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INK JET RECORDING HEAD REPL
AND PROCESS FOR FORMING SAME

The present invention relates to an ink jet recording
head and a process for forming same.

-There ha§m£een known, fxom Japanese Patent Unexamined
Publication No. Sho 58-119870, etc., an ink jet recording head
employing a piezoelectric vibrator which moves in the
longitudinal direction to apply pressure to ink stored within
a pressuré chamber, and thé pressurized ink is then jetted ocut
from a nozzle as drople%s of ink onto a recording medium. )

in the recording head of the above-mentioned type,*a
laxge nuﬁiér of piezoalactric vibrators are inserted into guide

"holes forxmed in the upper and lowexr portions of a support
" member to thereby gosition_and suppoxt the respactive. base end
portions and leading end portions thereof. However, in this
structure, the plezoelectric vibrators cannot be disposed in a
high density arrangement. Also, they may be unevenly in the
longitudinal direction thereof, and may be inclined with
respect to each other, which makes it impossible to provide a

uniform ink jet characteristic.

The present invention is directed to eliminating the
drawbacks found in the above-mentioned known recording heads.
Accoxrdingly, it is an object.gf the invention to provide a new
ink jet’ recording head which is capable of positioning and
connecting a plurality of piezoelectric vibrators, as well as
_various components forming'the recording head, with respect to

one another with high accuracy.
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| NK JET RECORDI NG HEAD BACKGROUND OF THE | NVENTI ON[ & -sHEEe s BEEN
of the Invention The present invention relates to an ink j gt recQﬁqlmD
hgad for use in an ink jet recordi ng device which ejects drops—of—tnk—to

thereby form af;5MagferRtd. 1 UL P (HFULRE | Ynk ! Je@Nrecording head of any
one of independent claimsl or 15 and by the process of any
one of independent claims 18, 19, 20 or 21. 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 for use

in an ink jet recording device which ejects drops of ink to
thereby form an image and, more particularly, an ink jet
recording head having a mechanism for precisely positioning
the respective components of the head.

In attaining the above object, according to one aspect of the
10 invention, after a plate-shaped piezoelectric element is
previously positioned and fixed onto a fixing plate, the
piezoelectric element is divided into a plurality of
piezoelectric vibrators} and piezoelectric vibrators are held
and positioned in the surface direction thereof by a holding
18 device.

According to another aspect of. the invention, the
outermost piezoelectxic vibrators are ,used as vibrator-
positioning members to thexreby enhance tha working accuracy of
the remaining vibrators used for ink jetting. Also, the

20  vibrator-positioning member vibrators are used for positioning
the vibrators wJ:.th respect to the holding device or an ink flow
passage substrate.

According to still another aspect of the Lmientlon, a
pressure chamber in a_flow passage substxate is formed in such

3 a2 manner that both side portions thereof respectively have a
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3.

ink jet recording head having a mechani smfor precisely posit n@HA'BLbN
respeetive conponents of the head. 2. Description of the Re IQ%Q§BACES
Ther'e bas been known, from Japanese Patent Unexam i ned Publl, +-or—Ne—Sho

58-119870,

etc., an i nk jet record- ing head enploying a piezoelectric

vi brat or which anes in the longitudinal direction to apply pressure to ink
stored within a pressure chanber, and the pressurized ink is then jetted
out from apkerel cand mrfeepl*ewrefscrnpoamteoaimcms ara raspactivaly

10

opposite to these planar side portions of the ink flow passagej
substrate, thereby enhancing the positioning accuracy between
the ink flow passage forming substrate and the piezoelectric
vibrators in the displacement direction thereotf.

According to a lfurther aspect of .the invention,
positioning projections respectively provided on both sides of
the fixing plate, which serve as a positioning reference for
the piezoelectric vibrators, are ixse__d as the positioning
portions that position the ink flow passage substrate in the

surface direction thereof, so that the piezoelectric vibratorxs

and the ink flow passage substrate can be positioned directly.

20

Fig. 1 is a sectional side view of an ink jet recoxding
head according to a first embodiment of the invention;

Fig. 2 is a sectional side view of the ink Jjet
recording head, taken from the position of a pin 34;

Figs. 3 (a) to 3(d) are views of a piezoelectric
element and a fixing plate, respectively showing steps of
producing the piezoelectric vibrators;

Flg. ¢ is an explanatoxry view of a connection
relationship between a piezoelectric vibratox and a £1xix§g
plate;

Fig. 5 is a plan view of a positioning hole accoxrding

to a first embodiment of the invention;

-
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medium® I n the recording head of the above-nentioned type, a

of piezoelectric vibrators are inserted into guide holes forne

upper and | ower portions of a support nenber to thereby positi an-an
support the respective base end portions and | eadi ng end portions thereof

However, in this structure, the piezoelectric vibrators cannot be di sposed
in a high density arrangenent. Also, they may be unevenly in the
| ongi t udi nal direcFiign tthdscaf plamd vimyw kf enchvigy unit employed in the

invention;

Fig. 7 is a sectioﬁal view of main portions of the ink

jet recording head; -

s Fig. 8 is a view of a connecting portion between a

piezoelectric vibrator and an elastic plate;

Fig. 9 is a sectional view of the ink jet recording

head according to another embodiment of the invention;

Fig. 10 is a view of a connecting portion between a

10 piezoelectric vibrator, a fixing plate and a holding frame; .

Fig. 11 is a plan view of a piezoelectric vibratox

according to third embodiment;

Fig. 12 is a section view of the ink jet recording head

according ‘to fourth embodiment;

15 Fig. 13 is a sectional view of a fifth embodiment of an

ink jet recording head according to the invention;

Figs. l4(a) and 1l4(b) ara sectional views of a sixth

embodimaent of a cavity unit according to another embodiment:

and

20 Fig. 15 is a sectional view of a sasventh embodiment of

a cavity unit according'to still another embodiment,

Figs. 1 and 2 fllustrate an ink jet recoxrding head

according to a fixst embodiment of the invention. The ink jet

.28 recording head includes a plate-~-shaped lamination-type

—_—
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I nk jet characteristic. SUWWARY OF THE | NVENTI ON

with Fespect to each other, which makes it inpossible to provi dﬁﬂgssfﬁ‘%‘g%m
igvention is directed to elimnating the draw backs found inlth FLACH

above- nenti oned known recordi ng heads. Accordingly, it is an obfect of the
invention to provide a new ink jet recording head which is capable of
PO O N o mtteie 1omint 1 which, A wili’Ba daseritad Taed?,"fs'
cut into rectangular pieces which are mounted on a fixing plate
2 to provide a large numberx o-f. vibrators 11. A holding frame
3 holds the vibrators 11 and positions them in the surface
s direction of a cavity unit 5. The cavity unit 5- is positioned
and held onto the holding frame 3 by a2 positioning pin 34.
Reference numeral 38 denotes a cover which supporxts the outer
peripheral poxtion of the cavity unit 5. Reference numerals 28
and 29 designates a lead frame; and reference. numeral S
10 indicates a head circuit boarxd. .
Figs. 3(a) to 3(d) and 4 illustrate the piezoelectric
element 1 and fixing plate 2. The fixing plate 2 is formed of
free-cutting ceramics or the like, and includes an electrode_ 24
on the top surface thereof. The £fixing plate 2 is
15 substantially of a U-shape having positioning portions 22
protruded <from Dboth ends thereof. . The plate-shaped
piézoelectric -element 1 has an electrode 14 on the lower
surface and the rear end face thereof (see Fig. 4). The
piezoelectric element 1 is firmly adhered to the fixing plate
- 20 2 in such a manner that the leading edge of the piezoelectric
element 1 is protruded from an edge 23 by a given length for
keeping an active length L constant, and alse the electrode 14
on the lower surface of the element 1 axe in contact with tha
electrode 24 of the fixing plate 2. L
28 The piezoelectric element 1 is formed to have a width

which i1s greater than the length of a corxrresponding nozzle

-5 = .
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as varlous conponents form ng the recording head, with respect
anot her with hi gh accuracy. In attaining the above obj ect, acc@ﬁﬁl
the Tnvention, after a plate-shaped piezoelectric elenent is pye
positioned and fixed onto a fixing plate, the .piiezoelectric elenent is
divided into a plurality of piezoelectric vibrators, and piezoelectric
vibrators are held and positioned in the surface direction thereof by a
hol di ng dedxmay. After 1t 1s fixed to the fixing plate 2, the

. piezoelectric element 1 is sliced into a plurality of vibrators.
11, and two vibrator-positioning members 12 each pitch between
vibrators having a width corresponding to the pitch of a nozzle

(] 61 (see Fig. 6}, by use of a slicing machine such as a wire saw
or the like (see Fig. 3(¢)). In this case, two rectangular
parts respectively formed on the two outexrmost sides of these
vibrators 11 are used as vibrator-positioning members 12. The
vibrator positioning members 12 serxve to absorb any deformation

10 of the two side ends of the vibrators which occurs during the
slicing operation, and to protect the thin vibrators 11.

Also, the electrode 24, -disposed on the surface of the

fixing plate 2 whose positioning member 2‘2 serves to supplement

the vibrator-positioning member, is cut into a large number of

" 1s signal electrodes 25, which respectively correspond to the

vibrators 11, during the slicing operation. The sign;l
electrodes 25 are connected to respective lead wires 29, and the

lead wiras 29 are connected to the head circuit board 9 (see

Fig. 1). On the othexr hand, £wo common electrodes 26 are

20 xespectively connectad to the lead frames 28 which extend to
the head circuit board 9. A thin conductive £film such as
flexible cable or metal plate is electrically attached
elec£rode 15 of each vibrators 11 .and both ends of £ilm 27 is
connected to the common electrodes 26.

28 Referring again to Figs. 1 and 2, the holding frame 3,
which positions and hqlds the vibrators 11'and the fixing plate
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2, is formed of an epoxy =resin or other material in a

cylindrical shape having a skirt like portion 31 which fans out

at fhe bottom. The skirt like portion 31, more particularly,
the iﬁterior of the skirt portion 31, receives the xrespective
lead wires 28 and 29, and the head circuit board 9 is ﬁcunted
onto the bottom of the skirt like portion 31 in a stable
manner.

In the drawings, reference numeral 36 designates an
inclined guide surface which is formed so as to taper toward
the positioning hole 33 8o as to facilitate the insertion of
the piezoelectric element 1.

The holding frame 3, which holds the piezoelectric
element 1 and the fixing plate 2, has a positioning hole 33 on
the top surface 32 (see Figs. 1 and 5). The positioning hole
33 includes a wide portion 33a into which the fixing plate 2
can be fitted with a -slight clearance 8l in the thicknegs
direction thereof, and a narrow portion 33b into which the
vibratoxrs 11 can be fitted with a slight clearance §2 in the
width dixection thereof. The wide portion 33a iz used to
position the fixing plate 2 in the thickness direction, and
also the narrow portion 33b is used to position the
piezoelectric vibrators 11 in the width direction thereof,
whereby the piezoelectric vibrators 11 can be accurately
positioned in the surface direction of the cavity unit 5.

As illustrated in Fig. 7, the cavity unit S to be

positioned and held on the top surface 32 of a holding frame 3
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- 2- According to another aspect of the invention, the outerF fRSYHEET HAS BEEN
pi ezoel ectric vibrators are used as vi brator-p05|t|on| ng nmenb rs tOREhBA&(mW
erhdnce the working accuracy of the remaining vibrators used f TR

jetting. Also, the vibrator-

with a positioning pin 34 includes a nozzle plata 6 having a

nozzle 61 formed therein, a flow passage plate 7 defining an
'ink flow passage, and an elastic plate 8.
As shown in Fig. 6, the nozzle plate 6 employed in the
s present embodiment includes two sets of nozzles : each set
consisting of two arrays of nozzles, each array consisting of
12 nozzles 61 (only some of which are indicated). It should be
noted that the vibrator-positioning member 12 do not have a
nozzle associated therewith. Also, the flow passage plate 7
10 which is formed of a photo-curable resin is placed on the
nozzle plate §. The  flow passage plate 7 includes 4 arrays of
pressure chambers, .each array consisting of 12 .pressv.ire
chambers 72. Each of the pressure chambers 72, which are
formed in a rectaﬁgular shape, are in communication with a
18 common ink chamber 71. Specifically, the nozzles 61 arxe
respectively in communication with the ends of the pressure
chambers ‘}2 which are disposed so as to correspond thereto.
Also, the elastic plate 8, which 1is placed on the
surface Sf tha flow passage plate 7, is formed of a thin plate
20 such as an electroforming nickel preduct or the like. The
elastic plate 8 includes a plurality of ring-shaped thin
portions 81 which extend along the inner edgas of the
respective pressure chambers 72. Furthex, as shown in Fig. 8,
in the portions of the elastic plate 8 surrounded by the thin
s portions 81, there are formed high ridid thick portions 82

which abut against the leading ends of the vibrators 1l1. Each
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posi tioning menber. vibrators are used for positioning the vibrhtTeus SHERThHAS BEEN
respeet to the hol ding device or an ink flow passage substrate AREFLACEQY

te still another aspect of the invention, a pressure chanber in a flow

passage substrate is formed in such a manner that both side portions

t hereof respectively have a plane, and the vibrator-positioning nenbers are
respectively opposite to these planar side portions of the ink.flow passage

substrate, dheRPytRIERNBbRGLIONS BISiils @¥rdiged such that it has a width

smaller than the thickness of the vibrator 1l.

The thin portions 81 and the thick portions 82 can be

formed separately from each othexr. Alternatively, the thick
s portions 82 may be formed by forming a plating or a resin layer
on a thin film 81.

‘As shown in Figs. 2 and 6, if recessed or holed
portions 51 respectively formed in the cavity unit 5 axe fitted
with two positioning pins 34 respectively projecting from the

10 top surface of the holding frame 3 to. thereby position the
cavity unit 5 relative to the holding frame 3_accuratély. Also,
as shown in-  Fig. 1, the respective leading ends of the
vibrator-positioning member 12 provided on both outemos;c
portions of the vibrators 1l are abutted against flat surfaces

1s 73 of the elastic¢c plate '8 disposed on both sides of the
pressure chamber 72 so that the cavity unit S and the vibrators
11 are positioned accurately in a dixection along which the
vibrators 11 are displaced.

In the ink je.t recording head constrxuctaed in the abéve-

20 mentioned manner, the piezoelectric alamant 1 is bounded to the
fixing plate 2 such that the frxont edge of the element 1 is
projected out to a given length from an edge 23 of the fixing
plate 2 (see Figs. 3(a) and 3(b)). Subsequently, . the
plezoelectric element 1 is cut and divided into a large numbex

23 of portions to thereby"provide iz vibrators 11 and two

vibrator-positioning members 12.
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accuracy between the ink flow passage forming substrate and the| THIS SHEET HAS BEE!
pi ezoel ectric vibrators in the displacenent direction thereof. Ac c REFL-AGED
to-a further aspect of the invention, positioning projections réspectively

provi ded on both sides of the fixing plate, which serve as a positioning
reference for the piezo- electric vibrators, are used as the positioning
portions that position the ink flow passage substrate in the surface direc-

tion thereof, so thgéxthe tNLZPLLBEELLELYLET ANQRAML LB iflkeing plata 2

must be strongly fixed to holding frame 3 by interposing an-
adhesive in the clearance of the holding frame 3 in oxder to
control the vibratory movements of the fixing plate 2. An
s epoxy adhesive having an excellent fusing property is desirable
when the holding frame is formed of an epoxy resin and the
fixing plate 2 is formed of a2 ceramics.
When such an adhesive is heated so that it can be
quickly hardened, the leading ends of the vibrators 11 draw
180 back or draw out with reference to the top surface of the
holding frame 3 due to the different materials and shapes
between vibrators 11 and the fixing plate 2, the holding frame
3. PFor this reason, in the present embodiment, 'as shown in
Fig. 10, a UV-curing adhesive a is at first coated on the
18 connectiﬁg portion as a provisional adhésive} That is, the UV
adhesive g is applied to the connecting portion and then is
irradiated with ultraviolet rays to be hardened. Subsequently,
an epoxy adhesive b is injected between the holding frame 3 and
the fixing plate 2 to thareby firmly bond tbg fixing plate 2 to
20 the holding frame 3 under lower temperature oxr room
temperature. The'cavity unit 5 is then mounted in such a
manner that the recessed portions 51 therecf axs engaged with
the respective positioning pins 34 projecting £rom the holding
frame 3. ©Next, outside of two vibrator-positioning membexr 12
28 are fitte& into the positioning hole 33 forxmed in the top

surface 32 of the holding frame 3 to thereby position the
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fl ow passage substrate can be positioned directly. BRI E EﬁﬁﬁéﬁBEEN
OF THE DRAW NGS FIG 1 is a sectional side view of an ink je recdﬁﬂhﬁi_ﬂ~———
I's a

head according to a first enbodi nent of the invention; FI G
sectional side view of the ink jet recording head, taken fromthe position
of a pin 34; FIGS. 3(a) to 3(d) are views of a piezoelectric elenent and

a fixing plate, respectively show ng steps of producing
vibprators 11 in the widthwise d:.rect:.on. thereof. At the same

time, the vibrators 11 are posxtloned in the thickness
direction thereof by means of the fixing plate 2. Further, the
respective leading end portions of the vibrator-positioning
s member 12 ars abutted against the flat surface 73 pfovided on
both sides of each pressure chambers array through the elastic
plate 8, thereby positioning the wvibrators 11 and the cavity
unit 5 in the displacement direction thereocf.
Fig. 9 illustrates another embodiment of the invention,
10 which relates to the positioning of the vibratoxrs 11 and the
cavity unit S in the displacement direction. In this
embodiment, intead of the vibrator-positioning member 12 used
" in the above-mentiocned embodiment, the positioning member 22 on
the leading'end of the fixing plate 2 is abutted against a
15 positioning step 35 :of the holding frame 3. so'.;hat the
vibrators 11 is positioned in the displacement direction with,
accuracy. _ Ce e
I Fig. 11 illustrates a third embodiment of the-
invention, which relates to the mutual positioning..of - the
© 20 vibrators 11 and the cavity wunit S§. 1In this embodiment, -.the .
widths of the vibrator-positioning member 12 to be provided on .
the two ourermost sides of the vibrators 11 are widened and - ...
slits 13 are formed at the accuéate position with xefexrence to

the vibrators in the leading end faces therxeof, so that the

" 5 positioning pins provided on the lower surface of the elastic
.= - - plate 8 can be fitted intc the slits 13, respectively... . -:- 2.
-1 - This Sheet Has Been Rep
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t he piezoelectric vibrators; FIG 4 is an explanatory view. T REPLACED
J

conneetion relationship between a piezoelectric vibrator and a lix-hg
plkate; FIG 5 is a plan view of a positioning hole according to a first
enbodi nent of the invention; FIG 6 is a plan view of a cavity unit
enpl oyed in the invention; FIG 7 is a sectional view of main portions
of the ink jet recrding head,

According to the third embodiment, the vibratoxs 11 and

the cavity unit 5 are directly connected to each other to
thereby be able to enhance their mutual positioning accuracy in
the surface direction.

5 Fig; 12 illustrates a fourth embodiment, which relates
to the positioning of the vibrators 11 and cavity unit 5. 1In
the fourth embodiment, the front edge of a plate-shaped
piezoelectric element 1 is arranged so as to project a distance
which corresponds to the leading ends of two positioning

16 portions 22 provided on the two sides of a fixing plate 2, and
then the piezoelectric element 1 and the fixing pléte 2 are
bonded to each other. Subsequently, the piezoelectric element
1 is cut and ﬁivided'into a large number of vibrators 11, so
that the leading ends of the respective vibrators 11 can be

18 matched to the positioning portions 22 with accuracy.

According to this embodiment, the wvibrators 1l are
positioned in surface direction using slit 21 and pin 51, and
positionad in displace diraction when placing ends of the
positioning portions 22 with the elastic place 8,

20 FPig. 13 illustrates a fifth embodimant of thea invention
in which the front edge of a piezoelectric element 1 is
projected out a slight length g beyond the leading ends of two
positioning portions 22 respectively provided on the two side
portions of a fixing plate 2 and then the piezcelectxic element

23 1 and fixing platé 2 are bonded to each other. Subsequently,

the piezoelectric element 1 is cut and aivided into a large
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number of vibrators 1l1. According to the fifth embodiment,
when a cavity unit 5 is mounted to the leading ends of the two
positioning portions 22, which function as a reference J‘:m-.i
positioning, on the two sj.de. portions of the fixing plate 2,
then the leading ends of the vibrators 11 a?e strongly abutted
against an elastic plate 8 in such a manner that the elastic
plate 8 is slightly flexed toward a pressure chamber 72.
Accordingly, the thickness of an adhesive to be applied %o the
leading ends of the vibratoxs 11 <can be reduced.
Alternatively, this may be omitted. .
Figs. 14(a2) and 14(b) illustrate a sixth embodiment of

a cavity unit 5 according to the invention. In the sixth

embodiment, the chamber partation wall 77 of tﬁe flow passage
plate 7, which defines an ink flow passage, is composed of a
thick layer 74 and a thin layer 75, and thé thick laY.er 74 is
arranged to have a wide width W1 and the thin layer 75 is
arranged to have a narrow width w2,

According to the sixth embodiment, even if the two
layers 74 and 75 are slightly shifted in position in the
surface diresction thereaf when they afe connected together in
the manufécturing process, as shown in Fig. 14(b), the area of
the connecting surface thereof remains unchanged so that the
rigidity of the wall 77 can be maintained. Alseo, by uniformly

setting a ratio T/W of the thicknesses T1l, T2 and widths W1, W2

of the two layers 74, 75, the rigidity is enhanced to thereby

- ensure stable ink jetting.
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- 3- FIG 8 is a view of a connecting portion between a pi ezo¢|Bi$ SHEET HAS BEEN

vi brator and an el astic plate; FIG 9 is a sectional view of |[the iHFLAEED
recor-di ng head accordi ng to anot her enbodi nent of the invention; FIG 10
is a view of a connecting portion between a piezoelectric vibrator, a
fixing plate and a holding frane; FIG 11 is a plan view of a

pi ezoel ectric vibrator accord-
According to this embodiment, there is a still more

advantage that one can keep a wide span W3 of the pressure
chamber without decreasing a ridigity of wall, then ore can. get
a large volume of ink droplet even if in the case of high

5 density pressure chamber.
Fig. 15 illustrates a seventh embodiment in which a
flow passage plate 7 is composed of .th.ree layexs 74, 75, 76,
and the width W2 of the middle layer 75 is set narrower than
those of tfze remaining layers. Accordingly, even if the three
16 layers are shifted in the surface direction thereof when they
are connected together, the strength and rididity of the wall

can be maintained constant.
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af a fifth enbo j'et recording head according to the

i nventi on; FIGS. 14(%) wa b) are sectional views of a sixth

enbodi mrent of a cavity unit accor di ng to anot her enbodi- nent; and FI G
15 is a sectional view of a seventh eg&g&ﬁﬂfnt of a

ing to third é““a“heﬂf--£1£i\%2 is a section view of the |ji”P§§HEErHASBEFN
recor.di ng head mm yﬁur h enbodi nent ; FIG 13 is asecti oREI-ACFERw

1. An ink jet recording head wherein the movement of a
piezoelectric element (1) moves part of an-ink flow passage
substrate so as to jet out ink stored therein in the form
of ink droplets, said ink jet recording head comprising:

a fixing plate (2),

a plurality of piezoelectric vibrators (1l1) obtainable by
cutting and dividing said plage-shaped piezoelectric
element (1) while said piezoelectric element is fixed on
said fixing plate (2),

holding means (3) for positioning and holding at least one
of said piezoelectric vibrators (11) and said fixing plate
(2) in a direction perpendicular to the displacemeﬁf
direction of said piezoelectric vibrators (11},

an ink flow passage substrate (5) mounted on said holding
means (3) and including a nozzle plate (6), an ink flow
passage forming plate (7) and an elastic plate (8), and

a positioning member engaged with said ink flow passage
substrate (5) and said holding means (3) so as to regulate
the relative position thereof.

2. An ink jet recording head as set forth in claim 1, wherein
said piezoelectric vibrators (1l1) are formed by dividing
said piezoelectric element (1) into said vibrators (ll)
while a front edge thereof is positioned and fixed relative
to two positioning projections (22) respectively disposed
on the two sides of said fixing plate (2).

3. An ink jet recording head as set forth in claim 2, wherein
said two positioning projections (22) are engaged with
portions of said ink flow passage substrate (5) so as to
position said ink flow passage substrate (5) relative to
said piezoelectric vibrators (11) in directions along a
plane defined by said ink flow passage substrate.

This Sheet Has Been Replaced i
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cavity unit according to still another enbodi nent Tmli’r_Eﬁﬁm HAS
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS  FIGS. |1 and®

illustrate an i nkjet—recording head accgrd ing to a first enbodi ment of
the invention. The m m g head includes a pl at e-shaped

| am nati on-type pi mel ‘ulnﬁﬂm nt 1 which, as will be described | ater,
is cut into rectangdl af pteces Swhi*ch are m)unted on a fixing plate 2 to
provi de a | arge nunber of vibrators 11. A hol ding

4. An ink jet recording head as set forth in any one of the
preceding claims, wherein selected  ones of said
piezoelectric vibrators that are respectively situated on
both outermost sides of said plurality of piezoelectric
vibrators (ll) are used as vibrator-positioning member (12)
which are coupled to portions of said ink flow passage
substrate (5) which do not have an ink flow passage
associated therewith.

5. An ink jet recording head as set forth in claim 4, where
leading ends of said vibrator-positioning member (12) are
engaged with said ink flow passage substrate (5) so as to
define a relative position between said ink flow passage
substrate and said piezoelectric vibrators (11).

6. An ink Jjet recording head as set forth in any one of the
preceding claims, further comprising:
a signal electrode (25) formed on each of said
piezoelectric vibrators (11).

7. An ink jet recording head as set forth in any one of the
preceding claims, wherein positioning portions are formed
on a top surface (32) of said holding means (3), said
positioning portions being engaged with said piezoelectric
vibrators (31) so as to define a relative position between
said holding means and said piezoelectric vibrators.

8. An ink jet recording head as set forth in any one of the
preceding claims, wherein an epoxy adhesive (b) combined
with an adhesive (a) of an ultraviolet-curable type is
inserted in a connecting portion gap defined between said
holding means (3) and said fixing plate (2).
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frame 3 hol ds the vibrators 11 and positions themin the surfidﬁﬂﬂﬁﬁﬁgfﬁéﬁBLE“
of a cavity unit e caV|tE un|‘ 5 is positioned and held ¢nto t REPLAC

Qgilglrn\?\hrgﬁngugpgyumﬂml‘m I‘Uﬂ’ pin 34. Reference nuneral 38 denotes a

pheral3z portion of the cavity unit 5.

Ref erence numeral s 28 and 29 de5|gnates a lead frane; and reference nuneral
9 indicates a head CIrCUIt boar d. FIGS. 3(a) to 3(d) and 4 illustrate
the piezoelectric elenent 1 and fixing plate 2. The fixing plate 2 is
fornmed of

9. An ink jet recording head as set forth in any one of the
preceding claims, wherein both sides of a pressure ghamber
defined in said flow passage forming plate (7) are wall
elements and said wall elements are coupled to said
vibrator-positioning member so as to position said
vibrator-positioning member in the displacement direction
of said piezoelectric vibrators.

10. An ink jet recording head as set forth in any one of claims
1l to 8, wherein said flow passage forming plate (7) is
composed of at least two layers (74, 75) and the widths
(W1, W2) of the partition walls (77) which define ink flow
passages respectively formed in said respective layers (74,
75) are different from one another.

11. An ink jet recording head as set forth in claim 1, wherein
a flat layer is formed on the surface of said elastic plate
(8), said flat layer being in contact with said
piezoelectric wvibrators (11) and said ink flow passage
substrate (5), said piezoelectric vibrators being connected
with each other by virtue of said flat layer.

12. An ink jet recording head as set forth in any one of the
preceding claims, wherein said plurality of piezoelectric
vibrators (11) constitutes a vibrator set, said holding
means (3) positioning and holding a plurality of wvibrator
sets.

13. An ink jet recording head as claimed in any one of the
preceding claims, further comprising an electrode film (24)
formed on said fixihg plate (2), said electrode film being
divided together with said piezoelectric film to provide a
plurality of signal electrodes (25) corresponding to said
piezoelectric vibrating elements (11), respectively.
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free- cutting

BEEN

cer? and includes an el ectrode |22HSrSHBEE |
surface thereof. { 'ﬁ & 2 is substan- tially of a U shap&ERaATHY
)

portions 22 protrudeﬂ fu

nds t her eof . The pl at e- shape

pi ezoel ectric element 1 has an él ectrode 44 on the lower surface and the
rear end face thereof (see FIG 4). The piezoelectric element 1 is firmy
adhered to the fixing plate 2 in such a nmanner that the | eading edge of the

pi ezoel ectric el ement

keepi ng a94

15.

l.ength L
acanve %et recording head as claimed in any one of the

preceding claims, wherein said holding means (3) and said

positioning member (12) position said piezoelectric

vibrators (11) in a width direction thereof, and said
holding means (3) and said fixing plate (2) position said
piezoelectric vibrators (11) in a thick direction thereof.

An ink jet recording head wherein the movement of a
piezoelectric element (1) moves part of an ink flow
passage substrate so as to jet out ink stored therein in
the form of ink droplets, said ink jet recording head
comprising: B
a fixing plate,

a plurality of piezoelectric vibrators (11) obtainable by
cutting and dividing said plate-shaped piezoelectric
element (1) while said piezoelectric element is fixed on
said fixing plate (2),

: holding means (3) for positioning and holding at least one

16.

17.

of said piezoelectric vibrators (11) and said fixing plate
(2) in a direction perpendicular to the displacement
direction of said piezoelectric vibrators (11),

an ink flow passage substrate (5) mounted on said holding
means (3) and including a nozzle plate (6), an ink flow
passage forming plate (7) and an elastic plate (8), and

a vibrator-positioning member (12) coupled with said ink
flow passage substrate (5) to position said piezoelectric
vibrators (11) in a displacement direction thereof.

An ink jet recording head as claimed in any one of the
preceding claims, wherein said piezoelectric elements (11)
comprise multi-layer piezoelectric elements.

An ink jet recording head as claimed in claim 15 or 16,
wherein said fixing plate (2) reinforces said vibrator-
positioning member (12).
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18.

19.

THIS SHEET HAS BEEN
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A process for forming an ink jet recording head wherein the
movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

attaching a plate shaped piezoelectric element to a fixing
plate,

cutting said piezoelectric element into a plurality of
piezoelectric vibrators,

inserting said piezoelectric vibrators, mounted on said
fixing plate, into a holding device,

mounting an ink flow passage substrate on said holdJ.ng
device so as to be in contact with said piezoelectric
vibrators,

engaging a positioning member with said ink flow passage
substrate and said holding device so as to regulate the
relative position thereof.

A process for forming an ink jet recording head wherein the
movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

attaching a plate shaped piezoelectric element to a fixing
plate,

cutting said piezoelectric element into a plurality of
piezoelectric vibrators,

mounting an ink flow passage substrate on said holding
device so as to be in contact with said piezoelectric
vibrators,

inserting said piezoelectric vibrators, mounted on said
fixing plate, into a holding device,

engaging a positioning member with said ink flow passage
substrate and said holding device so as to regulate the

relative position thereof. — -+ - -
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-4° constant, and also the electrode 14 on the | ower surface fof; e PNBEEN
1 are in contact wth the electrode 24 of the fixing plate 2. h@gpLACED
pi ezoel ectric el FWET,’ ls for have a wi dth
RPN M Illl 5
20. A process for forming an ink jet recording head wherein the

21.

movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

widening widths of a vibrator-positioning member to be
provided on the two outermost sides of vibrators,

forming slits in leading end faces of said vibrators, and
fitting positioning pins provided on a surface of an
elastic plate into said slits, respectively.

A process for forming an ink jet recording head wherein the
movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

arranging a front edge of a plate-shaped piezoelectric
element so as to project a distance which corresponds to
leading ends of two positioning portions provided on the
two sides of a fixing plate, .
bonding said piezoelectric element and said fixing plate to
each other, and

cutting and dividing said piezoelectric element into a
large number of vibrators so that leading ends of said
respective vibrators are matched +to said positioning
portions with accuracy. |

—_— .
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which is greater than the length of a corresponding nozzle ar Yiis SHEEr HAS BEEN
Is fi.xed to the fixing plate 2, the piezoelectric elenent 1 ipg sli LA@@g '

a plurality of vibrators 11, and two vi bgator-positioning nme
pitch between vibra- tors having a width corresponding to the pitch of a
nozzle 61 (see FIG 6), by use of a slicing machi ne such as a wire saw or
the like (see FIG 3(c)). In this case, two rectangular parts respectively
formed on the two outernost sides of these vibrators 11 are used as

vi brat or- posi ti oni ng nenbers 12. ABSTRACT

In an ink Jjet recording head, after a plate-shaped
piezoelectric element (1) is positioned and fixed onto a
fixing plate (2), the piezoelectric element is sliced into a
large number of vibrators (11) nd the leading ends of the
vibrators are embracingly held in positioning holes (33)
respectively formed in a top surface of a holding frame (3)
and are thus positioned in the outer dimension thereof.
Further, a cavity unit (5) is positioned and fixed on the top
surface of the holding frame (3).

\'\
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The vi brator positioning menbers 12 serve to absorb any def or fratnosHERT ik BEEN
two side ends of the vibrators which occurs during the slicinf operkaPLdRED

and to protect the thin vibrators 11. Al so, the el ectrode 24, disposed on
the surface of the fixing plate 2 whose p03|t|on|ng menber 22 serves to

suppl ement the vibrator-positioning nenber, is cut into a | arge nunber of
signal el ectrodes 25, which respectively correspond to the vibrators 11,
during the slicing operation.
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HEET HAS BEEN
T%Ssﬂﬁl ChCED
| ead wires 29 are connected to the head circuit board 9 (see ALG—3—0On
the other hand, two common el ectrodes 26 are respectively connected to the
Tead franes 28 which extend to the head circuit board 9. A thin conduc-
tive filmsuch as flexible cable or metal plate is electrically attached
el ectrode 15 of each vibrators 11 and both ends of film27 is connected to
t he conmon el ectrodes 26. Referring again to FIGS. 1 and 2, the hol ding
frame 3,

The signal electrodes 25 are connected to respective lead wr
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whi ch positions and holds the vibrators 11 and the fixing pl atp THIS PBEET HAS BEEN
formed of an epoxy resin or other material in a cylindrical shppe hREFRHCED
skirt like portion 31 which fans out at the bottom The skirt |ike portion

31, nore particu- larly, the interior of the skirt portion 31, receives the
respective |lead wires 28 and 29, and the head circuit board 9 is nounted

onto the bottomof the skirt |like portion 31 in a stable manner. In the

drawi ngs, reference nuneral 36 designates an

FIG. 3(a)




|(r)1§:|tlngd gui ge surface which is formed so as to taper toward|tH#S SHEET HAS BEEN |
p ning hole 33 so as to facilitate the insertion of the.pL.ezn%l’:rP«L’ﬁ‘lcFPr

eI ement 1.
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5. The hol ding frame 3, which holds the piezoelectric el e} TnSHEERHAS BEEN
the fixing plate 2, has a positioning hole 33 on the top surface 3REPLALED

FIGS. 1 and 5). The positioning hole -
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33 includes a wide portion 33a into which the fixing plate 2 ca

with a slight clearance [err] in the thickness direction thereof,

narrow portion 33b into which the vibrators 11 can be fitted wt

T e

S SHEET HAS BEE
AN} ACED

clearance [err]l1 in the width direction thereof. The wide portion 33a is

used to position the fixing plate 22 in the thickness direction,

and al so

the narrow portion 33b is used to position the piezo- electric vibrators 11
in-the width direction thereof, whereby the piezoelectric vibrators 11 can

be accurately positioned in

61

FIG. 8
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the surface direction of the cavity unit 5. As iIIustrated|i$ﬂﬁQ§EBTH23@§EN (
cavity unit 5 to be positioned and held on the top surface 32 of aR

frame 3 with a positioning pin 34 includes a nozzle plate 6 having a nozzl e

61 fornmed therein, a flow passage plate 7 defining an ink flow passage, and

an elastic plate 8. As shown in FIG 6, the nozzle plate 6 enployed in

the present enbodi nent includes two sets of nozzles, each set consisting of

two arrays of nozzles, each array consisting of

FIG. 9
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12 nozzles 61 (only sone of which are indicated). It shoul d|bEHIAGHERT gt BEEN
t he vibrator-positioning nenber 12 do not have a nozzl e assqci at eREPLACED

therewith. Also, the flow passage plate 7 which is formed of a
‘"photo-curable resin is placed on the nozzle plate 6. The fl ow passage pl ate
7 includes 4 arrays of pressure chanbers, each array consisting of 12
pressure chanbers 72. Each of the pressure chanbers 72, which are fornmed in
a rectangul ar shape, are in comrunication with a conmon ink chanber 71.

Specifically, the nozzles @3 T —~—13
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e k HAS BEEN |
respectively in comuni cation with the ends of the pressure c Fﬂ??HE%?CED __l
whi ch are di sposed so as to correspond thereto. Al so, the °f-c plaLC

8, which is placed on the surface of the flow passage plate 7, is formed of
‘a thin plate such as an el ectroform ng nickel product or the Ilke. The
elastic plate 8 includes a plurality of ring-shaped thin portions 81 which
extend along the inner edges of the respective pressure chanbers 72.
Further, as shown in FIG 8, in the portions of the elastic plate 8
surrounded by the thin portions 81, there

FIG. 13
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are formed high rigid thick portions 82 which abut agai nst thg
of the vibrators 11. Each of the thick portions 82 is arrange
has "a width smaller than the thickness of the vibrator 11. The thin
‘portions 81 and the thick portions 82 can be foned separately from each
other. Alternatively, the thick portions 82 may be forned by formng a
plating or a resin layer on a thin film 8L1.

FIG. 14(a)
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AND PROCESS FOR FORMING SAME

The present :anenrion relates to an ink jet recording
head and a process for forming same.

'I'hero has been known, from Japanese Patent Unexamined
Publica.tion No. Sho 58-119870, etc., an ink jet recording head_-
employing a piezoelectric vibrator which moves in the
longitudinal direction to apply pressure to ‘ink stored within
a pressuro cnamber, and tho pressurized ink is then jetted out
from a nozzle as droplets of ink onto a recording medium. )

In the recording head of the above-mentioned type, “a
large num.bér of piszoslactric vibrators are inserted intoc guide

'holes.formed in the uppsr and lowexr portions of a support
member to thereby position and support the respective base end
portions and leading end porxtions thereof. However, in this
structure, the piezoelectric vibrators cannot be disposed in a
high density arrangement. Also, they may be unevenly in the
longitudinal direction thereof, and may be inclined with
respect to each other, which makes it impossible to provide a

uniform ink jet characteristic.

The present invention is directed to eli.minating the
drawbacks found in the above-mentioned known recording heads.
Accoxdingly, it is an object of the invention to provide a new

ink Jjet reoording head which is capable of positioning arnd

: connecting a plurality of piezocelectric vibrators, as well as

various components forming the recording head, with respect to

—— -

one another with high accuracy. T
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respectively forned in the cavity unit 5 jare figepPeaCBWth t

[aYa MiaYal

.-6- As shown in FIGS. 2 and 6, if recesEefOsHERT eaS pamﬂo Sggﬁ\_ACEMENT SHEET
p

pi ns _34 respectively projecting fromthe p-surface of the Holld
to thereby position the cavity unit 5 relatlve to the hol di ng
accurately Al so, as

—h

%framﬁ}gg

This object is solved by the ink jet recording head of any
one of independent claimsl or 15 and by the process of any
one of independent claims 18, 19, 20 or 21. 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 for use
in an ink jet recording device which ejects drops of ink to
thereby form an image and, more particularly, an ink jet
recording head having a mechanism for precisely positioning
the respective components of the head.

In attaining the above object, according to one aspect of the

~ invention,. after a plate-shaped piezoelectric element is

previously positioned and fixed onto a f£ixing plate, the
piezoelectric element is ‘divided into a plurality of
piezoelectric vibrators, and piezoelectric vibrators are held
and positioned in the suxrface direction thereof by a holding
device.

According to another aspect of the invention, the
outermost piazoelectric vibratoxrs a.".;e .used as vibrator-
positioning members to therxeby énhance the working accuracy of
the remaining vibrators used for ink Jjetting. Also, the
vibrator-positioning membexr vibrators are used for positioning
thp vibrators with respect to the holdirig device or an ink flow
passége substrate.

According to still another aspect of the inventlon, a
pressure chamber in a_flow passage substxate is formed in such
a manner that both side portions thereof respectively have a

This Sheet Has Been R,
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shown in FIG 1, the respective |eading ehdmosHiTHAS BEEY of | BERLAGEMENSSHEET
menber 12 prOV|ded on both outernost port|ons ®EPLAEENI bratbrs are
abutted against flat surfaces 73 of the efa@stic plate 8 di spdsdd g@;@gghpgé
sides of the pressure chanber 72 so that the cavity unit 5 and |t he
vibrators 11 are positioned accurately i a direction along iﬂh +he
vibra- tors 11 are displ aced. In the ink jet recordi ng head constructed

in the above- nentioned nanner, the piezoelectric elenent 1 isDOUNOEd tO
plane, and the vibratox-positioning membaexrs axe raspactively

' opposite to these planar side portions of the ink flow'passago.
substrate, thereby enhancing the positioning accuracy between

' tﬁa ink flow passage forming substrate and the piszoelectric
vibrators in the displacement direction thereof.

According to a further aspect of .the invention,
positioning projections respectively provided on both sides of
the fixing plate, which serve as a positioning reference for -
the piezoelectric vibrators, are used as the positioning
portions that position the ink flow passage substrate in the
surface direction thereof, so that the piezoelectric vibrators

- and the ink flow passage substrate can be positioned directly.

Fig. 1 is a sectional side view of an ink jet recording
head according to a first embodiment of the invention;

Fig. 2 is a sectional Sidel view of the ink jet

© recording head, taken from the position of a pin 34;

Figs. 3 (a) to 3(d) are views of a piezoelectric
element and a fixing plate, respectively showing steps of
producing the piezoelectric vibrators;

rig. 4 is an explanatory view of a connection
relationship between a piezoelect:ic vibratox and a £ixin‘g—

plate;

Fig. 5 is a plan view of a positioning hole according

to a first embodiment of the invention;
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the fixing plate 2 such that the front ejgeIIS:)BHEIﬁ%HéSé”r?EHtLl i P&AB@M@NTM%EET
out to a given length froman edge 23 of |the fREFLA§EBl ate P | ske FIGS. 3(a)
and 3(b)). Subsequently, the piezoelectric element 1 is cut pang @ SiD&11996
into a | arge nunber of portions to thereby provide vibrators}{1l and two

vi brator-positioning nenbers 12. Next , 4t he pi ezoel ectric e|lement I oOr
fixing plate 2 nust be strongly fixed to holding frame 3 by tnterposing an

adhesive in the clearance of the holding frame 3 in order to control the
Fig. 6 is a plan view of a cavity unit employed in the

invention;

Fig. 7 is a sectioﬁal view of main portions of the ink
jet recording head; -
| "Fig.'s is a view of a connecting portion between a
piezoelectric vibrator and an elastic plate;

Pig. 9 is a sectional view of the ink jet recordin§
"head according to another embodiment of the invention;

Fig. 10 is a view of a connecting portion between a
Piezoelectric vibrator, a fixing plate and a holding frame; .

Fié. 11 is a plan view of a piezoelectrie vibrator
accor@ing to third embodimegt;

Fig. 12 is a section view of the ink jet recording head
according ‘to fourth embodiment; _

Fig. 13 is a sectional view of a £fifth embodiment of an
ink jet recording head according to the invention;

' Figs. l4(a) and 14(b) are sectional views of a sixth
embodiment of a cavity unit accarding to another embodiment;
and

Fig. 15 is a sectional view of a saventh ambodiment of

a cavity unit according-to still another embodiment.

Figs. 1 and 2 illustrate an ink jet recoxrding head
according to a first embodiment of the invention. The ink jet

recording head includes a plate-shaped lamination-type
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an epoxy resin and the fixing plate 2 is fTorned of a ceranics.

an adhesive is heated so that it can be %uickly har dened, t he
of the vibrators 11 draw back or draw out with reference to f

eRﬁ%LAQE&iEyﬁ SHEET
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s forned of
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eadi ng ends
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of the holding frane 3 due to the different materials and shapes between

vibrators 11 and the fixing plate 2, the-holding frane, 3.

plezcelectric element 1l wh;ch, ax will ba de:cézged later, is'
cut into rectangular pieces which are mounted on.a fixing platei
2 to prbvide a large numbex oé vibrators 11. A holding frame
3 holds the vibrators 11 and positions them in the surface
direction of a cavity unit 5. The cavity unit 5.15 positicned
and held onto the holding frame 3 by a positioning pin 34.
Referenée numeral 38 denotes a cover which supports the outer
peripheral portion of the cavity'uhit 5. Reference numerals 28
~and 29 designates a lead frame; and reference. numeral 9
indicates a head circuit board. .
Figs. 3(a) to 3(d) and 4 illustrate the piezoelectric
element 1 and fixing plate 2. The fixing plate 2 is formed of
free-cutting céramics or the like, and includes an électrodg 24
on the top surface thereof. The f£ixing plate 2 is
substantially of a U-shape having positioning portions 22
protruded <from both endé thereof.  The plate-shaped
piézc;electric ‘element 1 has an electrode 14 on the lower
surface and the rear end face thereof (see Fig. 4). The
piezoelectric element 1 is firmly adhered to the fixing plate
2 in such a manner that the leading edge of the piezoelectric
element 1 is protruded from an edge 23 by a given length for
keeping an active length L constant, and also the electrode 14
on the lower surface of the element 1 axe in contact with -the
electrode 24 of the fixing plate 2. )
The piezoelectric elehent 1 is formed to have a width

which is greater than the length of a corresponding nogezle

x’
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this reason, in the present enbodi ment, as|SHS\WAHEET FASBEED, RE‘H_AC,EMEM SHEET
adhesive a is at first coated on the connefti ng REFEALCER as a vi-stomat
adhesive. That is, the UV adhesive a is applied to the connec | qu
and then is irradiated with ultraviolet rays to be hardened. 9%@ @%
an epoxy adhesive b is injected between €he holding frame 3 d the fixing
plate 2 to thereby firmy bond the fixing plate 2 to the holdfing frane 3
under |ower tenperature or roomtenpera- ture The caV|ty unit
mounted in such a manner that

array. " After it 1s fixed to the fixing plate 2, the
. piezoelectric element 1 is sliced into a plurality of vibrators.

11, and two vibrator-positioning members 12 each pitch between
vibrators having a width corresponding to the pitch of a nozzle
61 (see Fig. 6-), by use of a slicing machine such as a wire saw
or the like (see Fig. 3(c)). 1In this case, two rectangular
parts respectively formed on thg two outexrmost sides of these
vibrators 11 are used as vibrator-positioning members 12. The
vibrator positioning members 12 serve to absorb any deformation
of the two side énds of the vibrators which occurs during the
slicing operation, and to protect the thin vibrators 11.

Also, ‘the electrode 24, disposed on the surface of the
fixing plate 2 whose positioning member 22 sexrves to supplement
.the vibrator-positioning member, i§ cut into a large number of
signal electrodes 25, which respectively correspond to the
vibrators 11, during the slicing operation. The signa.l
electrodes 25 are connected to respective lead wires 2%, and the
lead wires 29 are connected to the head circuit board 3 (see
Fig. 1). On the other hand, two common electrodes 26 are
xespectively connected to the lead frames 28 which extend to
the head circuit board 9. A thin conductive film such as
flexible cable or metal plate is electrically attached
elec£rqde 15 of each vibrators 11l .and both ends of £ilm 27 is
connected to the common electrodes 26.

Referring again to Figs. 1 and '2, the holding frame 3,

which positions and holds the vibrators 11 and the fixing plate

—
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the recessed portions 51 thereof are engag
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2, is formed of an epoxy resin or othexr material in a

cylindrical shape having a skirt like portion 31 which fans out

at :the bottom. The skirt like portion 31, more particularly,'
the .i:nterior of the skirt portion 31, ieceives the xespective
lead wires 28 and 29, and the head circuit board 9 is xt-lounted
onto the bottom of the skirt like ‘portion 31 in a stable
mannér. _
| In the drawings, reference numeral 3§ designates an
inclined guide surface which is formed so as to taper toward
the positioning hole 33 so as to facilitate the insertion of
the piezoelectric element 1. o h

The holding frame 3, which holds the piezoelectric
element 1 and i:he fixing plate 2, has a positioning hole 33 on
the top surface 32 (see Figs. 1 and 5). The positioning hole
33 includes a wide portion 33a into which the fixing plate 2
can be fitted with a -sliqhi: clearance 81 in the thicknee?s |
direction thereof, and a narrow portion 33b into which the
vibratoxs 11 can be fitted with a slight clearance 82 in the
width dirxection thereof. The wide portion 33a iz used to
position the £fixing pléte 2 in the thickness direction, and
also the narrow portion 33b is wused to position the
piezoelectric vibrators 11 in the width direction thereof,
whereby the piezoelectric wvibrators 11 can be accurately
positioned in the surface direction of the cavity unit s,

As illustrated in Fig. 7, the cavity unit 5 to be

positioned and held on the top surface 32 of a holding frame 3

m _'
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Next, outside of two vibrator-positioni ng werber—i2—are—
positioning hole 33 fornmed in the top surface 32 of the ho
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with a positioning pin 34 includes a nozzle plate 6 having'a
nozzle 61 formed therein, a2 flow passage plate 7 defining an
.ink flow passage, and an elastic plate 8.

| As shown in Fig. 6, the nozzle plate 6 employed in the
present embodiment ihcludes t.v'm sets of nozzles, each set
consisting of two arrays of nozz_ies, each ai'rgy consist_ing of
12 nozzles 61 (only some of which are indicated). It should be
noted that the vibrator—p_ésitioning member 12 do not have a
nozzle associated therewith. Also, the flow passage plate 7
which is foimed of a photo-curable resin is placed on the
nozzle plate §. The flow passage plate 7 includes 4 arrays of
pressure chambers, .each array consisting of 12 .pressw.ire
chambers 72. Each of the pressure chambers 72, which are
fofmed in a rectangular shape, are in communication with a
common ink chamber 71. Specifically, the nozzlhes 61 arxe
respectively in communication with the ends of the pressure
chambers 7-2 which are disposed so as to correspond thereto.

Also, the elastic plate 8, which is placed o.n the

surface of the flow passage plate 7, is formed of a thin plate |
such as an electroforming nickel preduct or the like. The
elastic plate 8 includes a plurality of xring-shaped thin
portions 81 which extend aleng the inner edges of the
respective pressure chambers 72. Purthex, as shown in Fig. 8,
in the portions Of the elastic plate 8 surxounded by the thin
portions 81, there are formed high ridid thick portions 82
which abut against the leading ends of the vibrators 11. Each

N i
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vibrators 11 are positioned in the thickn drrec=—tTom theneqf—by—rears
of the fixing plate 2. Further, the respective | eading end part _ é tﬁ%
vi brat or-positioning nenber 12 are abutted against the fl at surfa@e’g C
provi ded on both sides of each pressure Thanbers array through [the elastic
plate 8, thereby positioning the vibrators 11 and the cavityjunit 5 in the

di spl acenent direction thereof FIG 9 illustrates another erbedi-rent—of

t he i nvent Io%nthe thick portions 82 is arranged such that it has a width

smaller than the thickness of the vibrator 1l.

The thin portions 81 and the thick portions 82 can be

formed separately from each othexr.  Alternatively, the thick
i portions 82 may be formed by forming a plating or a resin layer
on a thin film 81.

‘As shown in Figs. 2 and 6§, if recessed or holed
portions 51 respectively formed in the cavity unit 5 axe fitted
with two positioning pins 34 respectively projecting from the
top surface of the holding frame 3 to. thereby position the
cavity unit 5 relative to the holding frame 3 accurately. Also,
as shown in- Fig. 1, the respective leading end# of the
vibrator-positioning member 12 provided on both 'outemos;t
portions of the vibrators 11 are abutted against flat surfaces
73 of the elastic plate 8 disposed on both sides of the
prassure chamber 72 so that the cavity unit 5 and the vibrators
11 are positioned accurately in a direction along which the
vibrators 1l are displaced.

In the ink jek recording head constrxucted in the above-
.mentioncd manner, the piezoelectric elament 1 is bounded to tha
fixing plate 2 such that the frxront edge of the element 1 is
projected out to a given length from an edge 23 of the fixing
plate 2 (see Figs. 3(a) and 3(Db)). Subsequently, . the
piezoelectric element 1 is cut and divided into a large numbex
of portions to thereby .provide .12 vibrators 11 and two

vibrator-positioning members 12.
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which relates to the positioning of the vijbrat oREPLELERNG t h l ;

I n the displacenent direction. In this enbodi- nen instead of| tjhe
Vi brat or-positioning nenber 12 used in the above-nentioned enbqgdi Q&Dﬁctﬁgé

posi tioning nenmber 22 on the |eading end of the fixing plate |2 s abutted
agai nst a positioning step 35 of the hol¥ng frame 3 so that fthe vibrators

11 is positioned in the displacenent direction with accuracy. ElLG-11.
illustrates a third enbodi nent of the invention,

Next, the plezoelectric element 1 or £fixing plate 2
must be strongly fixed to holding frame 3 by interposing an-
adhesive in the clearance of the -hold:.ng frame 3 in order to
control the vibratory movements of the fixing plate 2. An
epoxy adhesive having an excellent fusing property is desirable
when the holding frame is formed of an epoxy resin and the
fixing plate 2 is formed of a ceramics.

When such an adhesive is heated so that it can be
quickly hardened, the leading ends of the wvibrators 11 draw
back or draw out with reference to the top surface of the
holding frame 3 due to the different materials and shapes
between vibrators 11 and the fixing plate 2, the holding frame
3. Por this reason, in the present embodiment, 'as shown in
?ig. 10, a2 UV-curing aahesive 2 is at first coated on the
connectin:g portion as a provisional adhésive. That is, the UV
adhesive a is applied to the connecting pdrtion and then is
irradiated with ultraviolet rays to be hardened. Subsequently,
. an epoxy adhesive b is injected between the holding frame 3 and
the fixing plate 2 to tharaeby firmly bond th-_e fixing plate 2 to
the holding frame 3 under lowser temperature oxr room
temperature. The .cavity unit 5 i$ then mounted in such a
manner that the recessed portions 51 thereof axe engaged with
the respective positioning pins 34 projecting £rom the holding
frame 3. Next, outside of two vibrator-pbaitioning membexr 12
are f:‘.tteci into the positioning hole 33 formed in the top

surface 32 of the holding frame 3 to thereby position the

This Sheet Has Been Re; laced
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mhlch relate to the nutual positioning of |the VRERLAGED. 14 Jdd 4 ke EMENT., T

unit 5. In this enbodiment the widths of the vibrator-positi¢nin gﬁﬁ%ﬁrg&z
fo be provided on the two outernost sides of the vibrators 11 &re” wi

and slits 13 are formed at the accurate position with referegpcé_to the
vibrators in the | eading end faces therddf, so that the posi{ioning pins
provided on the | ower surface of the elastic plate 8 can beY+ted—nteo

the slits 13, respectively. According to the third enbodi ment, the
vi brators Iglangtors 11 in the widthwiase dxrectxon thereof. At the same

time, the vibrators 11 are posxtxoned in the thickness
direction thereof by means of the fixing plate 2. Fuxther, the
respective leading end portions of the vibrator-positioning
member 12 are abutted against the flat surface 73 pfovided on
both sides of each pressure chambers array through the elastic
plate 8, thereby positioning the vibrators 1l and the cavity
unit 5 in the displacement direction thereof.

Fig. 9 illustrates anothb:'emhodiment of the invention,
which relates to the positioning of the vibrators 11 and the
cavity unit 5 in the displacement direction. In this
embodiment, intead of the wvibrator-positioning membexr 12 used
in the above-mentioned embodiment, the positioning member 22 on
the leading end of the fixing plate 2 is abutted against a
positioning step 35 -of the holding frame 3. so that the
vibrators 1l is positioned in Fhe displacement direction with -
accuracy.

Fig. 11 illustrates a third embodiment of the-
invention, which xelates to the mutual positioning of -the
vibrators 11 and the cavity unit §. In this embodimgpt, thé
widths of the vibrator-positioning member I2 to be provided on
the two outermost side‘s of the vibrators 11 are widened and
slits 13 are formed at the accurate position with xeference to
the vibraters in the leading end faces therxeof, so that the
positioning pins provided on the lower surface of the elastic
plate 8 can be ritted into the slits 13, respectively

-
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the cavity unit 5 are directly connected { T}ggéﬁt %9 %%Nt
to enhance their nutual positioning accurd

T2 illustrates a fourth enbodi nent, mhlch relates to the pos t
vibrators 11 and cavity unit 5. In the fourth enbodi nent thejf
a pl at e-shaped piezo- electric element ®%4s arranged so as t

—
-
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yont edge of
project a

di stance which corresponds to the | eading ends of two positiian
22 provided on the two sides of a fixing plate 2, and

lng porfions

According to the third embodiment, the vibratoxs 11 and
the cavity unrt 5 are directly connected to each other to
thereby'be able to enhance their mutual positioning accuracy in
the surface direction.

Fig; 12 illustrates a fourth embodiment, which relates
to the pgsitioﬁing of the vibrators 1l and cavity unit 5. In
the fourth embodiment, the front edge of a plate-shaped
piezoelectric element 1 is arranged so as to project a distance
which corresponds to the leading ends of two positioning
portions 22 provided on the two sides of a fixing plate 2, and
then the piezoelectric element 1 and the fixing plate 2 are
bonded to each other. Subsequently, the piezcelectric element
1 is cut and’divided‘into a large number of vibrators 11, so
that the leading ends of the respective wvibrators 11 can be
matched to the positioning portions 22 with accurﬁgy.

According to this embodiment, the vibrators 11 are
positioned in surface dirxection using slit 21 and pin 51, and
positioned in displace direction when placing ends of the
positioning portions 22 with the elastic plﬁce 8.

Fig. 13 illustrates a £fifth embodiment of the invention
in which the front edge §f .2 piezoelectric element 1 is
projected out a slight length g beyond the leading ends of two
positioning portions 22 respectively provided on the two side
portibns of a fixing plate 2 and then thg piezoelectric element
1 and fixing platé 2 are bonded to each other. Subsequently,

the piezoelectric element 1 is cut and divided into a lntge

-
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then the pi-ezoelectric elenent 1 and the fli xi ngRp#PLACED2 ar e | bdnget—t+o—each
other. Subsequently, the piezoelectric ele-ment I TS cut and jdif vg‘geg{zﬁé\;‘g
d large nunber of vibrators 11, so that the |eading ends of theiredp 296
vi brators 11 can be matched to the posit£3oni ng portions 22 w tthlaccuracy

number of vibratérs 1l. According to the fifth embodiment,
when a cavity unit 5 is mounted to the leading ends of the two
positioning portions 22, which function as a reference for
positioning, on the two s.tde. portions of the ziicing plate 2,
then the leading ends of thé vibrators 11 a.re strongly abutted
against an elastic plate 8 in such a mg_nner' that the elastic
plate 8 :.s slightly flexed toward a pressure chamber 72.
Accoxrdingly, the thickness of an adhesive to be applied to the

leading ends of the wvibrators 11 can be reduced.

Alternatively, this may be omitted. .
Figs. 14(2) and 14(b) illustrate a sixth embodiment of
a cavity unit 5 according to the invention. In the sixth
embodiment, the chamber partation wall 77 of tize flow passage
plate 7, which defines an ink flow passage, is composed of a
thick layer 74 and a thin layer 75, and the thick layer 74 is
arranged to have a wide width W1 and the 'tl_'u.n layer 75 is
arranged to have a narrow width W2. |
According to the sixth embodiment, evén if the two
layers 74 and 75 are slightly shifted in position in the
surface direction tharaof when ﬁhey az.-e connected together in
tﬁe manufa;:turing process, as shown in Fig. 14(b), the area of
the connecting surface thereof remains unchanged so that the
rigidity of the wall 77 can be maintained. Also, by ﬁnifomly
setting a ratio T/W of the thicknesses Tl, T2 and widths Wi, W2
of the two layers 74, 75, the rigidity is enhanced to thereby
" ensure stable ink 5ett1ng. |

R ———————
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Accordiiig to this embodiment, there is a still more
advantage that one can keep a wide span W3 of the pressure

chamber without decreasing a ridigity of wall, then ore can. get
a large volume of ink droplet even if in the case of high

density pressure chamber.

Fig. 15 illustrates a seventh embodiment in which a
flow passage plate 7 is composed of 'three layexrs 74, 75, 76,
and the width W2 of the middle layei 75 is set narrower th&n
those of tl.ae remaining layers. Accordingly, even if the three
layers are shifted in the surface direction thereof when they
are connected together, the strength and rididity of the wall

can be maintained constant.
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According to this enbodi nent, the vibrat or|sTdit SHBETPDES BEEN Qnje g1 q
directioqrﬁSLﬂgagLLL,Zlﬂand~pin 51, and pgsiti oRBELACEII spl dde direction
when pl aci ends E‘ i'ti oning portions ZZ W th the el gstfi cOfl BEE 996

|
FIG 13 il “\B“} enbodi nent of the invention in whHidh t
edge of a p rrent 1 is projlécted out a slight llength g beyond
t he | eadi ng ends of two : :

CLAIMS

1. An ink jet recording head wherein the movement of a
piezoelectric element (1) moves part of an-ink flow passage
substrate so as to jet out ink stored therein in the form
of ink droplets, said ink jet recording head comprising:

a flxlng plate (2),

a plurality of piezoelectric vibrators (11) obtalnable by
cutting and dividing said plage-shaped piezoelectric
element (1) while said piezoelectric element is fixed on
said fixing plate (2),

holding means (3) for positioning and holding at least one
of said piezoelectric vibrators (11) and said fixing plate
(2) in a direction perpendicular to the displacemeni
direction of said piezoelectric vibrators (1l1),

an ink flow passage substrate (5) mounted on said holding
means (3) and including a nozzle plate (6), an ink flow
passage forming plate (7) and an elastic plate (8), and

a positioning member engaged with said ink flow passage
substrate (5) and said holding means (3) so as to regulate

the relative position thereof.

2. An ink jet recording head as set forth in claim 1, wherein
said piezoelectric vibrators (1l1) are formed by dividing
said piezoelectric element (1) into said vibrators (11)
while a front edge thereof is positioned and fixed relative
to two positioning projections (22) respectively disposed
on the two sides of said fixing plate (2).

3. An ink jet recording head as set forth in claim 2, wherein
said two positioning projections (22) are engaged with
portions of . said ink flow passage substrate (5) so as to
position said ink flow passage substrate (5) relative to
said piezoelectric vibrators (11) in directions along a
plane'defined by said ink flow passage substrate.
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fixing plate 2 and then the piezoelectrictel enefrLACER pl ate 2 are

bonded to each , the piezoelectric el enen 'pa—_?]ggt 94
i Tt

di vided into a itbrators 11. According to the i
enbodi nment , m “H ils rmunigd to the | eading end _ —
p03|t|on|ng por 1Isch*f uncti on a reference for ppsitioning, on

the two side portions of the fixing plate 2, then the |eadi ng-emis ot tThe
vibrators 11 are strongly . :

4. An ink jet recording head as set forth in any one of the
preceding claims, wherein selected ones of said
f:iezoelectric vibrators that are respectively situated on
both outermost sides of said plurality of piezoelectric
vibrators (11) are used as vibrator-positioning member (12)
which are coupled to portions of said ink flow passage
substrate (5) which do not have an ink flow passage

associated therewith.

5. An ink jet recording head as set forth in claim 4, where
leading ends of said vibrator-positioning member (12) are
engaged with said ink flow passage substrate (5) so as to
define a relative position between said ink flow passage
substrate and said piezoelectric vibrators (11).

6. 2An ink jet recording head as set forth in any one of the
preceding claims, further comprising:
a signal electrode (25) formed on each of said
piezoelectric vibrators (11).

7. An ink jet recording head as set forth in any one of the
preceding claims, wherein positioning portions are formed
on a top surface (32) of said holding means (3), said
positioning portions being engaged with said piezoelectric
vibrators (31) so as to define a relative position between
said holding means and said piezoelectric vibrators.

8. An ink jet recording head as set forth in any one of the
preceding claims, wherein an epoxy adhesive (b) combined
with an adhesive (a) of an ultraviolet-curable .type is
inserted in a connecting portion gap defined between said
holding means (3) and said fixing plate (2).

B en Replaced
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abutted against an elastic plate 8 in such a megggicehat th e IREBLAGEMENT SHEET

8 is slightly flex ure ch — lly,[ the
t’hi ckness of an adF mm Iﬁﬂﬂ Eﬂill ed to the | eading ends off tihegy pEgt@gg
11 can be reduced. s, »this may be omtted FI GS.| 34(a) aE

14(b) illustrate a sixth enbodinment of a cavity unit 5 accordi ng—te—the
invention. In the sixth enbodi- ment, thelthamber partition Mall 77 of the

—

fl ow passage plate 7, which defines an ink flow passage, is conposed ol a

t hi ck
9. 2An ink jet recording head as set forth in any one of the

preceding claims, wherein both sides of a pressure chamber
defined in said flow passage forming plate (7) are wall
elements and said wall elements are coupled to said
vibrator-positioning member so as to @position said
vibrator-positioning member in the displacement direction
of said piezoelectric vibrators.

10. An ink jet recording head as set forth in any one of claims
1 to 8, wherein said flow passage forming plate (7) is
composed of at least two layers (74, 75) and the widths
(W1, W2) of the partition walls (77) which define ink flow
passages respectively formed in said respective layers (74,
75) are different from one another.

11. An ihk-jet recording head as set forth in claim 1, wherein
a flat layer is formed on the surface of said elastic plate
(8), said flat layer being in contact with said
piezoelectric wvibrators (11) and said ink flow passage
substrate (5), said piezoelectric vibrators being connected
with each other by virtue of said flat layer.

12. An ink jet recording head as set forth in any one of the
preceding claims, wherein said plurality of piezoelectric
vibrators (11) constitutes a vibrator set, said holding
means (3) positioning and holding a plurality of vibrator
sets.

13. An ink jet recording head as claimed in any one of the
preceding claims, further comprising an electrode film (24)
formed on said fixing plate (2), said electrode film being
divided together with said piezoelectric film to provide a
plurality of signal electrodes (25) corresponding to said
piezoelectric vibrating elements (1l1), respectively.
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| ayer 74 and

a thin layer 75, and the thi "R'Hllsa@é'?h"l?ﬂ"@ §Ué'P'r MLP‘%-WeSQEET

wide width W and the thin layer 75 is ar{ ange REPEARER e row wi dth W2.

Accor di

iment, even if the two Iayers 74 ang Y DED 896

slightly s i ‘“lﬁ“ﬂg in the surface direction thereof hhen they are
connect ed ﬂ "“lﬂ nuf acturi ng process, as shown i n| F+G&—1A(bT;
e

the area o

agonttecfing surface thegpgof remains unchanged|so that the

rigidity of the wal | 77 can be nuaintained. Al so, by

14.

15.

An ink jet recording head as claimed in any one of the
preceding claims, wherein said holding means (3) and said
positioning member (12) position said piezoelectric
vibrators (11) in a width direction thereof, and said
holding means (3) and said fixing plate (2) position said
piezoelectric vibrators (11) in a thick direction thereof.

An ink jet recording head wherein the movement of a
piezoelectric element (1) moves part of an ink flow
passage substrate so as to jet out ink stored therein in
the form of ink droplets, said ink jet recording head
comprising: E
a fixing plate,

a plurality of piezoelectric vibrators (11) obtainable by
cutting and dividing said plate-shaped piezoelectric
element (1) while said piezoelectric element is fixed on
said fixing plate (2),

- holding means (3) for positioning and holding at least one

16.

17.

of said piezoelectric vibrators (11) and said fixing plate
(2) in a direction perpendicular to the displacement
direction of said piezoelectric vibrators (11),

an ink flow passége substrate (5) mounted on said holding
means (3) and including a nozzle plate (6), an ink flow

‘passage forming plate (7) and an elastic plate (8), and

a vibrator-positioning member (12) coupled with said ink
flow passage substrate (5) to position said piezoelectric
vibrators (11) in a displacement direction thereof.

An ink jet recording head as claimed in any one of the
preceding claims, wherein said piezoelectric elements (1l1)
comprise multi-layer piezoelectric elements.

An ink jet recording head as claimed in claim 15 or 16,
wherein said fixing plate (2) reinforces said vibrator-
positioning member (12).
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18. A process for forming an ink jet recording head wherein the

19.

movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

attaching a plate shaped piezoelectric element to a fixing
plate,

cutting said piezoelectric element into a plurality of
piezoelectric vibrators, '
inserting said piezoelectric vibrators, mounted on said
fixing plate, into a holding device,

mounting an ink flow passage substrate on said hold:Lng
device so as to be in contact with said piezoelectric
vibrators,

engaging a positioning member with said ink flow passage
substrate and said holding device so as to regulate the
relative position thereof.

A process for forming an ink jet recording head wherein the
movement of a piezoelectric element moves part of an ink
flow passage substrate so as to jet out ink stored therein,
said process comprising the steps of:

attaching a plate shaped piezoelectric element to a fixing
plate, _

cutting said piezoelectric element into a plurality of
piezoelectric vibrators,

mounting an ink flow passage substrate on said holding
device so as to be in contact with said piezoelectric
vibrators, _

inserting said piezoelectric vibrators, mounted on said
fixing plate, into a holding device,

engaging a positioning member with said ink flow passage
substrate and said holding device so as to regulate the

relative position thereof. ‘_____’___ﬂ__ﬁ;;,ﬁ
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A process for forming an ink jet recording head wherein th¢
movement of a piezoelectric element moves part of an i
flow passage substrate so as to jet out ink stored thereix:
said process comprising the steps of:

widening widths of a vibrator-positioning member to ¢
provided on the two outermost sides of vibrators,

forming slits in leading end faces of said vibrators, and
fitting positioning pins provided on a surface of a®
elastic plate into said slits, respectively.

A process for forming an ink jet recording head wherein th¢
movement of a piezoelectric element moves part of an imt
flow passage substrate so as to jet out ink stored therein
said process comprising the steps of:

arranging a front edge of a plate-shaped piezbelectri\‘
element so as to project a distance which corresponds ®'
leading ends of two positioning portions provided on the¢
two sides of a fixing plate,

bonding said piezoelectric element and said fixing plate t
each other, and

cutting and dividing said piezoelectric element into *
large number of vibrators so that leading ends of said
respective vibrators are matched to said positionine
portions with accuracy. |

\
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plate 7 is conposed of three layers 74, 75;
mddl e layer 75 is set narrower than those of t he remai ni ng

Accordingly, even if the three |ayers are shifted in the sur
t hereof when they are connected toget h§r1, the strength and rji

wal |
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INK JET RECORDING HEAD AND
. PROCESS FOR FORMING SAME

ABSTRACT

In an ink Jjet recording head, after a plate-shaped

piezoelectric element (1) is positioned and fixed onto a
fixing plate (2), the piezoelectric element is sliced into a
large number of vibrators (11) nd the leading ends of the
vibrators are embracingly held in positioning holes (33)
respectively formed in a top surface of a holding frame (3)
and are thus positioned in the outer dimension thereof.
Further, a cavity unit (5) is positioned and fixed on the top
surface of the holding frame (3). '

FIGURE 2
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VWhat is clainmed is:
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noves part of an ink flow passage substnate”Sprasde® j et ouf ifNK stored

therein in the formof ink droplets. saildiprk—tet Tding he’aCbEiDEC 1996

conpri si ng: a fixing plate; a plurality of piezoelectrig yibrators
Conl-anmnt

formed by cutting and dividing a plate-shaped piezoel edt ni~e—eleren
whi | e said piezoelectric elenent is fixed on said fixindg plate;

1 An ink jet recording head wherein nove ng PEE HAls sl tct r REPIACEMENT SHEET
ate” '

hol di ng nmeans for holding at | east one of said plurality of

FIG. 3d
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pi ezoel ectric vibrators and said fixin

BB 11w, T
substrate nmounted on said hol di ng w§§§§§§§T %}; Vi rttﬁgﬁﬁgggﬁﬂl SHEE
menber coupled with said ink flow t ¢ p05|t|on S%bg
pi ezoel ect zi ¢ vi bra- tors in a displacenent direction |off s@ix DEC 1
pi ezoel ectric vi br at ors. 2. An ink jet recording hegd as clained in
claim1l. wherein said piezoelectric vibrators conprise multji-Tayer
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pi ezoel ectric el ements. 3. An ink jet I gadeas [l aﬁ%ﬁ%é?aﬁhﬂ
1, wherein said fixing plate reinforces

. -posi ifomi ng nmenber .
4. An ink jet recording head as clainmed {n Zim h hisadi @@ 5 DEC 1996

vi brat or - posi ti oni ng nenber is respectively S|tuated on oppcS|te S|des of
said plurality of pi ezoel ectric vibrators. 5. An ink jet necordrng head
as set forth in claiml,

FIG. 6
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wherei n an epoxy adhesive conbi ned w t h[gadhest M8S BEERN REPLACEMENT SHEET
ultraviolet-curable type is disposed i nfja congg@ghACPD port pap defined
bet ween sai d hol di ng means and sai d fi xtng—ptate: 6. An ipkjj &5 D&I®bNg
head as clained in claim1, wherein said vibrator-positionihg menber is
coupled to portion of said ink flow passage substrate which do not have a

(@]

i nk fl ow passage associ ated therewith.
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7. An ink jet recording head wherein noy
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jet out ink stored therein in the form df
recordi ng head conpri sing: a plurality of piezoelectrlc V|b_ators f or med
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INK JET RECORDING HEAD

BACKGROUND OF THE INVENTION
1. Field of the Invention
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The present invention relates to an ink jet recording head
for use in an ink jet recording device which ejects drops of
ink to thereby form an image and, more particularly, to an
ink jet recording bead having a mechanism for precisely

positioning the respective components of the head.
2. Description of the Related Art

There has been known, from Japanese Patent Unexam-
ined Publication No. Sho 58-119870, etc., an ink jet record-
ing head employing a piezoelectric vibrator which moves in
the longitudinal direction to apply pressure to ink stored
within a pressure chamber, and the pressurized ink is then
jetted out from a nozzle as droplets of ink onto a recording

medium.

. In the recording head of the above-mentioned type, a large
number of piczoclectric vibrators arc inserted into guide
holes formed in the upper and lower portions of a support
member to thereby position and support the respective base
end portions and leading end portions thercof. However, in
this structure, the piezoelectric vibrators cannot be disposed
in a high density arrangement. Also, they may be unevealy
in the longitudinal direction thereof, and may be inclined
with respect to each other, which makes it impossible to

provide a uniform ink jet characteristic.
SUMMARY OF THE INVENTION

The present invention is directed to eliminating the draw-
backs found in the above-meationed known recording
heads. Accordingly, it is an object of the invention to provide
anew ink jet recording head which is capable of positioning
and connecting a plurality of piezoclectric vibrators, as well
as various components forming the recording head, with

respect to one another with high accuracy.
In antaining the above .object, according to the invention,
after a plate-shaped piezoelectric element is previously

positioned and fixed onto a fixing plate, the piezoelectric

element is divided into a plurality of piezoelectric vibrators,

and piezoelectric vibrators are held and positioned in the

surface direction thereof by a holding device.
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According to another aspect of the invention, the outer-
most piezoelectric vibrators are used as vibrator-positioning
members to thereby enhance the working accuracy of the
remaining vibrators used for ink jetting. Also, the vibrator-
positioning member vibrators are used for positioning the
vibrators with respect to the holding device or an ink flow
passage substrate.

According to still another aspect of the invention, a
pressure chamber in a flow passage substrate is formed in
such a manner that both side portions thercof respectively
have a plane, and the vibrator-positioning members are
respectively opposite to these planar side portioas of the ink
flow passage substrate, thereby enhancing the positioning
accuracy between the ink flow passage forming substrate
and the piezoelectric vibrators in the displacement direction
thereof.

According to a further aspect of the invention, positioning
projections respectively provided on both sides of the fixing
plate, which serve as a positioning reference for the piezo-
electric vibrators, are used as the positioning portions that
position the ink flow passage substrate in the surface direc-

tion thereof, so that the piezoelectric vibrators and the ink
flow passage substrate can be positioned directly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional side view of an ink jet recording head
according to a first embodiment of the inveation;

FIG. 2 is a sectional side view of the ink jet recording
head, taken from the position of a pin 34;

FIGS. 3(a) to 3(d) are views of a piezoelectric element
and a fixing plate, respectively showing steps of producing
the piczoclectric vibrators;

FIG. 4 is an explanatory view of a connection relationship
between a piczoelectric vibrator and a fixing plate;

FIG. 5 is a plan view of a positioning hole according to
a first embodiment of the invention;

FIG. 6 is a plan view of a cavity unit employed in the
invention; .

FIG. 7 is a sectional view of main portions of the ink jet
recording head;
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and dividing a plate-shaped piezoelectric elenment while aid -
pi ezoel ectric elenent is fixed on said fixing plate; hol dijng n@&nEEBOIF8

hol ding at | east one of said plurality of "pi ezoel ectrigq Mi brators and
said fixing plate in a direc- tion perpendicular to a di spracenent
direction of said pi ezoel ectric vibrators;. an ink fl dw passage

substrate nmounted on said holding -.3-

_FIG. 8'is a view of a connecting portion between a
piezoelectric vibrator and an elastic plate;

FIG. 9 is a sectional view of the ink jet recording head
according to another embodiment of the invention;

FIG. 10 is a view of a connecting portion between a
piezoelectric vibrator, a fixing plate and a holding frame;

FIG. 11 is a plan view of a piezoelectric vibrator accord-
ing to third embodiment;

FIG. 12 is a section view of the ink jet recording head
according to fourth embodiment;

FIG. 13 is a sectional view of a fifth embodiment of an ink
jet recording head according to the invention;

FIGS. 14(a) and 14(b) are sectional views of a sixth
embodiment of a cavity unit according to another embodi-
ment; and

FIG. 15 is a sectional view of a seventh embodiment of a
cavity unit according to still another embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1 and 2 illustrate an ink jet recording head accord-
ing to a first embodiment of the invention. The ink jet
recording head includes a plate-shaped lamination-type
piezoelectric element 1 which, as will be described later, is
cut into rectangular pieces which are mounted on a fixing
plate 2 to provide a large number of vibrators 11. A holding
frame 3 holds the vibrators 11 and positions them in the
surface direction of a cavity unit S. The cavity unit 5 is
positioned and held oato the holding frame 3 by a position-
ing pin 34. Reference numeral 38 denotes a cover which
supports the outer peripheral portion of the cavity unit 5.
Reference numerals 28 and 29 designates 2 lead frame; and
reference numeral 9 indicates a head circuit board.

FIGS. 3(a) to 3(d) and 4 illustrate the piezoelectric
element 1 and fixing plate 2. The fixing plate 2 is formed of
free-cutting ceramics or the like, and includes an electrode
24 on the top surface thereof. The fixing plate 2 is substan-
tially of a U-shape having portions 22 protruded from both
ends thereof. The plate-shaped piezoelectric element 1 has
an electrode 14 on the lower surface and the rear end face
thereof (see FIG. 4). The piczoclectric clement 1 is firmly
adhered to the fixing plate 2 in such a manner that the
leading edge of the piezoelectric element 1 is protruded from
an edge 23 by a given length for keeping an active leagth L
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constant, and also the electrode 14 on the lower surface of
the element 1 are in contact with the electrode 24 of the
fixing plate 2.

The piezoelectric clement 1 is formed to have a width
which is greater than the length of a corresponding nozzle
array. After it is fixed to the fixing plate 2, the piezoelectric
element 1 is sliced into a plurality of vibrators 11, and two
vibrator-positioning members 12 each pitch between vibra-
tors having a width corresponding to the pitch of a nozzle 61
(see FIG. 8), by use of a slicing machine such as a wire saw
or the like (see FIG. 3(c)). In this case, two rectangular parts
respectively formed on the two outermost sides of these
vibrators 11 are used as vibrator-positioning members 12.
The vibrator positioning members 12 serve to absorb any
deformation of the two side ends of the vibrators which
occurs during the slicing operation, and to protect the thin
vibrators 11.

Also, the electrode 24, disposed on the surface of the
fixing plate 2 whose positioning member 22 serves to
supplement the vibrator-positioning member, is cut into a
large number of signal electrodes 25, which respectively
correspond 1o the vibrators 11, during the slicing operation.
The signal electrodes 25 are connected to respective lead
wires 29, and lead wires 29 are connected to the head circuit
board 9 (see FIG. 1). On the other hand, two common
electrodes 26 are respectively connected to the lead frames
28 which extend to the head circuit board 9. A thin conduc-
tive film such as fiexible cable or metal plate is electrically
attached electrode 15 of each vibrators 11 and both ends of
film 27 is connected to the common electrodes 26.

Referring again to FIGS. 1 and 2, the holding frame 3,
which positions and holds the vibrators 11 and the fixing
plate 2, is formed of an epoxy resin or other material in a
cylindrical shape having a skirt like portion 31 which fans
out at the bottom. The skirt like portion 31, more particu-~
ladly, the interior of the skirt portion 31, reccives the
respective lead wires 28 and 29, and the head circuit board
9 is mounted onto the bottom of the skirt like portion 31 in
a stable manner.

In the drawings, reference numeral 36 designates an
inclined guide surface which is formed so as to taper toward
the positioning hole 33 so as to facilitate the insertion of the
piezoelectric element 1.
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The holding frame 3, which holds the piezoelectric ele-
ment 1 and the fixing plate 2, has a positioning hole 33 on
the top surface 32 (see FIGS. 1 and 5). The positioning hole
33 includes a wide portion 33q into which the fixing plate 2
can be fitted with a slight clearance § in the thickness
direction thereof, and a narrow portion 33b into which the
vibrators 11 can be fitted with a slight clearance 61 in the
width direction thereof. The wide pertion 33a is used to
position the fixing plate 22 in the thickness direction, and
also the narrow portion 335 is used to position the piezo-
electric vibrators 11 in the width direction thereof, whereby
the piezoelectric vibrators 11 can be accurately positioned in

_ the surface direction of the cavity unit 5.

As illustrated in FIG. 7, the cavity unit S to be positioned
and held on the top surface 32 of a holding frame 3 with a
positioning pin 34 includes a nozzle plate 6 having a nozzle
61 formed therein, a flow passage plate 7 defining an ink
flow passage, and an elastic plate 8.

As shown in FIG. 6, the nozzie plate 6 employed in the
present embodiment includes two sets of nozzles, each set
consisting of two arrays of nozzles, each array consisting of
12 nozzies 61 (only some of which are indicated). It should
be noted that the vibrator-positioning member 12 do not
have a nozzle associated therewith. Also, the flow passage
plate 7 which is formed of a photo-curable resin is placed on
the nozzle plate 6. The flow passage plate 7 includes 4 arrays
of pressure chambers, each array consisting of 12 pressure
chambers 72. Each of the pressure chambers 72, which are
formed in a rectangular shape, are in communication with a
common ink chamber 71. Specifically, the nozzles 61 are
respectively in communication with the ends of the pressure
chambers 72 which are disposed so as to correspond thereto.

Also, the elastic plate 8, which is placed on the surface of
the flow passage plate 7, is formed of a thin plate such 2s an
electroforming nickel product or the like. The elastic plate 8
includes a plurality of ring-shaped thin portions 81 which
extend along the inner edges of the respective pressure
chambers 72. Further, as shown in FIG. 8, in the portions of
the elastic plate 8 surrounded by the thin portions 81, there
are formed high rigid thick portions 82 which abut against
the leading ends of the vibrators 11. Each of the thick
portions 82 is arranged such that it has a width smaller than
the thickness of the vibrator 11.

The thin portions B1 and the thick portions 82 can be
formed separately from each other. Alternatively, the thick
portions 82 may be formed by forming a plating or a resin
layer on a thin film 81.
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As shown in FIGS. 2 and 6, if recessed or holed portions

51 respectively formed in the cavity unit 5 are fitted with two
positioning pins 34 respectively projecting from the top
surface of the holding frame 3 to thereby position the cavity
unit 5 relative to the holding frame 3 accurately. Also, as
shown in FIG. 1, the respective leading ends of the vibrator-
positioning member 12 provided on both outermost portions
of the vibrators 11 are abutted against flat surfaces 73 of the
elastic plate 8 disposed on both sides of the pressure
chamber 72 so that the cavity unit 5 and the vibrators 11 are
positioned accurately in a direction along which the vibra-
tors 11 are displaced.

In the ink jet recording head constructed in the above-
mentioned manner, the piezoelectric element 1 is bounded to
the fixing plate 2 such that the front edge of the element 1
is projected out to a given length from an edge 23 of the
fixing plate 2 (see FIGS. 3(a) and 3(})). Subsequently, the
piezoelectric element 1 is cut and divided into a large
number of portions to thereby provide vibrators 11 and two
vibrator-positioning members 12.

Next, the piezoelectric element 1 or fixing plate 2 must be
strongly fixed to holding frame 3 by interposing an adhesive
in the clearance of the holding frame 3 in order to control the
vibratory movements of the fixing plate 2. An epoxy adhe-
sive having an excellent fusing property is desirable when
the holding frame is formed of an epoxy resin and the fixing
plate 2 is formed of a ceramics.

When such an adhesive is heated so that it can be quickly
hardened, the leading ends of the vibrators 11 draw back or
draw out with reference to the top surface of the holding
frame 3 due to the different materials and shapes between
vibrators 11 and the fixing plate 2, the holding frame 3. For
this reason, in the present embodiment, as shown in FIG. 10,
a UV-curing adhesive a is at first coated on the connecting
portion as a provisional adhesive. That is, the UV adhesive
a is applied to the connecting portion and then is irradiated
with ultraviolet rays to be hardened. Subsequently, an epoxy
adhesive b is injected between the holding frame 3 and the
fixing platc 2 to thereby firmly bond the fixing plate 2 to the
bolding frame 3 under lower temperature or room tempera-
ture. The cavity unit § is then mounted in such a manner that
the recessed portions 51 thereof are engaged with the
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respective positioning pins 34 projecting from the holding
frame 3. Next, outside of two vibrator-positioning member
12 are fitted into the positioning hole 33 formed in the top
surface 32 of the holding frame 3 to thereby position the
vibrators 11 in the widthwise direction thereof. At the same

time, the vibrators 11 are positioned in the thickness direc-

tion thereof by means of the fixing plate 2. Further, the
respective leading end portions of the vibrator-positioning
member 12 are abutted against the flat surface 73 provided
on both sides of cach pressure chambers array through the
elastic plate 8, thereby positioning the vibrators 11 and the
cavity unit 5 in the displacement direction thereof.

FIG. 9 illustrates another embodiment of the invention,
which relates to the positioning of the vibrators 11 and the
cavity unit 5 in the displacement direction. In this embodi-
ment, instead of the vibrator-positioning member 12 used in
the above-mentioned embodiment, the positioning member
22 on the leading end of the fixing plate 2 is abutted against
a positioning step 35 of the holding frame 3 so that the
vibrators 11 is positioned in the displacement direction with
accuracy.

FIG. 11 illustrates a third embodiment of the invention,
which relate to the mutual positioning of the vibrators 11 and
the cavity unit 5. In this embodiment, the widths of the
vibrator-positioning member 12 to be provided on the two
outermost sides of the vibrators 11 are widened and slits 13
are formed at the accurate position with reference to the
vibrators in the leading end faces thereof, so that the
positioning pins provided on the lower surface of the elastic
plate 8 can be fitted into the slits 13, respectively.

According to the third embodiment, the vibrators 11 and
the cavity unit § are directly connected to each other to
thereby be able to enhance their mutual positioning accuracy
the surface direction.

FIG. 12 illustrates a fourth embodiment, which relates to
the positioning of the vibrators 11 and cavity unit 5. In the
fourth embodiment, the front edge of a plate-shaped piezo-
electric element 1 is arranged so as to project a distance
which comesponds to the leading ends of two positioning
portions 22 provided on the two sides of a fixing plate 2, and
then the piezoelectric element 1 and the fixing plate 2 are
bonded to each other. Subsequently, the piezoelectric ele-
ment 1 is cut and divided into a large number of vibrators 11,
so that the leading ends of the respective vibrators 11 can be
matched to the positioning portions 22 with accuracy.

direction of said piezoelectric
portions being forned on a top surface of said
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According to this embodiment, the vibrators 11 are posi-
tioned in surface direction using slit 21 and pin 51, and
positioned in displace direction when placing ends of the
positioning portions 22 with the elastic plate 8.

FIG. 13 illustrates a fifth embodiment of the invention in
which the front edge of a piezoelectric element 1 is projected
out a slight length g beyond the leading ends of two
positioning portions 22 respectively provided on the two
portions of a fixing plate 2 and then the piezoelectric element
1 and fixing plate 2 are bonded to each other. Subsequently,
the piezoelectric element 1 is cut and divided into a large
mumber of vibrators 11. According to the fifth embodiment,
when a cavity unit § is mounted to the leading ends of the
two positioning portions 22, which function as a reference
for positioning, on the two side portions of the fixing plate
2, then the leading ends of the vibrators 11 are strongly
abutted against an elastic plate 8 in such a manner that the
clastic plate 8 is slightly flexed toward a pressure chamber
72. Accordingly, the thickness of an adhesive to be applied
to the leading ends of the vibrators 11 can be reduced.
Alternatively, this may be omitted.

FIGS. 14(a) and 14(b) illustrate a sixth embodiment of a
cavity unit § according to the inveation. In the sixth embodi-
ment, the chamber partition wall 77 of the flow passage plate
7, which defines an ink flow passage, is composed of a thick
layer 74 and a thin layer 75, and the thick layer 74 is
arranged to have a wide width W1 and the thin layer 75 is
arranged to have a narrow width W2.

According to the sixth embodiment, even if the two layers
74 and 75 are slightly shifted in position in the surface
direction thereof when they are connected together in the
manufacturing process, as shown in FIG. 14(b), the area of
the connecting surface thereof remains unchanged so that
the rigidity of thc wall 77 can be maintained. Also, by
uniformly setting a ratio T/W of the thicknesses T1, T2 and
widths W1, ofthetwolayets74 75, the rigidity is enhanced
to thereby ensure stable ink jetting.

Accordmgtothlscmbodtment,thetelsasnllmore
advantage that we can keep a wide span W3 of the pressure
chamber without decreasing a ridigity of wall, then we can
get a large volume of ink droplet even if in the case of high
density pressure chamber.
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‘respect to said hol d_i'ng means. 24. An ink jet recording . eadrv\@_gs_reing
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of piezoelectric vibrators forned by cutting and diviiding_a
pl at e- shaped pi ezoelectric elenment while said piezoelectric el enment

is fixed on said fixing plate;
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FIG. 15 illustrates a seventh embodiment in which a flow
passage plate 7 is composed of three layers 74, 75, 76, and
the width W2 of the middle layer 75 is set narrower than
those of the remaining layers. Accordingly, even if the three
layers are shifted in the surface direction thereof when they
are connected together, the strength and rididity of the wall
can be maintained constant.

The inveation has been described through preferred
embodiments thereof. However, it will be apparent to those
skilled in the art that various modifications can be made
without departing from the scope of the invention as defined
by the appended claims.
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What is claimed 1s:

1 Aan ink jet recording head whercin movement of a
piezoelectric element moves part of an ink flow passage
substrate 30 as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing piate;

a plurality of piczoclectric vibrators formed by cutting
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed on said fixing plate;

holding means for holding at least one of said plurality of
piezoelectric vibrators and said fixing plate;

an ink flow passage substrate mounted on said holding
means; and

a vibrator-positioning member coupled with said ink flow
passage substrate to position said piezoelectric vibra-
tors in a displacement direction of said piezoelectric
vibrators. :

2. An ink jet recording head as claimed in claim 1,
whercin said piezoelectric vibrators comprise multi-layer
piezoelectric elements,

3. An ink jet recording head as claimed in claim 1,
wherein said fixing plate reinforces said vibrator-positioning
member.

4. An ink jet recording head as claimed in claim 1,
wherein said vibrator-positioning member is respectively
sitnated on opposite sides of said plurality of piezoelectric
vibrators.

S. An ink jet recording head as set forth in claim 1,
wherein an epoxy adhesive combined with an adhesive of an
ultraviolet-curable type is disposed in a connecting portion
glagc.dcﬁnzd between said holding means and said fixing
r . .

6. An ink jet recording head as claimed in claim 1,
wherein said vibrator-positioning member is coupled to

portion of said ink flow passage substrate which do not have
an ink flow passage associated therewith.

7. An ink jet recording head wherein movement of a
plate-shaped piezoelectric element moves part of an ink flow
passage substrate so as to jet out ink stored therein in the
form of ink droplets, said ink jet recording head comprising:

a plurality of piezoelectric vibrators formed by cutting

and dividing said plate-shaped piezoclectric clemeat;
holding means for holding said piezoelectric vibrators;
an ink flow passage substrate mounted on said holding

o N O A ll 1
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a vibrator-positioning member coupled with said ink flow
passage substrate to position said piezoelectric vibra-
tors in a displacement direction of said piezoelectric
vibrators, said vibrator positioning member comprising
sclected ones of said piezoelectric vibrators which are
coupled to portions of said ink flow passage substrate
which do not have an ink flow passage associated
therewith.

8. An ink jet recording head wherein movement of a
plate-shaped piezoelectric element moves part of an ink flow
passage substrate so as to jet out ink stored therein in the
form of ink droplets, said ink jet recording head comprising:

a plurality of piezoelectric vibrators formed by cutting
and dividing said plate-shaped piezoelectric element
while a front edge of said piczoelectric clement is
positioned and fixed relative to at least one positioning
projection disposed on two sides of a fixing plate;

holding means for holding said piczoelectric vibrators;

an ink flow passage substrate mounted on said holding
means; and

a vibrator-positioning member coupled with said ink flow
passage substrate to position said piezoelectric vibra-
tors in a displacement direction of said piezoelectric
vibrators.

9. An ink jet recording head as set forth in claim 8§,
wherein selected ones of said piczoelectric vibrators are
used as vibrator-positioning members which are coupled to
portions of said ink flow passage substrate which do not
have an ink flow passage associated therewith.

10. An ink jet recording head as set forth in claim 7,
wherein positioning portions are formed on a top surface of
said holding means said positioning portions being engaged
with said piezoelectric vibrators so as to define a relative
position between said holding means and said piezoelectric
vibrators,

11. An ink jet recording head as set forth in claim 8§,

wherein said flow passage forming substrate is composed of
at least two layers and widths of the partition walls which
define ink flow passages respectively formed in said respec-
tive layers are different from one another.

12. An ink jet recording head as set forth in claim 8,
wherein a flat layer is formed on a surface of said piezo-
electric element, said flat layer being in contact with said
piezoclectric vibrators and said ink flow passage substrate,
said piezoelectric vibrators being connected with each other
by virtue of said flat layer.

R \!\\'_
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13. An ink jet recording head as set forth in claim 8,
wherein said plurality of piezoelectric vibrators constitutes a
vibrator set, said holding means positioning and holding a
plurality of vibrator sets.

14. An ink jet recording head as claimed in claim 8,
wherein said vibrator-positioning members are respectively
sitnated on two sides of said plurality of piezoelectric
vibrators.

15. An ink jet recording head wherein movement of a

plate-shaped piezoelectric element moves part of an ink flow

passage substrate so as to jet out ink stored therein in the

form of ink droplets, said ink jet recording head comprising:

a plurality of piezoelectric vibrators formed by cutting
and dividing said plate-shaped piezoelectric clement;
holding means for holding said piezoelectric vibrators;

an ink flow passage substratc mounted on said holding
means, said flow passage substrate is composed of at
least two layers and widths of partition walls which
define ink flow passages respectively formed in said
respective layers are different from one another; and

a vibrator-positioning member coupled with said ink flow
passage substrate to position said piezoelectric vibra-
tors in a displacement direction of said piezoelectric
vibrators.

16. An ink jet recording head wherein movement of a
piczoclectric clement moves part of an ink flow passage
substrate so as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate;

a plurality of piezoelectric vibrators formed by cutting
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed relative to at least
oize positioning projection disposed on said fixing
plate;

holding means for holding at least one of said plurality of
piezoelectric vibrators and said fixing plate in a direc-
tion perpendicular to a displacement direction of satd
piczoclectric vibrators;

an ink flow passage substrate mounted on said holding
means; and

positioning means engaged with said ink flow passage
substrate and said holding means for regulating a
relative position of said ink flow passage substrate with
respect to said holding means.

an epoxy adhe5| ve combined with an ulitra-viol et
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" substrate so as to jet out ink stored therein in the form qf ropl ets.
- said ink jet recording head conprising: a fixing plate; a pluralit
pi ezoel ectric vibrators formed by cuttlng and divi di ng7a pl at e-'shaped

piezoelectric element while
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17. An ink jet recording head as set forth in claim 186,
wherein said plurality of piezoelectric vibrators constitutes a
vibrator set, said holding means positioning and holding a
plurality of vibrator sets.

18. An ink jet recording head as claimed in claim 16,
wherein said positioning means is coupied with opposite
sides of an ink chamber of said ink flow passage substrate.

19. An ink jet recording head as claimed in claim 16,
wherein said ink flow passage substrate includes an ink flow
passage forming piate, said flow passage forming plate is
cornposed of at least two layers and widths of partition walls
which define ink flow passages respectively formed in said
respective layers are different from one another.

20. An iok jet recording head as claimed in claim 16,
wherein said ink flow passage substrate includes an elastic
plate, and a flat layer is formed on the surface of said elastic
plate, said flat layer being in contact with said piezoelectric
vibrators and said ink flow passage substrate, said piezo-
clectric vibrators being connected with each other by virtue
of said flat layer.

21. An ink jet recording head wherein movement of a
piczoclectric clement moves part of an ink flow passage
substrate so as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate;

a plurality of piezoelectric vibrators formed by cutting
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed on said fixing plate;

holding means for holding at least one of said plurality of
piezoelectric vibrators and said fixing plate in a direc-
tion perpendicular to a displacement direction of said
piezoelectric vibrators;

an ink flow passage substrate mounted on said holding
means;

positioning means engaged with said ink flow passage
substrate and said holding means for regulating a
relative position of said ink flow passage substrate with
respect to said holding means;

wherein selected ones of said piezoelectric vibrators,
which are coupled to portions of said ink flow passage
substrate which do not have an ink fiow passage
associated therewith, are nsed as a vibrator positioning

member. .
L



L . D _"_ !‘; . i
sai d piezoelectric elenent is fixed on said fixing plate; hal |Ehr5’3'%“g'ﬂ\§ SHEET
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pi ezoel ectric vibrators and said fixing plate in a directlign 02 FEB %93
per pendi cul ar to a displ acenent direction of said piezoelledtric

vi brat ors; an ink flow passage substrate nmounted on sai d holjdi ng

nmeans; positioning neans engaged with said ink flow passage

- substrate and sai d hol di ng neans reguﬂéfing a relative
22 ?\n ink jet recording head as claimed in claim 21,

wherein said fixing plate reinforcss said vibrator-positioning

member. _

23. An ink jet recording head wherein movement of a
piezoelecric element moves part of an ink flow passage
substrate 50 as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate;

a plurality of piezoelectric vibrators formed by cuning
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed on said fixing plate;

holding means for positioning and holding at least one of
said plurality of piezoelectric vibrators and said fixing
plate in a direction perpendicular to a displacement
direction of said piezoelectric vibrators, positioning
portions being formed on a top surface of said holding
means, said positioning portions being engaged with
said piezoelectric vibrators to define a relative position
between said holding means and said piezoelectric
vibrators; .

an ink flow passage substrate mounted on said holding
means; and

positioning means engaged with said ink fiow passage
substrate ‘and said holding means for regulating a
relative position of said ink flow passage substrate with
respect 1o said holding means.

24. An ink jet recording head wherein movement of a
piezoelectric element moves part of an ink flow passage
substrate 30 as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate;

a plurality of piezoelectric vibrators formed by cutting
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed on said fixing plate;

hnkﬁngrmzusfbrpcshknﬁngandhmhﬁngazhuutoqeof
said plurality of piezoelectric vibrators and said fixing
plate in a direction perpendicular to a displacement
direction of said piezoelectric vibrators;

an ink flow passage substrate mounted on said holding
means;

positioning means engaged with said ink flow passage

I,
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substrate and said holding means for regulating a
relative position of said ink flow passage substrate with
respect to said holding means; and

an epoxy adhesive combined with an ultra-violet curable
adhesive disposed in a connecting portion gap defined
between said holding means and said fixing plate.

25. An ink jet recording head wherein movement of a
piezoelectric element moves part of an ink flow passage
substrate so as to jet out ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate;

a plurality of piezoelectric vibrators formed by cutting
and dividing a plate-shaped piezoelectric element while
said piezoelectric element is fixed on said fixing plate;

holding means for positioning and holding at least one of
said plurality of piezoelectric vibrators and said fixing
plate in a direction perpendicular to a displacement
direction of said piczoelectric vibrators;

an ink flow passage substrate mounted on said holding
means;

positioning means engaged with said ink flow passage
substrate and said holding means regulating a relative
position of said ink flow passage substrate with respect
to said holding means;

wherein two sides of an array of pressure chambers
defined in said ink flow passage substrate are wall
clements and said wall elements are coupled to said
positioning means to position said piezoelectric vibra-
tors in the displacement direction of said piczoelectric
vibrators.

26. An ink jet recording head wherein movement of a
piezoelectric element moves part of an ink flow passage
substrate 5o as to jet ont ink stored therein in the form of ink
droplets, said ink jet recording head comprising:

a fixing plate; | .
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jet out ink stored therein in the formof ink droplets, said |nK et _ '

recordi ng head conpri sing: a fixing plate; e : 02 FEB 1598
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a plurality of piezoelectric vibrator sets, each of said sets
comprising a plurality of piezoelectric vibrators formed
by cutting and dividing a plate-shaped piezoelectric
element while said piezoelectric element is fixed on
said fixing plate;

holding means for positioning and holding said plnrahty
of piezoelectric vibrator sets and said fixing plate in a
direction perpendicular to a dasplaccm:nt duccncn of
said piezoelectric vibrators;

an ink flow passage substrate mounted on said holding
means; and

positioning means engaged with said ink flow passage
substrate and said holding means for regulating a
relative position of said ink flow passage substrate with
respect to said holding means. -

Z7. An ink jet recording head as set forth in any ope of
claims 1 and 21, wherein said positioning means is engaged
with portions of said ink flow passage substrate so as to
position said ink flow passage substrate relative to said
piezoelectric vibrators in directions along a plane defined by
said ink flow passage substrate.

28. An ink jet recording head as claimed in any of one
claims 1 and 21, wherein said piezoelectric vibrators com-
prise multi-layer piezoelectric elements.

29. An ink jet recording head as claimed in any of one
claims 1 and 21, wherein said holding means and said
vibrator-positioning member position said piezoelectric
vibrators in a width direction thereof, and said holding
means and said fixing plate position said piczoelectric
vibrators in a thickness direction thereof.

30. An ink jet recording head as set forth in any one of
claims 21 and 26, further comprising:

a signal electrode formed on each of said piezoelectric

vibrators.
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31. An ink jet recording head as set forth in any ooe of
claims 1, 7 and 21, wherein two sides of a pressure chamber
defined in said flow passage forming plate are wall elements
and said wall elements are coupled to said vibrator-posi-
tioning member 80 as to position said vibrator-positioning
member in the displacement direction of said piczoclectric
vibrators.

32. An ink jet recording head as claimed in any one of
claims 1 and 21, wherein said ink flow passage substrate
includes 2 nozzle plate, an ink flow passage forming plate,
and an clastic plate.

33. An ink jet recording head as claimed in claim 32
whcfein said clastic plate has a flat surface and thiclé
pomgne:: ::g ﬂa.tdmg::e contacts said vibrator-positioning
mem sai portions contact with said pi
electric vibrators, Wi sald piczo-

ing elements, respectively.

T
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means; and posi tioni ng neans engaged with said i nk fl ow pags
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has a flat surface and thick portions, said flat surface cont act KL 198
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ABSTRACT

INK JET RECORDING HEAD

In an iok jet recording head, after a plate-shaped piezoelec-
tric element is positioned and fixed onto a fixing plate, the
piezoelectric element is sliced into a large number of vibra-
tors and the leading ends of the vibrators are embracingly
held in positioning holes 33 respectively formed in a top
surface of a holding frame and are thus positioned in the
surface direction thereof. Further, a cavity unit is positioned
and fixed on the top surface of the holding frame.

Fig. 1
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