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LAMINATED INK JET RECORDING HEAD /

The invention relates to a laminated ink jet recording
head. '

On-demand ink jet #-ecording heads that are designed to
10 output characters and graphics by jetting ink droplets from a
plurality of nozzles in accordance with input information ars
rapidly gaining in popularity because of their. high print
quality and low noise compared with wire-dot type recording
heads and bercausa of their low running cost compared with pege
15 printers,
Among these ink jet recoxrding heéds, a so-called facae-
ejected ink jet head, which is designed to jet ink droplets in
a direction perpendicular [to the surface of a plate by
arranging a plurality of nozzles on the plate, has features
20 that a high degree of freedom is given to nozzle arrangement
and that the head can be manufactured reslatively simply because
of a laminated str;zcture.
Fig. 13 shows an exemplary ink jet recording head
having the aforsmantiohed laminated structure. A channel plate

25 94 defining slender pressurs producing chambers 356 on a flat
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surface has one surface thereof sealed by a vibration plate 95
having piezoelectric vibration elements 97 formed so as to
correspond to pressure producing chambers 96, and the other
surface thereof sealed by a regulating plate 93 having
regulating orifices 98,

A manifold plate 92 laminated on the surface of the
regulating plate 93 has through holes that define reservoir
chambers 398 for supplying ink to the respective pressure
producing chambers 96 via the regulating orifices 98. Flow
paths 100, 101, 102 which supply the ink from an ink tank and
which :uns.through the vibration plate 95, the channel plate
84, and the ragulating plate 93 are formed for the reservoir

chambers 99,

Further, nozzles 90 are formed in a nozzle plate

203 that is fixed to a side opposite to the vibration plate 95.

Communicating holes 104, 105, 106 for connscting the nozzlss 90
««» to the respective pressure producing chambers are formed so
a8 to extend through the regulatiné plate 93 and the manifold
plate 32. ‘

Thie laminated ink jet recording head is characterized
in that the respective pressure producing chambers aze
typicallylarrangad in two arrays so as to confront each othex

at an interval of from 1. 0l to 1.53 mm (0.04 to 0.06 inches)
within an array and are alternately connected to the nozzles
pitched at an interval of from 0.50 to 0.77 mm (0.02 to (.03
inches} within the single array.
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By the way, to improve the recording quality of such
ink jet recoxding head, it is necessary to in?rease the density
of pixels to be recorded by downsizing an ink droplet to be
jetted. Further, to ensure proper recording speed with the
pixel density satisfied, it is necessary to increase the number
of nozzles that Jjet ink droplets. Color printing, in
particular, that forms a single pixel by three to four colors
necessarlly requires a great number of nozzles as well as a
complicated flow patﬁ structure that can introduce the ink to
such a great nﬁmbsr of nozzles.

Particularly, to 1lmprove recording gquality by
increasing the density of pixels to be zrecorded, it is
necessary to increase the nozzle arrangement density, which
complicates the flow path structure between an ink containing
section and the individual nozzles. This holde trus not only
for the plane dimensions and arrangement but for the thickness
as waell. To machine a smaller through hole in a plate in texms
of the plane dimensions, it is necessary to reduce the
thickness to a degree equal to the diameter of the hols.

To overcoms these @roblema, a method of mounting a
plurality of recording heads by staggering the nozzles is
available. However, this method calle for an extremely high
assembling accuracy in order to maintain the xrelative

pogitioning accuracy among the respective recording heads.
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_ The invention has been made in consideration of the
afo_:amantioned problems. Accordingly, an object of the
invéntion is to provide a novel laminated ink Jjet recording
head that can form nozzles at high accuracy by comparatively

easy positioning operaticn.

This object is solved by the laminated ink jet recording head of
independent claim 1. Further advantageous features, aspects and details of
the invention are evident from the dependent claims, the description and the
drawings. The claims are intended to be understood as a first non-limiting
approach of defining the invention in general terms.

The invention provides an ink jet recording head which is formed by
laminating plate members and which is designed to form a dot on a recording
sheet by splashing an ink droplet upon reception of an input of print data.

Another aspect of the invention is to provide a novel
laminated ink Jet recording head that can be preparsd

inexpensively by utilizing the properties of two units, one
being made of a metal material and the other being made of a
ceramic material.

To ach.iev.e the above aspects, the invention according to a specific
aspect provides a laminated ink je; recording head that has a flow path unit
being formed by laminating a nozzle plate, a resarvolr chamber
forming board, and an ink supply inlet forming boerd, the
nozzle plate having nogzzles divided into a plurality of groups,
the reservolr chamber forming board having a plurality of
reserveoir chambers belong{ng to the respective groups of
nogzles and having cd}imunicating holes regpectively
communicating with the nozzles, and the ink supply inlet
forming board being fixed to a surface of the reservoir chamber
forming board and having communicating holes for communicating
with pressure producing chambers aﬁd nozzlses, In such
laminated ink jet F€carding head, preferably a plurality of actuator wnits
are fixed to tha“:.E.low path ﬁnit so as to correspond to the

groups ©of nozzles, each actuator unit advantageously including a pressure
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producing chamber forming boaxd, a vibration plate, and
pilszoelectric vibration elements. The pressure producing
chamber forming board preferably has a plurality of pressure producing
chambers definad by side walls, the vibration plate being fixed

5 advantageously to a surface of the pressure producing chamber forming board,
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and/or the plezoelectric vibration elements belng formed on a
spurface of the vibration plate so as to correspond to the
pressure producing chambers.

The flow path unit serving aleo as the actuator fixing
board is .preferably made of metal that is relatively easy to ensure
accuracy by press working or the like, and the actuator unit is
advantageously made of ceramic that can be secured by sintering, so that
accuracy in forming the nozzles of the flow path unit can be

fully utilized.

Fig. 1 is an exemplary recorxding apparatus to which an
ink jet recording head of the invention is applied;

Fig. 2 is an exemplary ink Jjet recording head of the

invention;

Fig. 3 is a diagram showing an ink jet recording head
formed by fixing a single actuator'unit to a flow path unit;

Fig. 4 is a diagram showing a structure of the
recording head of Fig. 3 on the actuator unit side;

Fig. 5 is an exploded perspective view showing an

internal structure of the recording head of Fig. 3;
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Fig. 6 is a diagram showing a structure in section of

the recording head of Fig. 3;

| Figs. 7 (A) to (C) are diagrams showing a method of
preparing an actuator unit used in the recording head of the
invention;

Fig. 8 is a diagram showing another émbodiment of the
recording head of Fig. 3;

Fig. 9 is an exploded psrspective view showing an ink
jet recording head, which is an embodiment of the invention;

Fig. 10 is a diagram showing the ink jet recording head
of the invention in the form of a structure of & side on which
actuator units are mounted;

Fig. 11 is a diagram showing an ink jet recording head,
which is another embodiment of the invention, in the form of an
arrangement of pressure producing chambers and nozzles;

Fig. 12 is a diagram showing an ink jet recording head,
which ie another embodiment of the invention, in the form of an
arrangement of pressure producing chambers and nozzles; and

Fig. 13 is a diagram showing an exemplary conventional

laminated ink jet recording head.

Details of the invention will now be described with
reference to embodiments shown in the drawings.
Fig. 1 1s an exemplary recording apparatus to which a

laminated ink jet recording head of the invention is applied.
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In Fig. 1, reference numeral 2 denotes a print
mechanism section. A carriage 80 is moved in main scanning
directions (in the directions indicated by arrows A in Fig. 1)
by a carriage motor 81. A recording medium 82 is moved in
auxiliary scanning directions (in the dirsctions indicated by

arrows B in Fig. 1) by a sheet forward motor B84 while

positioned by a platen 83.

As shown in Fig. 2, tha print mechanism section 2

congiste of an ink jet recording head 10 described later, an
ink containing section 70 and a head fixing member 20 for
fixing the ink jet recording head 10 and the ink containing
section 70.

The ink containing section 70 contains an ink
containing member 74 in the container which is secured by a lid
77 having an atmosphere communicating hole 76. Moreover, &
flow path is defined by an ink supply tube 72 in such a manner
thatlona end there of 1s connected to the ink jet recording
head 70 and the other end thereof extends to the ink containing
section 70 soc as to supply the ink to the ink recording head
10. A reference numeral 71.denotes an O-ring for sealing, and
a reference numeral 75 denotes filter provided with the ink
supply tube 72.

As a result of this construction, the recording head 10
formg an image on a two-dimensional plane by jetting an ink
droplets while moving in the main scanning directions in

accordance with a print signal and having a recording medium
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moved in the auxiliary scanning direction every time a single
linae of characters or the like has been printed with ink
supplied from the ink containing section 70.

In addition, when no printing is done for more than a
predetermined time, the recording head 10 is evacuated to a
stand-by position 86 where an ink sucking means 85 is provided.
The ink sucking means 85 has a cap B7 and a not shown cap
moving mechanism, and waits in a stand-by position with the cap
87 abutted against the nogzzle surface of the recorxding head 10.

While the ink containing section is carried on the
carriage 80 in the aforementioned embodiment, the ink may be
supplied to the recording head 10 through a tube by arranging
an ink tank on a case or the like.

Figs. 3 and 4 show an embodiment of the aforementioned
ink jet recording head 10. The recoxding head 10 1s formed by
fixing a plate-like actuator unit 30 on a surface of a similar
plate-like flow path unit 40 whose area is large enough to
mount the actuator unit 30 thereon. An end of a flexible cable
26 18 connected to one surface ¢of the actuator unit 30, the
flexible cable serving £o apply a drive signal to a
plezoelectric vibration element, which will be described later.

Fig. 5 showe an embodiment of the actuator unit. The
actuator unit 30 iz formed by seguentially laminating a seal
board 31, a pressure producing chamber forming board 32, and a
vibration plate 33. Lower electrodes 35 are formed on the

vibration plate 33 while separated from one another soc as to
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correspond to raapactiba pressure producing chambers 5.
Piezoelectric vibration elements 34, each being made of an
eleactrostrictive material, are formed so as to correspond to
the surfaces of the lower electrodes 35 in the form of a layer.
An upper electrode 36 is formed on the surfaces of the
piezoelectric vibration elements 34 so that the piezoelectric
vibration elements 34 are interposed between the lower
electrodes 35 and the upper electrode 36 with the upper

alectrode 36 stretching over a plurality of piezoelectric

- wibration elements 34.

That is, a drive signal ie applied individually to a
lower electrode 35 so that a plezoelectric vibration element 34
is selectively driven. The upper electrode 36 serving as a
common eolectrode and the lower electrodes 35 serving as
individual electrodes are connected to an external drive
circuit through a ‘connection terminal 37 formed on the
vibration plate 33 and a flexible printed board (¥P). The
respective pregsure producing chambers 5 for producing pressure
necessary for jetting ink droplets have arrangement thereof on
a plane regulated by slender through holes formed in the
praessure producing chamber forming board 32. The peripheral
wall of each through hole serves as a side wall to define and
saeparate pressure producing chambers fxrom cone another.

Furthei', the seal board 31 is not only bonded to the
side walls so as to be airtight in order to seal the pressure

producing chambers 5 and provides the bottom wall for the
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pressure producing chamber 5, but alsoc has first communicating
holes 38 and second communicating holes 39 formed so that both
holes 38, 39 are connected to each pressure producing chamber
5 in the vicinity of both ends of the pressure producing
chamber 5. Each first communicaiing hole 38 serves to supply
the ink with the corresponding pressure producing chamber from
outside the actuator unit, and each second communicating hole
39 serves8 to connect to a corresponding nozzle 3 that jets an
ink droplet.

The flow path unit 40 is formed by sequentially
laminating a nogzle plate 41, a reservoir chamber forming board
42, and an ink supply inlet forming board 43. The reservoir
chamber forming board 42 has a through hole for defining a
resexrvoir chamber 6 formed. The reservoir camber 6§ is formed
by having one end of the surface thereof sealed by the nozzle
piate 41 and the other end of the surface thereof sealed by the
ink supply inlet forming board 43. The reservoir chambér 5
functione as a manifold for branching the ink from the ink
containing section 74 into the respective pressurs producing
chambers 5, and extends Erom a portion overlapping the
raspective pressure producing chambers 5 in terms of a plans to
a portion not overlapping the actuator unit 30 in terms of a
plane as viewed from the board suxrface. -

In the reservoir chamber 6, ink supply inlets 4 for
supplying the ink to the individual pressure producing chambers

5 from the reservolr chamber 6 are formed in a portion of the
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reservoir chamber forming board 42 overlapping the respective
pressurs producing chambers 5 in terma of a plane, whereas a
reservoir inlet 8 for introducing the ink £from the ink
containing section 74 to the reservoir chamber 6 is formed in
a region not overlapping the actuator unit 30 in terms of a
plane. In additlon, the nozzle plate 41 has nozzles 3 for
jetting ink droplets formed so as to cdrrespohd to the pressurse
producing chambexrs 5. To connect the nozzles 3 to the
corresponding pressurs producing chambexs 5, nozzle
communication holes 44, 45 are arranged in the ink supply inlet
forming board 43 and the reservoir chamber forming board 42 so

as to correspond to the noszzles 3, respectively.

The ink supply inlets 4 and the nozzle communicatlon
holes 44, which are opened onto one of the surfaces of the flow
path unit 40 are formed at positions overlapping the first
communicating holes 38 and the second communicating holes 39 of
the actuator unit 30 to which the ink supply inlets 4 and the
nogzle communication holes 44 correspond on a one~by-one basis.
The flow paths between the respective units are connected to
one another by bonding the;actuator unit 30 to the flow path
unit 40 with the correeponding openings thereof overlapping

upon one another,

Flow of the ink within the head unit 10 formed of the
flow path unit 40 and the actuator unit 30 will be described
with reference to Fig. 6, which shows a structure in section

taken along a elender pressure producing chamber.
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Fig. 6 shows the reservoir inlet B arraenged in the same
section as the pressure producing chamber 5 for simplification
of the description. The ink introduced from the ink containing
section is supplied to the pressure producing chamber 5 via the
reservoir inlet 8, the reservoir chamber 6, the ink supply
inlet 4, and the communicating hole 38. The ink supply inlet
is designed so that when the ink is initially charged into the
flow path, or when bubbles are produced within the flow path,
or when the viscosity of the ink is increased, the ink or
bubbles are forcibly sucked from the nozzle 3 and dischargsed
using the ink sucking means 85.

Further, at the fime of printing, a capillary forcs
derived from a meniscus formed in the nogzle 3 causes the ink
to flow into the pressure producing chamber 5 from the ink
containing section. The plezoelectric vibration element 34
constitutes an unimorph vibration slement together with the
vibration plate 33. The piézoelectric vibration element 34 is
contracted toward the surface by the application of a voltage
thereto., The vibration plate 33 flexes in such a direction as
to contract the pressure pf%ducing chamber 5, thus producing
pressure in the pressure producing chamber 5. From this
pressure 1s an ink stream produced, the ink stream extending
from the pressure producing chamber 5 to the nozzle 3 via ﬁhe
gecond communicating holes 39 and the nozzle communication
holes 44, 45, and this ink stream is jetted from the nozzle 3

in the form of an ink droplet.
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By the way, the nozzle plate 41 has a two-layered
structure with a thin wall portion 4la and a thick wall portion
41b. The thin wall portion 4la exists only in the vicinity of
the communicating hole 45 that is connected to the nozzle 3.

This nozzle plate 41 is formed by forming the nozzle 3
by press-working a metal plate that is resiliently deformable
by the ink pressure from the pressure producing chamber 5, and
thereafter plating a region excluding the vicinity of the
nozzle 3 by chromium oxr the like to such a thickness as to

ensure proper strength to thereby form the thick wall portion

41b.
Because the nozzle plats 41 has the thin wall portion

4la only in the vicinity of the nozzle 3 and the thick wall
portion 41b in the other region, the thin wall portion 41a in
the vicinity of the communicating hole 45 is resiliently
deformed in response to the pressure derived from the pressure
producing chamber 5. This not only ensuras compliance
necessary for jetting an ink droplet, but alsoc contributes to
increasing rigidity of a recording head to thersby minimize
flexion thereof in the caée where the raecording head has a
plurality of actuator units fixed thereto, which recording head
wlill be described later. Since the nozzle 3 is positioned one
stage below, contact of the thin wall portion 41a with a
recording sheet or the like can alsc be prevented.

This embodiment is characterized as having th arrays

of pressure producing chambers 5 formed so as to confront a
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single actuator unit 30. The pressure producing chambers 5 in
one array are staggersd with respect to those in the other
array along the length of each array by a distance half the
distance between the adjacent pressure producing chambereg 5 in
a single array. Further, the corresponding nozzles 3 are
similarly arranged in.two arrays so that the nogzles 3 in one
array are staggered with respect to those in the other array by
2 distance half the distance between the adjacent nozzles 3 in
a single array. Therefore, the distance between the adijacent
nozzles 3 as viewed in the main scanning directions A is egual
to a distance half the distance between the adjacent pressure
producing chambers, thereby making the nozzle 3 arrangement
density substantially twice.

Although only one or three or more arrays of pressure
producing chambers may be arranged in a single actuator unit
30, the two-array design allows feeder lines to be arranged in
spaces on both sides of the actuator unit 30, which in turn
contributes to simplifying the wiring structure.

Further, while the ink is supplied to the two arrays of
pressure producing chambers through the V-shaped or U-shaped
common reservolr chamber 6 in the aforementioned embodiment,
reservoir chambers dedicated to the respective arrays of
pressure producing chambers may be arranged to allow ihk
droplets of different colors to be jetted from the respective

nozzle arrays.
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Specific embodiments of the aforementioned flow path
unit 40 will be described next.

Nozzles 3, each being a tapered hole whose opening
diameter ranges from 30 to 50 um, ara Arranged in two arrays at
an inter-array interval of 564 um on the nozzle plate 41 made
of a stainless steel plate whose thickness ranges from 50 to
150 um. The reservoir chamber forming board 42 has a through
hole for defining the reservoir chamber 6 and the nozzle
communication holes 45 formed by press working a 150 pm-thick
stainless stesl plate.

The diameter of the nozzle communication hole 45 is
preferably set to 150 um similarly to the thickness of the
plate. The ink supply inlet forming boaxrd 43 has both the ink
supply inlets 4 and the nozzle communication hales 44 formed by
Presg working a stainless steel plate whose thickness ranges
from 50 to 150 ym. The fluid impedance of the ink supply hole
4 is preferably set to a value equal to or greater than the
fluid impedance of the nozzle so that an ink stream produced by
the pressure of the pressure producing chamber 5 is directed
toward the nozzle 3 by cﬁécking the ink‘stream from going
toward the reservoir chamber 6.

In this embodiment, the ink supply inlet 4 is Bet to
the same dimensions as the nozzle 3, and the section thersof is
tapered toward the first communicating hole 3B. Because of the
taper, the diameter of the narrowest portion of the ink supply

inlet 4 can be made smaller than the thickness of the plats,
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and in addition the ink supply inlet 4 can be formed
accurately. The diameter of the nozzle communication hole 44
is larger than that of the nozzle communication hole 45 of the
reservoir chamber forming board 43 and smaller than the width
of the pressure producing chamber 5, ranging from 200 to 300
pm. As a xesult of this design, the flow path from the
prassure producing chamber 5 to the nozzle 3 can be gradually
narrowed, thereby preventing bubbles from stagnating along the
flow path.

The three plates constituting the flow path unit are
laminated soc that the through holes related to one another can
communicate with one another. These plates may be brazed,
subjected to diffused junction, or bonded with an adhesive ox
a blanked adhesive sheet, or the like. In this embodiment,

these plates are bonded with an adhesive made from an epoxy

.resin that is not corroded by ink.

While each plate is made of a stainless steel plate in
this embodiment, a material of which each plate is made may be
appropriately selected and combined in accordance with the
function of the plate from ihorganic materials such as ceramic,
silicon and glass, metals such as nickel, or plastic materials
such as polyimide, polycarbonate, and polysulfone as long as
sBuch materials are not corroded by ink.

The plastic plates may be subjected to excimer laser
nachining, or electroplating using nickel because the nozzle

plate 41 and the ink supply inlet forming board 43 are
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comparatively thin, have holes whose diamsters are small, and
require high accuracy.

In this invention, the flow path unit 40, serving also
as the actuator unit 30 fixing boaxd, requires high rigidity.
Therefore, a metal having both toughness and rigidity 4is
preferred to make the flow path unit 40. Since the reservoir
chamber forming board 42, in particular, has the through hole
whose size is larger than those formed in the other plates, the
use of a plate thicker than the other plates is preferred to
provide a structure that can ensure proper rigidity.

A specific embodiment of the actuator unit 3 will be
described next. The pressure producing chamber forming board
32 is a 150 pm-thick sintered body of zirconia, and has a
plurality of pressure producing chambers 5 arranged in two
arrays at an inter-array interval of 564.pm similarly to the
nozzles 3., The width of each pressure producing chamber 3
ranges from 350 to 450 pm, and the length thereof ranges from
1 to 3 mm. These dimensions are set to optimal values in
function of the magnitude of an ink droplet reguired for
forming a dot, the nozzle arrangement density, and the like.

The sgeal board.Bl is a 150 pm~thick sintered body of
#irconia, and is bonded to one surface of the pressure
producing chamber forming board 32 so as to seal ons surface of
sach pressure producing chamber 5. The diameter of each of a
pair of communicating holes 38, 39 is sat to 300 um. Tha

vibration plate 33 is a sinterad body of =zirconia whose
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thickness ranges from 10 to 20 um, and is bonded sc as= to seal
the other surface of each pressure producing chamber 5. The
lowar electrodes 35 are formed on the vibration plate 33 8o as
to correspond to the pressure producing chambers 5, and on the
surfaces of the lower electrodes 35 are the pilezoelectric
vibration elements 34. Each plezoelectric vibration element 34
is formed by laminating a plezoelectric ceramic matexial such
as lead titanate zirconate on the corresponding lower electrode
35. The width of the pilezoelectric vibration element 34 is set
to values ranging from 80 to 30% of the width of the pressure
producing chamber 5, and the thickness thereof ranges from 20
to 40 pm. It should be noted that other ceramic materials such
a8 alumina, aluminum nitride, lead titanate gzirconate may
replaca zirconia.

A method of preparing the aforementioned actuator unit
will be deecribed next,

As shown in Fig. 7 (A), the vibration plate 33, the
pressure producing chamber forming board 32 having the through
holes for defining the pressure producing chambers 5 already
punched out, and the saal ﬁoard 31 having the communicating
holes already punched out ars bonded ﬁo onse another by pressure
in the form of & green sheet, i.e., in clay-like foxrm, and the
thus bonded boards are thereafter integrally sintered at
temperatures ranging from 800 to 1000°C. As a result of this
method, the respective boards are bonded together without an

adhesive.
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Then, as shown in Fig. 7 (B), an electrode pattern is
prepared by printing a material so that portions corresponding
to the pressure producing chambers 5 will become the lower

clectrodes 35, the material having as a main component thereof

‘at least one kind of alloys composed of platinum, palladium,

gilver-palladium, silver-platinum, and platinum-palladium.

Thereafter, as shown in Fig. 7 (C), the plezoelectric
members 34 are laminated on the lower electrodes similarly by
printing and sintered to complete the actuator unit. Finally,
a common electrode made of chromium, gold, nicksl, or the like
is formed by sputtering so as to stretch over a plurality of
piezoelectric vibration elements.

The integrally sintered actuator unit 30 has the
extremely minutely structured pressure producing chamber
forming board 32 and the thin vibration plate 33 bonded

together rigildly thereto. Therefore, excellent alrtightness

and corroveion resistance against ink are exhibited. In

addition, .tha method of preparing the actuator unit 30,
involving euch simple steps of laminating the clay boards,
applying the paste-liks electrode and piezoelectric vibration
élemsnt.materinls by printing, and sintering all these members,
allows the actuator unit 30 to be manufactured extremely easily
as well as accurately.

Although the aforementioned method of forming the.
actuator unit 30 characterized as integrally sintering the

materials is quite excallent, the actuator unit may be formed
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by combining such conventional methods as a method of bonding
boards made of metal or resin by adhesion, deposition, orx
fusion, a method of etching glaas'or sllicon boards, a plastic
molding method, and a method of mounting piezoelectric
vibration element chips on the vibration plate.

While the ink stream from the pressure producing
chamber 5 to the reservolr chamber 6 is regulated by the ink
supply inlet 4 arranged in the flow path unit 40 in the
aforementioned embodiment, the first communicating hole 38
formed in ths actuator unit 30 may be constricted to such a
aize as to regulate return of the ink.

Furthexr, the ink jet recording head 10 of the invention
is characterized not only as setting the heat capacity of the
actuator unit 30 (determined by the product of the material
density, the specific heat, and the volume) to & valus smaller
than the heat capacity of the flow path unit 40, but also as
fixing the ink jet recording head 10 to the head fixing membsx
20 Bo that the actuator unit 30 can communicate with the
atmosphere.

As a result of this construction, probleme such as
expansion of the pressure producing chamber 5 due to freezing
of the ink from the nozzle plate 41 side of the flow path unit
40 caused when the recording head is placed in a low
temperature environment, and breakage of the vibration plate 33
due to such freezing can be overcome, which allows thes ink to

start freezing on the actuator unit side, and hence allows
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pressure produced within the flow path due to freezing to be
released to the flow path unit side (to the atmosphere through
the nozzles).

Flg. 8 shows another embodiment of the actuator unit
30, which is characterized as having the openings of the
pressure producing chambers 5 onto one surface of the actuator
unit 30 without arranging the aforementioned eeal board 31 and
sealing the openings instead by the ink supply inlet forming
board 43 of the flow path wunit 40. This embodiment is
advantageous in curtailing the number of.parts involved, which
in turn contributes to reducing the cost of manufacture.

Techniques for constructing various recording hsads
using a plurality of the aforementiocned actuator units 30 will
be described next with reference to Figs. 9 and 10.

In Figs. 9, 10, reference numeral 6§D denotes a flow
path unit, which is formed by 1amin£ting a nozzle plate 61, a
resgrvoir chamber forming board 62; and an ink supply inlet
forming board 63. These plate and boaxrds 51, 62, 63 are made
of metal plates, each having such a size as to allow nozzle
§roupa 3a, 3b, 3c to be -arranged so that at least three
actuator units 30a, 30b, 30c do not overlap one another, each
nozzle group having two arrays of nozzles. :

fhe nozzle plate 61 has not only the nozzle groupaiBa,
3b, 3c formed in a metal plate, each nozzle group having
nozzles 3, but also a thin wall portion 4la in the vicinity of

each nogzle 3 as shown in Fig. 6 in order to ensure compliancs.
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The reservoir chamber forming boaxrd 62 has through
holes defining reservoir chambers 8a, 6b, 6c. The reserxrvoir
chambers 6a, 6b, 6c are formed by sealing one surface of each
through hole by the nozzle plate 61 and the other surface
thereof by the ink supply dinlet forming board 63. The
reservoir chamber forming board 62 functions as a manifold for
branching ink from the ink containing section 74 to raespective
pressure producing chambers 5a, 5b, 5c.

Ink supply inlets 4a, 4b, 4c for supplying the ink to
the pressure producing chambers 5a, 5b, 5¢ of the respective
actuator units 30a, 30b, 30c from the reservolir chambers 6a,
6b, 6c are formed in regions of the ink flow path forming board
63 overlapping the pressure producing bhambers 5a, 5b, 5c¢ in
terms of a plane, reepectively. Reservoir inlets Ba, 8b, 8c
for introducing the ink into the ink containing section 74 ars
formed at regions of the ink flow path. forming board 63 not
overlapping the actuator units 30a, 30b, 30c, respectively.

Ink supply inlets 4a, 4b, 4c and nozzle communication
holes 64a, 64b, 64c opening onto one surface of the flow path
unit 60 are formed at poaitions overlapping the £first
communicating holes 38 and the second communicating holes 39 of
the actuator units 30a, 30b, 30c corresponding to the inlets
and holes on a one-to-one basis. By bonding the actuator units
30a, 30b, 30c to the flow path unit 60 so that the

corresponding openings can ba aligned with one anocther, the

—_—
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flow paths of the three actuator units 30a, 30b, 30c can be

connected to the single flow path unit 60.
As described above, the flow path unit 60 has the

reservoir chambers f6a, 6b, 6c independently dedicated to the
raespaective actuator units and the reservoir inlets 8a, 8b, Bc
independently correspondihg to the respective reservoir
chambers 6a, 6b, 6&c, Therefore, 1lnks of different colors,
e.g., cyan, magenta, yellow, in the respective nozzle groups
3a, 3b, 3c can be supplied to & single head in order to jet ink
droplets of different colérs from the single flow path unit.
Further, the flow path unit 60 ls advantageous in that
the flow path unit 60 can not only form nozzle openings at high
accuracy by press working, which is a simple working method,
but also use metal whose rigidity is comparatively high &s &
main material. On the other hand, the actuator unita 30a, 30b,
30c can be fixed by sintering, and in addition are made of
ceramic that is easy to warp or undulats at the time of
sintering with increasing voltage applied thereto although ths

ceramic is basically electrically insulating.

As a result, a downéized recoxrding head having nozzles
arranged at high density with high accuracy can be fabricated
at high yield by not only downsizing the actuator units 30a,
30b, 30c to a possible extent in order to increase the yield of
fabrication, but also bonding such actuator units. to the common
flow path unit &0 having the nozzles formed with high

positioning accuracy.
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_In addition, asince the piezoelectric vibration element
34 to which a drive aignal is applied can be foxmed on the
vibration plate 33 made of ceramic that is basically
electrically insulating, no special insulating process for :hs
formation of electrodes is necessary any longer.

Fig. 11 shows an embodiment in terms of the relative
positione between the nozzles 3 and the pressure producing
chambers 5, the embodiment being characterized as forming dots
by causing the actuator units 30a, 30b, 30c to correspond to
the colors, cyan, magenta, and yellow.

This recording head has the nozzles of different colors
arranged at the same poslitions in the auxiliary scanning
qirectién B so that the nozzles of the respective colors can
produce an ink image at the same positions. Taking a lock at
a single coloxr, two arrays of pressure producing chambers,
which are pitched at an interval of Pl confront each othsr,
with one array being staggered with respect to the other by an
intexval of P2, which 1is a half of the interval Pl, in the
auxiliary scanning direction. As a result of this arrangement,
the nozzle density in thqfnuxilia:y scanning direction is
substantially set to P2.

S8ince the property of an ink is generally differsnt
from that of another, it is difficult to produce the best image
by giving the same design to the flow paths for the respective
inks. Howevaer, the ink jet récording head of the invention is

characterized as producing the best image only by adijusting
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both the shape of each nozzle 3 of the flow path unit 60 and

_the shape of each of the ink supply inlets da, 4b, 4c optimally

per ink even if all the actuator units are of the same design.
As a result, it is actuator units of the same design that are

required to be fabricated, which in turn contributes to a cost

reduction brought about by mases production.

Further, since an ink jet recording head capable of
jetting ink droplets in differing amounts from the respective
nozzle groups 3a, 3b, 3c can be formed only by changing the
shape of each nozzle 3 or the shape of each ink supply inlet 4
of the flow path unit 60, the ink dJet recording head
characterized as smoothly changing the density can be provided
aven if the actuator units of the same design are used.

Fig. 12 shows an embodiment in which an ink jet
recording head having a high dot density is formed by using a
plurality of actuator units 30a, 30b, 30c., In this embodiment,
nozzles are pitched at an interval of 6p in each of two arrays
that belong to each of the actuator units 30a, 30b, 30c, and
these nozzles in each array are staggered by p in the auxiliary
scanning directjon B. Since the pressure producing chambers in
the two corresponding arrays are staggered by 3p in the
auxiliary scanning direction B, each nozzle 1s arranged toward
one glde with respect to the central axis of the corresponding
pressure producing chamber.

Since the three actuator wunits 30a, 30b, 30c are

staggered with respect to the corresponding nozzle arrays by

- 25 - This Sheet Has Been RT
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2p, the nozzles are pitched at an intexrval of p when viewed in
the main scanning direction A. That is, using the pressure
producing chambers 5 pitched at an interval of 6p, dots are
formed at a density six times the interval.

As described above, the Invention, which is
characterized as mounting a plurality of actuator units on the
single common flow path unit 60, can provide a recording head
accommodating diverse uses only by changing the positions at
which the actuator units of the same design are fixed to the

single flow path unit.

Further, since the actuator unite are mounted on the
single flow path unit 60 so as to be scattered around, not only
heat produced by the plezoelectric vibration elements can be
guickly radiated, but also the positioning and dimensional
accuracy of each nozzle can be regulatsd by the flow path unit
made of metal or the like that can form through holss with
relatively high accuracy. In addition, the actuator units that

become hard to sinter as the slge thereof 1s increased can be

downaized.

-

As described in the foregoing, the invention, as per a preferred aspect, is

characterized as fixing a flow path unit to a plurality of
actuator units so as to correspond to groups of nozzles; i.e.,
the flow path unit iz formed by laminating a nozzle plate, a
resexvolr chamber forming board, and a seal board, the nozzle
plate having nozzles divided into a plurality of groups, the

resarvoir chamber forming board having a plurality of resaervoizr
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chambers belonging to the respective groups of nozzles and
having communicating holes respectively communicating with the
nozzles, and the ink supply inlet forming board being fixed to
a surface of the reservoir chamber forming board and having
communicating holes for communicating with pressure producing
chambers and nogzzles; and each actuator unit including a
pressure producing chamber forming board, a vibration plate,
and piezcelectric vibration elementa, the presaure producing
chamber forming board having a plurality of presaure producing
chambers defined by side walls, -the vibration plate being fixed
to a surface of the éreasure producing chamber forming boarxd,
and the piezoelectric vibration elements being formed on a
surface of the vibration plate éo a8 to correspond to the
pressure producing chambers. Therefore, the flow path unit
gerving also as the actuator unit fixing board can be made of
metal that is comparatively easy to ensure proper accuracy by
pressure working or the like, which not only allows nozzles
with high positioning accuracy to be formed, but also
contributes to downsizing the actuator unit made of ceramic
that can be fixed by s_intari"ng and therefors improving yleld of
fabrication. In addition, even 1f a plurality of actuator
units of the same design are used, a recording head adapted for
various uses only by changing the structure of a flow path unit

whose design can be modified relatively sasily can be provided.
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l lllllll I IIIM Hlll ﬂ llll

A laminated ink jet recording head (10) comprising:

a flow path unit (40;60) including:

a nozzle plate (41;61) having nozzles (3;3a,3b,...)
divided into a plurality of groups;

a reservoir chamber forming board (42;62) having a
plurality of reservoir chambers (6;6a,6b,...) belonging
to the <respective groups of nozzles and having
communicating holes (45;65) «respectively communicating
with the nozzles (3;3a,3b,...);

an ink supply inlet forming board (43;63) fixed to a
surface of the reservoir chamber forming board (42;62)
and having communicating holes (44;64) for communicating
with pressure producing chambers (5;5a,5b,...) and
nozzles (3;3a,3b,...);

an actuator unit (30;30a,30b,...) including

a pressure producing chamber forming board (32) having a
plurality of pressure producing chambers (5;5a,5b,...)
defined by side walls;

a vibration plate (33) fixed to a surface of the
pressure producing chamber forming board (32);
piezoelectric vibration elements (34) being formed on a
surface of the vibration plate {(33) so as to correspond
to the pressure producing chambers (5;5a,5b,...),

wherein the flow path unit (40;60) is formed by
laminating a nozzle plate (41;61) and the actuator unit
(30;30a,30b,...) is fixed to the flow path unit (40;60)

so as to correspond to the groups of nozzles.

A laminated ink jet recording head according to claim 1,
wherein the flow path unit (40;60) is made of a metal
plate and fixed with an adhesive, and the actuator unit

(30;30a,30b,...) is made of .ceramic and fizxed by
sintering.
il i
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A laminated ink jet recording head according to claim 1
or 2, wherein the ink supply inlet forming board (43:;63)
has communicating holes (8;8a,...) for supplying ink to
the respective  reservoir chambers (6;6a,...) from

" outside.

A laminated ink jet recording head according to aﬁy one
of the preceding claims, wherein the nozzles
(3;3a,3b,...) are staggered by a predetermined interval

for each group.

A laminated ink jet recording head according to any one
of the preceding claims, wherein the nozzles (3a,3b,3c)
are divided into three groups (30a,30b,30c) and inks of
different colors are supplied to the reservoir chambers

belonging to the groups, respectively.

A laminated ink jet recording head according to any one
of the preceding claims, wherein a common flexible cable
(26) is connected to the plurality of actuator units
(30).

A laminated ink jet recording head according to any one
of the preceding claims, wherein the nozzle plate (41)
has a thin wall portion (4la) in the vicinity of each

-

nozzle (3).

A laminated ink jet recording head according to any one
of the preceding claims, wherein a heat capacity of the
actuator unit (30;30a,30b...} is made smaller than a heat

capacity of the flow path unit (40;60).

i
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