
7 November 2006  1 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 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 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 overcome the
above-described difficulty, an  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 7 November 2006  2 recording head has a layered
structure. The layered structure is advantageous in that the  recording head
can be miniaturized, and it can be manufactured  using a simple method for
joining plate members formed by  pressing or etching. In the manufacturing
method for producing the recording  head, an adhesive agent is used for
joining the plate members.  However, during 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 labor. 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 an
another and subjecting the  



structure to firing- That is, the recording head is  manufactured without a
separate step of mounting the  piezoelectric 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. 7 November 2006  3 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 I 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 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. 7 November 2006  4 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 lid member having through-holes  through which the
pressure chambers are in communication with a  reservoir are joined together
to form a pressure generating  unit in such a manner that the first plate
member is placed an  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 communicating with  nozzle openings and the reservoir is in
canminication with the  



pressure chambers, a second spacer member having through-holes  through
which the pressure chambers are in cainn+;cation with the  reservoir and the
nozzle openings, and a nozzle plate member  with the nozzle openings 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 7
November 2006  5 surface of the second spacer member. The outer 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  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 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 7 November 2006  6 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
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. 12(a) and 12(b)
are diagrams showing an adhesive  layer through which the flow path unit is
joined to a pressure  generating unit. 7 November 2006  7 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 exploded 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  (ZrO2) or the like having a thickness
of 150 m. 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  m 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. 7
November 2006  8 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 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 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  transducer 7 is connected to the drive signal applying
electrode 5, and the upper surface is connected to the common  electrode G.
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 m in  thickness. The lid
member 10 has through-holes 11 through  



which the nozzles openings 31 are in comnmication with the  pressure
chambers 2, and through-holes 12 through which the  reservoir 21 is in
cacmmication with the pressure chambers 2. 7 November 2006  9 The
above-described 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-resistant plate such as a stainless steel plate 150  m 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 caimmication 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 commmication
with the nozzle  



openings 31, and through-holes 28 through which the reservoir  21 is in
canmanication with the pressure chambers 2. The ink  supplying member 26
further has the ink supplying inlet member 7 November 2006  10 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 m in
thickness and which  is suitable for formation of nozzle openings 40 m 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 a high pressure; however, they can  be accurately stacked
one on another without intrusion or  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 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 cdnnmication 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 7 November 2006  11 are further in
comnznication 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 d5 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  piezoelectric 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. 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 to  move through
the corresponding through-hole 11 of the lid  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 7 November 2006  12 to the nozzle openings 31 are defined by the
through-holes 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 towards the pressure chambers. Therefore,  the negative
pressure is effective in sucking the ink from the  reservoir 21. 7 November
2006  13 The flow path unit 35 is connected to the pressure  generating unit
15 through a thick layer of macromolecular  adhesive about 30 m 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. In  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 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  in ccnmmication with the nozzle openings 31 are formed in a
green  sheet of zirconia having a thickness suitable for formation 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 7 November
2006  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 another under uniform pressure, and then  dried. In this drying step,
the three sheets 40, 42 and 45 are  temporarily bonded together and
semi-solidified. The assembly  of these sheets is fired at. a predetermined
temperature, for  instance 1000C, 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 7 November 2006  15 diaphragm 52 at the
positions of the pressure chambers 53 and  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 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  and the electrodes, for instance, in a range of
from 1000C to  1200C. 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 69 are prepared  using metal plates having
respective predetermined thicknesses.  



That is, the ink supplying member 60 is formed by forming  through-holes 61
and 62, which correspond to the through-holes  27 and the flow path
regulating holes 28, in the metal plate on 7 November 2006  16 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 through-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 film 76 having through-holes 72 and a through-hole
73  is inserted between the members 66 and 69. 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 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 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 7 November 2006  17 through-holes
56 and 57 are coaxial with the through-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  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 7
November 2006  18 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
cain.i+ication 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-holes through which the pressure chambers
are in  communication with the nozzle openings and the reservoir is in
cacminicatian with the pressure chambers, the second spacer  member having
the reservoir and the through-holes through which  the pressure chambers are
in caannicaticn 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 an  



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 7 November 2006  19 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. In  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. 7 November
2006  20 What is claimed is: 1. An ink jet recording head, comprising: a
spacer member, formed with a plurality of pressure chambers arrayed  in a
first direction; a diaphragm, provided on the spacer member so as to seal
the pressure  chambers; and 



a plurality of piezoelectric vibrators, arrayed on the diaphragm in the
first  direction while being associated with the pressure chambers, wherein:
both ends in the first direction of each of the piezoelectric vibrators
situated inner than both ends in the first direction of each of the pressure
chambers; and both ends in a second direction, which is perpendicular to the
first  direction, of each of the piezoelectric vibrators situated outer than
both ends in the  second direction of each of the pressure chambers. 2. The
ink jet recording head as set forth in claim 1, wherein the spacer  member
is a ceramic spacer member. 3. The inkjet recording head as set forth in
claim 1, wherein the diaphragm  includes a vibrating ceramic plate. 4. The
ink jet recording head as set forth in claim 1, wherein a dimension in  the
first direction of each of the pressure chambers is smaller than a dimension
in  the second direction of each of the pressure chambers. 


