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A METHOD OF MANUFACTURING THE SAME

The present invention relates to an ink jet recording head and

a method of making same.

The ink jet recording head of the on-demand type has
been known. In this type of the #ecording head, a nozzle
plate with a plural number of nozzle openings and a vibration
plate partially elastically deformable by piezoelectric
vibrators are oppositely disposed thereby to form a pressure
chamber. After ink is sucked into the pressure chamber
through the contraction and extension of the piezoelectric
vibrators, the vibrators are extended to jet ink droplets
through the nozzle openings. The improved ink jet recording
head of this type is also disclosed in US Patent No. 4418355.
To improve the junction state of the pieﬁoelectric.vibrators
and the vibration plate, a coupling member is interposed
between each piezoelectric wvibrator and the vibration plate.
Use of the coupling member provides an efficient transmission
of displacement of the piezoelectric vibrator to the pressure

chamber.

In the technigue disclosed in Japanese Patent Publication No.
Sho. 63-25942, a leg is used for the same purpose, but the leg
is wider than the piezoelectric member and its width is

substantially equal to the channel.

In this patent, an additional work to set the coupling members
between the piezoelectric vibrators and the vibration plate is

fal. : s thewwaﬁﬂﬂéas%uﬂiﬁg;~9‘°°ess””
essential This work make REPLACED SHEETS SG

complicated.

[ Description : paged ...L... to paged ..2.....
i Claim(s) :paged ...J3. 1o paged 3{;
Drawing(s) : paged .. Ji.. to paged o
@] Abstract  : paged ... %.. to paged ..7.....

DATE OF RECEIPT ....cccceccvvrrvrcienreirnnne




BACKGROUND OF THE INVENTION 1. Field of the Invention The present

I nvent
pl ur al
pl ural
nozzl e

ion relates to an ink jet recording head of the type in which a

munber of piezoelectric vibrators are disposed in opposition to a

nunber of nozzle openings, and ink droplets are jetted fromthe
openings, with the aid of the extension of the piezoelectric

Sometimes it fails to efficiently transmit the displacement of
the piezoelectric vibrator to the pressure chamber or the
force generated by the piezoelectric vibrators reaches and
deforms part of the vibration plate where should not be
deformed. As a result, the ink meniscus is instable, viz., so

called cross talk is caused.

The present invention has been made in view of the above
circumstances and has an object to provide a reliable ink jet
recording head which is easy to manufacture. This object is
solved by the ink jet recording head according to independent
claim 1 and the method of independent claim 9. 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 improved ink jet recording head of
the type in which a plural number of piezoelectric wvibrators
are disposed in opposition to a plural number of nozzle
openings, and ink droplets are Jjetted from the nozzle
openings, with the aid of the extension of the piezoelectric

vibrators.

According to one aspect of the ink jet recording head
according to the present invention islands to couple the
piezoelectric vibrators with the vibration plate, and the
vibration plate are formed in a one-piece construction.

Another aspect of the invention is to provide an ink jet
recording head which includes islands capable of transmitting
the vibration to the pressure chamber at the most efficiency

and without giving adverse effects.
This Sheet Has Been Re accd

- L

U:\BENUTZER\WI\S932AEP.TXT




—————

vi brat ors. 2. Discussion of the Prior Art The ink jet recording head of
f he on-demand type has been known. In this type of the recording head, a
nozzle plate with a plural nunmber of nozzle openings and a vibra- tion
plate partially elastically deformable by the piezoelec- tric vibrators are
oppositely disposed thereby to forma pressure chanber. After ink is
sucked into the @FEsSurancethameaspacowh the orentioen obs akel preedéon of

t he piezo-
method of manufacturing the above-mentioned ink jet recordlng

head.

According to a specific aspect of the invention, there is provided an ink
jet recording head in which pressure chambers are formed by
fastening a vibration plate to a nozzle-opening contained
member, and pilezoelectric wvibrators, which extend and
contract in the axial direction, are fastened at the fore
ends thereof to the region of the vibration plate, wherein
_islands are formed in the region of the wvibration plate where
is to be in contact with the piezoelectric vibrators, each of
the islands being surrounded by a thinned part, the fore end
of each piezoelectric wvibrator is fastened to each island.

Damped wvibration of the driven piezoelectric vibrator
transmits to the pressure chambers adjacent to the pressure
chamber corresponding to the vibrating piezoelectric
vibrator. For the pressure chamber corresponding to the
vibrating vibrator, pressure is distributed over a broad
range in the direction orthogonal to the linear array of
nozzle openings.

Further, it efficiently transmits displacement of the
piezoelectric vibrators to the pressure chamber, and holds
back instable motion of the ink meniscus, which arises from

propagation of pressure to the adjacent pressure chambers.
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electric vibrators, the vibrators are extended to jet ink droplets through
the nozzl e openings. The inproved ink jet recording head of this type is

al so disclosed in U S. Pat No. 4,418,355. To inprove the junction state of
the piezoelectric vibrators and the vibration plate, a conpling nenber is
I nt er posed between each piezoelectric vibrator and the vibration plate. Use

Che' B esoul oo CUPREaR SR A s iR e Thal  aRATRSLARCS' of hRCoTEN O
present invention will be apparent when carefully reading the
following detailed description in connection with the
accompanying drawings, in which:

Fig. 1 is a cross sectional view showing the
structure in the vicinity of a vibration plate in an ink jet
recording head;

Fig. 2 is a perspective view of an ink jet recoiding
head according to an embodiment of the present invention;

Fig. 3 is a perspective view showing a piezoelectric
vibrating plate and a fixing plate, both forming a vibrator
unit;

Fig. 4 is a perspective view showing an example of
the resonator unit;

Fig. 5 is a perspective view, partly in cross
section, showing the ink jet recording head, particularly the
structure of the flow path in the recording head;

Fig. 6{a) to 6(f) show a set of sectional views

useful in explaining a method of manufacturing a vibration

plate according to the present invention;

Fig. 7 is a perspective view showing how the

vibrating plates and piezoelectric vibrators are mounted;

Fig. 8 is a sectional view showing a state that the

vibrating plate and the piezoelectric vibrator are fastened;
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In the t echni que di sclosed in Japanese Patent Publication No. Sho.

63-25942, a leg is used for the sane purpose, but the leg is wider than the
piezoelectric menber and its width is substantially equal to the channel.

In this patent, an additional step of setting the coupling nmenbers between

t he piezoel ectric vibrators and the vibra- tion plate is essential. This
addi tional step pakessthg BRNEcHRHAYN VIGWIHRSNE YA tHt enhod SUEL | Mes

it fails to efficiently transmt the displacenent
of an ink jet recording head according to the present

invention;

Fig. 10 is a perspective view showing yet another
embodiment of an ink jet reeording head according to the
present invention; and

Fig. 11 is an exploded view showing an ink jet

recording head which uses the vibration plate according to

the invention.

The preéent invention will be described in detail
with reference to the accompanying drawings.

Fig. 2 is a perspective view of an ink jet recording
head according to an embodiment of the present invention. As
shown, a nozzle plate 1 contains four linear arrays 3 of
nozzle openings 2. A spacer 5 is placed between the nozzle
plate 1 and a vibration plate 6. The spacer 5 serves to
define a reserve tank 35, pressure chambers 36, and a
communicating path 37 (see Fig. 5). Through holes 7 and 8,
and a concave portion 9 are formed at predetermined
locations.

One surface of the vibfation plate 6 faces the nozzle
plate 1 with the spacer 5 interposing therebetween. The top

ends of piezoelectric vibrators 15 of vibrator units 10, 11,

12 and 13 are brought in contact with the other surface of
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of the piezoelectric vibrator to the pressure chanber or the force
generated by the piezoelectric vibrators reaches and deforns a part of the
vi bration plate which should not be deforned. As a result, the ink nmeniscus
I s unstabl e, causing cross-talk SUMVARY OF THE | NVENTI ON The

present invention has been made in view of the above circunstances and has
an object to rovide an Jjnk jet )
J gﬁe J%braéion platejé{ Expansion and contraction of each

vibrator 15 are transmitted to the pressure chambers 36 by
means of the vibration plate 6.

The structure of each of the vibrator units 10, 11,
12, and 13 will be described. A lamination-typed
piezoelectric vibrating plate 20, which is capable of being
driven at low voltage, consists of piezoelectric material and
electrode material alternately layered in a sandwich manner
(Fig. 3). The piezoelectric vibrating plate 20 is partially
fixed to a fixing plate 22 by means of conductive adhesive.
A common electrode 21 is formed on the fixing plate 22 having
a U-shaped portion 23. A free end portion of the
piezoelectric vibrating plate 20, which faces the U-shaped
.portion 23 of the fixing plate 22, is cut according to the
array pitch of pressure chambers, thereby forming a plurality
of vibrating elements 25. In the process of cutting the
piezoelectric vibrating plate 20 into the vibrating elements
25, leads 27 for supplying a drive signal may be formed in
such a manner that a cutting depth of a dicing saw, for
example, is preset to the depth slightly exceeding the
thickness of the common electrode 21. To form a common
electrode 28, a conductive plate is bonded onto the surfaces
of the vibrating elements 25 through conductive adhesive.

Upon applying a drive signal to the leads 27 and the
common electrode 28, the wvibrating elements 25 extend and

contract in the longitudinal direction.
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Returning to Fig. 2, reference numeral 30 designates
a housing, containing the vibrator units 10 (11,12,13, fastens the
vibration plate 6, the spacer 5, and the nozzle plate 1, in a
layered state, to the selective side of the piezoelectric
vibrators 15, whereby forming a recording head. The housing
30 further contains a fluid path 33 for supplying ink from an
ink tank 32 to the pressure chamber 36, through an opening 31
of the vibration plate 6.

In Fig. 5 showing a perspective view, partly in cross
section, of the ink jet recording head, the spacer 5 provides
a space for forming the reserve tank 35 which receives ink
through the opening 31, the pressure chambers 36, and the
communicating path 37 which communicates the reserve tank 35
with the pressure chambers 36. The vibration plate §
includes islands 41 at the_locations to be respectively
brought in céntact with the piezoelectric vibrators 15. Each
island 41 is surrounded by a concave portion 40. The
piezoelectric vibrators 15 are fastened at the ends to the

surfaces of the islands 41, respectively.

Turning now to Fig. 1, there is illustrated the

. detailed structure of the vibration plate 6§ together with the

structure near the nozzle openings. As shown, the vibration
plate & consists of two layers, a first layer 50 and a second
layer 51 as the islands 41, for example. The first layer 50
is a thin layer of 2 um thick, and the second layer 51 is a

thick layer of 18 pm. As a matter of course, the thickness
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recordi ng head in which islands to couple the piezoelectric vibrators with
the vibration plate, and the vibration plate are forned in a one-piece
construction. Anot her object of the invention is to provide an ink jet
recordi ng head which includes islands capabl'e of transmt- ting the
vibration to the pressure chanber at the nost efficiency and w thout giving

adverse ebfFeghsse la$lidd s QANE5100jL G010 tittdd et i d SE1PupEoVi de a
met hod of manufacturing the above-nentioned ink jet recording
The vibration plate 6 cooperates with the nozzle plate 1 and
the spacer 5 interposed therebetween to form the pressure
chambers 36. Each of the piezoelectric vibrators 15 is
brought into contact with the tops of the corresponding
islands 41 as the second layer 51 of the vibration plate 6.
The rigidity of the island 41 is preferably at least
1000 times as large as that of the first layex 50, which
constitutes the thin layer 43 of the concave portion 40.
That is, the thickness of the thick layer of the islands 41,
is selected to be at least 10 times that of the thin layer
43. Alternatively, the product to the third power of a
modulus of longitudinal elasticity of the thick layer and the
thickness thereof is at least 1000 times the product to the
third power of a modulus of longitudinal elasticity of the
thin layer and the thickness thereof. The rigidity of a
physical solid is generally proportional to the thickness
thereof to the third power. Accordingly, if the thickness of
the thick layer is set to be 10 times that of the thin layef,
the rigidity against the force in the direction of its
thickness is increased 1000 times. The rigidity of a
physical solid is generally proportional to an elastic
modulus thereof. Accordingly, material of high elastic
modulus is used for the thick layer of which the rigidity

must be high, and material of low elastic modulus is used for

the thin layer of which the rigidity must be low to gain a
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head. To achi eve the above object, there is provided an ink jet
recordi ng head in which pressure chanbers are fornmed by fastening a
vibration plate to a nozzl e-opening contai ned nenber, and pi ezoel ectric

vi brators, which extend and con- tract in the axial direction, are fastened
at the fore ends thereof to the region of the vibration plate, wherein

i sl ands argeferi@Elennbit@riefyi Ardrdiify 4 Priié ofo PL &k endhhebnerat ast the
pi ezoel ectric vibrators, each of the islands being sur-

expression is preferably satisfied:
(E1 x £°)/(E2 x t,%) > 1000

where t; : thickness of the thick layer
El : elastic modulus of the same
t; ¢ thickness of the thin layer

E2 : elastic modulus of the same

When the piezoelectric vibrator 15 contracts, the
island 41 displaces downward while undergoing a reaction of
the thin layer 43 of the concave portion 40. Where the
rigidity of the islands 41 is high, the islands 41 per se is
little deformed while the thin layer 43 of the concave
portion 40 is greatly deformed. Where the rigidity of the
islands 41 is low, the island 41 per se undergoes the
reaction of the thin layer 43 to be deformed. As a result,
the thin layer 43 is little deformed. Thus, when the
rigidity of the island 41 is not much larger than that of the
thin layer 43, displacement of the piezoelectric vibrator 15
is unsatisfactorily transformed into a change of the volume
of the pressure chamber 36. Most of the displacement is lost
in the form of a deformation of the island 41, and the

displacement little contributes to the ink jetting action.
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rounded by a thinned part, the fore end of each piezoelectric vibrator is
fastened to each isl and. Danped vi bration of the driven piezoelectric
vibrator transmts to the pressure chanbers adjacent to the pressure
chanber corresponding to the vibrating piezoelectric vibra- tor. For the
preésure chanber corresponding to the vibrating vibrator, pressure is

di st ri buted Q¥eikdNansl YeHEE tie tiey tHieetion orihogobal séo tbebki aear
array of nozzl e openi ngs Further, it efficiently transmts displacenent

of the pileagt 1000.
An ink jet recording head was manufactured for experimental

purposes - In the head, the same material was used for the

islands 41 and the thin layer 43 of the concave portions 40.
The pressure chamber 36 was 100 um in width and 100 um in
depth. When the island 41 was 10 um thick and the thin layer
43 was 2 pm thick, deformation of the pressure chamber 36 was
unsatisfactory, and no ink was jetted from the nozzle

openings. When the thickness of the islands 41 was increased

to 20 um, ink was jetted.

As the islands 41 become thicker, the technique to
work them becomes more difficult. In this point, it is
preferable to thin the thin layer 43 as much as possible.
Specifically, when the thin layer 43 is made of metal, its
thickness is preferably 5 pm or less. When it is made of
resin, its thickness is preferably 10 um or less. Where the
resin is used for the thin layer 43, the voltage applied to
the piezoelectric vibrators 15 will never cause current to "
ink. Accordingly, there is eliminated its adverse effects on
the drive circuits and the like. A stable electrical
detection of using up ink is ensured.

The island 41 is structured such that the length L of
the portion of the island 41 where it is brought in contact

with the first layer 50 is approximately two times the

piezoelectric vibrator, and the width W thereof is

- 10 -
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electric vibrators to the pressure chanber, and hol ds back unstable notion
of the ink neniscus,.which arises from propagation of pressure to the

adj acent - pressure chanbers. BRI EF DESCRI PTI ON OF THE DRAW NGS

Q her objects, advantages, and features of the present invention will be
apparent when careful |y readlng the foI | owi ng detailed description in
connection W1 A YV 3 RANLLGL I AN NS s LIS, the island

thus structured greatly impedes the transfer of a vibration
of the piezoelectric vibrator, when driven, to the pressure
chambers adjacent to the press chamber corresponding to the
driven vibrator. For the pressure chamber 36 to which the
driven piezoelectric vibrator 15 belongs, the island 41
uniformly distributes pressure over the broad range, which is
orthogonal to the linear arrays of nozzle openings. The
portion of the island 41 where it is brought into contact
with the piezoelectric vibrator 15 has the width, which is
selected to be large to such an extent that as not to disturb
the vibration.

Each thick portion 41 of the second layer 51 defining
the concave portion 40 is located in opposition to the
spacer. With the aid of rigidity of the spacer 5, the thick
portion 41 prevents the vibration plate § from being
deflected in an undesired fashion.

The width W of the island 41 will be described. The
width W of the island 41 is selected to be 80 % or less of
the width of the pressure chamber 36. The thus selected
width of the island 41 suppresses the reaction of the thin
layer 43 against the displacement of the piezoelectric
vibrator 15, thereby improving the efficiency of transforming
the vibrator displacement into the volume change of the
pressure chambers 36. To gain a satisfactory efficiency of

the displacement-to-volume transformation, the width of the

- 11 -
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FIG 1 is a cross sectional view showi ng the structure in the vicinity of
a vibration plate in an ink jet recordi ng head; FIG 2 is a perspective
view of- an ink jet recording head according to an enbodi nent of the
present invention; FIG 3 is a perspective view showi ng a piezoel ectric
vibrating plate and a fixing plate, both formng a vibrator unit; FIG 4

'S a per SRECHE AN 'Y NGl AP B L EH L0 Lt the
width of the pressure chamber 36. If so selected, the
vibration (enexrgy) of the piezoelectric vibrators 15 is not
consumed by the deformation of the wall of the pressure

chamber and fluctuation of the whole nozzle plate 1. No

cross talk is caused.

The experiment conducted by the inventor showed that
when the width W of the island 41 was 80 pm or less for the
pressure chamber 36 of 100 pm in width, ink could be jetted.
It is more preferable that the width W of the island 41 is
half or less of the width of the pressure chamber 36. If the
width is so selected, a required drive voltage could be
reduced.

In Fig. 5, the width W of the island 41 is longer
than the longer side of the piezoelectric vibrator 15. If
the rigidity of the island 41 is 1000 times that of the thin
layer 50 as described above, the deflection of the islands 41
per se is satisfactorily small and a volume change of the
pressure chamber is satisfactorily large. 1In the invention:
the width W of the island 41 is within the range of 50 % to
80 % of the length of the pressure chamber 36. Such
selection of the island width is made in order to change the
volume of the pressure chamber at the highest efficiency.

A sequence of process steps to manufacture the

vibration plate 6 according to the present invention is

illustrated in Figs. 6(a) to 6(f).
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FIG 5 is a perspective view, partly in cross section,

An electrode is formed on the surface of a working
substrate 60, which was finished as planar as possible. 1In
this case, nonelectrolytic plating process is used for
forming the electrode. Using the electrode, the first layer
50 of the working substrate 6 is formed, 1 to 10 um thick,
for example, by electroforming nickel (Fig. 6(a)). A pattern
53 with windows 52, which are coincident in shape with the
bottom portions of the islands 41, is formed as a photoresist
layer on the surface of the first layer 50 (Fig. 6(b)). The
thickness of the pattern 53 is selected approximately within
5 to 10 um.

An intermediate structure 55 thus constructed is
electrolytically casted in such a manner that it is immersed
in electrolyte containing nickel ion and current is fed at a
given current density, with the first layer 50 as the minus
electrode. As a result, nickel in the electrolyte is
selectively deposited as a layer 56 on the portions of the intermediate
structure 55 where a photoresist layer is not formed. Those
portions are the windows 51, for example. The thickness of
the regions of the pattern 53 to be finished as thick
portions are kept equal to the thickness of the first layer
50 (Fig. 6(c)). The electrolyte is an a aqueous solution
essentially consisting of 30 W% of sulfamic acid nickel, 0.5
W% of nickel chloride, 4 W$ of boric acid, 1 W% of
brightener, and 0.5 W% of pit removal agent. The current

density is approximately 1 to 2 mA/cm?.
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:3- showing the ink jet recording head, particularly the structure of the
flow path in the recordi ng head, FIG 6(a) to 6(f) show a set of
sectional views useful in explaining a nmethod of manufacturing a vibration
pl ate according to the present invention; FIG 7 is a perspective view
showi ng how the vibrating plates and piezoelectric vibrators are nounted,

When nickel deposition grows to reach the top of each

window, the edge effect operates, so that the nickel extends
along the surface of the patterns 53, causing overhangs 56a
(Fig. 6(d)). As the process proceeds, the nickel further
extends in both the thickness and surface directions. When
ﬁhe nickel protrudes approximately 13 pym above the surfaces
of patterns 53 and the second layer has grown, 18 to 15 um
thick, the current feeding is stopped (Fig. 6{e)). Then, the
substrate 60 and the patterns 53 are removed (Fig. 6(f)). As
a consequence, the vibration plate 6 with islands 41 each
surrounded by the concave portion 40 is manufactured. The
section of the islands 41 thus formed is in the form of a
rivet.

When the first layer 50 is made of resin and the
islands 41 are made of metal, it is possible to form the
islands 41 by cutting or press work and to bond the formed
islands 41 on the resin film. In another method, a metal
plate is bonded on a resin film, and the metal plate is
shaped into islands by cutting work or etching process. In a
further method, resin is casted on a metal plate. Islands 41
are formed by etching the metal plate. A resin plate is
etched to form the first layer 50 and the pressure chamber
wall in a one-piece construction.

After the top surfaces of the islands 41 are coated
with adhesive, the fore ends of the piezoelectric vibrators

15 are brought into contact with the islands 41, as shown in
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FIG 8 is a sectional view showing a state that the vibrating plate and the
pi ezoel ectric vibrator are fastened; FIG 9 is a sectional view show ng
anot her- enbodi nent of an ink jet recording head according to the present

i nven- tion; FIG 10 is a perspective view show ng yet anot her enbodi nent
of an ink jet recording head according to the present invention; and FI G

11 is an pxl gded A4 eshish i, Hkdddsivé 48RQETVAU61 flows
exclusively into the spaces 60 defined by the piezoelectric
vibrators 15 and the islands 41. With the adhesive, fixing
of those components is further reinforced.

In the ink jet recording head, when drive voltage is
applied to the piezoelectric vibrators 15, the piezoelectric
vibrators extend. Displacement of the leading ends of the
plezoelectric vibrators 15 is transferred through the islands
41 to the vibration plate 6. The root of each island 41, the
size of the boundary portion of the island to the first layer
50, when it is measured in the direction of the linear array
of the nozzle openings, viz., width direction, is smaller
than the piezoelectric vibrator. The size of the boundary
portion orthogonal to the linear array of the nozzle openings
is longer than the piezoelectric vibrator. With provision of
the concave portion 40 around the island, the piezoelectric
vibrators 15, when displaced, presses the vibration plate 6
in the area as narrow as possible in the direction of the
linear array of the nozzle openings, and in an area larger :
than the piezoelectric vibrator 15 in the direction
orthogonal to the nozzle opening array.

The ink jet recording head thus organized has the
following beneficial effects. In transmitting displacement
of the piezoelectric vibrators to one pressure chamber 36, no

pressure is propagated to other pressure chambers 36 adjacent

to a linear array of nozzle openings of the one pressure

- 15 -
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head which uses the vibration pl ate according to the inven- tion.

DETAI LED DESCRI PTI ON OF THE .
invention will be described in detail with reference to the

pr esent

acconpanyi ng draw ngs. :
recordi ng head according to an enbodi nent of the present

a NogRAb@t a3@. 1 KORLghNerhAbmibENBAr e£#1EQMRCY 8k gained with

shown,

PREFERRED EMBODI MENTS The

FIG 2 is a perspective view of an ink jet
I nvention. As

matching of acoustic impedance. No local deformation of the

pressure chambers 36 is caused. Accordingly, the energy of

.the piezoelectric vibrators 15 can be efficiently used for

spouting ink droplets.

In the embodiment as mentioned above, the
piezoelectric vibrators 15 are directly put on the islands 41
of the piezoelectric vibrators 15. In some specific cases,
an intermediate member 63 may be provided between each of the
piezoelectric vibrators 15 and the corresponding island 41,
as shown in Fig. 9. The end of the piezoelectric vibrator 15
contains a bundle of electrodes for driving the piezoelectric
vibrators 15. The vibration plate is made of conductive
material such as nickel. For this reason, if some specific
electrode structure is employed, the piezoelectric vibrators
15 are possibly shortcircuited through the vibration plate 6.
To avoid the shortcircuiting, it is preferable to interpose

the intermediate member 63 between the piezoelectric vibrator

o

~and the island.

In the above-mentioned embodiment, the nozzle
openings are opposed to the piezoelectric vibrators 15. The
invention may be applied for another type of ink jet
recording head as shown in Fig. 10. 1In this recording head,
nozzle openings 74 are formed in one side of a substrate 73
which includes concave portions 70, 71 and 72 for forming

pressure chambers, communicating paths and a reserve tank. A
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nozzl e openings 2. A space 5 is placed between the nozzle plate 1 and a
vibration plate 6. The spacer 5 serves to define a reserve tank 35,
pressur.e chanbers 36, and a communi- cating,path 37 (see FIG 5). Through
holes 7 and 8, and a concave portion 9 are fornd at predeterm ned
| ocati ons. One surface of the vibration plate 6 faces the nozzle plate 1
Wi th the wifaeeridn iplereobs nis t &pp bbed weenthdheidiepoendReobupsezaekeghr i c
vibrators 15 of vibrator units 10, 11, 12 and 13 are brought in contact
wi th the witilgy the femeafe tpexrtions 70, 71, and 72 are formed, thereby
sealing the substrate. The direction of spouting ink
droplets is orthogonal to the direction of vibration of
piezoelectric vibrators 76. To implement the invention in
this type of the ink jet recording head, in the region of the
vibration plate, which faces the concave portion 70 to serve
as the pressure chamber, islands 81 are formed separated from
another area 82 by means of concave portions 80. The
piezoelectric vibrators 76 are fastened to the vibration
plate 75, with the islands 81 interposing therebetween. 1In
this case, a thick part 83 of the vibration plate between the
adjacent islands 81 is located in opposition to the wall
defining the pressure chamber. Therefore, it increases the
rigidity of the region of the vibration plate 75, which is
other than the region thereof opposed to the pressure

chamber. The increased rigidity contributes to suppression

of the cross talk owing to the deformation of the vibration

«?

plate 75.

Fig. 11 is an exploded view showing an ink jet
recording head which uses the vibration plate according to
the invention. 1In the figure, reference numeral 3%0
designates a base fastened to a board 91 on which a drive
circuit and the like are mounted. Vibration units 93 each
including a plural number of piezoelectric vibrators are

contained in unit chambers 92 of the base. Further, the base
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vi bration plate 6. Expansion and contraction of each vibrator 15 are
transmtted to the pressure chanbers 36 by neans of the vibration plate 6.
The structure of each of the vibrator units 10, 11. 12, and 13 will be
descri bed. A lam nation-type piezoelectric vibrat- 1ing plate 20. which is
capabl e of being driven at | ow voltage, consists of piezoelectric mat eri al

and el ectrpde; gt gfi ﬁgk §h%grlg‘f§t§é$ %%y?%%gaslr“ﬁp% }%?243 %%{h I Xi n’b% %)

The piezoelectric vibrati
cartridge to through-holes. One end of the ink supply pipe

94 has an opening 95 communicating with a through-hole 101
forming a reserve tank. The other end of the same
communicates with a connection needle 96 connecting to an. ink
cartridge.

Reference numeral 100 designates the vibration plate,
which is essential to the invention. The side of the
vibration plate 100, which confronts with the base 90,
includes islands 41 (see Fig. 5, not shown in Fig. 11) to be
in contact with the fore ends of the piezoelectric vibrators,
and a through-hole 101 communicating with the opening 95 of
the ink supply pipe. A spacer 105 includes through holes 106
and 107 forming the reserve tank communicating with the
through-hole 101 and the pressure chamber.

A nozzle plate 110 has nozzle openings 111 at the
location opposed to the through hole 107 to serve as the
pressure chamber.

The vibration plate 100, the spacer 105, and the
nozzle plate 110 are layered on the base 90, and hermetically
fastened to the base 90 by means of a metal frame 115. A
lead 116 extended from the frame 115 is connected to the
ground terminal of the drive circuit for the nozzle plate
110. With this earthing, the nozzle plate 110 is not

charged, so that no dust will attach to the nozzle openings.
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pl ate 22 by neans of conductive adhesive. A common electrode 21 is forned
on the fixing plate 22 having a

As described above, an ink jet recording head in
which pressure chambers are formed by fastening a vibration
plate to a nozzle-opening contained member, and piezoelectric
vibrators, which extend and contract in the axial direction,
are fastened at the fore ends to the region of the wvibration
plate, wherein islands are formed in the region of the
vibration plate where it is tobe in contact with the
plezoelectric vibrators, each of said islands being

surrounded by a thinned part, the fore end of each

piezoelectric vibrator being fastened to each said island. With
such a construction of the head, there is eliminated the
mounting work for mounting the coupling member to couple the
piezoelectric vibrators with the vibration plate. Vibration
of the piezoelectric vibrators can be efficiently transferred
to the pressure chambers, through the thinned parts around
the vibration regions. When the electroforming is used for
forming the islands, a depressed part is formed around the
fore end of each piezoelectric vibrator when it is brought
into contact with the corresponding island. The concave
parts receive excessive adhesive.

The foregoing description of preferred embodiments of
the invention has been presented for purposes of illustration

and description.

- 19 -
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-4- U—éhaped portion 23. A free ehd portion of the piezoelectric vibrating
pl ate 20, which faces the U shaped portion 23 of the fixing plate 22, is
cut according to the arny pitch of pressure chanbers, thereby formng a

plurality of vibrating elements 25. In the process of cutting the
pi ezoel ectric vibrating plate 20 into the vibrating el enents 25, |eads 27

for The embodiments were chosen and described in
order to explain the principles of the invention and its
practical application to enable one skilled in the art to
utilize the invention in various embodiments and with various
modifications as are suited to the particular use

contemplated.
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supplying a drive signal nmay be fornmed in such a manner that a cutting
depth of a dicing saw, for exanple, is preset to the depth slightly

exceedi ng the thickness of the common el ectrode 21. To forma common

el ectrode 28, a conductive plate is bonded onto the
vibrating el ements 25 through conductive adhesive Tlm[m “IHI“ mbrl ve
signal to the | eads 27 and the connDn el ectrode 28, the w« kNgs elenent s

25 extend an H“mi“BTilm i tudi nal direction

CLAIMS

1. An ink jet recording head comprising:

at least one ink flow passage forming member (1, 5; 73;
105, 110}

a vibration plate (6; 75; 100) having a plurality of
thinned portions (43; 80);

pressure chambers (36; 70) defined by said vibration plate
(6; 75; 100) and said ink flow passage forming member (5;
73; 105, 110);

a plurality of piezoelectric vibrators (15, 75, 93) each of
which extends and contracts in an axial direction thereof;

and

a plurality of islands (41; 81) each formed on each of said
thinned portions (43; 80) of said vibration plate (6; 75;
100) the fore end of each said piezoelectric vibrator (15)
being fixed to said vibration plate (6; 75; 100) through
each of said islands (41; 81l).

2. An ink jet recording head according to claim 1, wherein
said vibration plate (6) comprises a first layer (50)
providing said thinned portions (43) and a second layer
(51) providing said islands (41), and said second layer
(51) is formed preferably by an electroforming process.

3. An ink jet recording head according to claim 1 or 2 wherein
a longer side (L) of each of said island (41; 81) is longer
than a longer side of the fore end face of each said
piezoelectric vibrator (15; 75), and a shorter side (W) of
each of said island (41; 81) is shorter than a shorter side

EATEXT\EUROPA\5932EP.TXT



Returning to FIG 2 reference_nuneral 30 designates a housing, containing
fastens the vibra- tion plate 6._the spacer 5, and

t he vi brator unit%hlg _

the nozzle plate I1,}idc Replagfiat e, to the selective side of the

pi ezoel ectric vi braH ! by, fgrrri ng a recordi rﬁnmﬁmulm"m ng
30 further contains I 33 for supplying ink f [ HWEZ
to the pressure chanber 31, through an opening 31 of the vibratitn plate 6

In FIG 5 showi ng a perspective view, partly in cross
of the fore end face of each said piezoelectric vibrator

(15; 75)

4. An ink jet recording head according to any one of the
preceding claims wherein each said island (41; 81) has a
cross section in the form of a rivet.

5. An ink jet recording head according to any one of the
preceding claims further comprising spacer members (5; 105)
to which the portions of said second layer (51) other than
said islands are opposed, respectively.

6. An ink Jjet recording head according to any one of the
preceding claims, in which the rigidity of said islands (41;
8l) is at least 1000 times as large as that of said thinned
portions (387 80) in the region of said vibration plate (6;
75; 100) which is above said pressure chamber (36; 70).

7. An ink jet recording head according to any one of the
preceding claims in which the short side (W) of each said
island (41; 81) of said vibration plate (6; 75; 100) is 80%
or less than the width of said pressure chamber (36; 70).

8. An ink jet recording head according to any one of the
preceding claims in which the longer side (L) of each said
island (41; 81) of said vibration plate (63 75; 100) is
within 50 % and 90 % of the length of said pressure chamber
(363 70).

9. A method of manufacturing an ink jet recording head,
especially according to any one of the preceding claims,

comprising the steps of:

forming a pattern, which is made of nonconductive material
and having widows located corresponding to islands, in the

EA\TEXT\EUROPA\$932EP.TXT



sectibn, of the ink jet recording head, the spacer 5 provides _a space-for
formng the reserve tank 35 which receives ink through the opening 31, the

pressure chanbers 36, and the comrunicating path 37 [ Mﬁtﬂﬂﬂ t he
reserve tank 35 with the pressure chanders 36. The vib m Imm"m :
includes islands 41 at the locations to be respectively *bréught ¥n tontact
with the piezoelectric vibrators 15. Each island 41 is surrounded by a

concave portion 40. The piezoelectric vibrators 15 are fastened at the

ends to the .
surface of the first layer, which is to serve as a main

body of vibrating plate and to provide thinned parts;
continuing electroforming process till the electroformed
layer is grown to exceed the surface of said pattern and to

partially cover the pattern; and

removing said pattern layer from said electroformed layer.

as Been Reﬁlaced

Tl

E\TEXT\EUROPA\S932EP.TXT



surfaces of the islands 41, respectively. Turning nowto FIG |, there is
illustrated the detailed structure of the vibration plate 6 together with
the structure near the nozzl e openings. As shown, the vibration plate 6
consists of two layers, a first layer 50 and a second | ayer 51 as the

I sl ands 41, for exanple. The first layer 50 is a thin layer f 2 [err]m
thick, and the second layer 51 is a thick layer of 18 [err]m As a matter
of course, the thickness of those |ayers 50 and 51 is not |limted to those

figures. The vibration plate

ABSTRACT

In an ink jet recording head pressure chambers (36) are formed
by fastening a vibration plate (6) to a nozzle-opening
contained member (1). Piezoelectric vibrators (15), which
extend and contract in the axial direction, are fastened at
the fore ends to the vibration plate (6), whereby islands.(4l)
are formed in the region of the vibration plate (6) where is
to be in contact with the piezoelectric vibrators (15). Each
of the islands (41) is surrounded by a thinned part (40},
which the fore end of each piezoelectric vibrator (15) is

fastened to each island (41).
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6 coo <§4e§5 t §:%53§¢¥F?ﬂiﬁ?el.and the spacer 5 interposed ‘/éa

. therebetmeen Brpl EReipressur e chambers 36. Each of the piezoelectric
V|brat§$§f¥§é?32b?ought into contact wt he togs of the correspondi ng
i slands 41 as the second |ayer 51 of the yag?@tEZn pl ate 6.
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5 . The 'r|g| dity of the island 41 is preferably at |east 1000 ti@;/
as |l arge as that of .the fII’St Iayer 50, which constitutes o

/‘752
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t he thin Layer 43 of the concave poraiéh 0. dhat is,’fhe t hi ckness of ;Bﬁéj
thick layer of the ;?bands 41, is selecied't be at least 10 tines that ©
the thin layer 43. ernatively, the product to,the third power of a

nodul us of | ongi tudi nal lasticity of the thick |ayer and the t'hi ckness
thereof is at® |east 1Q BIHNR] Bt laduektitgA he third power of a nodul us.
of longitudinal elast} HetiHuniLiayeland the thickness .thereof.

The ri-gidity of a p | A} [ H I oenas ial ptopor- tional to the

t hi ckness t her eof | rﬁvw‘ \tiep §

.2l

S S NN A
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|ngly, If the thickness of the thick |ayer is set to be 10 tines that OF%ZED
the thin layer. the rigidity against /t-he fo.ce in the direction of its

t hi ckness is increased 1000 ti nes. 7%? dlty of a physical solid is
general ly proportional to an elastic us thereof. Accordingly,

material of hi'gh elas- tic nodulus is used for ‘the thick layer of which

the ri‘gidity nust- bé high,” and naterial of [ow elastic nodulus is used for
the thin layer of which the rigidity nust be lowto gain a deformable

nat ure. Accordingly, the)foll ng mat hemati c
- R N 2/ 40 & '
NN /-
3. .
o '
RS 5 — -t
/& i
- 7
.5 :’ ‘ : 2
’44.7j} IR d
3 37 35 .
43 . :
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expression is preferably safisfied: [err] -where t[err]: thicknesss/a
of the thick Iayerf, El : e(égpi ¢ nodul us cg t he Sangs o t[err]: thickness
of the thin |ayer 2: elastic nodul us ¥f- the sane When t he

T pi@ZOE|6CtI’iC L o-ate; rrG-OEA S Areos-anp4—ogni-ae o500
undergoing a <eact|on of the thin ot

7S

/Efﬁ 6(]953 s2 53 s¢ '
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Fig.§(c) sz 44 |
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I i ro/
-+ ayer 43 of the concave portion 49¢;€§k[e ;%e rigidity of the islands 4 ﬁ?
hi gh, the islands 41 are deforned on

slightly while the thin | ayer 43 of

the coricave portion 40 is greatly deforged. Were the rigidity of the

island 41 is low, the island 41 undergges the_reaction of the thin layer 43

.to be defornmed. As a result, the thin lfayer 43 |s\ggforned slightly. Thus,
Ar

when the rigidity of the island 41 is ot nuch

r than that of the thin

| ayer 43, displacenent of the piezo- ellectric vipratjor 15 is

unsati sfactorily transfor

16

15
41

418

15
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change of the volume of the pressure chanber 36. Most of the displ acenent /é%
i lost inthe formof a deformation of the island 41, and the displ acenent
contributes little to-the ink jetting ackTen. Tésminimze the |oss, the
rigidity ratio nust be set to be at |eagt /1900. An ink jet recordi ng head
was manufactured for the experinent. In thé& head, the sanme material was
used for the islands 41 and the thin layer 43 of the concave portions 40.
The pressure chanmber 36 was 100 [err]min width and 100 [err]m

, 3 '?35

N\
N\
N

41 | 637
4 ) 42
63 42 R
{ 5— | T~15
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6 In depth. Wen the island 41 wasﬁﬂ%erg}/ thick and the thin Iayer'%/g
was 2 [err]mthick, deformation of 2 predslire chanber 36 was . .
unsati sfactory, and no ink was jetfed #rom the nozzl e openi ngs. Wen the
“thickness of the islands 41 was increased to 20 [err]m ink was jetted.
As the island 41 becone thicker, the technique to work them becones nore
difficult. In this point, it is preferable to

i
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INK JET RECORDING HEAD

A METHOD OF MANUFACTURING THE SAME

The presenc invention relates to an ink'jet recording head and

a method of making same.

The ink jet recording head of the on-demand type has
been known. In this type of the fecording head, a nozzle
plate with a plural number of nozzle openings and a vibration
plate partially elastically deformable by piezoelectric
vibrators are oppositely disposed thereby to form a pressure
chamber. After ink is sucked into the pressure chamber
through the contraction and extension of the piezoelectric
vibrators, the vibrators are extended to jet ink droplets
through the nozzle openings. The improved ink jet.recording
head of this type is also disclosed in US Patent No. 44183S5.
To improve the junction state of the piezoelectric vibrators
and the vibration plate, a coupling member is interposed

between each piezoelectric vibrator and the wvibration plate.

Use of the coupling member provides an effic T=siom
pLing e REPLACEMENT SHEET

of displacement of the piezoelectric vibrator fo The pre§§ﬁrp

chamber. 29 0CT “e

In the technique disclosed in Japanese Patent Publication No.
Sho. 63-25%942, a leg is used for the same purpose, but the leg
is wider than the piezoelectric member and its width is

substantially equal to the channel.

In this patent, an additional work to set the coupling members

between the
essential.
complicated.

piezoelectric vibrators and the vibration plate is
This work makes the manufacturing process

w4
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The island 41 is structured such that the length L of the portion of t he
island 41 where it is brought in contact with{ih

approxi mately two tinmes the piezoelec- tric vi EJ éﬂéﬁﬁmﬂagﬂiﬁ dth W
thereof is approximatly [err] tines as |arge fs|the sane. €] il and t hus
structwured greatly inpedes the transfer2 of a yi pr 29 @rofegkh | ezoel ectric
vi brator, when driven, to the pressure“chanbefsfadjacent to tjhg press
chanber corresponding to the driven vibrator or tne rg chanber 36
to which the driven piezoelectric ’

Sometimes it fails to efficiently transmit the displacement of
the piezoelectric vibrator to the pressure chamber or the
force generated by the piezoelectric vibrators reaches and
deforms part of the wvibration plate where should not be
deformed. As a result, the ink meniscus is instable, viz., so
called cross talk is caused.

The present invention ha§ been made in view of +the above
circumstances and has an object to provide a reliable ink" jet
recording head which is easy to manufacture. This object is
solved by the ink jet recording head according to independent
claim 1 and the method of independent claim 9. 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 improved ink jet recording head of
the type in which a plural number of piezoelectric vibrators
are disposed in opposition to a plural number of nozzle
openings, and ink droplets are jetted from the nozzle
openings, with the aid of the extension of the piezoelectric
vibrators. |

According to one aspect of the ink jet recording head
according to the present invention islands to couple the
piezoelectric vibrators with the vibration plate, and the
vibration plate are formed in a one-piece construction.

Another aspect of the invention is to provide an ink jet
recording head which includes islands capable of transmitting
the vibration to the pressure chamber at the most efficiency
and without giving adverse effects. e

This Sheet Has Been R,
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vibrator 15 belongs, the island 41 uniformy distributes pressure over the
. broad range, which is orthogonal to the |inear arrays of nozzl e openi ngs.
The portion of the island 41 where it is brough ontact with the

pi ezoel ectric vibrator 15 has the width, whic REPLA- P p¢ |arge to
such an extent so as not to disturb ths vi br atji gr- ' portlon 41
of the second | ayer 51 defining the ncave po tnig 40 I S Ea ed in
opposition to the spacer. Wth the aid of rigidit CTH@“spacer 5, the
thick portjion 41

n

Still aﬁﬁther aspect of the invention is to provide a
method of manufacturing the above-mentioned ink jet recording
head.

According to a specific aspect of the invention, there is provided an ink
jet recording head in which pressure chambers are formed by
fastening a vibration plate to a nozzle-opening contained
member, and piezoelectric wvibrators, which extend and
contract in the axial direction, are fastened at the fore
ends thereof to the region of the vibration plate, wherein
'islands are formed in the region of the vibration plate where
is to be in contact with the piezoelectric vibrators, each of
the islands being surrounded by a thinned part, the fore end
of each piezoelectric vibrator is fastened to each island.

Damped vibration of the driven piezoelectric vibrator
transmits to the pressure chambers adjacent to the pressure
chamber corresponding to the vibrating piezoelectric
vibrator. For the pressure chamber corresponding to the
vibrating vibrator, pressure is distributed over a broad
range in the direction orthogonal to the linear array of
nozzle openings.

Further, it efficiently transmits displacement of the
piezoelectric vibrators to the pressure chamber, and holds
back instable motion of the ink meniscus, which arises from

propagation of pressure to the adjacent pressure chambers.

This Sheet Has Been Reﬂlaced
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pfevents the vibration plate 6 from being deflected in an undesired

fashi on. The width Wof the island 41 wll described. The width W of
the island 41 is selected to be 80% or |ess of REPEAEY ] pressure
es the

chanber 36. The thus selected width of the i
reaction of the thin |layer 43 against Z the di pp] acenent of t
pi ezoel ectric vibrator 15, thereby ifproving}t e2€9ixﬂiﬁ96y of

transform ng the vibrator dis- placenent intjo e vol ume chgndge of the
pressure chanbers '

Uo7

-

Other aspects, advantages, and features of the
present invention will be apparent when carefully reading the
following detailed description in connection with the
accompanying drawings, in which:

Fig. 1 is a cross sectional view showing the
structure in the wvicinity of a vibration plate in an ink jet
recording head;

Fig. 2 is a perspective view of an ink jet recofding
head according to an embodiment of the present invention;

Fig. 3 is a perspective view showing a piezoelectric
vibrating plate and a fixing plate, both forming a vibrator
unit; .

Fig. 4 is a perspective view showing an example of
the resonator unit;

Fig. 5 1s a perspective view, partly in cross
section, showing the ink jet recording head, particularly the
structure of the flow path in the recording head;

Fig. 6(a) to 6(f) show a set of sectional views
useful in explaining a method of manufacturing a vibration
plate according to the present invention;

Fig. 7 is a éerspective view showing how the
vibrating plates and piezoelectric vibrators are mounted;

Fig. 8 is a sectional view showing a state that the

vibrating plate and the piezoelectric vibrator are fastened;

This Sheet Has Been Replaced

T




ol une
Er nmust be at
edted, the

36. To gain a satisfactory efficiency of the
transfonnmati on, the width of the concave portjo
| east 10% of the width of the pressure cha
vi bration (energy) of the

W

Fig. 9 is a sectional view showing another embodiment
of an ink jet recording head according to the present
invention;

Fig. 10 is a perspective view showing yet another
embodiment of an ink jet recording head according to the
present invention; and

Fig. 11 is an exploded view showing an ink jet

recording head which uses the vibration plate according to

the invention. Thsmman

i i

The present invention will be described in detail
with reference to the accompanying drawings.

Fig. 2 is a perspective view of an ink jet recording
head according to an embodiment of the present invention. As
shown, a nozzle plate 1 contains four linear arrays 3 of
nozzle openings 2. A spacer 5 is placed between the nozzle
plate 1 and a vibration plate 6. The spacer 5 serves to
define a reserve tank 35, pressure chambers 36, and a
communicating path 37 (see Fig. 5). Through holes 7 and 8,
and a concave portion 9 are formed at predetermined
locations.

One surface of the vibration plate 6 faces the nozzle
plate 1 with the spacer 5 interposing therebetween. The top
ends of piezoelectric vibrators 15 of vibrator units 10, 11,

12 and 13 are brought in contact with the other surface of



-7 pi ezoel ectric vibrators 15 is not consuned by the deforma- tion of the
wal | of the pressure chanber and fluctuation qgmﬂﬂﬁggﬂf_ plate 1.
No cross talk is caused. The experinent con Lt or showed
t hat

29 0CT 1904

the vibration plate 6. Expansion and contraction of each
vibrator 15 are transmitted to the pressure chambers 36 by
means of the vibration plate 6.

The structure of each of the vibrator units 10, 11,
12, and 13 will be described. A lamination-typed
piezoelectric vibrating plate 20, which is capable of being
driven at low voltage} consists of piezoelectric material and
electrode material alternately layered in a sandwich manner
(Fig. 3). The piezoelectric vibrating pléte'zo is partially
fixed to a fixing plate 22 by means of conductive adhesive.
A common electrode 21 is formed on the fixing plate 22 having
a U-shaped portion 23. A free end portion of the

piezoelectric vibrating plate 20, which faces the U-shaped

.portion 23 of the fixing plate 22, is cut according to the

array pitch of pressure chambers, thereby forming a plurality
of vibrating elements 25. In the process of cutting the
piezoelectric vibrating plate 20 into the vibrating elements
25, leads 27 for supplying a drive signal may be formed in
such a manner that a cutting depth of a dicing saw, for
example, is preset to the depth slightly exceeding the
thickness of the éommon electrode 21. To form a common
electrode 28, a conductive plate is bonded onto the surfaces
of the vibrating elements 25 through conductive adhesive.
Upon applying a drive signal to the leads 27 and the
common electrode 28, the vibrating elements 25 extend and

contract in the longitudinal direction.
This Sheet Has Been R,
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when the width Wof the island 41 was 80 [err
chanber 36 of 100 [err]min width, ink could
preferable that the wwdth Wof the island 41

of the pressure chanber 36. If the width is {
vol tage coul d be reduced. In FIG5 the Wi

| onger than the |onger side of the pié@zoel ect
rigrdity of the island 41 is 1000 tinmes that

i 9

n
of the thin Iayer

descri bed above, the deflection of the islan

s—Atper—SE 13

Returning to Fig. 2, reference numeral 30 designates

a housing, containing the vibrator units 10,11,12,13, fastens the

vibration plate 6, the spacer 5, and the nozzle plate 1, in a

layered state, to the selective side of the piezoelectric

vibrators 15, whereby forming a recording head. The housing

30 further contains a fluid path 33

for supplying ink from an

ink tank 32 to the pressure chamber 36, through an opening 31

of the vibration plate 6.

In Fig. 5 showing a perspective wview, partly in cross

section, of the ink jet recording head, the spacer 5 provides

a space for forming the reserve tank 35 which receives ink

through the opening 31, the pressure chambers 36, and the

communicating path 37 which communicates the reserve tank 35

with the pressure chambers 36. The

vibration plate 6

includes islands 41 at the locations to be respectively

brought in contact with the piezoelectric wibrators 15.

island 41 is surrounded by a concave portion 40. The

piezoelectric vibrators 15 are fastened at the ends to the

surfaces of the islands 41, respectively.

Turning now to Fig. 1, there is illustrated the

Bach

~ detailed structure of the vibration plate 6 together with the

structure near the nozzle openings.

As shown, the vibration

plate 6 consists of two layers, a first layer 50 and a second

layer S1 as the islands 41, for example. The first layer 50

is a thin layer of 2 um thick, and the second layer 51 is a

thick layer of 18 pm. As a matter of course, the thickness

This Sheet Has Been Reﬂ aced

- (R0

ll



satisfactorily snmall and a vol ume change of the pressure chanber is
satisfactorily large. In the invention, the wdth Wof the island 41 is
within the range of 50%to’ 90% of the |ength LAY Nﬁﬁ Egj-._hanber 36.
Such selection of the island width is nade i 23 Bﬁﬁjthe vol ume of
t he pressure TolsdhdeeasBeent Kapladtii ghest ef fi ci encyy. A sequende Jof process

steps to manuf rati on pl & e 6 gcdor BihgCFowbhe [pfesent
invention is i t FIGS. 6(a) to 6(f)i.

of those layers 50 and 51 is not limited to those figures.

The vibration plate 6 cooperates with the nozzle plate 1 and
the spacer.s interposed therebetween to form the pressure
chambers 36. Each of the piezoelectric wvibrators 15 is
brought into contact with the tops of the corresponding
islands 41 as the second layer 51 of the vibration plate 6.
The rigidity of the island 41 is preferably at least
1000 times as large as that of the first layef 50, which
constitutes the thin layer 43 of the concave portion 40.
That is, the thickness of the thick layer of the islands 41,
is selected to be at least 10 times that of the thin layer
43. Alternatively, the product to the third power of a
modulus of longitudinal elasticity of the thick layer and the
thickness thereof is at least 1000 times the product to the
third power of a modulus of longitudinal elasticity of the
thin layer and the thickness thereof. The rigidity of a
physical solid is generally proportional to the thickness
thereof to the third power. Accordingly, if the thickness of
the thick layer is set to be 10 times that of the thin layer,
the rigidity against the force in the direction of its
thickness is increased 1000 times. The rigidity of a
physical solid is generally proportional to an elastic
modulus thereof. Accordingly, material of high eiastic
modulus is used for the thick layer of which the rigidity
must be high, and material of low elastic modulus is used for

the thin layer of which the rigidity must be low to gain a



An el ectrode is fornmed on the surface of a wor ki ng substrate 60, which was
.finished as planar as possible. In this case, papnelectrolytic plating

process is used for formng the el ectrode. Usi lbﬂjﬁm r the first
| ayer 50 of the working substrate 6 is forned,| 138 rqﬁﬁﬁﬁick, for
éEPattern 53 wijt f wi ndows

exanpl e, by el ectroform ng nickel (FIG@ 6(a)).
51, which are coincident in shape with’the bot BS? OCIn906f ft He i sl ands
ce of the firstf | ayer 50

41, is forned as a photoresist |layer on the s
(FIG 6(b)). The thickness of

f

deformable nature. Accordingly, the following mathematic

expression'is preferably satisfied:

(E1 x t{’)/(E2 x t,?%) 2 1000
where t; : thickness of the thick layer This Sheet Has Been Replaced
El : elastic modulus of the same " ”"ll" l"l" ml I‘ I"l

t; : thickness of the thin layer

E2 : elastic modulus of ﬁhe same

When the piezoelectric vibrator 15 contracts, the
island 41 displaces downward while undergoing a reaction of
the thin layer 43 of the concave portion 40. Where the
rigidity of the islands 41 is high, the islands 41 per se is
little deformed while the thin layer 43 of the concave
portion 40 is greatly deformed. Wheré the rigidity of the
islands 41 is low, the island 41 per se undergoes the
reaction of the thin layer 43 to be deformed. As a result,
the thin layer 43 is little deformed. Thus, when the
rigidity of the island 41 is not much larger than that of the
thin layer 43, displacement of the piezoelectric vibrator 15
is unsatisfactorily transformed into a change of the volume
of the pressure chamber 36. Most of the displacement is lost
in the form of a deformation of the island 41, and the

displacement little contributes to the ink jetting action.
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To minimize the loss, the rigidity ratio must be set to be at

least 1000.
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ally casted in
ni ckel ion and
er 50 as the
el ectively

An ink jet recording head was manufactured for experimental

purposes. In the head, the same material was used for the
islands 41 and the thin layer 43 of the concave portions 40.
The pressure chamber 36 was 100 um in width and 100 um in
depth. when the island 41 was 10 pm thick and the thin layer
43 was 2 pum thick, deformation of the pressure chamber 36 was
unsatisfactory, and no ink was jetted from the nozzle
openings. When the thickness of the islands 41 was increased
to 20 um, ink was jetted.

As the islands 41 become thicker, the technigue to
work them becomes more difficult. In this point, it is
preferable to thin the thin layer 43 as much as possible.
Specifically, when the thin layer 43 is made of metal, its
thickness is preferably 5 pum or less. When it is made of
resin, its thickness is preferably 10 um or less. Where the
resin is used for the thin layer 43, the voltage applied to
the piezoelectric vibrators 15 will never cause current to
ink. Accordingly, there is eliminated its adverse effects on
the drive circuits and the like. A stable electrical
detection of using up ink is ensured.

The island 41 is structured such that the length L of
the portion of the island 41 where it is brought in contact
with the first layer 50 is approximately two times the

piezoelectric vibrator, and the width W thereof is

This Sheet Has Been R
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pattern 53 to be finished as thick portion
of the first layer 50 (FIG 6(c)). The ele
essentially consisting of 30 W% of sulfa

chloride
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approximately 1/3 times as large as the same. The island
thus structured greatly impedes the transfer of a vibration
of the piezoelectric vibrator, when driven, to the pressure
chambers adjacent to the press chamber corresponding to the
driven vibrator. For the pressure chamber 36 to which the
driven piezoelectric vibrator 15 belongs, the island 41
uniformly distributes pressure over the broad range, which is
orthogonal to the linear arrays of nozzle openings. The
portion of the island 41 where it is brought into contact
with the piezoelectric vibrator 15 has the width, which is
selected to be large to such an extent that as not to disturb
the vibration.

Each thick portion 41 of the second layer 51 defining
the concave portion 40 is located in opposition to the
spacer. With the aid of rigidity of the spacer 5, the thick
portion 41 prevents the vibration plate 6 from being
deflected in an undesired fashion.

The width W of the island 41 will be described. The
width W of the island 41 is selected to be 80 % or less of
the width of the pressure chamber 36. The thus selected
width of the island 41 suppresses the reaction of the thin
layer 43 against the displacement of the piezoelectric
vibrator 15, thereby improving the efficiency of transforming
the vibrator displacement into the volume change of the
pressure.chambers 36. To gain a satisfactory efficiency of

the displacement-to~volume transformation, the width of the

This Sheet Has Been RTIlaced
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concave portion 40, one side, must be at least 10 % of the
width of the pressure chamber 36. If so selected, the
vibration (energy} of the piezoelectric vibrators 15 is. not -
consumed b? the deformation of the wall of the pressure
chamber and fluctuation of the whole nozzle plate 1. No
cross talk is caused.

The experiment conducted by the inventor showed that
when the widfh W of the island 41 was 80 pm or less for the
pressure chamber 36 of 100 pm in width, ink could be jetted.
It is more preferable that the width W of the island 41 is
half or less of the width of the pressure chamber 36. If the
width is so selected, a required drive voltage could be
reduced.

In Fig. 5, the width W of the island 41 is longer
than the longer side of the piezoelectric wvibrator 15. If
the rigidity of the island 41 is 1000 times that of the thin
layer 50 as described above, the deflection of the islands 41
per se is satisfactorily small and a volume change of the
pressure chamber is satisfactorily large. In the invention,
the width W of the island 41 is within the range of 50 % to
90 3 of the length of the pressure chamber 36. Such
selection of the island width is made in order to change the
volume of the pressure chamber at the highest efficiency.

A sequence of process steps to manufacture the
vibration plate 6 according to the present invention is

illustrated in Figs. 6(a) to 6(f).
This Sheet Has Been Replaced
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albng the surface of the patterns 53, causing overhangs 56a (FIG 6(d)). As

- the process proceeds,

the nickel further extends in both the thickness and

surface directions. Wien the nickel protrudes approxi.mately 13 [err] m above

the surfaces of patterns 53 and the seceo

i

EACEMERG SHEET ' cubst rate 60

thick, the current feeding is stoppedléFl
and the patterns 53 are renoved (FIG “o(f
vibration plate 6 with islands 41 each s\

i's qanufactured. The

)
d

- N\

As -a conseqgefice, the
oupgegchyiddef{ cpncave portion 40

An electrode is formed on the surface of a working

substrate 60, which was finished as planar as possible. In

this case, nonelectrolytic plating process is used for

forming the electrode. Using the electrode, the first layer

50 of the working substrate 6 is formed, 1 to 10 um thick,

for example, by electroforming nickel (Fig. 6(a)). A pattern-
53 with windows 52, which are coincident in shape with the
bottom portions of the islands 41, is formed as a photoresist
layer bn the surface of the first layer 50 (Fig. 6(b)). The
thickness of the pattern 53 is selected approximately within
5 to 10 upm.

An intermediate structure 55 thus constructed is
electrolytically casted in such a manner that it is immersed
in electrolyte containing nickel ion and current is fed at a
given curﬁent density, with the first layer 50 as thé minus
electrode. As a result, nickel in the electrolyte is

selectively deposited as a layer 56 on the portions of the intermediate

structure 55 where a photoresist layer is not formed. Those
portions are the windows 51, for example. The thickness ofJ
the regions of the pattern 53 to be finished as thick
portions are kept equal to the thickness of the first layer
50 (Fig. 6(c)). The electrolyte is an a agueous solution
essentially consisting of 30 W% of sulfamic acid nickel, 0.5
W% of nickel chloride, 4 W% of boric acid, 1 W% of
brightener, and 0.5 W% of pit removal agent. The current

density is approximat 2
4 PP mately 1 to 2 mA/cm’. This Sheet Has Been Re'ilaced
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section of the islands 41 thus fornmed is in the formof a rivet

first layer 50 is made of resin and the islands 41 are nade of netal, it
possible to form the isléands 41 by cutti T work—and to bond the
fornmed islands 41 on the resin film In a b&&lﬁﬂﬁetal plate is

—~F

te.

bonded on a Thah&: il nd the netal platelis shaped 1 nffo {i sl ands by
ﬂﬁﬁdﬁm ¢edss. In a%fur i
I

cutting work
netal plate. IH
plate i-s etch

When nickel deposition grows to reach the top

r 2reHieqtinnt €S
l@ll formed by et chijng thg nmet al
first |ayer

When t he

A resin

of each

window, the edge effect operates, so that the nickel extends

along the surface of the patterns 53, causing overhangs 56a

(Fig. 6(d)). As the process proceeds, the nickel further

extends in both the thickness and surface directions.

When

the nickel protrudes approximately 13 pm above the surfaces

of patterns 53 and the second layer has grown, 18 to 15 um

thick, the current feeding is stopped (Fig. 6(e)). Then, the

substrate 60 and the patterns 53 are removed (Fig. 6(f)). As

a consequence, the vibration plate 6 with islands 41 each

surrounded by the concave portion 40 is manufactured.

The

section of the islands 41 thus formed is in the form of a

rivet.

When the first layer 50 is made of resin and the

islands 41 are made of metal, it is possible to form the

islands 41 by cutting or press work and to bond the formed

islands 41 on the resin film. In another method, a metal

plate is bonded on a resin film, and the metal plate is

shaped into islands by cutting work or etching process. In a

further method, resin is casted on a metal plate. Islands 41

are formed by etching the metal plate. A resin plate

is

etched to form the first layer 50 and the pressure chamber

wall in a one-piece construction.

After the top surfaces of the islands 41 are coated

with adhesive, the fore ends of the piezoelectric vibrators

15 are brought into contact with the islands 41, as shown in

S

f is casted on a
g



50 and the pressure chanber wall in a one-
top surfaces of theislands 41 are coated

L.on. After the
fore ends of
t he i sl ands

and the islan

t he piezoeleﬁ&ric i brators 15 are brought}i

41. as shown |t bscrBeplagedi's tine, exce

excl usi vel y iH H 60 defineg by |
e adhesive, " fix

f | ows
vi brators 15
- nments is

rei nf orced.

Fig. 7. At this time, excessive adhesive 61 flows
exclusively into the spaces 60 defined by the piezoelectric
vibrators 15 and the islands 41. With the adhesive, fixing
of those components is further reinforced.

In the ink jet recording head, when drive voltage is
applied to the piezoelectric vibrators 15, the piezoelectric
vibrators extend. Displacement of the leading ends of the
pilezoelectric vibrators 15 is transferred through the islands
41 to the vibration plate 6. The root of each island 41, the
size of the boundary portion of the island to the first layer
50, when it is measured in the direction of the linear array
of the nozzle openings, viz., width direction, is smaller
than the piezoelectric vibrator. The size of the boundary
portion orthogonal to the linear array of the nozzle openings
is longer than the piezoelectric vibrator. With provision of
the concave portion 40 around the island, the piezoelectric
vibrators 15, when displaced, presses the-vibration plate §
in the area as narrow as possible in the direction of the
linear array of the nozzle openings, and in an area larger :
than the piezoelectric vibrator 15 in the direction
orthogonal to the nozzle opening array.

The ink jet recording head thus organized has the
following beneficial effects. In transmitting displacement
of the piezoelectric vibrators to one pressure chamber 36, no
pressure is propagated to other pressure chambers 36 adjacent

to a linear array of nozzle openings of the one pressure
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chamber 36. A high transmission efficiency is gained with

matching of acoustic impedance. No local deformation of the

pressure chambers 36 is caused. Accordingly, the energy of

the piezoelectric vibrators 15 can be efficiently used for

spouting ink droplets.

In the embodiment as mentioned above, the
plezoelectric vibrators 15 are directly put on the islands 41
of the piezoelectric vibrators 15. In some specific cases,
an intermediate member 63 may be provided between each of the

piezoelectric vibrators 15 and the corresponding island 41,

as shown in Fig. 9. The end of the piezoelectric vibrator 15

contains a bundle of electrodes for driving the piezoelectric
vibrators 15. The wvibration plate is made of conductive
material such as nickel. For this reason, if some specific
electrode structure is employed, the piezoelect;ic vibrators
15 are possibly shortcircuited through the wvibration plate 6.
To avoid the shortcircuiting, it is preferable to interpose

the intermediate member 63 between the piezoelectric wibrator

and the island.
In the above-mentioned embodiment, the nozzle

openings are opposed to the piezoelectric vibrators 15. The

invention may be applied for another type of ink jet
recording head as shown in Fig. 10. In this recording head,
nozzle openings 74 are formed in one side of a substrate 73
which includes concave portions 70, 71 and 72 for forming

pressure chambers, communicating paths and a reserve tank. A



ofthogonal to the line array of the nozzle gp PLéijHQHIShEET’than t he
- pi ezoel ectric vibrator Wth provision of thejcgncave portion}4p around the

I sl and, the piezoelectric vibrators 15. when |difspZ 8GCT Mespep the
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vibration plate 75 is applied to the side of the substrate in

which the concave portions 70, 71, and 72 are formed, thereby

sealing the substrate. The direction of spouting ink
droplets is orthogonal to the direction of vibration of

piezoelectric vibrators 76. To implement the invention in

this type of the ink jet recording head, in the region of the

vibration plate, which faces the concave portion 70 to serve

as the pressure chamber, islands 81 are formed separated from

another area 82 by means of concave portions 80. The
piezoelectric vibrators 76 are fastened to the vibration

plate 75, with the islands 81 interposing therebetween.

this case, a thick part 83 of the vibration plate between the

adjacent islands 81 is located in opposition to the wall

defining the pressure chamber. Therefore, it increases the

rigidity of the region of the vibration plate 75, which is

other than the region thereof opposed to the pressure

chamber. The increased rigidity contributes to suppression

of the cross talk owing to the deformation of the vibration

plate 75.

Fig. 11 is an exploded view showing an ink jet
recording head which uses the vibration plate according to
the invention. In the figure, feference numeral $0

designates a base fastened to a board 91 on which a drive

circuit and the like are mounted. Vibration units 93 each

including a plural number of piezoelectric vibrators are

contained in unit chambers 92 of the base. Further, the base



I ng beneficial effects. In transmtting displacenent of the piezoelectric

vibrators to one pressure chanber 36, no
REPLACEMENT SHEET

18 29 OCT Mot

This Sheet Has B e

LUy

contains an ink supply pipe 94 for supplying ink from the ink
cartridge to. through-holes. One end of the ink supply pipe
94 has an opening 95 communicating with a through-hole 101
forming a reserve tank. The other end of the same
communicates with a connection needle 96 comnnecting to an.ink
cartridge.

Reference numeral 100 designates the vibration plate,
which is essential to the invention. The side of the
vibration plate 100, which confronts wi;h the base 90,
includes islands 41 (see Fig. 5, not shown in Fig. 11) to be
in contact with the fore ends of the piezoelectric vibrators,
and a through-hole 101 communicating with the opening 95 of
the ink supply pipe. A spacer 105 includes through holes 106
and 107 forming the reserve tank communicating with the
through-hole 101 and the pressure chamber.

A nozzle plate 110 has nozzle openings 111 at the
location opposed to the through hole 107 to sexrve as the
pressure chamber.

The vibration plate 100, the spacer 105, and the
nozzle plate 110 are layered on the base 90, and hermetically
fastened to the base 90 by means of a metal frame 115. A
lead 116 extended from the frame 115 is connected to the
ground terminal of the drive circuit for the nozzle plate
110. Wwith this earthing, the nozzle plate 110 is not

charged, so that no dust will attach to the nozzle openings.



-9- pressure is propagated to other pressure chanbers 36 adja- cent to a
l'inear array of nozzle openings of the one pressure chanber 36. A high
transm ssion efficiency is gained with natch;ng_ni_acousLLc npedance.
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As described above, an ink jet recording head in

which presgure chambers are formed by fastening a wvibration
plate to a nozzle-opening ;ontained member, and piezoelectric
vibrators, which extend and contract in the axial direction,
are fastened at the fore ends to the region oi the vibration
plate, wherein islands are formed in the region of the
vibration plate where it is tobe in contact with the
piezoelectric vibrators, each of said islands being
surrounded by a thinned part, the fore end of each
piezoelectric vibratar being fastened to each said island. With
such a construction of the head, there is eliminated the
mounting work for mounting the coupling member to couple the
piezoelectric vibrators with the vibration plate. Vibration
of the piezoelectric vibrators can be efficiently transferred
to the pressure chambers, through the thinned parts around
the vibration regions. When the electroforming is used for
forming the islands, a depressed part is formed around the
fore end of each piezoelectric vibrator when it is brought
into contact with the corresponding island. The concave
parts receive excessive adhesive.

The foregoing description of preferred embodiments of
the invention has been presented for purposes of illustration

and description.

No
he



spouting ink droplets. In the enbodi nent as nenti oned above, the

. piezoelectric vibrators 15 are directly put on the islands 41 of the

pi ezoel ectric vibrators 15. In sonme specific cases, an inter- nedrate
menber 63 may be provi ded between each of the J.CLuc.cut1iu v—Bfat or's 15
and the corresponding island 41, as shown in FREPMCEMENTGS{W t he

pi ezoel ectric vibrator 15 contalns a b¥hdl e of | e[EctT I ving the
pi ezoel ectric vibrators 15. The vibration plat S2HEQEﬂQ%nQO dJctive

The embodiments were chosen and described in
order to explain the principles of the invention and its
practical application to enable one skilled in the art to
utilize the invention in various embodiments and with various
modifications as are suited to the particular use

contemplated.
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néterial such as nickel. For this reason, if sone specific electrode
"~ structure is enployed, the piezoelectric vibrators 15 are possibly o
shortcircuited through the vibration plate 6. To avoi d the shortciTcutttng,

it i's preferable to interpose the internediate nenber£ﬂ " }
pi ezoel ectr | AtETe i sl and. In the abov n mﬂ D'm :
enbodi nment KEEL .LLagr gs are oﬁﬂosed to the piezoetec tors

15. The invention may be agpl|ied for another type of ink jet recording head
as 29 OCT 1994 : . _
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1. An ink jet recording head comprising:
at least one ink flow passage forming member (1, 5; 73:
105, 110}

a vibration plate (6; 75; 100) having a plurality of
thinned portions (43; 80);

pressure chambers (36; 70) defined by said vibration plate
(6; 75; 100) and said ink flow passage forming member (5;
73; 105, 110);

a plurality of piezoelectric vibrators (15, 75, 93) each of
which extends and contracts in an axial direction thereof;

and

a plurality of islands (41; 81) each formed on each of said
thinned portions (43; 80) of said vibration plate (6 75;
100) the fore end of each said piezoelectric vibrator (15)
being fixed to said vibration plate (6; 75; 100) through
each of said islands (41; 81).

2. BAn ink jet recording head according to claim 1, wherein
said vibration plate (6) comprises a first layer (50)
providing said thinned portions (43) and a second layer
(51) providing said islands (41), and said second layer
(531) is formed preferably by an electroforming process.

3. An ink jet recording head according to claim 1 or 2 wherein
a longer side (L) of each of said island (41; 81) is longer
than a longer side of the fore end face of each said
piezoelectric vibrator (15; 75), and a shorter side (W) of
each of said island (41; 81) is shorter than a shorter side



shown in FIG di ng head, nozzle openings 74 are f rmed in
one side of a (,F,EMBN?;S‘ h i ncludes concave Hmmﬁﬂalmﬂlﬂnd 72
for form ng pgessure cham befs} comrunicating pat tank. A
vibration plaje|{73 90¢HMI¥%d|tp the side of the suBstfat'e i'n which the
concave portiong 70, 71, and 2| are formed, thereby sealing the substrate.
The directionjof  spouting I nk dfoplets™is orthogonal to the direction of

vi bration of piezoelectric vihrhtors 76. To inplenent the invention in this
type of ink

of the fore end face of each said piezoelectric vibrator
(15; 75)

4. An ink jet recording head according to any one of the
preceding claims wherein each said island (41; 81) has a
cross section in the form of a rivet.

5. An ink jet recording head according to any one of the
preceding claims further comprising spacer members (5; 105)
to which the portions of said second layer (51) other than
said islands are opposed, respectively.

6. An ink jet recording head according to any one of the
preceding claims, in which the rigidity of said islands (41;
81) is at least 1000 times as large as that of said thinned
portions (387 80) in the region of said vibration plate (6;
75; 100) which is above said pressure chambexr (36; 70).

7. An ink Jjet recording head according to any one of the
preceding claims in which the short side (W) of each said
island (41; 81) of said vibration plate (6; 75; 100) is 80%
or less than the width of said pressure chamber (36; 70}.

8. An ink Jjet recording head according to any one of the
preceding claims in which the longer side (L) of each said
island (41; 81) of said wvibration plate (63 75; 100) is
within 50 % and 90 % of the length of said pressure chamber
{363 70).

9. A method of manufacturing an ink Jjet recording head,
especially according to any one of the preceding claims,
comprising the steps of:

forming a pattern, which is made of nonconductive material
and having widows located corresponding to leands, in the

This Sheet Has Been Replaced
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jet recording head, in the region of the vibration plate, which faces the
~concave portion 70 to serve as the pressure chanber, islands 81 are forned
separated from anot her area 81 by neans of concave portions 80. The

pi ezoel ectric vibrators 76 are fastened to the vibration plate 75, with the
I sl ands 81 interposing therebetween. In,this case, a thick part 83 of the
vi bration plate between the adjacent isTands 81 is |located in opposition to
the wall defining the pressure chanber. Therefore, it increases the

rigidity of the region of
A, 0 AR

surface of the first layer, which is to serve as a main
body of wvibrating plate and to provide thinned parts;

continuing electroforming process till the electroformed
layer is grown to exceed the surface of said pattern and to

partially cover the pattern; and

removing said pattern layer from said electroformed layer.

. P ¢ - R wil
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the vibration plate 75, which is other than the regi on thereof opposed to
the pressure chanber The increased rigidity contributes to suppression of
the cross talk owing to the deformation of the vibration plate 75. FI G
11 is an expl oded view showing an ink jet recordi ng head which uses the

vi bration plate according to the inveyy

INK JET RECORDING HEAD AND A METHOD OF
OF MANUFACTURING THE SAME

ABSTRACT

In an ink jet recording head pressure chambers (36) are formed
by fastening a vibration plate (6) to a nozzle-opening
contained member (1). Piezoelectric wvibrators (15), which
extend and contract in the axial direction, are fastened at
the fore ends to the vibration plate (6), whereby islands (41)
are formed in the region of the vibration plate (6) where is
to be in contact with the piezoelectric vibrators (15). Each
of the islands (41) is surrounded by a thinned part (40),
which the fore end of each piezoelectric wvibrator (15) is

fastened to each island (41).

FIGURE 1
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- 10 - tion. In the figure. reference nuneral 90 designates a base

- fastened to a board 91 on which a drive circuit and the |ike
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are nounted. Vibration units 93 each including a plural nunber of

pi ezoel ectric vibrators are contained in unit chanbers 92 of the base.
Further, the base contains an ink supply pipe 94 for supplying ink from
the ink cartridge to through-holes. One end of the ink supply pipe 94 has
an opening 95 comuni cating with a thQrough-hole 101 formng a reserve
tank The other end of the sane communicates with a connection needle 96
connecting to an ink cartridge. Ref erence nuneral 100 designates the

vi bration pfete

REPLACEMENT SHEET

2 9 OCT 199

3 6
15 15
e, z 32
Vo, /_—"/’ 7 /£ ?//]
5™ il
30 &
28 e
l |
R i |

This S|

Tt

ot Has Been Reilaced

| |



which is essential to the invention. The side of the vibration plate 100,
whi ch confronts with the base 90, includes islands 41 (see FIG 5. not
shown in FIG 11) to be in contact with the fore ends of the piezoelectric
vibrators, and a through- hole 101 conmunicating with the opening 95 of the
I nk supply pipe. A spacer 105 includes_through holes 106 and 107 form ng
the reserve tank communi cating with t h t hrough-hol e 101 and the pressure
chanber . A nozzle plate 110 has nozzl e openings 111 at the | ocation

FIG. 4
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opposed to

' T prax 07 to serve as the pressure. chanber The
" vibration pl LA Eﬁmgﬁgggher 105, and the nozzle plate 110 are | ayered
ground ter

on the bas 0, and hernetijcdlly fastened to the base 90 by neans of a
152 Poyamod 14 éxtended fromthe frame 115 is connected to the
1 nal of the driyelcircuit Qpr t he nozzle plate 110. Wth this
groundi ng, |t 310 is not” charged, so that no dust wll attach

netal fra
to the nozzl e openi ngs.
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As descri bed above,

an ink jet recording head in which pressure chanbers

are formed by fastening a vibration plate to a nozzl e-openi ng cont ai ned
menber, and piezoelectric vibrators. which extend and contract in the axial
direction, are fastened at the fore ends to the region of the vibration

pl ate, wherein islands are fornmed in the_region of the vibration plate
where is to be in contact with the piezoélec- tric vibrators, each of said
i sl ands bei ng surrounded by a thinned part. the fore end of each

pi ezoel ectric vibrator is
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fastened to each said island. Wth such a construction of the head, themis
elimnated the nounting work for nounting the coupling nenber to couple the
pi ezoel ectric vibrators with the vibration plate. Vibration of the

pi ezoel ectric vibra- tors can be efficiently transferred to the pressure
chanbers, through the thinned parts around the vibration regions. Wen the
electroformng is used for formng the islands, a depressed part is forned
around the fore end of each piezoel ectjpe=Vvi pgator when it is brought into
contact with F,G y
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.the corresponding island. The concave parts receive exces-

FIG. 11
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si ve adhesi ve. The foregoing description of preferred enbodi nents of the
|nvent|on has been presented for purposes of illustration and description.
P ?Ié NT xhaustive or to limt the invention to the
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DATE OF RECEIPT > {1 S

ACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ink jet recording head
of the type in which a plural oumber of piezoelectric
vibrators are disposed in oppasition to 2 plural number of
nozzie openings, and ink droplets are jetted from the nozzle
openings, with the aid of the extension of the piezoelectric
vibrators.

2. Discussion of the Prior Art

The ink jet recording head of the on-demand type has
been known. In this type of the reconding head, a nozzle
plate with a plural sumber of nozzle openings and a vibra-
tion plate partially elastically deformable by the piezoelec-
tric vibrators are oppositely disposed thereby to form a
pressure chamber After ink is sucked into the pressure
chamber through the contraction and extension of the piezo-
electric vibrators, the vibrators are extended to jet ink
droplets through the nozzle openings. The improved ink jet
recording head of this type is also disclosed in U.S. Pat. No.
4,418,355. To improve the junction state of the piczoelectric
vibrators -and the vibration plate, 2 coupling member is
interposed between each piezoelectric vibrator and the
vibration plate. Use of the coupling member provides an
efficient transmission of displacement of the piezoelectric
vibrator to the pressure chamber.

In the technique disclosed in-Japanese Patent Publication
No. Sho. 63-25942, a leg is used for the same purpose, but
the leg is wider than the piczoclectric member and its width
is substantially equal to the channel.

In this patent, an additional step of setting the coupling
members between the piezoelectric vibrators and the vibra-
tion plate is essential. This additional step makes the manu-
facturing process complicated.

Sometimes it fails to efficiently transmit the displacement
of the piczoelectric vibrator to the pressure chamber ot the
force generated by the piezoelectric vibrators reaches and
deforms a part of the vibration plate which should not be
dcformeiAs aresult, thcmkmemscuslsumtable,cansmg

-tal

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
circumstances and has an object to: provxde an ink jet

+.



tions and variations are possible in light of the
- acquired frompractice of the invention.
described in order to explain the principles of the iln %Btllﬁ‘hmﬂd
practical application to enable one skilled in the drt to utilize
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i nvention in various enbodi nents and. Wt h varioug nodi- fications

suited to the particular use contenplated. It is i

the invention be defined by the clains appended hereto, and their

equi val ent s.

recording head in which islands to couple the piezoelectric
vibrators with the vibration plate, and the vibration plate are
formed in a one-piece construction.

Another object of the inveation is to provide an ink jet
recording head which inciudes islands capable of transmit-
ting the vibration to the pressure chamber at the most
efficiency and without giving adverse effects.

Still another object of the invention is to provide a method
&szacﬂxring the above-mentioned ink jet recording

To achieve the above object, there is provided an ink jet
recording head in which pressure chambers are formed by
fastening a vibration plate to a nozzle-opening contained
member, and piezoelectric vibrators, which extend and con-
mctmmemaldzmcnommfastcnedatthefomends
thereof to the region of the vibration plate, wherein islands
are formed in the region of the vibration plate which contact
the piezoelectric vibrators, cach of the islands being sur-
rounded by a thinned part, the fore end of each piezoelectric
vibrator is fastened to each island.

Damped vibration of the driven piezoelectric vibrator
transmits to the pressure chambers adjacent to the pressure
chamber corresponding to the vibrating piezoelectric vibra-
tor. For the pressure chamber corresponding to the vibrating
vibrator, pressure is distributed over a broad range in the
direction orthogonal to the linear array of nozzle openings.

Further, it efficiently transmits displacement of the piczo-
electric vibrators to the pressure chamber, and holds back
unstable motion of the ink meniscus, which arises from
propagation of pressure to the adjacent pressure chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, advantages, and features of the present
invention will be apparent when carefully reading the fol-
lowing detailed description in connection with the accom-
panying drawings, in which:

FIG. 1 is a cross sectional view showing the structure in

. the vicinity of a vibration plate in an ink jet recording head;

FIG. 2 is a perspective view of an ink jet recording head
according to an embodiment of the present invention;
FIG. 3 is a perspective view showing a piezoelectric

- vibrating plate and a fixing plate, both' forming a vibrator

unit;

FIG. 4 is a perspective view showing an example of the
resonator unit;

FIG. 5 is a perspective view, partly in cross section,
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showing the ink jet recording head, particularly the structure
of the flow path in the recording head;

FIG. 6(a) to 6(f) show a set of sectional views useful in
explaining a method of manufacturing a vibration plate
according to the present invention;

FIG. 7 is a perspective view showing how the vibrating
plates and piezoelectric vibrators are mounted;

FIG. 8 is a sectional view showing a state that the

vibrating plate and the piezoelectric vibrator are fastened;
- FIG. 9is a sectional view showing another embodiment
ofanmkjetrecordmgheadacoordmgtothepmentmven-
tion;

FIG. 10 is a perspective view showing yet another
embodiment of an ink jet recording head according to the
present invention; and

FIG. 11 is an exploded view showing an ink jet recording
head which uses the vibration plate according to the inven-
tion. .

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be described in detail with
reference to the accompanying drawings.

FIG. 2 is a perspective view of an ink jet recording head
according to- an embodiment of the present invention. As
shown, a nozzle plate 1 contains four linear arrays 3 of
nozzle openings 2. A spacer § is placed between the nozzle
plate 1 and a vibration plate 6. The spacer 5 serves to define
a reserve tank 35, pressure chambers 36, and a communi-
cating path 37 (see FIG. 5). Through holes 7 and 8, and a
concave portion 9 are formed at predetermined locations.

Ounc surface of the vibration plate 6 faces the nozzle plate
1 with the spacer § interposing therebetween. The top cands

- of piezoelectric vibrators 185 of vibrator units 10, 11, 12 and
13 arc brought in contact with the other surface of the
vibration piate 6. Expansion and contraction of each vibrator
15 are transmitted to the pressure chambers 36 by means of
the vibration plate 6.

The structure of each of the vibrator units 10, 11, 12, and
13 will be described. A lamination-type piezoelectric vibrat-
ing plate 20, which is capable of being driven at low voltage,
consists of piczoelectric material and electrode material
alternately layered in a sandwich manner (FIG. 3). The
piezoclectric vibrating plate 20 is partially fixed to a fixing
plate 22 by means of conductive adbesive, A common
electrode 21 is formed on the fixing plate 22 having a
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What is claimed is: 1. An ink jet recording heaCREBhﬂCEMElwi \HEEB
. plate having a plurality of nozzle holes for ej[ecting TNK,

plate having a first layer and a second | ayer, agéjgﬂ ?F?ga

second | ayer being conposed of different matéritals;, ""a ce

S

di sposed between said nozzle plate and

bzzl e

/i bration
sai d
renber

U-shaped portion 23, A free end portion of the piezoelectric
vibrating plate 20, which faces the U-shaped portion 23 of
the fixing plate 22, is cut according to the array pitch of
pressure chambers, thereby forming a plurality of vibrating
elements 25. In the process of cutting the piezoelectric
vibrating plate 20 into the vibrating elements 25, leads 27 for
supplying a drive signal may be formed in such a manner
that a cutting depth of a dicing saw, for example, is preset to
the depth slightly exceeding the thickness of the common
electrode 21. To form a common electrode 28, a conductive
plate is bonded onto the surfaces of the vibrating elements
25 through conductive adhesive.

Upon applying a drive signal to the leads 27 and the
commeon electrode 28, the vibrating elements 25 extend and
contract in the longitudinal direction.

Returning to FIG. 2, reference numeral 30 designates a
housing, containing the vibrator units 10, fastens the vibra-
tion plate 6, the spacer §, and the nozzle plate 1, in a layered
state, to the selective side of the piezoelectric vibrators 18,
whereby, forming a recording head. The bousing 30 further
contains 2 fleid path 33 for supplying ink from an ink tank
32 to the pressure chamber 31, through an opening 31 of the
vibration plate 6.

In FIG. § showing a perspective view, partly in cross
section, of the ink jet recording head, the spacer S provides
a space for forming the reserve tank 35 which receives ink
through the opening 31, the pressure chambers 36, and the
communicating path 37 which communicates the reserve
tank 35 with the pressure chambers 36. The vibration plate
6 includes islands 41 at the locations to be respectively
brought in contact with the piezoelectric vibrators 15. Each
island 41 is surrounded by a concave portion 40. The
piczoclectric vibrators 15 are fastened at the- ends to the
surfaces of the islands 41, respectively.

Tuming now to FIG. 1, there is illustrated the detailed
structure of the vibration plate 6 together with the structure
near the nozzle openings. As shown, the vibration plate 6
consists of two layers, a first Iayer 50 and a second layer 51
as the islands 41, for example. The first layer 50 is a thin
layer of 2 ym thick, and the second layer 51 is a thick layer
of 18 um. As 2 matter of course, the thickness of those layers
50 aod 51 is not limited to those figures. The vibration plate
6 cooperates with the mozzle plate 1 and the spacer 5

. interposed therebetween to form the pressure chambers 36.
Each of the piezoelectric vibrators 15 is brought into contact

" with the tops of the corresponding islands 41 as the second
layer 51 of the vibration plate 6.

-



said vibration plate and fixedly secured to said nozzle pl ate and said
“vibration plate. said spacer nenber having a plurality of openings
formed therein, said openi ngs bei ng encl osed on one side by said

vi bration pl ate and on anot her side by said nozzle plate to thereby
form pressure chanbers; a plurality of piezoelectric vibrators each of
whi ch extends and contracts in an axi & =direction thereof; and a

plurality of islands projecting fromsaid first |ayer of

_ The rigidity of the island 41 is preferably at least 1000
times as large as that of the first layer 50, which constitutes
the thin layer 43 of the concave portion 40. That is, the
thickness of the thick layer of the islands 41, is selected to
be at least 10 times that of the thin layer 43. Alternatively,
the product to the third power of a modulus of longitudinal
elasticity of the thick layer and the thickness thereof is at
least 1000 times the product to the third power of 2 modulus
of longitudinal elasticity of the thin layer and the thickness
thereof, The rigidity of a physical solid is generally propor-
tional to the thickness thereof to the third power. Accord-
ingly, if the thickness of the thick layer is set to be 10 times
that of the thin layer, the rigidity against the force in the
direction of its thickness is increased 1000 times. The
rigidity of a physical solid is generally proportional to an
elastic modulus thereof, Accordingly, material of high elas-
tic modulus is nsed for the thick layer of which the rigidity
must be high, and material of low elastic modulus is used for
the thin layer of which the rigidity must be low to gain a
deformable nature. Accordingly, the following mathematic -

expression is preferably satisfied: o
REPLACEMENT SHEET

(Bl WED2%)2 1000

where ¢, thickness of the thick layer 22 JAN 1998
El: elastic modulus of the same
t,: thickness of the thin layer
E2: clastic modulus of the same
When the piezoelectric vibrator 15 contracts, the island 41

displaces downward while undergoing a reaction of the thin

layer 43 of the concave portion 40. Where the rigidity of the
islands 41 is high, the isiands 41 are deformed only slightly
while the thin layer 43 of the concave partion 40 is greatly
deformed. Where the rigidity of the islands 41 is low, the
island 41 undergoes the reaction of the thin layer 43 to be
deformed. As z result, the thin layer 43 is deformed slightly.

Thus, when the rigidity of the island 41 is not much larger

than that of the thin layer 43, displacement of the piezo-

electric vibrator 15 is unsatisfactorily transformed into a

change of the volume of the pressure chamber 36. Most of

the displacement is lost in the form of a deformation of the
island 41, and the displacement contributes little to the ink

Jeating action. To minimize the loss, the dgidity ratio must

be set to be at least 1000.

An ink jet recording head was manufactured for the
experiment. In the head, the same material was used for the
islands 41 and the thin layer 43 of the concave portions 40.
The pressure chamber 36 was 100 um in width and 100 pm




said vibration plate to form said second | ayer oHUﬁqyujﬂw'N-i '?ﬁnn pl ate,
"a fore end of each of said piezoelectric vi b : i"%ed to
said vibration plate through each of said isfl gnds. 2. An ifni{j et
recordi ng head according to claim1, wherein saild seééhdANéQQQ ifs [f ormed by
an el ectrof orm ng process. 3. An ink jet recorjdilng-head, conprifsiing: a
nozzl e plate having a plurality of nozzle #ol es {for ej ecting ink;

In depth. When the island 41 was {0 pm thick and the thin
layer 43 was 2 pm thick, deformation of the pressure
chamber 36 was unsatisfactory, and no ink was jetted from
the nozzle apenings. When the thickness of the islands 41
was increased to 20 um, ink was jetted.

As the islands 41 become thicker, the technique to work
them becomes more difficult. In this point, it is preferable to
make the thin layer 43 as thin as possible. Specifically, when
the thin layer 43 is made of metal, its thickness is preferably
5 um or less. When it is made of resin, its thickness is
preferably 10 pm or less. Where the resin is used for the thin
layer 43, the voltage applied to the piczoelectric vibrators 15
will never cause current to flow in the ink. Accordingly,
there is eliminated its adverse effects on the drive circuits
and the like. A stable clectrical detection of using up ink is
ensured. :

The island 41 is structured such that the length L of the
portion of the island 41 where it is brought in contact with
. the first layer 50 is approximately two times the piezoelec-
tric vibrator, and the width W thereof is approximately %
times as large as the same. The island thus structured greatly
impedes the transfer of a vibration of the piezoelectric
vibrator, when driven, to the pressure chambers adjacent to
the press chamber corresponding to the driven vibrator. For
the pressure chamber 36 to which the driven piezoelectric
vibrator 15 belongs, the island 41 uniformly distributes
pressure over the broad range, which is orthogong] to the -
linear arrays of nozzle openings. The portion of the island 41
where it is brought into comtact with the piezoeleciuric
vibrator 15 has the width, which is selected to be large to
such an extent so as not to disturb the vibration.

Bach thick portion 41 of the second layer 51 defining the
concave portion 40 is located in opposition to the spacer.
With the aid of rigidity of the spacer 5, the thick portion 41
prevents the vibration plate 6 from being deflected in an
undesired fashion.

The width W of the island 41 will be described. The width
W of the island 41 is selected to be 80% or less of the width
of the pressure chamber 36. The thus selected width of the
island 41 suppresses the reaction of the thin layer 43 against
the displacement of the piezoelectric vibrator 15, thercby
improving the efficiency of transforming the vibrator dis-
placement into the volume change of the pressure chambers
36. To gain a satisfactory efficiency of the dispiacement-to-
volume transformation, the width of the concave portion 40,
one side, must be at least 10% of the width of the pressure
chamber. 36. If so selected, the vibration (energy) of the



a vibration plate including a base layer and a plurality of I sl ands;
- each of said islands fornmed on said base | ayer of said vibration plate
and each of said island having an end face; a spacer mnenber di sposed
bet ween said nozzle plate and said vibration plate and fixedly secured
to said nozzle pl ate and said vibration plate, said spacer nenber
having a plurality of openings formed~thefein, said openi ngs bei ng
encl osed on one side hy said vibration

ptezoelectric vibrators 1S is not consumed by the deforma-

tion of the wall of the pressure chamber and fluctuation of
the whale nozzle plate 1. No cross talk is caused.

The experiment conducted by the inventor showed that
when the width W of the island 41 was 80 pm or less for the
pressure chamber 36 of 100 pm in width, ink could be jetted.
Tt is more preferable that the width W of the island 41 is half
or less of the width of the pressure chamber 36. If the \:ig‘ﬂx
is so selected, a required drive voltage could be reduc TAMONT CUTE ;

In FIG. , the width W of the island 41 is longer than the | RGELACEMENT SHEET
longer side of the piczoelectric vibrator 15, If the rigidity of
the island 41 is 1000 times-that of the thin layer SO as 2 2 JAN 1998
described above, the deflection of the islands 41 per se is
satisfactorily small and a volume change of the pressure
chamber is satisfactorily large. In the invention, the width W
of the island 41 is within the range of 50% to 90% of the
length of the pressure chamber 36. Such selection of the
island width is made in order to change the volume of the
pressure. chamber at the highest efficiency.

A sequence of process steps to manufacture the vibration
plate 6 according to the present invention is illustrated in
FIGS. 6(a) to 6(.

An electrode is formed on the surface of a working
substrate 60, which was finished as planar as possible. In this
case, nonelectrolytic plating process is used for forming the
electrode. Using the electrode, the first layer S0 of the
working substrate 6 is formed, 1 to 10 pm thick, for example,
by clectroforming nickel (FIG. 6(a)). A pattern 53 with
windows 51, which are coincident in shape with the bottom
portions of the islands 41, is formed as a photoresist layer on
the surface of the first layer 50 (FIG. 6(5)). The thickness of
the pattern 53 is selected approximately within 5 to 10 pm.

An intermediate structure S5 thus constructed is electro-
lytically casted in such a manner that it is immersed in
electrolyte containing nickel ion and current is fed at a given
current density, with the first layer S0 as the minus electrode.
As a result, nickel in the electrolyte is selectively deposited
on the portions of the intermediate structure 55 where a'
photoresist layer is not formed. Those portions are the
windows 51, for example. The thickness of the regions of the
pattern 53 to be finished as thick portions are kept equal to
the thickness of the first layer §0 (FIG. 6(c)). The electrolyte
is an a aqueous solution essentially consisting of 30 W % of -
sulfamic acid nickel, 0.5 W % of nickel chloride, 4 W % of
boric acid, 1 W % of brightener, and 0.5 W % of pit removal
agent. The current density is approximately 1 to 2 mA/cm?.

When nickel deposition grows to reach the u‘)_g of each.
window, the edge effect operates, so that the nickel extends




pl ate and on anot her side by said nozzle plate to thereby

form pressure

* chanbers a plurality of piezoelectric vibrators each of which ext ends

and contracts in an axial direction thereof, a fore end face of each of

sai d piezoelectric vibrators

sai d i sl ands;

and

being fixed to the end face of each of

wherein the end face of each of said islands is in the
form of a rectangle having a |longer std® and a shorter side and t he
fore end face of each of said piezoelectric

along the surface of the patterns 53, causing overhangs 56a
(FIG. 6(d)). As the process proceeds, the nickel further
extends in both the thickness and surface directions. When
the nickel protrudes approximately 13 um above the surfaces
of patterns 53 and the second layer has grown, 18 to 15 um
thick, the current feeding is stopped (FIG. 6(e)). Then, the
substrate 60 and the patterns 53 are removed (FIG. 6(). As
a consequence, the vibration plate 6 with islands 41 each
surrounded by the concave portion 40 is maaufactured. The
section of the islands 41 thus formed is in the form of a rivet.

When the first layer SO is made of resin and the islands 41
are made of metal, it is possible to form the islands 41 by
cutting or press work and to bond the formed islands 41 on
the resin film. In another method, 2 metal plate is bonded on
a resin film, and the metal plate is shaped into islands by
cutting work or etching process. In a further method, resin
is casted on a metal plate. [slands 41 are formed by etching
the metal plate. A resin plate is etched to form the first layer
S0 and the pressure chamber wall in a one-piece construc-
tion.

After the top surfaces of the islands 41 are coated with
adhesive, the fore ends of the piezoelectric vibrators 1S are
brought into contact with the islands 41, as shown in FIG. 7.
At this time, excessive adhesive 61 flows exclusively into
the spaces 60 defined by the piezoelectric vibrators 15 and
the islands 41. With the adhesive, fixing of those compo-
nents is further reinforced.

In the ink jet recording head, when drive voltage is

‘applied to the piezoelectric vibrators 15, the piezoelectric

vibrators extend. Displacemeant of the leading ends of the

piezoelectric vibrators 15 is transferred throngh the islands .

41 to the vibration plate 6. The root of each island 41, the
size of the boundary portion of the island to the first layer 50,
when it is measured in the direction of the linear array of the
nozzle openings, viz., width direction, is smaller than the
piezoelectric vibrator. The size of the boundary portion
orthogonal to the linear array of the nozzle openings is
longer than the piezoelectric vibrator. With provision of the
concave portion 40 around the island, the piezoelectric
vibrators 15, when displaced, presses the vibeation plate 6 in
the area as narrow as possible in the direction of the linecar
array of the nozzie openings, and in an area larger than the
piezoelectric vibrator 15 in the direction orthogonal to the

__'noalc opening array.

The ink jet recording head thus organized has the follow-
ing beneficial effects. In transmitting displacement of the

piezoclectric vibrators to ome pressure chamber 36, no

REPLACEMENT SHEET
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_vibrators is in the formof a rectangle having a |onger

- 9 -

pressure is propagated to other pressure chambers 36 adja-
cent to z linear array of nozzle openings of the one pressure
chamber 36. A high transmission efficiency is gained with
matching of acoustic impedance. No local deformation of
the pressure chambers 36 is caused. Accordingly, the energy
of the piezoelectric vibrators 15 can be efficiently used for
-Spouting ink droplets.

In the embodiment as mentioned above, the piezoelectric
vibrators 15 are directly put on the islands 41 of the
piezoelectric vibrators 15. In some specific cases, an inter-
mediate member 63 may be provided between each of the
piez::lectric vibrators 15 and the corresponding island 41, |
as shown in FIG. 9. The end of the piezoelectric vibrator 15
contains a bundle of electrodes for driving the piezoelectric REPLACEMENT SHEET
vibrators 1S. The vibration plate is made of conductive o
material such as nickel. For this reason, if some specific 22 JAN 159
electrode structure is employed, the piezoelectric vibrators
15 are possibly shortcircuited through the vibration plate 6.
To avoid the shortcircuiting, it is preferable to interpose the
intermediate member 63 between the piezoelectric vibrator
and the island. '

In the above-mentioned embodiment, the nozzle openings
are opposed to the piezoelectric vibrators 15, The invention
may be applied for another type of ink jet recording head as
shown in FIG. 10. In this recording head, nozzle openings 74
are formed in one side of a substrate 73 which includes
concave portions 78, 71 and 72 for forming pressure cham-
bers, communicating paths and a reserve tank. A vibration
plate 75 is applied to the side of the substrate in which the
concave portions 70, 71, and 72 are formed, thereby sealing
the substrate. The direction of spouting ink droplets is
orthogonal to the direction of vibration of piezoelectric
vibrators 76. To implement the invention in this type of ink
jet recording head, in the region of the vibration plate, which
faces the concave portion 70 to serve as the pressure
chamber, islands 81 are formed scparated from another area
81 by means of concave portions 80. The piezoelectric
vibrators 76 are fastened to the vibration plate 75, with the
islands 81 interposing therebetween. In this case, a thick part
83 of the vibration plate between the adjacent islands 81 is
located in opposition to the wall defining the pressure
chamber. Therefore, it increases the rigidity of the region of
the vibration plate 75, which is other than the region thereof
opposed to the pressure chamber, The increased rigidity
contributes to suppression of the cross talk owing to the
deformation of the vibration plate 75.

FIG. 11 is an exploded view showing an ink jet recording
head which uses the vibration plate according to the inven-




- 13 - side and a shorter side, the |longer side of each said end
face of said islands is longer than the |onger side of the fore end
face of each of said piezoelectric vibrators, and the shorter side of

each of said end faces of said islands
of the fore end face of

..10-.

tion. In the figure, reference numeral 99 designates a base

fastened to a board 91 on which a drive circuit and the like
are mounted. Vibration units 93 each including a piural
number of piezoelectric vibrators are contained in wnit
chambers 92 of the base. Further, the base contains an ink
supply pipe 94 for supplying ink from the ink cartridge to
through-holes. One end of the ink supply pipe 94 has an
opening 95 communicating with a through-hole 101 forming
areserve tank. The other end of the same communicates with
a connection needle 96 connecting to an ik cartridge.

Reference numeral 100 designates the vibration plate,
which is essential to the invention. The side of the vibration
plate 100, which confronts with the base 90, includes islands
41 (see FIG. 5, not shown in FIG. 11) to be in contact with
the fore ends of the piezoelectric vibrators, and a through-
hole 101 communicating with the opening 95 of the ink
supply pipe. A spacer 105 includes through holes 106 and
107 forming the reserve tank communicating with the
through-hole 101 and the pressure chamber.

Anozzle plate 110 has nozzle openings 111 at the location

opposed to the through hole 107 to serve as the pressure .

chamber.

The vibration plate 100, the spacer 105, and the nozzle
plate 110 are layered on the base 90, and hermetically
fastened to the base 90 by means of a metal frame 115. A
Jead 116 extended from the frame 115 is connected to the
ground terminal of the drive circuit for the nozzle plate 110.
With this grounding, the nozzle plate 110 is not charged, so
that no dust will attach to the nozzle openings.

As described above, an ink jet recording head in which
pressure chambers are formed by fastening a vibration plate
to a2 nozzle-opening contained member, and piezoelectric
vibrators, which extend and contract in the axial direction,
are fastened at the fore ends to the region of the vibration
plate, wherein islands are formed in the region of the
vibration plate where is to be in contact with the piezoelec-
tric vibrators, each of said islands being surrounded by a
thinned part, the fore end of each piezoelectric vibrator is
fastened to ecach said island. With such a coanstruction of the’
head, there is eliminated the mounting work for mounting
the coupling member to couple the piezoelectric vibrators
with the vibration plate, Vibration of the piezoelectric vibra-
tors can be efficiently transferred to the pressure chambers,
through the thinned parts around the vibration regions.
When the electroforming is used for forming the islands, a
depressed part is formed around the fore end of each
piezoelectric vibrator when it is brought into contact with
the corresponding istand, The concave parts receive exces-

is shorter than the shorter side
each of said piezoelectric vibrators.

REPLACEMENT SHEET
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4. An inkiet recording head according to claim1, wherein each of said

I slands has a cross section in the formof a rivet. 5 An ink jet

recordi ng head, conprising: a nozzle plate having a plurality of nozzle

hol es for ej ecting ink ; a vibration plate including a base |ayer and

a plurality of i sl ands fornmed on said base | ayer. wherein said base

| ayer has thinned portions in areas wher e skt d"i sl ands are not forned;
sive adhesive.

The foregoing description of preferred embodiments of
the invention has been preseated for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. and modifica-
ticns and variations are possible in light of the above
teachings or may be acquired from practice of the invention.
The embodiments were chosen and described in order to
explain the principles of the invention and its practical
application to enable one skilled in the art to utilize the
invention in various embodiments and with various medi-
fications as are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the
claims appended hereto, and their equivalents.
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a spacer nenber di sposed between said nozzle plate and
" plate and fixedly secured to said nozzle
pl ate, said spacer nenber

t her ei n,

chambers

sai d

said vibration
pl ate and said vibration
having a plurality of openings fornmed- -

openi ngs bei ng encl osed on one sidé by said vibration

pl ate and on anot her side by said nozzle plate to t & essure
a plurality of piezoelectrT cl%iprators m@ 3\‘““‘“ ﬁ!mm
* < L B ¥

extends and contracts in an axial direction thereof,

What is claimed is:

1. An ink jet recording head comprising:

a nozzle plate having a plurality of nozzle holes for
ejecting ink;

a vibration plate having a first layer and a second layer,
said first and said second layer being composed of
different materials;

a spacer member disposed between said nozzle plate and
said vibration plate and fixedly secured to said nozzle
plate and said vibration plate, said spacer member
having a plurality of openings formed therein, said
openings being eaclosed on one side by said vibration

plate and on another side by said nozzle plate to thereby

form pressure chambers;

a plurality of piezoelectric vibrators each of which
extendsandcontractsinanaﬁaldirecﬁonﬂmeof;and_

a plurality of islands projecting from said first layer of
said vibration plate to form said second layer of said
vibration plate, a fore end of each of said piezoelectric
vibrators being fixed to said vibration plate through
each of said islands. '

2. An ink jet recording head according to claim 1, wherein

said second layer is formed by an electroforming process.

3. An ink jet recording head, comprising:

a nozzle plate having a plurality of nozzle holes for
ejecting ink;

a vibration plate including a base layer and a plurality of
islands; each of said islands formed on said base layer
of said vibration plate and each of said islands having
an end face;

a spacer’ member disposed between said nozzle plate and
said vibration plate and fixedly secured to said nozzle
plate and said vibration plate, said Spacer member
having a plurality of openings formed therein, said
openings being enclosed on one side by said vibration
plate and on another side by said nozzle plate to thereby
form pressure chambers

a plurality of piezoelectric vibrators each of which
extends and contracts in an axial direction thereof, a
fore end face of each of said piezoelectric vibrators
being fixed to the end face of each of said islands; and

wherein the end face of each of said islands is in the form
of a rectangle having a longer side and a shorter side
and the fore end face of each of said piezoelectric’
vibrators is in the form of a rectangle having a longer
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fore end of each of said piezoelectric vibrators being

fixed to an end

face of a correspondi ng one of said Islands; and ™ in which aTigidity

of said islands is at |east 1000 tinmes as | arge a Welgel aid
t hi nned portions of said vi bration plate. 6. Anzl!ﬂ“m@’ M mg
head, conprising: a nozzle plate having a plurality i sES 1 Or

ej ectig ink;

_13_

side and a shorter side, the longer side of each said end
facc of said islands is longer than the longer side of the
fore end face of each of said piezoelectric vibrators, and
the shorter side of each of said end faces of said islands
is shorter than the shorter side of the fore end face of
each of said piezoelectric vibrators.

4. An ink jet recording head according to claim 1, whecein

each of said islands has a cross section in the form of a divet.

'§. An ink jet recording head, comprising:

a nozzle plate having a plurality of nozzie holes for
_ejecting ink;

a vibration plate including a base layer and a plurality of
islands formed on said base layer, wherein said base
layer has thinmed: portions in areas where said islands
are not formed; . _

a spacer member disposed between said nozzle plate and
said vibration plate and fixedly secured to said nozzle
plate and said vibration plate, said spacer member
having a plurality of openings formed therein, said
openings being enciosed on one side by said vibration
plate and on another side by said nozzle plate to thereby
form pressure chambers

a plurality of piezoelectric vibrators eack of which
extends and contracts in an axial direction thereof, a
fore end of each of said piezoelectric vibrators being
fixed to an end face of a comesponding one of said
islands; -and

in which a rigidity of said islands is at least 1000 times as
large as a rigidity of said thinned portions of said
vibration plate.

6. An ink jet recording head, comprising:

a npzzlc plate having a plurality of nozzle holes for
ejecting mk;

a vibration plate including a base layer and 2 plurality of
islands formed oa said base layer;

a spacer membcr disposed betweea said nozzle plate and
said vibration plate and fixedly secured to said nozzle
plat_e and said vibration plate, said spacer member
having a plurality of openings formed therein, said
openings being enclosed on one side by said vibration

_Plate and on another side by said nozzle plate to thereby

form pressure chambers, said pressure chambers hav-
ing a surface which is substantially rectangular and has
a length and a width;
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a vibration pl ate including a base |layer and a plurality of
formed on said base | ayer;

i sl ands

a spacer nenber di sposed between said nozzle

pl ate and said vibration plate and fixedly secured-te—said-nozzle

plate and said vibration plate, said spacer nenber havi ng

a plurality of

openi ngs fornmed therein, said openi ngs bei ng im gﬂ lﬂ"ﬂﬂtﬁm de by
said vibration pl ate and on anot herigide by s o thereby
form pressure chanbers, said pressure chanbers hav-

a plurality of piezoelectric vibrators each of which
extends and contracts in an axial direction thereof, a
fore end of cach of said piczoelectric vibrators fixed to
said vibration plate through a corresponding one of said
islands, a cross-section of an area of each of said
islands contacting said vibrators being substantially
rectangular and having a long side and a short side, and
& surface of said pressure chambers associated with
each of said islands having a substantially rectangular
surface formed by said first layer; and

:_ in which the short side is 80% or less than the width of

said pressure chamber.
7. An ink jet recording head, comprising:

‘2 nozzle plate having a plurality of nozzle holes for

ejecting ink;

a vibration plate including a base layer and a plurality of
islands formed on said base layer;

a spacer member disposed between said nozzle plate and
said vibration plate and fixedly secured to said nozzle
plate and said vibration plate, said spacer member
baving a plurality of openings formed therein, said
openings being enclosed on one side by said vibration
plate and on another side by said nozzle plate to thereby
form pressure chambers, said pressure chambers hav-
ing a surface which is substantially rectangular and has
a length and a width;

a plurality of piezoelectric vibrators each of whzch
extends and contracts in an axial direction thereof, a
fore end of each of said piezoelectric vibrators being
fixed to said vibration plate through a comesponding
one of said islands, a contacting surface of each of said
islands which contacts said vibrators being substan-
tially rectangular and having a long sidc and a short
side;

wherein the short side is 80% or less than the width of said
pressure chamber, and

wherein the longer side is within 50% to 90% of the
length of said pressure chamber.
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a plurality of piezoelectric vibrators each of which ext ends and
contracts in an axial direction thereof, a fore end of each of said
pi ezoel ectric vibrators fixed to said vibration plate through a
correspondi ng one of said

2

i
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I.sl ands, a cross-section of an area of each of said I sl ands contacti ng
said vibrators being substantially rectangul ar and having a | ong side and
a short side, and a surface of said pressure chanbers associated with
each of said islands having a substantially rectangul ar surface formed by
said first layer, and in which the short side is 80%or |ess than the wi dth
of sai d pressure chamber. 7. An ink jet Becording head, conprising:
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a nozzle plate having a plurality of nozzle holes for ejecting ink; a
vibration plate including a base layer and a plurality of I sl and forned
on said base |layer; a spacer _nmenber disposed between said.nozzle plate and

said vibration plate and fixedly secured to said om;SQSHEEpI}m%BEEM sai d
vibration plate, tfasiet Ben R, r having a pluralityepfacgpeni ngg formed
t herein, said pﬁm‘“ﬁ ncl osed~oft Gne si n
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.plate and on another side by said nozzle plate to thereby form pressure
chanbers, said pressure chanbers hav- ing a surface which is
substantially rectangul ar and has a length and a width; a plurality of

pi ezoel ectric vibrators each of which extends and contracts in an axi al
direction thereof, a fore end of each of said piezoeletric vibrators

bei ng fixed to said vibration plate through a correspondi ng one of said
i sl ands, a contacting surface of each o%~said

FIG: 7
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.I'slands which contacts said vibrators bei ng subst an- tially rectangul ar

and having a |long side and a short si de; wherein the short side is

80% or less than the width of said pressure chanber, and wherein the

| onger side is within 50% to 90% of the | engt h of said pressure chanber.
..6...
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ABSTRACT

INK JET RECORDING HEAD

In an ink jet recording head in which pressure chambers are
formed by fastening a vibration plate (0 a nozzle-opening
comtained member, and piezoelectric vibrators, which
extend and contract in the axial direction, are fastened at the
fore ends to the region of the vibration plate, islands are
formed in the region of the vibration plate where is 10 be in
contact with the piczoelectric vibrators, each of the islands
being surrounded by a thinned part, the fore end of each
piezoelectric vibrator is fastened to each island.

Fig. 1
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