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_ NK JET RECORDING HEAD BACKGROUND “OF THE I_NVENTI ON 1. Fi el.d of the-
Inyentlon Tth i nventi on:; relates to-an ink jet recording head where.
-ezoel ectri € & Vit at or e expand or shrink a presure gena- tion chanber to
generate ink drops, and nore particularly to a structure of a plezoelectrlc
vi brator unit of such an ink jet recording.head.
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INK JET RECORDING HEAD

This invention relates to an ink jet recording head.
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An ink jet recording head using piezoelectric vibrators

10 having a nozzle plate formed with nozzle openings, a spacer for
separating a pressure generation chambexr, an ink supply poxt,

a reéervoir, and a .vibratiqn' plate deformed by the
piezoelectric vibrators to expand oxr shrink the préssurq
.generation chamber is well known. The piezoelectric vibratoré

.15 are oscillated based on a print signal‘to shrink oxr expand the
pressure generation chamber, and thereﬁy suck ink into the
pressurxe ganeration chamber and eject ink drops therefrom

conssecutivaly.

In such an ink jet xrecoxding head, the arxea whexa
20 piezoelectric vibrators abut a vibration plate can be made
extremely small by usihg piezoelectric vibratoxrs in & verxtical
vibration mode formed by laminating ‘electxode material and
piezoeieczric material. ﬁith such a construction, a recording

ﬂead having a resolution of_iBO dpi or more canlbe pxovided.
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2 Descrlptlon of the Rel.ated Art An ink jet recordng head using -

pi ezoel ectric vibrators Waving a nozzle plate forned withnozzle openi ngs,
as-spacer for sepacaig a pressure generation chanber, an ink supply port, a
reservoir, and a vibration plate deformed by the plezoelectrlc vibrators to
expand or shrink the pressure generation chanber is well known. The

pi ezoel ectric vibra- tors are OSCI||ated based on a prlnt signal to shrink

or expand

A piézoélectric vibrator unit having piezoelectric
vibrators each being, for example, 5 mm long, 70 um wide, and
0.5 mm thick disposed on a piezoelecﬁric vibrator suppoxt plate
with a 0.14-mm pitch is used in such a high resolutién

5 recording.head. To manufacture the piezoelectric vibrator
units, a piezoelectric vibration plate formed by laminating
alternate layers of piézoelectric 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

10 | the like with a predetermined pitch, such as 0.14 mm, 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 for each piezoelec£ric vibrator the cut depth must

15 .extend at least to the piezoelectric vibrator support plate.
Thus, material having ‘excellent cuttlng properties, such as
glass ox piezoelectric material, is used for the piezoelectric
vibratox support plate to avoid added rasistance o cutting
when the piezoelectric wvibration plate is cut, thexeby

20 preventing the piezoelectric vibrators from being brxoken ox.
imperfectly formed.

Acﬁording To this method, cutter'vib:ation and shock
can be prevented and the manufacturing yield of the vibratox
units can be improved. On the other hand? materials having

25 éxcellent cutfing propertieé are low in rigidity. Thus when

such devices receive a xreaction force of the piezoelectric
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the pressure generation chanber, and thereby suck ink into the pressure

gener at o, Chaler+ ARgn BLELh Rl vir AT £ 4pBM1 £ANEBCU A dhg | T UCh

an ink jet recording head, the area wiere piezo- ectric “vibrators abut a

vibrati fxdgfef e Qfdy bear@dee£xi 19TEHYsEHBLEADY and ”&h]&i-_eiﬂ@z%é]fé&cﬁic

vibrators i'n a vertical vibration node formed by |mnating electro _
mat er i akyi3¥h 1167 OBbE&EEH C neRPHy ddre Vi BpIHeRda HONSITHE! cBAsiAgh 6GH¢ di Ng

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

occuzr. : . ' . This Sheet Has Been Remlaced
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It is therefore an object of the invention to provide

an ink jet recording head capable of securely preventing
crosstalk and. ink mist from o'cc:u:::cing without hindering a
cutting operation for turning a piezoelectric vibration plate

into a plurality of piezoelectric 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.

wccordingly, to a specific aspect there is provided am ink jet recording
head for ejecting ink drops by expaﬁding 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 piezoelectrié
vibrators are disposed and fixed in a row with a predetermined
pitch to a piezoelectric wvibrator suépért plate having an
excellent cutﬁing propexties and the piezocelectrxic vibratox
support plate is fixed to a base made of matexial. having a

- rigidity which is larxger than the s{;ppo:ct plate.
During a manutaﬁturing process, the cut depth of a
‘cutter is held within the range of material having excellent
cutting properties and if the piézoelectric vibratoxr support

élate is subjected to a xeaction force when ink is ejected, the



head haVing a resolution of 180 dpi or nore can be prOV|ded A pioectic

vi Qr at or
nm | ong,

unit having plezoelectrlc vi bra--tors each beings:for exanple, ‘5
70 [err] mwi de, and 0.5 nm t hi ck di sposed on a piezoelectric

brator support plate with a 0.14-mmpitch is used in such a high resolution
recordi ng head. To manufacture the pezoelectic vibrator units, a
pi ezoel ectric vibration plate fornmed by |anminating alternate Iayers of

pi ezoel ectric material and el ectrode nate-
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base absorbs the reaction force for suppressing displacement of

. the contiguous piezoelectric vibrators.

DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an ink jet recording head

according to a first preferred embodiment of the invention;

Figure 2 illustrates the vibrator unit of the first

prefexrred embodiment;

Figures 3(a) - 3(c) illustrate the assémbly process of
the first preferred embodiment;

Figures 4(a) - 4(e) illustrate the assembly process of
the fixst preferred embodiment;

Figure S5 illustrates the vibrétor unit of the first
preferréd embodimént in a housing; |

Figure 6 illustrates the first preferred embodiment in

'detail;

Figure 7 4illustrates a test' signal applied to the

piezoelectric vibrators;

Figures 8(a) and 8(b) illustrate displacemsnt of the

piezoelectric vibrators in the invention and in a convantional

device respectively;
Figure 9 illustrates a comparative example;

Figure 10 is a graph of displacement vexsus projection

length of the base;

Figure 11 is a graph of displacement amount versus

r

thickness of the base;
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rial and sintering themis.formed W|th el ectrodes on one surface amd cut
like strips with a di.cing<saw,” a wi e saw, “or the |ike wit#:’a predeterm ned
pi tch, such as 0.14 mm with one end of the electrode face fixed to a base
in a cantilever fasbion. Since the el ectrodes forned on the base nust be
separated for each piezoelectric vator the cut depth nust extend at |east

to the piezoelectric vibrator support plate..Thus, mate-

Figuzfe 12(a) and 12(b) illustrate another preferred
embodiment ; |
- Figure 13 1illustrates another preferred em.bodiment;_
Figure 14 illustzates anothexr preferred embodiment; and
5 - Figures 15(a) and (b) illustrates an another assembly

process of the .device.

Figure 1 illustrates one embodiment of an ink jlet

recording head according to the inveni:ion, wherein nozzle plate

10 . 1 has nozzle openihgs 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, | rese'rvoir, end _ ink supply porxt
15 ‘connecting them so that the holes are communicated with the
nozzle openings 1. The spacer 4, the*nozzle plate 1, and the
vibration plate 5 are bonded and integrated into an ink flow
route foxrming member 6.
Piezoelectric wvibrator units -7 are insexted into
20 vibratoxr unit housing hole 95 of an outex case 8 so that fxee.
ends of the piezoelectric vibrator units abut the v;lbraf:ion
plate 5 ‘'of the ink flow route forming member. All these
components are unified by a frame 10 to cénStitute an ink jet
recording head.

25 Figure 2 illustrates the piezoelectric vibrator unit 7

of this embodiment. Piezoelectric vibrators 20 each formed by
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rial haV|ng excel I'ent cutting properties, such as glass ok piezoelectric
material, "I's used for-th&“pi ezoel ectric vibrator. 2°- Support plate. to
avoi d added resistance to cutting when the piezoelectric Vibration plate is

cut, thereby preventing the

laminating alternate layers of piezoelectric.materiai layers 22
and electrode layers 23, 24 and having an active area-LA whose
fip side only is expanded or shrunk -i.e., oscillated, and an
1nact1ve area LB which does not contribute to vibration.
5 The lnactlve areas LB of the piezoelectric vibrators 20 |
are fixed with an adhesive to a thin film electrode layexr 26
formed on the surface of a vibrator support plate 25. The
vibrator support plate 25 has slits 27 formed therein through
the electrode layexr 26 to the vibrator support plate 25 with
10 the same pitch as the piezoelectric vibrators 20, when the
'piezoelectric vibration plate is cut for dividing the electrode
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 lenqth'Af the
1s 'base 30 is selected so that the tip side of the vibrators 20
| project therefrom by a length AL. "Numeral 31 is a common
electrode junction member which is connected to electrodes
formed on the surface of the piozoslactric vibrators 20 and has
‘ends lccnnected to the common electrodes 29 of the }'ibra.to.r
20 support plate 25. By adcpfing such an electrode structure,.
when a drive signal is applied to the common electréde 29 and
the drive electrodes 28 only selected plezoélectric vibrators

are oscillated for shrinking or expanding the pressuze

generation chamber.

..

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

the piezoelectric vibration plate. A so-called “green sheet”

et Has Been Re‘h\te‘i
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pleZOC[ectrlc vibrators from being broken inperfectly fornmed. According to

this nmet hod,

cutter” VLbraLJon and shock can be prevent €d -and t he

nanufacturlng yield of the vibrator units can be inproved. On the other
hand, materials having excellent cutting properties are’lowin rigidity.
Thus when such devices receive a reaction force of the piezoelectric
vibrators to which a drive signal is applied . f jetting ink
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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 és one pole is formed on the
surface of the green sheet 34 as shown in Fig. 3(b). |
| Next, & green sheet 35 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 foxmed on the surface of the green sheet 37, as shown in
Fig. 3(c). These steps are repeated until the desired number
of layers are formed. After the green sheets 34 and 37 aré
dried to- a predetermined degree, they are sintered while
Pressure is applied fhereto; thereby provi@ing a piezoelectric
vibration plate having a predetermined thickness and .a
predetezmlned numbex of layers. |
An electrode layer 41 is formed on a front end face 40a
and the back of a piezoelectric vibration plate 40 thus

provided and electrode layers 35 are connected in parallel. An

~electrode layer 42 is foxmed on a xear end face 40b and portion

which becomes an inactive area LB on the surface and the
electrodes 38 of piezoelectric vibrator 40 axe electrically.
cohnected in parallel, as shown in Figure 4(a).

The electrode layer 41 which will be cut into drive
electrodes is fixed to a vibrétor suppoxt board 44, made of a
material having excellent cutting properties, such as
.piezoelectric material, glass, oi the 1like similar to the

material of piezoelectric vibrators, having an electrode layer
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drops fhey are easily dlalorted and the plezoelectrlc vipra- tors-located

near by are dlsplaced-aX|aP1y -causi ng ink mist ejectioh, #&. undesired ink

ej ection, or crosstalk to occur. SUMVARY OF THRE INVENITON It is therefore

an object of the invention to provide an ink jet recording head capabl e of.
securely preventing crosstalk and ink m st fromoccurring w thout hindering
a cutting operation for turning a piezoeletric vibration plate into a

43 on the surface with a conductive adhesive, as shown in Fig.
4(b). A base 45 made of a material which is higher in rigidity
than the piezoelectric vibrator suppoxt plate 44{ such as
carbon jig steel, stainless steel, soft iron, oi zinc diecast
5 material, having a front end 45a projecting towaxrd the front
. end face 40é of the piezoelectric vibrator 40 to a greater
degree than the front end 44a of the piezoelectric vibrator
suppoxt piate 44, is fixed to the othexr surface of the vibrator
support plate 44 with an adhesive, as shown in Fig. 4(c).

10 In this state, the base 45 is mouhted 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 upm from
the front end face 40a to rear end face 40b of the
piezoelectric vibration platé 40, Whgn the cut arsa proceeds

15 "to the vibration support plate 44 at the cutting step, the
cutter contacts the support plate 44.. Howevex, since the
vibrator support plate 44 is made of a material having
.excellent_cutting pxopertias, i.e. cuﬁting rasistance similar
to that of the piezoel'ectric material, tha cutter -continues the

20 cutting operation :.n substantially the same load state as when
cutting the piezoelectric vibration plate 40 only. Thus, after
cutting of the piezoelectric §1bration plate 40 texrminates, the
cutting is further continued to the other end of the
piezoelebtric'vibrator éupport plate 44 at the same height.

25- | fhus, the piezoelectric yibration plate 40 is cut into
piezoelectric vibrators 46 of predetermined size and the

-
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plurality of pi ezoel ectri.g vibrators. Accordingly, there ks provided an ink
jet recording head for ej€¢éting ink - drops by expandi ng of-*hrinking a
pr.essure generation chanber of an ink flow route form ng nenber consisting
of nozzl e openings, the pressure generation chnber an ink supply port, and
" -a reservoir. The piezoelec- tric vibrators are disposed and fixed in a row
‘with a predetermned pitch to a piezoel ectric vibrator support plate

electrode layer 43 is separéted 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
5 predetermined pitch, the piezoelectfic_vibration plate 40 is
separated into the desired number of piezoelectric vibrators 4§
and the electrode layer 43 1is separated by slits 49
correséondiﬁg to the piezoelectric vibrators 46. The surface
of the electrode léyer 42 is connected by a common electrode
106 conjunction member 50 and both ends are fixed to the common
ele;trodes 47 of piezoelectric vibrator support plate 44 while
their conductive relationship is maintained, thexreby providing
a vibrator unit 51 fixed to the base 45. '
When the pigzoelectric vibrator 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 forﬁinq member 6 consisting of
a nozzle plate, a spacer, and a vibration plate is attached,'as
shown in Figuxe 5, the tips of tha piezoelectric vibrators 46
~abut the positions opposed to pressure genaration chambexs 52
20 formed in the flow route forming membex 6 of the wvibration
plate 5, as shown in Figure 6. 1In this state, when a print
signal, of a trapezoidal wave fox exaﬁple, as shown in Figure
7 is applied to the common electrode 47 and the drive electrode
48, thé piézoeléctric vibrator 46 is shrunk longitudinally on
25 éhe rising edge of the print signal, thereby enlarging the

pressure generation chamber 52 for causing ink to flow via an
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havlng ‘an excellent cutting properties and t he plezoelechlc Vi br-at or
support plate’is fixed tg:a base nade of” materi al havi'ng”d rigidity. which
is larger than the support plate. During a manufacturing process, the cut
depth of a cutter is held within the range of material "having excell ent
cutting Properties and if the piezoelectric vibrator support plate is
subjected to a reaction force when ink is ejected, the base absorbs the
reaction force for suppressing displacenent of

ink supply port 54 from a reservoir 53. When time period a has
elapsed, the maximum'voltage (in the embodiment, 30 V) is
maintained for predetermined time period b. When the ink
meniscus arrives at a predetermined position, the signal is
s made to fall over time period ¢. The piezoelectric vibrator 4§
‘thus expands, thereby shrinking the pressure generation chamber
52 for ejecting an ink drop.thrdugh a nozzle opening 2. By

repeating these steps, dots can be formed conforming to print

data.

10 When the piezoelectric vibrator 46 is expanded or

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

a lérge reaction force caused by a pressure load of the
pressure generation chamber 52. ' However, it can sufficiently
resist the xeaction forxce caﬁsed by the pressure load of the

15 ‘pressure generation chamber 52 because the base 45 is made of
a highly rigid material and is fixed to vibrator support plate

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

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

plate 44 (see Fig. 2).

20 . When a 30-volt dxive signal was applised to all.

piezoelectric _vibrators 46-2, 46-2, 46-2...excépt a
plezoelectric vibrator 46-1 located at-rthe centex of <the
plezoelectric vibrator support plate 44 for displacing them
1.75 ym Ior ejecting ink drops, then displacement amount AR

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

was not applied, and caused by propagation OI tThe piezoelectric
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H
the contlguous .pi ezoel ectr+c vibrators. DESCRI PTI ON OF THE.DRAWNGS FIG 1

illustrates an ink jet recording head ut|||2|ng the fitst..preferred
erbodi ment; FIG 2 illustrates the vibrator unit of the first preferred

enbodi nent

vibrators 46-2, 46-2;_46—2..;.through.the vibrator sﬁpport'
plate 44 was measured with a displacement meter, as shown in
Figure 8 (a), the measured displacement was about 0.3 um. In
contxast, as shown in Figure 8(b), when the piezoelectric.
vibrator was supported by the piezoelectric vibrator suppoxt
plate 44 only and assembled in the outer éase 8 without
attaching the base 45, the corresponding displacement amount
AR2 was 0.45 um, which was 1.5 times or more the value in the
example accprdlng to the preferred embodiment of the invention,
10 A base 45 made of stainless steel hav:.ng a given
thlckness, for example, 1.5 mm was used and, as shown in Figure
-9, a unit havzng the front end face 45a of 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

1s ‘having the front end face 45a projecting from the front end

face 44a of the piezoelectric vibrator support plate 44. The

relationship between the projection ambunt AL and the

displacement amount ARl of the piezoelectric vibrator 46-] to
' which the drive signal was not applied when a 30-volt drive

20 signal was applied to all piezoelectxic vibrators 46-2, 46-2,

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

center of the plezoelectric wvibrator support plate 44 for

displacing thém 1.75 pm was examined. As shown in Figure 10,

as the projection amount AL lncreases, the displacement amount

25 ARl decreases, but becomes sSubstantially constant where the

projection amount AL is 2 mm or more.

—_—
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REPLACEMENT SHEET -3- FIGS. 3(a)-3(c) illustrate the assen
the-first preferred embodirent; FIGS.- 4[eri]-4([err]) illi
assenbly process of the first preferred enbodlnent FI G
vibrator unit of the first peferred -

y process of
rate the
|1

I
I
[ ustrates the

"%ﬁbg-

Further, while the projection amount AL from the front

end of the piezoelectric vibrator support plate of the base 4§
was maintained constant, for example 3.9 mm, the thickness of
the base 45 was varied and the displacement amount AR]l of the

5 piezoelectric vibrator 46-1 to which the drive signal was not
applied was examined as described above. As shown in Figqure
11, as the base 45 i:hickens, the d:.splacement amount AR1
decreases, but becomes substantlally constant where the
thickness 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 effective device
for preventing crosstalk or ink mist from occurring and that
moxre effective means is provided by projecting the fQOnt face
of the base 45 from the piezoelectric vibratoxr support plate 44

s -and thickening the base 45. Fﬁrther, if the Qibrator support
plate 44 is thinned to about the *piezoelectric vibrator
-dis?ositionfpit;h, for example, about 0.15 mm, the displacement
amount ARl c¢an be auppresse.d without hindering cutting of the
plezoelectric vibration plate to ihe piazoelectric vibrators.

20 Figures J..2(a) and 12(b) shows a second preferxed.
embodiﬁent of piezoelectric vibrator unit, wherein numeral‘so
is a piezoelectric vibrator suppoxt plate made of a ceramic
board having cutting properties. The center poxtion is cut

away to provide a recess 60a and projections sob,end 60c are

25 formed on both sides of the.suppdrt plate 60, one projection
60c having a positioning zrecess 60d formed therein.
I —
- 12 - et Has Been Reﬁii:ed



enbodi ment in a housing; FIG 6 illustrates e first pref .-.enbod t in
detail; FIG 7 illustrates>a test signal applied to the picezoelectric FIGS
8([err]) and 8([err]) illustrate dislacenent of the piezo- electric.
vibrators irn the invention and in a co onal device respectively; FIG 9

Il lustrates a conparative exanple; FIG 10 is a graph of displacenent verus

proj ection

10

15

20

25

Piezoelectrxic vibrators €1, formed by cutting a piezoelectric

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

portion thereof opposed to the piezoelectric vibrators 61, 61,

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

61 more than ﬁront 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.
The base 62 is bonded to the piezoelectric vibrator supporf
plate 60. |

According to the second embodiment, if the relat;ve
position between the front face position of the piezoelectric

vibrators 61, 61, 61... is preset to a predetermined positional

' relationship, the recess 60d of the piezoelectric wvibrator

support plate 60 is positioned by engagement with a projection
(not shown) of outer case 8 and the tip of each piezoeiectric
vibrator 61 abuts prassuﬁra generation chamber. 52 at
predetermined precision simply by dropping the vibxatox unit 65
into a vibrator unit housing hole 3 of the outexr case 8.

The base 62 made of highly'rigid material projeéts
toward the side of the piezoelectric vibrators 61 to a greater

degree than the piezoelectric vibrator support plate 60 at

least in the area opposed to the piezoelectric vibrators 61,

and thus can resist reaction forces generated by ejection ink.

Further, the second projection 62b is formed on the base 62 and

.= 13 - This Sheet Has Been Replaced
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| erigth of the base; FIG 11 is a graph of displacement anpunt versas tick-
ness of tHe base; FIGS. 12(ferr]) and 12(ferr]) illustfatetanother
preferred enbodinent; FIG 13 illustrates another preferred enbodi enent;
FIG 14.illustrates another prefered enbim and- FIGS.” 15(a) and 15(b)

Il lustrates.another assenbly pro- S :
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reinforced selectively, thereby furthermore securely preventing

ink mist or crosstalk from occurring while maintaining a device

‘which is light in weight.

Figure 13 shows a third preferred embodiment of
piézoelectric 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
is cut to define piezoelectxic vibrators 71 as descr:.Lbed 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 frlont end of the_

piezoelectric vibrator support plate 70 with an adhesive.

" Numeral 73 indicates a junction electrode member.

In this embodiment, the piezoe'lec{:ric: vibrator support

plate 70 in the area supporting the piézoelectric vibrator 71

receiving reaction force from a pressure genaration chamber

.when an ink drop is spouted tends to be displaced, but

distortion is suppressed to a minimum becausa of rigidity: of.
the base 72. This .prevents ink mist ox crosstalk from
occurring through nozzle openings.

According to this embodiment, the base 72 made of
material having a comparatively large d.ensity can be formed to
.a minimum size to prevent t}xe piezoelectric vibrator support

plate 70 from being distorted and maintain a light weight

4. - This Sheet Has Been R<ilaced
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cess of " the device. DETAILED DESCRI PTION OF THE PREFERRED_ EMBCODI MENTS FI G
I illustrates one enbodlnent of an ink jet” recordi ng headaccording to the
i nvention, wherein nozzle plate 1 has nozzl e .openings 2 pierced therein
with a pnedetern1ned pitch so as to provide 180 dpi resolution, for
exanpl e. Spacer 4 is sandw ched between the nozzle plate 1 and a

device. Even if the piézoelectric vibrator support platé 70

has a sufficient thickness fitted for éutting, the gap AG
 betweeri the base 72 and the piezoelectric vibxators 71 can be

set to the minimum for preventing ink mist or crosstalk from

5 occurring. |

| In another preferred embodimént, the piezoelectfic
vibrators 71, 71 supported only by the pieéoeléctric vibrator
support plate 70. A base B0 formed with a stepped ;evel
difference portion BOa to providé a Qap AG between the base and

10 piezoelectric vibratoxrs 71 on the reaxr side are used and the
front of piezoelectric wvibrator support plate 70 can be made to

abut A vertical wall 80b of the level difference portion B80a

for bonding, as shown in Figure 14.

The piezoelectric vil:;ration plate and the piszoelectric

15 . viSraﬁor support plate are separate members in these
embodiments. However, as shpwn'in.Figﬁre 15, as many layers of
green sheets'SO of piezoelectric matérial as requifed are
laminated on a substrate 891 so as to provide an appropriate
thickness a& a piezoeslaectric vibrator support plata after

20 sintering (see Fig. 15(a)) and a piezoelectrxic vibration plate
manufacturing piocess_similar to that as shown in Figure 3 may

be repeated on the surface (see Fig. 15(b)) tTo form =
piezoelectxic vibration plate 352. Numeral 93 is a temporary

base used for fillin§ the gap dug to the level difference until

.25 Eompletion of the sinteriné. According to this embodiment,

bonding of the piezoelectric vibration plate and piezoelecﬁric_
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V|brat|on plate S and fornedwith holes to define a pressure generat-i on

chanrber,

a reservoif, -andan i-nk- supply port connecting them so that the

hol.es are comunicated with e nozzle openings 1. The spacer 4, the nozzle
plate 1, and the vibration plate 5 are bonded and integrated iinto an ink
flow route form ng nenber 6. Piezoelectric vibrator units 7 are inserted
into vibrator unit housing hole 9 of an outer cae 8 so that free ds of the

10

is

20

25

vibratoxr Support plate is made unnecessary and rigidity can
also be raised because there is no adhesive layer.

The above-identified embodiments relate to a recoxding
head of a so-called "faﬁe ejeCt“ type provided by laminating
the nozzle plate, Spacer, and vibration plate as an example,
However, a similar effect can be produced if the in?entiOn 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 noézle'openings pierced on the end face in
the length'diréctioh of pressuxe generation chambers.

As described above, according to the invention, fhere
is provided an ink jet recording head for ejécting 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
resarvoir. Piezoelectric vibrators ‘are used in a wvertical
vibration mode. The piezoelectric vibrators are disposed and
fixed in 3 row with a2 predetermined pitch., to a piezoelectric_
vibrator suppoxt plate having excallent cutting propexties and
the piezoelectric vibrator suppoxt pl_atol is fixed to a base.
made of a material having a larger rigidity than the support
plate. Therefore, a cutting'operation is not hindered and if
the piezoelectric Vibrator support plate is subjected to
reactlon force when ink is ejected, the base rxesists the force,

Thus, undesired dlsplacemené of the contlguous plezoelectr\c

v;brators can be suppressed to prevent ink mist or crosstalk

Thzs Sheet Has Been Re
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pi ezoel ectric yibrator unit, abut the vibration plat S of the -4- ink
flow route form ng- mehber =*Ald these conponents are unified by a frame 10
to constitute an ink jet recording head. FIG 2 illustrates the _
pi ezoel ectric vibrator unit 7 of this o i

from occurring and the outer case can be made of polymeric
material having a low rigidity to allow a recording head to be

light in weight.

- 17 - _ This Sheet Has Been RTilaced




enbodi ment .

Piezoel ectric vibrators 20 each formed by |lam.pating al te

| ayers of piezoelectric materi al | ayers 22 and el ectrode Iayers 23, 24 and
havi ng an active area LA whose tip side only is expanded or shrunk, ie.
oscillated, and an inactive area LB which does not contribute to vi brati on.
The inacti've areas LB of the piezoelectrid8vibrators 20 are fixed with an

adhesive to a thin filmelectrode |ayer 2.6 ““ml ml“ “I““Il‘ " |“l |

10

15

20

25

30 .

CLAIMS

An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber (52)
of an ink flow route forming member (6), said ink jet

recording head comprising:

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). ‘

The ink jet recording head of claim 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.

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).

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 a central area of the row of

said piezoelectric vibrators (61).
//

"
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f'ormed on the surface of a. vibrator support plate 25. The_yvi brator support
pl ate 25 has sfits 27-forned t herei n- t hrough the electrode‘1ayer 26 to the
vj brator support plate 25 W th the sane pitch as the p|ezoe ec

vibrators 20, when the piezoelectric vibration plate |s
the el ectrode layer 26 into drive electrodes 28, and co %’% liﬂ
Nuneral 30 is a base fixed to.the other surface of the virbrat ar

plate 25 with an adhesive. The length of the

5. The ink jet recording head as claimed ih 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. claims 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 iron and =zinc diecast

material.

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

same.

- This Sheet Has Been Rerlaced
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base 30°is selected so that the tip side of the vibrators 20 project
theefromby a I'ength AL Ndreral 31.is a Common el ectrode jdnction nenber
whi.ch is connected to el ectrodes fornmed. on the surface of the piezoelectric
vi brators 20 and has ends connected to the common el ectrodes 29 of the

vi brator support plate 25. By adopting sucf an el ectrode structure, when a

drive signa

Is applied to the common el ectrode 29 and the drive el ectrodes

28 only selected

10

15

ABSTRACT

An ink jet recording head for ejecting ink drops by expanding
or shrinking a pressure generation chamber (52) of an ink
flow route forming member (6) cbnsisting of nozzle openings
(2), the pressure generation chamber (52), an ink supply port
(54), and a reservoir (53). Piezoelectric vibrators (46) are
disposed and fixed in a row with a predetermined pitch, to a
piezoelectric vibrator support plate (44) having excellent
cutting properties and the piezoelectric vibrator support
plate (44) is fixed to a base (45) made of material having a

‘larger 'rigidity than the support plate (44). If the

piezoelectric wvibrator support plate (44) receives reaction
forces when ink is ejected, the base (45) having a larger
rigidity than the support plate (44) resists the reaction

force and suppresses undesired displécement of the

contiguous piezoelectric vibrators.
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oeI ¢ oy ar-€e oscillated for_shrinking or expanding the 1
P‘? A Iaattgilanbe‘ﬂ F1 GS. 3(4)-(T) illustrates-a- rrgnuf acturing ”’Z
oelectrlc vibration plate. A so-called "green sheet" 34
forne |X|ng a clay-like piezoelectric vibration material on the
surface of a substrate 33 as shown in FIG 3([err]) and an el ectrode | ayer

3S used as one pole is forned on the surface of the green sheet 34 as shown
in FIG - 3(b)

Flg: 1

T




N@kﬁEﬁ%%ﬁ %% Janinatedso as to fill in the |evel difference

bejneady {tdl &ctgode | ayef 35 and the gfeen sheet 34 -andidn el ectrode 2 ’l
| ayer 38 used as the other pole is formed on the surface of the green sheet )
37, as shown in FIG 3([err]). These, steps are repeated until the desired
nunber of layers are fornmed: After the green sheets 34 and 37 are dried to

a predet'erm ned degree, they are sintered while pressure is applied to,

t hereby:provi ding a piezoelectric vibration™ '
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pBaikohBpsoy GOoppeEREEeMi ned t hi ckness and a predet er ni ned. nunber of ' 3“2
| 39¥r BEP APPARCRLERRrode |ayer-41 is fornmed on a front” end-face 40a and the

baex Bila:PFa38eFRctric vibration plate 40 thus provided and el ectrode

| ayers 35 are connected in parallel. ' )

g3

£

by

G)

LT

This Sheet Has Been



Amﬁmtml%gﬁmonﬁz:msl formed on a rear end face 40b and_portion-which
be¥sseRP APDIRATIRN ar ea (BB on the surface and the el ect rides 38 of
p,l%kroeﬁlécﬁ-rs&?%'fﬁ ator 40 are elec- trical] y connected in parallel, as

shown in FIG 4(a). The el ectrode |ayer 41" wh #QM |l be cut into drlve
el ectroge i xed.to ggyd-rator. support bo@rd 44 made of a material .
havi @ cutti ng pr Qe ' el ectrirc material,
gl a i ke si |I t oA - “z R
. by
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pp@éb@l@pﬁpthPFBP§F6F9n havi ng an eIectrode | ayer 43 on t-ke surface with af?i'

cIRHUEP| REPAdRESIQR, as shown in FIG 4(Jerr]). Abase 45 2&@deof a materi al ‘

wAREhFiidenB§RER-ER rigidity than the piezoel.ectric vibrator support plate

- 44, such as carbon jig steel, stainless steel, soft iron, or zinc diecast

: naterial having a front end 45[err]a projecting t owar d the front end face:

. 40a of the piezoelectric vibrator 40 to a greater degree than the front end
44a of the plezoelectrlc V|brator support plate

FIG &
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4feiko tHpaan tGoTRRT astiRsY surface of the vibrator support —plate .44 with an
ad}?é%i(gi’e]gp&l N n-FlIG#4(t)..In this"state, the base 45 is nounted on
% 5P ¥ "tEIPng devi ce such as dicipg saw or wire saw and cutting is
~ started with a predetermned pitch, for exanple, 140 [err]mfromthe front
. end face 40a to rear. end’'face 40b of. he'pi"920e| ectric_vibrat %n pl ate 40.

Wien the cut area proeeeds iggt hggvi bration \SUQBQ# gat e 44 t-he cutting -
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dgg_t]@d:t& gtﬂgr@te 44. However, since the vi brator support pl ate 44
|§v;r%1£ éépl@.é@éﬁ:{d al. havizag excel l ent cutti ng propert Fes; . cutting ~7/)2
Ay SASEiqedpy to thaf of the pi ezoel ectric material, the cutter
continues the cutting opera- tion in substantially the same |oad state as
when-cutting the piezoelectric vibration plate 40 only. Thus, after cutting
of the piezoelectric vibration plate 40 term nates, the ,cutti ng i s further
continued t the other end of t.he piezoelectric '
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Viditkn dpsuppienpqratiiont4.at the same height. Thus,’ the piezoel ectiic S
view HE Q&L | s- cut<tnt 0 pi ezoel ectric vibrators 46 Bf preedetermn ned 8/!(
sjue Bhke 1 R r ode | ayer 43 is separated into common -el ectrodes 47 and
drive electrodes 48 by slits 49, as shown in FG 4([err]). Wen such &

cutting is repeated a predeterm ned nunber of tinmes by sliding the cutter

or the base 45 with a-prede- termned pitch,..the piezoelectric vibration

plate 40 is sepa- - ' _ '
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r $edekd | ResarhEahpsinagd.amunber of piezoel ectric vibrators 46 and the q
spondi ng to the _ rL

elNe¢t EFg& Y0 s-sepédrated by skits 49 corre- :
oé‘foéllé@t 4B1¥Pators 46. The surface of the el ectrode | ayer 42 is
connect ed by a common el ectrode conj unction nenber 50 and both ends are

Fl6- 0

fixed to the

S T
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N
0.
g
%AR‘I 0. 21
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o s : fmtm et
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. c8aduBP| Appléfationshi p i:5mai-nt ai ned, thereby providing F&¥vi brator unit 51

 fPRedEibet RB3HBSEP45. When the piezoelectric vibrator unit 51 is dropped

. into a vibrator unit housing hole 9 of an outer case 8,” having one end to

- which an ink fl.ow route form ng nenber 6 consisting of -a nozzle plate,*a -
spacer,. and a vibration plate is attached, as shown in FI'G: 5, the.tips of
t he piezoelectric vibrators 46 . -

¢penko Epsohr OdepodZtdbnpi ezoel ectric vibrator ‘support plate 44 whi-l e theiquh_
/
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; i',k' %EPSP | EPERRT3BpeRed to pressure geperation chambers 52 formed in t hell /’z
f L oW X %Z‘ h9" nenber.:6 of the wibration plate 5, as<shown in FIG 6.

1 ) when a print signal ,; of a trapezoidal wave for exanple, as
shown in FIG 7 is applied to the conmon el ectrode 47 and the drive
el-ectrode 48, the.pjezoelectric.vibrator 46 is shrunk longi-" tudinally on
the rising edge of the print signal, thereby .enlarging-the pressure )
generation chamber 52 for causing R :
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| v PekkPIEPFRY GPEPARAFHR supply port 54 from a reservoir 53. Wen tine periop)/ﬁz
%?a%ig%@? %@gf%@% maxi rn vol tage (i-n the enmbodi ment,” 30:V) is maintained ~/%
L[0T e

mnéd time period b. Wien the ink meniscus arrives at a

predet er mi ned posymb i th jgnal i5 made to fall over tine period c The
pi ezoel ectric V?Fr[%‘t )ﬁichpands; t hereby shrinking the pressure .
2 fa

rtejecting an ink drop through a nozzle openihg 2.

o)

generati on chanbér
By repeating these steps, dots

L
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can be farimed conforming to pri
I S expanded or shrunk. parti cul

to & |l arge reaction force caused by a pressure | oad of the pressure
i ' it can sufficiently resisftd ET
force caused by the pressure Ioad of the pressure generat #@%@ﬁ@ﬁsﬂ %‘E

generation. chamber 52. However,

because the base 45 is i nade of
- vibrator support plate 44

INK JET RECORDING HEAD

nt data. \When the piezoel ectric vi br &ae-+48’
arly to eject an ink drop, it is subjected

a highly I’I?Id material apd}is fixed to
30 AUG 1996

This invention relates to an ink jet recording head.
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An ink jet recording head using piezoelectric vibrators

having a nozzle plate formed with nozzle openings, a spacer for
séparating a pressure generation chambex, an ink supply poxt,
a reservoir, and a _vibration' plate deformed ' by the
piezoelectric wvibrators to .expand or shrink the pressure
.generation chamber is well known. The piezoelectric vibrators
are oscillated based on a print signal to shrink or expand the
pressufe generxation chamber,. and thereby suck ink into the
pz;eséﬁre genaration chamber and eject ink drops therefrom
coﬁsacutivelir.

In such an ink jet xoecorxrding head, the axea wherxa
piezoelectric vibrators abut a vibﬁation'plate can be made
extremely small by usin.g piezoelectric vibrators in a verxtical
vibration mode .formed by_ laminating electxode material and
plezoeleCtric material. Wiﬁh such a construction, a reéording

head having a resolution of 180 dpi or more can be m:'ov.).ded

_—

This Sheet

uummmn//mﬁii?““



and further the front end 45a of the base 45 prOLgbt%,P¥“@5gggzaTC6 A
Lbeyond the front end 44a of the vibrator suppor BERAEE™24 TEEe FIG 2).
When a 30-volt drive signal was applied to all |pifezoelec- tric}vibrators
46-2, 46-2, 46-2... except a piezoelectric vibratjorz §6auG/199&t ¢diat the
center of the piezoelectric vibrator support pllatle 44 for displjagi ng them
1.75 pmfor ejecting ink drops and then displ ade : ¢f the

A piezoelectric vibrator unit having piezoelectric
vibrators each being, for example, 5 mm long, 70 um wide, and
0.5 mm thick dispo-sed. on a piezoelectric vibrator support plate |
with a 0.l4-mm pitch .is used in suchH a high resolution
recording head. To manufacture the piezoelectric vibratoxr
units, a piezoelectric vibration plgte formed by laminating
alternate léyers 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

the like with a predetermined pitch, such as 0.14 mm, with one
end of the electrode face fixed to a base in a cantilever
fashion.

Since the eléctrodes formed on the base must be
separated for each piezoelecéric vibrator fhe cut depth must

.extend.at least to the piezoelectric wvibrator support plate.
Thus, material having 'excellent cutting properties, such as
glass oxr piezoelectric material, is used f'oi‘ the pieﬁoelectric
vibratox support plate to avoid added resistance to cutting
when +the piezoelectric wvibration plate ie cut, thereby
preventing the piezoelectxic vibrators from being broken ox.
imperfectly formed.

According to this method, cuttexr vibration and shock
can be prevénted and the manufacturing yield of the vibratoxr
.units'can be improved. On the other hand,.materiais having
éxcellent cutting properties are low in rigidity. Thus when.

such devices receive a reaction force of the piezoelectric

This Sheet Has Been RTlaced

I

- T



pi ezoel
caused

t hriough the vibrator support plate 44 was neasured

neter,
[enr]m

ectric vibrator 46-1, to which the drive Si gral—was.nat__applied,
by propagation of t he pi ezoel ectric vibratgr ﬁE@ﬁA?&Mﬂaﬁ Bprd6-2 .
splacenent

as shown in FIG 8(a t he neasur ed di spl ade t 0.3
I n ' ( ) .p %Omﬁﬁﬁw

3

vibrators to which a drive signal is applied for jetting ink
drops; they are easily distorted and the pliezoelectric 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 sécurely preventing c¢rosstalk and
ink mist from occurring'without hindering a cutting operation for
turning a piezoelectric vibration plate into a plurality of
piezoelectric 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 to 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 drop, and more particularly a structure
of a piezoelectric vibrator unit of such an ink jet recording
head.

Accordingly, to a specific aspect 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 pressure
generatlon chamber, an ink supply port, and a reservoir. The
plezoelectrlc vibrators are dlsposed and fixed in a row with
predetermined pitch to a piezoelectric vibrator support plate

 having an excellent cutting properties and the piezoeltectric

vibrator support plate is fixed to a base made of material having
a rigidity which is larger than the support plate.

During a manufacturing process, the cut depth of a cutter
is held within the range of material having excellent cutting
properties and if the piezoeletric vibrator support plate is
subjected to a reaction force when ink is ejected, the
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contrast, as shown in FIG 8(b), when the piezoelectric vibrator was

supported by the piezoelectric vibrator support plate 44 only and assenbl ed

in the outer case 8 without attaching the base 45,; 1 A QT IT]

di spl acenent anobunt AR2 was 0.45 pm which was 1.5 ES *”wyh“'f%e val ue

I n the exanple according to the preferred enbodi ngnt| of the inventfign. A

base 45 made of stainless steel having a given thijck- 0 AUG 1995 h
-4-

base absorbs the reaction force for suppressing dispIaceﬁﬁnt ot

the contiguous piezoelectric vibrators.’

DESCRIPTION OF THE DRAWINGS

Figure 1 4illustrates an ink jet xrecording head
according to a first preferred embodiment of the invention;

Figure 2 illustrates the vibrator unit of the first
preferred embodiment; |

Figures 3(a) - 3(c) illustrate the assémbly process of
the first preferred embodiment;

Figures 4(a) - 4(e) illustrate the assembly process of
the first preferred embodiment;

Figure S5 illustrates the vibrator unit of the first
preferred embodiment in a housing; |

Figuxe § illustratésithe first preferred embodiment in

" detail;
Figure 7 illustrates a test signal applied to the

piezoelectric vibrators;

Figures B8(2) and 8(b) illustrate displacemant of thse
piezoelectric vibrators in the invention and i::J. a convantional
device .;:espectively;

Figure 9 illustrates a comparative example;

Figure 10 is algraph of displacement versus projection

length of the base;

Figure 11 is a graph of displacement amount versus

thickness of the base:
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hown in FIG, 9, a unit having

ness, for exanple, 1.5 mm was used and, as -
d beyond the

the front end face 45a.of the base 45 which

front end face 44a of the piezoelectric vib '@%ﬁ%?@mggﬁt 44 was
conpared to a unit having the front .end fadge 5[ err] propegtijng fromthe
front end face 44a of the piezoelectric vilyr toSogNagqéh%pla e 44. The
rel ati onshi p between the projection anount n I $pl acenent

anount [err] Rl of the piezoel ectri ¢S brat“r
Figure 12(a) and.lz(b) illﬁ$£;g¥§ f? preferred
embodiment;
Figure 13.illustrates another preférred embodiment;

Figure 14 illustrates another preferred embodiment; and

Figures 15(a) and (b) illdstrates 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
1 has nozzle openings'2 piexrced therxrein with a predetermined
pitch so as to provide 180 dpi resolution, for example.

Spacer 4 is sandwiched between the nozzle pléte 1 and

a vibration plate 5 and fonri_ed with holes to define at least one pressure

generation chamber; rese%voir, and ink supply poxt
'connecting them so that the holes are communicated with the
nozzle openings 1. The spacer 4, the nozzle plate 1, and the
vibration plate 5 are bonded.and integrated into an ink flow
route foxming mambaxr 6.

Piezoelectric wvibrator wunits 7 are. insextaed into
vibrator unit housing hole 9 of an outex case 8 so that fxee.
ends of the piezoelectric vibrator units abut the vibration
plate 5 of the ink flow route forming member. All these
components are unified by a frame 10 to constitute an ink jet
recording head.

Figure 2 illustrates the- piezoelectric vibrator unit 7

of this embodiment. Piezoelectric vibrxators 20 each formed by

This Sheet Has Been
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-to which the drive signal was not applied when
applied to all piezoelectric vibrators 46-2, 46
pi €zoel ectric vibrator 46-1 | ocated at the cent
vi brat or support plate 44 for displacing then11f7
shewn in FIG 10, as the projection anount AL i
anount [err] RL decreases, but becones substantlally cons effje the

‘projection anount [err]L is 2 mm or nore:

laminating alternate layers of plezqeléctric:materiai layers 22
and electrode layers 23, 24 and having an active area LA whose
tﬁp 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
aré fixed with an adhesive to a thin film electrode layer 26
formed on the surface.cf 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
‘the same pitch as the piezoelectric vibrators 20, when the
piezoelectric vibration plate is cut for dividing the electrode
layer 26 into drive electrodes 28, and common electrodes 29.
Numeral 30 is a base fixed to the other surfacs of the
vibrator support plate 25 with an édhesive. The lengfh ﬁf the
e '-base 30 is selected so that the tip side of the vibrators 20
project therefrom by a length AL. Numexral 31 is a common
electrode junction member which is connected to electrodes
formed on the surface of tha piezoelaectxic vibrators 20 and has
ends connected to the common electrodes 29 of the v«brato*
support plate 25. By adopting such an electrode structure,.
when a drive signal is.applied to the common electrode 29 and
the drive electrodes.za only selected pilezoelectric vibrators
are oscillated for shrink;ng ér expanding ihe pressure

generation chamber.
Figures 3(a)-(c) illustrates a manufacturing method of

the piezoelectric vibration plate. A so-called "green sheet"

Sheet Has Been Replaced

T




-Further whil e the projection anDunt [err]L fr :
piezoelectrlc vi brat or support plate of the bage {45 Was  TTEI ntafnéd.
constant, for exanple 3.9 mm the thickness of teiuaqﬂ% ig%fs-v,ried and
t he dlsplacenent anount [err] Rl of the piezoel Vi < i
the drive signal was not applied was exam ned
in FIG 11, as the base 45 thickens,_ybe di spl
decreases, but becones substantially constant where

t annunt [err]Fﬂ

34 formed by fixing a clay-like piezoelectric vwibration
material on the surface of a'sﬁbstrafe 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 fiil in
the level difference between the electrode lafer 35 and the
green sheet 34 and an electrode Iayer 38 used as the other pole
is foxmed on the suxface of the green sheet 37, as shown in
Fig. 3(c). These steps are repeated until the desired number
of layers are_fbrmed; After the green sheets 34 and 37 aré
dried to a predetermined degree, they are sintered while
pressure is applied thereto; thereby provi@ihg a piézoelectiic
vibration plate having a predetermined thickness and a
predetermined number of layefs.

| An electrode layer 41 is formed on a front end face 40a
and the back of a piezoelectric vibration plate 40 thus
provided and electrode layers 35 are connected in parallel. An
electrode layex 42 is formed on a rear end face 40b and poxtion
which becomes an inactive area LB on the surface and the
electrodes 38 of .piezoelectric vib;':ai:cr 40 are electrically.
connected in parallel, as shown in Figure 4(a).

The electrode layer 41 which will be cut into dfive
electrodes is fixed to a vibrator suppoxt board 44, made of a
material having e#cellent cutting properties, such as

. | éiezoeleCtric: material, gléss,.ior the like similar to the

material of piezoelectric vibrators, having an electrode layer
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the thickness is 1.5 mmor nore. It was fdqugg the test data that the
base 45 nmade of highly rigid.material pro¥i ey, ef fecti ve
device for preventing crosstalk or ink mj ' jand that nore
effective neans is provided by projectin i/ the base 45
fromthe piezoelectric vibrator support ' dﬂﬁ&' kgni ng the base
45. Further, if the vibrator support plaje- ' '

pi ezoel ectric vibrator -8-

43 on the surface with a conductive adhesive, 25 shown in Fig.
4(b). A base 45 made of a material which is higher in rigidity
than the piezoelectric vibrator support plate 44, such as
carbon jig steel, stainless steel, soft iron, or zinc diecast
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 plate 44 with an adhesive, as shown in Fig. 4(c).

. In this staté, 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 exémple, 140 pm from
the front end face 40a to rear end face 40b of the
piezoelectric vibration platé 40, When the cut area proceeds

- 'to the vibration éupéort plate 44 at the cutting stép, the
cutter contact; the support plate 44. . Howeéer, since the
vibrator support plate 44 is 'made of a material having
excellent cutting pxopeztlie.s, i.s. cutting resistance similaxr
to that of the piezoelectric 'ma-i;'erial, ths cutter continuss the

' cutting operation in- substanti}ally the same load state as whan
cutting the piezoelectfic vibration plate 40 only. Thus, after
cutting of the piezoelecnric.vibration plate 40 terminates, the
'cutting is further continued to <the other end of the
piezoelectxric vibratoxr support plate 44 at the same height.
fhus, the piezoelectric vibration plate 40 is cut into
piezoelectxric vibrators 45. of predetérﬁined size and the

-_—
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di sposition pitch, for exanple, about 0.15 mm the displace- 8- nent
f ke ng _cutti-ng. of the
% ﬂCEmgﬂ_@Tm\g FEAD,Or S.
: - SPHE

drive eleétxodes.48 by slits 49, as.shdwn 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
predetermined pitch, the piezaelectfic vibration plate 40 is
separated into the desired numbexr of piezoelectric vibrators 46
and the -electrode layer 43 is separated by slits 49
corresponding to theé piezoelectric vibrators 46. The surface
.of the electrode léyer 42 is connected by a common electrode
conjunction member 50 and both ends are fixed to the.common
electrodes 47 of piezoeléctric vibrator support plate 44 while
their conductive relationship is maintained, thereby providing
a vibrator unit 51 fixed to the base 45.
When the piezoele;tric vibrator uvnit 51 is dropped into
" a vibrator unit housing hole 9 of an outer case B, having one
end to which an ink flow route forming member & consisting of
a nozzle plate, a spacer, and a vibration plate is attached,'as
shown in Figuxa 5, the tipé of the piezoélectric vibrators 46
abut the positions opposed t§ pressure genaration chambexrs 52
foméd in the flow route forming member & of the wvibration
plate 5, as shown in Figure 6. In this state, when a print
signal, of a trapezbidai wave for example, as showa in Figure
7 is applied to the common electrode 47 and the drive electrode
48, the piezoelectric vibré£0r145 is shrunk longitudinally on
£he rising edge of the print signal, thereby enlarging the

pressure generation chamber 52 for causing ink to flow via an
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FIGS. 12([err]) and 12([err]) shows a second Preferred enbodi - nent of
pirezoel ectric vibrator unit, wherein nuneral 60 is a piezoelectric vibrator
support plate nade of a ceram ¢ board having good cutting properties. The
center portion is cut awmay to provide a recess 60a and projections 60b and
60c. are formed on both sides of the support plate 60, one projection 60c
havi ng a positioning recess 60d forneqi}hereln Pi ezoel ectric vibrators 61,

formed by cutting a

ink supply port 54 from a reservoir 53. When time period a has
elapsed, the maximum voltage (in the embodiment, 30 V) is
maintained for predetermined time period b. When the ink
meniscus arxrives at a predetermined position, the signal is
made to fall over time period c. The piezoelectric vibrator 2§
thus expands, thereby shrinking.the pressure generation chamber
52 for ejecting an ink drop thrdugh 2 nozzle opening 2. By
repeati ng these steps, dots can be formed conforming to prlnt
data.

When the piezoelectric vibraeor 46 1s expanded or
shrﬁnk, particularly to eject an ink drop, it is subjected to

 a large reaction force caused by a pressure load of the
'pressnre generation chamber 52. However, it can sufficiently
resist fhe reaction force caesed by the pressure load of the
‘pressure generation  chamber 52 because the base 45 is made of
a highiy rigid material and is fixed to vibrator support plaie
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
plate 44 (see Fig. 2).

When a 30-volt dxive si.gnal ~wae applied to all.
piezoelectric 'vibrators. 46-2, 46-2,  46-2...except a
plezoelectric vibrator 46-1 located at- the ceneer of the
piezoeJ_.ectric'vibraior support plate 44 for displacing e'hem_
1.75 ym Ior ejecting ink ;lrops, | then displacement amount AR1
ef the piezoelectric vibrator 46-1, to which the drive signal

was not applied, and caused by.propagation of the piezoelectric

REPLACEMENT SHEET
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pi ezoel ectric vibration plate are fixed at a givﬁﬁﬂmmtmgw?
the first enmbodi nent. Nuheral 62 is a base Fropt
portion thereof opposed to the piezoelectric vjb
projects toward the side of the piezoelectric.
end face 60e of the piezoelectric vigézgor sugp
projection 62b projects further towar

center

of

e, as in
of the

. e 60,
the fgdont end an

vibrators 48-2, 46-2, 46-2... through the vibrator support
plate 44 was measured with a displacement meter, as shown ip

Figure 8 (a), the measured displacement was about 0.3 um. In

a§2%5'61, 61. Jo

i for #tbAYG6199g0 e Jt han front
Ng a second

ofned at the

contxast, as shown in Figure 8(b), when the piezoelectric. .

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

AR2 was 0.45 um, which was 1.5 times or more the value in the

example according to the'preférred embodiment of the invention.

A base 45 made of stainless steel having a given

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

-9, a unit having the front end face 45a of 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

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

face 44a of the piezoeiectric vibrator support plate 44. The
relationship .between the projection amount AL énd thé
displacement az;c\ount AR1 .of the piezoelectric vibrator 46-1 to
which the drive signal was not applied when a 30-volt dxive
signal was applied to all piez'oelectr.ic'vibrétors 46-2, 45;2r
46-2... éxcept the piezoelectric vibrator 4641 located at the
center of the piezoelectz;ic a.ribra.»tor support plzte 44 for
displacing thém 1.75 pm was examined. As showﬁ'in_rigure 10,
as the projecf:ion amount AL increases, the displacement amount

ARl decreases, but becomes substantially constant where the

projection amount AL is 2 mm oxr more.
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base 62. The base 62 is bonded to the piezoel t r{tyt ort plate
60. According to the second enbodi ment, if the. ‘ Sk Joet ween

prOJectlon (not shown) of outer case 8. ?gd theftip—e

Further, while the projection amount AL from the front

end of the Piezoelectric vibrator éupport plate of the base 45
was maintained constant, for example 3.9 mm, the thickness of
the base 45 was varied and the displacement amount ARl of the
piezoelectric vibrator 45—1 to which the drive signal was not
applied.was examinad as described above. As shown in Figure
11, as the base 45 thickens, the displacement amount AR1
decreases, 'buﬁ becomes substantially constant where the
thickness is 1.5 mm or more.
It was found from the test data fhaf the base 45 made
of highly rigid material provides an.extremely'effeétive device
| for preventing crosﬁtalk or.ink nist from oc;urring and that
more effective means.is provided by projecting the fiont_facé
of the base 45 from the piezoélectric vibrator support plate 44
.and thickening the base 45. Further, if the Qibrator support
plats 44 is thinned té ~about the piezoelectric vibrator
dispoéitionﬁpitch, for éxample, about 0.15 mm, the displacement
amount ARl can be suppressea "without hindexring cutting of the
plezoelectric viﬁration plate to the piezoelectric vibrators.
| Figures 12(a) and 12(b) s_hows a second prefe.rred
embodiment of piezoelectric vibrator unit, wherein numeral_so
is a piezoelectric vibrator suppo:t'ﬁlate made of a ceramic
board having cutting properties. The center portion is cut
away to provide a recess 60a and projections 60b and 60c are _
formed on both sides of the support plate 60, one prOjeCtlon

60c having a positioning <recess 60d formed therein.
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precision sinply by droppi.ng the vibra- for
housing hole 9 of the outer case 8. The base

mat eri al

greater degree than the piezoelectric vibrat
the area opposed to the piezoelectric wiy-at

tor unit
i gid
61 to a

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

in the.fi;st embodiment.

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

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 férmed at the center of base 62.
The base 62 is bonded to the piezoelectric vibrator. support
plate 60. |

According-to the second embodiment, if the relat;ve
position between the front face-position of the piezoelectric

vibrators 61, 61, 61... is preset to a predetermined positional

'relationship,.the recess 60d of the ;dezoelectric vibrator

support plate 60 is positioned by engagement with a projection

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

vibrator 61 abuts pxessure generation chamber 52 at

predetermined precision simply by dropping the vibrator unit 65

into a vibrator unit housing hole 9 of the outexr case 8, |
The bése 62 made of highly rigid material projects

toward the side of the piézoelectric vibratorxs 61 to a greater

‘degree than the DlezoeleCtrlc vibrator suppOrtT plate 60 at

least in the area opposed to the piezoelectric vibratoxs 61,

and thus can resist reaction forces generated by ejecticn ink.

Further, the second projection 62b is formed on the base 62 and

f at least in
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resi st reaction forces generated by ejection i
prOJectlon 62[err]b is formed on the base 62

whi |l e mai ntaining a device which is |ight in
pref.erred enbodi ment of piezo- electric vibra
head used with the invention. A piezoeL?ELrio

nade.
reinforced selectively, thereby furthexrmore securely preventing
ink mist or crosstalk from occurring while maintaining a device
which is light in weight.

Figure 13 shows a thixd preferred embodiment of
piezoelectric vibrator unit of ink jet recording head used with
the invention. A piezoelectric vibrator support’platel70 is
made comparatively thick'with:material having excellent cﬁtting
properties. A piezoelectric vibration plate is bonded to
the surface of the piezoelectric vibrator support plate 70 and
is cut to define piezoelectxic 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 vibratorxr suppcrt. plate 70 with an adhesive.

" Numeral 73 indicates a juﬁction electrode member. -

In this embodiment, the piezoelectric vibrator support.
plate 70 in the area cupporting the piezoelectric vibrator 71
receiving reaction force from a pressure generation chamber
when an ink drop is spouted tends to be displaced, bﬁt
distortion is suppressed to a minimum bacausa of rigidity' of.
the base 72. This prevents ink mist- or crosstalk from

occurring through nozzle openings.
| According to <this embodiment., the base 72 made of
material having a comparatively large demsity cen be formed to
A minimum size to prevent the piezoelectric vibrator support
plate 70 from being distorted and maintain a light weight
___,~—4~————~—-——~—“
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conparatively thick with material having excell g g properties. A

pi ezoel ectric vibration plate is bonded to the ¢ Ot ETie=pi ezoel ectric
vi brator support plate 70 and is cut to define pif pa¥a ”ﬁlbrators 71
as descri bed above. The base 72 is nmade of highly rxgi :

t hi ck- :

-15-

device. Even if the piezoelectric vibrator éﬁﬁ?‘ plate 70

has a sufficient thickness fitted for cutting, the gap AG
between the base 72 and the piezoelectric vibxators 71 can be
set to the minimﬁm‘for praventing ink mist or crosstalk from
occurring. |
In another preferred embodiment, .tﬁe piezoelectfic
vibrators 71, 71 supported only by the piezoelectric vibrator
- support plate 70.. A base 80 formed with a stepped level
difference portion 80a to provide a gap AG between the base and
piezoelectric vibrators 71 on the rear side aré used and the
front of piezoelectric vibrator support plate 70 can be made to
ébut a vertical wall BO0b of the level difference portion Bba
for bonding, as shown in Figure 14.
| The piezoelectric viI;ration plate and the éiezoelectric
.vibraior support plate are separate members in these
embodiments. prever, as shown in Figure 15, as many layexrs of
green sheets 90 of piezoelectric material as required are
laminatad on a substxate 81 so as to provide an appropriate
thicknese ae a 'piezoeleétric 'Qibrator- support plata after
sintering (see Fig. 15(a)) and a piezoelectric vibxation plate
manufacfuring process simiiar to that as shown in Figﬁre 3 may
be repeated on the surface (see Fig. 15(b)) =o form a
piezoelectILC'vibration plate 92. Numeral 93 is a tTemporary
base used for filllné.the gap dug To the level difference until
T Eompletion of the sintering. According to this embodiment,
bonding of the piezoelectric vibration plate and piezoeieéﬁric
N
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ness to provide a given gap AG between the bas
vibrators and Is fixed to the front® end-of the
support plate 70 with an adhesive. Nuneral 73
el ectrode nmenber. In this enbodi nent, the piegodlectric vi
plate 70 in the area supporting the piezoel ecffrifc ObAHGQWp
force froma pressure generation chami~ whenfa

be di spl aced, but

the piezoelectric

PREFL QB HELTTe—wl.Ly at or

Z1]vilng reaction
Lhk dropi

'vibrator support plate is made unnecessary and rigidity can
also be raised because there is no adhesive layer.

The above-identified embodiments relate to a recording
head of a so~called "faée_eject" type provided by laminating
the nozzle plate, spacer, &nd 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-callea
"edge eject" type with the substrate, spacer, and vibration.
plate laminated and nozzle openings pierced on the end face in
the length direction of pressure generation chambers.

_ | As described above, accprding to thé invention, there
is provided an inkljét recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber of an ink
flow route formin§ member consisting of nozzle openings, the -
pressure generation chamber) an ink supply port, and a
reservoir. DPiezoelectric vibrators are used in a vertical
vibration mode. The piezoelectric vibrators are disposed and
fixed in a xow with a ;pzedetemined pitch, to a piezoelectric
vibrator support plats having excal‘lént cutting pxoperties and
the piezoelectric vibrator support plate is fixed to a base.
‘made of a material having.a iarger rigidity than the support
plate. Therefore, a cutting operation is not hindered and if
the piezoeleétric vibrator support plate is subjected to
reactipn force when ink is ejected, the base reslsts the force.
&hus, undesired displacement of the contigubus piezoelectric

vibrators can be suppressed to prevent ink mist or crosstalk

pputed tds to
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distortion is suppressed t-o am ni nrum because of rigidity the base 72. This
prevents ink mst or crosstalk fromoccurring through nozzl e openings.
According to this enbodi nent, the base 72 nade of material having a
conparatively |arge density can be forned to a mininum size to prevent the
pi ezoel ectric vibrator support plate 70 from being distorted and maintain a
|l i ght weight device. Even if the piezoelectric vibrator support

. -17- .

from occurring and the outer case can be made of polymeric
material having a low rigidity to allow a recording head to be

light in weight.

/——-
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plate 70 has a sufficient thickness fitted for cutting, b
the base 72 and the piezoelectric vibrators 71 can be set to the m ni num

for preventing ink m st or crosstalk from occurring.

enmbodi nent ,

n_anot her preferred
t he piezoelectric vibra- tors 71,71 are supported on

pi ezoel ctric vibrator support plate 70. ¥ base 80 fo&ﬂlm‘}”m’
l evel difference portion 80a to provide a gap AG betwad | 'mm nﬂm
. Loom s T,

CLAIMS

An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber (52)
of an ink flow route  forming member (6), said ink jet

recording head comprising:

piezoelectric vibrators (7;46;61;71), in a vertical
vibration mode, disposed and fixed in a zrow 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 haviﬁg 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). '

The ink  jet recording head of claim 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.

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).

The ink Jjet recording head as claimed in any one of the
preceding claims wherein said base (62) projects over
said support plate (60) at a central area of the row of

said piezoelectric vibrators (61).

the gap AG between

l
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and biezoelectric vibrators 71 on the rear side are used and the front of -
pi ezoel ectric vihrator support pl aLp 70 can be made to amgsmet\mggéegggil%@jl

80[err] of the |evel difference tion 80a for bondi ng,
14. The pi ezoel ej‘lum l“ﬂﬂm ﬁ ate and the pi ezoel ectr w,&"
support plate ar in t hé8e enbodi nents
in FIG 15, as nmany Iayers of green sheets 90 of piezoelectric naterlal

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).

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).

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

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
preceding claims wherein said base is made of one of tool
steel, stainless steel, soft iron and =zinc diecast

material.

10. The ink jet recording-head_as claimed in any one of the
preceding claims wherein said support plate is formed'by
laminating piezoelectric materials and sintering the

same.
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required are lam nated on a substrate 91 so as to provide an appropriate

t hi ckness as a piezoelectric vibrator support plate after sintering (see
FI& 15(a)) and a piezoelectric vibration plate nmanufacturing process
simlar to that as showmn in FIG 3 may be repeated on the surface (see FIG
15(b) to forma piezoelectric vibration plate 92. Nunmeral 93 is a tenporary

base used for filling the gap due to the |evel
R —
-20-
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INK JET RECORDING HEAD

ABSTRACT

An ink jet recording head for ejecting ink drops by expanding
or shrinking a pressure generation chamber (52) of an ink
flow route forming member (6) consisting of nozzle openings
(2), the pressure generation chamber (52), an ink supply port
(54), and a reservoir (53). Piezoelectric vibrators (46) are
disposed and fixed in a row with a predetermined pitch, to a
piezoelectric vibrator support plate (44) having excellent
cutting properties and the piezoelectric vibrator support
plate (44) is fixed to a base (45) made of material having a
larger rigidity than the support plate (44). If the
piezoelectric vibrator support plate (44) receives reaction
forces when ink is ejected, the base (45) having'a larger
rigidity than the support plate (44) resists the reaction

force and suppresses undesired displacement of the

contiguous piezoelectric vibrators.

. FIGURE 6

REPLACEMENT SHEET

30 AUG 1996




- 10 - difference until'conpletion af- the sintering. According to this
" enbodi ment, bonding of the piezoelectric vibration plate and piezoelectric

vi'brator support plate is nmade unnec-

essary and rigidity can al so be

rai sed because there is no adheS|ve 1 ayer

1 | ———————~___;___
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The above-identified enbodinents relate to a recordi ng head of a so-called
"face eject" type provided by | am nating the nozzle plate, spacer, and

vi bratioa plate as an exanple. However, a simlar effect W
the invention is applied to a spacer for formng a recordi head of a

so-called "edge eject" type with the sgstrate, spacer, an h 4 B AlS
| am nat ed and nozzl e openings pierced on the cad face in th l :
direction of pressure generation /”l '

o
S ~

~N ™~
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chanbers. 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 chanber of an ink flow route form ng rerber
consi sting of nozzle open- ings, the pressure generation chanber an ink

supply port, and a reservoir Piezoelectrjc vibators are used"q‘l
vi bration node. The piezoelectric vibrators are di sposed and I I, I”
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fixed in aroww h a predetermned pitch, to a piezolectric vibrator

support plate having excellent cutting properties
vi-brator support plate is fixed to a base nmade of
larger rigidity than the support plate. Therefore,

to reac- tion force when ink is ejected, the base
unde5| red di spl acenent of the contiguous piezoele

a cut t| HastBeexquplgced
not hindered and if the piezoelectricdibrator support pla
resists t

and the piezoelectric

a materi al haV| ng a

4L0a

F/G._ 4 a

FIG. 4 b
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tric vibrators can be suppressed to prevent ink m st or crosstalk from
occurring and the outer case can be nmade of polyneric material having a | ow

rigidity to allow a record- ing head to bc light in meigh%—~+L_MLLL~Qg_a_____
apparent to one skilled in the art that various nodifications can be nade
to the disclosed enbodinents without depgrting fromthe sco

e e et T et wﬁmﬂl!ﬂﬂlﬂlnﬂ

FIG. 5
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REPLACEMENT SHEETS  SG What is claimed is: 1. An ink jet recording head
for ejecting ink drops by expanding or shrinking a pressure generation.
chanmber of an ink flow route form ng menber with vibrators, said ink flow
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route form ng nenber having nozzl e openings, the pressure generation
chanber, an ink supply port, and a reservoir fornmed therein, sardinkjet
recordi ng head conprising: a piezoelectric el enent whi ch;J Lyigded into a
plurality of piezoelectric vibrators by slits forned i nﬂués% h¥s1§|ee13Re ced
electric element said piezoelectric vibrqtors having a | Eﬂ mﬂﬂm Ls
and vibrating in a vertical vibration node and being dis I n
arowwth a
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predeterm ned pitch to a piezoelectric vibrator support plate, said support
plate having a |ongitudinal axis and being fornmed of a naterial having a
resi stance to cutting by a cutter which is the sane as a resistnce to
cutting of said piezoelectric vibrators and having grooves

surface thereof which correspond to t slits formed igysg Iipﬁzoel eic

el ement, said pi ezoel ectric vi brat ors having a non- actl I"[m mﬁ"red
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that is supported by the vi br at or support. plate and an active portion which
IS not supported by the vibrator support plate, said active portion being

coupled to said ink flow route form ng nenber, and%
| ongi tudi nal axis and bei ng nmade of materi al haV|ng ar|g|d|ty

hi.gher than arigidity of said support ®late, said | ed to said

support plate by an adhesive; : | Hﬁii III ep Ced
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Wherein said piezoelectric vibrators, said brator support -plate and said
base are |am nated to one another so that said |ongitudinal axes are
parallel to one another. 2. An ink jet recordi ng head W
drops by expanding or shrinking a pressure generation chanber 0 H
flow route formng nmenber with vibratorf) said ink fl omifhis“&.u&gajé)erenk

n
menber havi ng nozzl e openi ngs, the pressure generation _ d
.supply port, and a reservoir - ”Mlﬂ I
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formed therein, said ink Jét recordi ng head conprising: a piezoelectric
~element which is divided into a plurality of piezoelectric vibrarors by

slits formed in said piezo- electric elenent, sald.;uiﬁxmﬂ4ﬁﬁﬂﬁﬂrﬁnﬂmrators
having a | ongitudinal axis and vibrating in a verti cal V|brat|on‘g%m%

bei ng di sposed and fixed in a row withqqa predetermn
pi ezoel ectric vibrator support plate, said support pl “\ \ ““
| ongi tudi nal axis and

FIG. 15 a
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INK JET RECORDING HEAD |

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an ink jet recording head where
piezoelectric vibrators expand or shrink a pressure genera-
tion chamber to generate ink drops, and more particularly to

7 a structure of a piezoelectric vibrator unit of such an ink jet
recording head. :
2. Description of the Related Art

An ink jet recording head using piezoelectric vibrators
having a nozzle plate formed with nozzle openings, a spacer
for scparating a pressure generation chamber, an ink supply
port, a reservoir, and a vibration plate deformed by the
piezoelectric vibrators to expand or shrink the pressure
generation chamber is well known. The piezoelectric vibra-
tors are oscillated based on a print signal to shrink or expand
the pressure generation chamber, and thereby suck ink into
the pressure generation chamber and eject ink drops there-
from consecutively.

In such an ink jet recording head, the area where piezo-
electric vibrators abut a vibration plate can be made
extremely small by using piezoelectric vibrators in a vertical
vibration mode formed by laminating electrode material and
piezoelectric material. With such a construction, a recording
head having a resolution of 180 dpi or more can be provided.

A piezoelectric vibrator unit having piezoelectric vibra-
tors each being, for example, 5 mm long, 70 pm wide, and
05 mm thick disposed on a piezoelectric vibrator support
plate with a 0.14-mm pitch is used in such a high resolution
recording head. To mannfacture the piezoclectric vibrator
umnits, a piezoelectric vibration plate formed by laminating
alternate layers of piezoelectric material and electrode mate-
rial and sintering them is formed with clectrodes on one
surface and cut like strips with a dicing saw, a wire saw, or
the like with a predetermined pitch, such as 0.14 mm, 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
for cach piezoelectric vibrator the cut depth must extend at
least to the piezoelectric vibrator support plate. Thus, mate-
rial having excellent cutting properties, such as glass or
piezoelectric material, is used for the piezoelectric vibrator.

SEPLACEMENT SHEET
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to the slits formed in said pi ezoel ectric el ement, said piezoelectric
Vi brators having a non-active end portion that is supported by the vibrator
support plate and an active portion which is not suppSfTEd RV THE Vi brat or
support plate, said active portion being coupled to :;air"'d‘ H’\cfk%‘ﬂigﬁ%gt P
form ng nenber, and a base having a | ongitudinal axi$ @§nd bei ng nade of
material having a rigidity which is higher than a ridi{y 16 DEC 1997
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support plate.to avoid added resistance to cutting when the
piezoelectric vibration plate is cat, thereby preventing the
piezoelectric vibrators from being broken imperfectly
formed. -

According to this method, cutter vibration and shock can
be prevented and the manufacturing yield of the vibrator
units can be improved. On the other hand, materials having
excellent cutting properties are low in rigidity. Thus when
such devices receive a reaction force of the piezoelectric
vibrators to which a drive signal is applied for jetting ink
drops, they are easily distorted and the piezoelectric vibra-
tors located nearby are displaced axially, causing ink mist
ejection, ie. undesired ink ejection, or crosstalk to occur.

SUMMARY OF THE INVENTION

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 tumning a piezoelectric vibration plate into a
plurality of piezoelectric vibrators.

Accordingly, 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 pressure generation
chamber, an ink supply port, and a reservoir. The piezoelec-
tric vibrators are disposed and fixed in & row with a
predetermined pitch to a piezoelectric vibrator support plate
having an excellent cutting properties and the piezoelectric
vibrator support plate is fixed to a base made of material
having a rigidity which is larger than the support piate.

During a manufacturing process, the cut depth of a cutter
is held within the range of material having excellent cutting
properties and if the piezoelectric vibrator support plate is
subjected to a reaction force when ink is ejected, the base
absorbs the reaction force for suppressing displacement of
the contiguous piczoelectric vibrators, '

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an ink jet recording head utilizing the
first preferred embodiment;
FIG. 2 illustrates the vibrator unit of the first preferred



of "sai d support plate. said base being fixed to said support plate by an

sadhesive. 3. The ink jet recording head as clai ned i n-es’y—~ehe—of-clalm

1 or

2 wherein said base has a front -end side and said supp(ﬂEPLMWENThQHEﬁTT jont

end, said front end side of said base projects beyonq Jard—fromt—emcof

sai d support plate. 4. The ink jet recording head as {cljai | ﬁw ((Jal:
clains 1 or 2 wherein said base projects over said syp or?gdute

b of
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FIGS. 3(a)-3(c) illustrate the assembly process of the first
preferred embodiment; |
" FIGS. 4(a)-4(e) illustrate thc assembly process of the first
preferred embodiment;

FIG. lelustratcsthcvibratorunitoftheﬁrstprefeued
embodiment in a housing;

FIG. 6 illustrates the first preferred cmbodlment in detail;

FIG. 7 illustrates a test signal applied to the piezoelectric
vibrators; : : .

FIGS. 8(a) and 8(b) illustrate displacement of the piezo-
electric vibrators in the invention and in a conventional
device respectively; '

FIG. 9 illustrates a comparative example;

FIG. 10 is a graph of duplaoement versus projection
length of the base;

FIG. 11 is a graph of displacement amount vetsusthlck-
ness of the base;

FIGS. 12(a) and 12(b) illustrate another preferred
embodiment;

FIG. 13 illustrates another preferred embodiment;

FIG. 14 illustrates another preferred embodiment; and

FIGS. 15(a) and 15(p) illustrates another assembly pro-
cess of the device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates one embodiment of an ink jet recording
head according to the invention, wherein nozzle plate 1 has
nozzle openings 2 picrced 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 a pressure
generation chamber, a reservoir, and an ink supply port
connecting them so that the holes are communicated with
the nozzle openings 1. The spacer 4, the nozzle plate 1, and
the vibration plate 5 are bonded and integrated into an ink
flow route forming member 6.

Piezoelectric vibrator units 7 are inserted into vibrator
unit housing hole 9 of an outer case 8 so that free ends of the
piezoelectric vibrator units abut the vibration plate'S of the



plate at a central area of the row of said pi ezoel ectric vibrators. 5. The
ink jet recording head as clained in any one of clainms 1 or 2 wherein said

base has a stepped |evel differ- ence portion and said .Slmgﬁﬁg;- +od Q.
front end abutting a wall face defined by said |evel diffgk @%ﬁ{%ﬁ i

The ink jet recording headasclainmed in any one of clainp or 2 wherein
sai d support plate is made of one of. . 16 DEC 1997
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ink flow route forming member. All these components are
unificd by a frame 10 to constitute an ink jet recording head.

FIG. 2 illustrates the piezoelectric vibrator unit 7 of this
embodiment. Piezoelectric vibrators 20 each formed by

- l]aminating alternate layers of piezoelectric matedal layers
22 and electrode layers 23, 24 and having an active area LA
whose tip side only is expanded or shrunk, ie., 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
the same pitch as the piezoelectric vibrators 20, when the
piezoelectric vibration plate is cut for dividing the electrode
layer 26 into drive electrodes 28, and commeon 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
base 30 is selected so that the tip side of the vibrators 20
project therefrom by a length AL. Numeral 31 is 2 common
clectrode junction member which is connected to electrodes
formed on the surface of the piezoelectri¢ vibrators 20 and
has ends connected to the common electrodes 29 of the
vibrator support plate 25. By adopting such an electrode
structure, when a drive signal is applied to the common
electrode 29 and the drive electrodes 28 only selected
piczoclectric vibrators are oscillated for shrinking or
expanding the pressure generation chamber. _

FIGS. 3(a)~(c) illustrates a manufacturing method of the
piezoelectric vibration plate. A so-called “green sheet” 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 clectrade layer 38 used as the other pole is formed
on the surface of the green sheet 37, as shown in FIG. 3(c).
These steps are repeated until the desired number of layers
arc formed. After the green sheets 34 and 37 are dried t0 2
predetermined degree, they are sintered while pressure is -
applied thereto, thereby providing a piezoelectric vibration
plate having a predetermined thickness and a predetermined
number of layers.



gl ass and a piezoelectric material. 7. The ink jet recording head as

integrally with said piezoelectric vibrators. 8. The inkjdt prﬁﬁﬂﬁg @%&Q”

of any one of clains 1 or 2, wherein said ink flow route f|r

conprises a vibration plate and wherein said vibrators, saiq support pl at ¢,

and sai d base are assenbled into one unit, and said
-5_
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An clectrode layer 41 is formed on a front end face 40a
and the back of a piezoelectric vibration plate 40 thus
provided and electrode layers 35 are connected in paraliel.
An clectrode layer 42 is formed on a rear end face 405 and
portion which becomes an inactive area LB on the surface
and the electrodes 38 of piezoelectric vibrator 40 are elec-
trically connected in parallel, as shown in FIG. 4(a).

The electrode layer 41 which will be cut into drive
electrodes is fixed to a vibrator support board 44, made of a
material having excellent cutting properties, such as piezo-
electric material, glass, or the like similar to the material of
piezoelectric vibrators, having an electrode layer 43 on the
surface with a conductive adhesive, as shown in FIG. 4(b).
A base 45 made of a material which is higher in rigidity than
the piezoelectric vibrator support plate 44, such as carbon jig
steel, stainless steel, soft irom, or zinc diecast material,
having a front end 45a projecting toward the front end face
40z 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 plate
.44 with an adhesive, as shown in FIG. 4(c).

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 pm from the
front end face 40a to rear end face 40b of the piezoelectric
vibration platc 40. When the cut arca proceeds to the
vibration support plate 44 at the cutting step, the cutter
contacts the support plate 44. However, since the vibrator
support plate 44 is made of a material baving excellent
cutting properties, i.e. cutting resistance similar to that of the
piezoelectric material, the cutter continues the cutting opera-
tion in substantially the same load state as when cutting the
piezoelectric vibration plate 40 only. Thus, after cutting of
the piezoelectric vibration plate 40 terminates, the cutting is
further continued to the other end of the piezoelectric
vibrator support plate 44 at the same hexght. Thus, the
piezoelectric vibration plate 40 is cut into piezoclectric
vibrators 46 of predetermined size and the 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 prede-
termined pitch, the piezoelectric vibration plate 40 is sepa-
rated into the desired number of piezoelectric vibrators 46
and the electrode layer 43 is separated by slits 49 come-



pi zoel ectric vibrators (7) have free ends and are nmounted in an outer case

(:8) for supporting said route form ng menber (6),
agai nst said vibration plate (5) of said ink flow rout

RGPl

9. An ink jet recording head for ejecting ink drops by- Whmbﬁrsm

~ shrinking a pressure generation chanber of an ink flow

- with vibrators, said ink flow route forn}).n_g menber havijn

the pressure

% "15°bECRT '

said free ends abutting
(.€).

nter
a9g,

sponding to the piezoelectric vibrators 46. The surface of the
electrode layer 42 is comnected by a common electrode
conjunction member 50 and both ends arc 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 piezoelectric vibrator unit 51 is dropped into a
vibrator unit housing hole 9 of an outer case 8, having one
‘end to which an ink flow route forming member 6 consisting
of a nozzle plate, a spacer, and a vibration plate is attached,
as shown in FIG. 5, the tips of the piezoelectric vibrators 46
abut the positions opposed to pressure generation chambers

52 formed in the flow route forming member 6 of the

vibration plate S, as shown in FIG. 6. In this state, when a
print signal, of a trapezoidal wave for example, as shown in
FIG. 7 is applied to the common electrode 47 and the drive
electrode 48, the piczoelectric vibrator 46 is shrunk longi-

~ tudinally on the rising edge of the print signal, thereby

enlarging the pressure generation chamber 52 for causing
ink to flow via an ink supply port 54 from a reservoir 53.
When time period a has elapsed, the maximum voltage (in
the embodiment, 30 V) is maintained for predetermined time
period b. When the ink meniscus arrives at a predetermined
position, the signal is made to fall over time period 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 piezoelectric 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 pressure

generation chamber 52 because the base 45 is made of a

'highly rigid material and is fixed to vibrator support plate 44

and further the front end 45z of the base 45 projects by a
distance A L beyond the front end 44a of the vibrator support
plate 44 (see FIG. 2). |

When a 30-volt drive signal was applied to all piezoelec-

‘tric vibrators 46-2, 46-2, 46-2 . . . except a piezoelectric

vibrator 46-1 located at the center of the piezoelectric
vibrator support plate 44 for displacing them 1.75 um for

- ejecting ink drops and then displacement amount AR1 of the



generation chanber, an ink supply port, and a reservoir forned therein,
said ink jet recording head conprising: piezoelectric vihrators,. . said . ..
vibrators vibrating in a ver- tical vibration node, di spqs&areruEMENTeSHEET 3

row with

1
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piezoelectric vibrator 46-1, to which the drive signal was not
applied, caused by propagation of the piezoelectric vibrators
46-2, 46-2, 46-2 . . . through the vibrator support plate 44
was measured with a displacement meter, as shown in FIG.
8(a), the measured displacement was about 0.3 ym. In
contrast, as shown in FIG. 8(b), when the piezoelectric
vibrator was supported by the piezoelectric vibrator support
plate 44 only and assembled in the outer case 8 without
attaching the base 45, the comresponding displacement
amount AR2 was 0.45 um, which was 1.5 times or more the
value in the example according to the preferred embodiment
of the invention.

A base 45 made of stainless steel having a given thick-
ness, for example, 1.5 mm was used and, as shown in FIG.,
9, a unit having the front end face 454 of 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 having the front end face 45a projecting from the front
end face 44a of the piezoelectric vibrator support plate 4.
‘The relationship between the projection amount AL and the
displacement amount AR1 of the piezoelectric vibrator 46-1
to which the drive signal was not applied when a 30-volt
drive signal was applied to all piezoelectric vibrators 46-2,

- 46-2,46-2. . . except the piezoclectric vibrator 46-1 located

at the center of the piezoelectric vibrator support plate 44 for
displacing them 1.75 pm was examined. As shown in FIG.
10, as the projection amount AL increases, the displacement
amount AR1 decreases, but becomes substantially constant
where the projection amount AL is 2 mm or more.

Further, while the projection amount AL from the front
end of the piezoelectric vibrator support plate of the base 45
was maintained constant, for example 3.9 mm, the thickness
of the base 45 was varied and the displacement amount AR1
of the piezoelectric vibrator 46-1 to which the drive signal
was not applied was examined as described above. As shown
in FIG. 11, as the base 45 thickens, the displacement amount
AR1 decreases, but becomes substantially constant where

" the thickness is 1.5 mm or more.

It was Tound from the test data that the base 45 made of

highly rigid material provides an extremely effective device

for preventing crosstalk or ink mist from occurring and that
more effective means is provided by projecting the front face
of the base 45 from the piezoelectric vibrator support plate
44 and thickening the base 45. Further, if the vibrator
support plate 44 is thinned to about the piezoelectric vibrator
dispogition pitch, for example, about 0.15 mm, the displacc-



-13 - a Predeternined pitch to a piezoelectric vibrator sup- port plate,
said support plate is formed of a material having a resistance to cutting
by a cutter which is the sane as a resistance to cutting of said

pi ezoel ectric vibrators, said piezoel ectzic vibrators{TEvr e
Portion that is supported by the vibrator support pl é&g ﬂE@ﬂE\E'CGHEETerd
portion which is not supparted by the

-8- | | 16 DEC 1997

ment amount AR1 can be suppressed without hindering
cutting of the piezoelectric vibration plate to the piezoelec-
tric vibrators.

FIGS. 12(a) and 12(b) shows a second preferred embodi-
ment of piezoelectric vibrator unit, wherein numeral 60 is a
piezoclectric vibrator support plate made of a ceramic board
having good cutting properties. The center portion is cut
away to provide a recess 60z and projections 60b and 60c
are formed on both sides of the support plate 60, one:
projection 60c having a positioning recess 604 formed
therein. Piezoelectric vibrators 61, formed by cutting a
piezoelectric vibration plate are fixed at a given pitch on the
surface, as in the first embodiment.

Numeral 62 is a base. Front end face 62z of the 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. The base 62 is bonded to the piezoelectric vibrator
support plate 60.

Accordmg to the second embodiment, if the relative

position between the front face position of the piezoelectric
vibrators 61, 61, 61 . . . is preset to a predetermined
- positional relationship, the recess 60d of the piezoelectric
. vibrator support plate 60 is positioned by engagement with
a projection (not shown) of outer case 8 and the tip of each
piezoelectric vibrator 61 abuts pressure generation chamber

52 at predetermined precision simply by dropping the vibra-
tor unit 65 into a vibrator unit housing hole 9 of the outer
case 8.

The base 62 made of highly rigid material projects toward
:the side of the piezoelectric vibrators 61 to a greater degree
than the piezoelectric vibrator support plate 60 at least in the
area opposed to the piezoelectric vibrators 61, and thus can
resist reaction forces generated by ejection ink. Further, the
second projection 625 is formed on the base 62 and rein-
forced selectively, thereby furthermore securely preventing
ink mist or crosstalk from occurring while maintaining a
device which is light in weight. _
FIG. 13 shows a third preferred embodiment of piezo--

- electric vibrator unit of ink jet recording head used with the
. invention. A piezoelectric vibrator support plate 70 is made



vi brator support plate, said second end portion being coupled to said ink
flow route form ng nmenber, and a base nmade of materi al r'ra-v-t—ng-.a,

vhich is hi gher than a rigidity of said support plate. szﬂ@Wﬁﬁeng
fixed to said support plate; wherein said support platg
said base is fixed to said front end of said support pl at

recordi ng head for ejecting ink drops by
_9_

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 is
cut to define piezoelectric vibrators 71 as described above.
The base 72 is made of highly rigid material having thick-
ness to provide a given gap AG between the base and the
piezoelectric vibrators and is fixed to the front end of the
piezoelectric vibrator support plate 70 with an adhesive.
Numeral 73 indicates a junction electrode member.

In this embodiment, the piezoelectric vibrator support
plal:e 70 in the area supporting the piezoelectric vibrator 71
receiving reaction force from a pressure generation chamber
when an ink drop is spouted tends to be displaced, but

_ distortion is suppressed to a minimum because of rigidity the
base 72. This prevents ink mist or crosstalk from occurring
through nozzle openings.

" According to this embodiment, the base 72 made of
~material havmg a oomparanvely large density can be formed
to a minimum size to prevent the piezoelectric vibrator

: support plate 70 from being distorted and maintain a light
weight 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
eanbesettoﬂlemxmmumforptevennngmknnstor '
crosstalk from occurring.

In another preferred embodiment, the piezoelectric vibra-
tors 71, 71 are supported only by the piezoelectric vibrator
support plate 70. A base 80 formed with a stepped level
difference portion 80z to provide a gap AG between the base
and piezoelectric vibrators 71 on the rear side are used and
the front of piezoelectric vibrator support plate 70 can be
made to abut a vertical wall 80k of the level difference
portion 80a for bonding, as shown in FIG. 14.

The piezoelectric vibration plate and the plezoeleclnc
.vibrator support plate are separate members in these
embodiments. However, as shown in FIG. 15, as many
layers of green sheets 90 of piezoelectric material as
required are laminated on a substrate 91 so as to provide an
appropriate thickness as a piezoelectric vibrator support
plate after sintering (see FIG. 15(a)) and a piezoelectric
vibration plate manufacturing process similar to that as
shown in FIG. 3 may be repeated on the surface (see FIG.

15(b) to form a piczoelectric vibration plate 92. Numeral 93
is a temporary base used for filling the gap duc to the level



expandi ng or shrinking a pfessure generation chamber of an ink flow route
formng nenber with vibrators, said ink flow route form ng nenber having

nozzl e openi ngs, the pressure geneation chanber, am—tnk—supply—port, and a

reservoir fornmed therein, said ink jet: recordlng be
pi ezoel ectric vibrators, said vibrators vibrating i ﬂﬁﬂtj‘iﬂ,ﬁﬂm bration
node, di sposed and flxed inarowwth a predeterm

pi ezoel ectric vibrator sup- - 10 -

difference until completion of the sintering. According to
this embodiment, bonding of the piezoelectric vibratian
plate and piezoelectric vibrator support plate is made unnec-
essary and rigidity 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
the nozzle 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 OIS
so-called “edge eject” type with the substrate, spacer, and| REPLACEMENT SHLE
vibration plate laminated and nozzle openings pierced on thel
end f;ce in the length direction of pressure generation 16 DEC W97
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 nozzie open-
ings, the pressure generation chamber, an ink supply por,
and a reservoir. Piezoelectric vibrators are used in a vertical
vibration mode. The piezoelectric vibrators are disposed and
fixed in a row with a predetermined pitch, to a piezoclectric
vibrator support plate having excellent cutting properties
and the piezoelectric vibrator suppart plate is fixed to a base
made of a material having a larger rigidity than the support
plate. Therefore, a cutting Gperation is not hindered and if
the piezoelectric vibrator support plate is subjected to reac-
tion force when ink is ejected, the base resists the force.
Thus, undesired displacement of the contiguous pwzoclec-
tric vibrators can be suppressed to prevent ink mist or
crosstalk from occurring and the outer case can be made of
polymeric material having a low rigidity to allow a record-
ing head to be light in weight.

It will be apparent to one skilled in the art that various
modifications can be made to the disclosed embodiments
without departing from the scope of the invention, as defined
by the appended claims.
What is claimed is: _
1. An ink jet recording head for cjecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
‘formed therein, said ink jet recording head comprising:
a piezoelectric element which is divided into a plurality of
piczoelectric vibrators by slits formed in said piezo- —
e[ectnc element. said pxezoclectnc wbrators havmg &  This'Sheet Has Been R
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port plate, said support plate is formed of a material having a resistance
to cutting by a cutter which is the sane as a resi st aid
pi ezoel ectric vibrators, said piezoelectric vibrators having one

portion that is supported by the viaor support plate: ﬂ’ﬂl I"iltmmmull
portion which is not supported by the vibrator supp d end
portion being coupled to said ink flow roye formng menber ; " and

difference until completxon of the sintering. According to
this embodiment, bonding of the piczoelectric vibration:
plate and piczoelectric vibrator support plate is made unnec-
essary and rigidity 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
the nozzle 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 nozzle openings pierced on the
end face in 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 open-
ings, the pressure generation chamber, an ink supply port,
and a reservoir Piezoelectric vibrators are used in a vertical -
vibration mode. The piezoelectric vibrators are disposed and
fixed in a row with a predetermined pitch, to a piezoelectric
vibrator support plate having excellent cutting properties
and the piezoelectric vibrator support plate is fixed to a base - %PLAGSM. Wi QHEET
made ofamatenalhavmg a larger rigidity than the suppogf
plate. Therefore, a cutting operation is not hindered and
the piezoelectric vibrator support plate is subjected to reac- 16 DEC w
tion force when ink is ejected, the base resists the force. _ ,
Thus, undesired displacement of the contiguous piczoelec-
tric vibrators can be suppressed to prevent ink mist or
crosstalk from occurring and the outer case can be made of
polymeric material having a low rigidity to allow a record-
ing head to be light in weight.

1t will be apparent to one skilled in the art that various
modifications can be made to the disclosed embodiments

‘without departing from the scope of the invention, as defined
by the appended claims.

What is claimed is:

1. An ink jet recording head for cjecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
‘route forming member having nozzle openings, the pressure
gencration chamber, an ink supply port, and a reservoir

‘formed therein, said ink jet recording head comprising:

a piezoelectric element which is divided into apluralityof —
piczoelectric vibrators by slits formed in said piezo-
electric element, said piezoelectric vibrators having a This Sheet Has Been R,
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a base made of materi al having a _riaqgidi j | i gher than a rigidity

.of said support plate, said base being fixed 1d support plate; wherein
sai d base is nade of one of tool sﬁmﬁuu f’“‘m ﬁaemt eel, soft iron, and
zinc diecast material. 11 An ink jictBikR W10's for ejecting ink drops

by expandi ng or shrinking a pressure generation chanber of an ink flow
route formng nmenber with vibrators, said ink flow This Sheet Has Been Replaced

- AW

mode and being disposed and fixed in a row with a
predetermined pitch to a piezoelectric vibrator support
plate, said support plate having a longitudinal axis and
being formed of a material having a resistance to
cutting by a cutter which is the same as a resistance to
cutting of said piezoelectric vibrators and having
grooves formed in a surface thereof which correspond
to the slits formed in said piezoelectric element, said
piezoelectric vibrators having a non-active end portion
that is supported by the vibrator support plate and an
active portion which is not supported by the vibrator
support plate, said active portion being coupled to said
ink fiow route forming member; and

a base having a longitudinal axis and being made of

_material having a rigidity which is higher than a rigidity

of said support plate, said base being fixed to said
support plate by an adhesive;

wherein said piezoelectric vibrators, said vibrator support
plate and said base are laminated to one another so that
said longitudinal axes are parallel to one another.

2. An ink jet recording head for ejecting ink drops by

expanding or shrinking a pressure generation chamber of an ——————-=""C -+ |
ink flow route forming mgleger with vibrators, said ink flow REPLACEWERY SHEET ]
route forming member having nozzle openings, the pressure
gencration chamber, an ink supply port, and a reservoir 16 DEC B9
formed therein, said ink jet recording head comprising:
a piezoelectric element which is divided into a plurality of |

piczoelectric vibrators by slits formed in said piezo-
eleciric element, said piezoelectric vibrators having a
longitudinal axis and vibrating in a vertical vibration
mode and being disposed and fixed in a row with a
predetermined pitch to a piczoelectric vibrator support
plate, said support plate having a longitudinal axis and
being formed of a material having a resistance to
cutting by a cutter which is the same as a resistance to
. cutting of said piezoelectric vibrators and having
grooves formed in a surface thereof which correspond
to the slits formed in said piezoelectric element, said
piezoelectric vibrators having a non-active end portion
that is supported by the vibrator support plate and an
active portion which is not supported by the vibrator
support plate, said active portion being coupled to said
ink flow route forming member; and .-
a base having a longitudinal axis and being made of
material having a rigidity which is higher than a rigidity



route form ng nenber having noz

an i nk supply port, an% t herein,

- chanber ,

s, the pressure generation

said ink jet

recordi ng head conpri sing: pi ezoégm ,"mm ﬂ) s, said vibrators
vibrating in a ver- tical vibrati el taﬂ(sj.andfixpdina row wit a

predeterm ned pitch to a piezoel ectric vi Br attor *su- 18 M

This Sheet Has Been Replaced '

-12 - |

of said support plate, said base being fixed to said
support plate by an adhesive.

3. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base has a front end side and said
support plate has a front end, said front end side of said base
projects beyond said front end of said support plate.

4. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base projects over said support
plate at a central area of the row of said piezoelectric
vibrators.

S. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base has a stepped level differ-
ence portion and said support plate has a front end abutting
a wall face defined by said level difference portion.

6. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said support plate is made of one of
glass and a piezoelectric material.

7. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said support plate is sintered integrally
with said piezoelectric vibrators.

8. The ink jet recording head of any one of claims 1 or 2,
wherein said ink flow route forming member comprises a
vibration plate and wherein said vibrators, said support
plate, and said base are assembled into one unit, and said
piezoelectric vibrators (7) have free ends and are mounted in
an outer case (8) for supporting said route forming member
(6), said free ends abutting against said vibration plate (5) of
said ink flow route forming member (6).

9. An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
gencration chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:

piczoclectric vibrators, said vibrators vibrating in a ver-
tical vibration mode, disposed and fixed in a row with

a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
baving a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piczoelectric vibrators having one end
portion that is supported by the vibrator support plate

REPLACENIENT SHEET

16 DEC 997




port plate, said support plate i_slun i al having a resistance
to cutting by a cutter which is t n ” lm’@métance—{—ew
Y

pi ezoel ectric vibrators, said piezdel éct¥icn ors having one end-

portion that is supported by the vibrator support plate ad8Sgh Been®eplaced
portion which is not supported by the vibrator support plat I ”ﬂﬁ, m ,

end portion being : -13 -

and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and

a base made of material having a rigidity which is higher

than a rigidity of said support plate, said base being
fixed to said support plate;

wherein said support plate has a front end and said base

is fixed to said front end of said support plate.

10. An ink jet recording head for ejecting iuk drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
-formed therein, said ink jet recording bead comprising:

. piezoelectric vibrators, said vibrators vibrating in a ver-
tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
-having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and

a base made of material having a rigidity which is higher

than a rigidity of said support plate, said base being
fixed to said support plate; -

wherein said base is made of one of tool stecl, stainless

steel, soft iron, and zinc diecast material.

1L An ink jet recording bead for ejecting ink drops by

. expanding or shrinking a pressure generation chamberof an | REPLACEMENT SHEET
ink flow route forming member with vibrators, said ink fiow —
route forming member having nozzle openings, the pressure ' ,
generation chamber, an ink supply port, and a reservoir 16 DEC 197
formed therein, said ink jet recording head comprising:

piezoelectric vibrators, said vibrators vibrating in 2 ver- L__

tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
having a resistance to cutting by a cutter which is the
same ag a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the



coupled to said ink flow route form ng nenber; and a base_ terial
chaving a rigidity which is higher than a rigi ditrm_rs%gw’ﬁ?ate
sai d base being fixed to said support plate; wher W‘ M‘ gl ate is
formed by |am nating piezo- electric materials ana‘“\m

pi ezoel ectric mate- rials. 12. An ink jet recording Head corrpr|5| ng:

-14 -

vibrator support plate, said second end portion being'’

coupled to said ink fiow route forming member; and
a base made of material having a rigidity which is higher

than a rigidity of said support plate, said base being

fixed to said support plate;
wherein said support plate is formed by laminating piezo- T3 Shect Has Been Replaced
i s ks e e e [JIIHINL
rials.
12. An ink jet recording head comprising: -
a vibrator support plate, having a cutaway portion formed
at one end thereof to define a recess and two projections
on said vibrator support plate;
a plurality of piezoelectric vibrators, said vibrators vibrat-
ing in a vertical vibration mode, and fixed in 2 row at’
a predetermined pitch to said vibrator support plate,
said piezoelectric vibrators having ends which are free
and .extend off of said vibrator support plate;
a base, said vibrator support plate being fixed to said base,
said base having an edge which extends into said recess
in a direction towards said ends of said piezoelectric
vibrators, said edge having at least one pmjecnon
formed thereon, said base having a rigidity which is
higher than a rigidity of said vibrator support plate; and
" an ink flow route forming member having an ink reservoir
an ink supply port, and a pressure generation chamber
formed therein, said ends of said piezoelectric vibrators
being coupled to said ink flow route forming member.

13. An ink jet recording head comprising:
" a vibrator support plate having a front surface;
aplurality of piezoelectric vibrators, in a vertical vibration
mode, and fixed said vibrators vibrating in a row at a;
predetermined pitch to said vibrator support plate ona
surface of said vibrator suppost plate which is trans-

REPLACEMENT SHEET

16 DEC 1997

verse to said front surface, said piezoelectric vibrators
having ends which are free and extend beyond said
front surface said vibrator support plate;

:a base fixed to said front surface, said base having a
thickness which is less than a thickness of said vibrator
support plate, said base having a rigidity which is
higher than a rigidity of said vibrator support plate; and

an ink flow route forming member having an ink reservoir
an ink supply port, and a pressure generation chamber
formed therein, said ends of said piezoelectric vibrators



a vi brator support plate, having a cutaway portion fornmed at one end
‘thereof to define a recess and two projections on said vibrator support

‘plate; a plurality of piezoelectric vibrators, sai
vi brati on node,

and fixed in a row:ajiy '
said vibrat support plate, said piezoelectric vi br;ilm m,ﬁ m
e¢. L M 3

are free and extend off of said vibrator support p

in a vertical

a
- 15 -

being coupled to said ink flow route forming member.

14. An ink jet recording head comprising:
a vibrator support plate baving a front surface;
a plurality of piezoelectric vibrators, in a vertical vibration

mode, and fixed in a row at a predetermined pitch to
said vibrator support plate on a surface of said vibrator
support plate which is transverse to said front surface,
said piezoelectric vibrators having ends which are free
‘and extend beyond said front surface of said vibrator
support plate;

a base, said base having a stepped portion formed therein -

to lo define to portions of different thickness in said

base and a wall extending between the two portions,

said wall being fixed to said front surface of said

vibrator support plate, said base having a rigidity which

is higher than a rigidity of said vibrator support plate;
. and

an ink flow route forming member having an ink reservoir

an ink supply port, and a pressure generation chamber
formed therein, said ends of said piezoelectric vibrators
being coupled to said ink flow route forming member.

~ 15. An ink jet recording head for ejecting ink drops by
‘expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:
piezoelectric vibrators, said vibrators vibrating in a ver-

tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and

a base made of material having a rigidity which is higher

than a rigidity of said support plate, said base being
fixed to said support plate, wherein said base has a front
end side-and said support platc has a front end, and

- ing

itch to
Fﬂ_;;mch
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a base, said vibrator support plate being fixed to said base, said base
.having an edge which extends into said recess in a diction tomards sald
ends of said piezoelectric vibrators, said edge
projection formed thereon, said base having a r| gher t han
arigidity of said vibrator support plate; and a ‘M Wm‘“ ‘orm ng _
nmenber having an ink reservoir an ink supply pact pmessure

generati on chanber - 16 -

wherein said front end side of said base projects beyond
said front end side of said support plate by at least 2
mm. :

16. An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
nnmeﬁxnnngnmmﬂnrhmwngnozdeopenu@meepummne
generation chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:

piezoelectric vibrators, said vibrators vibrating in a ver-

tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and
a base made of material having a rigidity which is higher
* than a rigidity of said support plate, said base being
fixed to said support plate, wherein a thickness of said
base is at least 1.5 mm thick.

CEPLACEMENT SHEET
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formed therin, said ends of said piezoelectric vibrators being coupled to
said ink flowroute form ng nenmber. 13. An ink jet recording head

" conprising a vibrator support plate having a front surface; a purality of
pi ezoel ectric vibrators, in a vertical vibration node, and fixed said
vibrators vibratiig in a row at a predeterm ned pitch to said vibrator
support plate on a surface of said vibraor suppot plate which is tran-

_.1 -

FIG. 1

powes
-—

16 DEC W97 -




verse to said front surface, said piezoelectric vibrators havi ng ends whi ch
~are free and extend beyond said front surface said vibrator support plate;

" a base fixed to said front surface, said base having a thickness which is

| ess than a tickness of said vibrator

NV
‘l‘/"";A\ . WLW
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- 15 - support plate, said base having a rigidity which is higher than a
_rigidity of said vibrator support plate; and an ink flow route formng
menber having an ink reservoir an ink supply port, and a pressure
generation chanber forned therein, said ends of said piezoelectric

vi brators being coupled to said ink flow route form ng nenber. 14. An ink
j et recording head conpri sing: -3 - '

FIG. 3(a)

REPLACEMENT SHEET |
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a vibrator support plate having a front surface; aplurality of

pi ezoel ectric vibrators, in a vertical vibration node, and fixed in a row
"at a predeternmined pitch to said vibrator support plate on a surface of
~said vibrator support plate which is transverse to said front surface, said
pi ezoel ectric vibrators having ends which are free and.extend beyond said
front surface of said vibrator . support pl at e;

FIG. 4(3)

40a

REPLACEMENT SHEET

FIG. 4(d).”

45t

FIG. 4(e)- s

46

45—t

15 DEC %97
[
S DD 48
47
N e /o
) KPR 47
48
= o ) “
Sy s e g 8
47
Thls Sheet Has Been R

R Iil!



a base, said base having a stepped portion fornmed therein to lo define to
»portions of different thickss in said base and a wall extending between the
two portions, said wall being fixed to said front surface of said vibrator
support plate, said base having a rigidy which is higher than a rigidity of
said vibrator support plat and an ink flow route form ng nenber having an
I nk reservoir

r
45 REPLACEMENT SHEET
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an ink supply port, and a pressure generation chanber fornmed therein, said
.ends of said piezoelectric vibrators.being coupled to said ink flow route
form ng nenber 15. An ink jet recording head for ecing ink drops by
expendi ng or shrining a pressure generation chanber of an ink flow nute
formng nmenber with vibrators, said ink flow roUte form ng nenber having
nozzl e openings, the pressure geatiomr éhamber, an ink supply port,.and a

FIG. 6
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formed therein, said ink jet recording head conprising piezoelectric
vibration, said vibrators vibating in a ver- tical vibration node, disposed
“and fixed in arowwth a predetermined pitch to a piezoelectric vibrator
sup- port plate, said support plate is formed of a material having a
resistance to cutting by a cutter which is the sane as a resistance to
cutting of said piezoelectric vibrators,_said pi ezoel ectric vibrators
havi ng one end -

FIG. 8(a)  FIG. 8(b)
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portion that is supported by the vibrator support plate and a second end
_portion which is not supported by the vibrator support plate, said second .
end portion being coupled to said ink flow nmute form ng nenber, and -16-

-8 -

FIG. 10
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expandi ng or shrinking a pressure generation chanber of an ink flow route
.form ng nenber with vibrators, said ink flow route form ng nenber having
nozzl e openi ngs, the pressure generation chanber, an ink supply port, and a
reservoir fornmed therein, said ink Jet recording head conpri sing:

pi ezoel ectric vibrators, said vibrators vibrating in a ver- tical vibration
node, disposed and fixed in a rom/gﬁﬁp_a predeterm ned pitch to a

pi ezoel ectric vibrator sup- .

‘‘‘‘‘

REPLAGEMENT SHEET

!l %mmj .

e gt

94
Sons
N



port plate, said support plate is forned of a material having a resistance
+to cutting by a cutter which is the same as a resistance to cutting of said
pi ezoel ectric vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate and a second end
portion which is not supported by the vibrator support plate, said second
end portion being coupled to said ink_fhpw route form ng nenmber, and

| WEPLACEWENT SHEET |
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a baise made of materi al having a rigidity which is higher than a rigi dit_y "
of said support plate, said base being. fixed to said support pl ate,"‘”m z

wherein a thickness of said base is at least 1.5 mmthick. REPLACEMENT .
SHEET 18 MAR 1998 _

-10 -

difference until completion of the sintering. According to
this ermbodiment, bonding of the piczoclectric vibration
plate and piezoelectric vibrator support plate is made unnec-
essary and rigidity can also be raised because there is 0o
-adhesive layer.

The above-identified embodiments relate to 2 recording
head of a so-called “face eject” type provided by laminating
the nozzle plate, spacer, and vibration plate as an example.
However, 2 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
vibratioa plate laminated and nozzle openings pierced on the
end face in 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 open-
ings, the pressure generation chamber, an ink supply port,
and 2 resecvoir. Piezoelectric vibrators are used in 2 vertical
vibration mode. The piezoelectric vibrators are disposed and
fixed in a row with a predetermined pitch, to a piezoclectric
vibrator support plate having excellent cutting properties
and the piezoelectric vibrator support plate is fixed to 2 base
made of a material having a larger rigidity than the support.
plate. Therefore, a cutting operation is not hindered and if
the piezoelectric vibrator sapport plate is subjected to reac-

" tion force when ink is ejected, the base resists the force.
Thus, undesired displacement of the contiguous piczoclec-
tric vibrators can be suppressed to prevent ink mist or
crosstalk from occarring and the outer case can be made of
polymeric material having a low rigidity to allow a record-
ing head to be light in weight.

It will be apparent to one skilled in the art that various
modifications can be made to the disclosed embodiments
“without departing from the scope of the invention, as defined

. by the appended claims. '
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What is claimed is: |

1. An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
-route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a rescrvoir
‘formed therein, said ink jet recording head comprising:

a piezoelectric element which is divided inte a plurality of
piczoelectric vibrators by slits formed in said piezo-
electric element, said piezoelectric vibrators having a

_ longitudinal axis and vibrating in & vertical vibration

mode and being disposed and fixed in a row with a
predetermined pitch to a piezoelectric vibrator support
plate, said support plate having a longitudinal axis and
being formed of a material having a resistance to
cutting by a cutter which is the same as a resistance to
cutting of said piezoelectric vibrators and having
grooves formed in a surface thereof which correspond
to the slits formed in said piezoelectric element, said
piezoelectric vibrators having a non-active end portion
that is supported by the vibrator support plate and an
active portion which is not supported by the vibrator
support plate, said active portion being coupled to said
ink flow route forming member; and

a base having a longitudinal axis and being made of
material having a rigidity which is higher than a rigidity
of said support plate, said base being fixed to said
support plate by an adhesive;

wherein said piezoelectric vibrators, said vibrator support
plate and said base are laminated to one another so that
said longitudinal axes are parallel to one another.

" 2. An ink jet recording head for ejecting ink drops by .

expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow.
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:

a piezoelectric element which is divided into a plurality of
piczoelectric vibrators by slits formed in said piezo-
electric element, said piezoelectric vibrators having a
longitudinal axis and vibrating in a vertical vibration
mode and being disposed and fixed in a row with a

predetermined pitch to a piezoelectric vibrator support .

plate, said support plate having a longitudinal axis and
being formed of a material having a resistance to
cutting by a cutter which is the same as a resistance to

REPLACEMENT Sheg
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cutting of said piezoelectric vibrators and having
grooves. formed in a surface thereof which correspond
to the slits formed in said piezoelectric element, said
piezoelectric vibrators having a non-active end portion
that is supported by the vibrator support plate and an
active portion which is not supported by the vibrator
support plate, said active portion being coupled to said
ink flow route forming member; and

a base having 2 longitudinal axis and being made of
material having a rigidity which is hicher than a rigidity
of said support plate, said base being fixed to said
support plate by an adhesive.

3. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base has a front end side and said
support plate has a front end, said front end side of said base
projects beyoud said front end of said support plate.

4. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base projects over said support
plate at a central area of the row of said piezoclectric
vibrators.

5. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said base has a stepped level differ-
ence portion and said support plate has a front end abutting
a wall face defined by said level difference portion.

6. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said support plate is made of one of
glass and a piezoelectric material. :

7. The ink jet recording head as claimed in any one of
claims 1 or 2 wherein said support plate is sintered integrally
with said piezoelectric vibrators.

8. The ink jet recording head of any one of claims 1 or 2,
wherein said ink flow route forming member comprises a
vibration plate and wherein said vibrators, said support
plate, and said base are assembled into one unit, and said
piezoelectric vibrators (7) have free ends and are mounted in
an outer case (8) for supporting said route forming member -
(6), said free ends abatting against said vibration plate (5) of
said ink flow route forming member (6).

9. An ink jet recording head for ejecting ink drops by
expanding or shrinking a pressure generation chamber of an
ink flow route forming member with vibratocs, said ink flow
route forming member having nozzle openings, the pressure
geoeration chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:

piczoelectric vibrators, said vibrators vxbraung in a ver-
tical vibration mode, disposed and ﬁxed in 2 row with'
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a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of 2 matedal
having a resistance to cutting by a cutter which is the
same ag 3 resistance to cutting of said piezoelectric
vibrators, said piczoelectric vibrators having one end
portian that is supported by the vibrator support plate
and a second end portion which is not supported by the

vibrator support plate, said second end portion being

coupled to said ink flow route forming member; and
a base made of material having a rigidity which is higher
than a rigidity of said support plate, said base being
fixed to said support plate; _
wherein said support plate has a front end and said base
is fixed to said front end of said support plate.
10. An ink jet recording head for ejecting ink drops by

expanding or shrinking a pressure generation chamber of an

ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
-formed therein, said ink jet recording bead comprising:
. piezoelectric vibrators, said vibrators vibrating in a ver-
tical vibration mode, disposed and fixed in a row with
a predetermined pitch 10 a piezoelectric vibrator sup-
port plate, said support plate is formed of 2 material
“having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and
a base made of material having a rigidity which is higher
than a rigidity of said support plate, said base being
fixed to said support plate;
wherein said base is made of one of tool stecl, stainless
steel, soft iron, and zinc diecast material.
11. An ink jet recording head for ejecting ink drops by
. expanding or shrinking a pressure generation chamber of an
ink fiow route forming member with vibrators, said ink fiow
route forming member having nozzle openings, the pressure

generation chamber, an ink supply port, and a reservoir -

formed therein, said ink jet recording head comprising:

piezoelectric vibrators, said vibrators vibrating in 2
tical vibration made, disposed and fixed in a row wi
a predetermined pitch to a piezoelectric vibrator su
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port plate, said sapport plate is formed of a material
having a resistance (0 cutting by a cutter which is the
same as a resistance to cutting of said piezgelectric
vibrators, said piezoelectric vibrators having onc end
portion that is supported by the vibrator support plate

~ and a second end portion which is not supported by the
vibrator support plate, said sccond end portion being’

- coupled to said ink flow route forming member; and

a base made of material baving a rigidity which is higher
than a rigidity of said support plate, said base being
fixed to said support plate;

wherein said support plate is formed by laminating piezo-
electric materials and sintering the piezoelectric mate-

12. An ink jet recording head comprising:

a vibrator support plate, having a cutaway portion formed
at one end thereof to define a recess and two projections
on said vibrator support plate;

a plurality of piezoelectric vibrators, said vibrators vibrat-
ing in a vertical vibration mode, and fixed in 2 Tow at’
a predetermined pitch to said vibrator support plate,
said piezoelectric vibrators having ends which are free
and extend off of said vibrator support plate;

a base, said vibrator support plate being fixed to said base,
said base having an edge which extends into said recess
in a direction towards said ends of said piezoelectric
vibrators, said edge having at least one -projection
formed thereon, said base having a rigidity which is_
higher than a rigidity of said vibrator support plate; and

" an ink flow route forming member having an ink reservoir
an ink supply port, and a pressure generation chamber
formed therein, said ends of said piezoelectric vibrators
being coupled to said ink flow route forming member.

13. An ink jet recording head comprising:

" a vibrator support plate having a front surface;

a plurality of piezoelectric vibrators, in a vertical vibration
mode, and fixed said vibrators vibrating in a row at a;
predetermined pitch to said vibrator support plate ona
surface of said vibrator support plate which is trans-
verse to said front surface, said piezoelectric vibrators
having ends which are free and extend beyond said . .
front surface said vibrator support plate; - REPLACEMENT SHEET
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support plate, said base having a rigidity which is
higher than a rigidity of s2id vibcator support plate; and
an ink flow route forming member having an ink reservoir
an ink supply port, and a pressure generation chamber
_ formed therein, said ends of said piezoelectric vibrators

being coupled to said ink flow route forming member.

14. An ink jet recording head comprising:

a vibrator support piate having a front surface;

a plurality of piezoelectric vibrators, in a vertical vibration
mode, and fixed in a row at a predetermined pitch to
said vibrator support plate on a surface of said vibrator
support plate which is transverse to said front surface,
said piezoelectric vibrators having ends which are free
and extend beyond said front surface of said vibrator
support plate; -

a base, said base having a stepped portion formed therein
to lo define to portions of different thickness in said
base and a wall extending between the two portions,
said wall being fixed to said front surface of said
vibrator support plate, said base having a rigidity which
is higher than a rigidity of said vibrator support plate;

. and .
an ink flow route forming member having an ink reserveir
an ink supply port, and a pressure generation chamber
formed therein, said ends of said piezoclectric vibratars
being coupled to said ink flow route forming member.
15. An ink jet recording head for ejecting ink drops by

‘expanding or shrinking 2 pressure generation chamber of an

ink flow route forming member with vibrators, said ink flow

route forming member having nozzle openings, the pressure

generation chamber, an ink supply port, and a reservoir

formed therein, said ink jet recording head comprising:

piezoelectric vibrators, said vibrators vibrating in a ver-

tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material
having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectric vibrators having one end
portion that is supported by the vibrator support plate
and 2 second end portion which is not supported by the
vibrator support plate, said sccond end portion being -
coupled to said ink flow route forming member; and | REPLACEMENT SHEET
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a base made of material having a rigidity which is hig!lcr
than a rigidity of said support plate, said basc being
fixed to said support plate, wherein said base has 2 front
end side- and said support plate has a front end, and
wherein said front end side of said base projects beyond
said front-end side of said support plate by at least 2
mm.

16. An ink jet recording head for ejecting ink drops by
expanding ar shrinking a pressure generation chamber of an
ink flow route forming member with vibrators, said ink flow
route forming member having nozzle openings, the pressure
generation chamber, an ink supply port, and a reservoir
formed therein, said ink jet recording head comprising:

piezoelectric vibrators, said vibrators vibrating in a ver-
tical vibration mode, disposed and fixed in a row with
a predetermined pitch to a piezoelectric vibrator sup-
port plate, said support plate is formed of a material

having a resistance to cutting by a cutter which is the
same as a resistance to cutting of said piezoelectric
vibrators, said piezoelectrc vibrators having one end
portion that is supported by the vibrator support plate
and a second end portion which is not supported by the
vibrator support plate, said second end portion being
coupled to said ink flow route forming member; and

_a base made of material having a rigidity which is higher
than a rigidity of said support plate, said base being |
fixed to said support plate, wherein a thickness of said
base is at least 1.5 mm thick.
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ABSTRACT

INK JET RECORDING HEAD

An ink jet recording head for ejecting ink drops by expand-
ing or shrinking a pressurc generation chamber of an ink

- flow route forming member consisting of nozzle openings,
the pressure generation chamber, an ink supply port, and a
reservoir. Piezoelectric vibrators are disposed and fixed in a
row with a predetermined pitch, to a piezoelectric vibrator
support plate having excellent cutﬁng propexties and the
piczoelectric vibrator support plate is fixed to a base made
of material having a larger rigidity than the support plate. f
the piezoelectric vibrator support plate receives reaction
forces when ink is ejected, the base having a larger rigidity
than the support plate resists the reaction force and sup-
presses undesired displacement of the contiguous pxaoclec- '
tric vibrators. '

-

Fig. é
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