I !\l JET RECORDI NG HEAD AND

The present invention rel ates’ ¢ andlnk Jef; hpa? and a nethod
for tgct r| a0 ink jet*® ecor I'r 8‘hé d_ An WK |j et type

reco omn in mh(ch "pitézd etectric ’réhsducérs are coupled to
dlap wal | s¥of Fespectlive i'nk ‘pPE&€ure dhanmbers, wherein
di sp he pi ezoel ectric transdlicers-varies: the‘;olune of the

INK JET RECORDING HEAD AND
MANUFACTURING METHOD THEREFOR

The present invention relates to an ink jet recording head and
a method for manufacturing an ink jet recording head.
An ink iJjet type reccrding head is known in which

piezoelectric transducers are coupled to diaphragms which form

walls of respective ink pressure chambers, wherein displacement

of the piezoelectric transducers varies the volume of the

‘ pressure chambers to thereby eject ink droplets. Such a

» recording head is advantageous in that, since the displacement

of the diaphragms by the piezcelectric transducers takes place

over a relatively large area of the pressure chambers, ink
droplets can be formed stably.

However, the recording head is still disadvantageous in

that, since ink droplets are Jjetted in a direction

perpendicular to the direction of displacement of the

diaphragm, the recording head is unavoidably large in the
direction perpendicular to the surface of the recording sheet,

and accordingly the carriage supporting and transporting the
.raco:ding head and its related components are also unavoidably
large in this direction.

In order to cvercome the Aﬁove-desc:ihed difficulty, an
ink jet type recording head has been prcpos;d, for example, in
Japanese Unexamined Patent Publicatioﬁ No. Sho. 62-111758, in
which pressure generating members including diaphragms and ink
flow path forming members are formed in a layered construction,
and nozzle openings are provided in a row extending parallel to
the direction of displacement of the diaphragm, thereby to

reduce the thickness of the recording head. That is, the
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pressure chanbers to thereby eject ink droplets. Such a recordi ng head
I s advantageous in that, since the displacenent of the diaphragns by the
pi ezoel ectric transducers takes place over a relatively large area of the
pressure chambersiingk neads dd=ets loaretrd foramdastabl y. However, the
recording head is still disadvantageous in that, since ink droplets
are jetted in 3hedidleyemad FEIPETHRR aFs t *dvRntigenis oniof that the
di spl acement of the diaphragm the recording head is unavoidably large in
the directi oR®FEFPaREi 88REr @28 PReM&DipREE 18RI handesdr damgbs mantyfactured
using a simple method for joining plate members formed by
pressing or etching.
In the manufacturing method for producing the recording
head, an achesive agent is used for joining the plate members.
However, during manufacture, the adhesive agent can sometimes
flow ints small holes which form ink flow paths in the plate
members, thus changing the ink £flow resistance thereof,
" lowering the reliability in operation of the recording head.
Furthermore, because the piezoelectric transducers must be

fixed to the diaphragm with an adhesive agent or by etching or
laser welding, the manufacture of the recording head requires

much time and labor.

In ordexr to eliminate the above-described difficulties, an
ink jet type recording head has been propcsed, for example, in
Japanese Unexamined Patent Publication No. Sho. 63-1491539,
which is formed by layering ceramic plates in a semi-sclid
state, shaped as required to form flow path members, and
piezoelectric transducers, one on another and subjecting the
structure to £iring. That is, the recording head is
manufactured without a separate step of mounting the
piezceleétric transducers. However, the method is still
disadvantageous in that it cannot achieve a reduction in the
thickness of the recording head since the nozzle openings
extend in a direction perpendicular to the direction of
displacement of the diaphragm, similar to the above-described

recording head.
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and accordingly the carriage supporting and transporting the recording
head and its rel ated conponents are al so unavoidably large in this

di rection. In order to overconme the above-described difficulty, an
ink jet type recording head has been proposed, for exanple, in Japanese
Unexam ned Patent Publication No. Sho. 62-111758, in which pressure
generating nenbers including diaphragns and ink flow path form ng nenbers
are formed in a |layered construction, and nozzle openings are provided in
a row ext ehli 4§ parzrLeret ¢het ok jgictetf drheofprt sspitaciaentt iafn tde provide

di aphragm a4 &3y 6@ recording head which avoids the above mentioned
drawbacks. This object is solved by the ink jet recording head
according to independent claim 1 and the method for producing
an ink jet recording head according to independent claim 4.
Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the
description and the drawings. The claims are to be understood
as a first approach in defining the invention in general terms.
The present invention provides an ink jet recording head
in which piezcelectric transducers provided in parts of

pressure chambers communicated with nozzle openings compress
the pressure chambers to form ink droplets, and more
particularly toc an ink jet type recording head which is formed
by arzanging a nozzle plate, pressure chamber forming members
and a vibrating plate one on another, and te a method for

manufacturing the ink jet type recording head.

In view of the foregoing, an aspect of the invention is to
provide an ink Jjet type recording head in which the
manufacturing assembly accuracy is improved, the number of
steps required for joining the relevant members is minimized,
and the nozzle openings are provided in parallel with the
direction of displacement of the diaphragms to reduce the

thickness of the recording head.
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reguce the thickness of the recordi ng head. That is, the
recordi ng head has a | ayered structure. The |ayered structure
advantageous in that the recordi ng head can be mniaturized, and
it fcan be manufactured using a sinple method for joining plate nenbers

2
is

fo

med by

pressi ng or etching.

Another aspect of the invention is provide a methed for
manufacturing such an ink jet type recording head.

In order to achieve the aforementioned aspects of the
invention, a multi-layer ink jet type recording head is
manufactured according the invention as follows: A first plate
member of ceramic forming a vibrating member with piezocelectric
transducers on the surface therecf, a first spacer member made
of ceramics with a plurality of through-holes therein forming
pressure chambers, and a 1lid member having through-holes
through which the pressure chambers are in commmication with a
reservoir are joined together to form a pressure generating
unit in such a manner that the first plate member is placed on
one surface of the first spacer member, and the lid member is
sealingly set on the other surface of the spacer member. An
ink supplying member made o©of a metal plate and which is
connected through a flow path tc an ink tank and has through-
holes through which the pressure chambers are communicatingwith
nozzle openings and the reservoir is in camumication with the
pressure chambers, a second spacer member having through-holes
through which the pressure chambers are in cammmication with the
reservoir and the nozzle openings, and ; nozzle plate memberxr
with the nozzle openings formed therein are jeined togeiher to
form a flow path unit in such a manner that the ink supplying
member is placed on one surface of the second spacer member,

and the nozzle plate member is fixedly placed on the other
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lnlthe manuf acturi ng net hod for producing the recording head, an adhesive
agent is used for joining the plate nenbers. However, during manufacture,
the adhesive agent can sonetinmes flow into small holes which formink flow
paths in the plate nenbers, thus changing the ink flow resistance thereof,
| owering the reliability in operation of the recording head. Furthernore,
bedause the piezoelectric transducers nust be fixed to the diaphragmwth
an ‘adhesi ve agent or by etching or |aser welding, the manufacture of the
recordi ng beadaceqoifr ébe secbhnti spaaed hebber. The cuter surface of the

lid member in the pressure generating unit is joined to the
outer surface of the ink supplying member in the flow path unit
with a macromolecular adhesive agent.

In the pressure generating unit, which is made of ceramic,

small through-holes are formed in the spacer member, which

simplifies the manufacturing step of joining the vibrating

member, the spacer member and the lid member, and positively
prevents leakage of ink past the unit, to which high pressure
is exerted. The flow path unit, which is made of metal, has a
relatively large through-hole to form the reservoir in the
space member, and therefore it is high in dimensional accuracy.
The pressure generating unit and the flow path unit are joined

together with a macromolecular adhesive layer, so that the

ﬁ difference in thermal expansion between the two units, which
ara macde of different materials as described above, can be

absorbed.

Fig. 1 is a sectional view showing a multi-layer type ink

t jet type recording head constructed in accordance with a
preferred embodiment of the invention;

Fig. 2 is an exploded perspective view of the recording

head shown in Fig. 1;

Fig. 3 is an explanatory diagram showing the positional
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rder to elimnate the above-described difficulties, an ink jet type
recprdi ng head has been proposed, for exanple, in Japanese Unexam ned

Pat pnt Publ i cation No. Sho. 63-149159, which is fornmed by |ayering ceramc
plajes in a sem-solid state, shaped as required to formflow path
menpers, and piezoelectric transducers, one on another and subjecting the

cture to firing. That is, the recording head I's manufactured
out t noun ezoel.ectric transducers.
bver, tﬁ%igggégéﬁlgg EgFrFend?§3ﬁ%a€?dﬁeou e%%] § FeceTidnd.ofrdie a

FEdTCtIOH N theiq. 4 is an explanatory diagram showing the position of

a plezoelectric transducer in the recording head;

Fig. S5 is a perspective view showing the positional
relationships between piezoelectric transducers and electrodes
in the recording head;

Fig. 6 is a sectional view taken along a line A-A in Fig.

5 showing the structure of the piezoelectric transducer mounted

‘* on a diaphragm in the recording head;
Fig. 7 is a perspective view outlining the recording head;
Fig. 8 is a perspective view showing the rear structure of

the recording head;

Figs. 9(a) and 9(b) are, respectively, a longitudinal

sectional view and a cross-sectional view taken along a line

| B-B in in Fig. 9(a) showing the recording head jetting an ink
droplet;

Fig. 10(I) - 10(V) are sectional views for a description
of a method for manufacturing a multi-layer type ink jet type
recording head according to the invention;

Fig. 11 is an exploded view for a description of a step of
joining plates together to form a flow path unit; and

Figs. l12(a) and 12(b) are diagrams showing an adhesive
layer through which the flow path unit is joined to a pressure

generating unit.
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v
thi ckness of the recording head since the nozzle openings extend in a
direction perpendicular to the direction of displacenent of the di aphragm
simlar to the above-described recording head.

3 It is therefore the object of the present invention to provide

g Preferred embodiments of the invention will now be
| described with reference to the accompanying drawings.

Figs. 1 and 2 are respectively a cross-sectional view and

5 an explodea perspective view showing a preferred embodiment of

a multi-layer ink jet recording head constructed in accordance

with the invention. In these figures, reference numeral 1

designates a spacer member made of a ceramic plate of zirconia

(2x0,) or the like having a thickness of 150 um. The spacer
0 member 1 has a number of elongated holes formed at
predetermined intervals therein, thus forming pressure
chambers2. Each of the elongated holes 2 has one end portion

located over a reservoir 21 as shown in Fig. 3, and the other

end portion located over a nozzle opening 31. A diaphragm 4 is
t fixedly mounted on one surface of the spacer member 1. The
diaphragm ¢ is made of a material which, when fired together
with the spacer member 1, is compatible in characteristics with
'-. the latter, and it has & high elastic modulus. In this
embodiment, the diaphragm 4 is made of a thin zirconia plate 10
; um in thickness, similar to the spacer member. As shown in
Fig. 5, on the surface of the diaphragm 4, electrodes 5 for
applying drive signals to piezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and
lead-out electrodes 6 of a common electrode (described below)

are provided.
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nk jet recording head which avoids the above nentioned drawbacks. This
ect is solved by the ink jet recording head according to i ndependent
im1 and the nethod for producing an ink jet recording head according to
ependent claim4. Further advantageous features, aspects and details of

I nvention are evident from the dependent clains, t he

cription and the drawings. The clains are to be understood as a first

roach in defLpihg . the invention_in neral terns. The present
ention proviggé &%ﬁﬁ?ﬁ%ﬁtﬁkﬁxﬁzﬁ?é?%§%ﬁ5ik WAVEF pihe odraker isdgnal

nsducer Lded i a of re G £f S nmuni cated w t .
7l e ope%FE%gyggm?ggggﬁgﬁgéprgégurzﬁﬁgm%?ﬁ%lﬁ%ﬁrﬁﬂ nlfatﬁ)bpl"\gt s?:hfnd
morfe  partiedhakb¥ele an i DK isdad YRE " 8COELiRY WED Bl % 2LUIIRG 10

arrfanging a nozzle plate, pressure chanber formng nenbers vibrating
pl gte one ¢ppaAeLRgImatadihl SudRIAWSZIQr which is substantially equal in
s length to the pressure chamber 2 but smaller in width than the
latter, as shown in Fig. 4. That is, the transducer 7 is

designed so that it flexes in such a manner as to curve in the

direction of width with the longitudinal direction as an axis.

As shown in Figs. 5 and 6, the aforementicned common electrode
9 8 is formed on the piezoelectric transducers 7 and the lead-out
electrodes 6, for instance, by sputtering. That is, the lower
surface (on the side of the diaphragm 4) of each piezocelectric
transducer 7 is connected to the drive signal applying
electrode 5, and the upper surface is connected to the common
5 electrode 8.
Further in Figs. 1 and 2, resference numeral 10 designates
a lid member which, together with the diaphragm 4, forms the
d' pressure chambers 2. The lid member 10 is made of a material
which, when fired together with the spacer member 1, is
F _compatible in characteristics with the latter. In this
embodiment, it is made of a thin zirconia plate 150 um in
thickness. The lid member 10 has through-holes 11 through
which the nozzles openings 31 are in comunication with the
pressure chambers 2, and through-holes 12 through which the

# raservoir 21 is in camumication with the pressure chambers 2.
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nufacturing the ink jet type recordi ng head. In view of the
oregoi ng, an aspect of the invention is to provide an ink jet type
ecording head in which the mnufacturing assenbly accuracy is inproved,
he nunmber of steps required for joining the relevant nenbers is
I nimzed, and the nozzle openings are provided in parallel wth the
direction of displacenent of the diaphragns to reduce the thickness of
t he recordi ng head.
The above-described members 1, 4 and 10 are fixedly
combined together, thus forming a2 pressure generating unit 15.
Reference numeral 20 designates a spacer member forming a
flow path unit 35. The spacer member 20 is made of a
5 corrosion-resistant plate such as a stainless steel plate 150
um in thickness and which is suitable for formation of ink flow
paths. The spacer member 20 has a substantially V-shaped
through-hole forming the aforementioned reservoir 21, and
through-holes 22 through which the pressure chambers 2 are
in comunication with the nozzle openings 31. The through-hole

forming the reservoir 21 extends radially of an ink supplying

inlet member 24 and then parallel to the ends of the pressure

chambers 2. More specifically, in the embodiment having the

nozzle openings in two lines, the through-hole forming the
Bs reservoir 21 includes a V-shaped portion extending radially
outward of the ink supplying inlet member 24, and two parallel
portions extending from the two outer ends of the V-shaped
portion along the ends of the pressure chambers 2.

Reference numeral 26 designates an ink supplying member
fixed to one surface of the above-described spacer member 20.
The ink supplying member 26 has through-holes 27 through which
the pressure chambers 2 are in comunication with the nozzle
openings 31, and through-holes 28 through which the reserxvoir
2l is in communication with the pressure chambers 2. The ink

! supplying member 25 further has the ink supplying inlet member
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4 " Another aspect of the invention is provide a nethod for

manuf acturing such an ink jet type recordi ng head. In order to

achi eve the aforenentioned aspects of the invention, a multi-layer ink
jet type recording head is manufactured according the invention as
follows: A first plate nenber of ceramc formng a vibrating nenber with
pi ezoel ectric transducers on the surface thereof, a first spacer nenber:

made 24 on its surface, which is connected to an ink tank (not

shown) .
Reference numeral 30 designates a nozzle plate fixed to
the other surface of the spacer member 20. The nozzle plate 30
s is made of a stainless steel plate 60 um in thickness and which
is suitable for formation of nozzle openings 40 um in diameter.

The nozzle openings 31 in the nozzle plate 30 are formed in

correspondence with the pressure chambers 2.
The ‘members 20, 26 and 30 are stacked one on another and
fixed together as a unit using an adhesive or by welding using

diffusion between metals, thereby to form the aforementioned

flow path unit 35. In this operation, the stacking of the
members is performed under 2 high pressure; however, they can
; be accurately stacked one on another without intrusion or
15 deformation although the large through-hole for forming the
reservoir 21 is within in the stack because the members are
made of metal, as described above.

The pressure generating unit 15 and the flow path unit 3§
are joined through their confronting surfaces, namely, the
contact surfaces of the lid member 10 and the ink supplying
member 26, with an adhesive, thereby to form the recording
head.

Thus, the pressure chambers 2 are in cammmication through the

through-holes 12 of the lid member 10 and the through-holes 28

of the ink supplying member 26 with the reservoir 21, and they

- 10 -
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1

of ceramics with a plurality of through-holes therein formng pressure
chanbers, and a |id nenber having through-holes through which the pressure
chanbers are in communication with a reservoir are joined together to form
a pressure generating wunit in such a manner that the first plate nmenber is
pl aced on one surface of the first spacer nenber, and the lid nenber is
sealingly set on the other surface of the spacer nenber. An ink supplying

L e i e AR s (R o LR i S
communi cat i bgdwérber 10, the through-holes 27 of the ink supplying member
26 and the through-holes 22 of the spacer member 20 with the
nozzle openings 31.
) Figs. 7 and 8 show the front and rear structures of the

multi-layer ink jet type recording head according to the

invention. In the front structure, the nozzle openings are

s B

arranged in two lines at predetermined intervals. In the rear
structure, the pressure generating unit 45 is fixedly secured

10 to the flow path unit 35, and cables 37 are provided for
applying electrical signals to the piezocelectric transducers 7.
When a drive signal is applied to any one of the
piezoelectric transducers 7, the respective transducer 7 is
flexed in the direction of width with <the longitudinal

15 direction as an axis, thus deforming the diaphragm 7 towards

the pressure chamber as shown in Fig. 9. As a result, the

volume of the corresponding pressure chamber 2 is decreased;

that is, pressure is applied to the ink in the pressure
chamber. Hence, the ink in the pressure chamber 2 is forced t;
move through the corresponding through-hole 11 of the lid
' member 10, the through-hole 27tof the ink supplying member 26
; and the through-hole 22 of the spacer member 20 in the flow

i path unit 35 into the nozzle opening 31, from which it is

J———

jetted in the form of an ink droplet.

The ink flow paths extending from the pressure chambers 2

- 11 -
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‘nozzle openings and the reservoir is in comunication wwth the pressure
'chanbers, a second spacer nenber having through-holes through which the
pressure chanbers are in conmunication with the reservoir and the nozzle
openi ngs, and a nozzle plate menber wth the nozzle openings forned
therein are joined together to forma flow path unit in such a manner that
the ink supplying nenber is placed on one surface of the second spacer

member,  ang, e KA 1% A AT At Leredkd BLAERY AN L0S OR08Ls 11,
27 and 22, which are formed in the lid member 10, the ink
supplying member 26 and the spacer member 20, respectively.
The through-holes 11, 27 and 22 are reduced in diameter in the

5 stated order, which substantially prevents air from
entering into the pressure chamber through the ink flow path
even when the meniscus of the ink in the nozzle is destroyed
and drawn toward the pressure chamber. The ink in the pressure
chamber 2 may flow through the through-~holes 12 and 28 into the

10 reservoir 21; however, since the through-hole 28 is small in

diameter, this flow of ink will not greatly reduce the

pressure; that is, it will not adversely affect the jetting of
the ink droplet.
When the application of the drive signal is suspended,

1 that is, when the piezoelectric transducer 7 is restored to its

unexcited state, the volume of the pressure chamber 2 is

increased so that a negative pressure is formed in the pressure

chamber 2. As a result, the same amount of ink as previously
consumed is supplied from the reservoir 21 through the through-
holes 28 and 12 into the pressure chamber 2. The negative
pressure in the pressure chamber 2 acts on the nozzle opening
! 31; however, the meniscus in the nozzle openings prevents the
ink from returning towérds the pressure chambers. Therefore,
the negative pressure is effective in sucking the ink from the

reservoir 21.
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5 surface of the second spacer nmenber. The outer surface of the |id
menber in the pressure generating unit is joined to the outer surface of
he ink supplying nmenber in the flow path unit wth a macronol ecul ar
dhesi ve agent. In the pressure generating unit, which is made of
eramc, small through-holes are forned in the spacer nenber, which
sinplifies the manufacturing step of joining the vibrating
The flow path unit 35 is connected to the pressure

generating unit 15 through a thick layer of macromolecular
adhesive about 30 um in thickness. Therefore, even if, when
the émbient temperature changes, the two units 35 and 15 are
5 urged to shift relative to each other because of a difference
in thermal expansion, the shift is absorbed by the layer of
macromolecular adhesive, so that the nozzle plate is prevented
; from being bent; that is, the layer of macromolecular adhesive
prevents the formation of prints low in quality.
10 A method for manufacturing the above-described reccrding
head now will be described with reference to Fig. 10.
A ceramic material having a thickness suitable for
formation of the pressure chambers 2 by firing is prepared. In
the present embodiment, a thin plate of zirconia having a clay-

15 like consistency, namely, "a green sheet" is used for formation

of a first sheet 40. A press is used to form through-holes 41
in the green sheet at the positions where the pressure chambers
2 are to be formed. Similarly as in the case of the first
sheet, a second sheet 42 is machined on the press. That is,
through-~holes 43 and 44 through which the reservoir 21 is
ﬁ1cannnﬁsath:xwith the nozzle openings 31 are formed in a green
sheet of zirconia having a thickness suitable for formaéion of
the lid member 10.

The first sheat 40 is set on the second sheet 42, and a

third sheet 45 is placed on the first sheet 40, which is made

- 13 -
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néézg;, t he spacer nenber and the |lid nenber, and positively prevents

| eakage of ink past the unit, to which high pressure is exerted. The flow
path unit, which is nade of nmetal, has a relatively large through-hole to
formthe reservoir in the space nenber, and therefore it is high in

di mensi onal accuracy. The pressure generating unit and the flow path unit
are joined together with a nmacronol ecul ar adhesive |ayer, so that the

di fference idg t$§@éne§ﬂéa§' 8 hetwaeR at MAviWy “'é cxegms@ s aiBdles Of

different materials as descri bed above, can be
formation of the diaphragm 4. The three sheets 40, 42 and 45

are joined to one another under uniform pressure, and then
dried. In this drying step, the three sheets 40, 42 and 45 are
5 temporarilf bonded together and semi-solidified. The assembly
of these sheets is fired at a predetermined temperature, for

instance 1000°C, while the assembly is pressurized to the

extent that the assembly is prevented from bending. As a

result, the sheets are transformed into ceramic plates, the

10 interfaces of which are combined together by firing. That is,
they are formed into an integral unit.

As described above, the through-holes 41 forming the
pressure chambers are formed in the first sheet 40. The
through-holes 41 are extremely small in width. Hence, when the

15 three sheets are temporarily bonded together, the second and
third sheets 42 and 45 (which form the lid member and the

diaphragm, respectively) are not deformed, and the pressure is

suitably concentrated at the through-holes 41; whicp

contributes to the combining of the second and third sheets 42
0 and 45 with the first sheet 40 by firing. Thus, the volume of
each pressure chamber can be set as required.

The first, second and third sheets 40, 42 an& 45 thus

fired function as a spacer member 50, a lid member 51 and a

diaphragm 52, respectively. In this state, electrically
* conductive' paste layers are formed on the surface of the
- 14 -
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Fi'lg. 1 is a sectional view showing a nmulti-layer type ink jet type
recordi ng head constructed in accordance wwth a preferred enbodi nent of

t he invention; Fig. 2 is an expl oded perspective view of the recording
head shown in Fig. 1; Fig. 3 is an explanatory diagram show ng the
posi ti onal

diaphragm 52 at the positions of the pressure chambers S3 and
of the common electrode lead-out terminals by a thick £ilm
printing method. Relatively thick layers of piezoelectric
materials of a clay-like consistency are formed with a mask by
5 printing so as to provide through-holes in correspondence to
the pressure chambers 53. When the thick layers have been

dried to the extent that they are suitable for firing the

transducer-forming materials, the whole assembly is heated at
a temperature suitable for firing the piezoelectric transducers
10 and the electrodes, for instance, in a range of from 1000°C to
1200°C. Thus, the piezcelectric transducers 54 are formed for

the respective pressure chambers 53 (see Fig. 10 (II)).
Thereafter, a layer of electrically conductive material is
formed over the common electrode lead-out terminals and the
15 piezocelectric transducers 54 by a2 thin film forming method such
as a sputtering method. Thus, the pressure generating unit is

formed, which appears as if it were made of a single component

although it includes the diaphragm, the spacer member and the
lid member.
10 On the other hand, an ink supplying member 60, a reservoir
forming member 66, and a nozzle plate member 69 are preéared
using metal plates having respective predetermined thicknesses.
That is, the ink supplying member 60 is formed by forming-
through-hocles 61 and 62, which correspond to the through-holes

+“ 27 and the flow path regulating holes 28, in the metal plate on

- 15 -
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6 ‘rel ati onshi ps between pressure chanbers in the recordi ng head;

Figl 4 is an explanatory di agram showi ng the position of a piezoelectric
trarsducer in the recordi ng head; Fig. 5is a perspective view
showi ng the positional relationships between piezoelectric transducers and
el eqtrodes in the recording head,

the press. The reservoir forming member 66 is formed by
cutting through-holes 64 and 65, which correspond to the
reservoir 21 and the through-holes 22, in the metal plate on

the press. The nozzle plate member 69 is also formed by

5 forming tﬁrcugh-holes 68, which correspond to the nozzle
openings 31, in the metal plate on the press. As shown in Fig.

' 11, a bonding £film 75 having through-holes 70 and a through-
hole 71 is inserted between the members 60 and 66, while a
bonding £ilm 76 hawving through-holes 72 and a through-hole 73

10 is inserted between the members 66 and 6%9. In this connection,
it should be noted that the through-holes 70, 71, 72 and 73 are
formed in the bonding films 75 and 76 in such a2 manner that the
remaining portions of the films 75 and 76, namely, the bonding
regions thereof, do not cover the through~holes 61, 62, 64, 65
15 and 68 of the members 60, 66 and 6§9. The members 60, 64 and 69
and the films 75 and 76, which have been stacked in the above-

described manner, are thermally bonded under pressure to form

the flow path unit. )

The pressure generating unit and the flow path unit -are

0 joined as follows: As shown in Fig. 12{a), an adhesive layer
80 is formed on the surface of one of the units, for instance,
the surface of the ink supplying member 60, by coating it with

adhesive or by using a thermal welding film (see Fig. 10(IV)),

and the lid member 51 of the pressure generating unit is placed
* on the adhesive layer 80 thus formed in such a manner that the
- 16 =
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!igﬁ 6 is a sectional view taken along a line AAAin Fig. 5 showng the
structure of the piezoelectric transducer nounted on a diaphragmin the

recordi ng head; Fig. 7 is a perspective view outlining the recording
head; Fig. 8 is a perspective view showi ng the rear structure of the
recordi ng head; Figs. 9(a) and 9(b) are, respectively, a |ongitudinal

sectional view and a cross-sectional view taken along a line B-Binin
Fig. 9(a) ehewg-h8EescE@" dnkd sheagel Rblixi@12% ik ehd QRBligh-holes 62

and 61 (Fig. 10(V)). As a result, an adhesive layer 81 is

formed between the flow path unit and the pressure generating

unit, which serves as a cushion member to absorb the difference
5 in thermal expansion between the two members. The adhesive

layer 80 spreads outward when squeezed between the two units.

As shown in Fig. 12, there are provided regions 82 around the
\ through-holes where no adhesive is provided, thereby to prevent

the adhesive from spreading into the through-holes of the lid
0 member 51 and the ink supplying member 60.

In the recording head of the invention, the pressure
generating unit is made of éeramic, which has a lower density
than metal, and therefore vibration propagating between
adjacent piezoelectric transducers is greatly attenuated; that
i is, crosstalk is prevented. Furthermore, the elements forming
the vibrating portion of the recording head of the invention
are joined as an integral unit without the intrusion of any

foreign member. This feature positively eliminates the

difficulty of ink leaking because of inadequate adhesion.

Furthermore, in the recording head of the invention, the
bése of the pressure generating unit and the ceramics forming
the vibration generating unit are fired at temperatures
suitable therefor. Thus, the operation of the recording head
is high in reliability.

+ As described above, the multi-layer ink jet type recording
i
-
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Fig.- 10(1)

manufacturing a nmulti-layer type ink jet type

t he invent
step of |
12(a) and
fl ow path

- 10(V) are sectional views for a description of a nethod for

i on; Fig. 11 is an exploded view for a description of a

recordi ng head according to

oi ning plates together to forma flow path unit; and Figs.'
12(b) are diagranms showi ng an adhesive |ayer through which the

unit is joined to a pressure generating unit.
head of the invention comprises 2 pressure generating unit

and a flow path unit. The pressure generating unit includes
the first plate member of ceramics forming the vibrating member
with the piezoelectric transducers on the surface thereof, the
first spacer member of ceramics with the through-holes forming
the pressure chambers, and the lid member having the through-
holes through which the pressure chambers are in cammmication with
the reservoir, which members are joined in such a manner that
the first plate member is placed on one surface of the first
spacer member, and the lid member is sealingly set on the other
surface of the spacer member. The flow path unit includes the
ink supplying member made of a metal plate which is connected
through the flow path to the ink tank and which has the
through~hocles through which the pressure chambers are
cammmnication with the nozzle openings and the reservoir is
camunication with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in camumnication with the nozzle

openings, and the nozzle plate member with the nozzle openings,

these members being joined together in such a manner that the

'ink supplying member is placed on one surface of the second

spacer member, and the nozzle plate member is fixedly placed on
the other surface. The outer surface of the lid member is
joined to the outer surface of the ink supplying member with a

macromolecular adhesive agent. That is, the pressure

- 18 =~
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Pr!ferred enbodi ments of the invention will now be described with
reference to the acconpanyi ng draw ngs. Figs. 1 and 2 are
respectively a cross-sectional view and an expl oded perspective view
showi ng a preferred enbodinment of a nmulti-layer ink jet recordi ng head
constructed in accordance wth the invention. In these figures,
reference nuneral 1

generating unit for producing pressure to jet ink droplets is
formed by firing the members made of ceramic. Therefore, the
pressure generating unit is advantageous in that it has a very
good liquid tightness, and the signal applying electrodes can
be installed directly thereon. On the other hand, the flow
path unit having a relatively large recess to form the
reservoir is made of metal, and thus is high in rigidity. 1In
addition, the ceramic pressure generating unit and the metal
flow path unit are joined together with a macromolecular
adhesive agent relatively high in elasticity. Hence, bending
of these units due to the difference in thermal expansion is
positively prevented. As a result, the ink jet type recording
head of the invention can be made relatively small in

thickness, and it is high in reliability.

- 19 -
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desi ghates a spacer nenber nade of a ceramc plate of zirconia (ZrQz) or ~

t he Ilke haV| f 150 [err]m The spacer nenber 1 has a b~
nunber ﬂﬁ‘g@‘;‘ﬂ@iﬁ formed at predetermned intervals
therein sure chanbers2. Each of the elongated holes 2 —
has one end portion Iocated over a reservoir 21 as shown in Fig. 3, and

the other end portion |ocated over a nozzle opening 31. A diaphragm4 is.
fixedly nDunted on one surface _ of the spacer nmenber 1. The diaphragm4 is
made of a ArPRRaRiIPAred together with the spacer nenber 1, is

conpatible H4§ﬁg BagéF EiPBs with

CLAINMS
1. A layer-built ink jet type recording head comprising:

10 A. a pressure generating unit (15) comprising:

r (1) a ceramic first plate member forming a vibrating

* member having piezoelectric transducers (7) on a

surface thereof,

15

(2) a ceramic first spacer member (1) having formed
therein a plurality of through-holes forming

pressure chambers (2), and

20 (3) a ceramic 1lid member (10) having through-holes
(11) formed therein through which said pressure
chambers (2) are in communication with a reservoir
(21),

5 said first plate member, said first spacer member
(1) and said lid member (10) being integrally
connected to one another in such a manner that
said first plate member is placed on one surface
of said first spacer member (1) and said 1lid

30 member (10) is sealingly set on the other surface

of said space member (1);

B. a flow path unit (35) comprising:

15 (1) an ink supplyinq member (26) made of a metal
plate, said ink supplying member (26) being
connected through a flow path to an ink tank, and

is Sheet Has Been Replaced
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t heYat ter

has a high elastic nodul us. In this enbodinent, the
di aphragm”"ﬂnw | n zirconia plate 10 [err]min thickness,

simjar to 1 As shown in Fig. 5 on the surface of the
di aphragm 4, electrodes 5 for appl yi ng déive signals to piezoelectric
transducers 7 are provided in correspondénce to the pressure chanbers 2,
and | | ead-out electrodes 6 of a common el ectrode (described below) are
pr ovj ded.
said ink supplying member (26) having through-
holes (27,28) formed therein through which said
pressure chambers (2) are in communication with
nozzle openings (31) and said reservoir (21) is in
5 communication with said pressure chambers (2),
(2) a second spacer member (20) having said reservoir
(21) and through-holes (22) through which said
pressure chambers (2) are in communication with
10 said nozzle openings (31), and
I’ (3) a nozzle plate member (30) having said nozzle
openings (31) formed therein,

15 : said ink supplying member (26), said spacer member
(20) and said nozzle plate member (30) being
integrally connected to one another in such a
manner that said ink supplying member (26) is
placed on one surface of said second spacer member

20 (20) and said nozzle plate member (30) is fixedly
placed on the other surface of said second spacer
member (20); and

C. an adhesive agent integrally joining an outer surface
25 of said 1lid member (10) to the outer surface of said
ink supplying member (26).

2. The multi-layer ink jet recording head as claimed in
claim 1, wherein said through-holes (11,27,22) of said
30 members (10,26,20) through which said pressure chambers
(2) are in communication with said nozzle openings (31)
are reduced in diameter towards said nozzle openings

(31).
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The plezoelectrlc transducers 7 cover the drive signal applying
electrode eC|f|caIIy each of the transducers 7 is made
of a thin Hg”ﬂ!{’iﬂmﬂ ectric vibrating material such as PZT, which is
substanti a ngth to the pregsure chanber 2 but smaller in
wi dth than the Iatter as shown in Fig. 4. That is, the transducer 7 is

3. The multi-layer ink jet recording head as claimed in
claim 1 or 2, wherein said adhesive is a macromolecular
adhesive.

5 4. A method of manufacturing a layer-built ink jet type
recording head comprising:

laying a green sheet of ceramic material having a
thickness suitable for formation of a vibrating member, a
10 green sheet of ceramic material having through-holes

having through-holes corresponding to flow paths to said
pressure chambers one on another in the stated order to
form a pressure generating basic unit;

] corresponding to pressure chambers, and a green sheet

15
firing said green sheets to thereby form a pressure
generating basic unit comprising a vibrating plate, a lid
member and a spacer member;

20 forming signal applying electrodes in correspondence to
said pressure chambers and a common electrode on said
vibrating member;

bonding a green sheet of piezoelectric material to said
25 signal applying electrodes;

| firing said green sheet of piezoelectric material with

! said pressure generating basic unit to form a pressure

: generating unit;

30

: laying a metal plate in which are defined a flow path to

an ink tank and which has through-holes through which

nozzle openings are in communication with said pressure

chambers and said pressure chambers are in communication

I with a reservoir, a metal plate having said reservoir and
through-holes through which said pressure chambers are in

h)s She
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designed so that it flexes in such a manner as to curve in the direction

of width w ' i nal direction as an axis. As shown in Figs. 5
and 6, tjﬂlﬁ (ﬂi‘ ﬂﬁjh;ﬂ common el ectrode 8 is forned on the
pi ezoel e 7 and the | eadaout electrodes 6, for instance,

by sputtering. That is, the lower surface (on the side of the diaphragm 4)
of each piezoelectric transducer 7 is connected to the drive signal
applying electrode 5, and the upper surface is connected to the conmon

el ectrode 8. commurfigdthioon i wikhgssaildantbzkle ebpeanngs)Un@id! alOnozzle

desj gnat es plate having said nozzle openings one on another in the
stated order and fixing said metal plates together to
form a flow path unit; and

joining said pressure generating unit to said flow path
unit.

5. The method as claimed in claim 4, wherein said step of
10 joining said pressure generating unit to said flow path
unit comprises applying an adhesive agent.

6. The method as claimed in claim S5, wherein, in applying
said adhesive agent, a region is left around said
15 through-holes containing no adhesive agent.

7. The method as claimed in claim 5 or 6, wherein said
adhesive agent is a macromolecular adhesive.

20 8. The method as claimed in one of claims 4 to 7, wherein
said through-holes through which said pressure chambers
are in communication with said nozzle openings are

reduced in diameter towards said nozzle openings.

25
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a | 'd nmenber which, together with the diaphragm4, forns the pressure
chanbers 2. The lid nenber 10 is nade of a material which, when fired
together with the spacer nmenber 1, is conpatible in characteristics
with the latter. In this enbodinent, it is made of a thin zirconia
plate 150 [err]min thickness. The |lid nenber 10 has through-holes 11
through which the nozzles openings 31 are in conmunication with the
pressure chanbers 2, and through-holes 12 through which the reservoir 21
s in comunication with the pressure chanbers 2.

ABSTRACT

Described is an ink jet type recording head of a multi-layer

5 structure including a pressure generating unit (15) and a

flow path unit (35). The pressure generating unit (15) is

composed of a ceramic vibrating member with piezoelectric

transducers (7) on the surface thereof, a ceramic first

spacer member (1) with a plurality of through-holes forming

10 pressure chambers (2), and a lid member (10) having through-

- holes (12) through which the pressure chambers (2) are in

* communication with a reservoir (21), these members being

joined by firing in such a manner that a diaphragm (4) is

placed on one surface of the first spacer member (1), and the

15 lid member (10) is sealingly set on the other surface of the

spacer member (l1). The flow path unit (35) includes an ink

supplying member (26) formed with a metal plate which has

through-~-holes (27,28) through which the pressure chambers (2)

are in communication with nozzle openings (31) and the

20 reservoir (21) is in communication with the pressure chambers

(2), a second spacer member (20) having the reservoir (21)

and through-holes (22) through which the pressure chambers

(2) are in communication with the nozzle openings (31), and a

nozzle plate member (30), which members are joined together

25 in such a manner that the ink supplying member (26) is placed

on one surface of the second spacer member (20), and the

nozzle plate member (30) is fixedly placed on the other

surface of the second spacer member (20). The outer surface

of the lid member (10) is joined to the outer surface of the

30 ink supplying member (26) with a macromolecular adhesive
agent.
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Se*K@yfpson &2 6ESE rﬁﬁéﬁ‘nenbers 1, 4 and 10 are fixedly conbi ned ‘
t oge r@ﬁssdjh orn1ng a pressure generatlng unit 15. Ref erence
nunmefal 20 designates a spacer nenber forming a flow path unit 35. ThefED

spacer O is made of a <corrosion-resistant plate such as a
stai pl es EEeI plate 150 [err]min thickness and which is suitable for

formation of ink fl ow
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pressure

The spacer
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menber 20 has a substantially V-shaped
ng the aforenentioned reservoir 21, and
h the pressure chanbers 2 are
[ he t hrough- hol e
uppTyi ng
chanbers 2.
nozzl e openings in tw |lines),/tbhe
i ncl udes a V-shaped popt

|

t hr ough- hol es
i n communi cation with the nozzle /

orm ng the reservoir 21 extends radial

i nl et menber 24 and then parall el

endi ng r ath

t hr ough- hol e
22 through /

to the ends of the
I n the enbodi ment havi ng the

t hrowgh-hol e formng the
out ward of L@e I nk

reservoir
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er 2
t he jpres

&

ons extending fromthe two outer ends of the V-shaped portion aI&E
nds of the pressure chanbers 2. Ref erence nuneral 26 desi gnat

o)
fixed to one surface of the above-described spac

éthLink suppl yi ng menber 26 has through-hol es 27 through which
e L)

anber s

2 are in communcation wth the nozzle openings 31,

andj t hrough-holes 28 through which the reservoir 21 is in conunication
Wit the pressure chanbers 2. The ink supplying nmenber 25 further has
t heli nk supplying inlet nenber
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10 !4 on its surface, which is connected to an ink tank (not shown).

Ref erence nuneral 30 designates a nozzle plate fixed to the other sur 9
of the spacer nenber 20. The nozzle plate 30 is nmade of a stainless stetl
plate 60 [err]min thickness and which is suitable for formati on of nozzle
openi ngsﬁ(()&[ e%r..] min di ameter.
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f1 ow pat hf

t hrough-hole for formng the

the nenbers are

37,
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The nenbers 20,

d
reser

l e openings 31 in the nozzle plate 30 are formed in correspondepse

e pressure chanbers 2.

anot her and fixed together as a unit using an adhesive or by

usJﬁg_ nffusi on between netals, thereb
t 35. In this operation, the

performed under a high pressure; however,

one on anot her w thout intrusion or

26 and 30 are stackegD o
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I ng the nenbers is

€ accurately stacked
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t he ow path unit 35 are joined through their confronting surfaces,

nanel the contact surfaces_ol th *id menber 10 and the ink supplyi
menber 26, with an adhesi ve, bg ormthe recording head.

Thus, the pressure chanbers 2 are in comunication through the

t hrough-holes 12 of the lid nenber 10 and the through-holes 28 of the ink
suppl ying nenber 26 with the reservoir 21, and they

mad netal, as described above. The pressure generating unit {ﬁ/;ﬁd
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are fulft her in comruni cation through the through-holes 11 of the 1lid
menber J10, the through-holes 27 of the ink supplying nenber 26 and the

t hrougly- hol es 22 of the spacer nenbsr 20 with-the nozzle openings 31. ;i///
Fi gs. and 8 show the front and r structures of the fj
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t he ont structure, the nozzle openings are arranged in two |ines at
predqter-mned iptervals. In the. rear structure, the pressure generating
uni t 15‘T?é[iﬂe |y secured to the flow path unit 35, and cables 37 are
provided— applying elesgtrical signals to the piezoelectric transducers
When a drive sig ' mplied to any one of the pi ezoel ectric
trangducers 7, the respect\ 71is flexed in the direction of
width with the | ongi t udi as %§ axi s, thus deformng the

di aphragm 7 towards : '

'Iayer ink jet type recording head according to the I nvention. %;7/
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the pjssure chanber as shown in Fig. 9. As a result, the volune o

fd he
corredondi ng pressure chanber 2 is decreased; that is, pressure isif%
appl i to the ink in the pressure chanber. Hence, the ink in the Ea
press@e -chanber 2 is forced to nove t hrough the correspondi ng
t hr ou@h- hol e

ﬁéék f the lid gt 10, the through-hole 27 of the ink -
f26 and the f’gﬁwr-hole 22 of t =.Ebacer menber 20 in

£ >opening 31, fromwhich it is

The in

suppl
the f

o

w ~ path unit 35 intg

kBB ow pat hs ext endi ng
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12 to the nozzle openings Bl are: dsfrrnad by lt he through ‘hol es 11, 27 and
22, which are forned in the! l¥d: rrenber lO--J__he |nk' \‘;su,ppliyr ng rrenber 26 and
the spacer nenber 20, respectivel y. - The - & 11 27 and 22 are
reduced in diameter in the | sfated: order th ch. substantrally prevents

air from entering into the pressure char:rlber t/h[réugh the ink flow path
b f§t |
INK JET RECORDING HEAD.AND |

MANUFACTURING METHOD THEREFOR

The present invention relates to an ink jet recording head and
a method for manufacturing an ink jet recording head.
An ink jet type recording head is known in which

piezoelectric transducers are coupled to diaphragms which form
walls of respec;ive ink pressure chambers, wherein displacement
of the Piezoelectric transducers varies the volume of the
pressure chambers to thereby eject ink droplets. Such a
.ﬁ'ecording head is advantageous in that, since the displacement
of the diaphragms by the piezoelectric transducers takes place
over a relatively large area of the pressure chambers, ink
droplets can be formed stably.

However, the recording head is still disadvantageous in
that, since ink droplets are jetted in a direction
perpendicular to the direction of displacement of the

diaphragm, the recording head is unavoidably large in the
direction perpendicular to the surface of the recording sheet,

and accordingly the carriage supporting and transporting the
.recording head and its related components are also unavoidably
large in this direction.

In order to cvercome the above—descrihed ditficulty,
ink jet type recording head has been proposed, for example, in
Japanese Unexamined Patent Publication No. Sho. 62-111758, in
which pressure generating members including diaphragms and ink
flow path forming members are formed in a layered construction,
and nozzle openings are provided in a row extending parallel to
the direction of displacement of the diaphragm, thereby to
reduce the thickness of the recording head. That is, the

This is the replacement sheet’
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even when the neniscus of the ink in the nozzle is destroyed and drawn
toward the pressure chanber. The ink in the pressure chamber 2 may flow
t hrough the through-holes 12 and 28 into the reservoir 21; however, since

the through-hole 28 is small in dianetea this flow of ink will not
greatly reduce the pressure; that is, it“wll not adversely affect the
jetting of the ink droplet. When the application of the drive signal

i s suspended2COFRADT §eaghdyR s e JA¥STRY ety wecsransducer 7 is restored to
its unexcited state, .the volume of the pressure chanmber 2 is
The layered structure is advantagecus in that the
recozding head can be miniaturized, and it can be manufactured
using a2 simple method for joining plate members formed by
pressing or etching.
In the manufacturing method for producing the recording
head, an achesive agent is used for joining the plate members.
However, duxing manufacture, the adhesive agent can sometimes
flow into small holes which form ink flow paths in the plate
members, thus changing the ink flow resistance thereof,
lowering the reliability in operation of the recording head.
Furthermore, because the piezoelectric transducers must be

fixed to the diaphragm with.an adhesive agent or by etching or
laser welding, the manufacture of the recording head requires

much time and laber.

In order to eliminate the above-described difficulties, an
ink jet type recording head has been proposed, for example, in
Japanese Unexamined Patent Publication No. Sho. 63-149159,
which is formed by layering ceramic plates in a semi-solid
state, shaped as required to form flow path members, and
piezoelectric transducers, one on another and subjecting the
structure to firing. That is, the recording head is
manufactured without a separate step of mounting the
piezceleétric transducers. However, the method is still
disadvantageocus in that it cannot achieve a reduction in the
thickness of the recording head since the nozzle openings
extend in a direction perpendicular to the direction of
displacement of the diaphragm, similar to the above-described
recording head.
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I ncreased so that a negative pressure is forned in the pressure

As a result, the sanme anount of ink as previously consuned is supplied
fromthe reservoir 21 through the through- holes 28 and 12 into the

pressure chanber 2. The negative pressure in the pressure chanber 2 acts
on the nozzle opening 31; however, the~ neniscus in the nozzle openings
prevents the ink fromreturning towards the pressure chanbers. Therefore,

the negative pressure is effective in sucking the ink fromthe

21.

It is therefore the object of the present invention to provide
an ink jet recording head which avoids the above mentioned
drawbacks. This object is solved by the ink jet recording head
according to independent claim 1 and the method for producing
an ink jet recording head according to independent claim 4.
Further advantageous features, aspects and details of the
invention are <evident from the dependent <claims, the
description and the drawings. The claims are to be understood
as a first approach in defining the invention in general terms.
The present invention provides an ink jet recording head
in which piezoelectric transducers provided in parts of

pressure chambers communicated with nozzle openings compress
the pressure chambers to form ink droplets, and more
particularly to an ink jet type recording head which is formed
by arranging a nozzle plate, pressure chamber forming members
and a vibrating plate one on another, and to a method for

manufacturing the ink jet type recording head.

In view of the foregoing, an aspect of the invention is to
provide an ink jet type «recording head in which the
manufacturing assembly accuracy is improved,'the numper of
steps required for joining the relevant members is minimized,
and the nozzle openings are provided in parallel with the
direction of displacement of - the diaphragms to reduce the

thickness of the recording head.
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13 The flow path unit 35 is connected to the pressure generating
unit 15 through a thick [ayer of macronol ecul ar adhesive about 30 [err]m
in thickness. Therefore, even if, when the anbient tenperature changes,
the two units 35 and 15 are wurged to shift relative to each other because
of a difference in thermal expansion, the shift is absorbed by the |ayer
of

Another aspect of the invention is provide a method for
manufacturing such an ink jet type recording head.

In order to achieve the aforementioned aspects of the
invention, a multi-layer ink jet type recording head is
manufactured according the invention as follows: A first plate
member of ceramic forming a vibrating member with piezoelectric
transducers on the surface thereof, a first spacer member made
of ceramics with a plurality of through-holes therein forming
pressure chambers, and a 1lid member having through-holes
through which the pressure chambers are in commmication with a
reservoir are joined together to form a pressure generating
unit in such a manner that thé first plate member is placed on
one surface of the first spacer member, and the lid member is
sealingly set on the other surface of the spacer member. An
ink supplying member made of a metal plate and which is
connected through a flow path to an ink tank and has through-
holes through which the pressure chambers are communicatingwith
nozzle cpenings and the reservoir is in cammication with the
pressure chambers, a second spacer member having through-holes
through which the pressure chambers are in cammmication with the
reservoir and the nozzle openings, and ; nozzle plate member
with the nozzle cpenings formed therein are joined together to
form a flow path unit in such a manner that the ink supplying
member is placed on one surface of the second spacer member,

and the nozzle plate member is fixedly placed on the other
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macr onol ecul ar adhesive, so that the nozzle plate is prevented from being
bent; that is, the layer of macronol ecul ar adhesive prevents the formation
of prints lowin quality. A nmet hod for manufacturing the
above-descri bed recording head nOM/mAIé be described with reference to
Fig. 10. A ceramic material having a thickness suitable for

formation of the pressure chanbers 2 by firing is prepared. 1In the
present enbodinent, a thin plate of zirconia having a clay- Ilike

consi stency, nanely, "a green sheet” is used for formation of a first

sheet 40. Aumfess p§ thedskachdr spabesugémbekes #He cuter surface of the
lid member in the pressure generating unit is joined to the
cuter surface of the ink supplying member in the flow path unit
with a macromelecular adhesive agent.

In the pressure generating unit, which is made of ceramic,
small through-holes are formed in the spacer member, which
simplifies the manufacturing step of joining the vibrating
member, the spacer member and the lid member, and positively
prevents leakage of ink past the unit, to which high pressure
is exerted. The flow path unit, which is made of metal, has a
ralatively large through-hole to form the reservoir in the
space member, and therefore it is high in dimensional accuracy.
The pressure generating unit and the flow path unit are joined
together with a macromolecular adhesive layer, so that the
difference in thermal expansion between the two units, which
are made of different materials as described above, can be

absorbed.

Fig. 1 is a sectional view showing a multi-layer type ink
jet type recording head constrﬁcted in accordance with a
preferred embodiment of the invention;

Fig. 2 is an exploded perspective view of the recording
head shown in Fig. 1;

Fig. 3 is an explanatory diagram showing the positional
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in the green sheet at the positions where the pressure chanbers 2 are to
be forned. Simlarly as in the case of the first sheet, a second sheet
42 is machined on the press. That is, through-holes 43 and 44 through
which the reservoir 21 is in comunication with the nozzle openings 31 are
formed in a green sheet of zirconia having a thickness suitable for
formation of the lid nenber 10. The first sheet 40 is set on the
second sheet 42, and a third sheet 45 is placed on the first sheet 40,
whi ch is nmade )

relationships between pressure chambers in the recording head;

Fig. 4 is an explanatory diagram showing the position of
a piezoelectric transducer in the recording head;

Fig. 5 is a perspective view showing the positional
relationships between piezoelectric transducers and electrodes
in the recording head;

Fig. 6 is a sectional view taken along a line A-A in Fig.
5 showing the structure of the biezoelectric transducer mounted
on a diaphragm in the recording head;

Fig. 7 is a perspective view outlining the recording head;

Fig. 8 is a perspective view showing the rear structure of
the recording head;

Figs. 9(a2a) and 9(b) are, respectively, a longitudinal
sectional view and a cross-sectional view taken along a line
B~B in in Fig. 9(a) showing the recording head jetting an ink
droplet;

Fig. 10(I) - 10(V) are sectional views for a description
of a method for manufacturing a multi-layer type ink jet type
recording head according to the invention;

Fig. 11 is an exploded view for a description of a step of
jeining plates together to form a flow path unit; and

Figs. 12(a) and 12(b) are diagrams showing an adhesive

layer through which the flow path unit is joined to a pressure

generating unit.
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14 of a green sheet -of zirconia having a thickness suitable for

formation of the diaphragm 4. The three sheets 40, 42 and 45 are joined to
one anot her under uniform pressure, and then dried. In this drying step,
the three sheets 40, 42 and 45 are terrgorarily bonded toget her and

sem -solidified. The assenbly of these’'sheets is fired at a predeterm ned
tenperature, for

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

Figs. 1 and 2 are respectively a cross-sectional view and
an explode& perspective view showing a preferred embodiment of
a multi-laver ink jet recording head constructed in accordance
with the invention. In these figures, reference numeral 1
designates a spacer member made of a ceramic plate of zirconia
(Zz0;) or the like having a thickness of 150 um. The spacer
member 1 has a number of elongated holes formed at
predetermined intervals therein, thus forming pressure
chambers2. Each of the elongated holes 2 has one end portion
located over a reservoir 21 as shown in Fig. 3, and the other
end portion located over a nozzle opening 31. A diaphragm 4 is
fixedly mounted on one surface of the spacer member 1. The
diaphragm 4 is made of a material which, when fired together
with the spacer member 1, is compatible in characteristics with
the latter, and it has a high elastic modulus. In this
embodiment, the diaphragm 4 is made of a thin zirconia plate 10
pm in thickness, similar to the spacer member. As shown in
Fig. 5, on the surface of the diaphragm 4, electrodes 5 for
applying drive signals to piezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and
lead-out electrodes 6§ of a common electrode (described below)

are provided.
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I nstance 1000[err]C, while the assenbly is pressurized to the extent that
the assenbly is prevented from bendi ng. As a result, the sheets are
transforned into ceranmc plates, the interfaces of which are conbined
together by firing. That is, they are forned into an integral unit.

As descri bed above, the through hol es 418 formng the pressure chanbers are
formed in the first sheet 40. The through-holes 41 are extrenely snal

in width. Hence, when the three sheets are tenporarily bonded together,
the second and third sheets 42 and 45 (which formthe |lid nmenber and the

The piezoelectric transducers 7 cover the drive signal
applying electrodes 5. More specifically, each of the
transducers 7 is made of a thin plate of piezoelectric
vibrating material such as PZT, which is substantially equal in
length to ﬁhe pressure chamber 2 but smaller in width than the
latter, as shown in Fig. 4. That is, the transducer 7 is
designed so that it flexes in such a manner as to curve in the
direction of width with the longitudinal direction as an axis.
As shown in Figs. 5 and 6, the aforementioned common electrode
8 is formed on the piezoelectric transducers 7 and the lead-out
electrodes 6, for instance, by sputtering. That is, the lower
surface (on the side of the diaphragm 4) of each piezoelectric
ﬁransducer 7 is connected to the drive signal applying
electrode 5, and the upper surface is connected to the common
electrode 8.

Further in Figs. 1 and 2, reference numeral 10 designates
a lid member which, together with the diaphragm 4, forms the
pressure chambers 2. The lid member 10 is made of a material
which, when £fired together with the spacer member 1, is
compatible in characteristics with the latter. In this
embodiment, it is made of a thin zirconia plate 150 um ;n
thickness. The lid member 10 has through-holes 11 through
which the nozzles openings 31 are in cammmication with the
pressure chambers 2, and through-holes 12 through which the

reservoir 21 is in cammmication with the pressure chambers 2.
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di aphragm respectively) are not deforned, and the pressure is suitably
concentrated at the through-holes 41, which contributes to the

conmbi ning of the second and third sheets 42 and 45 with the first sheet 40
by firing. Thus, the volune of each pressure chanber can be set as
required. The first, second and thi rd sheets 40, 42 and 45 thus fired
function as a spacer nenber 50, a lid nenber 51 and a diaphragm 52,

respectively. In this tate | ectr.icall conductive paste |layers are
formed on the sapFacaeb%Yef‘i‘Escribeg members 1, 4 and 10 are fixedly

combined together, thus forming a pressure generating unit 15.

Reference numeral 20 designates a spacer member forming a
flow path unit 35. The spacer member 20 is made of a
corrosion-fesistant plate such as a stainless steel plate 150
pm in thickness and which is suitable for formation of ink flow
paths. The spacer member 20 has a substantially V-shaped
through-hole forming the aforementiocned reservoir 21, and
through-holes 22 through which the pressure chambers 2 are
in comunication with the nozzle openings 31. The through-hole
forming the reservoir 21 extends radially of an ink supplying
inlet member 24 and then parallel to the ends of the pressure
chambers 2. More specifically, in the embodiment having the
nozzle openings in two lines, the through-hole forming the
reservoir 21 includes a V-shaped portion extending radially
outward of the ink supplying inlet member 24, and two parallel
portions extending from the two outer ends of the V-shaped
portion along the ends of the pressure chambers 2.

Reference numeral 26 designates an ink supplying member
fixed to one surface of the above-described spacer member 20.
The ink supplying member 26 has through-holes 27 through which
the pressure chambers 2 are in camumication with the nozzle
openings 31, and through-holes 28 through which the resexvoir
2l is in communication with the pressure chambers 2. The ink

supplying member 25 further has the ink supplying inlet member
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15 diaphragm 52 at the positions of the pressure chanbers 53 and of the
common el ectrode | ead-out termnals by a thick film printing nethod.

Rel atively thick |ayers of piezoelectric nmaterials of a clay-Ilike
consistency are forned with a mask by p énting so as to provide

t hrough-hol es in correspondence to the % essure chanbers 53. \Wen the

thick |l ayers have been
24 on its surface, which is connected to an ink tank (not
shown).

Reference numeral 30 designates a nozzle plate fixed to
the other surface of the spacer member 20. The nozzle plate 30
is made of a stainless steel plate 60 um in thickness and which
is suitable for formation of nozzle openings 40 um in diameter.
The nozzle openings 31 in the nozzle plate 30 are formed in
correspondence with the pressure chambers 2.

The members 20, 26 and 30 are stackaed one on another and
fixed together as a unit using an adhesive or by welding using
diffusion between metals, thereby to form the aforementioned
flow path unit 35. In this operation, the stacking of the
members is performed under a high pressure; however, they can
be accurately stacked one on another without intrusion or
deformation although the large through-hole for forming the
reservoixr 21 is within in the stack because the members are
made of metal, as described above.

The pressure generating unit 15 and the flow path unit 35
are joined through their confronting surfaces, namely, the
contact surfaces of the lid member 10 and the ink supplying
member 26, with an adhesive, thereby to form the recording
head.

Thus, the pressure chambers 2 are in cammmication through the:
through-holes 12 of the lid member 10 and the through-holes 28

°f the ink supplying member 26 with the reservoir 21, and they
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dried to the extent that they are suitable for firing the
transducer-formng materials, the whole assenbly is heated at a
tenperature suitable for firing the piezoelectric transducers and the
el ectrodes, for instance, in a range of from 1000[err]Cto 1200[err]C.
Thus, the piezoelectric transducers 54%dre formed for the respective
pressure chanbers 53 (see Fig. 10 (11)). Thereafter, a | ayer of
el ectrically conductive material is fornmed over the common el ectrode
| ead-out term nals and the piezoelectric transducers 54 by a thin film
form ng nmethod such as a sputtering nethod. Thus, the pressure generating
unit is are further in cammication through the through-holes 11 of the
lid member 10, the through-holes 27 of the ink supplying member
26 and the through-holes 22 of the spacer member 20 with the
nozzle openings 31.

Figs. 7 and 8 show the front and rear structures of the
multi-layer ink jet type recording head according to the
invention. In the front structure, the nozzle openings are
arranged in two lines at predetermined intervals. In the rear
structure, the pressure generating unit 45 is fixedly secured
to the flow path unit 35, and cables 37 are provided for
applying electrical signals to the piezoelectric transducers 7.

When a drive signal is applied to any one of the
piezocelectric transducers 7, the respective transducer 7 is
flexed in the direction of width with the longitudinal
direction as an axis, thus deforming the diaphragm 7 towards
the pressure chamber as shown in Fig. 3. As a result, the
volume of the corresponding pressure chamber 2 is decreased;
that is, pressure is applied to the ink in the piessure
chamber. Hence, the ink in the pressure chamber 2 is forced to
move through the corresponding through-hole 11 of the 1lid
member 10, the through-hole 27 of the ink supplying member 26
and the through-hole 22 of the spacer member 20 in the flow
path unit 35 into the nozzle opening 31, from which it is
jetted in the form of an ink droplet.

The ink flow paths extending from the pressure chambers 2
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formed, which appears as if it were nmade of a single conponent although it

includes the diaphragm the spacer nenber and the Iid nmenber. On the
ot her hand, an ink supplying nenber 60, a reservoir formng member 66, and
a nozzle plate nenber 69 are prepared ing nmetal pl ates having respective

predeterm ned thicknesses. That is, the Tnk supplying nmenber 60 is forned
by form ng _through-hqgles 61 and 62, which correspond to the through-hol es
27 and the %9 g‘t"r? AeatifFholledregdefinefobirethe phaveghrholes 11,

27 and 22, which are formed in the lid member 10, the ink
supplying member 26 and the spacer member 20, respectively.
The through-holes 11, 27 and 22 are reduced in diameter in the
stated order, which substantially prevents air from
entering into the pressure chamber through the ink flow path
even when the meniscus of the ink in the nozzle is destroyed
and drawn toward the pressure chamber. The ink in the pressure
chamber 2 may flow through the through-holes 12 and 28 into the
reservoir 21; however, since the through-hole 28 is small in
diameter, this flow of ink will not greatly reduce the
pressure; that is, it will not adversely affect the jetting of
the ink droplet.

When the application of the drive signal is suspended,
that is, when the piezoelectric transducer 7 is restored to its
unexcited state, the volume of the pressure chamber 2 is
increased so that a negative pressure is formed in the pressure
chamber 2. As a result, the same amount of ink as previously
consumed is supplied from the reservoir 21 through the through-
holes 28 and 12 into the pressure chamber 2. The negative
pressure in the pressure chamber 2 acts on the nozzle opening
31; however, the meniscus in the nozzle openings prevents the
ink from returning towérds the pressure chambers. Therefore,
the negative pressure is effective in sucking the ink from the

reservoir 21.
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16 t he press. The reservoir form ng nmenber 66 is formed by cutting
t hr ough- hol es 64 and 65, which correspond to the reservoir 21 and the
t hrough-holes 22, in the netal plate on the press. The nozzle plate
menber 69 is also formed by formng thﬁgugh-holes 68, which correspond to
the nozzle openings 31, in the netal prate on the press. As shown in Fig.

The flow path unit 35 is connected te the pressure
generating unit 15 through a thick layer of macromolecular
adhesive about 30 um in thickness. Therefore, even if, when
the ambient temperature changes, the two units 35 and 15 are
urged to shift relative to each other because of a difference
in thermal expansion, the shift is absorbed by the layer of
macromolecular adhesive, so that the nozzle plate is prevented
from being bent; that is, the layer of macromolecular adhesive
prevents the formation of prints low in quality.

A method for manufacturing the above-~described recording
head now will be described with reference to Fig. 10.

A ceramic material having a thickness suitable for
formation of the pressure chambers 2 by firing is prepared. 1In
the present embodiment, a thin plate of zirconia having a clay-
like consistency, namely, "a green sheet” is used for formation
of a first sheet 40. A press is used to form through-holes 41
in the green sheet at the positions where the prassure chambers
2 are to be formed. Similarly as in the case of the first
sheet, a second sheet 42 is machined on the press. That is,
through-holes 43 and 44 through which the reservoir 21 is
in camumication with the nozzle openings 31 are formed in a green
sheet of zirconia having a thickness suitable for formaéion of
the lid member 10.

The first sheet 40 is set on the second sheet 42, and a

third sheet 45 is placed on the first sheet 40, which is made
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11, a bonding film 75 having through-holes 70 and a through- hole 71 is

I nserted between the nenbers 60 and 66, while a bonding film 76 having

t hrough-hol es 72 and a through-hole 73 is inserted between the nenbers 66
and 69. In this connection, it should 82 noted that the through-holes 70,
71, 72 and 73 are fornmed in the bonding*filns 75 and 76 in such a manner
that the remaining portions of the filnms 75 and 76, nanely, the bonding
regi ons thereof, do not cover the through-holes 61, 62, 64, 65 and 68 of

the menberst 69, gbbenndhe@r Bie ZlRfdwmiia Haviidy andefcxiddls t beiEhbid £5rand

76, which have been stacked in the above-
formation of the diaphragm 4. The three sheets 40, 42 and 45
are joined to one another under uniform pressure, and then
dried. In this drying step, the three sheets 40, 42 and 45 are
temporaril§ bonded together and semi-#olidified. The assembly
of these sheets is fired at a predetermined temperature, for
instance 1000°C, while the assembly is pressurized to the
extent that the assembly is prevented from bending. As a
result, the sheets are transformed into ceramic plates, the
interfaces of which are combined together by firing. That is,
they are formed into an integral unit.

As described above, the through-holes 41 forming the
pressure chambers are formed in the first sheet 40. The
through-holes 41 are extremely small in width. Hence, when the
three sheets are temporarily bonded together, the second and
third sheets 42 and 45 (which form the lid member and the
diaphragm, respectively) are not deformed, and the pressure is
suitably concentrated at the through-holes 41, which
contributes to the combining of the second and third sheets 42
and 45 with the first sheet 40 by firing. Thus, the volume of
each pressure chamber can be set as required.

The first, second and third sheets 40, 42 and 45 thus
fired function as a spacer member 50, a lid member 51 and a
diaphragm 52, respectively. In this state, electrically

conductive paste layers are formed on the surface of the
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descri bed manner, are thermally bonded under pressure to form the flow
path unit. The pressure generating unit and the flow path unit are
joined as follows: As shown in Fig. 12(a), an adhesive layer 80 is forned
on the surface of one of the units, for 5i nstance, the surface of the ink
suppl yi ng nenber 60, by coating it wi t B> adhesi ve or by using a thermal
wel ding film(see Fig. 10(1V)), and the |lid nenber 51 of the pressure
gener at i n@i@PREAER Fila@ theh RIR WS 9% the @retsutaicHaners | $13 sawd a
manner that the
of the common electrode lead-out terminals by a thick film
printing method. Relatively thick layers of piezoelectric
materials of a clay-like consistency are formed with a mask by
printing so as to provide through-~holes in ccrrespéndence to
the pressure chambers 53. When the thick layers have been
dried to the extent that they are suitable for firing the
transducer-forming materials, the whole assembly is heated at
a temperature suitable for firing the piezoelectric transducers
and the electrodes, for instance, in a range of from 1000°C to
1200°C. Thus, the piezoelectric transducers 54 are formed for
the respective pressure chambers 53 (see Fig. 10 (II)).

Thereafter, a layer of electrically conductive material is
formed over the common electrode lead-out terminals and the
piezoelectric transducers 54 by a thin film forming method such
as a sputtering method. Thus, the pressure generating unit is
formed, which appears as if it were made of a single component
although it includes the diaphragm, the spacer member and the
lid member.

On the other hand, an ink supplying member 60, a reservoir
forming member 66, and a nozzle plate member §9 are prepared
using metal plates having respective predetermined thicknesses.
That is, the ink supplying member 60 is formed by forming
through~holes 61 and €2, which correspond to the through-holes

27 and the flow path regulating holes 28, in the metal plate on
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17 through-holes 56 and 57 are coaxial wth the through-holes 62 and 61
(Fig. 10(V)). As a result, an adhesive layer 81 is fornmed between the
flow path unit and the pressure generating unit, which serves as a cushion
menber to absorb the difference in therfgl expansi on between the two
menbers. The adhesive |ayer 80 spreads outward when squeezed between the

two units.

the press. The reservoir forming member 66 is formed by
cutting through-holes 64 and 65, which correspond to the
reservoir 21 and the through-holes 22, in the metal plate on
the press. The nozzle plate member 69 is also formed by
forming tﬁrough-holes 68, which correspond to the nozzle
openings 31, in the metal plate on the press. As shown in Fig.
11, a bonding film 75 having through-holes 70 aﬁd a through-
hole 71 is inserted between the members 60 and 66, while a
bending film 76 having through-holes 72 and a through-hole 73
is inserted between the members 66 and 69. In this cennection,
it should be noted that the through-holes 70, 71, 72 and 73 are
formed in the bonding films 75 and 76 in such a manner that the
remaining portions of the films 75 and 76, namely, the bonding
regions thereof, do not cover the through-holes 61, 62, 64, 65
and 68 of the members 60, 66 and 69. The members 60, 64 and 69
and the films 75 and 76, which have been stacked in the above-
described manner, are thermally bonded under pressure to form
the flow path unit. | ]

The pressure generating unit and the flow path unit -are
Joined as follows: As shown in Fig. 12(a), an adhesive layer
80 is formed on the surface of one of the units, for ipstance,
the surface of the ink supplying member 60, by coating it with
adhesive or by using a thermal welding film (see Fig. 10(IV)),
and the lid member 51 of the pressure generating unit is placed

on the adhesive layer 80 thus formed in such a manner that the
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As shown in Fig. 12, there are provided regions 82 around the

t hr ough- hol es where no adhesive is provided, thereby to prevent the
adhesive fromspreading into the through-holes of the lid nenber 51 and
the ink supplying nenber 60. I n thg recordi ng head of the invention,
the pressure generating unit is nade of ‘ceranic, which has a | ower density
than netal, and therefore vibration propagating between adjacent

pi ezoel ectric transducers is greatly attenuated; that 1is, crosstalk is

prevent ed. thupubhrholes S aleBnard wodal el i dia i RN IeTeHs2 he

recordi ng head of the invention
and 61 (Fig. 10(V)). As a result, an adhesive layer 8l is
formed between the flow path unit and the pressure generating
unit, which serves as a cushion member to absorb the difference
in thermal expansion between the two members. The adhesive
layer 80 spreads outward when squeezed between the two units.
As shown in Fig. 12, there are provided regions 82 around the
through-holes where no adhesive is provided, thereby to prevent
the adhesive from spreading into the through-holes of the lid
member 51 and the ink supplying member 60.

In the recording head of the invention, the pressure
generating unit is made of ceramic, which has a lower density
than metal, and therefore vibration propagating between
adjacent piezoelectric transducers is greatly attenuated; that
is, crosstalk is prevented. Furthermore, the elements forming
the vibrating portion of the recording head of the invention
are joined as an integral unit without the intrusion of any
foreign member. This feature positively eliminates the
difficulty of ink leaking because of inadequate adhesion. ]

Furthermore, in the recording head of the invention, the
base of the pressure generating unit and the ceramics forming
the vibration generating unit are fired at temperatures
suitable therefor. Thus, the operation of the recording head
is high in reliability.

As described above, the multi-layer ink jet type recording
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are joined as an integral unit without the intrusion of any foreign
nmenber . This feature positively elimnates the difficulty of ink
| eaki ng because of inadequate adhesi on. Furthernore, in the recording
head of the invention, the base of the pressure generating unit and the
ceramics formng the vibration generat}ﬁg unit are fired at tenperatures
suitable therefor. Thus, the operation of the recording head is high in
reliability. As descri bed above, the nulti-layer ink jet type
recordi ng

head of the invention comprises a pressure generating unit

and a flow path unit. The pressure generating unit includes
the first plate member of ceramics forming the vibrating member
with the piezoelectric transducers on the surface thereof, the
first spacer member of ceramics with the through-holes forming
the pressure chambers, and the lid member having the through-
holes through which the pressure chambers are in cammmication with
the reserveoir, which members are joined in such a manner that
the first plate member is placed on one surface of the first
spacer member, and the lid member is sealingly set on the other
surface of the spacer member. The flow path unit includes the
ink supplying member made of a metal plate which is connected
through the flow path to the ink tank and which has the
through~-holes through which the pressure chambers are in
comumnication  with the nozzle openings and the reservoir is in
camunication with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in commication with the nozzle
openings, and the nozzle plate member with the nozzle openings;
these members being joined together in such a manner that the
ink supplying member is placed.on one surface of the second
spacer member, and the nozzle plate member is fixedly placed oﬂ
the other surface. The outer surface of the lid member is
joined to the outer surface of the ink supplying member with a

macromolecular adhesive agent. That is, the pressure
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18 head of the invention conprises a pressure generating unit and a
flow path unit. The pressure generating unit includes the first plate
menber of ceramics formng the vibrating menber wth the piezoelectric
transducers on the surface thereof, the__first spacer nenber of ceramcs
with the through-holes formng the pre%gure chanbers, and the |id nenber
havi ng the through-

generating unit for producing pressure to jet ink droplets is
formed by firing the members made of ceramic. Therefore, the
pressure generating unit is advantageous in that it has a very
good liquid tightness, and the signal applying electrodes can
be installed directly thereon. On the other hand, the flow
path unit having a relatively large recess to form the
reservoir is made of metal, and thus is high in rigidity. 1In
addition, the ceramic pressure generating unit and the metal
flow path unit are joined together with a macromolecular
adhesive agent relatively high in elasticity. Hence, bending
of these units due to the Qifference in thermal expansion is
positively prevented. As a result, the ink jet type recording
head of the invention can be made relatively small in

thickness, and it is high in reliability.
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hol es through which the pressure chambers are in comunication with the

reserv0|r h nenbers are joined in such a manner that the first plate
menber 'g wn’ﬂﬁuﬁurface of the first spacer nmenber, and the |id
menber |s

n the other hface of the spacer nenber. The
flow path unit i nci udes the ink suppl yI'ng nenber made of a netal plate
which is connected through the flow path to the ink tank and which has the
t hrough- hol es t hrough which the pressure chanbers are in communi cation
with the nozzl e openings ahd the reservoir is in conmunication wth the
pressure chanbers, the second spacer

CLAIMS
1. A layer-built ink jet type recording head comprising:
A. a pressure generating unit (15) comprising:

(1) a ceramic first plate member forming a vibrating
member having piezoelectric transducers (7) on a
surface thereof,

(2) a ceramic first spacer member (1) having formed
therein a plurality of through-holes forming
pressure chambers (2), and

(3) a ceramic 1lid member (10) having through-holes
{11) formed therein through which said pressure
chambers (2) are in communication with a reservoir
(21),

said first plate member, said first spacer member
(1) and said lid member (10) being integrally
connected to one another in such a manner that
said first plate member is placed on one surface
of said first spacer member (1) and said 1lid
member (10) is sealingly set on the other surface
of said space member (1);

B. a flow path unit (35) comprising:
(1) an ink supplying member (26) made of a metal

plate, said ink supplying member (26) being
connected through a flow path to an ink tank, and
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menber having the reservoir and the through-holes through which the

pressur me are I n communi cation wth the nozzle openings, and the
nozzl e W Eﬂ@ t he nozzl e openings, these nenbers being joined

t oget her *i n¢suc r that the ink §upp|y|ng menber is placed on one
surface of the second *spacer nenber, ahd the nozzle pl ate nmenber is
fixedly placed on the other surface. The outer surface of the |id nenber
is joined to the outer surface of the ink supplying nenber with a
macr onol ecul ar adhesi ve agent. That is, the pressure

said ink supplying member (26) having through=-

holes (27,28) formed therein through which said
pressure chambers (2) are in communication with
nozzle openings (31) and said reservoir (21) is in
communication with said pressure chambers (2),

(2) a second spacer member (20) having said reservoir
(21) and through-holes (22) through which said
pressure chambers (2) are in communication with
said nozzle openings (31), and

(3) a nozzle plate member (30) having said nozzle
openings (31) formed therein,

said ink supplying member (26), said spacer member
(20) and said nozzle plate member (30) being
integrally connected to one another in such a
manner that said ink supplying member (26) is
placed on one surface of said second spacer member
(20) and said nozzle plate member (30) is fixedly
placed on the other surface of said second spacer
member (20); and

C. an adhesive agent integrally joining an outer surface
of said 1lid member (10) to the outer surface of said
ink supplying member (26).

2. The multi-layer ink jet recording head as claimed in
claim 1, wherein said through-holes (11,27,22) of said
members (10,26,20) through which said pressure chambers
(2) are in communication with said nozzle openings (31)
are reduced in diameter towards said nozzle openings

(31).
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19 generating unit for producing pressure to jet ink droplets is forned
by firing the nenbers nade of ceramc. Therefore, the pressure generating

unit is rm mmtﬂmm hat it has a very good liquid tightness, and the
si gnal aﬁ dBs can be ins%;lled directly thereon. On the
other hand, the fl%w® path unit having“4 relatively iarge recess to form

t he

3. The multi-layer ink Jjet recording head as claimed in
claim 1 or 2, wherein said adhesive is a macromolecular
adhesive.

4. A method of manufacturing a layer-built ink jet type
recording head comprising:

laying a green sheet of ceramic material having a
thickness suitable for formation of a vibrating member, a
green sheet of ceramic material having through-holes
corresponding to pressure chambers, and a green sheet
having through~holes corresponding to flow paths to said
pressure chambers one on another in the stated order to
form a pressure generating basic unit;

.firing said green sheets to thereby form a pressure
generating basic unit comprising a vibrating plate, a lid
member and a spacer member;

forming signal applying electrodes in correspondence to
said pressure chambers and a common electrode on said
vibrating member;

bonding a green sheet of piezoelectric material to said
signal applying electrodes;

firing said green sheet of piezoelectric material with
said pressure generating basic unit to form a pressure
generating unit;

laying a metal plate in which are defined a flow path to
an ink tank and which has through-holes through which
nozzle openings are in communication with said pressure
chambers and said pressure chambers are in communication
with a reservoir, a metal plate having said reservoir and
through-holes through which said pressure chambers are in
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reservoir
ceranic

t oget her
el asticit

thermal expansion % s

recordi ng

t hi ckness,

S

yiasure generatlng unit and the netal

made of metal, and thus is high in rigidity. In addition,

Iecular adhesive agent relatively high in
i& of these units due to the difference in

head of the invention can be nmade relatively small in

and it is highinreliability.

communication with said nozzle openings, and a nozzle
plate having said nozzle openings one on another in the
stated order and fixing said metal plates together to
form a flow path unit; and

joining said pressure generating unit to said flow path
unit.

The method as claimed in claim 4, wherein said step of
joining said pressure generating unit to said flow path
unit comprises applying an adhesive agent.

The method as claimed in claim 5, wherein, in applying
said adhesive agent, a region is left around said
through-holes containing no adhesive agent.

The method as claimed in claim 5 or 6, wherein said
adhesive agent is a macromolecular adhesive.

The method as claimed in one of claims 4 to 7, wherein
said through-holes through which said pressure chambers
are in communication with said nozzle openings are
reduced in diameter towards said nozzle openings.

t he

flow path unit are joined

tlvely preverfied. As a result, the ink jet type
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1. Alayer-built ink jet type recording head conprising:

A. a pressure generating unit (15) conpri sing:

24
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INK JET RECORDING HEAD AND
MANUFACTURING METHOD THEREFOR

ABSTRACT OF THE DISCLOSURE

An ink jet type recording head of a multi-layer
structure including a pressure generating unit and a flow
path unit. The pressure generating unit is composed of a
ceramic vibrating member with piezoelectric transducers on
the surface thereof, a ceramic first spacer member with a
plurality of through-holes forming pressure chambers, and
a lid member having through-holes through which the
pressure chambers are communicated with a reservoir.

The flow path unit includes an ink supplying member
formed with a metal plate which has through-hcoles through
which the pressure chambers are communicated with nozzle
openings and the reservoir is communicated with the
pressure chambers, a second spacer member having the
reservoir and through-holes through which the pressure
chambers are communicated with the nozzle openings, and a
nozzle plate member.

FIGURE 2
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(1) a ceramic first plate nmenber formng a vibrating menber

havi ng pi ezoel ectric transducers (7) on a surface thereof,

(2) a ceramic first spacer nenber (1) having forned therein a
plurality of through-holes formng pressure chanbers (2), and

(3) a ceramc |lid nenber (10) having th{ough-holes (11) forned
therein through which said pressure chanbers (2) are in

comuni cation with a reservoir (21), said first plate
menber, said first spacer nenber (1) and said lid nenber (10)
being integrally connected to one another in such a manner that

FIG. 1
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said first plate nmenber is placed on one surface of said first

spacer nenber (1) and said lid menber (10) is sealingly set on
t he other surface of said space nenber (1); B. a flow path
unit (35) conprising: (1) an ink supplying nmenber (26) nmade of a
met al pl ate, said ink supplyi ﬁg menber (26) being

connected through a flow path to an ink tank, and

L 15

f35

This is the replacement sheet

Date: 45 00T 1996



sai d i nk supplying nmenber (26) having through- hol es (27, 28)

formed therein through which said pressure chanbers (2) are in
conmmuni cation with nozzl e openings (31) and said reservoir (21)
isin comuni cation with said pressure chanbers (2),

(2) a second spacer nenber (20) having 3said reservoir (21) and
t hrough- hol es (22) through which said pressure chanbers (2) are
i n conmuni cation with sai d nozzl e openings (31), and

(3) a nozzle plate nenber (30) having said nozzle openi ngs (31)

fornmed therein,

~
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said i nk supplying nenber (26), said spacer nenber (20) and said

nozzl e plate nmenber (30) being Integrally connected to one

anot her in such a manner that said ink supplying nenber (26) is
pl aced on one surface of said second spgcer menber (20) and said
nozzle plate nmenber (30) is fixedly pl aced on the other surface
of said second spacer menber (20); and C. an adhesi ve agent
integrally joining an outer surface of said lid nenber (10) to the
outer surface of said i nk suppl yi ng nmenber (26). 2. The
multi-layer ink jet recording head as clained in claim1l, wherein said

t hrough-hol es (11, 27,22) of said menbers (10, 26, 20) through which said
pressure chanbers

07

oo ig e rep‘.acemem sheet
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(2) are in comunication with said nozzle openings (31) are reduced in
di aneter towards said nozzl e openings (31). 3. The
mul ti-layer ink jet recording head as clained in claiml1 or 2, wherein

sai d adhesive is a nacronol ecul ar angsive.

37
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4. A nmethod of manufacturing a |ayer-built

conpri si ng:

ceram c material having through-hol es
chanbers, and a green sheet
paths to said
forma pressure generating basic unit;

| ayi ng a green sheet of ceramc materi al
t hi ckness suitable for formation of a vibrating nenber, a

ink jet type recordi ng head
havi ng a
green sheet of

correspondi ng to pressure

havi ng tﬁ?ough hol es corresponding to flow
pressure chanbers one on anot her

in the stated order to
firing said green sheets to

thereby forma pressure generating basic unit conprising a vibrating
plate, alid menber and .a spacer nenber; form ng signal applying
el ectrodes in correspondence to
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sai d pressure chanbers and a common el ectrode on said vi brating nenber;

bondi ng a green sheet of piezoelectric material to said si gnal applying
el ectrodes; firing said green sheet of piezoelectric naterial with
said pressure generating basic unit to forma pressure generating unit;
|l aying a netal plate in which are definéd a flow path to an ink tank and
whi ch has through-hol es through which nozzl e openings are in

comuni cation with said pressure chanbers and said pressure chanbers are
i n comruni cati on with a reservoir, a nmetal plate having said reservoir

and thr?E?25hO|777 qugh mhlchbfaL? pr37§uri?chanbers az; I n
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23 comuni cation with said nozzle openings, and a nozzle pl ate
havi ng sai d nozzl e openi ngs one on another in the stated order and
fixing said netal plates together to forma flow path unit; and
joining said pressure generating unit t% said flow path

FIG. 17
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unit. 5. The method as clained in claim4, wherein said step of

joining said pressure generating unit to said flow path unit conprises
appl yi ng an adhesi ve agent. 6. The nethod as clainmed in claimb5, wherein,
i n applying sai d adhesive agent, a region is left around said

t hr ough- hol es cont ai ni ng no adhesi ve agerit. 7. The nethod as clainmed in
claim5 or 6, wherein said adhesi ve agent is a macronol ecul ar adhesi ve.
8. The method as claimed in one of clains 4 to 7, wherein sai d

t hr ough- hol es t hrough whi ch said pressure chanbers are in comuni cation

wi th said nozzle openings are

ThG}§therepbcementsheet

Date: | '3 f OET W



red W di am§ E‘A% &EE 9 Bﬁoz‘*zﬁp‘é“%%‘e%“r ?1%04.932'5

TEXT OF THE ABSTRACT

INK JET RECORDING HEAD AND MANUFACTURING METHOD THEREFOR

An ink jet type recording head of a multi-layer structure including a pressure generating unit
(15) and a flow path unit (35). The pressure generating unit is composed of a ceramic
vibrating member with piezoelectric transducer (7) on the surface thereof, a ceramic first
spacer member (1) with a plurality of through-holes forming pressure chambers (2), and a lid
member (10) having through-holes (12) through which the pressure chambers (2) are
communicated with a reservoir (21). The flow path unit (35) includes an ink supplying member
(26) formed with a metal plate which has through-holes (27,28) through which the pressure
chambers (2) are communicated with nozzle openings (31) and the reservoir (21) is
communicated with the pressure chambers, a second spacer member (20) having the reservoir
(21) and through-holes (22) through which the pressure chambers (2) are communicated with
- the nozzle openings (31), and a nozzle plate member (30).

Figure 2.
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