/

LAM NAFEDA NK JET RECORDING HEAD |

/

i ” d REPLACED SHEETS S0
. Description : paged ........ to paged ... 2%.. .,
. ) 4 Claim(s)  :paged..l.. topaged..%.. 17055 gy
: [ Drawing(s) : paged .. /A2 to paged .18/ Gu0 351 - 2
[Z Abstract  :paged........ to paged ..........
DATE OF RECEIPT ............ T iberseorsnesencines

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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The invention relates to a lamnated ink jet recordi ng head.

On-demand i nk jet recording heads that are designed to output characters
and graphics by jetting ink droplets froma plurality of nozzles in
accordance with input information are rapidly gaining in popularity
because of their high print quality and | ow noise conpared with w re-dot

type recordi ng
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heads and because of their |ow running cost conpared with

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
cthambers 99.'

Further, nozzles gg are formed in a nozzle plate

103 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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printers. -Anmong these ink jet recording heads, a so-called face-
ejected ink jet head, which is designed to jet ink droplets in a direction
pergendicular to the surface of a plate by arranging a plurality of
nozzles on the plate, has features that a high degree of freedomis given
to nozzle arrangenent and that the head can be manufactured relatively
sinply because of a lam nated structure. Fig. 13 shows an
exenplary ink jet recording head having the aforenentioned | am nated
structure. A channel plate

By the way, to improve the recording quality of such
ink jet recording head, it is neceseary to increase the density
of pixels to be recorded by downsizing an ink droplet to be
jetted. Further, to ensure proper recording speed with the

5 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

10 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

15 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.

20 To overcoma 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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94 d&fini ng sl ender pressure produci ng chanmbers 96 on a flat

2 surface h e surface,t hereof sea ed by a vibratiaon plate 95
hagi ng pi ezoel ectric vﬁﬁPaaPBH“éﬁeﬂeﬁﬁé PEE TR shnasongt sderation’ of the
aforementioned problems. Accordingly, an object of the

invention is to provide a novel laminated ink jet racording
5 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
10 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
a§pect provides a laminated ink je; recording head that has a flow path unit
being formed bf laminating a nozzle plate, a resarvolr chamber

1s 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 belongipg to the respective groups of
nogzles and having cdﬁmunicating holes regpectively

20 =~ 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

25 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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corregbond to pressuré produci ng chanbers 96, and the ot her
surface thereof sealed by a regulating plate 93 having

regi ating orifices 98. A manifold plate 92 | am nated on
the surface of the regul ating plate 93 has through hol es that
define reservoir chanmbers 99 for supplying ink to the respective
pressure produci ng chanbers 96 via the regulating orifices 98.

Fl ow pat hs 100, 101, 102 which supply the ink froman ink tank and
whi ch runs through the vibration plate 95, the channel plate 94,

S e Tl g R aBhs PR Sl ! 2B ¥PhFasign, phas b RSa®
pilszoelectric vibration elements. The pressure producing
chamber fonn.i.ng‘ 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,
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

- 10 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.

15
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; :
28 Fig. 3 is a diagram showing an ink jet recording head
formed by fixing a single actuator'unijt 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

25 internal structure of the recording head of Fig. 3;
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N e
103 that is fixed to a side opposite to the vibration plate 95.
Conmmuni cating holes 104, 105, 106 for connecting the nozzles 90
to Yhe respective pressure produci ng chambers are formed so as to extend
t hrough the regulating plate 93 the manifold pl ate 92 and an
additional plate 91 between the manifold plate 92 and the nozzle
plate 103 - This lamnated ink jet recording head is
characterized in that the respective pressure produci ng chanbers
are typically arranged in two arrays so as to confront each other

at an interval of frgth @l1k0a 1d§§ (ghgﬁihﬁogzgggheenfé)in sect; W B n

an array and are alt atel y connec to t at "an

i nterval of E@gmf@d@&dyggohégdngf(9192 89 0.03 i nches) mnthln t he
stnale array. Figs. 7 (A) to (C) are diagrams showing a method of
preparing an actuator unit used in the recording head of the
S invention;
Fig. B 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;
- 10 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
1s 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

20 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

25 laminated ink jet recording head of the invention is applied.
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3 HE By the way, to inprove the recording quélity of such
ink jet recording head, it is necessary to increase the density of pixels
te be recorded by downsizing an ink droplet to be

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

5 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 Flg. 2, the print mechanism section 2

congiste of an ink jet recording head 10 described later, an

- 10 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

15 77 having an atmosphere communicating hole 76. Moreover, a
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

20 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

25 droplets while moving in the main scanning directions in

accordance with a print signal and having a recording medium
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jettea. Further, to ensure proper recording speed with the pi xel density
satisfied, it is necessary to increase the nunber of nozzles that et

i nk¥ droplets. Color printing, in particular, that fornms a single

pi xel by three to four colors necessarily requires a great nunber of
nozzles as well as a conplicated flow path structure that can introduce
the ink to such a great nunber of nozzles. Particularly, to

i nprove recording quality by increasing the density of pixels to be
recorded, it is necessary to increase the nozzle arrangenent density,

whi ch 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
5 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.
- 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
15 ink jet recording head 10. The recording head 10 is 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
20 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
25 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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conplicates the flow path structure between an ink containing section and
the individual nozzles. This holds true not only for the plane dinensions
anck arrangenent but. for the thickness as well. To nmachine a snaller
through hole in a plate in terms of the plane dinensions, it is necessary
to reduce the thickness to a degree equal to the dianeter of the hole.

To overcone these problens, a nethod of nmounting a plurality of recording
heads by staggering the nozzles is available. However, this nmethod calls
for an extrenely high assenbling accuracy in order to maintain the

relative correspond to respective 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.

5 An upper electrode 36 is formed on the surfaces of the
piezoelectric vibration elements 34 so that the piezoelectric
vibration elements 34 are Iinterposed between the lower
electrodes 35 and the upper electrode 36 with the upper
alectrode 36 stretching over a plurality of piezoelectric

- 10  vibration elements 34. -
That is, a drive signal ie applied individually to a
lower electrode 35 so that a piezoelectric vibration element 34
is selectively driven. The upper electrode 36 serving as a
common eolectrode and the lower electrodes 35 serving as

15 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 (FP). The
respective pregsure producing chambers 5 for producing pressure
necessary for jetting ink droplets have arrangement thereof on

20 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
separate pressure producing chambers from one another.

Furthei', the seal board 31 is not only bonded to the

25 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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pasiti‘oni ng accuracy anong the respective recordi ng heads.

4 The invention has been nmade in consideration of the aforenentioned
probl ems. Accordingly, an object of the invention is to provide a novel

| ani nat ed i nk jet recording head that can formnozzles at high accuracy by
conparatively easy positioning operation. This object is solved by the
| am nated i nk jet recording head of independent claim11. Further

advant ageous features, aspects and details of the invention are evident
fromthe dependent clains, the description and the drawi ngs. The clai ns

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
5 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.
10 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
1s 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
20 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
25 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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are tntended to be understood as a first non-limting approach of defining
the invention in general terns. The i nvention provides an ink jet
regcording head which is fornmed by | am nating plate nmenbers and which is
designed to forma dot on a recording sheet by splashing an ink droplet
upon reception of an input of print data. Anot her aspect of the

I nvention is to provide a novel lamnated ink jet recording head that can
be prepared inexpensively by utilizing the properties of two units, one
bei ng made of a netal material and the other being nade of a ceramc

mat eri al . To achi eve the agbo aspects, L he_i | (o]
speci;ic aspé@PeEPGUF%éé”ﬁaFﬁh?ﬁ§¥§&gi afgt4?e?3%%¥ﬁgb%g§d%ﬁﬁa?gﬁggcgqr?bw

th unit being f d b i na] , | rwabaeh
path unit bei r}ggﬁ%gaﬁ?@dggggé‘%aﬁ%&é’%%ﬁ Ah# of ACPeaNO| rwhbREhe! a

form ng boar & et formng board, the nozzle plate

having nozzl e diyided ipigra @l Wl | tntobduicangs, thae Lakerfmim dhenbiénk
form ng boar aving a plurality of reservoir chanbers bel onging to the

respective g fﬁ&n@oayd%aoand4habimgepmesamwoéripyahbbesﬁrégpégtmﬁdlin
communi cating wth the nozzles, and the ink supply inlet formng
3 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 sc as to cdrrespohd to the pressurse
producing chambexrs 5. To connect the mnozzles 3 to the
corresponding pressurs producing chambexs 5, nozzle
- 1o 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
15 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
20 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

25 with reference to Fig. 6, which shows a structure in section

taken along a elender pressure producing chamber.
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board being fixed to a surface of the reservoir chanber form ng board and
havi ng conmuni cati ng holes for conmunicating with pressure produci ng
chambers and nozzles. In such lam nated ink jet recording head, preferably
a plurality of actuator units are fixed to the flow path unit so as to
correspond to the groups of nozzles, each actuator unit advantageously

I ncl udi ng a -pressure - 5

13

20

25

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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pFodubing chanber form ng board, a vibration plate, and pi ezoel ectric

vibration el enents. The pressure producing chanber, form ng board
preferably has a plurality of pressure producing chanbers defi ned by
side walls, the vibration plate being fixed advant ageously to a
surface of the pressure produci ng chanber form ng board; and/or the

pi ezoel ectric vibration el enments being fornmed on a surface of the
vibration plate so as to correspond to the pressure producing
chanbers.

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.

5 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

- 10 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

is 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 also contributes to
increasing rigidity of a recording head to thersby minimize

20 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.

25 This embodiment ig characterized as having two arrays

of pressure producing chambers 5 formed so as to confront a
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The tlow path unit serving also as the actuator fixing board is
preferably made of netal that is relatively easy to ensure accuracy by
press working or the like, and the actuator unit is advant ageusl y nade
of ceram c that can be secured by sintering, so that accuracy in
formng the nozzles of the flow path unit can be fully utilized.

Fig. 1 is an exenplary recordi ng apparatus to which an I nk jet
recordi ng head of the invention is applied;

15

20

25

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 thg 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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Fi g. 2is an exenplary ink jet recording head of the I nventi on;

Fig. 3 is a diagramshow ng an ink jet recordi ng 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 expl oded perspective view
showi ng an I nternal structure of the recording head of Fig. 3;

N

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

5 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
- 10 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

1s press working a stainless steel plate whose thicknees 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

20 toward the nozzle 3 by checking 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 38. Bacause of the

25 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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6 Fig. 6 is a diagramshowi ng a structure in section of:

the recording head of Fig. 3; Figs. 7 (A to (C are diagrans
showi ng a net hod of . preparing an actuator unit used in the recording head
of the invention;

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

5 of the pressure producing chamber 5, ranging from 200 to 300
pm. As a xesult of this design, the flow path from the
pressure producing chamber 5 to the nozzle 3 can be gradually
narrowed, thereby preventing bubbles from stagnating along the
flow path.

10 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,

1s 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

20 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

25 nachining, or elsctroplating using nickel because the nozzle

plate 41 and the ink supply inlet forming board 43 are

- 185 ~
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Fig. 8 is a diagram show ng anot her enbodi nent of the recording head of
Fig. 3; Fig. 9 is an expl oded perspective view show ng an ink jet
recbrdi ng head, which is an enbodi nent of the invention; Fig. 10
is a diagram showing the ink jet recording head of the invention in the
form of a structure of a side on which actuator units are nounted,

Fig. 11 is a diagramshowing an ink jet recording head, which is another
enbodi ment of the invention, in the formof an arrangenment of pressure
produci ng chanbers and nozzl es;

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.
5 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
- 10 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 48 a 150 pm-thick sintered body of =zirconia, gnd has a
plurality of pressure producing chambers 5 arranged in two
15 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
20 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
25 pair of communicating holes 38, 39 is sat to 300 um. Tha

vibration plate 33 is a sinterad body of =zirconia whose

il



Fig. 12 is a diagramshowing an ink jet recording head, which is another
enbodi nent of the invention, in the formof an arrangenent of pressure

produci ng chanbers and nozzl es; and Fig. 13 is a diagram show ng
an exenpl ary conventional |am nated ink jet recordi ng head.

Details of the invention wll now be described with reference to

enbodi nents shown in the draw ngs. Fig. 1 is an exenplary

recordi ng apparatus to which a lamnated ink jet recording head of the
i nvention is appli ed.

is

20

23

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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7
secti on.

In Fig. 1, reference nuneral 2 denotes a print mechani sm
A carriage 80 is noved in main scanning directions (in the

directions indicated by arrows Ain Fig. 1) by a carriage notor 81. A
recordi ng nodium 82 is noved in

15

20

VA

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 excellent, the actuator unit may be formed
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duxil?ary scanning directions (in the directions indicated by

arrows Sin

Fig. 1) by a sheet forward notor 84 while positioned by a platen 83.

As shown in Fig. 2, the print nechanismsection 2 consists of an ink jet
recordi ng head 10 described | ater, an i nk containing section 70 and a
head fixing nenber 20 for fixing the ink jet recording head 10 and the ink

cont ai ni ng

section 70. The i nk- containing section 70 contai ns an

ink containing nenber 74 in the container which is secured by a lid 77
havi ng an at nosphere conmmuni cating hole 76. Moreover, a flow path 21 is

10

15

20

23

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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define by an ink supply tube 72 in such a manner that one end there of is
connected to the ink jet recording head 10 and the other end thereof
extends to the ink containing section 70 so as to supply the ink to the
ink recording head 10. A reference nuneral 71 denoted an O-ring for
sealing, and a reference nuneral 75 denotes a filter provided with the ink
supply tube 72. - As a result of this construction, the recording
head 10 forms an inage on a two-dinensional plane by jetting i nk
droplets while noving in the main scanning directions in accordance with a

print signal ﬁEEL@@HéUﬂr@dﬁ?&@rdiﬂﬂiﬂEQﬁH”ﬁlow 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
5 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
- 10 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.
1s 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
20 §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
25 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.

T il



8 ' noved in the auxiliary sbanning direction every time a single
line of characters or the |ike has been printed with ink supplied from
the ink containing section 70.

10

15

20

25

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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In addition, when no printing is done for nore than a predeterm ned tine,
the recording head 10 is evacuated to a stand-by position 86 where an ink
sucki ng neans 85 is- provided. The ink sucking nmeans 85 has a cap 87 and a
not shown cap novi ng nechanism and waits in a stand-by position with the
cap 87 abutted against the nozzle surface of the recording head 10.
Wil e the ink containi-ng section is carried on the carriage 80 in the
af orenenti oned enbodi nent, the ink may be supplied to the recordi ng head
10 through a tube by arrangi ng an ink tank on a case or the |ike.

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

5 respactive 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

10 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 a

15 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.

20 As a result, a downsized recording 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

25 flow path unit &0 having the nozzles formed with high

positioning accuracy.
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Figs. 3 and 4 show an enbodi ment of the aforenmentioned ink jet recording
head 10. The recording head 10 is.fornmed by fixing a plate-Ilike actuator
unit 30 on a surface of a simlar plate-like flow path unit 40 whose area
is large enough to nount the actuator unit 30 thereon. An end of a
flexible cable 26 is connected to one surface of the actuator unit 30, the
flexi ble cable serving to apply a drive signal to a piezoelectric
vi bration el enment, which will be described |ater. Fig. 5 shows an
enbodi ment of the actuator unit. The actuator unit 30 is fornmed by
sequential |y | am nat ilmgadddéden, aince 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

5 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

10 the colors, cyan, magenta, and yellow.

i 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

15 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,

20 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

25 inks. Howevaer, the ink jet récording head of the invention is

characterized as producing the best image only by adijusting
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bbard 31, a pressure produci ng chanber .-form ng board 32, and a vibration
plate 33. Lower electrodes 35 are fornmed on the vibration plate 33 while
separated from one .another so as to

9

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

5 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

10 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

13 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

20 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.

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

staggered with respect to the corresponding nozzle arrays by
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correspond to respective pressure producing chanbers 5. -Piezoelectric

vi bration el enments 34, each being nmade of an el ectrostrictive material,
are* formed so as to-correspond to the surfaces of the |ower el ectrodes 35
in the formof a |ayer. An upper electrode 36 is forned on the surfaces
of the pi ezoel ectric vibration elenents 34 so that the piezoelectric.
vibration elenents 34 are interposed between the |ower el ectrodes
35 and the upper electrode 36 with the upper el ectrode 36 stretching

over a plurality of piezoelectric
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.

5 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

10 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

is 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.

-

20 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

25 plate having nozzles divided into a plurality of groups, the

resarvoir chamber forming board having a plurality of resaervoizr
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vi bration el enents 34. That is, a drive signal is applied .
individually to a lower electrode 35 so that a piezoelectric vibration
elenent 34 is selectively driven. The upper electrode 36 serving as a
common el ectrode and the |ower electrodes 35 serving as individual

el ectrodes are connected to an external drive circuit through a
connection -termnal 37 forned on the vibration plate 33 and a
flexible printed board (FP). The respective pressure produci ng chanbers 5
for producing pressure necessary for jetting ink droplets have arrangenent

t hereof on
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

5 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

. 10 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

15 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

20 that can be fixed by qintarihg 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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a plane regul ated by slender through holes formed in .the__pressure
produci ng chamber forming board 32. The peripheral wall of each through

hol e serves as a side wall to define and separate ;”W’ﬁmmm"ﬂﬁ
chanmbers from one anot her. Furt her, the seal rﬂMNQOnIy
bonded to the side walls so as to be airtight in «arder totsehl %he
pressure produci ng chanbers 5 and provides the bottomwall for the

1. A laminated ink jet recording head (10) comprising:
a flow path unit (40;60) including:
5 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

i0 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

15 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,...)
20 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
25 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.
30
2. 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

35 sintering.
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10 * pressure producing chamber 5, but al so has flrst communi cati ng

hol es 38 and second comruni cating holes 39 fornmed so th Iﬂ'

39.are connected to each pressure producing chanber ﬁ' ﬂ '“I' ﬂ ﬁ
both ends of the pressure producing chanber 5. Each ffrst conmwunsca |ng
hol e 38 serves to supply the ink with tHe correspondlng pressure

produci ng chanber fram

3. 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
5 " outside.

4. A laminated ink jet recording head according to any one

of the preceding claims, wherein the nozzles
(3;3a,3b,...) are staggered by a predetermined interval
10 for each group.

5. 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

15 different colors are supplied to the reservoir chambers

belonging to the groups, respectively.

6. A laminated ink jet recording head according to any one

of the preceding claims, wherein a common flexible cable

20 (26) is connected to the plurality of actuator units
(30).

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

-

nozzle (3).

8. A laminated ink jet recording head according to any one

of the preceding claims, wherein a heat capacity of the

30 actuator unit (30;30a,30b...} is made smaller than a heat
capacity of the flow path unit (40;60).
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‘outsi de the actuator "unit, and each second communi cating hole 39 serves
to connect to a corresponding nozzle 3 that jets an i nk dropl et.

The flow path unit 40 is forned by sequentially | am nating a nozzle plate
41, a reservoir chanber form ng board 42, and an ink supply inlet formng
board 43. The reservoir chanber form ng board 42 has a through hole for
defining a. TrTeservoir chanber 6. The reservoir canber 6 is forned
by having one end of the surface thereof sealed by the nozzle plate 41
and the other end of the surface theregssmegted by the i nk supply inlet
formng board 43. The reservoir chanber 6

Actuator units (30) independently dedicated to nozzles (3)
divided into a plurality of groups are fixed to a common flow

5 path unit (40) having the nozzles formed therein with through
holes aligned with one another. Heads of various types can be
formed by using the actuator units (30) of the same design
only by changing the mode of arrangement of the nozzles (3)
in accordance with the purpose.

10
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+ New EP Patent Applicati?

funct 'SﬁFh% ?Q'ﬁcﬁbdmadn "l d for branching the ink fromthe ink cont ai,ni{é//{s
secti gp ¢ E{L ls§AbOppt NE respective pressure producing chanbers 5, and

extends from a portion overlapping the respecti ve pressure producing
chanbers 5 in ternms of a plane to a portion not overl appi ng the actuator
unit 30 in terns of a pl ane as viewed fromthe board surface. In
the reservoir chanber- 6, ink supply inlets 4 for supplying the ink to the

i ndi vi dual pressure producing chanbers 5 fromthe reservoir chanber 6 are
formed in a portion of the

86
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. New EP P
reser VSEIND gp;;e"t Apuéf‘}m" introducing the ink fromthe ink cont ai ni ng ?3//]3
sect | otw fdet Badglge reservoir chanber 6 is forned in a region not
over |l appi ng the actuator unit 30 in ternms of a pl ane. In addition, the
nozzl e plate 41 has nozzles 3 for jetting ink droplets forned so as to
correspond to the pressure produci ng chanbers 5. To connect the

nozzles 3-to the eorrespondi ng pressure pr oduci ng chanbers 5,
nozzl e [

comuni cation holes 44, 45 are arranged in the ink supply inlet
form ng board 43 and the reservoir chanber form ng board 42 so

respectively.

as to
correspond to the nozzles 3,

Ep = Sy
[y

This Sheet Has Been

Hllllﬂ llll!l i !Iﬁill



The i nkewEpppent priication 4 and the nozzle communication  hol es 44, whi c‘la{—,ér/@
openedset B3SOy fEPWBATIqhe surfaces of the flow path unit 40 are forned at
posi ti BNy & =8pi ng the first conmmuni cating hol es 38 and the second
conmmuni cating hol es 39 of the actuator unit 30 to which the ink supply
inlets 4 and the nozzl e conmuni cati on holes 44 correspond on a one-by-one
basi s. The fl ow paths between the respective units are connected to one
anot her by bonding the actuator unit 30 to the flow path unit 40 with the
correspondi ng openi ngs thereof overl apping upon one anot her.
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FI ow m €¢ Pazerit mbplithtidai N t he head unit 10 fornmed of the flow path ugJ4@
and t sesxozeeson sarepraTioni t 30 Wil | be described wth reference to Fig. 6, which
showsOup fHey $€9%¢FPe in section taken along a slender pressure producing

chanber. 12
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Fig.@@ 5 PQUE servoir inlet 8 arranged in the sane section i/
presgwgegpggﬁ @gﬁﬁ&&rﬁé&chamer 5 for sinplification of the descript i@ .#ge
I NK guptei@diggRGr from t he i nk contai ni ng section is supplied to the

pressure produci ng chanber 5 via the reservoir inlet 8 the reservoir

chanber 6, the ink supply inlet 4, and the communi cating hole 38. The
I nk supply inlet I s designed so that when the ink is initially charged
into the fl ow path, or when bubbles are produced within the flow path,
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or whiff ¥ %;“Vi"g@éfgﬁefy of the ink is increased, the ink or bubbl 65 k3
forci ?‘e_gggﬁgf?ﬂnlthe nozzl e 3 and di scharged usi ng the ink sucking

) B . Further, at the time of printing, a capillary force
derived froma neniscus formed in the nozzle 3 causes the ink to flow
into the pressure producing chanmber 5 fromthe ink cont ai ni ng section.
The piezoelectric vibration el enent 34 constitutes an uni nor ph vi bration
el enent together with the vibration plate 33. The piezoelectric vibration
elenment 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 produci ng chanber 5, thus producing
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%

pr essy E"e”ﬁ""r‘f‘f“f‘?é“%%ssure produci ng chanber 5. Fromthis pressure a@n,jnk
strel ,Effg"sﬁgﬂg V %d,, the ink stream extendi ng fromthe pressure pgogd{ g
cha 87" ¥6°The nozzle 3 via the second communi cati ng holes 39 and the
nozzl e conmmuni cation holes 44, 45, and this ink streamis jetted fromthe
nozzle 3 in the formof an ink droplet.
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13 New EP Patent ApplicatioBy t he way, the nozzle plate 41 has a two-|ayered
st S EPSQ CRRPPATI%N thin wal | portion 4la and a thick wall portion 43)/
thiof‘T‘V/éﬁ’lss“B%Fpt ion 4l1a exists only in the vicinity of t he conmuni cati ng
hole 45 that is connected to the nozzle 3. This nozzle plate 41
Is formed by formng the nozzle 3 by press-working a netal plate that is
resiliently deformable by the ink pressure fromthe pressure producing
chanmber 5, and -

e
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t hef ea P PHldcation egi on excl uding the vicinity of the nozzle
SRR 8 0 00

chrom ) @ to such a thickness as to ensure proper strengt
thereby formthe thick wall portion 41b. Because the nozzle
plate 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 4la in the vicinity of the communicating hole 45 is resiliently
defornmed in response to the pressure derived fromthe pressure producing
chanmber 5. This not only ensures conpliance

LT

een Re,



necess ABgliqatien an i nk droplet, but also contributes to n
rigidi gy fo§ g;t“é?wm ng head to thereby mnimze flexion thereof/?g??ffz%
tase where t r%cordlng head has a plurality of actuator units fixed

be described later. Since the nozzle 3

is positioned one stage below, contact of the thin wall portion 4la with a
recordi ng sheet or the like can al so be prevented. Thi s enbodi nent
is characterized as having two arrays of pressure producing chanbers 5

formed so as to confront a

t hereto, which recording head wll
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14 “ewﬁl’?as&nhgh;ﬁcaﬁhuator unit-30. The pressure producing chambgf)y
one YA pPsaly @ORRSRATIgYer ed Wi th respect to those in the other array ZI%\%
t he 1%njte BP9-€ach_array by a distance half the
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di-stﬂg‘ng,eh%g; Rl he adjacent pressure producing chanbers 5 in ,j e/]dg}

ar r Q¥uq eps w&%gmthe correspondi ng nozzles 3 are simlarly arr r§ é
t WO FiqyiSsefe.ed hat. the nozzles 3 in one array are staggered with respect
to those iin the other array by a distance half the distance between the
adj acent nozzles 3 in a single array. Therefore, the distance between the
adj acent . nozzles 3 .as viewed in the main scanning directions A is equal
to a distance half the distance between the adjacent pressure pr oduci ng
chanbers, thereby meking the nozzle 3 arrangenent density substantially
tw ce.
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Al t hough only one or three or nore arrays of pressure produci ng chanbers

- may-be arranged in a singl'e actuator unit 30, the two-array @l@gigmeélows

f ' arranged in spaces on both sides of the actuator “unit

contributes to sinplifying the wiring structure.

nk is supplied to the two arrays of pressure producing

e V-shaped or U shaped common reservoir chanber 6 in

enbodi frent,  reservoir chanbers dedicated to the
pressure produci ng chanbers may be arranged to all ow

ferent colors to be jetted fromthe respective

LAMINATED INK JET RECORDING HEAD

— =0 Tw"-*

REPLACEMENT SHEETS SG
@ Description : paged ... to paged 2%
o Claim(s) :paged . to paged Y4,
g Drawing(s) : paged ... 1o paged .I1..

Abstract  : paged .3 to paged ..

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

On-demand ink jet recording heads that are designed to
output characters an& graphics by jetting ink droplsts from a
plurality of nozzles in accordance with input information are
rapidly gaining in popularity because of their high print
quality and low noise compared with wire-dot type reco;ding
heads and becausa of their low running cost compared with page
printers.

Amcng these ink jet recoxding hsads, & so-called faca-
ejected ink jet head, which is designed to jet ink droplets in
e direction perpendicular to the surface of a plata by
srranging a plurality of nozzles on the plate, has ifsatures
that & high degree of freedom is given,to nozzle arrangement
and that the head can be manufactured relatively simply because
of 2 laminated structure.

Pig. 13 shows an exemplary ink jst recording head
having the aforsmaentioned laminated structure. A channel plate

94 defining slender pressure producing chambers 25 on a flat



nozzl e arrays.

nf | nnonl fl
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Speci fic enbodi nents of the
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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 yroduéing chambaers 96, and the other.
surface thaereof sealed by a regulating plate 93 having
regulating oxifices 38.

A manifold plate 92 laminated on the surface of the
regulating plate 93 has through holes that define reservoir
chambers 39 for supplying ink to the respactive pressure
producing chambers 96 via the zrsgulating oxifices 38, Flow
paths 100, 101, 102 which supply the ink from an ink tank and
which runs through the vibration plate 35, the channel plate

94, and the regulating plate 93 are formed for the reservoir

chambers 99,

Further, nozzles gg are formed in a nozzle plate

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

Communicating holes 104, 105, 106 for connecting the nozzles 90

.»+ to the respective pressure producing chambers are formed so
as to extend through the regulating plate 393 and the meanifold

plate 32.

This laminated ink jet recording head is characterized
in that the xespective pressure producing chambers are
typically arranged in two arrays so as to confront each othex

at an interval of from 1.01 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 0.03

inches) within the single array.
This Sheet Has Been ﬂ
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unit 40 wll be described next. Nozzl es 3, each being a tapered
' ] ' ranges from30 to 50 [err]m are arranged in

hol e 4 PERE D di-anmet er

two ag i Sk VLG NI E -array interval of 564 [err]mon the nozzle plate
41 maglef of a stainleps]steel plate whose thickness ranges from50 to 150
[err]t TU?4EE§EEE@ r{ chanber form ng boary 42 has a through hol e for
defingn§ the reservoiy ghanber 6 and the nozzle connuni cati on hol es 45
formefl DY pPress—wordt a 150 [err]mthick stainl ess steel plate.

The dianeter of the nozgzle comunication hole 45 is preferably set to 150

[errfmsimlarly 10 The thickness of the

By the way, to improve the recording gquality of such
ink jet recording head, it is necessary to in?rease the density
of pixels to be recordsd by downslzing an ink'd:oplet to be
Jetted. Further, to ensure proper recording épeed with the
pixel density satisfied, it is necessary to increass the numberxr
of nozzles that Jet ink droplets. Color printing, in
particular, that forms a single pixel by three to four colors
necessarily requires a great number of nozzles as well as a
complicated flow path structure that can introduce the ink to
such a great number of nozzles.

Particularly, to improve «recording guality by
increaaing the density of pixels to be recorded, it dis
nescessary to lncrease the nozzle arrangement density, which
complicates the flow path structure between an ink containing
section and the individual nozzles. This holds true not only
for the plane dimensions and arrangement but for the thickness
as wall, To machine a smaller through hole in a plate in terms
of the plane dimensions, it is necessary to reduce the
thickness to a degree equal to the diameter of the holse,

To overcome these problems, a mgthod of mounting a
plurality of recording heads by staggering the nozzles is

available. Howsver, this method calls for an extremely high

assembling accuracy in order to maintain the relative

positioning accuracy among the respective recoxding heads.



pl ate. The ink supply inlet formng board 43 has both the ink supply
inlets 4 and the nozzl e comuni cation holes 44 formed by press working a
stai nl ess steel plate whose thickness ranges from50 to 150 [err]m The
fluid inpedance of the ink supply hole is preferably set to a val ue
equal to or gr&iteer mmtima %laau dbeepedmade oint reonmideration haf arthek

stream pr éﬁiﬁ Uz'iu“s ofp é@rﬂ PbpqeeNgs e bsivent
directed towar e nozzle checkin ﬁe |(raﬁ< strgeam from goi r}’gelitl tlo%V\n/ard

the reservd ta Ruade a novel 1amwamﬁ%q trdifcondiag hiead, Fhar igaret
4 is set 'fdrm nozzles at high accuracy by comparatlvely easy positioning
operation.
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 prepared
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 achieve the above aspects, the invention according to a
specific aspect provides a laminated ink jet recording head that
has a flow path unit being formed by laminating a nozzle plate,
a reservoir chamber forming board, and an ink supply inlet
forming board, the nozzle plate having nozzles divided into a
plurality of groups, the reservoir chamber forming board having
a plurality of reservoir 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 nozzles. In such laminated ink
jet recording head, preferably a plurality of actuator units are
fixed to the flow path unit so as to correspond to the groups of
nozzles, each actuator unit advantageously including a pressure

REPLACEMENT SHEET
24 SEP 199




the sane di nensions as the nozzle 3, and the section thereof

i's

toward the first communi cating hole 38. Because of the taper,

of the narrowest portion of the ink supply inle
than the thickness of the plate,

t apered
t he di aneter

5

producing chamber forming board, a vibration plate, and

plezoelectric vibration elements. The pressurs producing

chamber forming board preferably has a plurality of pressure producing
chambers defined by side walls, the vibration plate being fixed

advantageously to a surface of the pressure pfoducing chamber forming board,

and/or the pilezoelectric vibration elements being formed on a

surfaca of the vibration plate so as to correspond to the

pressure producing chambers.

The flow path unit servin§ also 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

adqvantagecusly 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 recording apparatus to which an

ink jet recording head of the invention is applied;

Fig. 2 is &n exemplary ink jet recording head of the

invention;

Fig. 3 is a diagram showing an ink jet recording heed

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 1s an exploded perspective view showing an

internal structure of the recording head of Fig. 3; -



and

accurately.
than that of the nozzle communi cati on hole 45 of thsg

form ng board 43 and smaller than the width of thei
chanber e
the flow path fromthe pressure produci ng chanber §
be gradually narrowed, thereby preventing bubbles §

t he

addition the ink supply inlet 4 can be forned

The di aneter of the nozzle communication hole 44 Is | arger

T of this dgsitgn

r ﬁg§¥§5g2$?%3 gﬂgﬁg

rangi ng from 200 to 300 [eryIm As ar

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. B is a diagram showing another embodiment of the
recording head of Fig. 3;
Fig. 9 is an exploded perspective view showing an ink
jet recording head, which is an embodiment of the invention;
Pig. 10 is a diagram showing the ink jet recording head
of the invention in the form of a structure of a side on which
actuator units are mounted;
| Fig. 11 is a diagram showing an ink jet recorxding 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 1s 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 is an exemplary recording apparatus to which a

laminated ink jet recording head of the invention is applied.



flowgath

,.Tthrough hol es rel ated to one another can

di ffusegd Junctlon, orf Honded with an adfesi ve-or ——a-bl an-ked adhesi ve

sheetj pr 24 8EP ¥ {1} this enmbodi ment, th esﬂ%et

adhesf v nmade from arf dpoxy resin that is n
Wi | g each plate 1Ts Trade of a stainless steel ¢

Il

In Flg. 1, reference numeral 2 denotes a print

eachiplate is made nmay be

mechanism section. A carriage 80 is moved in main scananing

dirsctions (in the directions indicated by arrows A in Fig. 1)
by a carriage motor 8l1. A recording medium 82 is moved in
auxiliary scanning directions (in the directions indicated by
arrows B 1in Fig. 1) by a sheet forward motor B84 while
positioned by a platen 83.

As shown 1in Filg. 2, the pi:int mechanism Bgection
congiste of an ink jet racording head 10 described latexr, an
ink containing section 70 and a head fixing memberx 20 zfor
fixing the ink jet recording head 10 and the ink containing
saction 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, a

flow path is defined by an ink supply tube 72 in such a manner

-that one end there of is connected to the ink jet recording

Head 70 and the other end thereof extends to the ink containing
saction 70 so as to supply the ink to the ink recording head
10. A reference numeral 71-denotee an O-ring for sealing, and

a reference numeral 75 denotes filter provided with the ink

supply tube 72,

As a result of this conetruction, the recording head 10
forms 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

The three plates constituting the flow path unit are

gnot her. These pl ates may be-brazed, subjected to

S8 g&gﬂded wth an
[uﬁl enbodpnent, a



appropriately selected and conmbi ned in accordance with the function of the
plate frominorganic materials such as ceramc, silicon and glass, netals
such as nickel, or plastic materials such as polyi m{gg -y-ea , and

pol ysul fone as long as such materials are not corrogk The
plastic plates may be subjected to excinerglaser math

el ectropl ati ng usi-ng nickel because the nozzle platge upply
inlet form ng board 43 are

moved in the auxiliary scanning direction every time a single
line of characters or the like has bean printed with ink
supplied from the ink containing section 70.

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

While the ink containing section is carried on the
carriage 80 in the aforamentioned 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 aforementloned
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 1s connected to one surface of the actuator unit 30, the
flexible cable sBerving to apply a drive signal to a
plezoelectric vibration element, which will be described later.

Fig. 5 shows an embodiment of the actuator unit. The
actuator unit 30 ie formed-by sequentially 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 so as to



17 conmparatively thin, have hol es whose di aneters are snmall, and
require high accuracy. In this invention, the flow path unit 40,

serving al so as the actuator unit 30 fixing board,
rigidity. ;&‘;A AR
? ]

correspond to reepecti%re pressure producing chambers 5.
Piezoelectric vibration elements 34, esach being made of an
electrogstrictive material, are formed so as ﬁo 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 plezoelectric
vibration selements 34 are interposed between the lower
alectrodes 35 and the upper electrode 3§ with the upper
electrode 36 stretching over a plurality of piaezoelectric
vibration elements 34. -

That is, a drive signal is applied individually to a
lower electxode 35 s0 that a piezoelectric vibration slement 34
igs selectively driven. The upper electrode 36 serving as a
common elsctrcde and the lower electrodes 35 serving as
individual electrodes are connected to an externel drive
circuit through a ‘connection terminal 37 formed on the
vibration plate-33 and a flexible printed board (¥?). The
respactive pressure producing chambers 5 for producing pressure
necessary for jetting ink droplets have ari:angement thereof on
2 plane regulated by aleﬁder through holes formed in the
pressure producing chamber forming board 32. The peripheral
wall of each through hole serves as a side wall to define and
separate pressure producing chambers from one another.

Further, thé sgal board 31 is not only bonded to the
side walls so as to be alrtight in order to seal the pressure

producing chambers 5 and provides the bottom wall for the



Therefore, a netal having both toughness and rigidity is preferred to
e at-h-ahit 40. Since the reservoir chanber form ng board

HMids the through hol e whose size is larger than those
Il ates, the use of a plate thicker than the other

o provi de a structyre that-—can ensure proper

t

; Re,

speci fic enbodi ment "of the gi4al | 111 be
j hressure produci ng chanber for 441 1p a 150
7;} body of zirconia, and has a;rﬁﬂmli_ pressure

produci ng chanmbe&rs™5 arranged in two
pressurs producing chamber 5, but also has first communicating

holes 38 and second communicating holes 33 formed so that both
holes 38, 39 are connected to sach pressure producing chamber
5 in the vicinity of both ends of the pressure producing
chamber 5. Each first communicafing hole 38 serves to supply
the ink with the corresponding pressure producing chamber from
outaide the actuator unit, and each second communicating hole

39 servas to connect to a corresponding nozzle 3 that jets an

ink droplet.
The flow path unit 40 is formed by sequentially

laminating a nozzle plate 41, a reservoir chamber forming board
42, and an ink supply inlet forming boaxd 43. The reservolr
chamber forming board 42 has a through hole for defining a
resexvolr chamber 6§ formed. The reservoir camber § is formed
by having one énd of the surface thereof sealed by the nozzle
plate 41 and the other end of the surface thereof ssaled by the
ink supply inlet forming board 43. The reservoir chambér 6
functions as a manifold for branching the ink from the ink
containing sectien 74 into the respective pressurs producing
chambers 5, and extends from & portion overlapping the
respective pressure producing chambers 5 in terms of a plane to
a portion not overlapping the actuator unit 30 in terms of a
plane as viewed from the board surface.

In the xeservolr chambei 6, ink supply inlets 4 for
supplying the ink to the individual pressurs producing chambers

5 from the reservoir chamber 6 are formed in a portion of the



of 564 [errlmsimlarly to the nozzl es
ranges from 350 to 450
T Gl mensi ons
Ak dropl et

arrays at an inter-array interval
3. The width of each pressure produci ng chanber -5
[err]m and the length thereof ranges from 1,
are set to optimal values in function of the}
required for formng a dot, the nozzle arrang
The seal board 31 is a 150 [err]mthick sinteret
bonded to one surface of the pressure producin§

so as to seal one surface of each pressure prol

di aneter of each of a

reservoir chamber forming boarxd 42 overlapping the respesctive
pressura producing chambers 5 in terms 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 addition, the nozzle  plate 41 has nozzles 3 for
jetting ink droplets formed so as to correspond to the pressure
producing chambers 5. To connect the nozzles 3 to the
corresponding pressure  producing chambers 5, nozzle
communication holes 44, 45 ars arranged in the ink supply inlet
forming board 43 and the reservoir chamber forming board 42 so

as to correspond to the nozzles 3, respectively.

‘The ink supply inlets 4 and the nozzle communication
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 betwsen the respective units are connected to
one another by bonding the -actuator unit 30 to the flow path

unit 40 with the corresponding 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 slender pressure producing chamber.



pair of communicating holes 38, 39 is set to 300 [err]m The vibration
plate 33 is a S|ntered body of zirconia whose t hi ckness
<y o-20-fwrr]m and is bonded so as to seal

1T

Fig. 6 shows the reservoir inlet B arranged in the same

gection as the pressure producing chamber 5 for simplification

of the description. The ink introduced from the ink containing

gection 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 discharged

using the ink sucking means 8S5.
Further, at the time of printing, a2 capillary forcs

derived from a meniscus formed in the nogzle 3 causes the ink
to flow into the pressure producing chamber 5 IZrom the ink

containing section. The plegzoelectric vibration element 34

constitutes an unimorph vibration slement together with the

vibration plate 33. The piezoelectric vibration element 34 is

contracted toward the suxrface by the application of a voltage

thereto. The vibration plate 33 flexes in such a direction as

to contract the pressure producing chamber 5, thus producing

pressure in the pressure producing chamber 5. From this

pressure is an ink stream produced, the ink stream extending

from the pressure producing chamber 5 to the nozzle 3 via the
second communicating holes 39 and the nozzle conmunication

holes 44, 45, and this ink stream is jetted from the nozzle 3

in the form of an ink droplet.



the other surface of each pressure produci ng chanber
el ectrodes 35 are forned on the vibration plate 33 soj a
t'he pressure produci ng chanmbers 5, and on the surfacks
el ectrodes 35 are the piezoelectric vibration elenents
pi ezoel ectric vibration element 34 is foryged by |lanijnating a piezoeledtric
ceramic material such as lead titanate zirconate on fal

| ower el ectrode 35. The width of the piezoelectric vibration elenment 34 is
set to values ranging from80 to 90% of the width of the pressure
produci ng chanber 5, and the thickness thereof ranges from 20

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 or the like to such a thickness as +to
ensure proper strength to thereby form the thick wall portion
41b.

Because the nozzle plate 41 haé the thin wall portion
4la only in the vicinity of the nozzle 3 and the thick wall
portion 41b in the other ragion, the thin wall portion 4la in
the vicinity ' of the communicating hole 45 i1s resiliently
deformed in response to the pressure derived from the pressure
producing chamber 5. This not only ensures compliance
necessary for jetting an ink droplet, but also contributes to
increasing rigidity of a recording head to thereby minimize
flexion thereof in the case where the recording head has a
plurality of actuator units fixed thereto, which recording head
wlll be described later. Since the nogzzle 3 is positioned one

etage below, contact of the thin wall portion 4la with =a

recording sheet or the like can also be prevented.

This embodiment is characterized as having two arrays

of pressure producing chambers 5 formed so as to confront a



to 40 [efr]m It should be noted that other ceramic materials such as

alumna, alumnumnitride, lead titanate zirconate gay..Jleplace zirconia.
A nethod of preparing the aforenmentioned actuator urfHEm wrkhmize desesilbed
next . As shown in Fig. 7 (A), the vibratior prete =

pressure produci ng chanber form ng board 32 havi ng tjhg
defining the pressure producing chanbers 5 ¥ready |
seal board 31 having the comunicating holes alreaq
bonded to one another by pressure

single actuator unit 30. The pressure producing chambers 5 in
one array are staggered with respect to those in the other
array along the length of each array by a distance half the

distance betwesn tha adjacent pressure producing chambers 5 in

a single array. Further, the corresponding nozzles 3 are

gimilarly arranged in two arrays so that the nozzles 3 in one

rray are staggered with respect to those in the other array by

a distance half the distance between the adjacent nozzles 3 in

a single array. Thersfore, the distance between the adjacent
nozzles 3 as viewed in the main scanning directions A is equal
to a distance half the distance between the adjacent pressure
producing chambefs, 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 préducing chambars through the V-shaped or U-shaped
common reservolr chamber 6 in the aforementioned embodiment,
reservolr chambers dedicated to the respective arrays of
pressurs producing chambers may be arranged to allow dink

droplets of different colors to be jetted from the respective

nozzle arrays.



in clay-like form and the thus bonded

in the formof a green sheet, i.e.,
res ranging from 800

boards are thereafter integrally sintered at tenperatu

to 1000[err]C. As a result of this nethod, the relpRmt) v
bonded together without an adhesive. T p— ke
19 '
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Specific embodiments of the aforementioned flow path

unit 40 will be described next.
Nozzleg 3, each being a tapered hole whose opening

diameter ranges from 30 to 50 um, area 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 fanges 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 board 43 has both the ink
supply inlets 4 and the nozzle communication holes 44 formed by
press working a stainless steel plate whose thickness rangss
from 50 to 150 um. The fluld impedance of the ink supply hole
4 is preferably set to a value equal to or greater than the
fluid impsdance of the nozzle so that an ink stream produced by
the pressure of the pressure producing chamber 5 1is directed
toward the nozzle 3 by checking the ink stresam from going
toward the reservoir chamber 6.

In this embodimenit, the ink supply inlet 4 is set to
the same dimensions as the nozzle 3, and the section thersof is
tapered toward the first communicating hole 38. Because of the
taper, the diamster of the narrowest portion of the ink supply

inlet 4 can be made smaller than the thickness of the plate,



Then, as shown in Fig. 7 (B), an electrode pattern is
printing a material so that portions correspondi ng

prepared by
to the pressure
rial

produci ng chanbers 5 will becone the | ower el ect ’
having as a mai n conponent t hereof at | etst one J& WHERTposed
of platinum palladium silver-palladium silverf-glatinum and

pl ati num pal | adi um Thereafter, as shown jin Ezq.sgpggaﬁ the

pi ezoel ectric nmnenbers 34 are |lam nated on the | oden el ectrodes sgnilarly
by .

a blanked adhesgive sheet, or the like.

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 hols 45 of the
reservoir chambsr forming board 43 and smaller than the width
of the pressure producing chamber 5, ranging from 200 to 300
km. As a result of thie design, the flow path from the
pressure producing chamber 5 to the nogzle 3 can be gradually

narrowed, thersby preventing bubbles from stagnating along the

flow path.
' The three plates constituting the flow path unit are

laminated so 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 or
In this embodiment,

these plates are bonded with an adhesive made from an epoxy

_Tesin that ig not corroded by ink.

While each plate is made of a stainless stesl 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 inorganic materials such as ceramic,
g8llicon and glass, metals such as nickel, or plastic materials
such as polyimide, polycarbonate, and polysulfone as long as

such materials are not corroded by ink.

The plastic plates may be subijected to excimer laser
machining, or glectroplating using nickel because the nozzle

plate 41 and the ink supply inlet forming board 43 are



printing and sintered to conplete the actuator unit. Finally,
el ectrode nmade of chrom um gold, nickel, or the |
sputtering D ¢

el enent s.

and the thin vibration plate 33 bonded t oget her rijgi

a comon
.S fnrmnd bv

so as to stretch over a plurality of
The integrally sinteredZactuato

Therefore, excellent airtightness and corrosion r
are exhi bited. In addition, the nmethod of prepdring the actuator‘
30,

comparatively thin, have holes whose diameters are small, and
require high accuracy.

In this invention, the flow path unit 40, serving also
as the actuator unit 30 fixing boaxd, requires h;gh rigidity.
Therefore, a metal having both toughness and rigidity is
preferred to make the flow path unit 40. Since the reservoir
chamber forming board 42, in particular, has the through hole
whose size isg 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
dascribed next. The pressure producing chamber forming board
32 is & 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 um similarly to the
nozzlee 3, The width of each pressure producing chamber 5
ranges from 350 to 450 um, and the length thereof ranges from
1 to 3 mm. These dimensions ars set to optimal wvalues in
function of the magnitude of an ink droplet rsquired for
forming a dot, the nozzle arrangement density, and the like.

The seal board 31 is a 150 um-thick sintered body of
zirconia, and is bonded to one surface of the pressure
producing chamber forming board 32 so as to seal one surface of
sach pressure producing chamber 5. The diameter of each of a
palir of communicating holes 38, 39 is set to 300 um. The

vibration plate 33 is a ainteréd body of zirconia whose



paste-li ke el ectrode and piezoel ectric vibration b
and sintering all these menbers, al | owndiBEREY
be manufactured extrenely easily as well # accuia

the aforenentioned nethod of form ng the ‘.actuato
integrally sintering the materials is quite exceljl &

may be forned

printing,

thickness ranges from 10 to 20 um, and is bonded sc as to seal
the other surface of each pressure producing chamber 5. The
lowsr electrodes 35 are formed on the vibration plate 33 so as
to correspond to the pressurs producing chambers 5, and on the
surfaces of the lower glectrodes 35 are the plezoelactric
vibration elements 34, Each plezoelectric vibration element 34
is formed by laminating a plezoelectric ceramic material such
as lead titanate zirconate on the corresponding lower electrode
35. The width of the plezoelsctric 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 um. It should be noted that other ceramic materxials such
as alumina, aluminum nitride, lead titanate girconate may

replace gzirconia.

A method of preparing the aforementioned actuator unit
will be described next.

Ap 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 oﬁt, and the segal board 31 having the communicating
holes already punched out are bonded to one another by pressure
in the form of & green sheet, i.e., in clay-like foxm, 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

adhegive.



20 reieoigal $uch conventional nethods as a nethod of bonding

boar Egggggggggo resin by adhesi on, deposition, or fusion, a nethod
of etiching gl ass or gilli con boards, a plastic nolding nmethod, and a net hod
of i gt PEE/B8G edt i c , 19

Then, as shown in Fig. 7 (B), an electrods pattern is
prepared by printing a material so that portions corresponding
to the pressure producing chambers 5 will become the lower
electrodes 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 piezoelectric
members 34 are laminated on the lower electrodes similarly by
printing and sintersd to complete the actuator unit. Finally,
a common electrode made of chromium, gold, nickel, 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 rigldly thereto. Therefore, excellent alrtightness
and corrosion resistance against ink are exhibited. In
addition, .tha method of preparing the actuator unit 30,
involving such simple steps of laminating the clay boards,
applying the paste-like electrode and piezocelectric vibration
element materials by printing, and sintering all these members,
allows the actuator unit 30 to be manufactured extremely easily
as well as accurately.

Although the afor;mentioned method of forming the
actuator unit 30 characterized as integrally sintering the

materiale is quite excellent, the actuator unit may be formed



vi bration el enent chips on the vibration plate. Wil e the ink
stream from the pressure producing chanber 5 W“g%ﬂ?f"' ehanber
6 is regulated by the ink supply inlet 4 arranged} NGRSO Skt
in the aforenentioned enbodi nent, the first connu" ating hole 3

in the actuator unit 30 may be constricted,ho such ' gmﬂsmgﬁ | at e
return of the ink. Further, the ink jet rgcpr f%g ead 1 t he
invention is characterized not only as setting.thg ' f§ t he

actuator unit 30 (determ ned by the product of thefnateri al

by combining such conventional methods as a method of bonding
boards made of metal or resin by adheslion, deposition, or
fusion, a method of etching glass or silicon boards, a plastic
molding method, and a method_ of mounting pilezoelsectric
vibration element chips on the vibration plate.

¥hile the ink stream from the pressure producing
chamber 5 to the reservoir chamber 6 is reqilated by the ink
supply inlet 4 arranged in the flow path unit 40 in the
aforementioned embodiment, the first communicating hole 38
formed in ‘the actuator unit 30 may be constricted to such a
gize as to regulate return of the ink.

Further, 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 a value 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 member
20 so that the actuator unit 30 can communicate with the
atmosphsere.

As a result of thgb construction, problems 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 recorxding head 1s placed in a low
temperature environment, and breakage of the vibration plate 33
dus to su;h freezing can be overcome, which allows the iﬁk to

start freezing on the actuator unit side, and hence allows



density, the specific heat, and the volume) to a value smaller than the
heat capacity of the flom/path unit 40, but al so Bfemiira “:ﬁvl;f i

rrecordi ng head 10 to the head fixing nenber 20 spuiiivipfieiigg
30 can communi cate with the atnosphere. 21

construction, problens such as expansion of the prk r
5 due to freezing of the ink fromthe nozzle plaje}4l S|de of tjeiflow

path unit 40 caused when the recording head is pjaCt
tenmperature environnment, and breakage of the vibrg | at €

pressure produced within the flow path dua to freezing to be
releaéed to the flow path unit side (to the atmosphere through
the nozzles).

Filg. 8 shows anothsr 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 seal board 31 and
sealing the openings instead by the ink supply inlet forming
board 43 of the flow path unit 40. This embodiment 4is
advantageous in curtailing the number of parts involved, which
in turn contributes to reducing the cost of manufacture.

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

In Pigs. 9, 10, reference numeral 60 denotes a flow
path unit, which is formed by laminating a nozzle plate 61, a
reservolr chamber forming board 62, and an ink supply inlet
forming board 63. These plate and boards 61, 62, 53 are made
of metal plates, each having such a size as to allow nozzle
groups 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.

The nozzle plate 61 has not only the nozzle groups 3a,
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 nozzle 3 as shown in Fig. 6 in order to ensure compliance.



due to such free2|ng can be overcone, which allows the ink to start

fred
21

iﬂgﬁé@i@@ﬁﬁr ahor unit side, and hence allows
g duced within the flow path due to freezing to be
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The rssarvolr chamber forming board 62 has through
holes defining reservolr chambers 6a, 6b, 6¢. The reservoir
chambers 6a, §b, 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 inlet forming boaxd &£3. The
reservoir chamber forming board 62 functions as a manifold for
branching ink from the ink containing seétion 74 to respective
pressurs producing chambers 5a, 5b, 5c.

Ink supply inlets 4a, 4b, 4c for supplying the ink to
the pressure producing chambers 5a, 5b, 5c of the raspective
actuator units 30a, 30b, 30c from the reservolr chambers fa,
b, 6c are formed in regions of the ink flow path forming board
63 overlapping the pressure producing chambers 5&, 5b, 5c¢ in
terms of & plane, respectively. Reservoir inlets Ba, 8b, 8c
for introducing the ink into the ink containing section 74 are
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 f4a, 64b, 64c opening onto one surface of the flow path
unit 60 are Iformed at positions overlapping the £irst
communicating holes 38 and the second communicating holes 39 of
the actuator units 30a, 30b, 30c corresponding to the inlets
and holes on & one-to-cone baéia. By bonding the actuator units
30a, 30b, 30c to the flow path unit 60 so that the

corresponding openings can be alligned with one another, the



rel eased to the flow path unit side (to the atnosphere through the

nozzl es).

30, which is characterized as having the openings of the pressure
producing chambers 5 onto one surface of the actLg547;~-*’
arrangi ng the aforenentioned seal board 3hzand &G4
I nstead by the ink supply inlet form ng board 43
40. Thi s
i nvol ved, which in turn contributes to reducingjt

Fig. 8 shows another enbodi nent of the actuator unit

f the ffom/pa hiunit
enbodi ment is advantageous in curtail ing2 gh§gpygdeer | o
e cost of manyf

flow paths of the three actuator unitL*%GaTmaabwnJ.,

connected to the single flow path unit 60.

As dascribed above, the flow path unit 60 has the
reservoir chambers 6a, 6b, 6c independently dedicated to the
respective actuator units and the reservoir inlets 8a, 8b, 8c
independently corresponding to the respective reservoir
chambers 6a, 6b, 6c. Therefore, inks of different colozs,
e.g., cyan, magenia, yellow, in the respective nozzle groups
3a, 3b, 3c can be supplied to a sihgle head in order to jet ink
droplets of different colors from the single flow path unit.

Further, the flow path unit 60 is advantageocus 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 as a
main material. On the other hand, the actuator units 30a, 30b,
30c can be fixed by sintering, and in addition are mads of
ceramic that is easy to warp or undulats at the time of
sintering with increasing voltage applied thereto although the
ceramic is basically electrically insulating.

AE 8 result, a downéized recording heaé 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 yisld of
fabrication, but also bondin§ éuch actuator units. £to the common
flow path unit 60 having the nozzles formed with high

positioning accuracy.



Techni ques for constructing various recording heads wusing a plurality of
the aforenentioned actuator units 30 will Dbe described next mnth reference
to Figs. 9 and 10. In Figs. 9, 10, referdpgss orler:e

flow path unit, which is formed by |anm pating a hO¥ziELS
reservoir chanber form ng board 62, and an ink su
63. These plate and boards 61, 62, 63 are nade o
havi ng such a size as to allow nozzle groups 3a,

that at |east three actuator units 30a, 30b, 30g {5 ~TroT—oves
anot her, each

In addition, since the piezoelescizic vibration element
34 to which a drive asignal is applisd can be formed on the
vibration plate 33 made of ceramic that is basically
electrically insulating, no special insulating process for :he
formation of electrodes is necessary any longer.

Fig. 11 shows an embodiment in terms of the relative
positions between the nozzlea 3 and the pressure producing
chambers 5, the embodiment being characterized as forming dots
by causing the actuator unite 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 positions in the auxiliary scanning
direction B so that the nozzles of the respective colors can
produce an ink image at the same pqsitions. Taking & look at
a single color, two arrays of pressure producing chambers,
which ars pitched at an interval of Pl confront each other,
with one array being staggered with respect to the other by an
interval of P2, which is a half of the interval P1l, in the
auxiliary scanning direction. As a result of this arrangemsnt,
the nogzzle density in the auxiliary scanning direction is
substantially set to P2.

Since the property of an ink is generally differant
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. However, the ink jet recording head of the invention is

characterized as producing the best imags only by adjusting



nozzl e group having two arrays of nozzles. The nozzle plate 61 has
not only the nozzle groups 3a, 3b, 3c fornmed in a metal plate, each nozzle
group having nozzles 3, but also a thin wall portion 4la in the vicinity

of each nozzle 3 as shown in Fig. 6 in order to ensu&e—eegﬁ%haﬁeer
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both the shape of each nozzle 3 of the fléw path unit 60 and
the shape of each of the ink supply inlets 4a, 4b, dc optimally
per iﬁk 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 contriﬁutes to a cost
reduction brought about by mass 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 sach nozzle 3 or tﬂe ghape of each ink supply inlet 4
of the £flow path unit 60, the ink. jet zrecording head
characterized as smoothly changing the dens;ty 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 hesad 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
gcanning direction B. Sincgjthe pressure producing chambers in
the two corresponding arrays are staggered by 3p in the
auxiliary scanning direction B, each nozzle is arranged toward
one side with respect to the.central axis of the corresponding
pressure producing chamber.

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

staggered with respect to the corresponding nozzle arrays by



22 The reservoir chanber form ng board 62 has through hol es
defining reservoir chanbers 6a, 6b, 6c and nozzle connunicating hol es
65a, 65b, 65c which serve the sane purpose as thg e cat i ng
holes 45 in Figs. 5 and 8. The reservoir chanber<REPEACEHﬁ%HB HEE? f or med
by sealing one surface of each through h#e by fthe™n 51 and

the other surface therefore by the ink supply injet %%@%board 63. The
reservoir chanber form ng board 62 functions a$ é% [ o prianchi ng

ink fromthe ink

2p, the nozzles are pltched at an intexrval of p when viewed in
tha ma%n scanning d;rection A. That is, using the pressure
producing chambers 5 pitched at an interval of 6p, dots are
formed at a density six times the intaerval.

As described above, the Iinvention, 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. '

Furthez,.since the actuator units are mounted on the
single flow path unit 60 so as to be scattered around, not only
heat produced by the piezoelectric vibration elements can be
quickly radiated, but also the positioning and dimensional
accuracy of each nozzle can be regulated by the flow path unit
made of metal or the like that can form through holes with
relatively high accuracy. In addition, the actuator units that
become hard to sinter as the size thereof is increased can be
downsized. ,
| As described in the foregoing, the invention, as per a2 preferred aspect, is
characterized as fixing a flow path unit to a plurality of
actuator units so as to corresyond to groups of nozzles; i.é.,
the flow path unit is formed by laminating & nozzle plate, a
resexrvolr chamber forming board, and a seal board, the nozzle
plate having nozzles divided into a plurality of groups, the

reservoir chambsr forming board having a plurallty of reservailr



containing section 74 to respective pressure produci ng chanbers 5a, 5b,
5c. I nk supply inlets 4a, 4b, 4c for supplying the ink to the
pressure produci ng chanbers 5a, 5b, 5c of the respective actuator units
30a, 30b, 30c fromthe reservoir chanbers,ba, 6b, [ 8e=a {%igrned |n regi ons
of the ink flow path form ng board 63 overl appi ngifreAp} ‘: iy

chanbers 5a, 5b, 5c in terns of a plane, respectifvgly : - ‘rlets
8a, 8b, 8c for introducing the ink into the ink'so<tg%ﬂﬁ§§psect|an‘74 are
formed at regions of the ink flow path form ng bofr§ @96 | bpbi ng t he

actuator units 30a, 30b, 30c, respectively.

chambers belonging to the reaspective 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
cormnunicating holes for communicating with pressure producing
chambers and nozzles; and each actuator unit including a
pressure producing chamber forming board, a vibration plate,
and piezoelectric vibration elements, the pressure producing
chamber forming board having a plurality of pressaure producing
chambers defined by side walls, the vibration plate being fixed
to & surface of the pressure producing chamber forming board,
and the piezoelectric vibration elements being formed on a
surface of the vibration plate so as to correspond to the
pressure producing chambers. Therefore, the flow path unit
serving 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
ﬁith high positioning accuracy to be formed, but also
contributes to downsizing the actuator unit made of ceramic
that can be fixed by sintering and therefore improving yield 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 easily can be provided.



| K—suppty Tntets—4a;, 4b, 4c and nozzle comuni cation holes 64a, 64b, 64c

ope face of the flow path wunit 60 are forned at positions
L
hol e

t communi cating holes 38 and the second comm uni cating

p, 30c corresponding to the inlets
and hol es on a one-to- ﬂqugmgﬂggﬁ&ﬁgﬁaﬁng the actuator units 30a, 30b,
30c to the flow pathf unit that the correspondi ng openi ngs
can be aligned with one fanet

° - oo e THIS SHEET HAS BEEN.
Claims: REPLAGED

1. 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 zreservoir chambers (6;6a,6b,...) belonging
to the respective groups of nozzles and thaving
communicating holes (45;65) respectiﬁely 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,...) inéluding
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.

2. A laminated ink jet recotding 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;30a2,30b,...) is made of ceramic and fixed by

sintering.
 This Sheet Has Been Reﬂlace
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23 flow paths of the three actuator units 30a, 30b, 30c can be
conmected to the single flow path unit 60. , As descri bed above,

A

6a, 6b, 6cC.

i

pen
Therefore, inks of different col ors,

spective actuator units and the reservoir inlets 8a,

ﬂES the reservoir chanbers 6a, 6b, 6c¢ independently
y corresponding to thg respective reservoir chanber

en

THIS SHEET HAS BEEN
REPLAGED

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 any one
of the preceding claims, wherein the nozzles
(3;3a,3b,...) are staggered by a predetermlned 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).

2 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 ons
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).
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e.g., cyan, nagenta, yellow, in the respective nozzle groups 3a, 3b, 3c
can be supplied to a single head in order to jet ink droplets of different
colors fromthe single flow path unit. Further, the flow path unit
60 i s advantageous in that the flow path unit 60 can not only form nozzle
openi ngs at high accuracy by press workjgng, which is a sinple working

nmet hod, but al so use netal whose rigidity is conparatively high as a nmain
material. On the other hand, the actuator units 30a, 30b, 30c can be fixed
by sintering, and in addition are mag@as®dacrceram c that is easy to warp or
undul ate at the tine of

LAMINATED INK JET RECORDING HEAD

Actuator units (30) independently dedicated to nozzles (3)
divided into a plurality of groups are fixed to a common flow
path unit (40) having the nozzles formed therein with through
holes aligned with one another. Heads of various types can be
formed by using the actuator units (30) of the same design
only by changing the mode of arrangement of the nozzles (3)
in accordance with the purpose.

REPLACEMENT SHEET
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sintering with increasing voltage applied thereto although the ceram
basically electrically insulating. As a result, a downsized
r‘ecor di ng head having nozzles arranged at high density with h

*

cis

i gh accuracy
can be fabricated at high yield by not only downsi zifigs i@wméiiﬁi'?f'
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24 . _ In addition, since the piezoelectric vibration el enent
34 to which a drive signal is applied can be fornmed on thfd~uihrarion

plate 33 made of ceramic that is basically RERLACE&Q%H’SHEET

2 24 SEP 1994
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electrically insulating, no special insulating process for the formation
of electrodes is necessary any | onger. Fig. 11 shows an enbodi nent
i'n terms of the relative positions between the nozzles 3 and the pressure
produci ng chanbers 5, the enbodi nent being characterized as form ng dots

by causing the actuator units 30a, 308, 30c to corre
cyan, magenta, and yell ow. This recording h é}%ﬁg{ﬁﬁﬂﬂﬁﬁ
$&P%3s ©

different colors arranged at the sane positions int
scanning direction B so that the nozzles of the respe ti%%_

FIG. 5

n

2l

S 40




produce an ink inage at the sane positions. Taking a |look at a single
color, two arrays of pressure produci ng chanbers,: Heh-are-niteihied at an
i'nterval of Pl confront each other, with one arri pde] Wi
respect to the other by an interval of P2, whicH

P1, in the auxiliary scanning direct%pn. As ar

set to P2. Since the property of an ink §j s
fromthat of another, it is difficult to produce
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by giving the sane design to the flow paths for the respective inks.
However, the ink jet recording head of the invention is characterized as

produci ng the best inage only by adjusting

25
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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 4a, 4b, 4c optimally per ink even if all the
dctuator units are of the sane design. As a result, it is actuator units
of the sane design that are required to be fabricated, whi.chis
contributes to a cost reduction broug about bfemascar BN
Further, since an ink jet recording he capable?sww

in differing amounts fromthe respective nozzle*giou

S
formed only by changing the shape of each nozzld¢ § o4t
ink supply inlet 4 v

FIG. 8

26




of the flow path unit 60, the ink jet recording head characterized as
snoot hly changing the density can be provided even if thg actuator units

of the same design are used. Fig. 12 shows a
an ink jet recording head having a high dot densit
plurality of actuator units 30a, 30b, c. Inthis en
pitched at an interval of 6p in each of 'tw arrays t
the actuator units 30a, 30b, 30c, and these nozzles

staggered by p in the auxiliary scanning direction B

q

RERLAGH)

ﬁch
ng a

DOl nent ,

E'S
pay bBepk ogEP ygsearhi of
Su

produci ng chanbers in
FIG. 9

nfeach array ar

nozzl are

s

% 30c

760




auxi | iary scanni ng

CFMENT SIEET

ed with respect to
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the two corresponding arrays are staggered by 3p in the

direction B,

central

each nozzle is arranged toward one side

st agger

30b, 30c are
8

axis of the correspondi ng pressure producing
units 30a,

t he correspondi ng nozzle arrays by

Since the three actuator




26 2p, the nozzles are pitched at an interval of p when viewed
I n the main scanning direction A. That is, using the pressure

produci ng chanbers 5 pitched at an interval of 6p, dots are formed at a
density six tines the interval. As desEribEH ey L Ne

i nvention, which i s 9 MHHEIL |

M
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characterized as mounting a plurality of actuator units on the sin

comon flow path unit 60, can provide a recording head accommobdati
di verse uses only by changing the positions at S as -2 L1IALOL
the sane design are fixed to the single flom1patj’ﬁ?uga;gp,ﬁ“gHEﬁ?:
since the actuator units are nounted the singfef et

to be scattered around, not only heat produced by | eqgtr
vibration elenments can be quickly radiated, but @l i dni
di mensi onal accuracy of each nozzle can be regul jited- ¢

gle

ng

units of
urt her,
60 so as
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made of metal or the like that can formthrough holes with relatively high
accuracy. In addition, the actuator units that becone hard to sinter as
As described ip the

the size thereof is increased can be downsi zed.

foregoi ng, the invention, as per a preferred aspect,
fixing a flow path unit to a plurality of actuator
correspond to groups of nozzles; i.e ., the flow p3

| am nating a nozzle plate, a reservoir chanber form

board, the nozzle plate having nozzles divided intgd

REPLACHMENT SHEEF} as

FIG. 13




reservoir chanber form ng board having a plurality of reservoir

27
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ABSTRACT

LAMINATED INK JET RECORDING HEAD

Actuator units (30)  independently dedicated to nozzles (3)
divided into a plurality of groups are fixed to a common flow
path unit (40) having the nozzles formed therein with through
holes aligned with one another. Heads of various types can be
formed by using the actuator units (30) of the same design
only by changing the mode of arrangement of the nozzles (3)

in accordance with the purpose.

Figure 9
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chanbers bel onging to the respective groups of nozzles and - having
‘communi cati ng hol es respectively communicating with, the nozzl es, and the
i nk supply inlet form ng board being fixed to a &&iﬁg@guf*the~+eservoir
chanmber form ng board and havi ng conmuni cat i ng Eﬁ%ﬁﬂﬂﬂicating
wi th pressure producing chanbers and nozzl es; dl each actuatof] ynit

I ncl udi ng a pressure producing chanber form ng fpoar @4 ROVi9Atijog pl ate,
and piezoelectric vibration elenments, the pressurfe jproduci ng chanber

form ng board having a-plurality of pressure productmgy chatbere defi ned
by side walls, the vibration plate being fixed

suxface has one surface thereof sealed by a vibratlon plate 3§5
having plezoelectric vibration elements 97 formed s¢ as to
corzespond to pressure producing chambers 95, and the other
surface thereof ssaled by a xegulating plate 93 having
regulating orifices 8§88,

A manifold plate 92 laminated on the surface of the
regulating plate 93 has through holes that define resexvoir
chambers 39 for 'supp'lying ink to the raspective pressure .
producing chambers 96 via the rasgulating orifices 38. Flow
paths 100, 101, 102 which supply the ink from an ink tank.and
which. runs through the vibration.plata 95, the channel plate
94, and the regulating plete 93 are formed for the reservoix

chambers 99,
Farther, nozzles go are formed in a nozzle plate
103 that is fixed to a side opposite to the vibration plate $5.
Communicaﬁing-hbles 104, 105, 106 for connscting the nozzles 90
' to the respective pressure producing chambers are formed so
as to extend through the regulating plate 93 .- * the manifold

plate 92 aﬁd an additional plate 91 between the manifold plate:

92 and the nozzle plate 103
Thie laminated ink jet recording head is charactexized
in that the respective pressure producing chambers are
typically arranged 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 0.03

inches) within the single arrav.



vto a surface of the pressure produci ng chanber form ng board, and the
'pi ezoel ectric vibration el ements being fornmed on [ f—th
vibration plate so as to correspond to the preESLRIEg wﬁ@&@&ﬁ&ﬁ@h nbers.
Therefore, the flow path unit serving al so as tthg actuator uni§ {ixing
board can be made of metal that is conparativelly jed24 NOV 499ur ¢ proper
accuracy by pressure working or the Iike, which ot only allows hozzles
wi-t h high positioning accuracy to be f#@rnmed, but {al'S0 comtTibutep to
downsi zi ng the actuator-unit nade of ceramc tRat _can be fixed b

sintering and therefore .inproving yield of
In Flg., 1, referencs numsral 2 denotes a print

LAY "4

mechanism section, A carrlage 80 is moved Iin maln scananing
dirsctlons (in the directions indicated by arrows A in Fig. 1)
by & carriage motor 81. A recording medium 82 is moved in
auxiliary acanniné directions (in the dirsctions indicated by
arrows B in Fig. 1) by a sheet forward motor 84 while
positioned by a platen 83. |
As shown in rig. 2, the print mechanism section 2

consists of an ink jat'réccrding head 10 descxibed later, an
ink containing section 70 and a2 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, a flow path 21 is
define by an ink supply tube 72 in such a manner that one end
there of is connected to the ink jét recording head 10 and the
other end thereof extends to the ink containing section 70 so és
to supply the ink to the ink recording head 10. A reference
numeral 71 denoted an O-ring for sealing, and a reference numéral

75 denotes a filter provided with the ink supply tube 72.

As a result of this construction, the recoxding head 10
" forms an image on a two-dimensional plane by jetting . ink
droplets ‘while moving in the main scanning directlons in

. accordance with a print signal and having a :acordiné medium



f

‘fabrication. In addition, even if a plurality of actuator units of the

sane design are used, a recording head adapted fdgr “ﬁﬂﬁ ﬁﬁﬁ% only by
changing the structure of a flow path unit mhosq Rgg&gg?rnn e.qyodi fied

relatively easily can be provided.

- 28 - 1. A lgm nazédw\ﬁlag??et recordi ng
head conpri si ng: .

10

pressure producing chamber 5, but also has first communlcating
holes 38 and second communicating holes 39 formed so that both
holes 38, 39 are connected to sach pressure producing chamber
5 in the vicinity of both ends of the pressurs producing
chambex 5. Each first communicafing hole 38 sarves to supply
the ink with the corresponding pressure producing chamber from
outaside the actuator unit, and each sscond communicating hole
39 serves to connact to a corresponding nozzle 3 that jets an-
ink dzoplet. -

The flow path unit 40 is formed by sequentially
laminating a nozzle plate 41, a reservoir chamber forming boazd

42, znd an ink supply inlet forming board 43. The rsservoir

chamber forming boarxrd 42 has a through hole for defining a
resexvoir c%nmbe: 6. The reservoir cambex § iz formed
by having one énd of the surface thersof sealed by the nozzle
plate 41 and the other end of the surface thereof ssaled by the
ink supply inlet forming board 43. The reservoiz chamber §
functions as a manifold for branching the ink from the ink
containing section 74 into the respective pressura producing
chambers 5, and extends from a portion overlapping the
raspective pressure preoducing chambers 5 in terms of a plane to
2 portion not overlapping the actuator unit 30 in terms of a
plane as viewed from the board surface.

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

5 fzom the reservoir chamber 6§ are formed In & portion of the



‘a single flow path unit (60) including:

a nozzle plate (61)

havi ng nozzles (3a, 3b, 3c) divided in to a plurality of groups;

a reservoir chanber form ng board (62) having a plurality of
chanbers (6a, 6b, 6c¢) corresponding to respective o
groups of nozzles, and first conmunicating hol es

reservoir

s of the plurality of

i fnk

respectively conmunicating wth the nozzles; and

supply inlet forming board (63) fixed to a_surface pffthe reservorr

h84eOV 19972,

ni cating hol e

chanber form ng board and havi ng second cdfmuni cat i
64c) respectively communicating with the first co
I nk supply inlets

d4b,
, fand

Fig. 6 shows the reservoir inlst 8 arranged in the same

gsection 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

regexvoir inlet 8§, the reservoir chambexr 6, the

ink supply

inlet 4, and the communicating hole 38. The ink supply inlec

is designed so that when the ink i3 initially charged into the

flow path, or when bubbles are produced within the flow path,

or when the viscosity of the ink is increeased,

the ink or

bubbles axe forcibly sucked from the nozzle 3 and discharged

using the ink sucking means 85.

Further, at the time of printing, 2 capillary forcs

derived from a meniscus forxmed in the nogzle 3 causes the ink

to flow into the pressure producing chamber 5 Zrom the ink

contzining saction. The plegoelectric wvibration

element 34

constitutes an unimorph vibration element together with the

vibration plate 33. The piezoelectric 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 producing chambefX 5, thus producing

pressure in the prassure producing chamber 5.

From this

-pressure,an ink stream is produced, the ink stream extending

from the pressurae producing chambér 5 to the nozzle 3 via the

second conimunicating 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.



1(4a;‘4b, 4c) fespectively comuni cating with the peservoir chanbers; and

a plurality of actuator units (30a; 30b, 30c) eac ReBF it ressure
produci ng chanbers and pressure generating el enment s r8iEMY ja
pressure change in the pressure producing ch ers, rein the
flow path unit is forned by | am nating the nozzl I&éN ?wesr oir
chanber form ng board and the ink supply inlet fprmng boar

actuator units are fixed on respective portionsf o tfh unlt SO
that the second communi cating hoRés ‘and the in ly inlets fo each

group of nozzles_comuni cate with the pressure produci ng of
respective ones OIS tFRESHVAIA ichpmber forming bpa¥d 62 has through holes

defining reservoir chambers 6a, 6b, 6c and nozzle communicating
holes 65a, 65b, 65¢ which serve the same purpose as the nozzle
communicating holes 45 in Figs. 5 and 8. The reservoir chambers
6a, 6b, 6c are formed by sealing one surface of each through hole
by the nozzle plate 61 and the other surface therefore by the ink
supply inlet forming board 63. The reservoir chamber forming
. board 62 functions as a manifold fo branching ink from the ink
containing section 74 to respectlve pressure producing chambers

sa' sb' Sc.

Ink supply inlets 4a, 4b, 4c for supplying the ing-to
- the pzessure'producing chambers 52, S5b, 53¢ of the respectlve
actuator units 30a, 30b, 30c from the reservolr chambers S6a,
6b, 6c are.formed in regions of the ink flow path forming board
63 overlapping the presaure producing chambers 52, 5b, 5c in
terms of & plane, respectively. Reservoir inlets Ba, 8b, 8c
for introducing the ink into the ink containing section 74 ars
formed at regions Ef the ink flow path forming board 63 not
qvgzlapping tﬁe actuator units 30a, 30b, 30c, respectively.
Ink supply inlets 4a, 4b, 4c and nozzle communication
holes 54a, 6§4b, f4c opening onto one suri%ce'of the flow path
unit 60 are formed at positions oveflanning the . first
communiceting holess 38 and the second commu icating holas 39 of
the actuator units 30a, 30b, 30c corresnonding to ths inlets
and holes on a one-to-one basis. By bonding the actuator units
30a, 30b, 30c to the flow path. unit B0 so. that the

ccrresponding openlngs:cgn ba aligned with one-anothar, tha



.- 29 - 2. | A lam nated ink jet recording head according to claiml1,
whereinm—the—nozzle plate, reservoir chanber formng board and the ink

Z‘n’ﬁp'e m ! fm%‘fﬂﬁg? "ol THS SHEET FRS [N rat ed | nf TELAENANTIHEE R dad

er ei rREPACELhK ly inlpt{Torm ng board Has

accor
third commnl &at fng hol , 8c) through whi£h2iyNOVs1997
supplied to respective ones of t he plédBatity of resefvpir chanber 4.

IN THE CLAIMS:

1. (Twice Amended) A laminated ink jet recording head comprising:
a single flow path unit (60) including:
a nozzle plate (61) having nozzles (33, 3b, 3¢) divided in to a plurality of groups;
a reservoir chamber forming board (62) having a plurality of reservoir chambers
(6a, 6b; 6c) corresponding to respective ones of the plurality of groups of nozzles, and first
communicating holes [(65a, 65b, 65¢)] 38 respectively communic.ating with the nozzles; and .
an ink supply inlet fo.r'nﬁng board (63) fixed to a surface of the reservoir chamber
forming board and having second communicating holes [(64a, 64b, 64c)] 39 respectively
communicating with the first comuzﬁca-.ting holes, an:d ink supply inlets (4a, 4b, 4c) respectively
cc.)mmunicaﬁng with the reservoir chambers; and
a plurality of actuator units (302, 30b, 30c) each including ink chambers and pressure
' generating eleménts for generating a pressure change in the in1.< chambers,
wherein tfxe"ﬂow path unit is formed by l;minaﬁng the nozzle plate, the reservoir chamber
fomuiié- board and the ink supply inlet forming board, and the actuator units are ﬁxed on
.respectxve portions of the ﬁgw path unit so that the second communicating holes and the ink
supply inlets for each group of nozzles communicate with the ink chambers of respective ones of -

~ the plurali{:y of actuator units.

2. (_Twice Amended) A laminated ink jet recording head according to claim I, wherein
the [the] nozzle plate, the reservoir chamber forming board and the ink supply' inlet forming board .

are fixed to each other with an adhesive and each comprises 2 metal plate, -

This Sheet |
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4. A laninated ink jet recording head according to claima1, wherein
the nozzles in each of said groups are aligned in two rows, and the
nozzles in one of said rows are staggered by a predeterm ned anount

\Ilma%hn;tezgelcmllmmwmﬁ ﬁlmgllhead acgg(rjzirﬁ(rg ?2 JHIS SHEET HAS .EEW

t hree groups *of “noZzzl% 5 of jetting three dlff ng
respectively. 6. A Iam nated ink | et ¢ eacordrmytreas a""nrd jg to claim
1, further conprising a common erX|bIe cabl e connecting the

actuator units A kam nated ink t record hea 9 d o,.claim
1, - anrlaln?he(%‘i’ﬂ@)plét@%;ﬁﬁﬂsg‘&kée?h?ﬁé Jt"gpglf?lgonéc(olzf%qf’tg &5

claim ‘1, wherein the ink supply inlet forming board has third
communicating holes {8a, 8b, 8c) (for supplying] through which ink
is supplied to (the] respective ones of the plura ity of reservoir

chambers [from outside].

4. {Twice Amended) A laminated ink jet recording head according to claim 1, wherein
. the nozzles in each of said groups are alignéd in two rows, and the'nozzles in one of said rows are

staggered by a predetermined amount with respect to the nozzles in [the other] another one of

said rows.

5. {Amended) A laminated ink jet recording head according to
claim 1, {wherein the] comprising three groups of nozzles (are
divided into three groups; and inks of] for jetting three different

[{colors are suppl:.ed to the reservoir chambers belong::.ng to the

groups, respectlvely] color J.nks‘ resnectivelz.

6. (imended) a lamiriated ink je’c 'recording head accordiﬁé to
claim 1, [where:.n] gurther cogggising a conunon flex:.ble ‘cable [15 .

. connected to) congectmg the [plurahty of] actuator units.

7. (amended) A laminated ink jet recording head ‘according to
claim 1, wherein the nozzle piate [has]. comgr:.ses a thin wal'l'_'
portion (41la in-re ions of the nozzle late. adi acent the nozzles

(in the vicinity of .éaéh nozzlej.

REPLACEMENT Srepr
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Lin 'r'egi ons of the nozzle plate adjacent the nozzles. 8. A lamnated ink
jet recording head according to claim1, wher ei n sal d actuator units
and the flow path unit are.nade frommateri al apredetermned

density and specific HERHIS ai d nygt ggp ed so
that a heat capacity df eac%ﬁﬁl g Q& uat or fu ”L?C%M%N? éﬁl«g han a

heatf” Tapacity of 't he Ttow'peat-hd A\ | am pa e%nk\) efof di ng
ey%orrpr se

head ' l.ghm 4, wherei n sai d group
oo YA Ca0-

8. (Twice Amended) A laminated ink jet recording head according to claim 1, wherein

{the] said actuator [unit] units and the flow path unit are made from materials having a
predetermined density and specific heat, and wherein said materials are selected so that a heat
capacity of [the] each of said actuator {unit] units is smaller than a heat capacity of the flow path

unit.

9. (Amended) A laminated ink jet recording head according to claim 4, wherein said

groups of nozzles comprise [there are] three groups of nozzles [comprising] including a first

group, a second group and a third gro&;;, wherein the nozzles in said first group are staggered
with respect to the nozzles in said second group, and wherein the nozzles in said second group are

staggered with respect to the nozzles in said third group.

10. (Amended) A laminated ink jet recording head according to claim 1, {comprising a]
wherein said plurality of groups of noﬁlm are provided for respectively [for] jetting a plurality of

different colors.

11. (Amended) A laminated ink jet recording head according to claim 4, wherein [there
are 2] said nozzles in said plurality of groups of nozzles[, and wherein the nozzles] are staggered

from group to group.

12. (Amended) A laminated ink jet recording head according to claim 1, wherein said

plurality of actuator units [have the same] s_hggmn_n_q_g conﬁguratlon

This Sheet Has Been RT

RN,




- -30- nozzles including a first group, a second group and a third

group, wherein the nozzles in said first group are staggered wth
respect to the nozzles in and wherein the nozzl es

i n sai-d—second—groupare s BY WAShBEEN | respect t§ 3 ai d
third gro . Iam nat eRERIMGED et refordi ng hea 4 E@TtSHEET m
1, ih mimlilﬂgmylgl ural Tty of groups or nozzles ar rovi de

resp »a plurality of different colors. 1.24 ~@W199‘7 ifnk
jet recording head according to claim3l - whereinjfsdid nozzles 1 nfsaid

plurality of groups of nozzles are staggered fromgro
13. (Amended) An ink jet recording head comprising:

an actuator unit including a plurality of ink chambers defined by side walls, a vibrating
plate defining one wall surface of said ink chambers, and pressure generating elements in positions

corresponding to said ink chambers; and

a flow path unit including a reservoir chamber, ink supplying passages opening to a
surface ot; said flow 'pa:h unit, said actuator unit being secured to said surface of said flow path
unit, said ink supplying passages communicating with said reservoir chamber with said plurality of
ink chambers, aﬁd nozzle communicating passages for communicating a plurality of nozzles with
said plurality of ink chambers,

wherein said ;'esewoir chamber has an elongated portion which extends outside an area
where said actuator unit and said flow path unit are secured to each other(, and wherein said ﬂo;w
path unit further’ comprises an elastic wall which is communicated with the elongated portion of

_said reservoir chamber for absorbing pressure in said reservoir chamber].

14. An ink jet .recording apparatus in which an ink jet héad
is moved relative to a recording medium to perform recording, said
ink jet head comprising:

an actuator unit includ;ng a plurality of ink chambers defined
51’ side walls, a vibrating plate defining one wé.ll surface of said
ink chambers, and pr_esst;re generating elements in positions
corresponding to said ink chambers; '

a flow path unit including a reservoir chamber, ink supplying
passaées opening to a surface of said flow path unit, said actuator
unit being secured to said surface of said flow path unit, said ink

sSupplying passages communicating said reservoir chamber with said

This Sheet Has Been R ﬂ
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" 12, A | ami nat ed i nk jet recording head according to cl ai
said plurality of actuator upets.share a conmnon

ink jet recording apparatus h&VSn$HEST HAK geefy Ihead whi c

rel atj g nedigmto recor di
corrpr”muﬂllﬁ"lﬂﬂﬂrﬂwt uat or -t HIEﬁEA(iEgnm aipluralit
pr oduct ngg chanber s

wal | surface of said pressure produ0|ng chanbers, ano 8
el ements in positions correspond|n91

a flow patdiuwrailitynef ufhRocRami®Ha v Ard F2FDer comfbnidatinyg Baspags

opening to

ined by side walls, a vibrating

said pressure producin

communicating a plurality of nozzles with said plurality of ink

chambers;

a head unit comprising said actuator unit and said flow path
unit; and

a fixing member for holdiﬁg said head unit,

wherein said ink jet recording apparatus comprises a plurality
of actuator units arranged in a main scanning direction on a single

flow path unit.

15. An ink jet recording-apparatus according to claim 14,

“wherein a plurality of reservoirs are provided for printing

different color inks, and each of said actuator units corresponds
to a different one of said reservoirs.
16. An ink jet head comprising:
an actuator unit including a plurality of ink chambers defined
by side walls, a vibrating plate-defining one wall surface of said
ink chambers, and pressure generating elements in ‘positicns
corresponding to said ink chambers; and
a flow path unit including a reservoir chamber, ink supplying
passages opening to a surface of said flow path unit, said actuator
unit ﬁeing secured to said surface of said flow path unit, said ink

supplying passages communicating sald reservoxr chamber with said

plurality of ink chambers, and nozzle communlcatlng passages for.

communicating a plurality of nozzles with said plurality. of ink

chambers, wherein
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'a surface of said flow path unit, said actuator unit being secured to said
surface of said flow pathaid....sai.d. ink supplying passages connunicating
sai d reservoir chanber wi t{HTHIS S@HEED| HASABEEN | of pr €S geH-e=-P-ethtc
chambers, and nozzle commini cat ppp agppssages for co nRE%IACEUEﬁ* gﬁ%ﬁ\l
of nozzles wth said plura-iy—et—pressee~l produci ng jchramoer s,
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head

pev)

a plurali'ty of actuator units are secured to a single flow
path unit, and said single flow path unit comprises a plurality of
reservoir chambers and corresponding ink supplying passages,
nozzles and nozzle communicating passages, each one of said
-reservoir chambers corresponding to a respective one of said

actuator units.

17. An ink jet head comp-rising:

an actuator unit ineluding a plurality of ink chambers and
pressure generating elements for generating a pressure change in
the ink chambers; and

a flow pa'th unit including a reservoir chamber for supplying
ink to said ink chambers, each one of said ink chambers being
commﬁnicatec.! with said reservoir chamber and with a nozzle for
jetting ink, wherein _

a plura.lit:\_'r of actuator units are secured to a single flow
path unit, said single flow path Itlmit having a plurality of
reservoir chambers, each one of said reservoir chambers
correspondlng to a respective one of said plurality of actuator

unlts.

18. (Amended) An ink jet head comprising :
an actuator unit including a plurality of ink chambers and,
pressure generat:.ng ‘elements for generating a pressure change in
the ink chambers,

a flow path unit including a reservoir chamber, ink
supplying passages opening to a surface of said flow path unit,
said actuator unit being secured to said surface of said flow
path.
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" a fixing menber for holding said head unit; wher gt o o o A=
‘recordi ng apparatus conprises a pI urallty of act uat or uhifEeL %EMEﬂTgSHEE‘m
mai n—seanntAg—di-recttom on a s it. T2 Amfnk
j et r accord %ﬂfmﬁ"ggﬁ& Wherein | 8 p2y by iggy ©
reser mg B'ﬂﬂ ! ed for r|n GAQﬁu‘feret col or} ijnka, and each,o1
sai d ' responds to a different one of sdi |
15. An ink jet head conprisi'ng: an actuator unit
including a plurali ty of pressure=-p8bcduci ng chanbers defi ned —by—stde
wal I's, a vibrat, te defining one wall ,surface of said pressure _,
oroduti ng %aﬂ%@?é&@ﬁ 6 PSS FUNBUTICHIAR P eSPEPE RRAmber witb T PUFLY of ink
correspondi g‘ to sg pressur e produci ng chanbers; and

chambers, and nozzle communicating passages for communicating a plurality of nozzles with said

plurality of ink chambers; and

a fixing member for holding a head unit comprising said actuator unit and said flow path

unit,

wherein said head unit is formed by providing said actuator unit on said flow path unit,
wherein said flow path unit [\a;hich]_'is larger in area than said actuator unit, and connecting said
ink supplying passages and said nc:'szle communicating passages to said ink chambers, and
wherein said flow l;ath unit is jointed to said fixing m ember to thereby fix said head unit to said
fixing member. '

19. A&n ink jet head according to claim 18, wherein said

-fixing' member has a space on a surface thereof jointed to said head
unit so as ;mt to contact with said actuator unit, and wherein a’
periphery of this space is jointed to the surface of said flow path
unit where said actuator unit is provided, to thereby fix said head
unit to said fixing member.

- 20. An ink jet head.according to claim 18, wherein a
p]_.urality of | sa_id actuator units are provided on one flo'w- path

unit.

(Amended) An ink jet head according to claim 20, wherein said flow path unit
comprises a plurality of said reservoirs which are provided [corresponding] to correspond to
different [ink] inks, and a plurality of said actuator units are provided, each corresponding to 3

different ink.

IIﬁiﬁliﬁIfeenlllﬁhwd




“a fltow path unit including a reservoir chanber, ink supplying passages
‘opening to a surface of said flow path unit, said actuator unit being
secured to said surface of said flow path unit, said ink supplying
passages conmuni cating said pegservoir _chanber with said plurality of

preseurer—me:i—Cﬁig chanber s, | 7t SK9gl ﬁé\g @rEpNri cati ages for

commui |ty of§ nozzl .
produgml ﬂg erein FfE?LXQ‘ ;
secur smng e tlow path unit, and sai d si ngl e

conprises a plurality of reservoir chanfers and cor
suppl yi ng passages, nozzles and nozzl e ‘Comuni cat i
sai d reservoir chanbers corresponding to a respectlve one o

act uat or

salrd plur

uraJlfy of

ne of

units. 16. An ink jet heao
22. (Amended) An ink jet [recording] head according to claim 20, wherein sazd p!urahty

of actuator units [have the same] share a common configuration.

23. (Amended) [A] An ink jet recording head comprising:

an actuator unit including a plurality of ink chambers and pressure generating elements for
generating a pressure change in the ink chambers; and

a flow path unit secured to, and in fluid communication with, said actuator unit, wherein

said ﬁow path unit comprises a pressure absorbing mereber for absorbing instantaneous

pressure in said flow path unit.
24. An ink jet head comprising:
a flow’ path unit comprising: a nozzle plate, a reservoir

chamber forming board and an ink supply inlet forming board; and

an actuator unit comprising ink chambers and pressurel
generating elements for generatlng a pressure change in the ink
chambers, said actuator unit further comprising reservoir inlets
connected to an ink supply tube for introducing ink into the ink -
chambers, wherein

said ink supply inlet forming board of said flow path unit is
directly contacted with said ectuator unit without interposing =z
seal board therebetween, so that*tﬁe ink chambers open directly to

said ink supply inlet forming board<
25. (Amended) A [laminated] ink jet recording [head) apparatus according to claim 14,
wherein said flow path unit has a reservoir inlet through which ink is supplied to said reservoir,

chamber, R
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‘oan‘actuator unit including a plurality of pressure producing chanbers and
pressure generating elenments for generating a pressure change in the
pressure produci ng chanbers; and

- 32 - unit including a teservoir chanber for supplying
ink to salmllmﬂﬂ&mn\mﬂﬂuci ng chanbers, gatHIS GHEEPTHARBEEy ] Pressure
produci ng ¢harbeks ® s REPLACED

- 36 -
26. (Amendéd) A [laminated] ink jet recording (head] apparatus according to claim 14,

further comprising a2 common flexible cable connecting said plurality of actuator units,

27. (Amended) A [laminated] ink jet recording [head] apparatus according to claim 14,

wherein said plurality of actuator units [have the same] share a common configuration.

28. (Amended) A [laminated] ink jet [recording] head according to claim 17, wherein
said flow path unit has a plurality of reservoir inlets through which ink is supplied to said reservoir

chambers,

29. (Amended) A [laminated] in jet [recording] head according to claim 17, further

comprising a common flexible cable connecting said plurality of actuator units,

30. (Amended) A [[a.mina;tled] ink jet [record'ing] head according to claim 17, wherein

said plurality of actuator units [have the same] share a common configuration,

31. (Amended) A [laminated] ink jet [recording] head according to claim 18, wherein the
actuator unit and the flow path unit are made from materials having a predetermined density and
specific heat, and wherein said materials are selected so that a heat capacity of the actuator unit is

smaller than a heat cépacity of the flow path unit.

REPLACEMENT SHegT
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LS

bei’ ng comuni cated wth said reservoir chanber and with a nozzle for
jetting ink, W“’_"_& plurality of actuator units are secured to

asmgleflo at |ngleflow path unit having a plurality of
reservoir cha ‘l m ‘ sai d reservoir chanbers correspondi ng to a
respective one |* y of actuat@g units.

An ink jet head conpri si ng: : an actuator unit urality
of spressure produci ng chanbers and pressure gener Fﬂébgﬂgﬂe P*
generating a pressure change in the pressure pr odum ng chanbers

a flow path unitt including a reservéi !annhaheb!enkjetrfhcew head cpawslag@s
opening to a single flow path unit (60) including:

a nozzle platé (61) having nozzles (32, 3b, 3c) divided in to a plurality of
groups;

a reservoir chamber forming board (62) having a plurality of reservoir
chambers (6a, 6b, 6¢) corresponding to respective ones of the plurality of groups of
nozzles, and first communicating holes (652, 65b, 65¢) respectively communicating
with the nozzles; and |

an ink supply intet forming board (63) fixed to a surface of the reservoir
chamber forming board and having secbnd communicating holes (84a, 64b. 84c)
respectively communicating with the first communicating holes, and ink supply inlets
(4a, 4b, 4c) respectively communicating with the reservoir chambers; and

a plurality of actuator units (30a, 30b, 30c) each including pressure
producing chambers and pressure generating elements for generating a pressure
change’in the pressure producing chambers,

wherein the flow path unit is formed by laminating the nozile plate, the reservoir
chamber forming board and the ink supply inlet forming board, and the actuator.units
are fixed on respective portions of the flow path unit so that the second communicating
holes and the ink supply inlets for each group of nozzles communicate with the |

pressure producing chambers of respective ones of the plurality of actuator units.
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a'surface of said flloREBLAGEMEMT: SHEETi d act uator uni t t mm sai d
surface of said flow gath unit, sarq ifnk supplying pa ﬂummll ﬂ:mll ng
sai d reservoir chanljer;, v@bluunqggb pliugal ity of pressur& produci®ng*

chanbers, and nozzl g dom‘rum cating pas$sages for comunicating a_ pl Lt Y
of*nozzl es with said ressuy e produm ngFﬁﬁbﬁ?@ﬁﬂéﬂuéﬁ#f

8
a fixing member for {holding a head unft conprisi sai d agtuator I and
said flodk-pat B s rdingad taF§°F8|1H€db8y C;L;]p PR ditng

Isal d actuator whieredn tglaled ﬁdmaoaéiht@nlfﬁséheberncmmbe‘ﬂ mmft:tg umards
arger in area_t sai d .act uat connec sai ¢.i.n pLY
passages and Sglng 3"51le](-§“% f at h@tpi‘:’ '?% 5‘?d rsrg resésér)o UCI ng
chanbers, and witheei withi dnf hdivegdise amid elas:h iis reumpoised dof metal.

3. A laminated ink jet recording head according to claim 1,
wherein the ink supply inlet forming board has third
communicating holes (8a, 8b, 8c) through which ink is
supplied to respective ones of the plurality of reservoir
chambers.

4. A laminated ink jet recording head according to claim 1,
wherein the nozzles in each of said groups are aligned in
two rows, and the nozzles in one of said rows are staggered
by a predetermined amount with respect to the nozzles in
another one of said rows.

5. A laminated ink jet recording head according to claim 1,
comprising three groups of nozzles for Jjetting three
different color inks, respectively.

6. A laminated ink jet recording head according to claim 1,
further comprising a common flexible cable connecting the
actuator units.

7. A laminated ink jet recérding head according to claim 1,
wherein the nozzle plate compri'ses a thin wall portion (41a)
in regions of the nozzle plate adjacent the nozzles.

8. A laminated ink jet recording head according to claim 1,
wherein said actuator units and the flow path unit are made
from materials having a predetermined density and specific
heat, and wherein said materials are selected so that a heat
capacity of each of said actuator units is smaller than a
heat capacity of the flow path unit.

9. A laminated ink jet recording head according to claim 4,
wherein said groups of nozzles comprise three groups of

—



fi y fix said head unit to said fixing nmenber.
18 - An in “lmmn ing to claim17, wherein said fixing nember
has a space eof jointed to said head unit so as not to
contact with said act uator unit, and whergin a REPLACEMENTSHEET
-33 - periph %g 4 thjs ce is jointe 0 the surface of sai gwlga
unit where sai 02#IeRHCHIRING & FIFAUSEEOURy hESSRRE GFORR @ egd
to.said fixi nggre@pewherein the nozzles in said first group are staggered
with respect to the nozzles in said second group, and
wherein the nozzles in said second group are staggered with
respect to the nozzles in said third group.

10. A laminated ink jet recording head according to claim 1,
wherein said plurality of groups of nozzles are provided for
respectively jetting a plurality of different colors.

11. A laminated ink jet recording head according to claim 4,
wherein said nozzles in said plurality of groups of nozzles
are staggered from group to group.

12. A laminated ink jet recording head according to claim 1,
wherein said plurality of actuator units share a common
configuration.

13. An ink jet recording apparatus having an ink jet head which
is moved relative to a recording medium to perform
recording, said ink jet head comprising:

an actuator unit including a plurality of - oressure producing chambers defined

by side walls, a vibrating plate defining one wall surface of said . pressure producing
chambers, and pressure generating elements in positions corresponding to said
oressure producing chambers;

a flow path unit including a reservoir chamber, ink supplying passages opening to
a surface of said flow path unit, said actuator unit being secured to said surface of said
flow path unit, said ink supplying passages communicating said re-servoir chamber with
said plurality of = pressure producing chambers, and nozzle communicating

passages for communicating a plurality of nozzles with said plurality of pressure

producing ;:hambers; REPLACEMENT .SHEET
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19. " An ink Jﬂef—head—aceordl ng to claim117, wherein a plurality of said
actuator units on one flow path wunit. 20. An ink jet head
according to cl ill E i" twsal d flow path unit conprises a

plurality if s ich are provi ded to m
di fferent inks, andaplurallty | f gqi d actuator ﬁ?é{- %cFTd
each correspon ] d accordlng
to.claim19, w%et{ég u?xgaﬁo&'lpnsxr% fﬂ'ﬁrag{ﬂattwlt ar&f}an )?‘QM}U%<t s"ﬁ.}ghgﬁi a common
confi gur ati on. a fixig. medhber for holtding saidieiadquritppar at us according to claim 13,
wherein said flow path unit has a reservoir inlet through which ink is
suppl i ed to sawherdis saiddnk jet headvding apparatus comprises a plurality of actuator units
arranged in a main scanning direction on a single flow path unit.
14. An ink jet recording apparatus according to claim 13,
wherein a plurality of reservoirs are provided for printing

different color inks, and each of said actuator units corresponds

to a different one of said reservoirs.

15. An ink jet head comprising:
an actuator unit including a plurality of = pressure oroducing chambers defined
by side walls, a vibrating plate defining one wall surface of said ’ pressure'nroducinq
chambers, and pressure generating elements in positions corresponding to said
oressure producing chambers; and
a flow path unit including a reservoir chamber, ink supplying passages opening to
a surface of said flow path unit, said actuator unit being secured to said sgrface of said

flow path unit, said ink supplying passages communicating said reservoir chamber with
said plurality of ‘pressure oroducing chambers, and nozzle communicating

passages for communicating a plurality of nozzles with said plurality of pressure
producing chambers, wherein

a plurality of actuator units are secured to a single flow paﬂ;x unit, and said single
flow path unit comprises a plurality of reservoir chambers and carresponding ink
supplying passages, nozzles and nozzle communicating passages, each one of said

reservair chambers corresponding to a respective one of said actuator units.
16. Anink jet head comprising:

an actuator unit including a plurality of . - pressdre producing chambers and
pressure generating elements for generating a pressure changeinthe ~  oressure

producing chambers; and
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24, An ink j et recordi atus--gccprding to cl il further
conpri sing a common f exi connecting said a]m‘ ﬂ i’L
actuator units. 25. AE %W@co di ng appar at us |rl ’ " *' im 13,

wherein said plurality &f.actuator upitis share a comon configuration.
26: An ink jet head afcording to claimfi6- 3therein %LAQEMEMSHEHpat h unit
has a plurality of gbf it a Mpcﬂg?hﬁé}forsueflﬁhg'irﬂ(wl ed to
sakd reservoir chanbers. I Nk j et head accordihg to claim 16,

further co npér:?%'ﬁt?% p%ducin& gﬂgr?lﬂ.elfsl, %él:lj? Laﬁe %?Qéi@ co nﬁ\%ﬁ%&r‘é‘-’prééﬁéin@ kHambkésy Of

act uat or _
being communicated with said reservair chamber and with a nozzle for jetting ink,

wherein

a plurality of actuator units are secured to a single flow path unit, said single flow
path unit having a plurality of reservoir chambers, each one of said reservoir chambers
corresponding to a respective one of said plurality of actuator units.

17. An ink jet head comprising:

an actuator unit including a plurality of  -pressure producing chambers and
pressure generating elements for generating a pressure change ir-: the pressure
producing chambers;

a flow bath unit including a reservoir chamber, ink supplying passages opening to

a surface of said flow path unit, said actuator unit being secured to said surface of said
flow path unit, said ink supplying passages communicating said reservoir chamber with

said plurality of pressure oroducing chambers, and nozzle communicating
passages for communicating a plurality of nozzles witb said plurality of pressure

producing chambers; and

a fixing member for holding a head unit comprising said actuator unit and said

flow path unit,
wherein said head unit is formed by providing said actuator unit on said flow path
unit, wherein said flow path unit is larger in area than said actuator unit, and connecting

said ink supplying passages and said nozzle communicating passages to said

pressure producing chambers, and wherein said flow path unitis joined to said

fixing member to thereby fix said head unit to said fixing member,
18. An ink jet head according to claim 17, wherein said

fixing member has a space on a surface thereof jointed to said head

unit so as not to contact with said actuator unit, and wherein a

— -



-"34 - An ink j et head according to claim16, wherein said
Plurality of act iﬂluw“ml“ “w&uﬂ a common configuration. 29. An ink jet
head according t in the actuator unit and the flow path
unit are nmade fron1nater|aTs havi ng a predet ermi ned REMACEMERTSHEET

specific heat, and wherein said mat eri als33re selected so that a heat
capacity ofpgngphery of this space is jointed to the surface of said flow path

unit where said actuator unit is provided, to thereby fix said head

unit to said fixing member.

19. An ink jet head according to claim 17, wherein a
plurality of said actuator units are provided on one flow path

unit.

20. An ink jet head accordlng to claim 19, wherein said flow
path unit comprises a plurality if said reservoirs which are
provided to correspond to different inks, and a plurality if
said actuator units are provided, each corresponding to a
different ink.

21. An ink jet head according to claim 19, wherein said
plurality of actuator units share a common configuration.

23. An ink jet recording apparatus according to claim 13,
wherein said flow path unit has a reservoir inlet through
which ink is supplied to said reservoir chamber.

24. An ink jet recording apparatus according to claim 13,
further comprising a common flexible cable connecting said
plurality of actuator units.

25. An ink jet recording apparatus according to claim 13,
wherein said plurality of actuator units share a common
configuration.

26. An ink jet head according to claim 16, wherein said flow
path unit has a plurality of reservoir inlets through which
ink is supplied to said reservoir chambers.

27. An ink jet head according to claim 16, further comprising a
common flexible cable connecting said plurality of actuator
units.
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gbtuator unit is smaller than a heat capacity of the flow path unit.

[

- 34 -.
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28. An ink jet head according to claim 16, wherein said
plurality of actuator units share a common configuration.

+29. An ink Jet head according to claim 17, wherein the actuator
. unit and the flow path unit are made from materials having
a predetermined density and specific heat, and wherein said
materials are selected so that a heat capacity of the
actuator unit is smaller than a heat capacity of the flow

path unit.
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LAMINATED INK JET RECORDING HEAD

Actuator units (30) independently dedicated to nozzles (3)
divided into a plurality of groups are fixed to a common flow
path unit (40) having the nozzles formed therein with through
holes aligned with one another. Heads of wvarious types can be
formed by using the actuator units (30} of the same design
only by changing the mode of arrangement of the nozzlas (3)
in accordance with the purpose.

Figure 9
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