| NK JET RECORDI NG HEAD AND A METHOD .OF MANUFACTURI NG THE SAME The present

I nvention relates to an ink jet recording head and a nethod of maki ng sane.

The ink jet recording head of the on-denand type has been known. In this )
type of the recording’head, a nozzle plate with a plural nunbe nozgge
openings and a vibration plate partiallg el ast i gl effr blé’ - Z i
pi ezoel ectric vibrators-are oppositely dispose y gosJor presSur e

chamber. After ink is sucked into the pressure chanber through the .

contraction and extension of the piez e vihrators, the vibrators are
extended to jet ink droplets ttiou We%@n%s. The i rb%ﬂgé@k
jet recording head of this tﬁf@f?' g&lgdﬁfa' R%a%c S ent, . 44K 5.
To i nprove the junction st%te od?h? pl ezoe ectrlcc:;lw rE%s and the
vi.bration plate, a coupling nenber is interposed between each piezoelectric
vi brat or andrieh@resknat invent axire. rdlsasl toh@ncéopl jey reededipg owathangh
efficient tQ?QEKh%?iQP Rixfisplagenent of the piezoelectric vibrator to the
pressure chanber. In the technique disclosed in- Japanese -Pat ent

Publicati on No. Sho. 63-25942, a leg is used for the same purpose, but the
leg is wider than tThe pirse geltececordingbbeadndfi the wait+demnand utypearitdsal | y
equal to the channel. I'n this patent, an additional work to set the

coupl i ng nekeenskhevmeent® Hhif &2Re && the FrEPARSRE BAddthd FP®F¥Ri on

plate i s eosettialien & Wikal Wbl noklife SBO4LASLULAR% PLOESS00n

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 impro&é-the junction state of thé piezoelectric vibrators

and the vibration plate, a coupling member is interposed

between each piezoelectric vibrator and the vibration plate.
Use of the coupling member prdvides an efficient transmission

of displacement of the piezoelectric vibrator to the pressure

chamberxr.

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 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
essential. This work makes the manufacturing process
complicated.



2 Sonetinmes it fails to efficiently transmt the displacenent of the

pi ezoel ectric vibrator to the pressure chanber or the force generated by
the piezoelectric vibrators reaches and defornms part of the vibration

pl ate where should not be deformed. As a result, the ink nmenjscus is
instable, viz., so called cross talk is caused. The present invention has
been made in view of the above circunstgances and has an object to provide a
reliable ink jet recording head whic¢h is easy to manufacture. Thi s obj ect
is solved by the ink jet recording head according to i ndependent claim1
and the nethod of independent <claim 9. Furt her advant ageous features,
aspects and details of the |nvent|on are evident fromthe dependent clalns

t he description.and the dr.agw & t Qed
(e descr! Ehon nd L Ao 1 od N ELAYD ELBbALenRY seoitaunigte! o0
terns. The thevepieesnepectriles waxbzrammmvet@ i bkej cpresswrei hamkar oo hghe -
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opposition to a p noz eni i nk_ dr.opl e re
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head accordj PLESENG o on islands to couple the piezoelectric
V|brators‘ﬁagﬁephgr@%gra %hgglg¥%g%and the vi bration plate are fornmed in a

one- pi ece construction.
The present invention has been made in view cf 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. B

According to one aspect of the ink jet recording head
according to the present invention islands to couple the
piezoelectiic ‘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.



Anot her aspect of the invention is to provide an ink jet recordi ng head

whi ch includes islands capable of transmtting the vibration to the
pressure chanber at the nost efficiency and wi thout giving adverse effects.
3 Still another aspect of the invention is to provide a nethod of

manuf acturi ng.t he above-nentioned ink jet recording head. According to a

specific aspect of the invention, therﬁh%s provided an ink jet recording
head in which pressure chanbers are fo d by fastening a vibration plate
to a nozzl e-openi ng cont ai ned nenber, and piezoel ectric vibrators, 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 fornmed in
the region of the vibration plate where is to be in contact with the

pi ezoel ectric vibrators, each of the islands being surrounded by a thinned
part, the fore end oftéhthapbther| aspect of lwhet dnvestiant dsetiot prewide a

i sl and. Danped vibration of the driven piezoelectric vibrator transmts to
the pressureRetiederf BAPRERREUFSNE hEhe raug-Bentdirped 45K deborarAEdERdt he
vi brating piezoelectric vibrator. For the pressure chanber corresponding to
t he vibratin&eﬁﬁbrator, pressure is distributed over a broad range in the

directi ' ' g s
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jet recording head in which pressure chambers are formed by
fastening a vibratign plate to a nozzle-opening contained
member, and piezoelectric vibrators, which extend and
céntract in the axial direction, are fastened at the fore
ends thereof to the region of the vibration plate, wherein
_iélands—are formed in the region of the vib;ation plate where
is to be in contact with the piezoeléctric vibrators, each of
the islands being surrounded by a thinned part, the fore end
— of each-@iezoelectric 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.
Fﬁrther, it efficientiy transmits displacement of the
piezoelectric vibrators to the pressure chamber, and holds
back instable moﬁion of the ink meniscus, which arises from

propagation of pressure to the adjacent pressure chambers.



pi ezoel ectric vibrators to the pressure chamber, and hol ds back instable
notion of the ink neniscus, which arises from propagation of pressure to
t'he adj acent pressure chanbers. 4 O her, aspects, advantages, and
-features of the present invention will be apparent when carefully reading
the follow ng detail ed description in connection wth the acconpanying
drawi ngs, in which: Fig. 1 is a cross séctional view showing the structure
in the vicinity of a vibration plate in an ink jet recording head; Fig. 2
s a perspective view of an ink jet recording head according to an

enbodi nent of the present invention; Fig. 3 is a perspective view show ng a
pi ezoel ectric vibrating plate and a fixing plate, both form ng a vibrator
unit; Fig. 4 is a perspective view showi ng an exanple of the resonator

unit; Fig. 5is a RamRectidfactL\hdnitdged N P FeatliddHof i ng the
ink jet recording head, particularly the structure of the flow path in the

recordi ng hgdésertt dinvwdrigidD will Béapparait othereatd il My eveadisesf he n
expl aining a method of manufacturing a vibration plate according to the
present i nvémlloningidetdiled adesesimuidn dvicangaiaqny o t#he vi brat i ng
pl ates and pi ezoel ectric vibrators are nounted;

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 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;

- -Figx 4 is a perspective view showing an example of
the resonator unit;

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

Fié. 7 is a perspectiv; 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. 8 is a sectional view showing a state that the vibrating plate and the
pi ezoel ectric vibrator are fastened; 5 Fig. 9is a sectional view
showi ng anot her enbodi nent of an i.nk jet recording head according to the
"present invention; Fig. 10 is a perspective view showi ng yet anot her

enbodi nent of an ink jet recording head according to the present invention;
and Fig. 11 is an expl oded view showing an ink jet recording head which
uses the vibration plate according to the invention. The present invention
will be described in detail with reference to the acconpanyi ng draw ngs.
Fig. 2 is a perspective view of an ink jet recording head according to an

enbodi nent of the preser’g!n |nvent|on S shown, a nozzle plate 1 contains
four linear arrays F3%f *hdS 1% IH5EH yiew Shepeing anotlier ephadimen t he
nozzl e pl at and ration ate 6. The SRAce rves to define a
reserve tan %é‘ p‘r’@%ﬂlre S %Bea C@rﬂ%n’?ca 57 (see
Fig. 5). Thr Jngles 7 and 8, and a concave portion 9 are forned at

pr edet er m ne ocat I'ons. One surface of the vibration plate 6 faces the

nozzle plate 1 witlpsihe 19036 pdAHRIAGYNG P HRIIRE Vet R defRSNdS Of
pi ezoel ectric V|bratg¢s 15 of v?hra or units 10, 11, Y =
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.

The present invention will be described in detail
with reference to the accompanying drawings.
Fig. 2 is a perspective view of an ink jet recotding
__head according to an embodiment of the present invention. Aas
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 resef@e tank 35, pressure chambers 36, and e
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



12 and 13 are brought in contact with the other surface of 6 the
vi bration pl.ate 6. Expansion and contraction of each vibrator 15 are
transm tted 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 wl| be
described. A |lam nation-typed piezoelec%ric vibrating plate 20, which is
capabl e of being driven at |ow voltage, consists of piezoelectric materi al
and electrode nmaterial alternately layered in a sandwi ch manner (Fig. 3).
The piezoelectric vibrating plate 20 is partially fixed to a fixing plate-
22 by nmeans of conductive adhesive. A common el ectrode 21 is forned on the
fixing platecg2 Payingisn UpsheLct. POEXHNsZon dnd r€Snerdc PO | OO &dcli he
pi ezoel ectric vibrating plate 20, which faces the U shaped portion-23 of
the fixing pyabeatdr 15 &té vBranssituedots heharprgspite hchinperssif oy
chanbers, thereby formng a plurality of vibrating elenents 25. In the
process of cueshagofhthei ezbodbioniplateéréting plate 20 into the vibrating
el ements 25, |leads 27 for supplying a drive signal may be formed in such a
manner that a cutti nBheleptructuse PEierRCh A R BRFHIC MRt Yo the
depth slightlg exceedi ng the thickness of the common, el ectrode 21. To form
4

a common el ey ofed2B3 wilhnhe cieseTHPe e il %ﬁﬁﬁﬁiFiﬁﬁEF¥ﬂ% surfaces of
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drive signa

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
piezoeléctric vibrating plate 20, which faces the U-shaped
— porti6n423 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
piezoelecﬁric 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 2 common
electrodé 28, a conductive piate 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.



comon el ectrode-28, the vibrating elenents 25 extend and contract in the
| ongi t udi nal. direction. 7 Returning to Fig. 2, reference nuneral 30
desi gnates 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 |ayered
state, to the selective side of the piezoelectric vibrators 15, whereby
formng a recordi ng head. The housi ng 39 further contains a fluid path 33
for supplying ink froman ink tank 32 t0 the pressure chanber 36, through
an opening 31 of the vibration plate 6. In Fig. 5 show ng a perspective
view, partly in cross section, of the ink jet recording head, the spacer 5
provides a space for form ng the reserve tank 35 which receives ink through
the opening 31, theRetasndng &9afia-s 236 refegense aymrtatcdli Agspanptes
whi ch communi cates, the reserve tank 35 with the pressure chanbers 36. The
vibration plathe%ing FRESOLNGEhe viPRaten SoditSodl «1d. Ka 13 e Soetans, s

brought i ntact, with the pi | ectric ibrat 15, h.islagd 41 i
cur T ounded SR AR RL AN (5700 SPAE i3, Ao FTP AOFPRAPAPES1S all o

f d h f - il A yely.
ast ened at J%%}’eﬁ%éf’%ﬁa%te% %o Ftrheaﬁ%}s%té%g s't;%gag‘is tﬁ%eaﬁ.é%‘éi[ah%ﬂ)’:

Tgrning now ere isi et al struc ure_of t he
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shown, the vibration plate 6 consists of two |ayers,” a first layer 50 and a
second 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 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
piezoelectric vibrato:s 15 are fastened at the ends to the
surfaces of éﬁe 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 6 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 um. As a matter of course, the thickness



| ayer 51 as the islands 41, for exanple. The first layer 50 is a thin |ayer
of 2 [err]mthick, and the second layer 51 is a thick layer of 18 [err]m
As a matter of course, the thickness 8 of those layers 50 and 51 is not
limted to those figures. The vibration plate 6 cooperates with the nozzle
plate 1 and the spacer 5 interposed thegebetween to formthe pressure
chanbers 36. Each of the piezoelectric vibrators 15 is brought into contact
with the tops of the corresponding islands 41 as the second |ayer 51 of the
vibration plate 6. The rigidity of the island 41 is preferably at | east
1000 tines as large as that of the first |layer 50, which constitutes the

thin layer 43 Gihdd® 1GORGH SPUHd L 46 nbRll inGtdd &d RHdew Figurdshe

thick layer of the islands 41, is selected to be at |east 10 tines that of
the thin | ayrtie Adbriticomatliatsd V6 dduoperanisciwitth tthe nozaleg@iarteofl and
nodul us of | ongitudi-nal elasticity of the thick |ayer and the thickness

t hereof is dthed eapace® intespasesd mhahehetwearhda fiomr g Prsissageodul us
of longitudinal elasticity of the thin |ayer and the thickness thereof. The
rigidity of ¢hamhensalb solBarh LHade Riegaalesdriicovdbraradie dhilskness
thereof to the third power. Accordingly, if the thickness of the thick

layer is setPTRIE FAH] FOTAGR WER (1% HIPs Qferthe ROTHSFRANF Y ai nst
LD T A T o B T R, e
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 ;ayer
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 ﬁioportional 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



nmodul us thereof. Accordingly, material of high elastic nodulus is used for
the thick layer of which the rigidity nust be high, and material of |ow
e€lastic nodulus is used for the thin layer of which the rigidity nmust be

low'to gain a“ 9 defornmabl e nature. Accordingly, the follow ng mathematic
expression is preferably satisfied: [err] where t[err] : thickness of the
thick layer El : elastic nodulus of the“sanme t[err]: thickness of the thin

| ayer E[err] : elastic nodulus of the sane When the piezoelectric vibrator
15 contracts, the island 41 di spl aces downward whil e undergoing a reaction
of the thin |ayer 43 of the concave portion 40. Wiere the rigidity of the

I slands 41 is high, the islands 41 per se is |little deforned while the thin
| ayer 43 of the concave portion 40 is greatly deformed. Wiere the rigidity
of the islapsotharied awtude | Aartdihglss, TheMAgRand e themcttion of
the thin layer 43 to be deforned. As a result, the thin layer 43 is little
def ormed. Thigpressaen is Prgifdinablef sdtdsftidenrd 41 is not much larger than
that of the thin |ayer 43, displacenent of the piezoelectric vibrator 15 is
unsatisfactorily transforned into a change of the volune of the pressure
chanmber 36. Most of the disglacenent is lost in the formof a deformation
of the island 41, af&ltket;’)/(E2 x t37) 2 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-4i 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
reactibn of the thin layer 43 to be deformed. As a result,
thé thin layer 43 is little deformed. Thus, when the
rigidity of the island 41 is not much larger than that of the
thin laye£ 43, displacement of the piezoelectric vibrator 15
is unsaﬁisfactorily 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.



di spl acenent little contributes to the ink jetting action. 10 To
mnimze the loss, the rigidity ratio nust be set to be at |east 1000. An

i hk jet recording head was manufactured for, experinmental 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 chanber 36 was 100 [err]min w dth
and 100 [err]min depth. Wien the islantilo41l was 10 [err]mthick and the
thin layer 43 was 2 [err]mthick, deformation of the pressure chanber 36
was unsatisfactory, and no ink was jetted fromthe nozzle openings. Wen
the thickness of the islands 41 was increased to 20 [err]m ink was jetted.

As the isl apfsnidinkeeOfRet MdEkerehd ha giachipi gaeid auudk kod b hecoeestnore
difficult. Inthis point, it is preferable to thin the thin |ayer 43 as
much as poskaasite 108pecifically, when the thin |ayer 43 is made of netal,
Its thickness is preferably 5 [err]mor less. Wien it is nmade of resin, its

t hi ckness is pref ePBbigk 112 &999Fddng| Bead wWe enuf@qged for,sepeyigentiale

thin layer 43, the voltage lied to th i ezoelectric vibrators 15 wl|
‘never causePCaPPERT-to ?ﬁ kf‘ﬁg\g‘bedardcjfi ril"glfay ,nggerPaég?;s"ae RS £PE ’ééﬁer se
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of using up ink is ensured. The island 41 is structured such that the

| engt h L ofrhieherpesttencidmiidre 36sasd 148 wheir widtls dndou@iot umnigont act
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.

A;—the islands 41 become thicker, the techniqﬁe to
work them becomes more difficult. In this point, it is
preferable to thin the thin layer 43 as much as possible.
SPecificéiij, when the thin layét 43 is made of metal, its
thickness is preferably 5 um or léss. When it is made of
resin, itg_thickness is preferably 10 um or less. Where the
resin is used for the thin layer 43, the voltage applied to
the piezoeleétric vibrators 15 will never cause current to
ink. Accordin&ly, there is eliminated its adverse effects on
the drive circuits and the like. A stable electrical
detection of using up ink is ensured.

Thé.island 41 is struct;red 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



with the first layer 50 is approximately two tinmes the piezoelectric

vi brator, and the.width Wthereof is approximately 1/3 times as |l arge as
t'he same. The island thus structured greatly inpedes the transfer of a
"vibration of the piezoelectric vibrator, when driven, to the pressure
chanbers adjacent to the press chanber corresponding to the driven

vi brator. For the pressure chanber 36 whi ch the driven piezoelectric

vi brator 15 belongs, the island 41 uniformy 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

pi ezoel ectri approximately h4d thHeeqi s hlaxge GF ihadang ediThodsland to

of the SeconBhnayStreatuEd BREEERE DORIRT. A (VOHISARS ©F b adFation
ition to_th . Wih the aid of rigidify of t 5 th
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the reaction of In layer 43 against the displacenment o .
pi ezoel ect ri'@ry¥dr ap QezdSledhei €byibr@tsy | Y Hdlomfd,i airenasaind raansf or mi ng
the vibrator displacenent into the volume change of the

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 portibn 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 thé piezoelectric
vibrator 15, ﬁhereby improving ﬁhe 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



pressure chanbers 36. To gain a satisfactory efficiency of the

di spl acenent -t o-vol une transformation, the width of the 12 concave
portion 40, one side, nust be at least 10 % of the width of the pressure
charber 36. If so selected, the vibration (energy) of the piezoelectric
vibrators 15 is not consunmed by the deformation of the wall of the pressure
chanber and fluctuation of the whole, nozzle plate 1. No cross talk is
caused. The experiment conducted by thé2i nventor showed that when the wi dth
Wof the island 41 was 80 [err]mor |less for the pressure chanber 36 of 100
[err]min wdth, ink could be jetted. It is nore preferable that the wdth
Wof the island 41 is half or less of the width of the pressure chanber 36.
If the width is so selected, a required drive voltage could be reduced. In
Fig. 5, the width Wof the island 41 is |longer than the |onger side of the
pi ezoel ect r icendaveaipdirtion 140, kae isgiddi,t yiusk beeaitsleadtc410i § $@0@nkl mes
that of the thin |ayer 50 as descri bed above, the deflection of the islands
41 per se i widlahi sifacher pressmale cladbaxydbune Ichargeedictkd ,pthesur e
chanber is satisfactorily large. In the invention, the width Wof the

i sl and 41 | yikirefien: Henexeys of thevpiezoelessricheibeagersolst s prsssure
chanber 36. Such selection of the island width is_made in order to change

the vol ume GPnsHEeg: BYsthe dripsartien RE khghwadlePfi thenByessure

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 um 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 d;ive 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 4l'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 iﬁvention,
the width W of the island 41 is within the range of S0 % to
90 3 of the length of the pressuze 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

vibraticn plate 6 accorxrding to the present invention is

illustrated in Figs. 6(a) to 6(f).



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). 13 An
el ectrode is fornmed on the surface of a working substrate 60, which was
finished as planar as possible. In this case, nonelectrolytic plating
process is used for formng the electrgseh Using the el ectrode, the first
| ayer 50 of the working substrate 6 is forned, 1 to 10 [err]mthick, for
exanple, by electroformng nickel (Fig. 6(a)). A pattern 53 with w ndows
52, which are coincident in shape with the bottom portions of the islands
41, is fornmed as a photoresist |layer on the surface of the first |ayer 50
(Fig. 6(b)). The thickness of the pattern 53 is selected approximately
within 5 to 10 [err]m An internedi ate structure 55 thus constructed is

el ectrol ytical ly cashreleckrrde oLifaitiated PR the jsug 3 ¥kdS ol yt e
Che Tirst | agEPetoREs Ehe WRHES REcEHBIEAcRS BEtAY 44 RedriRld ) 4"
Phter med at ctBEF RSP SeNaRSrErRl PRSP Eat S lordedt 116 K A L e
portions ar eg%@%}é%g ?%‘ﬁ?g%ee:ELB&e.exaﬁleg%rgﬁ@ AT SKRESS, Ofnd Nes A9 fife0f

the pattern as thick tions are kept equal to the
thi ckness of shhgef thet wbBXhgOSubEtPatré(6)ls Adiened £C1 rigd VI® jins Hick,

aqueous sol ution
for example, by electroforming nickel (Fig. 6(a)). A pattern
53 with windows 52, which are coincident in shépe 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 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 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 ofd
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?.



essentially consisting of 30 W of sulfamc acid nickel, 0.5 Wétof nickel
chloride, 4 Woof boric acid, 1 Whohof brightener, and 0.5 Whwof pit renoval
agent. The current density is approximately 1 to 2 mA/cnjerr]. 14. \When
ni ckel deposition grows to reach the top of each wi ndow, the edge effect
operates, so that the nickel extends a&%ng the surface of the patterns 53,
causi ng overhangs 56a (Fig. 6(d)). As the process proceeds, the nickel
further extends in both the thickness and surface directions. Wen the

ni ckel protrudes approxinmately 13 [err] m above the-surfaces of patterns 53
and the second | ayer has grown, 18 to 15 [err]mthick, the current feeding
I's stopped (Fig. 6(e)). Then, the substrate 60 and the patterns 53 are
renoved (Fig. 6(f)). As a_consequence, the vibration plate 6 with islangds
41 each surrounded U?ephélSBHéagépﬁéiFFeﬁ gg5ors ﬁﬁnEFgEﬁuFEG;t?ﬁe°§e8PF n
of the islands 41 thys faornmed_s in the form of rivet. W he fi.rst
| ayer 50 is “HaRO%of eAIEnGEEREY SPERASSAT §Pe%ﬁﬁée%§F Hé?gﬁa eftegas

possiblie 10 J1%p Whe La-3ads 4k BneCibtiddngr 581 88,00, B0d-hanbandeuhe

forned i sl an 10n theéresinf ano a neta [ate is

bonded on a (iEggi ngfidh§). aRd the pRLaksk! piecksdshapad hibRelskandneky
()
cutting work or etchi'ng process. 'In a further method, resin is casted on a

netal pl at e extendsdind bohe ther thdchyessCcBhdgstibtanet dirpkaionsA r éhen

plate 1s 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 feéding 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 manufacturedT. The

secﬁion 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



etched to formthe first layer 50 and the pressure chanber wall in a

one-pi ece construction. After the top surfaces of the islands 41 are coated
wi th adhesive, the fore ends of the piezoelectric vibrators 15 are brought
into contact with the islands 41, as shownin "~ Fig. 7. At this tineg,
excessi ve adhesive 61 flows exclusively into the spaces 60 defined by the
pi ezoel ectric vibrators 15 and the islqﬂfs 41. Wth the adhesive, fixing of
t hose conponents is further reinforced.”™@ n the ink jet recordi ng head, when
drive voltage is applied to the piezoelectric vibrators 15, the

pi ezoel ectric vibrators extend. Displacenent of the |eading ends of the

pi ezoel ectric vibrators 15 is transferred through the islands 41 to the

vi bration plBig. 67. Thet ranis oftimefhexséssivd ladhdeive z&l of lowe boundary
portion of the island to the first |layer 50, when it is neasured in the
direction ofexptusively intaythe specesz6f debiredday the piggeglectric
direction, is_smaller than the piezoelectric vibrator. The sjze g%ﬁthe
boundary porYieraerE¥fioboratd tehenkslangsrdhy r HiER R 3RSF DI ARI i s

| onger than the piezoelectric vipraior. Wth provision of the concave
portion 40 a?guF%T?leC?’%ﬁ’%‘?ﬁ‘,’t? heS p %E%?E&?f’bg?ﬁ‘b?‘gt ors 15, when

di spl aced, presses tf’ﬁeﬁ‘igrﬁ&o e@lpég?é?%ﬁ]egtﬁ.@a r%&?'m‘;&\%%ﬁ%@l e

in the direction of I néar array o nozzIl‘e openi ngs, an n area

L arger t Plgnoiﬁeﬁ%&ﬁgﬁé (pLeYbOIELOEid S iBrd x4l IS Of d IR rid
vibrators extend. Displacement of the leading ends of the
ﬁiezoelectric vibrators 15 is transferred through the islands
41 to the v;bration 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
portioh-afthogonal to the linear array of the nozzle openings
is longer than the piezoelectric vibrator. With provision of
the conﬁ;ve 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. 1In transmitting displacement
of the piezoelectric vibrators to one pressure chémber 36, no

pressure is propagated to other pressure chambers 36 adjacent

to 2 linear array of nozzle openings of the one pressure



The ink jet recording head thus organized has the follow ng beneficial
effects. In transmtting displacenent of the piezoelectric vibrators to one
pressure chanber 36, no pressure is propagated to other pressure chanbers
.36-adj-acent to a'linear array of nozzle openings of the one pressure 16
chanmber 36. A high transm ssion efficiency is gained with matching of
acoustic i npedance. No |ocal deformation_of the pressure chanbers 36 is
caused. Accordingly, the energy of the ﬁﬁezoelectric vi brators 15 can be
efficiently used for spouting ink droplets. In the enbodi nent as nenti oned
above, the piezoelectric vibrators 15 are directly put on the islands 41 of
the piezoelectric vibrators 15. In sone specific cases, an internedi ate
menber 63 may be provi ded between each of the piezoelectric vibrators 15
and the correbampelfnd6 i s|Arkigh teansmbseion of ficiEnand egrised reth

pi ezoel ectric vibrat-or 15 contains a bundle of electrodes for driving. the
pi ezoel ect r i BaEHiRg #E acpustie YRRRLATCH: pitif 9@ hdlRimaiRu Qs e
materi al such as nickel S, reason sone

. F t hi i f ] ific.electrod
structure i SPEW%’S'/%Q‘%‘?%Q% e%)e*%c‘f?‘?%éc\l/; br}é“'tcoqrsds’%e?q%’lecfr}g% E?C”tﬁrﬁ%ye of

shortcircuit t Y | WP | recui ting,
it 1s pref ergtg? ea{% 1n %%%%%%%ﬁ%f%%r %%i%ne%%%%m%ﬁ r%w

pi ezoel ect ri goMid{ A of i ddifets! and. I n the above-nmentioned enmbodi nent,
the nozzle

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 elect;odes for driving thelpiezoelectric
vibrators 15. The vibration: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 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 70, 71 and 72 for forming

pressure chambers, communicating paths and a reserve tank. A



openi ngs 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.
I'n this recording head, nozzle openings 74 are formed in one side of a
"substrate 73 which includes concave portions 70, 71 and 72-for formng
pressure chanbers, comrunicating paths and a reserve tank. A 17
vibration plate 75 is applied to the side of the substrate in which the
concave portions 70, 71, and 72 are forged, thereby sealing the substrate.
The direction of spouting ink droplets is orthogonal to the direction of
vi bration of piezoelectric vibrators 76. To inplenment the invention in this
type of the ink jet recording head, in the region of the vibration plate,
whi ch faces the concave portion 70 tqQ serve as the pressure chanber,

i sl ands 81 aHdmddmnd Hel® d5ed PRRLASS S thaesige B e Substagteadd
Dt o 75, it Ehe: FARTEEL BARThSe Ry (Har B5EL Ao oo FATHIoE « SREE ey
Tocated | n GRS Y & BReAEY e i R SRR A her et ore,
other than REVSEEORY bdlogelar 38 Thedtedbetol B HuhadiBnrpy W1 O 18

i ncreased 1 ifigded e@Rild RS toksS YRR €96 Amplbneh® &hesSnbahleiow & to

t he deformation of the vibration plate 75.
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 chambef, 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.. In
this case, a thick part 83 of the vibration plate betwéén 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 ;he'vibration plate according to
the invention. In the figure, reference numeral 90
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



Fig. 11 is an expl oded view showi ng an ink jet recordi ng head which uses
the vibration plate according to the invention. In the figure, reference
nuneral 90 designates a base fastened to a board 91 on which a drive
circuit and the Iike are nounted. Vibration units 93 each including a

pl ural nunber of piezoelectric vibrators are contained in unit chanbers 92
of the base. Further, the base 18 contains an ink supply pipe 94 for
supplying ink fromthe ink cartridge tolghrough-holes. One end of the ink
supply pipe 94 has an opening 95 comunicating with a through-hole 101
formng a reserve tank. The other end of the sanme communicates wth a
connection needle 96 connecting to an ink cartridge. Reference nuneral 100
designates the vibration plate, which is essential to the invention. The

side of the V|brat|on | at.e tSy S es
I sl ands 41 (E%% ’h’b’f ;ME% Cé)‘p fl'%nt %ﬁeiﬂﬁiolf@gcfm\?\n@t%ﬁ?ﬁ%w
fore ends of ;p@rﬁaﬁo& e@ﬁfé&gi’lilbé?éé)rs orfd Cerdd tdf Ok~ hok esdffly pipe
connunlcatlng W t e.opening 95 of the ink supply pipe. - A spacer 105
.incl udes t hr gyoka$ 04 Sodéoi k09 5 Odorfuminy cer ife witdera echzokghe-eedei LA i ng
with the through-hole 101 and the pressure chanber. A nozzle plate 110 has
nozzl e openi pgemidd atrédervectanion Jfposethen et afrthghsamee 107 to

serve as the pressure chanber.
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 9g,
includes islands 41 (see Fig. 5, not shown in Fig. 1l1) 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‘éupply pipe. A spacer 105 includes through holes 106
and 107 forming the reserve tank cémmunicating 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 hermetigally
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.



The vibration plate 100, the spacer 105, and the nozzle plate 110 are
layered on the base 90, and hernetically fastened to the base 90 by neans
of a netal frame 115. A lead 116 extended fromthe frame 115 is connected
to the ground terminal of the drive circuit for the nozzle plate 110. Wth
this earthing, the nozzle plate 110 is not charged, so that no dust wll
attach to the nozzl e openings. 19 As.descri bed above, an ink jet
recordi ng head in which pressure chanbers are fornmed by fastening a
vibration plate to a nozzl e-openi ng contai ned nmenber, and pi ezoel ectric

vi brators, 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 it is tobe in contact
with the piezoelectric vibrators, each of said islands being surrounded by
a thinned part, the -horge6asBbdcasbve) emeiﬁﬁt éE )!éﬁéézg.@ﬁ?bﬁéé‘@ {gstened

to each said island.  Wth such a constrfuction o here is -

el i m nated tbﬁl&ﬁupkégguﬂ@rkh&ﬁbeﬁ‘ﬁuﬂfénﬁoi—hédcﬂypfb@ﬂeﬂﬁﬂ?eé vOpeREP6R the
pi ezoel ectric vibrators with the vibration plate. Vibration of the

pi ezoel ectri platbr aboasnoanleeopéhingesdhyainadshenber, t and hpipreskdteric
chanbers, through the thinned parts around the vibration regions. \Wen the
electroforn1ngbrstgsed Woichoextagdt Asdi sbatuact ainephesasiapadirestion ned
around the 12:¢ faseened st Bhe”fora"ands to the Tegion of 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
ﬁounting 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.



into contact with the corresponding island. The concave parts receive
excessi ve adhesive. The foregoing description of preferred enbodi nents of
t-he i nvention has been presented for purposes of illustration and _
description. = 20 The enbodi nents were chosen and described in order to
explain the principles of the invention and its practical application to
enabl e one skilled in the art to utiliz@0%he invention in various

enbodi ments and with various nodifications as are suited to the particular
use contenplated. - 21 - What is clainmed is: 1. A nethod of _
manuf acturing a vibration plate for an ink jet recordi ng heady conprising
the steps of: formng a pattern on a surface of a first layer which is to
serve as a main body of the vibrating plate said pattern bei ng nmade of
nonconductive material, said pattern having raised areas and w ndow ar eas,
each of said raised-areas having a surface which is displaced fromsaid
first layer and said wi ndow areas being | ocated in positions correspondi ng
to i sl ands; 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.



perform ng an el ectroform ng process so that an-electro- forned | ayer grows
in the wind areas of said pattern; continuing the el ectroformng process
until the electro- fornmed layer is grown to partially cover said surface or
each of said raised areas; and renobving said pattern | ayer fromsaid

el ectroforned | ayer resulting in the we2h -body of the vibration plate
havi ng i1 sl ands, each of which is surrounded by a concave portion. 2. A

nmet hod of nanufacturing an ink jet recording head according to claiml
wherein a thlcknes sald flrst | ayer is in the range of 1 to 10

m cronet ers. tur1 ng an |nk et recordi ng head
according to cI al m -Am%qm?wﬂ acturing 4, vibgay Q!‘é |§?§ %ﬁotoresi st |ayer
on the surface of J@M@%hﬁ@@?@‘“&%? f manufacturing an ink jet
recordi ng head accofctiming apattem on 8 surface of a firsti ldyert whichds @ ni ng process
further conprises thesesvegs pnain body of theivibrating glateissaid pajiean conponent  of an
el ectrolyte on the sujding enade ofimbrniconductivaymateriakr saidapaitepmt t ern i s not
formed to forma secomshingysised archsdambwindow artas) eachtofnsaidig until said
second | ayer over hangaised aredsohdving asurfico ahiek is displaéediftonod of

manuf acturing an ink ¢agd ﬁ{-gquglﬂg saRrbaimdow artas be locgedidt, wherein said

conponent of said el egdqd ﬁgt‘? dih?'lo iflands; et hod of manufacturing an
ink jet recording heag accor {] tep of

el ectrolytically deBtPiH, §%Xﬁ’3ﬂ sé{‘ ) go?'s’émrgapaf? orrprl ses the
r

step of feeding el ect
continuing the elecu‘ofonmng process until the clcctro-
formed layer is grown to panially cover said surfacc of

cach of said raised arcas; and

removing said pattern layer from said electroformed layer,
resulting in the main body of the vibration plate having
islands, each of whzch is surrounded by a concave
- _ portion.

2. A method of manufacturing an ink jet recording head
according to claim 1 whercin a thickness of said first layer
is in the range of 1 to 10 micrometers.

3. A method of manufacturing an ink jet recordmg head
according to claim 1, wherein said pattern is formed as a
photoresist layer on the surface of said first layer.

4. A method of manufacturing an ink jet recording head
according to claim 3, whercin said electroforming process
further comprises the step of electrolytically depositing a
component of an elcctrolytc on the surface of said first layer
where said pattern is not formed to form a seqond layer, said
dcpositing step continuing until said second laycr overhangs
a surface of said patiern.

5. A niethod of manufacturing an ink jet recording head
according 1o claim 4, wherein said component of said
clectrolyte is nickel.

6. A method of manufacturing an ink jet recording head
according to claim 5, whercin said step of clcctrolyucally
depositing a component of an clcclmlylc comprises the stcp
of feeding clectrical current at a given current density.

7. A method of manufacturing an ink jet recording head
according to claim 6, wherein said current density is in the
range of 1 to 2 mA/em?.

8. A method of manufacturing an ink jet recording head
according to claim 6, wherein said currenat feedmg is stopped
when said second layer achieves a r.!nckness in the range of
18 10 23 micrometers.

. 9. A method of manufacturing an ink jet recordmg head
according to claim 1, wherein said removing step results in

* [ L M S *




7. A nethod of manufacturing an ink jet recor di ng head according to claim
6, wherein said current density is in the range of 1 to 2 mAMcnferr]. 8. A
met hod of manufacturing an ink jet recording head according to claims§6,
wherein said current feeding is stopped when said second [ayer achieves a
t hi ckness in the range of 18 to 23 m crogpters. 9. A nethod of
manuf acturing an ink jet recording head according to claim1l, wherein said
renoving step results in - 22 - formation of a vibration plate with
i sl ands. each island surrounded by a concave portion. 10. A nethod of
manuf acturing an ink jet recording head as set forth in claim1l. wherein
said first |ayer i forimatiopdoby sibraion phatei wish nistapds.. each island

surrounded by a concave porton. |

10. A method of manufacturing an ink jet recording head
as set forth in claim 1, wherein said first layer is formed by

electroforming nickel.
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