-electric plate 22 has dummy
_ '_'-__\_t_ibra.tqr.sﬁzi:;)n both-sides. The du‘i.nmj./ vibrators 23" are used only to position other
components during assembling; that is, they are not related to the recording operation of
the recording head at all. A front end plate 26 and a rear end plate 27 are coupled to
each other through side plates 28 ;nou'nted on the dummy vibrators 23’ of the piezo-
electric plate 22, so that the latter Zﬁ is held reinforced during both forming and
installing the piezo-electric vibrator assembly 1. |

The assemf:ly is manufactured as shown in Fig. 7. A piezo-electric plate forming

green sheet 60
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m ddl e portion of the paste-like piezo-electric materi

i nactive portion 4f and a rear end inactive portion 4r,

free-cutting ceramc material which is, for instance,

al layer 2a so that
the m ddl e portion serves as an active portion 5. The renmai ning portions;
i.e., the front end portion and the rear end portion serve.,as a front end
respectlvely The
front end plate 6 and the rear end plate 7 are forned by using a paste-like
the sane as the

pi ezo-el ectric material. The frioht and rear end- plates 6 and 7 thus forned
are mount ed Telativelyrtargrl imageaydspprepareds ke igreqreghentd i nactive

portion 4r, &@specd i Vehinatd fh&ﬁﬁp %tﬁéﬁ&-éll&fhrff& MR drild One unit
by S|nter|ng n the e I ment, as shown in F| e%f the front end
portion of th%Y%Fe%Bael@E@rFengPﬁFév? LBYELRer R PFO Hg dmt & plate 6

is cut into geetes |pdeetidiest @ ho¥f aheonhavteh a2yvéte samm orthd ci ng saw,
until the cu t| g,f‘ﬁ%l??%eaghzeescél{loen stor |% I‘isg_geﬁon&gcténgséphea{ear edge
plurallty of plates 24 having a width a which is equal
to or slightly larger than the sum of the width w! of
the front end plate 26 and the width w'!'' of the rear
end plate 27 (see FIG. 6) are laid on the inactive
portions of the piezo-electric plate forming green
sheet 60 at intervals corresponding to at least the
length of the piezo-electric plate 22. In the lateral
direction of the green sheet 60, plates 29 having a
width » which is equal to or slightly larger than two
times the width w''' of the side plate 28 are laid on
the active portions 25 of the green sheet 60 at
intervals corresponding to at least the width of the

of the top

piezo-electric plate 22.

Next, the resultant product is cut in the
longitudinal direction and in the lateral direction.
More SpeCIflcally, in the longitudinal direction, the
B! (double
' 1line) .which divide the plates 24 into the front and
" rear end plates 26 and 27; and, in the lateral

direction, it is cut along cutting lines A .or AT
(double 1line) which divide the plates 29 into two
equal parts, to obtain a plurality of piezo-electric
plates 22. The piezo-electric plates 22 are then
sintered. Alternatively, first the aforementioned
product may be sinfered, and then cut in the above-
described manner, to obtain a plurality of piezo-
electric plates 22, Thereafter, as was described
before, the front end portion of each of the piezo-
electric plates 22 is cut into pieces like the teeth

- product ls~cutﬂalonqﬁ%htt1ng lines B or
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end plate 6 and the front edge 4ra of the rear end inactive portion 4r.
The pieces thus obtained are piezo-electric driving elements 3 which, in
response to voltage applied thereto, are noved across the

electric field, to pressure the ink in the respective pressure chanbers.
fFn the piezo-electric plate 2 thus forned, as

16

of a comb to form a number of piezo-electric vibrators 23.

In the above-described method, the front end plate 6 (or 26) and the rear end
plate 7 (or 27) are mounted on the piezo-electric plate 2 (or 22) and are sintered into one
unit (see Fig. 3(b)). However, the same effect can be obtained by processing those
components as follows. The piezo-electric plate 2 (or 22), the front end plate 6 (or 26),
and the rear end plate 7 (or 27) are sintered separately, and then they are combined into
one unit by using a suitable adhesive.

In addition, as shown in Fig. 8 a pair of front end plates 6 may be fixedly
mounted on the upper and lower surfaces of the front end inactive portion 4f of the
piezo-electric plate 2. In this case, the island portions 49 of the vibrating board 47 can
be more widely pressed with high stability.

Fig. 10 shows another embodiment of the invention. More specifically, Fig.
10(2) and (b) are a perspective top view and a perspective bottom view showing the top
and bottom of another example of a piezo-electric vibrator assembly, respectively, and

~ Fig. 10(c) is a front-side v;ew of He assembly In Fig. 10, reference numeral 23
_ ' des1gnates the ;ﬁg;e;éescnbed plezo-electrlc vibrators; and 23', the above-described
dummy vibrators. The dummy vibrators 23' are provided on both sides of a group of
piezo-electric vibrators 23 and they are used only for positioning other components
during assembling; that is, they are not related to the recording operation of the
recording head at all. The above-described rear end plates 27 and 27" are mounted on the
upper and lower surfaces of the-rear end portibns of the piezo-electric vibrators 23 and of

the dummy vibratdrs of the piezo-electri€ vibrators 23 and of the dummy vibrators
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shown.in Fig. 3(c), an external electrode 8 is forned, for instance, by
vapor deposition which extends fromthe |ower surface of the active portion
5 through the surface of the front end plate 6 to the upper surface of the
active portion 5; and simlarly an external common electrode 9 is forned
whi ch extends fromthe rear end inactive portion 4r to the rear end face 7a
of the rear end plate 7. Thereafter, the netal plate 10 of stainless steel
or the like is fixedly nounted on the reld end plate 7 as shown in FIG
3(d). Thus, the piezo-electric vibrator assenbly 1 has been forned.
Fig. 2 shoms an ink jet recordi ng head equipped with the above-described
ref erence

numer al 413 ;&sééén{véé asﬁﬁﬁa%?’é't ' eaiepae—ﬂmca@eqagxgnaewﬁ%@ﬁ Ygan a5t pm 43 on

3?& 2 cts : gﬁsrag{uggch HFSIEH &?ﬁe? 8;1 owerduPRcs of tﬁ'&:2 px‘f‘:@c‘n Cnec@ Tic v1grana}n§§drésBec%vely
In addition, side plates 28 and 28' equal in length to the dummy vibrators 23" are
mounted on the upper and lower surfaces of each of the dummy vibrators 23' and 23',
respectively, in such a manner that they merge with the rear end plates 27 and 27,
respectively.

A method of manufacturing the piezo-electrié vibrator assembly shown in Fig. 10
will be described with reference to Fig. 11.

First, a piezo-electric plate forming green sheet 60 having a relatively large area
is formed which is a laminate of piezo-electric material layers 21a and conductive layers
21b. A layer 61 is formed on one surface of the green sheet 60 by using ceramic or the
same material as that of the green sheet 60. More specifically, the layer 61 comprises: a
plurality of plates 24 having a width a , which is equal to or slightly larger than the sum
of the widths w' and w" of the front and rear end plates 26 and 27, which are laid on the

"_inactive portions 24-in thel'ongituldi“ual direction at intervals corresponding to at least the
) -length of the -I-mez’:-'electnc plate 22; and plates 29 having a width b which is equal to or
slightly larger than two times the w1dth w"' of the side plate 28 which are laid on the
active portions 25 in the lateral direction at intervals corresponding to at least the width
of the piezo-electric plate 22. '
~ Another ceramic layer 61" eciual in structure to the above-described ceramic layer
61 is formed on the other surface of the green sheet 60.

Next, the resultant product is cut in the longitudinal direction and in the lateral

direction. More specifically, in the longitudinal direction, the product is cut
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t.he syrface of the drawi ng. Behind the nozzle plate 41, a vibrating board
47 is provided in parallel with the nozzle plate 41 through a common ink
chanber 44 and pressure chanbers 45 formed on a flow path formng board,
thus forming a fl owpath form ng nenber 40. In the rear surface of the
vi brating board 47, annular grooves 48 are forned al ong the peripheries of
the pressure chanbers 45, thus providing island portions 49 which operate”
as follows: |In response to the displacelent of the piezo-electric
vibrators 3, the island portions 49 are inwardly flexed while being kept in
parallel with the nozzle plate 41

along cutting lines B or B' (double line) which divide the plates 24 into the front and rear
end plates 26 and 27; and, in the lateral direction, it is cut along cutting lines A or A'
(double line) which divide the plates 29 into the two equal parts, to obtain a plurality of
piezo-electric plates 22. The piezo-electric plates 22 are sintered. Alternatively, first the
aforementioned product may be sintered, and then cut in the above-described manner, to
obtain a plurality of piezo-electric plates 22. Thereafter, as was described before, the
front end portion of each of the piezo-electric plates 22 is cut into pieces like the teeth of
a comb thus forming a number of piezo-electric vibrators 23.

As shown in Fig. 12, the piezo-electric vibrator assemblies thus manufactured are
inserted into mounting holes 52 in such a manner that they face each other. In each of
the assemblies, the metal plate 10 is protruded from the upper and lower ends and right
and left ends of the rear end plates 27 and 27'. The metal plates 10 are bonded to the
surfaces of mounting holes 52 with an adhesive agent 54. In this operation, each of the
metal plates 10 is positioned by using guide grooves formed on both sides of the

. mounting hblef?_{"‘s_'?_-__trjgtft_he pi_éééf#elef:t.ric vibrators are set on the island portions 49 of
._'_t.pe vi.b_r.atlir;g—"l.)oard 47 with high acéﬁracéy and the piezo-electric vibrators 3 are prevented
from being inclined in the direction of thickness. That is, positioning the metal plate 10
in the above-described manner allows the piezo-electric vibrators 3 to be bonded to the
rear surfaces of the island portion; 49-of the vibrating board 47 with adhesive agents 59.

The adhesive agents 59 are applied to the end faces of the piezo-electric vibrators 3 with

the end faces piezo-electric vibrators in plane contact with the island portions 49.
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8 . Further in Fig. 2, reference nuneral 51 designates a hol ding

bl ock of plastic which is fixedly secured to the rear surface of the
flow path form ng menber 40, to position the piezo-electric vibrator
assenblies 1. The hol ding block 51 has two piezo- electric vibrator unit
mounti ng: hol es 52 which have a width corresponding to the | ongitudinal

| ength of the pressure chanbers 45 and are arranged along the lines of the
nozzl es 43. The hol ding block 51 is nmounted on the vibrating board 47 with
an adhesive agent by utilizing a referenﬁf hole formed in the flow path
form ng nenber 40.

In the above-described embodiment, the dummy vibrators 23' are reinforced by
the side plates 28 and 28', and therefore théy are positively prevented from being bent in
the recording head.

Fig. 13 shows another embodiment of the invention. In the embodiment, a
piezo-electric vibrating board 64 is formed by alternately laminating piezo-electric
materials 60 and conductive layers 61 and 62. Rear end plates 65 and 66 are fixedly
mounted on the upper and lower surface of the rear end portion of the piezo-electric
vibrating board 64. The other electrodes; namely, external conductive layers 67, which
are common electrodes in the embodiment, are formed on the upper and lower surface of
the piezo-electric vibrating board 64 in such a manner that they are extended from the
front end of the latter 64 to the border lines of the rear end plates 65 and 66,
respectively. Front end plates 69 and 70 are fixedly mounted on the upper and lower
surface of the front end portion of the piezo-electric vibrating board 64, respectively.

" The rear end plates-65 anc_i 66 agg;the front end plates 69 and 70 are formed from
. “ceramm prefz;a——‘lﬂ);-;lezo electric material.

A conductive layer 73 is formed on the front end face of the resultant product in
such a manner that it is electrically connected to the conductive layer 67 on the upper
surface of the piezo-electric vibra{ﬁng-board 64 and to the conductive layers 62 appearing
in the front end face. The rear end plates 65 and 66 have conductive layers 74 and 75,
and conductive layers 77 and 78. The conductive layers 74 and 75 are provided on one

side and a part of the upper surface of tfie rear end plate 65, respectively, in such a
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A pair. of piezo-electric vibrator assenblies 1 are inserted into the
mounting holes 52 in such a manner that they face each other. As shown in
Fig. 3(d), the netal plate 10 is larger than the rear end plate 7; that
is, the fornmer 10 is protruded fromthe upper and |ower ends and the right
and left ends of the latter 7. The nmetal plates 10 are bonded to the
surfaces of the nounting holes 52 with an adhesive agent 54. In this
operation, each of the netal plates 10 is positioned by using guide
grooves formed on both sides of the noun 6ng hol e 52 so that the

pi ezo-electric vibrators 3 are set on thé“portion 49 of the vibrating
board 47 with high accuracy and the piezo-electric vibrators 3 are al so
prevented frombeing inclined relative to the board 47 (i.e. in the

directi.on Haght G157 e J0BHUR coARBL] RPLohRAVE e Bb%aéehg bl et e

above-descri manne e pi ezo- ric viprators
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end plate 65, an insulating region 76 having a predetermined width is provided adjacent
to the conductive layer 75. Furthermore, the conductive layer 78 is provided adjacent to
the insulating region 76 on the upper surface of the rear end plate 65, and the conductive
layer 77 is provided on the rear end face of the product in such a manner that it is
electrically connected to the other electrodes (drive electrodes in the embodiment),
namely, the conductive layers 61 appearing in the rear end face of the piezo-electric
vibrating board 64.

As shown in Fig. 14, the piezo-electric vibrating board 64 thus formed is fixedly
mounted on a substrate 10, and then its front end portion is cut into pieces like the teeth
of a comb as described above. Thereafter, a cable 82 having a conductive strip 80 and
conductive strips 81 in the front end is soldered to the piezo-electric vibrating board 64

_thus processed,_so' tha_t th¢ _condugfr_ve stnp 80 is connected to the common electrode,
_ '_:namely, the cm:u;e layer 75, and the conductive stnps 81 are connected to the
conductive layer 78 divided at a predetermmed interval.

In the embodiment as shown in Fig. 14, the front end plates 69 and 70 equal in
structure to each other are mounted on the upper and lower surfaces of the front end
portion of each of the piezo—electric; vibrators 23. Similarly the rear end plates 65 and 66
equal in structure to each other'are mounted on the upper and lower surfaces of the rear
end portion of the piezo-electric vibrators 23. The front end palates and rear end plates

prevent the piezo-electric vibrators from being bent in manufacturing because of the

symmetric structure. The external conductive layers 67 also prevent the piezo-electric
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gnd faces of the piezo-electric vibrators 3 with the end faces of the

pi ezo-electric vibrators 3 in plane contact with the island portions 49.
Fig. 2 also 9
?Pom§bf|rcuit board 55 provided on the positioning and hol ding bl ock 51 and
-l exi bl e

21

vibrators from being bent by reinforcing the piezo-electric vibrators. Since the rear end
plates 65 are higher in mechanical strength than the piezo-electric vibrators 23, the cable
82, which is connected to the rear end plates, can be positively connected to the piezo-
electric vibrators. Furthermore, when necessary, conductive layers may be additionally
formed on the conductive layer 62 to decrease the electrical connecting resistance.

This is a significant aspect of the embodiment of the present invention shown in
Fig. 14 because the piezo-electric vibrators in a recording head for high density printing
are traditionally extremely small in width, and accordingly the connecting area between
the cable and the piezo-electrié vibrators is extremely small, thereby creating an
extremely high electrical resistance. Therefore, a large amount of heat is generated in
the region surrounding these connecting points, such as corners or ridge lines of the front
end plate shown in Fig, 3(e), which can cause damage in the recording head. By
reducing the connecting resistance, the embodiment of the present invention as shown in

- Fig. 14, makes jt poss1ble to: redu,gghe amount of thermal damage suffered by the
. "recordmg hwd;;a further reduces the damage caused by loss of driving energy.

- Fig. 15 shows a method of manufacturmg the above described piezo-electric
vibrator assembly. In Fig. 15, reference numeral 64 designates the piezo-electric
vibrating board which is formed Hy alterhately laminating the piezo-electric materials 60
and the conductive layers 61 and 62. The external electrode layers 67, which are equal
in polarity to the conductive la)-/ers 61, are formed on the upper and lower surface of the
piezo-electric vibriting board 64 by vap&ur deposition or coating, respectively, in such a
manner that they are extended from the front end of the board 64 to the border lines of

the rear end plates 65 and 66, respectively (Fig. 15(a) and (b)).
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cabl es. 56. Wth reference to Fig. 2, the piezo-electric vibrator
assenbly of the present invention may provide the follow ng advantages.
The rear end plate 7 increases the rigidity of the piezo-electric plate 2.
The assenbly 1 can be readily coupled to a hol ding bl ock 51 nounted on the
réar of a flowpath form ng nenber 40. The piezo-electric driving elenents
3 including the front and plate pieces 6 are uniformy abutted agai nst the
whol e areas of island portions 49 formed?8dn a vi brating board 47 so that
the island portions 49 are uniformy pushed against the surface of a
nozzle plate 41, to pressure the ink in the pressure chanbers 45.

Now, the manufacture of the above-described piezo-electric vibrator
assenbly 1 will be described with reference to Fig. 3. First, a

pi ezo-electric "He E.trronatllend %Ya?es g@md’% grf} Ped@uug%ﬂ@& o lthe/ uﬁﬁ?%d "dlver

surface of the front end portion of the piezo-electric vibrating board 64, respectively.
Similarly, the rear end plates 65 and 66 are fixedly mounted on the upper and lower
surface of the rear end portion of the board 64, respectively. When necessary, the outer
end portions of the front end plates and those of the rear end plates are cut along lines C-
C and C'-C’, respectively, as shown in Fig. 15(b).

The front end plates 69 and 70, and the rear end plates 65 and 66 may be formed
by using a green sheet whi.ch is equal in composition to the piezo-electric vibrating board
64, or a green sheet of free-cutting ceramic. Alternatively, those green sheets may be
stacked one on another to a desired thickness. The resultant product is sintered (see Fig..
15(0)). |

Thereafter, the conductive layer 73 is formed on the front end faces of the piezo-
electric vibrating board 64 and the conductive layers 74 and 75 are formed on the upper

"_end side surface of the rear-end @a?tes 65 and 66, and the conductive layers 78 and 77
‘ are formed- o—n—;;;rt -of the upper surface of the rear end plate 65 and rear end face
respectively. The conductive layer 78 is utilized as connecting terminals to external
devices. |
The product thus formed i; fixedly mounted on the substrate 10, for instance,

with an adhesive, and then the front end portion thereof is cut at predetermined intervals

into pieces like the teeth of & comb.
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configuration and in thickness to the piezo-electric plate 2, is formed by
using a paste- like piezo-electric material such as |ead
titanate-zirconate, lead titan-zirconate or bariumtitanate. Next, the

pi ezo-electric material layer 2a is marked off into marginal portions.
Specifically, in the mddle portion of the piezo-electric material |ayer

2a, i.e. excluding the front end po ilon of 0.2 to 1.0 nmin length and
the rear end portion of approximately” 3. O mmin | ength, conductive |ayers
2b of silver pal Fd&-umt&r egtf%ﬁ’ﬁ‘re&tse@s aStt FHPRES BRREReT The

conductive Ieagg,g@g_earda: friegsl dxp et idiviknestsingf baeondt. 3 [err] m by
S?thl)f‘gef”ectv?.pi“r 50 e R et hf oAPOV AR CCE 588, [ BE4r ThRe rear |
i nactive popliezo—-4lectndd heribrating board 64 1is formed by
alternately laminating piezo-electric materials 60 and
conductive layers 61 and 62. External electrode
layers 67, which are egual in polarity to the
conductive layers 61, are formed on the upper and
lower surface of the piezo-electric vibrating board
64, respectively, in such a wmanner that they are
extended from the front end of the board 64 to the
border lines of rear end plated 65 and 66,
respectively (Fig. 16(a)).
As shown in FIG. 16(b), front end plates 85 and
86 are fixedly mounted on the upper and lower surface
of the front end portion of the piezo-electric
vibrating board 64, respectively. Similarly, rear end
plates 87 and 88 are fixed mounted on the upper and
lower surface of the rear end portion of the board 64,
respectively .
In the embodiment, those plates 85, 86, 87 "and
91, .93, o5 a,nd 97 of piezo—electrlc material and
“conducive layers 90, 92, 94 and 96 as follows: More
specifically, as in the case of the piezo-electric
vibrating board, the green sheets 91 and the
conductive layer 90 are alternately laminated to form
the front end plate 85; the green sheets 93 and the
conducive layers 92, to form the front end plate 86;
the green sheets 95 and the conducive layers 94, to
form the rear end plate 877 and the green sheets 97
and the conducive layers 96, form the rear end plate
88. _
In the above-described lamination, in order to
prevent the external conductive layers 75 and 77 from
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10 m.ddle active portion has been fornmed (see Fig. 3(a- 1)). A

mul ti-|layer type piezo-electric plate is forned as shown Fig. 3 (a-2). A
pqste¥1ike pi ezo-electric material layer 2a is formed to a thickness of 15
to 30 [err]m and conductive layers 2b are alternately fornmed to a

thi ckness of about 3 [err]min such a manner that internal el ectrodes
extended fromthe front and rear ends are overlapped in the mddle portion
of the piezo-electric material |ayer 2a%4eaving margins at the front and
rear end portions. This process is repeated several tinmes to obtain a
green sheet for a multi-layer type piezo-electric plate 2 having the

short circuiting the conductive layers 94 and 96 buried respectively in the rear end plates
87 and 88, the conductive layers 94 and 96 are shifted a predetermined distance g
inwardly from the outer end faces cf the latter 87 and 88, respectively. The same effect
can be obtained by making cuts in the conductive layers 94 and 96.

These cuts may be made so that there is a break in the electrically conductive path
from the outermost portions of the conductive layers 94 and 96 (which may be in
electrical contact with the external conductive layers 75 and 77) to the inner portions of
the conductive layers 94 and 96. |

In the embodiment described above, the conductive layers are buried in the green
sheets of ceramic. Hence, the resultant product, when sintered, is substantially equal in
the degree of contraction to the piezo-electric vibrating board, which effectively prevents
the piezo-electric vibrating board from warpage. When necessary, the outer end portions
of the piezo-electric vibrator assembley may be cut as shown in Fig. 16(b).

Thereafter, as shown in Fig. 16(c), a first conductive layer 73 is fqrmed on the

_front end faces of the. pjf;gfelgggggvibrgting board 64 and on the front end plates 85 and

'_'8_6, a seédrl—d--—ém-ti.;/e layer 78 is ..for;'n'ed on the rear end faces of the rear end plates
87 and 88, and a third conductive léyer 75 and 78 is formed on a part of the upper
surface of the rear end plate 87. '

Under this condition, simifarly-as in the above-described embodiment, the
resultant product is fixedly mounted on the substrate 10, and then cut at predetermined
intervals into pieces like the "tee'th of a comb as described above for the embodiment
shown in Fig. 14.” -

Fig. 17 is a sectional view showing the structure of an ink jet recording head
equipped with piezo-electric vibmtor assemblies which have been formed in the above-
described manner. The conductive layer 73 formed on the front end faces of the front

end plates 85 and 86 and of the piezo-electric vibrating board 64 is in contact with the
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front ,and rear inactive portions 4f and 4r. The remai ni ng
nanufacturlng steps will be described with reference to the multi-I|ayer
type pi ezo-el ectric plate 2. The green sheet thus formed for the
piezo-electric plate 2 is processed as shown in Fig. 3(b). That is, the
front and rear end plates 6 and 7 are nounted on the front and rear

I nactive portions 4f and 4r, respectively. More specifically, the
front end plate 6 of free- cutting ceramg naterial which is substantially
equal in thickness to the piezo-electric plate 2 is mounted on the front
end inactive portion 4f with a small gap [err], preferably 0.0 to 0.5 mm
between the front end plate 6 and the active portion 5. Simlarly, the rear

end plate Hanwhhostion 40. Tod@ictive layeds 15 andhi78 fdrenctiromnthe ecxt ept plate 87 ares
nmounted on the rear end inactive portion 4r. Thereafter, the piezo-electric

pl ate 2 angdordndéeted totie @bk §9.ate 6 are cut so that their front end faces are
flush with each other, and then the

As shown in Fig. 16(b) and described above, conductive layers 90, 92, 94 and 96
are buried in the front end plates 85 and 86 and the rear end plates 87 and 88, which
effectively prevents the piezo-electric vibrating board from warpage.

Hence, even if the piezo-electric vibrating board 64, and accordingly the piezo-
electric r'nat_grial 60 is reduced in thickness, the resultant piezo-electric vibrator assembly
operates with high accuracy. This permits miniaturization and low-voltage operation of
the recording head

In the above-described embodiinent, the conductive layers are buried in the front
end plates 85 and 86 and the rear end plates 87 and 88 which are fixedly mounted on the
upper and lower surfaces of the piezo-electric board 64. This technical concept may be
applied to the piezo-electric vibrator assembly as shown in Fig. 1 in which the front end
plate and the rear end plate are formed on one side of the piezo-electric plate by sintering

| ,ljj-_cera.mic.:_ ';‘h_aﬁs,lﬁthxs é&é-té%%uryi_ng the conductive layers in the front and rear
_plates prevents the piezo-electric plate from warpage.

In a piezo-electric driver for an ink jet recording head, conductive layers may be
laminated to form an active region in a piezo-electric plate, whilst the front and rear end
portions thereof provide front and rear inactive portions, a pressure facilitating front end
plate and a vibrator coupling rear end plate are fixedly mounted on the front and rear
inactive portions, respectiveiy, and the front end portion of the piezo-electric plate
together with the i—"ront end plate are cut:u predetermined intervals into pieces, namely,
piezo-electric units, which depress the vibrating boards of the ink jet recording head

wide to cause the parallel displacement of the vibrating boards thereby effectively

pressing the ink in the pressure chamber.
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pi ezozelectric plate 2 and the front and rear end plates 6 and 7 are

Ggonbi ned into one unit by sintering. Alternatively, plates 2,6 and 7 may be
processed as follows: After they are conbined into one unit by sintering,
the piezo-electric plate 2 and the front end plate 6 are cut with the

dicing saw or the like so that the front end faces of those—ptates
This Sheet Has Been Re
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CLAIMS

1. A piezo-electric driver for an ink jet recording head comprising:

a piezo-electric plate having a rear end face and at least a front end portion as an
inactive region, and another portion in which conductive layers are laminated as an
active region, said piezo-electric plate is cut at .predetermined intervals to form a
plurality of piezo-electric vibrators each having a front end face and a rear end face; and

a first pressure facilitating front end plate mounted on at least a first surface of
said inactive region of said piezo-electric plate such that a front end face of said first
front end plate is flush with said front end face of said piezo-electric vibrators.

2. A piezo-electric driver as claimed in claim 1 further comprising a second pressure

facilitating front end plate mounted on a second surface of said inactive region opposite

said first surface, such that a front end face of said second front end plate is flush with
:....said front e.m_i_’fg:;c__ of said b’iéz@.—éé"ti:’_trig vibrators.

3. A piezo‘electiic driver as claimed in claim 1 or 2 wherein a rear end face
opposite said front end face of said first and said second pressure facilitating front end
plates is sloped backwardly.

4, A piezo-electric driver as claimed in claim 1, 2 or 3 wherein said piezo-electric
plate has an inactive rear end portion, said piezo-electric driver further comprising a
piezo-electric element couplfng rear end plate mounted on af least a first side of said rear
end portion, said rear end plate having a-rcar end face and an upper surface.

5. A piezo-electric driver as claimed in claim 4 further comprising side plates
mounted on both sides of said piezo-electric plate in such a manner that said side plates

merge with said front end plate and said rear end plate.
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2 and,6 are f lush with each other. The front end plate 6 and the rear end
pl ate ;7 may be | apped over the active portion 5 if they do not obstruct the
di,spl acenent —of —the—piezo-etectric vibrators. Next, as shown in FIG

3(c), externalpsed Al FLSE f;oeges 8 are vapor-deposited on the upper and
| ower surfaces [ Tayer 5 including the front end plate 6 by
{ u HEH ﬂ llons of the arrows D and E. An external common

appl yi ng vapor
electrode 9 is d on the | ower surface of the rear end

inactive portion 4r and the rear end face 7a of the rear end plate 7 by
appl ying vapor in the direction of the arrow P. As was descri bed
above, the external segnent electrode 8 is forned on the rear end face 6b
of the fro6t endA pitateedriaddvenasdi@medpe clamrd furtheptorhpesipg:ezo- el ectri c
plate 2 by vapor deposition in the direction of the arrow D. In order to
prevent the el esppendad lowenpressurg focitikating £tont lend pligs Beuntéd ome second

surface of said front end portion opposite said first surface in such a manner that each
front end face of said uﬁper and lower pressure facilitating front end plate is flush with
said front end face of said piezo-electric vibrator;

upper and lower rear end plates mounted on a second side of said rear end
portion; and

two pairs of side plates mounted on the upper and lowér surfaces of said piezo-
electric plate located outermost in such a manner that said side plates merge with said
front end plates and said rear end plates.
7. A piezo-electric driver as claimed in any of claims 1 to 6 wherein at least one of
said front end plates and rear end plates is formed by sintering ceramic.
8. A piezo-electric driver as claimed in any one of claims 1 fo 6, further comprising
a conductive layer buried in at least one of said front end plate and rear end plate.

.9, A Ei?cie@;gqgﬁﬁér..as%ﬁfilnpq in any one of claims 1-6 wherein said front end
: plates and sdid rear'éid plates mour;'ted on said piezo-electric plate are made of free-
cufting ceramic.
10. A piezo-electric driver as f:laimed in any one of claims 4 to 9.further comprising
a plate larger in area than said rear end plate fixedly mounted on said upper surface of
said rear énd plate, to hold said piezo-electric drivers straight in a mounting hole formed
in a holding block. '
11. A piezo-eléctric driver as claime:i- in any one of claims 1, 2, 4, 5 or 6 further
comprising: _
an external conductive layer on an upper surface of said piezo-electric vibrators,

and
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front .end plate 6, the rear end face 6b of the front end plate 6 should be
sl oped as shown in Fig. 9. For this purpose, the aforenentioned sintering
process may be utilized to make the coefficient of contraction of the

pi ezo-electric material slightly larger than that of the+f+ront—endplate 6 _

or the front end plate 6 should be nmachined to have the rear end face 6
sl oped. Thereafter, as shown in Fig. 3(d), a netal

both in length and in wi dth than the reajg end plate 7, |s f

on the latter 7 with an adhesive agent.

a conductive layer on said front end faces of said piezo-electric vibrators and said
front end face of said front end plate, said conductive layer being electrically connected
to said external conductive layer.

12. A piezo-electric driver as claimed in any one of claims 4, 5 or 6 further
comprising:

an external conductive layer on an upper surface of said piezo-electric vibrators;

a conductive layer on said front end face of said front end plate and said front end
face of said piezo-electric vibrators electrically connected to said external conductive
layer; '

a conductive layer on said rear end face of said piezo-electric plat and on said
rear end face of said rear end plate; and

a conductive layer formed on part of said upper surface of said rear end plate.
13. A method of manufacturing a piezo-electric driver for an ink jet recording head

comprising the_’__j'gg ofu + - —5“’: :

" “laminating a piezo-electric material and a conductive material to form a piezo-
electric plate having a front end face and having at least a front end portion of which is
an inactive region;

mounting a pressure facilimﬁng front end plate having a front end face on at least
a first surface of said inactive region in such a manner that said front end face of said
front end plate is flush with said front end face of said piezo-electric plate; and

cutting sai& piezo-electric plate t;gether with said front end plate at
predetermined intervals to form a plurality of piezo-electric elements.

14. A method as claimed in claim 13 wherein said laminating step further includes
the step of forming a piezo-electric plate with an inactive front end portion and an

inactive rear end portion and further comprising the steps of mounting a piezo-electric

) AR A

element coupling rear end plate on said inactive rear portion.



12 . Finally, the piezo-electric vibrator assenbly 1 thus forned is,
processed as follows: The assenbly 1 is fixedly held with a jib or jig.
Then, as shown in Fig. 3(e), the front end portion of the assenbly 1 is cut
at |ntervaks—corr€sponalng to the pitch of arrangenent of the nozzles 43
into pleceS ﬁwhﬂgggﬁ aced @ conb until the cutting line reaches the
strai ght the rear edge 6a of the top of the front end
plate 6 and 4ra of the rear end inactive portion 4r. The
cutting is pe angle [err] to the plane of the piezo-electric
pl ate 2. Flg. 4 shoms an exanple @ a device for cutting the

pi ezo-el ectric vibrator assenbly 1. Sloped nounting nenbers 34 are nounted
on a jig body 32 which is

15. A method as claimed in claim 13 or 14 wherein said front end plate is a plate of
free-cutting ceramic material and further comprising the step of sintering said front end
plate of free-cutting ceramic material and said piezo-electric plate to form one unit.
16. A method as claimed in claim 13 or 14 wherein said sintering step is performed
separately on said front end plate and said piezo-electric plate before said mounting step.
17. A method as claimed in claim 14 further comprising the steps of:

laying down plate forming layers on at least one side of said inactive regions of
said piezo-electric plate at intervals corresponding to the length of said piezo-electric
plate; and

cutting said piezo-electric plate along lines which divide said front and plates and
said rear end plates of said plate forming layers.
18. A method as claimed in claim 13 or 17 further comprising the step of overlapping
two kinds of internal electrode patterns on said piezo-electric material with a reference

.--_-' pamon ase a reféréﬁée whieh is pfﬁ'\'nded in a part of said plezo -electric material, to form
- ..said piezo-electric plate.

19. A method as claimed in claim 13 or 17 wherein said piezo-electric plate is formed
so that said internal electrodes may not appear on both sides thereof.
20. A method of manufacturing a piezo-electric vibrator assembly comprising the
steps of: |

forming a piezo—elec-tric plate forming laminate comprising a piezo-electric
material layer and- a conductive material-layer;

laying longitudinal plate forming materials each including a front end plate and a
rear end plate as one unit onto said plate forming laminate in the longitudinal direction of

said plate forming laminate at intervals corresponding substantially to the length of said

piezo-electric vibrator assembly;
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noved .ertically while being held in parallel with a wire saw 31. Mire
specifically, each sloped nmounting nenber 34 has a workpi ece nounting
surface 33 which is sloped in correspondence to the angle of inclination of
the aforementioned straight line L, and it is fixedly nounted on the jig
body 32 with the workpiece nounting surface 3fhisshbet HadHBek: lavddt h the wire
saw 31. The netal plate 10 is fixedly secured e nounti ng
surface 33 in such a manner that the frogg endjmg‘ f

pi ezo-electric plate 2 extends upwardly. Unde rtron, the jig
body 32 is noved vertically towards the wire saw 31, to cut the

pi ezo-el ectric vibrator assenbly in the above- described manner.

Fig. 5 shows anhyingrlaend eititerforming nfateeialswreo saidplate foring lansinagib ette of

pi ezo- electric plates 2 can be forned froma large size plate. Fig 5(a)
shows a f rlateraladirectiemof saidl pjateafeeming lamigateayer. Fig 5(b) shows a

pi ezo-electric plate form ng |ayer 12a and . i
cutting said laminate longitudinally along lines which divide said front end plates

and said rear end plates of said plate forming materials; and

cutting said laminate laterally along lines which substantially divide said lateral
plates onto two parts, to form a plurality of piezo-electric plates.
21. A method as claimed in claim 13 or 14 wherein the front end portion of said
piezo-electric plate is cut at predetermined intervals until the cutting line reaches the
straight line connecting the rear edge of said front end plate on said piezo-electric plate
and the front edge of said rear and inactive region, to form a plurality of piezo-electric
elements.
22. A method as claimed in claim 13 or 14 further comprising the steps of:

forming on the upper surface of said piezo-electric plate an external conductive
layer which is extended to said front end of said piezo-electric plate; and

.fqrr_higgg_t}fﬁg_iugtiiée:‘ﬁhn?é%n_ said front end faces of said piezo-electric plate and

. .on said front'end platé which electrically connects said conductive material to said
external conductive layer.
23. A method as claimed in clgim 13, 14 or 22 wherein said fronf end plate is formed
by laminating a plurality of green sheets of ceramic to a predetermined thickness and
sintering said green sheets thus laminated.
24. A method as claimed in claim 24 wherein said condﬁctive layers are buried in
said front end plat;,. B
25. A method as claimed in anyone of claims 13 to 24 in which
on the upper and lower surfaces of inactive regions of a piezo-electric plate of

forming laminate which is formed by using a piezo-electric material and a conductive

material;
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Fig. 6(c) shows the |lam nation of those |ayers. First, a

pi ezo-el ectric plate formng layer 12a is formed by using a paste-like
pi.ezo-el ectric material which is |arge enough to arrange a nunber of

pi ezoel ectric 13

plates 12 in the |ongitudi nal dlrectlon and in the lateral direction on it.
Thls Sheet Has Been Re;i
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plate forming materials each including said front end plate and said rear end plate

31

as one unit are laid in the longitudinal direction thereof at intervals corresponding
substantially to the length of said piezo-electric plate; and

plate of forming materials each having a width which is approximafely two times
the width of side plates are laid in the lateral direction thereof, and

said laminate is cut longitudinally along lines which divide said front end plates
and said rear and plates of said plate forming materials, and

said laminate is cut laterally along lines which substantially divide said side plates
into two parts, to form a plurality of piezo-electric plates.
26. A piezo-electric driver having a plurality of vibratable finger elements.
27. A method of manufacturing a piezo-electric drivex_; comprising forming a body
having a plurality of vibratable finger elements.
28. A piezo-electric driver according to claim 26 or manufactured according to the

method of clamr 27, ingluding. me&ns for enabling the driver to be accurately and/or
. securely locdted in dfi"ink jet print head for ejecting ink therefrom.

29. A piezo-electric driver substantially as hereinbefore described with reference to
and/or as illustrated in any one of Figures 1-3, 4, 5, 6-7, 8, 9, 10712., 13-14, 15 and/or
16-17 of the drawings.
30. A method of manufacturing a piezo-electric driver substantially as hereinbefore

described with reference to and/or as illustrated in any one of Figures 1-3, 4, 5, 6-7, 8§,

9, 10-12, 13-14, 15 and/or 16-17 of the drawings.
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EPEEE B
in Fig. 5(b), two kinds of internal electrodes 12b which are indicated by
hat chi hgs sl oped upwards to the right and upwards to the left are
alternately printed as patterns while clanping the piezo-electric plate
formng | ayer 12a, thereby form ng active portions 15 (crossed region) at
intervals which are equal to, slightly smaller or slightly larger than the
| ongi tudi nal di nension of the piezo-electric plate 12. The formation
of the two kinds of internal electrodes 42b is carried out by using a
printing mask which is set to the mark (+) on the piezo-electric plate.

formng layer 12a. 1In the formation of those internal electrodes 12b, it
is essential that they do not extend out of the piezo-electric plate
form ng | ayer 12a. The front ABSTRACTNd plate formng |ayer 14 is

to formthe front and rear end plates 14f and 14r. The front and rear end
plate formng layer 14 is equal in size to the

PIEZO-ELECTRIC DRIVER FOR AN INK JET RECORDING
HEAD, AND ITS MANUFACTURING METHOD

Ina piezo-electric driver for an ink jet recording head, conductive layers are
laminated as an active region in a piezo-electric plate except the front and rear end
portions thereof to provide front and rear inactive portions, a pressure facilitating front
end plate and a vibrator coupling rear end plate are fixedly mounted on the front and rear
inactive portions, respectively, and the front end portion of the piezo-electric plate
together with the front end plate are cut at predetermined intervals into pieces, namely,
piezo-electric units, which depress the vibrating boards of the ink jet recording head
wide to cause the parallel displacement of the vibrating boards thereby effectively

e ies

- pressing tr_ie _i_gk'fg“t-t'ieppréés-ﬁré-rﬂfa‘mbgp.

[Fig.1]



piezo-electric plate form ng Iayer 12a. As shown in the part (a) of Fig. 5,
the front and rear end plate formi'ng | ayer 14 has reference hol es 14c
which are in alignment with reference holes 12c fornmed in the

pi ezo-electric plate forming layer 12a. Wth the reference holes 1l4c as
reference points, w ndows 14d corresponding to the regions of the active
portions 15 are forned in the Iayerg$ Thereafter, the layer 14 is pl aced
on the piezo-electric plate formingllayer 12a with-pins inserted into the
referénce holes 12c and 14c, and then those |layers are formed into one
unit by sintering under pressure. Next, the resulting product is
cut along one or two cutting lines B which define the front ‘end plate 14f
and the rear end plate 14r, and external el ectrodes are fornmed

—
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|
/
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14 oh the surface thereof. As was descri bed above, the interna

el ectrodes 12b do not extend outside the piezo-electric plate forming
| ayer 12a. Hence, the formation of the external electrodes can be achieved

wi t hout” a mask which covers the outer side of the piezo-electric plate.

23
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i

|
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After the formation of the external electrodes, a voltage of 75v is applied
to those electrodes for one mnute for polarization. Thereafter, the
resulting product is cut along cutting lines Ato obtain a nunber of
pi ezo-el ectric plates 2. As shown in Fig. 2, in the piezo-electric
vibrator assenbly 1 formed in the above-described manner, the
pi ezo-el ectric vibrators 3 are cggﬁkged together with the rear end plate 7
as a common base, and the front plate 6 is_cut.in correspondence to
the pi €zo-€électric vibrators 3, thus uniformy depressing the island
portions 49 on the vibrating board 47. Figs. 6 and 7 shows
anothgtéaxgnpre of the piezo-electric vibrator %§senbly according to the

r

i nven and its manu Fla 7 4
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In the piezo-electric vibrator assenbly 1, a piezo-electric plate 22 has
dummy vibrators 23" on both sides. The dunny vi brators 23" are used only
to position other components during assenbling; that is, they are not

rel ated to the recording operation of the recording head at-all. A front
end plate 26 and a rear end plat%tzﬁ$are coupled to each other through
side plates 28 nounted on the du ibrators 23' of tiye piezo- electric
plate 22—=so0 that theTaiter 22 is held reinforced during both form ng and
installing the piezo-electric vibrator assenbly 1. The assenbly
is manufactured as shown in Fig.7. A piezo-electric plate fornlng green
sheet 60

Fig-

This Sheet Has Been Reﬂ
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15 relatively large in area is prepared. The green sheet 60 is a | am nate

conprising a piezo-electric material |layer 2la, and conductive |ayers 21b
provided in the active portions 25 of the latter 21la. irkis $H3& Has Been Replaced
| ongi tudi nal direction of the green sheet 60, a plurality of fl

having a width a which is equal to orslightly larger than thglﬂﬂﬁ‘ﬂmg"ﬂ I
width w of the front end plate 26 &Q¢|8he width w' of the r

27 (see FIG 6) are—taid—eonrthe—t+nactive —— -
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portions of the piezo-electric plate form ng green sheet 60 at intervals
corresponding to at least the length of the piezo-electric plate 22. In the
| ateral direction of the green sheet 60, plates 29 having a width b which
i's equal to or slightly larger than two tines the wwdth w'' of the side
plate 28 are laid on the active pqw[{ ns 25 of the green sheet 60 at

I nterval s corresponding to at | eas® e w dth-eft+he——ptezo-electric plate
22. Next—+the—resultant product is cut in the |ongitudinal
direction and in the lateral direction. Mre specifically, in the

| ongi tudi nal direction, the product is cut along cutting lines B or B
(doubl e line) which divide the plates 24 into the front and rear end pl ates
26 and 27, gpd i,n the lateral direction, it i a¥bng cutting lines A
or A (douhkgziiéb) whi ch divide the plates 29" /nto two equal parts, to

obtain a plurality of piezo-electric plates 2% The piezawél ectric plates
. . /23 d

22 are then

i




sihtered. Al ternatively,
and thenm cut in the above-
pi ezo- electric plates 22.

end portlon of each of the piezo- electrlc plates 22 is cut

li ke 'the teeth

first the aforenentioned product may be sintered,

descri bed nmnner,
as was descri bed before,

Ther eafter,

7/13

to obtain a plurality of

Fi9.9

| Dwdes
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of a-conb to forma nunber of piezo-electric vibrators 23. In the
above-descri bed nethod, the front end plate 6 (or 26) and the rear end
plate 7 (or 27) are nmounted on the piezo-electric plate 2 (or 22) and are
sintered into one wunit (see Fig. 3(b)). However, the sane effect can be
obt ai ned by processing those co nents as follows. The piezo-electric
plate 2 (or 22), the front end pﬂ£§¢'6 (or 26), and the rear end plate 7
(or 27) are sintered separately, amd then they gre conbined into one unit
by using a suitabl e adhesive. I n_agdigTon, as shown in Fig. 8 a
pair of front end plates 6 nmay be fixedly /ﬁDunted on the upper and | ower

surfaces of the front end i nactive RO 4f of thei
. \ Nu'

[V}
o)
B ey

22 75 :ff
lal = L L l% n

¢

{
28" 23'I 231; 23
26° 26’ 26’

[0 ]
<«

“This Sheet Has Been Reﬂlaced

AR




piezo-electric plate 2. In this case, the island portions 49 of the —————

e
viibrati-ng board 47 can be nore widely pressed with high stabig, Ha
Fig. 10 shows anot her enbodi nent of the invention. Mre specifj f oS Bean Replaced
1Q(a)- and (b) are a perspective top view and a perspective bozﬂ \m "I
showi ng the top and bottom of" anot her; exanpl e of a piezo-ele
assenbly, respectively, and Fig. 10@1)[% s a front side view of the
assenbly. In Fig. 10, reference nuneral 23 designates the above-described
pi ezo-eleeyric yibrators; and 23", the above-described dummy vi brators. The
dumy v¥'bk t‘or/z/VZS' are provided on_both sidgd’ o8 a group of :
pi ezo-el ectric vi brat or s*23 and thByare uses oAl y for positjadning other
conponents during assenbling; that i Bey-aresnot rel at gdNtg.the

recordi ng operation of the recordi n"at\ 2l Thg’a ve- deseribed rear
Z z e

end plates 27 and 27" ar e, mount ed ogrFhe ~ S 8 -7
. : A -’ Ny L :
. . . LI \ ‘
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upper- and | ower surfaces of the rear end portions of the piezo-electric

vibrators 23 and of the dummy vibrators of the pi ezo- el ectricvibrators—23
and of the dummy vibrators
17 +23', respectively. Simlarly, the above-desg¢ribed fron

[0[13

and 26' are
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mount ed on the upper and | ower surfaces of the piezo- electrlc vi brators 23

respectively. In addition,

dumry vibrators 23' are
t he*dumy vi brators 23" and 23

side plates 28 and 28’
mount ed on t he upper and | ower s l;

equal T tengthto the
ces of each of

respectively, in such a

nmerge wwth the rear end plates 27 and 27,

wi |l be described with reference to Fig|
piezo electric plate formng green sheet

Is formed which is a |lam nate of piezo- electrlc mat eri al

conductive | ayers

of manufacturing the piezo-electric V|brator assenbl y sho
[gi First, a

respectively.

W

0" having a relatlve1y | ar ge area
layers; 2la and
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21b.- A layer 61 is fornmed on one surface of the green sheet 60 by using
ceramc or the sane material as that of the green sheet 60 —Wore

havi ng a

specifically, the layer 61 conprises: a plurality of plateqh2% o
width a, which is equal to or slightly larger than the sum 0 jogenReplaced
w and w' of the front and rear end plates 26 and 27, which I I ﬁw

I

I nactive portions 24 in the longitudinal direction at interv
corresponding to at least the Ilength oyl ggbl ezo-electric plate 22; and
pl ates 29 having a width b which'is equal or slightly larger than two
times the wwdth w'' of the side plate 28 which are laid on the active
portions 25 in the lateral direction at intervals corresponding to at | east
the wwdth of the piezo-electric plate 22. Anot her ceram c | ayer
61 ' equal in structure to the above-described ceram c | ayer ’
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61 is fornmed on the other surface of the green sheet 66—— Next, the.

resultant product is cut in the longitudinal direction and in the |ateral

di.rect ion. More specifically, in the |ongitudinal direét HadBeepReplhogat 1 S
W i
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aLo@é cutting lines B or B (double Iine) which divide the plates 24
the ¥ront and rear end plates 26 and 27,

is cut along cutting lines A or
29 into the two equal parts, taq
22. The piezo-electric plates 2
af orenenti oned product may be s

manner, to obtain a plurality df ¥plesgaglpcpaged B @t §5:042%. Th
hdbport | onpaledeact Biscline

was descri bed before, the front
plates 22 i's cut into pieces |

nunber of piezo-electric vibrat

and,
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ke the teeth of
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in the lateral direction, it

~ {-aouhl.e. ich_divide the plates
%ptffaﬁfh-z“régbgﬂm’*%ﬂﬁﬁgwsf piezo- plectric plates
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pWN i n

FESBiptipRr pepedALL By pagedvel N bove deser
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ereafter, as

pi ezo-el ectric
ormng a
ig. 12, the

pi ezo-el ectric vibrator assenbl

the assenblies, the netal plate 19
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care jngerted into
nmounting holes 52 in such a manner that they face each other. In each of

I's protruded fromthe upper and | ower

ends and right and left ends of the rear end plates 27 and 27'. The netal

plates 10 are borREEZOELECPRIC DRIVER FOR AN INK JET RECORDING
HEAD, AND ITS MANUFACTURING METHOD

This invention relates to a piezo-electric driver
for an ink jet recording head,
manufacturing the piezo-electric driver.

and a method of

Japanese Patent Application (OPI) No. 1052/1992

(the term "OPI' as used herein means an “unexamined
application") discloses an ink jet recording head of
a vertical vibration mode comprising a nozzle plate
having a2 plurality of nozzles, vibrating boards
positioned behind the nozzle plate, piezo-electric
vibrators of a vertical vibration mode small enough to
match the nozzles abutted against the backs of the
vibrating boards, and pressure'chambers formed by the
nozzle plate and the vibrating boards into which ink
from an ink flow path flows. In the recording head,
the piezo-electric vibrators are driven according to
a given recording signal to pressurize the ink and to
jet it in the form of ink droplets. p

An ink Jjet recording head of this .type is
advantageous in that decreasing the size of the piezo-
. electric vibrators permits a decrease in the pitch of
arrangement of the nozzles. However, in order to
decrease the size of the piezo-electric vibrators, it
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surfaces of nounting holes 52 with an adhesive agent 54. In this operation,
each of the netal plates 10 is positioned by using guide grooves fornmed on
both sides of the nounting hole 52, so that the piezo-electric vibrators
are set on the island portions 49 of the vibrating board 47 with high
accuracy and the piezo-electric vibrators 3 are prevented from being
inclined in the direction of thickness. That is, positioning the netal
plate 10 in the above-descri bed manner allows the piezo-electric vibrators .
3 to be bonded to the rear surfades of the island portions 49 of the -
vi brating board 47 with adhesive agents 59. The adhesive agents 59 are
applied to Lsenecessarpstofeldnggic zach o€t the présauvescliamberst he end

faces pi ezoygl gall s | JUALMS Al BLETH °08' 3ol Whd Mattdngopor tions
have an internal volume large encugh to contain jet

ink droplets. In addition, it is necessary to form

annular grooves in the portions of the vibrating

boards which confront with the peripheries of the

pressure chambers, so that the portions thus thinned

receive the small displacement of the piezo-electric

vibrators witk high efficiency.

The recording head may be modified to meet the
above-described requirements; however, the effects of
such a modification is limited. That is, if the
island portion defined by the annular groove is longer
than a certain value, then only the portion thereof
which is in abutment with the piezo-electric vibrator
is bent and the pressure that can be applied to the
ink in the pressure chamber is limited.

In view of the foregoing, an object of the
invention is to provide a novel piezo-electric driver
for an ink jet recording head which has piezo-electric
vibrators limited in displacement to pressurize the
ink in the pressure chambers with high efficiency, and
a method of readily manufacturing the piezo-electric
driver with high accuracy.

The foregoing object of the invention may be
achieved by the provision of: '

(1) a piezo-electric driver for an ink Jjet
recording head comprising,

a piezo-electric plate having at least a
front end portion as an inactive region, and another
portion in which conductive layers are laminated, the
piezo—-aelectric plate is cut at predetermined intervals
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19 - I n the above-described enbodi nent, the dummy vibrators 23' are
reinforced by the side plates 28 and 28, and therefore they are
positively prevented frombeing bent in the recording head. Fig.
13 shows anot her enbodi nent of the invention. In the enbodi nent, a

pi ezo-el ectric vibrating board 64 is forned by alternately | am nating

pi ezo-electric materials 60 and conductive |ayers 61 and 62. Rear end

pl ates 65 and 66 are fixedly 3

to form ségments similar to teeth of a comb which form a plurality of piezo-electric
vibrators, the front end portion of each of the piezo-electric vibrators is formed into the
inactive portion, and |

a p:‘es;ure facilitating front end plate is mounted on at least one surface of the
inactive region in such a manner that the front end face thereof is flush with the outer end
face of each piezo-electric vibrator; and

a method of manufacturing a piezo-electric driver for an ink jet recording head
comprising the steps of’

laminating a piezo-electric material and a conductive material to form a piezo-
electric plate having a front end face and having at least a front end portion of which is an
inactive region;

mounting a pressure facilitating front end plate having a front end face on at least a
first surface of said inactive region in such a manner that said front end face of said front
end plate is flush with said front end face of said piezo-electric plate; and

cutting said piezo-electric plate together with said front end plate at predetermined
intervals to form a plurality of piezo-electric elements.

Hence, the rear end plate holds the piezo-electric vibrators which are obtained by
cutting the resultant product as described above. In addition, the rear end plate can be
utilized for mounting the resultant vibrator assembly on 2 holding member with ease.

For a better understanding of the invention, embodiments will now be described, by

way of example with reference to the accompanying drawings, in which:-
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mount ed on the upper and | ower surface of the rear end portion of the
piezo-electric -vibrating board 64. The other el ectrodes; nanely, external
conductive layers 67, which are common el ectrodes in the enbodi nent, are
formed on the upper and |l ower surface of the piezo-electric vibrating
board 64 in such a manner that they are extended fromthe front end of the
| atter 64 to the border lines of the rear end plates 65 and 66,
respectively. Front end plates 69 and 70 are fixedly nounted on the upper
and |l ower surface of the front end portion of the piezo-electric vibrating
board 64, respectively. The rear end,plates 65 and 66, and the front end
plates 69 and 70 are formed from ceramc, preferably piezo-electric

mat eri al . A conductive layer 73 is forned on the front end face of

the resultant prosie! Lnis a perspective view showing a piezo-
electric vibrator assembly, which constitutes one
embodiment of this invention.

Fig. 2 is a sectional view showing an example of
an ink jet recording head using the piezo-electric
vibrator assembly shown in Fig. 1.

Fig. 3 shows perspective views for a description
of a method of manufacturing the assembly shown in
Fig. 1. '

Fig. 4 is a perspective view showing the
arrangement of a device for forming piezo-electric
vibrators. '

Fig. 5 shows another embodiment of the invention.
More specifically, FIG. S(a) is a diagram showing a
front and rear end plate forming layer; FIG. 5(b) is
a diagram showing a piezo-electric plate <forming
layer; FIG. 5(c), is a diagram showing the laminate of
those layers.

Fig. 6 is a perspective view showing a piezo-
electric plate in another embodiment of the invention.

Fig. 7 is a perspective view for a description of
a2 method of manufacturing the piezo-electric plate
shown in Fig. 6.

Fig. 8 is a perspective view showing another
embodiment of the invention. '

Fig. 9 is a perspective view showing a piezo-
electric vibrator assembly, which constitutes ancther
embodiment of the inventian. _

Fig. 10 shows a piezo-electric vibrator assembly,
which constitutes another embodiment of the invention.
More specifically, parts (a) and (b) of Fig. 10 are
perspective views showing the top and the bottom of
the piezo-electric vibrator assembly, respectively;
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such a manner that it is electrically connected to the conductive |ayer 67
on the upper surface of the piezo-electric vibrating board 64 and to the
conductive layers 62 appearing in the front end face. The rear end pl ates
65 and 66 have conductive |layers 74 and 75, and conductive |ayers 77 and
78. The conductive layers 74 and 75 are provided on one side and a part of
t he upper surface of the rear end plate 65, respectively, in such a

5

and part (c) is a front side view of the piezo-electric vibrator assembly.

Figure 11 is a perspective view of a2 method of manufacturing the piezo-electric
vibrator assembly shown in Figure 10.

Figure 12 is a sectional view of an example of an ink jet recording head using the
piezo-electric vibrator assemblies shown in Figure 10, showing the dummy vibrators and
the piezo-electric vibrators therebf. |

Figure 13 is a perspective view of a piezo-electric vibrator assembly, which
constitutes another embodiment of the invention.

Figure 14 is a perspective view of the a;sqhbly shown in Figure 13, which is cut
at predetermined intervals into piece§ like the teeth of a comb. )

Figure 15 shows the steps of manufacturing according to another embodiment of
the invention.

Figure 16 shows the steps of manufacturing another embodiment of the invention.

Figure 17 is a sectional view showing the structure of an ink jet ret_:ordi_ng head
using the piezo-electric vibrator assemblies shown in Fig. 16.

Preferred embodiments of this invention will be described with reference to the
accompanying drawings.

Fig. 1 shows a piezo-electric driver, which constitutes one embodiment of the
invention.

In Fig.1, reference numeral 1 designates a piezo-electric vibrator asseinbly from
which the piezo-el_ectric driver is formed. Thé assembly 1 comprises a piezo-

electric plate 2 which is cut into pieces like the teeth of a comb together with
a front end plate 6 adapted to_increase a contact area and a metal plate
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20" manner that they are electrically connected to the conductive | ayer 67
fornmed on the upper surface of the piezo-electric vibrating board 64. On

t he upper surface of the rear end plate 65, an insulating region 76 having
a predetermined wiwdth is provided adjacent to the conductive |ayer 75.
Furthernore, the conductive layer 78 is provided adjacent to the

i nsulating region 76 on the upper surface of the rear end plate 65, and the
conductive layer 77 is provided on the rear end face of the product in
such a manner that it is electricaﬁ'y connected to the other el ectrodes

(a1 v, o el UaTeblal S TES! ko UELY. GO RPN 2 'aeTo ©1
piezo-electric plate 2 through a rear end plate 7
adapted to combine piezo-electric elements together,
thus coupling the piezo-electric plate 2 to an ink jet
recording head. '

More specifically, in the assembly 1, one of its
components, namely, .the piezo-electric plate
2 is formed as follows: First, a paste-like piezo-
electric material layer 2a having a front end portion
and a rear end portion and a middle portion between
them as viewed in the longitudinal direction is
obtained. Conductive layers 2b are laminated in the
" middle portion of the paste-like piezo-electric
material layer 2a so that the middle portien serves as
an active portion 5. The remaining portions; i.e.,
the front end portion and the rear end portion serve
as a front end inactive portion 4f and a rear end
inactive portion 4r, respectively. The front end
“plate 6 and the rear end plate 7 are formed by using
a paste-like free-cutting ceramic material which is,
for instance, the same as the piezo-electric material.
The front and rear end plates 6 and 7 thus formed are
mounted on the front end inactive portion 4f and the
rear end inactive portion 4r, respectively. These
components are then formed into one unit by sintering.
In the embodiment, as shown in Fig. 3(e), the
front end portion of the piezo-electric plate 2
together with the front end plate 6 is cut inteo pieces
like the teeth of a comb with a wire saw or dicing
saw, until the cutting line reaches the straight line
conmnecting the rear edge of the top 6a of the front
end plate 6 and the front edge 4ra of the rear end
inactive portion 4r. The pieces thus obtained are
piezo-electric driving elements 3 which, in response
to voltage applied thereto, are moved across the
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vi brating board 64. As shown in Fig. 14, the piezo-electric
vibrating board 64 thus formed is fixedly nDunted on a substrate 10, and
‘then its front end portion is cut into pieces like the teeth of a conb as
descri bed above. Thereafter, a cable 82 having a conductive strip 80 and
conductive strips 81 in the front end is soldered to the piezo-electric,
vi brating board 64 thus processed, so that the conductive strip 80 is
connected to the common el ectrode, nanely, the conductive |ayer 75, and
the conductive strips 81 are connected to the conductive |ayer 78 divided
at a predetergméwgtimtﬁa(m to presduré thenhid irerthearesdpeetive Fig. 14,
the front end Iates 6 '$% 70 equal in structure to each other are -
nount ed on t ST " surfaces of the front end portion of each of
t he piezo-electri chvl bhat piezg-elsictitico | plate Reathwsdfprneds & and 66

shown in Fig. 3(c), an external electrode 8 is formed,
for instance, by vapor deposition which extends from
the lower surface of the active portion 5 through the
surface of the front end plate 6 to the upper surface
of the active portion 5; and similarly an external
common electrode 9 is formed which extends from the
rear end inactive portion 4r to the rear end face 7a
of the rear end plate 7. Thereafter, the metal plate
10 of stainless steel or the like is fixedly mounted
on the rear end plate 7 as shown in FIG. 3(d). Thus,
the piezo-electric vibrator aésembly 1 has been
formed.

Fig. 2 shows an ink jet recording head equipped
with the above-described piezo-electric vibrator
assemblies 1.

Also shown in Fig. 2, reference numeral 41
designates a nozzle plate which has a number of
nozzles 43 on both sides of a flow-path forming spacer
42 which are arranged in a direction perpendicular to
the surface of the drawing. Behind the nozzle plate
41, a vibrating board 47 is provided in parallel with
the nozzle plate 41 through a common ink chamber 44
and pressure chambers 45 formed on a flow-path forming
board, thus forming a flow-path forming member 40.

In the rear surface of the vibrating board 47,
annular grooves 48 are formed along the peripheries of
the pressure chambers 45, thus providing island
portions 49 which operate as follows: In response to
the displacement of the piezo-electric vibrators 3,
the island portions 49 are inwardly flexed while being
kept in parallel with the nozzle plate 41.
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equal in structure to each other are nounted on the upper and | ower
surfaces of the rear end portion of the piezo-electric vibrators 23. The
front -.end palates and rear end plates prevent the piezo-electric vibrators
from bei ng bent in manufacturing because of the symetric structure. The
external conductive |layers 67 also prevent the piezo-electric

21

Further in Fig. 2, reference numeral 51 designates a holding block of plastic
- which is fixedly secured to the rear surface of the flow-path forming member 40, to

position the piezo-electric vibrator assemblies 1. The holding block 51 has two piezo-
electric vibrator unit mounting holes 52 which have a width corresponding to the
longitudinal length of the pressure chambers 45 and are arranged along the lines of the
nozzles 43. Thé holding block S1 is mounted on the vibrating board 47 with an adhesive
agent by utilizing a reference hole formed in the flow-path forming member 40.

A pair of piezo—eleétric vibrator assemblies 1 are inserted into the mounting holes
52 in such a manner that they face each other. As shown in Fig. 3(d), the metal plate 10
is larger than the rear end plate 7; that is, the former 10 is protruded from the upper and
lower ends ax_xd the right and left ends of the latter 7. The metal plates 10 are bonded to
the surfaces of the mounting holes 52 with an adhesive agent 54. In this operation, each
of the metal plates 10 is positioned by using guide grooves formed on both sides of the
mounting hole 52 so that the piezo-electric vibrators 3 are set on the portign 49 of the
vibrating board 47 ‘with high accuracy and the piezo-electric vibrators 3 are also
prevented from being inclined relative to the board 47 (i.e. in thé direction of thickness).
ﬁa is, positioning the metal plate 10 in the above-described manner allows the piezo-
electric vibrators 3 to be bonded to the rear surfaces of the island portions 49 of the
vibrating board 47 with adhesive agents 59. The adhesive agents 59 are applied to the
end faces of the piezo-electric vibrators 3 with the end faces of the piezo-electric

vibrators 3 in plane contact with the island portions 49. Fig. 2 also
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vi brators from being bent by reinforcing the piezo-electric vibrators.
Since the rear end plates 65 are higher in nechanical strength than the

pi ezo-el ectric vibrators 23, the cable 82, which is connected to the rear
end plates, can be positively connected to the piezo- electric vibrators.
Furt hernore, when necessary, conductive |layers may be additionally forned
on the conductive |ayer 67 to decrease the electrical connecting

resi st ance. This is a significant aspect of the enbodi ment of the
present invention shown in Fig. 14 becayse the piezo-electric vibrators in
a recording head for high density printing are traditionally extrenely

small in width, and accordingly the connecting area between the cable and
t he piezo-electric vibrators is extrenmely small, thereby creating an

shows circuit board 55 provided on the positioning and holding block 51 and flexible

cables 56.

With reference to Fig. 2, the piezo-electric vibrator assembly of the present
invention may provide the following advantages. The rear end plate 7 increases the
rigidity of the piezo-electric plate 2. The assembly 1 can be f&dily coupled to a holding
block 51 mounted on the rear of a flow-path forming member 40. The piezo-electric
driving elements 3 including the front and plate pieces 6 are uniformly abutted against
the whole areas of island portions 49 formed on a vibrating board 47 so that the island
portions 49 are uniformly pushed against the surface of a nozzle plate 41, to pressure the
ink in the pressure chambers 45. _

Now, the manufacture of the above-described piezo-electric vibrator assembly 1
will be described with reference to Fig. 3.

First, a piezo-electric material layer 2a, which is substantially equal in
configuration and in thickness to the piezo-electric plate 2, is formed by using a paste-
lil_ce piezo-electric material such as lead titanate-zirconate, lead titdn-zirconate or barium
titanate. Next, the piezo-electric material layer 2a is marked off into marginal portions.
Specifically, in t.he middle portion of the piezo-electric material layer 2a, i.e. excluding
the front end portion of 0.2 to 1.0 mm in length and the rear end portion of
approximately 3.0 mm in length, conductive layers 2b of silver palladium are formed so
as to overlap each other. The conductive layers are formed to have a thickness of about
3 um by coating or vépour deposition. Thus, a green sheet for a single-layer-type piezo- |

electric plate 2 having the front inactive portion 4f, the rear inactive portion 4r, and the
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extrenely high electrical resistance. Therefore, a | arge anount of heat is
generated in the region surroundi ng these connecting points, such as
corners or ridge lines of the front end plate shown in Fig, 3(e), which
can cause danmage in the recording head. By reducing the connecting

resi stance, the enbodi ment of the present invention as shown in Fig. 14,
makes it possible to reduce the anbunt of thermal damage suffered by the

recordi ng heads and further reduce? t he danage caused by | oss of driving
ener gy. Fig. 15 shows a ne %od of manufacturing the above descri bed

ot gnat o5, ¢ he "a s oLV ek fhon (hds Jmect): sRERRAS 18RS HIH. 70 (G

alternately Iaﬁ)ﬁating the piezo-electric materials 60 and the conductive

layers 61 and 62. Them@itgrlakee! €gpaogfetdyelactiicVhiste A€ Ry
as shown Fig. 3(a-2). A paste-like piezo-electric
material layer 2a is formed to a thickness of 15 to 30
um, and conductive layers 2b are alternately formed to
a thickness of about 3 um in such a manner that
internal electrodes extended from the front and rear
ends are overlapped in the middle portion of the
piezo-electric material layer 2a leaving margins at
the front and rear end portions. This process is
repeated several times to obtain a green sheet for a
multi-layer type piezo-electric plate 2 having the
front and rear inactive portions 4f and 4r.

The remaining manufacturing steps will be
described with reference to the multi-layer <type
piezo-electric plate 2. The green sheet thus formed
for the piezo-electric plate 2 is processed as shown
in Fig. 3(b). That is, the front and rear end plates
6 and 7 are mounted on the fronmt and rear inactive
portions 4f and 4r, respectively. . ) ‘

More specifically, the front end plate 6 of free-
cutting ceramic material which is substantially equal
in thickness to the piezo-electric plate 2 is mounted
on the front end inactive portion 4f with a small gap
S, preferably 0.0 to 0.5 mm, between the front end

plate 6 and the active portion 5. Similarly, the rear
end plate 7, which is larger in width than the front
end plate 6, is mounted on the rear end inactive
portion 4r. Thereafter, the piezo-electric plate 2
and the front end plate 6 are cut so that their front
end faces are flush with each other, and then the
piezo-electric plate 2 and the front and rear end
plates 6 and 7 are combined into one unit by
sintering. Alternatively, plates 2,6 and 7 may be
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in'pc;l arity to the conductive layers 61, are fornmed on the upper and | ower
surface of the piezo-electric vibrating board 64 by vapour deposition or
coating, respectively, in such a manner that they are extended fromthe
front end of the board 64 to the border lines of the rear end plates 65 and
66, respectively (Fig. 15(a) and (b)).
22
11

processed as follows: After they are combined into

one unit by sintering, the piezo-electric plate 2 and

the front end plate 6 are cut with the dicing saw or

the like so that the front end faces of those plates

2 and 6 are flush with each other. The front end

Plate 6 and the rear end plate 7 may be lapped over

the active portion 5 if they do not obstruct the

displacement of the piezo-electric vibrators.

Next, as shown in FIG. 3(c), external segment
electrodes 8 are vapor-deposited on the upper and
lower surfaces of the active layer S including the
front end plate 6 by applying vapor in the directions
of the arrows D and E. An external common electrode
9 is vapor-deposited on the lower surface of the rear
end inactive portion 4r and the rear end face 7a of
the rear end plate 7 by applying vapor in the
direction of the arrow F.

As was described above, the external segment
electrode 8 is formed on the rear end face 6b of the
front end plate 6 and on the upper surface of the
piezo=electric plate 2 by vapor deposition in ‘the
direction of the arrow D. In order to prevent the
electrode from being broken at the edge 6a of the
front end plate 6, the rear end face 6b of the front
end plate 6 should be sloped as shown in Fig. 9. For
this purpose, the aforementioned sintering process may
be utilized to make the coefficient of contraction of
the piezo-electric material 'slightly larger than that
of the front end plate 6, or the front end plate 6
should be machined to have the rear end face 6 sloped.

Thereafter, as shown in Fig. 3(d), a metal
plate 10, larger both in length and in width than the
rear end plate 7, is fixedly mounted on the latter 7
with an adhesive agent.
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The front end plates 69 and 70 are fixedly nounted on the upper and | ower
surface of the front end portion of the piezo-electric vibrating board 64,
respectively. Simlarly, the rear. end plates 65 and 66 are fixedly nounted
on the upper and |lower surface of the rear end portion of the board 64,
respectively. \When necessary, the outer end portions of the front end

pl ates and those of the rear end plates are cut along lines G C and
C-C, respectively, as shown in Fig. 15(b). The front end pl ates
69 and 70, and the rear end plates 65 and 66 may be formed by using a
green sheet which is equal in conpositiql to the piezo-electric vibrating

boar d

Finally, the piezo-electric vibrator assembly 1 thus formed is processed as
follows: The assembly 1 is fixedly held with a jib or jig. Then, as sthn in Fig. 3(e), |
the front end portion of the assembly 1 is cut at intervals corresponding to the pitch of
arrangement of the nozzles 43 into pieces like the teeth of a comb until the cutting line
reaches the straight line L connecting the rear edge 6a of the top of the front end plate 6
and the front edge 4ra of the rear end inactive portion 4r. The cutting is performed at an
angle O to the plane of the piezo-electric plate 2.

Fig. 4 shows an example of a device for cutting the piezo-electric vibrator
assembly 1. Sloped mounting members 34 are mounted on a jig body 32 which is
moved vertically while being held in parallel with a wire saw 31. More specifically,
each sloped mounting member 34 has a workpiece mounting surface 33 which is sloped
in correspondence to the angle of inclination of the aforementioned straight line L, anq it
is fixedly mouhted on the jig body 32 with the workpiece mounting surface 33 set
oblique with the wire saw 31. The metal plate 10 is fixedly secured to the workpiece
mounting surface 33 ixi such a manner that the front end portion of the piezo-electric
plate 2 extends upwardly. Under this condition, the jig body 32 is moved vertically
towards the wire saw 31, to cut the piezo-electric vibrator assembly in the above-
described manner.

Fig. 5 shows another embodiment of the invention, in which a number of piezo-
electric plates 2 mn be formed from a large size plate. Fig 5(a) shows a front and rear
end plate forming Iayer; Fig 5(b) shows a piezo-electric plate forming layer 12a and
Fig. 5(c) shows the lamination of those layers.

First, a piezo-electric plate forming layer 12a is formed by using a paste-like

piezo-electric material which is large enough to arrange a number of piezo-electric
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64, or a green sheet of free-cutting ceramic. Aternatively, those green
sheets may be stacked one on another to a desired thickness. The resultant
product is sintered (see Fig. Thereafter, the conductive |ayer 73
is formed on the front end faces of the piezo- electric vibrating board 64
and the conductive layers 74 and 75 are forned on the upper end side
surface of the rear end plates 65 and 66, and the conductive |ayers 78 and
77 are fornmed on a part of the upper surface of the rear end plate 65 and
rear end face respectively. The conductgve | ayer 78 is utilized as
connecting termnals to external devi ced: The product thus forned
Is fixedly nounted on the substrate 10, for instance,

plates 12 in fhe longitudinal direction and in the lateral direction on it. Next, as shown
in Fig. 5(b), two kinds of internal electrodes 12b which are indicated by hatchings sloped
upwards to the right and upwards to the left are alternately printed as patterns while
clamping the piezo-electric plate forming layer 12a, thereby forming active portions 15
(crossed region) at intervals which are equal to, slightly smaller or slightly larger than
the iongitudinal dimension of the piezo-electﬁc plate 12.

The formation of the two kinds of internal electrodes 12b is carried out by using a
printing mask which is set to the mark (+) on the piezo-electric plate forming layer 12a.
In the formation of those internal electrodes 12b, it is essential that they do not extend
out of the piezo-electric plate forming layer 12a.

The front and rear end plate forming layer 14 is to form the front and rear end
plates 14f and 14r. The front and rear end plate forming layer 14 is equal in size to the
piezo-electric plate forming layer 12a. As shown in the part (a) of Fig. 5, the front and
rear end plate forming layer 14 has reference holes 14c which are in alignment with
reference holes 12¢ formed in the piezo-electric plate forming layer 12a. With the
reference holes 14c as reference points, windows 14d corresponding to the regions of the
active portions 15 are formed in the layer 14. Thereafter, the layer 14 is plac;ed on the
piezo-electric plate forming layer 12a with pins inserted into the reference holes 12c and
14c, and then those layers are formed into one unit by sintering under pressure.

Next, the resulting product is cut along one or two cutting lines B which define

the front end plate 14f and the rear end plate 14r, and external electrodes are formed

This is the replacemefit sheét

Date: £ 3 Jan 3B



wi th an adhesive, and then the front end portion thereof is cut at
predeterm ned intervals into pieces |like the teeth of a conb.

23 Fig. 16 shows steps of manufacturing another exanple of the

pi ezo-el ectric vibrating board. Simlarly as in the above-descri bed
case, the piezo-electric vibrating board 64 is fornmed by

14

on the surface thereof.

As was described above, the internal electrodes 12_b do not éxtend outside the
piezo-electric plate forming layer 12a. Hence, the formation of the external electrodes
can be achieved without a mask which covers the outer side of the piezo-electric plate.
After the formation of the external electrodes, a voltage of 75v is applied to those
electrodes for one minute for polarization. Thereafter, the resulting product is cut along
cutting lines A to obtain a number of piezo-electric plates 2. -

As shown in Fig. 2; in the piezo-electric vibrator assembly 1 formed in the
above-described manner, the piezo-electric vibratc;rs 3 are combined together with the
rear end plate 7 as a common base, and the front end plate 6 is cut in correspondence to
the piezo-electric vibrators 3, thus uniformly depressing the island portions 49 on the
vibrating board 47.

Figs. 6 and 7 shows another example of the piezo-electric vibrator assembly
according to the inv_ention; and its manufacturing method. |

In the piezo-electric vibrator assembly 1, a piezo-electric plate 22 has dummy
vibrators 23' on both sides. The dummy vibrators 23" are used only to position other
components during assemblixig; that is, they are not related to the recording operation of
the recording head ét all. A front end plate 26 and a rear end plate 27 are coupled to
each other through side plates 28 mounted on the dummy vibrators 23' of the piezo-
electric plate 22, so that the latter 22 is held reinforced during both forming ahd
installing the piezo-electric vibrator assembly 1.

The'assemb'ly is manufactured as shown in Fig.7. A
piezo-electric plate forming green sheet 60
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alternately [am nating piezo-electric materials 60 and conductive |ayers 61
.and 62. External electrode |ayers 67, which are equal in polarity to the
conductive layers 61, are forned on the upper and | ower surface of the
pi ezo-el ectric vibrating board 64, respectively, in such a manner that they
are extended fromthe front end of the board 64 to the border |ines of rear
end plated 65 and 66, respectively (Fig. 16(a)). As shown in FIG
16(b), front end plates 85 and 86 are fixedly nounted on the upper and
| oner surface of the front end pgrtion of the piezo-electric vibrating

board 64, re svehy. s SLoil e es 87z 8 fixed
nmounted on t giégélg?'l&né%gﬁe%s%ﬁ?%c% (%e:[%%?%l%a‘%‘ar Tg‘ﬁdagg?ﬁi (s)ﬁ%%? t he board
64, respecti$6l §s a laminatgeccompviisingt 2 phege-plactrigomaterid¥ and 88

are formed bxa%t:eaaat,le'a&a{j@émtamegrﬁ?ﬁ@eﬂé Prlovifad 9n aple 97 of

pi ezo-electric naterial  an

active portions 25 of the latter 21a. In the
longitudinal direction of the green sheet 60, a
plurality of plates 24 having a width a which is equal
to or slightly larger than the sum of the width w' of
the front end plate 26 and the width w'' of the rear
end plate 27 (see FIG. 6) are laid on the inactive
portions of the piezo-electric plate forming green
sheet 60 at intervals corresponding to at least the
length of the piezo-electric plate 22. In the lateral
direction of the green sheet 60,. plates 29 having a
width b which is equal to or slightly larger than two
times the width w''' of the side plate 28 are laid on
the active portions 25 of the green sheet 60 at
intervals corresponding to at least the width of the
piezo-electric plate 22.

Next, the resultant product is cut in the
longitudinal direction and in the lateral direction.
More specifically, in the longitudinal direction, the
product is cut along cutting lines B or B (double
line) which divide the plates 24 into the front and
rear end plates 26 and 27; and, in the lateral
direction, it is cut along cutting lines A or A‘
(double 1line) which divide the plates 29 into two
equal parts, to obtain a plurality of piezo—electric
Plates 22. The piezo-electric plates 22 are then
sintered. Alternatively, first the aforementioned
product may be sintered, and then cut in the -above-
described manner, to obtain a plurality of piezo-
electric plates 22. Thereafter, as was described
before, the front end portion of each of the piezo-
electric plates 22 is cut into pieces like the teeth
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coriduci ve layers 90, 92, 94 and 96 as follows: Mre specifically, as in the
case of the piezo-electric vibrating board, the green sheets 91 and the
conductive layer 90 are alternately lamnated to formthe front end plate
85; the green sheets 93 and the conducive layers 92, to formthe front end
pl ate 86; the green sheets 95 and the conducive layers 94, to formthe rear
end plate 87; and the green sheets 97 and the conducive |ayers 96, formthe
rear end plate 88. In the above-described |am nation, in order to
prevent the external conductive layers {a and 77 from

of a comb to form a number of piezo-electric vibrators 23.

In the above-described method, the front end plate 6 (or 26) and the rear end
plate 7 (or 27) are mounted on the piezo-electrib plate 2 (or 22) and are sintered into one
unit (see Fig. 3(b)). However, the same effect can be obtained by processing those
components as follows. The piezo-electric plate 2 (or é2), the front end plate 6 (or 26),
and the rear end plate 7 (or 27) are sintered séparately, and then they are combined into
one unit by using a suitable adhesive. .

In addition, as shown in Fig. 8 a pair of front end plates 6 may be fixedly
mounted on the upper and lower surfaces of the front end inactive portion 4f of the
piezo-electric plate 2. In this case, the island portions 49 of the vibrating board 47 can
be more widgly pressed with high stability.
| Fig. 10 shows another embodiment of the invention. More 'speciﬁmlly, Fig.
10(a) and (b) are a perspective top view and a perspe;ctive bottom view showing the top
and bottom of another example of a piezo-electric vibrator assembly, resl?ectively, and
Fig. 10(c) is a front side view of the assembly. In Fig. 10, reference numeral 23
designates the above-described piezo-electric vibrators; and 23', the above-described
dummy vibrators. The dummy vibrators 23' are provided on both sides of a group of
piezo-electric vibrators 23 and they are used only for positioning other components
during assembling; that is, they are not related to the recording operation of the
recording head at all. The above-described rear end plates 27 and 27' are mounted on the
upper and lower surfaces of the rear end portions of the piezo-electric vibrators 23 and of

the dummy vibrators of the piezo-electric vibrators 23 and of the dummy vibrators
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24 ° short circuiting the conductive layers 94 and 96 buried respectively
in.the rear end plates 87 and 88, the conductive |layers 94 and 96 are
shifted a predeterm ned distance g inwardly fromthe outer end faces of
the latter 87 and 88, respectively. The sane effect can be obtai ned by
maki ng cuts in the conductive |layers 94 and 96. - These cuts may be
made so that there is a break in the electrically conductive path fromthe
out ernost portions of the conductive layers 94 and 96 (which may be in

17

23', respectively. Similarly, the above-described front end plates 26 and 26 are
mounted on the upper and lower surfaces of the piezo-electric vibrators 23, respectively.
In addition, side plates 28 and 28' equal in length to the dummy vibrators 23' are
mounted on the upper and lower surfaces of each of the dummy vibrators 23‘ and 23',
respectively, in such a manner that they merge with the rear end plates 27 and 27,
respectively.

A method of manufacturing the piezo-electric vibrator assembly shown in Fig. 10
will be described with refe;ence to Fig. 11.

First, a piezo-electric plate forming green sheet 60 having a relatively large area
is formed which is a laminate of piezo-electric material layers 21a and conductive layers
21b. A layer 61 is formed on one surface of the green sheet 60 by using ceramic or the
same material as that of the green sheet 60. More specifically, the layer 61 comprises: a
plurality of plates 24 having a width 2, which is equal to or slightly larger than the sum
of the widths w' and w" of the front and rear end plates 26 and 27, which are laid on the
inactive portions 24 in the longitudinal direction at intervals corresponding to at least the
length of the piezo-electric plate 22; and plates 29 having a width b which is equal to or
slightly larger than two times the width w"' of the side plate 28 which are laid on the
active portions 25 in the lateral direction at intervals corresponding to at least the width
of the piezo-electric plate 22.

Another ceramic layer 61' equal in structure to the above-described ceramic layer
61 is formed on the other surface of the green sheet 60. _

Next, the résultant pi'oduct is cut in the longitudinél direction and in the lateral

direction. More specifically, in the longitudinal direction, the product is cut
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el ectrical contact with the external conductive layers 75 and 77) to the
Lnner portions of the conductive |ayers 94 and 96. In the

enbodi ment descri bed above, the conductive |layers are buried in the green
sheets of ceram c. Hence, the resultant product, when sintered, is
substantially equal in the degree of contraction to the piezo-electric

vi brating board, which effectively prevents the piezo-electric vibrating
board from war page. When necessary, the outer end portions of the

pi ezo-el ectric vibrator assenbley may b? cut as shown in Fig. 16(b).
Thereafter, as shown in Fig. 16(c), a fi?st conductive layer 73 is forned
on the front end faces of the piezo-electric vibrating board 64 and on the
front end plates 85 and 86, a second conductive layer 78 is fornmed on the

rear end amagutingtihfes B Be@dubleain®f which divide the plates 24 into the front and rear
end plates 26 and 27; and, in the lateral direction, it is cut along cutting lines A or A’
(double line) which divide the plates 29 into the two equal parts, to obtain a plurality of
piezo-electric plates 22. The piezo-electric plates 22 are sintered. Alternatively, first the
aforementioned product may be sintered, and then cut in the above-described manner, th
obtain a plurality of piezo-electric plates 22. Thereafter, as was described before, the
front end portiox_l of each of the piezo-electric plates 22 is cut into pieces like the teeth of
a comb thus forming a number of piezo-electric vibrators 23.

As shown in Fig. 12, the piezo-electric vibrator assemblies thus manufactured are
inserted into mounting holes 52 in such a manner that they face each other. In each of
the assemblies, the metal plate 10 is protruded from the ﬁpper and lower ends and right
and left ends of the rear end plates 27 and 27'. The metal plates 10 are bonded to the
surfaces of mounting holes 52 with an adhesive agent 54. In this operation, each of the
metal plates 10 is positioned by using guide grooves formed on both sides of the

- mounting hole 52, so that the piezo-electric vibrators are set on the island portions 49 of
the vibrating board 47 with high accuracy and the piezo-electric vibrators 3 are prevented
from being inclined in the direction of thickness. That is, positioning the metal plate 10
in the above-described manner allows the piezo-electric vibrators 3 to be bonded to the
rear surfaces of the island portions 49 bf the vibrating board 47 with adhesive agents 59.
The adhesive agents 59 are applied to the end faces of the piezo-electric vibrators 3 with

the end faces piezo-electric vibrators in plane contact with the island portions 49.

This ia the r,apiacemém sheet

Y 3 JMN &S8



87 and 88, and a third conductive layer 75 and 78 is fornmed on a part of
the upper surface of the rear end plate 87. Under this condition
simlarly as in the above-descri bed enbodi nent, the resultant product is
fixedly nounted on the substrate 10, and then cut at predeterm ned
intervals into pieces like the teeth of a conb as descri bed above for the
enbodi nent shown in Fig. 14. Fig. 17 is a sectional view show ng
the structure of an ink jet recording head equipped with piezo-electric

vi brator assenblies which have been forned in the above- described nanner.

The conductive layer 73 formed on the front end faces of the front
19

In the above-described embodiment, the dummy vibrators 23" are reinforced by
the side plates 28 and 28", and therefore they are positively prevented from being bent in
the recording head.

Fig. 13 shows another embodiment of the invention. In the embodiment, a
piezo-electric vibrating board 64 is formed by alternately laminating piezo-electric
materials 60 and conductive layers 61 and 62. Rear end plates 65 and 66 are fixedly
mounted on the upper and lower surface of the rear end portion of the piezo-electric
vibrating board 64. The other electrodes; namely, external conductive layers 67, which
are common electrodes in the embodiment, are formed on the upper and lower surface of
the piezo-electric vibrating board 64 in such a manner that they are extended from the
front end of the latter 64 to the border lines of the rear end plates 65 and 66,
respectively. Front end plates 69 and 70 are fixedly mounted on the upper and lower
surface of the front end portion of the piezo-electric vibrating board 64, respectively.
The rear end plates 65 and 66, and the front end plates 69 and 70 are formed from
ceramic, preferably piezo-electric material.

A conductive layer 73 is formed on the front end face of the resultant product in
such a manner that it is electrically connected to the conductive layer 67 on the upper
surface of the piezo-electric vibrating board 64 and to the conductive layers 62 appearing
in the front end face. The rear end plates 65 and 66 have conductive layers 74 and 75,
and conductive layers 77 and 78. The conducﬁve layers 74 and 75 are provided on one

side and a part of the upper surface of the rear end plate 65, respectively, in such a
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end plates 85 and 86 and of the piezo-electric vibrating board 64 is in
contact with the I sland portion 40. Conductive |ayers 75 and
78 formed on the rear end plate 87 are connected to the cable 82.

As shown in Fig. 16(b) and descri bed above, conductive |layers 90, 92, 94
and 96 '

20

manner that they are electrically connected to the conductive layer 67 formed on the
upper surface of the piezo-electric vibrating board 64. On the upper surface of the rear
end plate 63, an insulating region 76 havihg a predetermined width is provided adjacent
to the conductive layer 75. Furthermore, the conductive layer 78 is provided adjacent to
the insulating region 76 on the upper surface of the rear end plate 65, and the conductive
layer 77 is provided on the rear end face of the product in such a manner that it is
electrically connected to the other electrodes (drive electrodes in the embodiment),
namely, the conductive layers 61 appearing in the rear end face of the piezo-electric
vibrating board 64. | |

As shown in Fig. 14, the piezo-electric vibrating board 64 thus formed is fixedly
mounted on a substrate 10, and then its front end portion is cut into pieces like the teeth
of a comb as described above. Thereafter, a cable 82 having a conductive strip 80 and
conductive strips 81 in the front end is soldered to the piezo-electric vibrating board 64
thus processed, so that the conductive strip 80 is connected to the common electrode,
namely, the conductive layer 75, and the conductive strips 81 are connected to the
conductive layer 78 divided at a predetermined interval.

In the embodiment as shown in Fig. 14, the front end plates 69 and 70 equal in
structure to each other are mounted on the upper and lower surfaces of the front end
portion of each of the piezo-electric vibrators 23. Similarly the rear end plates 65 and 66
equal in structure to each other are mounted on the upper and lower surfaces of the rear

" end portion of the piezo-electric vibrators 23; The front end palates and rear end plates
prevent the piezo-electric vibrators from being bent in manufacturing because of the

symmetric structure. The external conductive layers 67 also prevent the piezo-electric
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are buried in the front end plates 85 and 86 and the rear end pl ates 87 and
88, which effectively prevents the piezo-electric vibrating board from
“war page. Hence, even if the piezo-electric vibrating board 64, and
accordingly the piezo- electric material 60 is reduced in thickness, the
resul tant piezo-electric vibrator assenbly operates wth high accuracy.
This permts mniaturization and | owvoltage operation of the recording
head - In the above-descri bed enbodi ment, the conductive |ayers are
buried in the front end plates 85 and 8 and the rear end plates 87 and 88
whi ch are fixedly nmounted on the wupper and | ower surfaces of the
pi ezo-el ectric board 64. This technical concept may be applied to the
pi ezoel ect i c viprator assenbly as shown in Fig. 1 in which the front end
vibrators from being bent by reinforcing the piezo-electric vibrators. Since the rear end
plates 65 are higher in mechanical strength than the piezo-electric vibrators 23, the cable
82, which is connected to the rear end plates, can be positively connected to the piezo-
electric vibrators. Furthermore, when necéssa.ry, conductive layers may be additionally
formed on the conductive layer 67 to decrease the electrical connecting resistance.
This is a significant aspect of the embodiment of the present invention shown in
Fig. 14 because the piezo-electric vibrators in a recording head for high density pﬁnting
are traditionally extremely small in width, and accordingly the connecting area between
the cable and the piezo-electric vibrators is extremely small, thereby creating an
extremely high electrical resistance. Therefore, a large amount of heat is generated in
the region surrounding these connecting points, such as corners or ridge lines of the front
end plate shown in Fig, 3(e), which can cause damage in the recording head. By
reducing the connecting resistance, the embodiment of the present invention as shown in
Fig. 14, makes it possible to reduce the amount of thermal damage suffered by the
recording heads and further reduces the damage caused by loss of driving energy.
Fig. 15 shows a method of manufacturing the above described piezo-electric
vibrator assembly. In Fig. 15, reference numeral 64 designates the piezo-electric
vibrating board which is formed by alternately laminating the piezo-electric materials 60
and the conductive layers 61 and 62. The external electrode layers 67, which are equal
in polarity' to the conductive layers 61, are formed on the upper and lower surface of the
piezo-electric vibrating board 64 by vapour deposition or coating, respectively, in such a
manner that they are extended from the front end of the board 64 to the border lines of

the rear end plates 65 and 66, respectively (Fig. 15(a) and (b)).
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plate and the rear end plate are forned on one side of the piezo-electric
plate by sintering ceramc. That is, in this case too, burying the
conductive layers in the front and rear plates prevents the piezo-electric
pl ate from war page. In a piezo-electric driver for an ink jet
recordi ng head, conductive |layers may be |amnated to forman active
region in a piezo-electric plate, whilst the front and rear end portions

t hereof provide front and rear inactive portions, a pressure facilitating
front end plate and a vibrator coupling22ear end plate are fixedly nmounted
on the front and rear inactive portions, respectively, and the front end
portion of the piezo-electric plate together with the front end plate are
cut at predetermned intervals into pieces, nanely, piezo-electric units,
whi ch depress the vibrating boards of the ink jet recordi ng head

Thg__front end plates 69 and 70 are fixedly mounted on the upper and lower
- surface of the front end portion of the piezo-electric vibrating board 64, respectively.
Similarly, the rear end plates 65 and 66 are fixedly mounted on the upper and lower
surface of the rear end portion of the bdard' 64, respectively. When necessary, the outer
end portions of the front end plates and those of the rear end plates are cut along lines C-
C and C*-C', respectively, as shown in Fig. 15(b).
~The front end plates 69 and 70, and the rear end plates 65 and 66 may be formed
by using a green sheet which is equal in compositibn to the piezo-elecu'ic-vibrating board
64, or a green sheet of free-cutting ceramic. Alternatively, those green sheets may be
stacked one on another to a desired thickness. The resultant product is sint'ered (see Fig.
15(b)). |
Thew_after, the conductive layer 73 is formed on the front end faces of the piezo-
electric vibrating board 64 and the conductive _layers 74 and 75 are formed on the upper
end side surface of the rear end plates 65 and 66, and the conductive layers 78 and 77
are formed on a part of fhe upper surface of the rear end plate 65 and rear end face
respectively. The conductive layer 78 is utilized as connecting terminals to external
devices.
The product thus formed is fixedly mounted on the substrate 10, for instance,
with an adhesive, and then the front end portion thereof is cut at predetermined intervals

into pieces like the teeth of a comb.

This i the replacemernt sheet



wi de to cause the parallel displacenent of the vibrating boards thereby
effectively pressing the ink in the pressure chanber.
26 _ - CLAI M5

23
Fig. 16 shows steps of manufacturing another

example of the piezo-electric vibrating board.

Similarly as in the above-described case, the
piezo-electric vibrating board 64 is <formed by
alternately laminating piezo-electric materials 60 and
conductive layers 61 and 62, External electrode
layers 67, which are equal in polarity to the
conductive layers 61, are formed on the upper and
lower surface of the piezo-electric vibrating board
64, respectively, in such 2 manner that they are
extended from the front end of the board 64 to the
border 1lines of rear end plated 65 and 66,
respectively (Fig. 16(a)).

As shown in FIG. 16(b), front end plates 85 and
86 are fixedly mounted on the upper and lower surface
of the front end portion of the piezo-electric
vibrating board 64, respectively. Similarly, rear end
plates 87 and 88 are fixed mounted on the upper and
lower surface of the rear end portion of the board 64,
respactively. -

In the enbodiment, those plates 85, 86, 87 "and
88 are formed by alternately laininating greén sheets
8%, 93, 95 and 97 of piezo-electric material and
conducive layers 90, 92, 94 and 96 as follows: More
specifically, as in the case of the piezo-electric
vibrating board, the green sheets 91 and the
conductive layer 90 are alternately laminated to form
the front end plate 85; the green sheets 93 and the
conducive layers 92, to form the front end plate 86;
the green sheets 95 and the conducive layers 94, to

- form the rear end plate 87; and the green sheets 97

and the conducive layers 96, form the rear end plate
88. '

In the above-described lamination, in order to
pPrevent the external conductive layers 75 and 77 from
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1. A piezo-electric driver for an ink jet recording head conpri sing:
& ptezo-electric plate having a rear end face and at |east a front end
portion as an inactive region, and another portion in which conductive
| ayers are lam nated as an active region, said piezo-electric plate is cut ’
at predetermned intervals to forma plurality of piezo-electric vibrators
each having a front end face and a rear end face; and a first
pressure facilitating front end plate nounted on at least a first surface
of said inactive region of said piezo-e24«ctric plate such that a front end
face of said first front end plate is flush with said front end face of
sai d piezo-electric vibrators. '

short circuiting the conductive layers 94 and 96 buried respectively in the rear end plates
87 and 88, the conductive layers 94 and 96 are shifted a predetermined distance g
inwardly from the outer end faces of the latter 87 and 88, respectively. The same effect
can be obtained by making cuts in the conductive layers 94 and 96.

These cuts may be made so that there is a break in the electrically conductive path
from the outermost portions of the conductive layers 94 and 96 (which may be in
electrical contact with the external conductive layers 75 and 77) to the inner portions of
the conductive layers 94 and 96.

In the embodiment described above, the conductive layers are buried in the green
sheets of ceramic. Hence, the resultant product, when sintered, is substantially equél in
the degree of contraction to the piezo-electric vibrating board, which effectively prevents
the piezo-electric vibrating board from warpage. When necessary, the outer end portions
of the pieio-elecnic vibrator assembley may be cut as shown in Fig. 16(b).

Thereafter, as shown in Fig. 16(c), a first conductive layer 73 is formed on the
front end faces of the piezo-electric vibrating board 64 and on the front end plates 85 and
86, a second conductive layer 78 is formed on the rear end faces of the rear end plates
87 and 88, and a third conductive layer 75 and 78 is formed on a part of the upper
surface of the rear end plate 87.

Under this condition, similarly as in the above-described einbodiment, the
resultant product is fixedly mounted on the substrate 10, and then cut at predetermined
intervals into pieces like the teeth of a comb as described above for the embodiment
shown in Fig. 14. |

Fig. 17 is a sectional view showing the structure of an ink jet recording head
equipped with piezo-electric vibrator assemblies which have been formed in the above-
described manner. The conductive layer 73 formed on the front end faces of the front

end plates 85 and 86 and of the piezo-electric vibrating board 64 is in contact with the
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2. A piezo-electric driver as claimed in claim1 further conprising a
second pressure facilitating front end plate nounted on a second surface
of said inactive region opposite said first surface, such that a front end
face of said second front end plate is flush with said front end face of
said piezo-electric vibrators. 3. A piezo-electric driver as clained in
claiml1l or 2 wherein a rear end face opposite said front end face of said
first said second pressure facilitating front end plates is sloped
backwardly. 4. A piezo-etectric drives as clainmed in claiml1, 2 or 3
wherein said piezo-electric plate has an inactive rear end portion, said
pi ezo-el ectric driver further conprising a piezo-electric elenment coupling

rear end plate nmounted on at | east a first_side of said rear
island portion 40. Conductive layers 75 and 78 formed on the rear end plate 87 are

connected to the cable 82.

As shown in Fig. 16(b) and described above, conductive layers 90, 92, 94 and 96
are buried in the front end plates 85 and 86 and the rear end plates 87 and 88, which
effectively prevents the piezo-electric vibrating board from warpage.

Hence, even if the piezo-electric vibrating board 64, and accordingly the piezq-
electric material 60 is reduced in thickness, the resultant piezo-electric vibrator assembly
operateé with high accuracy. This permits miniaturization and low-voltage operation of
the recording head

In the above-described embodiment, the conductive layers are buried in the front
end plates 85 and 86 and the rear end plates 87 and 88 which are fixedly mounted on the
upper and iower surfaces of the piezo-electric board 64. This technical concept may be
applied to the piezo-electric vibrator assembly as sﬁown in Fig. 1 in which the front end .
plate and the rear end plate are formed on one side of the piezo-electric plate by sintering
ceramic. That is, in this case too, burying the conductive layers in the front and rear
plates prevents the piezo-electric plate from warpage.

Ina _piezo—electric driver for an ink jet recording head, conductive layers may be
laminated to form an active region in a piezo-electric plate, whilst the front and rear end
portions thereof provide front and rear inactive portions, a pressure facilitating front end
plate and a vibrator coupling rear end plate are fixedly mounted on the front and rear
inactive portions, respectively, and the front end portion of thé piezo-electric plate
together with the front end plate are cut at predetermined intervais into.pieces, namely,
piezo-electric units. which depress the vibratipg boards of the ink jet recording head
wide to cause the parallel displacement of the vibrating boards thereby effectively

pressing the ink in the pressure chamber.
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end portion, said rear end plate having a rear end race and an upper ,
surface. 5. A piezo-electric driver as clainmed in claim4 further
conprising side plates nounted on both sides of said piezo-electric plate
in such a manner that said side plates nerge with said front end plate and
said rear end plate.

27

CLAIMS

1. A piezo-electric driver for an ink jet recording head comprising:

a piezo-electric plate having a rear end face and at least a front end portion as an
inactive region, and another portion in which conductive layers are laminated as an
active region, said piezo-electric plate is cut at predetermined intervals to form a |
p'lurality of piez;-;lecu'ic vibrators each having a front end face and a rear end face; and

a first pressure facilitating front end plate x;xounted on at least a first surface of
said inactive region of said piezo-electric plate ;such that a front end face of said first
front end plate is flush with said front end face of said piezo-electric vibrators.

2. A piezo-electric driver as claimed in claim | further comprising a second pressure
facilitating front end plate mounted on a second surﬁce of said inactive region opposite
said first surface, such that a front end tace of siid second front end plate is flush with
said front end face of said.pi;zo-elecn'_iq vibrators.

3. A piezo-electric driver as claimeq, in.claim 1 or 2 wherein a rear end face
opposite said front end face of saa rirstanda said second pressure facilitating front end
plates is sloped backwardly

4, A piezo-electric dnver as clmmed in’claim 1, 2 or 3 wherein said piezo-electric
plate has an inactive rear end pomon. -saxd pxezo-electrxc driver further comprising a
piezo-electric element coupllngxrw...e.nd,plate mounted on at least a first side of said rear
end portion, said rear end plﬁig" having-a ‘rear end race and an upper surface.

3. A piezo-electric driver'as ‘cldimed i claim 4 .further comprising side plates
mounted on both sides of sand pmd%l’ecﬁxc.,iate in such a manner that said side plates

merge with said front end plate and 3a1d ear end plate.
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6. A piezo-electric driver as clained in claim1 further conprising:
upper and | ower pressure facilitating front end plates nounted on both the
upper and | ower surfaces of said front end portion in such a nmanner that
each front end face of said upper and |lower pressure facilitating front
end plate is flush wwth said front end face of said piezo-electric

vi brator; upper and | ower rear end plates nounted on both the upper
and |l ower surfaces of a rear end portion of said piezo-electric plate; and
two pairs of side plates nounted on bothzghe upper and | ower surfaces of
said piezo-electric plate |located outerndbst in such a nmanner that said side
plates nerge with said front end plates and said rear end pl ates.

6. A piezo-electric driver as claimed in claim 1 further comprising:
upper and lower pressure facilitating front end plates mounted on both the upper
and lower surfaces of said front end portion in such a manner that each front end face of
said upper and lower pressure facilitating front end plate is flush with said front end face
of said piezo-electric vibrator;
-upper and lower rear end plates mounted on both the upper and lower surfaces of
a rear end portion of said piezo-electric plate; and
two pairs of side plates mounted on both the upper and lower surfaces of said
piezo-electric plate located outermost in such a manner that said side plates merge with
said front end plates and said rear end plates.
7. A piezo-electric driver as claimed in any of claims 1 to 6 wherein at least one of
said front end plates and rear end plates is formed by sintering ceramic.
8. A piezo-electric driver as claimed in any one of claims 1 to 6, further comprising
a conductive layer buried in at least one of said front end plate and rear end plate.
9. A piezo-electric driver as claimed in any one of claims 1-6 wherein said front end
plates and said rear end plates mounted on said piezo-electric plate are made of free-
cutting ceramic.
10. A piezo-electric driver as claimed in any one of claims 4 to 9 further comprising
a plate larger in area than said rear end plate fixedly mounted on said upper surface of
said rear end plate, to hold said piezo-electric drivers straight in a mounting hole formed
in a holding block.
11. A piezo-electric driver as claimed in any one of claims 1, 2, 4, 5 or 6 further
comprising: |
an external conductive layer on an upper surface of said piezo-electric vibrators,

and
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7. A pi ezo-electric driver as clainmed in any of clains 1 to 6 wherein at
| east one of said front end plates and rear end plates is fornmed by

sintering ceramc. 8. A piezo-electric driver as clainmed in any one of
claims 1 to 6, further conprising a conductive layer buried in at |east
one of said front end plate and rear end plate. 9. A piezo-electric

driver as clained in any one of clains 1-6 wherein said front end plates
and said rear end plates nounted on sai dzﬁi ezo-electric plate are nade of
free- cutting ceramc. 10. A piezo-electric driver as clainmed in any
one of clainms 4 to 9 further conprising a plate larger in area than said
rear end plate fixedly nounted on said upper surface of said rear end
plate, to hold said piezo-electric drivers straight in a nounting hole

for med a conductive layer on said front end faces of said piezo-electric vibrators and said

front end face of said front end plate, said conductive layer being electrically connected
to said external conductive layer.
12. A piezo-electric driver as claimed in any one of claims 4, 5 or 6 further
comprising: . |

an external conductive layer on an upper surface of said piezo-electric vibrators;

a conductive layer on said front end face ol:' said front end plate and said front end
face of said piezo-electric vibrators electrically connected to said external conductive
layer;

a conductive layer on said rear end face of said piezo-electric plat and on said
rear end face of said rear end plate; and

a conductive layer formed on part of said upper surface of said m.r end plate.
13. A method of manufacmﬁng a piezo-electric driver for an ink jet recording head
. comprising the steps of:

laminating a piezo-electric material and a conductive material to form a piezo-
electric plate having a front end face and having at least a front end portion of which is
an inactive region;

mounting a pressure facilitating front end plate having a front end face on at least
a first surface of said inactive region in such a manner that said front end face of said
front end plate is flush with said front end face of said piezo-electric plate; and

cutting said piezo-electric plate together with sﬁd front end plate at
predetermined intervals to'form a plurality of piezo-electric elements.
14. A method as claimed in claim 13 wherein said laminating step further includes
the step of forming a piezo-electric plate with an inactive front end portion and an
inactive rear end portion and further comprising the steps of mounting a piezo-electric

element coupling rear end plate on said inactive rear portion. _ . ,.
This is the replacement sheet

. | 23 JAW 198
) O O pave; 23 A




in a holding bl ock. 11. A piezo¥electric driver as clained in any one of
clains 1, 2, 4, 5 or 6 further conprising: an external conductive
I'ayer on an upper surface of said piezo-electric vibrators, and

29

15. A method as claimed in claim 13 or 14 wherein said front end plate is a plate of free-
cutting céramic material and further comprising the step of sintering said front end plate of
free-cutting ceramic material and said piezo-electric plate to form one unit.
16. A method as claimed in claim 13 or 14 wherein said sintering step is performed
separately on said front end plate and said piez.cla-electric plate before said mounting step.
17. A method as claimed in claim 14 further comprising the steps of:
laying down plate formihg layers on at least one side of said inactive regions of said
piezo-electric plate at intervals corresponding to the length of said piezo-electric plate; and
cutting said piezo-electric plate along lines which divide said front and plates and
said rear end plates of said plate forming layers. )
18. A method as claimed in claim 13 or 17 further comprising the step of overlapping
two kinds of internal electrode patterns on said piezo-electric material with a reference
portion as a reference which is provided in a part of said piezo-electric material, to form
said piezo-electric plate, |
19. A method as claimed in claim 13 or i? wherein said piezo-electric plate is formed so
that said internal electrodes may not appear on both sides thereof. |
20. A method of manufacturing é. piezo-electric vibrator assembly comprising the steps
of: _
forming a piezo-electric plate forming laminate comprising a piezo-electric material
layer having a front end face having at least a front end portion, which is an inactive region,
and a conductive material layer; |
laying longitudinal plate forming materials each including a front end plate havinga -
front end face on at least a first surface of said inactive region in such a manner that said
fro:.1t end faceof said front end plate is flush with said front end face of said piezo-electric
plate and a rear énd plate as one unit onto said plate forming laminate in the longitudinal
direction of said plate forming laminate at intervals correspondmg substantially to the length

of said plezo-electnc vibrator assembly;, This is the replacement shoet
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a conductive fayer on said front end faces of said piezo-electric vibrators

and- sai d

front end face of said front end plate, said conductive | ayer

being electrically connected to said external conductive layer. 12. A

pi ezo-electric driver as clainmed in any one of clains 4, 5 or 6 further

conpri si ng: ' an external conductive |ayer on an upper surface of
sai d piezo-electric vibrators; a conductive |ayer on said front
end face of said front end plate and said front end face of said

pi ezo-electric vibrators electrically connected to said external

| ayer;

30

laying lateral plate forming materials onto said plate forming laminate in the lateral
direction of said plate forming laminate;

cutting said laminate longitudinally along lines which divide said front end plates and
said rear end plates of said plate forming materials; and

cutting said laminate laterglly along lines which substantially divide said lateral plates
into two parts, to form a plurality of piezo-electric plates.
21. A method as claimed in claim 13 or 14 wherein the front end portion of said piezo-
electric plate is cut at predetermined intervﬁls until the cutting line reaches the straight line
connecting the rear edge of said front end plate on said piezo-electric plate and the front
edge of said rear and inactive region, to form a plurality of piezo-electric elements.
22. A method as claimed in claim 13 or 14 further comprising the steps of:

forming on the upper surface of said piezo-electric plate an external conductive layer
which is extended to said front end of said piezo-electric plate; and

forming a conductive film on said front end faces of said piezo-electric plate and on
said front end plate which electrically connects said conductive material to said external
conductive layer.
23. A method as claimed in claim 13, 14 or 22 wherein said front end plate is formed by
laminating a plurality of green sheets of ceramic to a predetermined thickness and sintering
said green sheets thus laminated.
24. A method as claimed in any one of claims 13 to 23 wherein said conductive layers
are buried in said front end plate. |
25. A method as claimed in anyone of claims 13 to 24 m which

on the uppér and lower surfaces of in+active regions of a piezo-electric plaie of
forming laminate which is formed by using a piezo-electric material and a conductive

material;
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a conductive layer on said rear end face of said piezo-electric plat and on
sald rear end face of said rear end plate; and a conductive | ayer
formed on part of said upper surface of said rear end plate. 13. A et hod
of manufacturing a piezo-electric driver for an ink jet recording head
conprising the steps of: | am nating a piezo-electric material and a
conductive material to forma piezo- electric plate having a front end face
and having at least a front end portion3pf which is an inactive region;
nounting a pressure facilitating front end plate having a front end face on
at least a first surface of said inactive region in such a nmanner that said
front end face of said front end plate is flush with said front end face of
said piezo-electric plate; and cutting said piezo-electric plate
together with said front end plate at predetermned intervals to forma
plurality of piplateferming materidlseashtincluding said frontsnd plateand said geag en& Pl m

pi 670- o1 008 one upit aTe3 e 1ovENdiTaL Grsaton MarRRE HORITUAI ESREPaIng

substantially to the length of said piezo-electric plate; and |

plate of forming materials each héving a width which is approximately two times
the width of side plates are laid in the lateral direction thereof, and

said laminate is cut longitudinally along lines which divide said front end plates
and said rear and plates of said plate forming materials, and

said laminate is cut laterally along lines which substantially divide said side plates
into two parts, t;'J form a plurality of piezo-electric plates.
26. A piezo-electric driver substantially as hereinbefore described with reference to
and/or as illustrated in any one of Figures 1-3, 4, 5, 6-7, 8, 9, 10-12, 13-14, 15 and/or
16-17 of the drawings. '
27. A method of manufacturing a piezo-electric driver substantially as hereinbefore
described with reference to and/or as illustrated in any one of Figures 1-3, 4, 5, 6-7, 8, |

9, 10-12, 13-14, 15 and/or 16-17 of the drawings.
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i nactive rear end portion and further conprising the steps of nounting a
pi ezoel ectric el enment coupling rear. end plate on said inactive rear

portion.

29 15. A

method as claimed in claim 13 or 14 wherein said front end plate is a plate

of free-
sintering said front end plate of

cutting ceramc material and further conprising the step of
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freé-éutting ceramic material and said piezo-electric plate to form one

S unit. 16. A method as clained in claim13 or 14 wherein said sintering
step is performed separately on said front end plate and said
pi ezo-electric plate before said nmounting step. 17. A met hod as cl ai ned
in claim14 further conprising the steps of: | ayi ng down pl ate

formng |ayers on at |east one side of said inactive regions of said
pi ezo-el ectric plate at intervals corr&sgonding to the I ength of said
pi ezo-el ectric plate; and cutting said piezo-electric plate al ong

| i nes whi ch divide sitﬂﬁé;ont d plgtes and said rear end plates of said
plate form ng | ayers. ._5? h@i s clainmed in 1 4 rther
g et o FIG 3{5%2)
/ .

conprising the step of overl ap
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two kinds of internal electrode patterns on said piezo-electric materi al
with a.reference portion as a reference which is provided in a part of
said piezo-electric material, to form said piezo-electric.plate. 19. A
method as clained in claim13 or 17 wherein said piezo-electric plate is
formed so that said internal electrodes nmay not appear on both sides

t hereof. 20. A net hod of manufacturing a piezo-electric vibrator
assenbly conprising the steps of: form ng a piezo-electric plate
formng |am nate conprising a piezoelectric material |ayer having a front

end face having at least a front end portion, which is an inactive region,
and a conductive material |ayer;
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| ayi ng longitudinal plate form ng materials each including a front end
.plate having a front end face on at |least a first surface of said inactive
region in such a manner that said front end faceof said front end plate is
flush with said front end face of said piezo-electric plate and a rear end
pl ate as one unit onto said plate formn Iam' nate in the | ongitudi nal

direction of said plate form ng | am nat I nterval s correspondi ng
substantially to the length of salﬁl)t;zo %i |)c vi brat or assenbl y;
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30~ - |l aying lateral plate formng materials onto said plate form ng
lamnate in the lateral direction of said plate form ng | am nate,;

‘cutting said lam nate longitudinally along |ines which divide said front
end plates and said rear end plates of said plate form ng materials; and
cutting said lamnate laterally along |ines which substantially divide said
|ateral plates into two parts, to formPa-plurality of piezo-electric g

pl ates. 21. A nmethod as claimed in claim13 or 14 wherein the front end
portion of said piezo-

FIG. 6 )
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el~ectric plate is cut at predetermned intervals until the cutting |ine
reaches the straight line connecting the rear edge of said front end plate
“on said piezo-electric plate and the front edge of said rear and inactive
region, to forma plurality of piezo-electric elenents. 22. A net hod as
claimed in claim213 or 14 further conprising the steps of: form ng
on the upper surface of said piezo-electrig plate an external conductive .
| ayer which is extended to said front end of said piezo-electric plate;
and formng a conductive filmon said front end faces of said

pi ezo-electric plate and on said front end plate which electrically
connects said conductive material to said external conductive |ayer. 23.
A nmethod as clainmed in claim13, 14 or 22 wherein said front end plate is
formed by '

FlIG. 8
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| amrnating a plurality of green sheets of ceramc to a predeterm ned

t hi ckness and sintering 'said green sheets thus |am nated. 24. ‘A net hod
“as clained in any one of clains 13 to 23 wherein said conductive |ayers
are buried in said front end plate. 25. A met hod as clainmed in anyone of
clainms 13 to 24 in which on they upper and | ower surfaces of

i ntactive regions of a piezo-electric plate of formng lamnate which is
formed by using a piezo-electric material and a conducthye mat eri al ;
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31 ‘plate formng materials each including said front end plate
and said rear end plate as one unit are laid in the longitudinal direction
thereof at intervals corresponding substantially to the length of said

pi ezo-el ectric plate; and plate of form ng materials each having a
wi dth which is approximately two tines thg width of side plates are laid in
the lateral direction thereof, and - -
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said lamnate is cut longitudinally along Iines which divide said front end
plates and said rear and plates of said plate formng materials, and

said lamnate is cut laterally along |lines which substantially divide said
side plates into tw parts, to forma plurality of piezo-electric plates.
26. A piezo-electric driver substantially as herei-nbefore described with
reference to and/or as illustrated in any ene of Figures 1-3, 4, 5, 6-7,

8, 9, 10-12, 13-14, 15 and/or 16-17 of .the draw ngs. 27. A et hod of
manuf acturing a piezo-electric driver substantially as hereinbefore
described with reference to and/or as illustrated in any one of Figures
1-3, 4, 5, 6-7, 8 9, 10-12, 13-14, 15 and/or 16-17 of the draw ngs.

FIG. 13

61 & T 76

60 81 5y 67

This is the replacement shest

Dade: 23 JAN 1998



_10'_

FIG. 153
61 62 €7 '/64

61 62 47

{ ,

1 |\

‘ j )
60 |

" FIG. 15b

addr— - ™

~71

This is the replacement sheet

Dae: 2 3 JAN 1838



- 11 -

FIG. 16a
64
61 6[2 ‘E" ———{--,
61 62 67 66 3
FIG. 166
C s '
i [ o1 95 % o g
0=t o1 & A [T«
90—\1@; . i
60— . =
92/ | A '
é 86 3’3 97 96 ('

86 88 This is the replacemsnt shoet

Daw: 2 3 JAN 1998



54 10

287 |

-12 -

FIG. 17

78. 87 828810

74 :
ol
B / o

85

I/

86

67+:

RS AW

/

A

40{'

L9 45 43

M;?&

42 43

—

73 45 49 - 47

L

51

This is the replacement shoet

Date:

23 JAN NS



