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The invention relates to a laminated ink jet recording 

head. 

On-demand ink jet recording heads that are designed to 

10 output characters and graphics by jetting ink droplets from a 

plurality of nozzles in ~ccordance with input information are 

rapidly gaining in popularity because of their. high print 

quality and low noise compared with wire-dot type recording 

heads and because of their low running coat compared with page 

l.5 printers. 

Among theae ink jet recording heads, a so-called £ace­

ejected ink jet head, which is designed to jet ink droplets in 

a dir~ction perpendicular ~to the surface of a plate by 

arranging a plurality of no2zles on the plate, has features 

20 that a high degree of freedom is given to nozzle arrangement 

and that the head can be manufactured relatively simply because 

of a laminated et:ructure. 

Fig. 13 shows an exemplary ink jet recording head 

having the aforementioned laminated structure. A channel plate 

25 94 defining slender pressure producing chambers 96 on a flat 
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surface hae 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 

5 regulating orifices 98. 

A manifold plate 92 laminated on the surface of the 

regul~ting plate 93 has through holes that define reservoir 

chambers 99 for supplying ink to the respective pressure 

producing chamber• 96 via the regulatinq orifices 98. Flow 

10 paths 100, 101, 102 which supply the ink from an ink tank and 

which runs through the vibration plate 95, the channel plate 

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

chambers 99. 

Further, , nozzles S}O are formed in a noz2le plate 

15 103 that is fixed to a side opposite to the vibration plate 95. 

20 

25 

Communicating holes 104, 105, 106 for connecting the no2zles 90 

... to the :respective pressure prodiJcing chambers are formed so 

as to extend through the regulating plate 93 and the manifold 

plate 92. 

This laminated ink jet recording head is characterized 

in that the :respective pressure producing chambers are 

typically arranged in two arrays eo as to confront each other 

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 

inche·s): _within the single array. 
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By the way, to improve the recording quality of such 

ink jet recording head, it is necessary 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 

3 pixel density eatisfied, it ie necessary to increase the number 

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 nozzlee as well as a 

complicated flow path structure that can introduce the ink to 

10 such a qreat number of nozzles. 

Particularly, to improve recording quality by 

increasing the density of pixels to be recorded, it is 

necessary to increase the nozzle arrangement density, which 

complicatee the flow path structure between an ink containing 

15 section and the individual nozzles. Thie holds true not only 

for the plane dimensions and arrangement but for the thickness 

as well. 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 hole. 

20 To overcome these ·problems, a method of mounting a. 

plurality of recording heads by staggering the nozzles is 

available. However, this method calla for an extremely high 

assembling accuracy in order to maintain the relative 

positioning accuracy among the respective recording heads. 
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The invention has been made in consideration of the 

aforementioned problems. Accordingly, an object cf the 

invention ~s to provide a novel laminated ink jet recording 

s head that can form nozzles at hiqh accuracy by comparatively 

easy positioning operation. 

This object is solved by the laminated ink jet recording head of 

independent claim l. 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 utilizinq the properties cf two units, one 

10 being made of a metal material and the other being made of a 

ceramic material. 

'lb 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 for.med by laminating a nozzle plate, a reservoir chamber 

15 forming board, and an ink supply inlet forming board, the 

nozzle plate having noz2lee divided into a plurality of groups, 

the reservoir chamber forming board having a plurality of 

reeervoir chambers belong~?9 to the respective groups of 

nozzles and having communicating holes respectively 

20 communicating with the nozzles, and the ink supply inlet 

f o:cming board being fixed to a surface of the reservoir chamber 

forming board and having communicating holes for communicating 

with preeeure producing chambers and nozzles. In such 

laminated ink jet recording head~ preferably a plurality of actuator units 

25 are fixed to the flow path unit so as to correspond to the 

groups of nozzles, each actuator unit advantageously including a pressure 
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producing chamber forming board, a vibration plate, and 

piezoelectric vibration elements. ~he pressure producing 

chamber fc.Dning board preferably has a plurality of pressure producing 

chambers defined by side walls, the vibration plate being fixed 

s advantageously to a surface of the pressure producing chamber fanning board, 

and/or the piezoelectric vibration elements being formed on a 

surface of the vibration plate so ae to correspond to the 

pressure producing chambers. 

Tha flow path unit serving al8o 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 

15 

20 

advantageously made of ceramic that can be secured by sintering, so that 

accuracy in forming the nozzles of the flow path unit can be 

fully utilized. 

Fig. 1 is an exemplary recor~ing apparatus to which an 

ink jet recording head of the invention is applied; 

Fig. 2 is an exemplary ink jet :recording head of the 

invention; 

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

formed by fixing a single actuator unit to a flow path unit; 

Fig. 4 is a diagram showing a etructure of the 

recording head of Fig. 3 on the actuator unit side; 

Fig. 5 is an exploded perspective view showing an 

2~ internal structure of the recording head of Fig. 3i 

- 5 -



Fig. 6 is a diagram showing a structure in section of 

the recording head of Fig. 31 

Fiqs. 7 (A) to (C) are diagrams showing a method of 

preparing an actuator unit used in the recording head of the 

s invention1 

10 

Fig. 8 is a diagra~ showing another embodiment of the 

recording head of Fig. 3; 

Fig. 9 is an exploded perspective view showing an ink 

jet recordinq head, which ia an embodiment of the invention; 

Fig. 10 is a diagram showing the ink jet recording head 

of the invention in the f orin of a structure of a side on which 

actuator units are mounted; 

Fig. ll is a diaqram showing an ink jet recording head, 

which is another embodiment of the invention, in the form of an 

is arrangement of pressure producing chambers and nozzles; 

Fig. 12 ie a diagram showing an ink jet recording head, 

which is another embodiment of the invention, in the form of an 

arrangement of pressure producing chambers and nozzles; 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 is an exemplary recording apparatus to which a 

25 laminated ink jet recording head 0£ the invention is applied. 
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In Fig. 1, reference numeral 2 denotes a print 

mechanism section. A carriage 80 is' moved in main scanning 

directions (in the directions indicated by arrows A in Fig. l) 

by a carriage' motor 81. A recording medium 82 is moved in 

s auxiliary scanning directions (in the dirsctions indicated by 

arrows B in Fig. 1) by a eheet forward motor 84 while 

positioned by a platen 83. 

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

consists of an ink jet recording head 10 describQd 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 

13 77 having an atmosphere communicating hole 76. Moreover, a 

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

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

head 7 0 and the other end thereof extende to the ink containing 

eection 70 so as to eupply the ink to the ink recording head 

zo 10. A reference numeral 71: denotee an o-ring for eeal·ing, and 

a reference numeral 75 denotee filter provided with the ink 

supply tube 72. 

A5 a result of this construction, the recording head 10 

forms an image on a two-dimensional plane by jetting an ink 

25 droplets while moving in the main scanning directions in 

accorde.nce with a print e'ignal and having a recording medium 
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moved in the auxiliary scanninq direction every time a single 

line 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 

s 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 87 and a not shown cap 

moving mechanism, and waits in a stand-by position with the cap 

97 abuttod against the no22le surfacg of the recording haad 10. 

lO 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 pa.th unit 40 whose area itS large enough to 

mount the actuator unit 30 thereon. An end of a flexible cable 

26 is connected to one surface of the actuator unit 30, the 
. 

20 flexible cable serving ~o apply a drive signal to a 

25 

piezoelectric 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 
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correspond to respective pressure producing chambers .5. 

Piezoelectric vibration elements 34, each beinc;r made of an 

electrostrictive material, are formed so as to correspond to 

the surfaces of the lower electrodes 35 in the form of a layer • 

.s An upper electrode 3 6 is formed on the surf aces of the 

piezoelectric vibration elements 34 so that tha piezoelectric. 

vibration elements 34 are interposed between the lower 

electrodes 35 and the upper electrode 36 with the upper 

electrode 36 stretching over a plurality of piazoelectric 

10 vibration elements 34. 

That is, a drive signal is applied individually to a 

lower electrode 35 so that a piezoelectric vibration element 34 

is selectively driven. The upper electrode 36 serving as a 

conunon electrode and the lower electrodes 35 eerving ae 

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 pressure producing chambere 5 for producing pressure 

necessary for jetting ink droplets have arrangement thereof on 

20 c plcne requlated by slender through holes f onned 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, 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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pressure producing chamber S, but also has first communicating 

holes 38 and second conununicatinq holes 39 formed so that both 

holes 38, 39 are connecteq to each pressure producing chamber 

S in the vicinity of both ends of the pressure producing 

5 chamber 5. Each first communicating hole 38 serves to supply 

the ink with the corresponding pressure producing chamber from 

outside the actuator unit, and each second communicating hole 

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

ink droplet. 

10 The flow path unit 40 is formed by sequentially 

laminating a nozzle plate 41, a reservoir chamber forming board 

42, end an ink supply inlet forming board 43. The reservoir 

chamber forming board 42 has a through hole for defining a 

reservoir chamber 6 formed. The reservoir camber 6 is formed 

is by having one end of the surf ace thereof sealed by the nozzle 

plate 41 and the other end of the eur£ace thereof sealed by the 

ink supply inlet forming board 43. The reservoir chamber 6 

£unctions as a manifold for branching the ink from the ink 

containing section 74 into the respective pressure producing 

20 chambers 5, and extende from a 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 eurface. 

In the reservoir chamber 6, ink supply inlets 4 for 

25 supplying the ink to the individual pressure producing chambers 

5 from the reaervoir chamber 6 are formed in a portion of the 
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rese:rvoir chamber fo.rminq board 42 overlapping the respective 

preeaure producing chambers 5 in terms of a plane, whereas a 

reservoir inlet e for introducing the ink from the ink 

containinq section 74 to the reservoir chamber 6 is formed in 

s a region not overlapping the actuator unit 30 in terms of a 

plane. In addition, the nozzle·plate 41 h~s nozzles 3 for 

jetting ink droplets formed 80 ae to correspond to the pressure 

producing chambers 5 • To connect the nozzles 3 to the 

corresponding p:reeeure producing chambers 5, nozzle 

10 communication holes 44, 45 are arranged in the ink supply inlet 

forming board 43 and the reeervoir 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 

15 path unit 40 are formed at positions overlapping the first 

communicating holee 38 and the second communicating holes 39 of 

the actuator unit 30 to which the ink supply inlete 4 and the 

nozzle communication holes 44 correspond on a one-by-one basis. 

20 

The flow paths between the respective units are connected to 
. 

one another by bonding the:actuator unit 30 to the flow path 

unit 40 with the 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 

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

taken along a slender pressure producing chamber. 
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Fig. 6 shows the reservoir inlet B arranged in the same 

section as the pressure producing chamber 5 for simplification 

of the description. The ink introduced from th~ ink containing 

section is supplied to the pressure producing chamber 5 via the 

s reservoir inlet 8, the reservoir chamber 6, the ink supply 

inlet 4, and the conununicating 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 

10 bubbles are forcibly sucked from the nozzle 3 and discharged 

using the ink sucking means as. 
Further, at the time of printing, a capillary force 

derived from a meniscus formed in the nozzle 3 causes the ink 

to flow into the pressure producing chamber 5 from the ink 

lS containing section. The piezoelectric vibration element 34 

constitutes an unimorph vibration element together with the 

vibration plate 33. The piezoelectric vibration element ~4 is 

contracted toward the surface by the application of a voltage 

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

20 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 communication 

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

in the form of an ink droplet. 
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By the wa.y, the nozzle plate 41 has a two-layered 

structure with a thin wall portion 4la and a thick wall p~rtion 

4lb. The thin wall portion 41a 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 

no2zls 3 by chromium or the like to suoh a thickness as to 

io ensure proper strength to thereby form the 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 4lb in the other region, the thin wall portion 4la in 

13 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 ensures compliance 

necessary for jetting an ink droplet, but also contributes to 

increasing rigidity of a recording head to thereby minimize 

20 flexion thereof in the case where the recording head has a 

plurality of actuator uni ts fixed thereto, which recording head 

will be described later. Since the nozzle 3 is positioned one 

stage below / contact of the thin wall portion 4 la with a 

recording sheet or the like can alao be prevented. 

25 This embodiment is characteriged as having two arrays 

of pressure producing·chambers 5 formed eo as to confront a 
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single actuator unit 30. The pressure producing chamber8 5 in 

one array ~re staggered 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 chambers 5 in 

s a single array. Further, the corresponding nozzles 3 are 

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

array 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. Therefore, thQ distance between the adjacent 

10 nozzles 3 as viewed in the main scanning directions A is equal 

to a distance half the distance between the adjacent pressure 

producinq chambers, thereby making the nozzle 3 arrangement 

density substantially twice. 

Although only one or three or more arrays of pressure 

lS 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 

20 pressure producing chambers· through the V-shapad or U-shapad 

collUUon reservoir chamber 6 in the aforementioned embodiment, 

reservoir chambers dedicated to the respective array3 of 

pressure producing chambers may be arranged to allow ink 

droplets of different colors to be jetted from the respective 

25 nozzle arrays. 
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Specific embodiments of the aforementioned flow path 

unit 40 will be described next. 

Nozzles 3, each being a tapered hole whose opening 

diameter ranqes from 30 to 50 µm, are arranged in two arrays at 

s an inter-array interval of 564 µm on the nozzle plate 41 made 

of a stainless steel plate whose thickness ranges from 50 to 

150 µm. The reservoir chamber forming board 42 has a through 

hole for defining the reservoir cha.mber 6 and the nozzle 

communication holes 45 formed by press working a 150 µm-thick 

10 ~tainlesa steel plate. 

The diameter of the nozzle communication hole 45 is 

preferably set to 150 µm 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 hales 44 :formed by 

15 press working a stainleee steel plate whose thickness ranges 

from 50 to 150 µm. 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 preaeure of the pressure producing chamber 5 ie directed 

20 toward the nozzle 3 by c~ecking the ink stream from going 

toward the reservoir chamber 6. 

In this embodiment, the ink supply inlet 4 is set to 

the same dimensions as the nozzle 3, and the section thereof is 

tapered toward the first communicating hole 38. Because of the 

2s taper, the diameter of the narrowest portion of the ink supply 

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

iii~ior 
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and in addition the ink supply inlet 4 can be formed 

accurately. The diameter of the nozzle communication hole 44 

ia larqer than that of the nozzle communication hole 45 of the 

reservoir chamber fonning board 43 and smaller than the width 

s of the pressure producing chamber 5, ranging from 200 to 300 

µm. As a result of this design, the flow path from the 

pressure producing chamber 5 to the nozzle 3 can be gradually 

narrowed, thereby preventing bubbles from etaqnating along the 

flow pa.th. 

10 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 ba brazed, 

subjected to diffused junction, or bonded with an adhesive or 

a blanked adhesive sheet, or the like. In this embodiment, 

15 these plates are bonded with an adhesive made from an epoxy 

.resin that ie n~t corroded by ink. 

While each plate ie made of a stainless steel plate in 

this embodiment, a material of which each plate is made rnay be 

appropriately selected and combined in accordance with the 

20 function of the plate from inorganic materials such as ceramic, 

silicon and glass, metals such as nickel, or plastic materials 

euch as polyimide, polycarbonate, and polyeulfone as long as 

such materials are not corroded by ink. 

The plastic plates may ba subjected to excimer laser 

25 machining, or electroplating using nickel because the nozzle 

plate 41 a.nd the ink supply inlet forming board 43 are 

- 16 -
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comparatively thin, have holes whose diameters are small, and 

require hiqh accuracy. 

In this invention, the flow path unit 40, serving also 

as the actuator unit 30 fixinq board, requires high rigidity. 

s 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 throuqh 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 is a 150 µm-thick sintered body of 2irconia, and has a 

plurality of pressure producing chambers 5 arranged in two 

15 arrays at an inter-array interval of 564 µrn similarly to the 

noi:zles 3. The width of each pressure producing chamber 5 

ranges from 350 to 450 µ.m, and the length thereof ranges from 

l to 3 nun. These dimensions are eet to optimal values in 

function of the magnitude of an ink droplet required for 

20 for.ming a dot, the nozzle a~rangement density, and the like. 

The seal board 31 is a 150 µm-thick sintered body of 

~irconia, and is bonded to one surface of the pressure 

producing chamber forming board 32 so as to seal one surface of 

each pressure producing chamber 5. The diameter of each of a 

2.5 pair of conununicating holee 38, 39 is aet to 300 µm. The 

vibration plate 33 is a sintered body of zirconia whose 

iiiiUf 
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thicknes~ ranges from 10 to 20 µm, and is bonded so as to seal 

the other surface of each pressure producing chamber S. The 

lower electrodes 35 are formed on the vibration plate 33 so as 

to correspond to the pressure producing chambers 5, and on the 

s surfaces of the lower electrodes 35 are the piezoelectric 

vibration elements 34. Each piezoelectric vibration element 34 

is fonned by laminating a piezoelectric ceramic material such 

as lead titanate zirconate on the correspondinq lower electrode 

35. The width of tha piezoelactric vibration element 34 is set 

- 10 to values ranging from 80 to 90% of the width of the pressure 

producing chamber 5, and the thickness thereof ranges from 20 

to 40 IJ.lll· It should be noted that other ceramic materials such 

as alumina, aluminum nitride, lead titanate zirconate may 

replace zirconia. 

15 A method of preparing the aforementioned actuator unit 

will be described next. 

As ehown 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 

20 punched out, and the eaal poard 31 having the communicating 

holes already punched out are bonded to one another by pressure 

in the form of a green sheet, i.e., in clay-like form, and the 

thus bonded boards are thereafter integrally sin~ered at 

temperatures ranging from 800 to 1000°C. As a result of this 

Z3 method, the respective boards are bonded together without an 

adhesive. 
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Then, as shown in Fiq. 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 

electrodes 35 1 the material having as a main component thereof 

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

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

Thereafter, as shown in Fi9. 7 (C), the piezoelectric 

members 34 are laminated on the lower electrodes similarly by 

printinq and sintered to complete the actuator unit. Finally, 

io 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 

15 forming board 32 and the thin vibration plate 33 bonded 

together rigidly thereto. ThQrefore, excellent airtightness 

and corrosion resistance against ink are exhibited. In 

addition, the method of preparing the actuator unit 30, 

involving euch simple steps of laminating the clay boards, 

20 applying the paste-like el~ctrode and piezoelectric vibration 

element materials by printing, and sintering all these members, 

allows the actuator unit 30 to be manufactured extremely easily 

as well ae accurately. 

Al though thG aforementioned method of forming the 

2.5 actuator unit 30 characterized as integrally sintering the 

materials is quite excellent, the actuator unit may be formed 
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by combining such conventional methods as a method of bonding 

boards made of metal or resin by adhesion, deposition, or 

fusion, a method of etching glass or silicon boards, a plastic 

moldinq method, and a method of mounting piezoelectric 

s vibration element chips on the vibration plate. 

While the ink stream from the pressure producing 

chamber S to the reservoir 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 

10 foJ:med in the actuator unit 3 O may be conetricted to such a 

size 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 

15 density, the epeci£ic 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 conununicate with the 

atmosphere. 

20 As a result of thi:-e 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 caueed when the recording head is placed in a low 

temperature environment, and breakage of the vibration plate 33 

23 due to such freezing can be overcome, which allows the ink to 

start freezing on the actuator unit aide, and hence allows 
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pressure produ~ed within the flow path due to freezing to be 

released to the flow path unit side {to the atmosphere through 

the nozzles) • 

Fig. 8 ehow8 another embodiment of the actuator unit 

s 30, which is characterized as having the openings of the 

pressure producing chambers 5 onto one surf ace 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 is 

10 advantageous in curtailing the number of parts involved, which 

15 

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 Figs. 9, 10, reference numeral 60 denotes a flow 
.. 

path unit, which is formed by laminating a nozzle plate 61, a 

reeervoir chamber forming board 62, and an ink supply inlet 

forming board 63. These plate and boards 61, 62, 63 are made 

of metal plates, each having such a size as to allow nozzle 

20 groups 3a 1 3b, 3c to be :arranged so that at least three 

actuator unite 30a, 30b, 30c do not overlap one another, each 

nozzle group having two arraye of nozzles. 

The nozzle plate 61 has not only the no~zle groups 3a, 

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 nozzle 3 as shown in Fig. 6 in order to ensure compliance. 
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The reservoir chamber forming .board 62 has throug.h 

holes defining reservoir chambers 6a, 6b, 6c. 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 

s thereof by the ink supply inlet f orm1ng board 6 3 • The 

reservoir chamber forming board 62 functions as a manifold for 

branching ink from the ink containing section 74 to respective 

pressure producing chambers Sa, Sb~ Sc. 

Ink supply inlets 4a, 4b, 4c for supplying the ink to 

10 the pressure producing chambers 5a, Sb, Sc of the respective 

actuator units 30a, 30b, 30c from the reservoir chambers 6a, 

6b, 6c are for.med in regions of the ink flow path forming board 

63 overlapping the pressure producing chambers Sa, Sb, Sc in 

terms of a plane, respectively. Reservoir inlets Ba, Bb, Sc 

15 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 64a, 64b, 64c opening onto one surface of the flow path 

20 unit 60 are fonned at positions 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 basie. By bonding the actuator uni ts 

30a, 30b, 30c to the flow path unit 60 so that the 

25 corresponding openings can be aligned with one another / the 
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f1ow patha 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 6a, 6b, 6c independently dedicated to the 

s respective actuator units and the reservoir inlets Sa, Sb, Sc 

independently corresponding to the respective reservoir 

chambers 6a, 6b, 6c. Therefore, inks of different colors, 

e.g., cyan, maqenta, yellow, in the respective nozzle groups 

3a, 3b, 3c can be supplied to a single head in order to jet ink 

10 droplets of different colors from the single flow path unit. 

Further, the flow path unit 60 is advantageous in that 

the flow path unit 60 can not only form noz.zle openings at high 

accuracy by press working, which is a simple working method, 

but also use metal whose rigidity is comparatively high as a 

15 main material. On the other hand, the actuator units 30a, 30b, 

30c can be fixed by sintering, and in addition are made of 

ceramic that ie easy to warp or undulate at the time of 

sintering with increasing voltage applied thereto although the 

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 increaee the yield of 

fabric~tion, but also bonding euch actuator units.to the common 

2~ flow path unit 60 having the nozzles formed with high 

positioning accuracy. 
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.In addition, since the piezoelectric vibration eiement 

34 to which a drive signal is applied can be formed on ·the 

vibration plate 33 made of ceramic that is basically 

electrically insulating, no special insulating process for "Che 

s formation of electrodes is neceeeary any longer. 

Fig. 11 shows an embodiment in terms of the relative 

posi tione between the nozzle a 3 and the pressure producing 

chambers 5, the embodiment being characterized as forming dote 

by causinq the actuator units 30a, 30h, 30c to correspond to 

lo the colors, cyan, magenta, and yellow. 

This raco:rding head has the nozzles of different colors 

arranged at the same positions in the auxiliary scanning 
. 

~irection B so that the noz2les of the respective colors can 

produce an ink image at the same positions. Taking a look at 

15 a single color, two arrays of pressure producing chambers, 

which are pitched at an interval of Pl confront each other, 

with one array being staggered with re~pect to the other by an 

interval of P2, which is a half of the interval Pl, in the 

au-'tilia.ry scanning direction. As a result of this arrangement, 

20 the nozzle density in the: auxiliary scanning direction is 

substantially set to P2. 

Since the property of an ink is generally dif f erant 

from that of another, it is difficult to produce the best imaga 

by givinq the same design to the flow paths for the respective 

ZS inks. However, the ink jat recording head of the invention ie 

characterized as producing the best image only by adjusting 

imiiiffr 
- 24 -



-------------------------------------------"-~=---

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 actuator units are of the same design. 

As a result, it is actuator units of the same design that are 

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

reduction brought about by 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 chanqinq the 

10 shape of each nozzle 3 or the shape of each ink supply inlet 4 

of the flow path unit 60, the ink jet recording head 

characterized as smoothly changing the density can be provided 

even if the actuator units of the same design are used. 

Fig. 12 shows an embodiment in which an ink jet 

15 recording head having a high dot density is formed by using a 

plurality of actuator units 30ar 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 direction B. Since: the 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 
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2p, the nozzles are pitched at an interval 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 timee the interval. 

s 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 desiqn are fixed to the 

10 single flow path unit. 

Further, since the actuator units are mounted on the 

single flow path unit 60 so as to be acattered around, not only 

heat produced by the piezoelectric vibration elements can be 

quickly radiated, but also the poai tionin9 and dimensional 

lS 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 ai~e thereof is increased can be 

downsized. 

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 ae to correspond to groups of nozzles; i.e., 

the flow path unit is formed by laminating a nozzle plate, a 

reservoir chamber forming board, and a seal board, the nozzle 

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

:reservoir chamber forming board having a plurality of reservoir 
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chambers belonging to the respective groups of nozi;les and 

having communicating holes respectively communicating with the 

nozzles, and the ink supply inlet for.ming board being fixed to 

a surface of the reservoir chamber forming board and having 

s communicating holes for communicating with pressure producing 

chambers and noezles; a.nd each actuator unit including a. 

pressure producing chamber forming board, a vibration plate, 

and piezoelectric vibration elemente, the pressure producing 

chember forminq board having a plurality of pressure producing 

_ 10 chambers defined by side walls, ·the vibration plate being fixed 

to a surface of the pressure producing chamber forming board, 

and the piezoelectric vibration elements being formed on a 

surface of the vibration plate so ae to correspond to the 

pressure producing chambers. Therefore, the flow path unit 

13 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 no2zlee 

with high positioning accuracy to be formed, but also 

contributes to downsizing ~he actuator unit made of ceramic 

20 that can be fixed by ~intering and therefore improving yield of 

fabrication. In addition, even if 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. 
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Claims: 

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; 

10 

15 

20 

25 

30 

a reservoir chamber forming board {42;62) having a 

plurality of reservoir chambers { 6; Ga, 6b, ... ) belonging 

to · the respective groups of nozzles and having 

communicating holes (45;65) respectively communicating 

with the nozzles (3;3a,3b, ... ); 

an ink supply inlet forming board ( 43; 63) fixed to a 

surface of the reservoir chambe.r forming board { 42; 62) 

and having conununicating holes (44;64) for communicating 

with pressure producing chambers (5;Sa,Sb, ... ) 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 (S;Sa,Sb, ... ) 

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 (S;Sa,Sb, ... ), 

wherein the flow path unit (40;60) is formed by 

laminating a nozzle plate (41;61) and the actuator unit 

(30;30a,30b 1 •••• ) is fixed to the flow path unit (40;60) 

so as to correspond to the groups of nozzles. 

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 fixed by 

35 sintering. 
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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; Ba, ... } for supplying ink to 

the respective. reservoir chambers (6;6a, ... ) from 

5 outside. 

10 

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 

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). 

ilii~)i 
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