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INK JET RECORDING HEAD 

This invention relates to an ink jet recording head. 

r, RE~L~C~D SHE~TS SG l'1 
1 [if Dcscnptlon . paged ........ to paged ......... . 

fi1 Claim(s) : paged ... ~t.. to paged .. J~ .. .. 
(iJ' Drawing(s) : paged .JtJ: .. to paged ... ~!+ ... · · · -·--·· --- -··-
fll Abstract : paged .. ~ ... to paged ... --:: .... .. 

DAtE OF RECEIPT ........ , ......................... . 

An ink jet recording head using piezoelectric vibrat~rs 

10 having a nozzle plate fo:oned with nozzle ope~in,gs, a spacer for 

separating a pressure gener~tion chamber, an ink supply port, 

a reservoir, and a vibration · plate deformed by the 

piezoelectric v~brators to expand or shrink the pressure 
, 

generation chamber is well known. The pi.e2oelectric vibrators 

15 are oscillated based on a print signal•to shrink or expand the 

pressure generation charttber, and thereby suck ink into the 

prassura qanerat.ion chamber and eject ink drops therefrom 

consecutively. 

:In such an ink jot racord.ing head, the area wherQ 

20 piezoelectric vibrators abut a vibration plate can be made 

exi:.remely small by U5inq piezoelectric vibrator5 in a vertical 

vibrai:.ion mode fo.rmed hy laminating el.ect:tode rnateria.l. c.nd 

piezoeleci:.ric mai:.erial.. Wii:.h su~h a construction, a recording 

head naving a resolution of 180 dpi or more can be provided . 
. . 
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A piezoelectric vibrator unit having piezoelectric 

vibrators each being, for example, 5 nun. long, 70 µrn wide, and 

0. 5 ll1lt1 thick disposed on a piezoelectric vibrator support plate 

with a 0 .14-mm pitch is used in sucli a high resolution 

recording head . To manufacture the piezoelectric vibrator 

units, a piezoelectric vibration plate formed by laminating 

alternate layers of piezoelectric material and electrode 

material and sintering them is formed with electrodes on one 

surface and cut like strips with a dicing saw, a wire saw, or 

lO the like with a predetermined pitch, such as 0.14 m.~, with one 

end of the electrode face fixed to a base in a cantilever 

fashion. 

Since the electrodes formed on the base must be 

separated :f 9r each piezoelectric vibrator the cut depth must 

15 extend at least to the pie2oelectric yibrator support plate. 

Thus, material having ·excellent cuttlnq properties 1 such as 

glass or piezoelectric material, is used for the piezoelectric 

vibrato~ support plato to avoid added rQsi~tancG to cutt~ng 

when the piezoelectric vibration platQ is cut, thGrQby 

20 preventing the piezoelectr.ic vibrators frorn being broken or. 

imperfe·ctly formed. 

According ~o Lhis meLhod, CULter vibration and shock 

can be prevented and the manufacLuring yieid of Lhe vibraLor 

units can be improved. On the other hand, materials having 

' 
25 excellent cutting properties are low in rigidity. Thus when 

such devices· receive a reaction force of the piezoelectric 
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vibrators to whi~/-~ a drive signal is applied f~t-~·.jetting ink 

drops, they are easily distorted and the piezoelectric 

vibrators located nearby are displaced axially, causing ink 

mist ejection, i.e. undesired ink ejection., or crosstalk to 

occur. 

It is therefore an object of the invention to provide 

an ink jet recording head capable of securely preventing 

crosstalk and. ink mist from occurring without hindering a 

cutting operation for turning a pie.zoelectric vibration plate 

into a plu~ality of pie2oelectric vibrators. 

This object is solved by the 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 too be understood as a first non-limiting approach 

of defining the invention in general terms. 

The invention provides an ink jet recording head where piezoelectric 

vibrators expand or shrink a pressure. generation chamber to generate ink 

drops, and more particularly a structure of a piezoelectric vibrator unit 

of 'such an ink jet recording head . 

• ccordingly, to a specific aspect ,there is provided alil ink jet recording 

head for ej~cting ink drops by expanding or shrinking a 

pressure generation chamber of an ink flow route forming member 

consisting of nozzle openings, the pressure generation chamber / 

an ink supply port, and a reservoir. The piezoelectric 

vibrators ~re disposed and fixed in a row ~ith a predetermined 

pitch to a piezoelectric vibrator support plata having an 

excellent cutting prope::cties c.nd the piezoelectric vibrator 

supporr. plate is fixed to a. base mcde 0£ me.ter.iaX. having a 

rigidity which is larger than the s~pport plate. 

During a manu!acturing process, the cul: depi::.h of a 

cutter is held within the range of ma~erial having ~xcelleni::. 

cutting properties and if the pie2oe1ectric v1brai::.or support 

plate is subjected to a reaction force when ink is ejected, ~he 
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base absorbs the reaction force £or suppressing displacement of 

the contiguous piezoelectric vibrators. 

DESCRIPTION OF THE DRAWINGS 

Figure l illustrates an ink jet recording head 

5 according to a first preferred embodiment of the invention; 

10 

Figure 2 illustrates the vibrator unit of the first 

preferred embodiment; 

Figures 3(a) - 3(c) illustrate the assembly process of 

the first preferred embodiment; 

Figures 4(a) - 4(e) illustrate the assembly process of 

the first preferred embodiment; 

Figure 5 illustrates the vibrator unit of the first 

preferred embodiment in a housing; 

Fiqure 6 illustrates the tirst preferred embodbltent in 

15 detail; 

Figure 7 illustrates a test t sicnal applied to the 

piezoelectric vibrators; 

Figure~ 9(a) and B(b) illustrate displacgmgnt of the 

piezcelectxic vibrator~ in the invention and in a conventional 

zo device respectively; 

Figure 9 illustrates a comparative example; 

Figure 10 is a graph ot displacement versue projection 

length of the base; 

Figure 11 is a graph o:C displacemeni: amount: versus 

25 thickness of the base; 
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Figure l2(a) and 12(b) illustrate another preferred 

embodiment; 

Figure 13 illustrates another preferred embodiment; 

Figure 14. illustrat~s another preferred embodiment; and 

Figures lS(a)_ and (b) illustrates an another assembly 

process of the.device. 

Figure 1 illustrates one embodiment of an ink jet 

recording head according to the invention, wherein nozzle plate 

10 i has nozzle openings 2 pierced therein with a predetermined 

pitch so as to provide 180 dpi resolution, for example. 

Spacer 4 is sandwiched between the nozzle plate 1 and 
a vibration plate 5 and formed with holes to define at least one pressure 

generation chamber, reservoir, and ink supply port 

15 connecting them so that the holes are conununicated with the 

no22le openings 1. The spacer 4 1 the•nozzle plate l, and the 

vibration plate 5 are bonded and integrated into an ink flow 

route forming mmnh'=lr Ei. 

Piezoelectric vibrator unit~ 7 are insertQd into 

20 vibrator unit housing ho1e 9 0£ an outer caee e so that £ree. 

25 

ends of the piezoelectric vibrator units abut the vibration 

plate 5 ot -che ink !low rout:.e :forming member. All the~e 

components are unified by a frame io t:.o cons~~t:.ut:.e an ink jet 

recording head. 

Figure 2 illustrates' the piezoelectric vibrator unit 7 

of this embodiment. Piezoelectric vibrators 20 each formed hy 
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laminating alternate layers of piezoelectric material layers 22 

and electrode layers 23, 24 and having an active area LA whose 

tip side only is expanded or shrunk, i.e., oscillated, and an 

inactive area LB which does not contribute to vibration. 

The inactive areas LB of the piezoelectric vibrators 20 

are fixed with an adhesive to a thin film electrode layer 26 

formed on the surface of a vibrator support plate 25. The 

vibrator support plate :25 has slits 27 formed therein through 

the electrode layer :26 to the vibrator support plate 25 with 

10 the same pitch as the pie2oelectric vibrators 20, when the 

piezoelectric vibration plate is cut for dividing the ele.ctrode 

layer 26 into drive electrodes 28, and common electrodes 29. 

Numeral 30 is a base fixed to the other surface of the 

vibrator support plate 25 with an adhesive. The length of the 

15 base 30 is selected so that the tip side of the vibrators 20 

project therefrom by a length AL. t Nume.ral 31 is a common 

20 

25 

electrode junction member which is connected to electrodes 

formed on the eur£ace of th«a piQzOQlQc::tr.ic vibrators 20 and has 

ends connected to the conunon elect.rode~ 29 of the vibrator 

support plai:.e 25. By adopting ~uch an electrode structure,. 

when a drive signal is applied to the common electrode 29 and 

the drive electrodes 28 only seleci:.ed pJ.ezoeleci:ric vibrai:.ors 

are oscillated for shrinking or expanding the pressure 

generation chamber. 

Figures 3(a)-(c) illustrates a manufacturing method of 

the piezoelectric vibration plate. A so-called "green sheet" 
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34 formed _by fixing a clay-like piezoelectric vibration 

material on the surface of a substrate 33 as shown in Fig. 3(a) 

and an electrode layer 35 used as one pole is formed on the 

surface of the green sheet 34 as shown in Fig. 3{b). 

Next, a green sheet 37 is laminated so as to fill in 

the level difference between the electrode layer 35 and the 

green sheet 34 and an electrode layer 38 used as the other pole 

is formed on the surface 0£ the green sheet 37, as shown in 

Fig. 3(c). These steps are repeated until the desired number 

10 of layers are formed. After the green sheets 34 and 37 are 

dried to a predetermined degree, they are sintered while 

15 

pressure is applied thereto; thereby providing a piezoelectric 

vibration plate having a predetermined thickness and a 

predetermined number of layers. 

An electrode layer 41 is formed on a front end face 40a 

and the baclc of a pie2oelectric v!b:ration plate 40 thus 

provided and electrode layers 35 are connected in parallel. An 

electrode 1ay~r 42 is formQd on a rQa:r end face 40b and portion 

which becomes an inac:ti ve area · LB on thg surf acg and thg 

zo elecl:rodes 35 ot piezoel.ectric· vi.b~ator 40 are electrica11y. 

connected in parallel, as shown in Figure 4(a). 

The electrode layer 41 wh~ch will be cut into drive 

electrodes is fixed to a vibra~or suppor~ board 44/ made o~ a 

material having excellent cul:ting properl:ies, such as 

25 piezoelectric material, gla'ss, or the like similar to the 

material of piezoelectric vibrators, having an electrode layer 
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43 on the surface with a conductive aahesive, as shown in Fig, 

4 (b). A base 45 made of a material which is higher in rigidity 

than the piezoelectric vibrator support plate such as 

carbon jig steel, stainless steel, soft iron, or zinc diecast 

s material, having a front end 45a projecting toward the front 

end face 40a of the piezoelectric vibrator 40 to a greater 

degree than the front end 44a of the piezoelectric vibrator 

support plate 44, is fixed to the other surface of the vibrator 

support p~ate 44 with an adhesive, as shown in Fig. 4(c). 

10 In this state, the base 45 is mounted on the bed of a 

cutting device such as dicing saw or wire saw and cutting is 

started with a predetermined pitch, for example, 140 µrn from 

the front end face 40a to rear end face 40b of the 

piezoelectric vibration plate 40. When the cut area proceeds 

1.5 to the vibration support plate 44 at the cutting step, the 

cutter contacts the support plate 4'11. However,· since the 

vibrator support plate 44 is made of a material having 

excellent cutting pxopgrtia•, i.e. cutting rQsistance similar 

to that of the piezoelectric material, thg cutter continues the 

zo cut:t:ing .operation in ~ub~tantia1ly the ~ame" load state as whgn 

25· 

cutting the piezoelectric vibration plate 40 only. Thus, after 

cutting ot the piezoelect:ric vibrat:ion p1ate 4 0 terminate~ / the 

cutting is further continued to the ot:her end of the 

piezoelectric vibrator support plate 44 at: "the same height. 
, 

Thus, the piezoelectric :vibration plate 40 is cut into 

piezoelectric vibrators 4 6 of predetermined s.12e and -che 
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electrode layer 43 is separated into common electrodes 47 and 

drive electrodes 48 by slits 49, as shown in Fig. 4(d). 

When such a cutting is repeated a predetermined number 

of times by sliding the cutter or the base 45 with· a 

s predetermined pitch, the piezoelectric vibration plate 40 is 

separated into the desired number of piezoelectric vibrators 46 

and the electrode layer 43 is separated by slits 49 

corresponding to the piezoelectric vibrators 46. The surface 

of the electrode layer 42 is connected by a common electrode 

io conjunction member 50 and both ends are fixed to the common 

electrodes 47 of piezoelectric vibrator support plate 44 while 

their conductive relationship is maintained, thereby providing 

a vibrator unit 51 fixed to the base 45. 

When the ;>iezoe1ectric vib.rator unit 51 is dropped into 

15 a vibrator unit housing hole 9 of an outer case 8, having one 

end to which an ink flow route f o::onin~ member 6 consisting of 

a nozzle plate, a spacer, and a vibration plate is attached, as 

shown in Figuro 5 1 the tips of thQ pia2oelectric vibrators 46 

abut the position~ opposed to pressure generation chambers 52 

20 :formed in the £1ow .ro\:lte forminq membex 6 of the vibration 

plate 5, as sh~wn in Figure 6. In this state, when a print 

signal, o! a ~rapezoidal wave tor example, as ~hown in Figure 

7 is applied to the common electrode 47 and the drive electrode 

48, the pie2oelectric vibrator 46 .ts shrunk longi.tudinally on 

25 the rising edge of the prirtt signal, thereby enlarging the 

pressure generation chamber 52 for causing ink to !low v.1.a an 
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1nk supply p~rc 54 !rem a reservoir 53. When -cime period a has 

elap_sed, the maximum voltage (in the embodiment, 30 V} is 

maintained for predet~rmined time period b. When the ink 

meniscus arrives at a predetermined posi t_ion, the signal is 

made to fall over time pexiod c; The piezoelectric vibrator 46 

thus expands, thereby shrinking the pressure generation chamber 

52 for ejecting an ink drop through a nozzle opening 2. By 

repeating these steps, dots can be formed conforming to print 

data. 

When the· piezoelec~ric vibrator 46 is expanded or 

shrunk, particularly to eject an ink drop, it is subjected to 

a large reaction force caused by a pressure load of the 

pressure generation chamber 52. However, it can sufficiently 

resist the reaction force caused by the pressure load of the 

15 pressure generation chamber 52 because the base 45 is made of 

a hiqhly rigid material and is fixed to vibrator support plate 

44 and further the front end 45a of the base 45 projects by a 

distance a L beyond the front end 44a of the vibrator support 

platQ 44 (Gee Fig. 2). 

20 When a 30-volt drive siqnal was appliGd to all. 

piezoelectl:'.ic vibrators 46-2, 46-2, 46-2 ... except a 

piezoelectric:: vibrator 46-1 located at. the center of the 

piezoelec~r~c·vibrator ~upport plate 44 £or di~placing them 

1.15 µm ::C:or ejec-r.ing :Lnk drops, l:hen displci.c:ement amount ARl 
, 

25 of the piezoelectric vibrator 46-1, to which the drive signal 

was not applied, and caused by propagation o:C i:he piezoelectric 
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46-2 •... through the vibrator suppo:rt 

plate 44 was measured with a displacement meter, as shown i~ 

Figure 8 (a}, the measured displacement was about 0.3 µm. In 

contrast, as shown in Fiqure 8 ( b) , when the piezoelectric:· 

5 vibrator was supported by the piezoelectric vibrator support 

plate 44 only and assembled in the outer case 8 without 

attaching the base 45, the corresponding displacement amount 

!R2 was 0.45 ~rn, which was 1.5· times or more the value in the 

ex~ple according to the pref erred embodiment of the invention. 

10 A base 45 made of stainless steel having a given 

thickness, for example, 1.5 mm ~as used and, as shown in Figure 

9, a unit having the front end face 45a 0£ the base 45 which 

does not extend beyond the front end face 44a of the 

piezoelectric vibrator support plate 44 was compared to a unit 

15 having the front end face 45a projecting from the front end 

£ace 44a of the piezoelectric vibrator- support plate 44. The 

relationship between the projection amount ~L and the 

disp1acement Clll\ount ARl of the piezoelectric vibrator 46-1 to 

which the drivo signal was not appliQd when a 30-volt drive 

zo signal we.:s c.pplied to all piezoelectric vibrators 46-2, 46-2, 

46-2 ... except the piezoelectric vibrator 46-1 located at the 

cent:er of t:he piezoelectric :vibrator :tupport plate 44 for 

displacing th~m 1.75 µm was examined. As shown in Figure 10, 

as the projection amount AL increases, ~he displacement amount 

25 A~l decreases I but becomes substantially constant where the 

projection amount ~L is 2 mm or more. 
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Further, while the projection amount AL trom the tron~ 

end of the pie.zoelectric vibrator support plate 0£ the base 45 

was maintained constant, for example 3.9 nun, the thickness of 

the base 45 was varied and the displacement amount ARl of the 

s piezoelectric vibrator 46-1 to which the drive signal was not 

applied was examined as described above. As shown in Figure 

11 1 as the base 45 thickens 1 the displacement amount ARl 

decreases, but becomes substantially constant where the 

thic~ness is 1.5 mm or more. 

10 It was found from the test data that the base 45 made 

of highly rigid material provides an extremely effect.; ve device 

for preventing crosstalk or ink mist from occurring 'and that 

more effective means is provided by proj.ecting the front face 

of the base ~5 from the piezoelectric vibrator support plate 44 

is and thicka.ning the base 45. Further, if the vibrator support 

20 

plate 44 is thinned. to about the -piezoelectric vibrator 

disposition.pitch, for example, about 0.15 m:m, the displacement 

amount ARl ean be 5uppressed without hindgring cutting of the 

piezoelectric vibration plate to the piezoglactric vibrator~. 

Figures l.2(a) and 12(1':>} shows a second pre£e.rred 

embodiment of pie2oelectric vibrator unit, wherein numeral 60 

is a pie2oelectric Vibrator support plat:e made of a ceramic 

board having cutting properties. The c:en t:.er portion is cut 

away to provide a recess 60a and project:1.ons 60b_ and 60c. e..re 
. 

25 formed on both sides of the support plate 60, one projection 

60c having a positioning recess 60d f ormect therel.n . 

- 12 -



Piezoelectric vibratc>rs 61, formed by cutting a piezoelect:.:c-1c 

vibration plate are fixed at a given pitch on the surface, as 

in the first embodiment. 

Numeral ·62 is a base. Front end face 62a of the 

s portion thereof opposed to the piezoelectric vibrators 61, 61, 

61 ... projects toward the side of the piezoelectric vibrators 

61 more than front end face 60e of the piezoelectric vibrator 

support plate 60, and a second projection 62b projects further 

towards the front end and is formed at the center of base 62. 

10 The base 62 is bonded to the piezoelectric vibrator support 

plate 60. 

According to the second embodiment, if the relative 

position between the front face position of the piezoelectric 

vibrators 61, 61, 61 ••. is preset to a predete.rrnined positional 

lS relationship, the recess 60d of the piezoelectric vibrator 

support plate 60 is positioned by enoaQement with a projection 

(not shown) of outer case 8 and the tip of each piezoelectric 

vibrator 61 abuts prQssura ggnQration chamber 52 at 

predetermined precision simply by dropping the vibrator unit 65 

20 into a vibrator unit hou~ing hole 9 of the outer case 8. 

The base 62 made of highly rigid mat~rial projects 

toward the side of the_p1ezoelectric vibrators 61 to a gre~ter 

degree than the piezoeleci:.r1c vibrator support plat:e 60 ;:r.t 

least in the area opposed to the piezoeiect:ric v1brai:.ors 61, 

25 and thus can resist reaction'forces generated by ejection ink. 

Further, the second projection 62b is formed on the base 62 and 
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reinforced selectively / thereby fur-chermore securely prevent.ing 

ink mist or crosstalk from occurring while maintaining a device 

which is light in weight. 

Figure 13 shows a third preferred embodiment of 

.s piezoelectric vibrator unit of ink jet recording head used with 

the invention. A piezoelectric vibrator support plate 70 is 

made comparatively thick with material having excellent cutting 

properties. A piezoelectric: vibration plate is bonded to 

the surface of the piezoelectric vibrator support plate 70 and 

10 is cut to define piezoelectric vibrators 71 as described above. 

The base 72 is made of highly rigid material having thickness 

to provide a given ·gap AG between the base and the 

piezoelectric vibrators and is fixed to the front end of the 

piezoelectric vibrator suppo.rt plate 70 with an adhesive. 

15 Numeral 73 indicates a junction electrode member. 

In this embodiment, the piezo~lectric vibrator support 

plate 70 in the area supporting the piezoelectric vibrator 71 

rece.iving reaction iorc:e from a pressure qeneration chamber 

. whcm an ink drop is spoutad tends to be displaced1 but 

20 di!Stortion is supp.re:s :sed to a minimum becausg 0£ ri q idi ty · of. 

the base 72. This prevents ink mist or crosstalk from 

occurring ~hrough nozzle openings. 

According 't:O t:his embodiment, the ba:!le 72 me.de of 

material having a comparat:1vely large density can be fo.rmed to 

' 
25 a minimum size to prevent the piezoelectric vibrator support 

plate 7 O from being distorted and main-cain a light weight:. 
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device. Even if the piezoelectric vibrator support plate 70 

has. a sufficient thickness fitted for cutting, the gap AG 

between the base 72 and the piezoelectric vibrators 71 can be 

set to the minimum £or preventing ink mist or crosstalk from 

5 occurring. 

In another preferred embodiment, the piezoelectric 

vibrators 71, 71 supported only by the piezoelectric vibrator 

support plate 70. A base BO :formed with a stepped level 

difference portion BOa to provide a gap AG between the base and 

10 piezoelectric vibrators 71 on the rear side are used and the 

front of pie2oelectric vibrator support plate 70 can be made to 

abut a vertical wall BOb of the level difference portion BOa 

for bonding, as shown in Figure 14. 

The pie2oelectric vibration plate and the piezoelectric 

lS vibrator suppqrt plate are separate members in these 

embodiments. However, as sh.own in Figure 15, as many layers of 

green sheets 90 of piezoelectric material as required are 

1a.lninated on a subst%ate 91 so as to p%ovide an appropriate 

thicknQss as a pie2oelect:ric vibrator support plato aftQr 

20 einte%ing (see Fig. 15(a)) and a piezoelectric vibrati~n plate 

manufacturing process similar to that as shown in Figure 3 may 

.be repeat:ed on "the sur:!ace (see Fi.g. 15 (-b) ) to £orm a 

piezoeleci:.:ric vibra~ion pla~e 92. Numerai 93 is a ~emporary 

base used :for :tilling i:.he gap due -co i:he level d1:f:ference uni:il - . 

25 completion of the sintering. According to this ·embodiment, 

bonding of the pie2oelectric vibration plate and piezoelectric 
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vibrator support plate is made unnecessary and r1g1d1~y can 

also be raised because there is no adhesive layer. 

The above-identified embodiments relate to a recording 

head of a so-called "face eject" type provided by laminating 

5 the no22le plate, spacer, and vibration plate as an example. 

However, a similar effect can. be produced if the invention is 

applied to a spacer for forming a recording head of a so-called 

"edge eject" type with the substrate, spacer, and vibration 

plate laminated and no2zle openings pierced on. the end face in 

10 the length direction of pressure generation chambers .. 

As described above, according to the invention, there 

is provided an ink jet recording head for ejecting ink drops by 

expanding or shrinking a pressure generation chamber of an ink 

flow route forming member consisting of nozzle openings, the 

is pressure generation chamber, an ink supply port, and a 

:ces&.rvoir. Pie2oelectric vibrators "are used in a vertical 

vibration mode. The piezoelectric vibrators are disposed and. 

£ixed in a row with a predete:x:minad pitch, to a piezoelectric 

vibrator ~upport plata having QXCQllQnt cutting properties and 

20 the pie;r;oelectric vibrator support platQ ia £.i.xQd to a base. 

made of a material having a larger rigidity than the support 

plate. Theretore, a cu~~1ng operation is not hindered and if 

the pie2oelec"t:.r.1.c vibrai:.or suppori: pl.i:i.te is zsubjec:ted to 

reaction force when ink is ejected, i:.he base resist::s t::he force. . . 
25 Thus, undesired displacement of the contiguous piezoelectric 

vibrators can be suppressed to preve~t ink mist or cross~alk 
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from occurring and the outer case can be 1t1ade ot polymeric 

material having a low rigidity to allow a recording head to be 

light in weight. 
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CLAIMS 

1. An ink jet recording head for ejecting ink drops by 
expanding or shrinking a pressure generation chamber (52) 

5 of an ink flow route forming member ( 6) , said ink jet 
recording head comprising: 

10 

15 

20 

25 

piezoelectric vibrators (7;46;61;71), in a vertical 
vibration mode, disposed and fixed in a row with a 
predetermined pitch to a piezoelectric vibrator support 
plate (25;44;60;70), said support plate is formed of a 
material having a resistance to cutting by a cutter which 
is the same as that used to cut said piezoelectric 
vibrators; and 

a· base (30;45;62;72;80) made of material having a 
rigidity which is higher than that of said support plate, 
said base (30;45·;62;72;80) being fixed to said support 
plate (25;44;60;70). 

2. The ink jet recording head of cl.aim 1 wherein said ink 
flow route forming member (6) having nozzle openings (2), 
the pressure generation chamber (52), an ink supply port 
(54), and a reservoir (53) formed therein. 

3. The ink jet recording head as claimed in claim 1 or 2 
wherein a front end side (45a) of said base (45) projects 
beyond a front end of said support plate (44). 

30 4. The ink jet recording head as claimed in any one of the 
preceding claims wherein . said base ( 62) projects .over 
said support plate (60) at ? central area of the row of 
said piezoelectric vibrators (61). 
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5. The ink jet recording head as claimed in any one of the 

preceding claims wherein said base (72) is fixed to said 
front end of said support plate (70). 

5 6. The ink jet . recording head as claimed in any one of 
claims 1 to 4 wherein said base (80) has a stepped level 
difference portion (80a) and said support plate (70) has 
a front end abutting a wall face ( 80a) defined by said 
level difference portion (80a). 

10 

7. The ink jet recording head as claimed in any one of the 
preceding. c::laims wherein said support plate is made of 
one of glass and a piezoelectric material. 

15 8. The ink jet recording head as claimed in any one of the 
preceding claims wherein said support plate is sintered 
integrally with said piezoelectric vibrators. 

9. The ink jet recording head as claimed in any one of the 
20 preceding claims wherein.said base is made of one of tool 

steel, stainless steel, soft i~on and zinc diecast 
material. 

25 

10. The ink jet recording head as claimed irt any one of the 
preceding claims wherein said support plate is fonned by 
laminating piezoelectric materials and sintering the 
same. 
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