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SPECIFICATION
INK JET HEAD AND A METHOD OF MANUFACTURING THE INX JET HEAD
| | Field of the Invention |
The present invention relates to a recording head of
an.ink jet recording apparatus of the on-demand type which
spouts forth ink droplets toward a recording medium, such as
a recording paper, in accordance with a print signal, thereby
forming an ink Lmage on the recording paper, and a method of
manufacturing the recordlng head, and more particularly to
the construction of a vibrating fiim which forms one of the
walls defining an ink chamber for discharging ink droplets
and functions to transfer a vibration from a piezcelectric

transducer to the ink.chamber.

Backaround Technigues
An ink jet head of the called on-demand type which

spouts forth ink droplets in accordance w;th a print signal
is categorized into two types according to the type of the
ink discharging force generating means. The first'ﬁyPalof
the ink.jet'head is a called bubble jet type of the ink jet
head in which a heater for_instantaneously'vaporizing ink is
located at the nozzle tip, and'ink droplets are generated and
spouted forth by an expandinglprcssure when ink is vaporized.
The second type of the ink jet head is constructed such that
a part of an ink chaﬁber.forﬁihg an ink reservoir is

constructed with a piezoelectric'transducer which is deformed

/
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recordi ng head, and nore particularly to the construc- tion of a

I sl and- havi ng V|brat|ng filmwhich forms one of the walls defining an ink
chanber for discharging ink droplets and functions to transfer a vibration
from a pie- zoelectric transducer to the ink chanber. Background Techni ques

An ink jet head of the called on-demand type which spouts forth ink
droplets in accordance with a print sig-

according to a print signal, and ink droplets'are impelled to
emit forward by a pressure generated in the ink chamber by
the deformation of the piezoelectric transducer.

The on—demand type of the ink jet head as tﬁe second
type of the ink jet head, as disclosed in Published
Unexamined Japanese Patent Application Nos. Sho. 58-119870

: ~and 58-119872, is constructed such that a vibrating film
(called a diaphfagm in both the publications) forming an ink
ohambes is ooupled'with a second end of a piezoelectric
transducer fastened at a first end to a base, with an island-
like protrusion (célled a leg in both the publications)
inserted therébetween The expanding and contractlng actlons
of the plezoelectrlc transducer cause the Piezoelectric

. transducer to push the:leg and to deform thelvibrating film.
The'dsformed film causes ink of the ink chamber to forcibly
emit forwaxrd in.the form of ink droplets through a nozzle
opening. |

| Neither of ths above-mentioned publications discloses
any specific method of forming the vibrating £ilm and the
leg. The leg takes a oomplicated construction where it is
fitted into a bearing. -Therefore, it is very difficult to
accurately manufacture_and assemble the leg member and the
bearing member for the purposes of size reduction and high
dsnSLty of packaglng. . To solve those problems, a
first measure taken that is disclosed in Published Unexamined.

Japanese Patent Application No. Hei. 3-15555 is such that, as
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nal is categorized into two types according to the type of the ink

di scharging force generating neans. The first type of the ink jet head is a
call ed bubble jet type of the ink jet head in which a heater for

i-nst ant aneously vapor- izing ink is | ocated at the nozzle tip, and ink
‘droplets are generated and spouted forth by an expandi ng pressure when ink
1s vaporized. The second type of the ink jet head is constructed such that

a part of an ink chanber . .
shown in Fig. 10, a vibrating film 6la (called a vibrating

plate in the publication) made of silicon, 1.8 um thick, and
an island-like protrusion 61lb (célled_a protrusion.in the
same publicarionj made of silicon 6xide, 100 pum thick, are
coupled together into a vibrating film 61 with a protrusion
by the manufacturing technique of semiconductor élements, and
the island-like protrusion 61b is brought into contact with a
piezoelectric transducer 60.

‘In another measure taken by the publication, as a
second measure, the leand-like protrusion 61b is formed on
the vibrating film 6la, 1 to 10 um thick, made 6f'metal, such
as nickel, stainless, iron, copper, silver, gold, tantalum,
or titanium, by an electroforming'méthod, and the island-like
protrusion 61b is brought into contact with the piezoelectric

~ transducer 60.

In yet another measure takeﬁ by the publication, as a
third measure,.the island;like protrusion 61b of which the
material and the method are not disclosed is fastened to the

" vibrating film 6la as an organic material film of 50 um
Ithick, and the island—iike protrusion 61b is brought into
contact with the piezoelectric transducer 60.

In a foﬁrth measure taken by Published Unexamined
Japanese Patent Appllcatlon No Hei. 3-190744, as shown in
Fig. 11, a dummy layer, 100 pm tthk, is formed on an
electrode 71a of a piezoelectric transducer 70, and_the

resultant structure is cut by dicing process. The
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ferm ng an ink reservoir is constructed with a piezoelec- tric transducer
which is deforned according to a print signal, and ink droplets are
inpelled to emt forward by a pressure generated in the ink chanber by the
défor- mation of the piezoelectric transducer. The on-demand type of the
ink jet head as the sec- ond type of the ink jet head, as disclosed in
Publ i shed Unexam ned Japanese Patent Application Nos. Sho.

piezoelectric transducer 70 is separated, by the dicing, to
form a dummy layer island-like protrusion.?73b. A vibrating
film 73a (called a cover member in the publication) of
approximately 50 ﬁm thick is bonded to the_dummy layer
island-like protrusion 73b by epoxy adhesive.

To realize a practical ink jet head by any of those
conventional techniques, the following problems are created
in addition to the Qifficulty of accurate manufacturing and

"assembly.

Firstly, the vibrating film 6la, when formed of a

'high polYmer resin of approximateiy.so um thick, cannot
transfer pressure and displacement that are high enough to
discharge ink, to an ink chamber 64. Even if Pb-zirconate-=
titanate that is considered) at present, to have the
highest'transducing efficiency is used for the piezoelectric
material of the pieioelectric transducer, tﬁe'displacement.
achieved is eeverai pm er less. When a high polymerlc resin
film ten times or more as tthk as the above dlsplaoement is used and it
is pushed with the plezoelectrlc transducer, the displacement
and pressure by push;ng are absorbed by plastlc deformation.
Accordingly, it is not suitable for the recordlng head of the
small size an high dens;ty of. packaglng Secondly, the
v;bratlng £ilm formed of a silicon fllm or a metal foil.is |
not resistive to the bending deformation. It will be
fatigued and bfoken down. Therefo#e, it is not suitable for

the displacement transfer member for the ink jet head which

[
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58- 119870 and 58-119872 is constructed such that a vibrating film(called a
di aphragmin both the publica- tions) form ng an ink chanber is coupled
with a second end of a piezoelectric transducer fastened at a first .end to
a~base, with an island-1iKe protrusion (called a leg in both the _
publications) inserted therebetween. The expanding and contracting actions
of the plezoelectrlc ‘This is the replacenent sheet

will repeat the deformation totally several hundreds million
‘times at high speed. Further, those materials are extremely
high in rigidity. Because of this, those are not suitable
for the materials for the vibrating film whicﬁ mﬁst be
flexible as possible.

With the view of solving the above problems, the
present invention has an object to realize the structurelof
an ink jet head which is highly efficiently operable and.to
manufacﬁure, at low cost, an ink jet head using a vibrating
film with a protrusion) which.enables the structure,to.easily

be manufactured in a mass production manner.

Disélosure of the Invention

An ink jet head for forcibly discharging ink droplets
through nozzle openings in a manner that a pressure of ink
within an ink chaﬁber is increased by displacing a vibrating'
plate constituting a part of the ink chamber by a
piezoelectric tiansducer, in which said vibratiné plate is
formed of a high polymeric resin thin film and rigid
protrusions - : directly fastened to said
high polymeric resin thin film. With such a construétion, an
expanding/contracting motion of the piezoelectric transducer
is efficiently transferred to the ink chémber, enlarging a
.minute contact area of ﬁhe piezoelectric transducer and

amplifying the pushing force to the ink chamber. Therefore,

e




Dat e: 2 7 MAR 1998 -2- transducer cause the piezoelectric transducer
to push the leg and to deformthe vibrating film The deforned film causes

ink of the ink chanber to forcibly emt for-

an ink jet head reliable and excellent in the ink discharging

characteristic is realized. .

Brief Description of the Drawings

Fig. 1 is a perspectiﬁe view showing the structure of
an ink jet head to which an embodiment of the éresent
‘invention is applied.

Fig. 2 is a.cross'sectional view showing a portion of
the ink jet head to which an embodimént of the present
invention is applied. |

Fig. 3 shows a set of diagréms showing an operation
of the ink jet head of the invention.

Fig. 4 is a cross sectional view showing a discharge
pressure genefating means of the ink jet head to which an |
embodiment'df the present invention is applied.

Fig. 5 is a perspective view, when viewed from the
lower side, showing a key portion of the ink jet head to
which an embodiment of the present invention is applied.

lFig. 6 is a set of diagrams shbwing a sequence of
steps of a ménufacturing process showing an embodiment of the
present invention.

Fig. 7 is a set of diagrams of a manufacturing
process showing an embodiment of a method of manufacturing

the ink jet head of the present invention.
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ward in the formof ink droplets through a nozzle open- ing. Neither of the
above-menti oned publications dis- closes any specific method of formng the
vibrating filmand the leg. The | eg takes a conplicated construction where
it is fitted into a bearing. Therefore, it is very diffi- cult to
accurately manufacture and assenble the | eg nenber and the bearing nenber

for the purposes of
Fig. 8 is a perspective view showing a key portion

showing an example_of the ink jet'head manufactured by the
manufacturing method of the_invention.

Fig. 9 ié a set of diagrams of a manufacturing
process showing another embodiment of a method of
manufacturing the ink jet head of the present invention.

Fig. 10 is a diagram_showiné a prior art.

Fig. 11 is a diagram showing another prior art.

Best Modes for Embodving the Invention

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

" In the pfesent émbodimént, two lines of nozzles each
of 180.dpi (dot/inéh)_are arrayed so as to realize a printer
of 360 dpi in resolution. |

Fig. 1 is an expldded_perspective view showing an
example of an ink jet head to which the present embodiment is
applied. As shown in Fig. 1, a mounting hole 11 passing
through a head frame 10 supports a base mémber 5 to be given
later in order to position it in X- and Y-axis directions.
The top end face of the piezoelectric transducer 1 when
longitudinally viewed is bonded to an island-like protrusion
20b as a rigid protruded part of a vibrating film 20 |
(referred to as an island-having vibrating film) as a
vibrating élate'with a protrusion, whereby securing the

positioning in the Z-axis direction. The island-having
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stze reduction and high density of packaging. To solve those problens, a
first neasure taken that is disclosed in Published Unexam ned- Japanese

Pat ent Application No. Hei. 3-15555 is such that as shown in Fig. 10, a
vitbrating film61l a (called a vibrating plate in the publica- tion) nmade of
silicon 1.8 [err]mthick and an island-1ike protrusion 61b (called a
‘protrusion in the same publica- tion) made of silicon oxide, 100 [err]m

thick, are cQyla8dng fiim 20, a flow path substrate 12, and a plate-like
nozzle plate 13 having nozzle openings 13a formed therein are
laminated in this order to form a laminated structure.

'Fig. 2 is a cross sectional view showing a portion of
the ink jet head to which an embodiment of the present
invention is applied. An ink chamber 22 is formed of the
nozzle'plate 13 having nozzle openings 13a formed.therein,
the flow path substrate 12, and a vibrating film 20a as a
high polymeric resin thin film of the island-having vibrating
film 20.

An ink reservoir, not shown, an ink supﬁly pipe 14,
an ink port 16, and fhe ink chamber 22 communicate with one

~another. 1Ink 6 is supplied from the ink reservoir (see Fig.
1l). Reference numeral 23.qesignates a thick part of the
island-~-having vibrating film, which is formed simultaneously
with the island-like protrusion 20b. The piezoelectric .
transducer 1 is'fastened at its base member 5 to the head
frame 10 by means of adhesive 90. With such a
structure, the principle of discharging ink droplets is as
illustrated in Fig. 3. An electrical connection for driving
the piezoelectric transducer 1, net shown in Fig. 3, is wired
such that a drive signal is input to the transducer through -
first and second-wiriné boards 30a and 30b, a base electrode

Sa, and first and second transduéer electrodes 4a and 1l4b, as
shown in Fig. 2. 1In a state Qf_Fié; 3A, the piezbélectric

transducer 1 is in a standby mode. As shown in Fig. 38, when
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together into a vibrating film6l with a protrusion by the manufacturing
techni que of sem conductor elenents, and the island-like protrusion 61 b is
brought into contact with a piezoelectric transducer 60. |In another neasure
taken by the publication, as a second neasure, the island-1ike protrusion
61b is fornmed on the vibrating film6l a, 1 to 10 [err]mthick nmade of
metal, nmuch as nickel, stainless, iron, copper, silver,

voltage is applied to the piezoelectric transducer 1, it
contracts in the direction orthogonal to the nozzle plate 13
(Z-axis direction) , while pulling the island-having
vibrating film 20 including the Qibrating £film 20a and the
island-like protrusion 20b. - When the electric field is
removed, as shown in Fig. 3C, the resilienﬁ restoring force
.0of the piezoelectric transducer 1 and the island-having
vibrating film 20 incréﬁses the pressure of the ink 6 within
the ink flow path'22, causing the ink chamber to forcibly
discharge ink droplets 6a through the nozzle opening 13a.
Then, the piezoelectric traﬁsducer 1l is set again in a
standby mode.

The island-having vibrating film 20 receives the
pushing force generated by tﬁe plezoelectric tr&nsducer l.and
functions mainly to provide a discharge of the largest

' possible ink droplet 6a (i.e., the weight of volume of the
ink-droplet)._ | The largest possible ink droplet 6a

can be discharged when the following conditions are

satisfied:

1) The vibrating film 20a is as flexible as
po#sible. |

2) An area of the isiand-like protrusion 20b

where it pushes the ink fléw_path 22 is set large.
3) The isiandélike protrusion 20b is as rigid as

possible.
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gold, tantalum or titanium by an electrotyping nethod, and the

I sland-1i ke protrusion 61 b is brought into contact with the piezoelectric
transducer 60. In yet another neasure taken by the publication, as a third
measure, the island-like protrusion 61b of which the material and the

met hod are not disclosed is fas- tened.to the vibrating film®61 a as an
organic material filmof 50 [err]mthick and the island-I|ike protrusion

61b is With regard to the condition 1) above, 0.002 mm is

the lower limit 6f the film'thickness in‘reducing:thé
thicknes$ of the vibrating film when considering é.leakage of .
the ink 6 caused by'defects of the vibrating film 20a, such

~as pin holes. If a film of high polymeric resin as a
flexible material is used, it can be thinned up té this
figure.

With regard to the céndition 2), because of the
demands for the size reduction and high density packaging of
the ink jet head, there is a limit in enlarging.the island-
having yibrating film 20. To prevent an interference bétween
the adjacent ink flow_paths 22, it is neeessary to set the
area of the vibrating £ilm 20a at a fixed value or more.

This is one of the causes of limiting the enlargement of the
size of the island-like protrusion 20b.

Therefore, the formation of the islahd-like
protrusion Zdb which is figid as stated in ﬁhe conditioﬁ 3),

" that is, has a high rigidity, and is thick in the
displacement direction is the best way to most effectively
inc:ease the Qolume or weight of the ink droplet 6a.

| After the tests of maﬁy types of trial products, the
inventor of the present Pétent Application discovered the
following fact. When adhesive, for example, ié plated
_between the vibréting film 20a of high polymeric resin-and
the rigid island-like'proﬁrusion 20b, the separation between

the vibrating film and the islanh—like protrusion takes place
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brought into contact with the piezoelectric transducer 60. In a fourth

measure taken by Published Unexam ined Japanese Patent Application No.
Hei . 3-190744, as shown in Fig. 11, a dummy l|ayer, 100 [err]mthick, is
fornmed on an electrode 71 ¢ of a piezoelectric trans- ducer 70, and the
resultant structure is cut by dicing This is the repl acenent sheet

at the interféce,between them, considerably damaging the
reliability. Further, because of the thickness of thé
adhesive, a transfer efficiency of the displacement
flucﬁuates; making.it very difficult to control a variation
of the characteristics. For this reason, it is advisable to
directly fastened to the vibrati}xg film 20a with the island-
like protrﬁsion 20b. |

Fig. 4 is a cross sectional view showing a discharge
pressure generating.means of the ink jet head to which an
embodiment of the present invention is applied.

The pressure generating means includes the
piezoelectric transducer 1 of a-mﬁlti-layer structure in
which a piezoelectric member 2 and conductive members 3a and
3b (referred to as internal electrodes 3a and 3b) are
alternately léyered.  Conductive members 4a and 4k, which are
‘respectively connected to the conductive members 3a and 3b,
are further formed on the_pieéoelectric,transducer 1. The
first half of the piezoelectric transducer 1, as viewed
longitudinally, is bonded to the base member S, while the end
of the second half not bonded is bonded to the island-like
protrusion 20b of the island-having vibrating film 20 (éee'
Fig. 2). | | | |

The use of the thus éonstrupted longitudinal mode
vibrator cﬁn generate a higher pressure than the use of the
.deflectionlvibrator. Use of the vibrator of the_laminatéd_

type produces a large displacémeﬁt.at'a low voltage applied.
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Date: 2 7 MAR 1998 -3- process. The piezoelectric transducer_?O"is
separated, by the dicing to forma dumy layer on an island-like protrusion
73b. A vibrating film73a (called a cover :

In this embodiment, the piezoelectric transducer is designed
to have the following dimensions: the width of each of an'.
array of the piezcelectric transducers when viewed in the
array direction is 80 pm; the pitch of the array of the
Piezoelectric transducer when viewed in the array direction
is 141 M ; the thickness of the laminated structure when
viewed in the lamination direction is approximately 0.5 mm;
the lamination pitch in the lamination direction, i.e., the
distance between the internal electrodes is epprokimately 20
um; and the lamlnated structure length in the longltudlnal
directlon is approximately 5 mm.. When voltage of about 20 Vv

Fi)

is applied between the external electrodes 4a and 4b of the
piezoelectric traneducer'thus.dimensioned,.a displacement of
1 pm and 300,000 Pa. were.obtained. As a result, ink of
about 0.1 p gram was discharged.

Fig. 5 is a perspective vienf when viewed from the
lower side, showing a key portion of the ink jet head to
which an embodiment of the present invention is applied.

In the structure, the length (denoted as 11 in Fig.
2) of the ink chamber 22 is 1.5 mm; the height (hl in Fig. 2)
of the ink chamber 22 is 180 pm; the width of the ink chamber
22 is 100 um; the thlckness of the vibrating film 20a is 4
pm; the length (12 in Fig;_Z) of'the‘protrusion 20b is 1.3
mm; the height (h2 in Fig.'ﬁ) of'the protrneion 20b is 40 pum;

and the width of the protrusion 20b is 30 um.
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nmenber in the publication) of approximately 50 [err]mthick is bonded to
the dummy | ayer island-1ike protrusion 73b by epoxy adhesive. To realize a
practical ink jet head by any of those conventional techniques the

foll owi ng problens are created in addition to the difficulty of accurate
manufac- turing and assenbly. Firstly, the wvibrating film73, when forned
of a high . : -

A manufadturing method to realize the construction of
the present invention will be described. -

An embodiment of a first manufacturing procesé of the
invention is illustrated in Figs. 6A through 6I.

A thin film 50 of metal or ceramics; 0.01 to lmm
thick, is prepared. A preferable material is any of copper,
nickel, iron, stainless, silicon and the like since it is
easy to work as will be seen. later (fig. 6A).

A high polymerié resin 20a is coated, 1 to 25 um
thick, entirely over one of thé surfaces of the thin f£ilm 50
(Fig. 6B). Any'of vacuum film forming process, e.g., vacuum
vépor deposition, dip forming, roll coating, spray, and
cast;ng methods may be used for the film formation. The high
polymeric resih 20a may be any of polyimide (PI) resin,
polyether imide (PEI) resin, polyamide-imide (PAI) resin,
poly;para-ban acid (PPA) resin, polysulfone (PSF) resin,
polyether:sulphone (PES) resin, polyether ketone (PEEK)
resin, polyphenylene sufide (PPS) resin, polyolefin (APO)
resin, éolyethylene—naphthalate (PEN) resin, alaimde fesin
and the like. The film forming method must be chosen
according to the material used. Of those film forming
methods, the'caétinj method is preferable because it can
easily form a smboth-and uniform-thick film.

The high polymeric resin 20a as the Qibrating £ilm
20a as referred to above is preferably polyimide resin when

considering its useful properties; high resistivity to
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pol ymer

resin of approximately 50 [err]mthick, cannot transfer pushing

pressure and di spl acenent that are high enough to discharge ink to an ink

chanber

75. Even if Pb-zirconate-titanate that is considered at present to

have the hi ghest transducing efficiency is used for the piezoelectric

materi a

sever al

of the piezoelectric transducer 70, the displacenent achieved is
[err]mor |ess. Wien a high polyneric resin filmten tinmes or

etching liquid and resist removal liquid used in the etching
process to be given later, highlresistivrfy to the contents
of the ink 6, adhesiveness developed by the resin per-se, and
excellent fléXibilitf useful for the vibration film.

A photo resist 51 is formed on the other surface of
the thin film 50 on which the high polymeric resin 20a is not
formed (Fig. §C). ‘

Using a pho;o mask 52, the formed_photo resist 51 i$
irradiated with ultraviolet rays 52. As a result; the photo
fesist 51 is selectively expdsed to the ultraviolet rays
(Figs. 6D and 6E).

Then, the photo resist 51 is developed and exposed
portions Sla are left (Fig. 6F).

The thin film 50 is selectively subjeéted to chemical
etching process, using the photo resist Sla. The remaining |
portions of the thin film 50 are formed as island-like
protrusions 20b (Flg 6G).

Subsequently,_while leaving the exposed portions 5la,
a island-having vibrating film 20 including island-like
protrusions 20b and the'high polymeric resin 20a and a thick
part (designated by reference numeral 23 in Fig. 2) are
formed (Fig. 6H).

Finally, one of the surfaces of the island-having
vibrating £film 20 is entirely coated with an inorganic £ilm
21 made §f metal or ceramics. Thé inorganic film 21 may be
formed'oﬁ either of ﬁhe island—ﬁéving vibrating film 20. It
-
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more as thick as the above is used and it is pushed with the piezoelectric
transducer 70, the displacenent and pressure by pushing are absorbed by

el astic deforma- tion. Accordingly, it is not suitable for the recording
héad of the small size to have a high density of packaging. Secondly, the
vibratig filme6l a formed of a silicon filmor a netal foil is not
resistive to the bending deformation. It will be fatigued and broken down.

Therefore, ijgigopRLy preferably on the surface of the vibrating film 20a
on which the is;and-like protrusions 20b are formed, when
considering the objects to form the inorganic film 21. The
first object to forﬁ thehfilm.is to prevent deterioratioﬁ of
the vibration characteristic of the piezoelectric transducer
ow1ng to the penetratlon of ink lngredlents . The second
quect is to prevent deterioration of the vibrating filﬁ.ZOa
owing to the spray qf the ink 6 and a size variation of the
film by the same cause. A preferable thickness of ﬁhe
inorganic film 2i is preferably 0.1 to 2 um so as to secure
the ink shielding function and the vibration characteristié

~of the piezoelectric transducer 1 (Fig. 6I). The inorganic
film 21 is not always essential to the present invention. A
swelling of the vibrating fiim 20a can be reduced to within a
practically toleraﬁle level by a proper choice and
‘optimization of ink used. By hardening the resiﬁ film in a
;tate that an internal'stress is generated in the coating
direction, in tﬁe step (b) of the manufacturing process, a
state as if the resin 0 film 21 is attached to the thick
part 23 while being tensioned is obtained, when it is
completed as the island-having vibrating film 20. If so
manufactured, én excessive dull is not formed in the
vibrating £ilm 20a if a slight swelling is caused in.the film

by the ink.
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suitabl e for the displacenent transfer menber for the ink jet head which

W ll repeat the deformation totally several hundred mllion times at high
speed. Further those materials are extrenmely high in rigidity. Because of
this, those are not suitable for the materials for the vibrating filmwhich
must be flexible as possible. Prior art docunent PATENT ABSTRACTS OF JAPAN,
vol. 15, No. 39 (M 1075) ‘& JP-A-2 276 649 dis-

A sequence'of steps of manufacturing process
according to the second embodiment of the present invention
is shown in Figs. 7A throﬁgh 7F.

As shown in Fig. 7A, a plate member 40.is prepared.
The plate member 40 becomes first island-like protrusions 1l6a
through a process to be given later. |

As shown in Fig. 7B, a precursor of high polymeric
resin is laid on ong.bf the surfaces of the plate member 40,
and heatlor light is applied to it to form a vibrating film
20a. |

In the subsequent step of Fig. 7C, a photosensitive
resist 41 is formed on the_other.surface of the platé member
40, and subjected to exposure or development process, thereby i
forming a desired'pattern of the photosensitive resist.

_As shown in Fig. 7D, metal to serve as second island-
like protrusions 16b is caused to deposit in the windows 42
of the plate member 40 bearing the patterned photosensitive
resist 41.

‘Then, as shown in Fig. 7E, the photﬁsensitive resist
41 is removed. |

Finally, as shown in Fig. 7F, the photosensitive
resist 41lis removed, windows 43 through which the plate
member 40 is ekposed are removed by chémical etching process,
for example. In therresultant structure, the first island-

‘like protrusions l6a are formed under the second island-like
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¢l oses a nmethod of manufacturing an ink jet recording head. In this nethod,
a photoetched cavity board and a netal plate having a projecting face are
pl aced on a hot plate and heated. Then a vibration plate which is a poly-
imde filmcoated with Teflon is pressed thereon by neans of a heated netal
plate. This is the replacenment sheet Date: 27 MAR 1998

protrusions 16b. This step qémpletes the island-having
vibrating film 20. | . .

As shown in the above—mentioned'manufacturing
process, the deposited metal (second island-like protrusions -
16b) already form part of the island-like protrusions 20b on
ﬁhe plate member 40. Thereafter, the plate member 40 as the
lower layer is etched to form the first island-like
protrusions l6a, thereby forming the island-having vibrating
film 20. Accordingly, it is readily seen that the island-
having Qibrating film 20 of the'large thick can easily be
formed.

Fig. 8 is a perspective view showing a key portion
'shbwing an example of the ink jet head manufactured by the
manufactﬁring meth§d of the invention. In the figure, there
is illustrated an example of an island-having vibrating film
20 manufactured by the manufacturing p#ocess of this
embodiment. The'vibrating film 20a is made of polyimide,
0.005 mm thick. A formation density x of the island-like
protrﬁsions 20b ié 0.1411 mm corfesponding to 180 dpi. The
width x1 of the lsland like protrus;on 20b is 0.03 mm. The
length y thereof is 1.7 mm. With such dlmenSLOns, the first
island-like protrusions 16a of zl thick and the second
island-like protrusions 16b of 22 thick can be formed by a
beryllium copper foil of 0.05 mm thick and an électrotyped
nickellfilm of 0.05 mm thick. Accordingly, the island-like

protrusions 20b, which is fdrméd.by using the member which is

Sheet Has Been Replaced =17 -




-4- 1t is an object of the present invention to realize an ink jet head
which is highly efficiently operable and to manufacture, at |ow cost an ink
jet- head using a vibrat- ing filmwth a protrusion, which enables the

structure to

inherently rigid and satisfactorily thick, is little deformed
and has a high displacement transfer effiéiency.

A sequence of steps of manufacturing process
according to the thifd embodiment of the present invention is
shown in Figs. QA throizgh SF.

As shown in Fig. 92, a plate member 9 is prepared.
The plate member 9 is made preferably of material of high
corrosion proof sucl'}. as’ coppe.r, berylliﬁm copper, titanium
copper, phosphorus bronze, iron, or iron-nickel alloy.

Then, as shown in Fig. 9B, a first inorganic thin
film 121 is formed on one of the surfaces of the plate member
9. The film formiqg medns_maylbe'any of the following
methods: a vacuum film forming methqd, su;h as sputtering,

.vapor_deposition, or CVD (chemical vapor deposition), a dip
forming method by the first inorganic ihin film 121 in a'
sta#e of solution, a roll coating method, a spray method; and

- a plating method of aepositing the first inorganic thin film
121. Metal.of high sealing perfornance or ceramics is
preferable of the first inorganic.thin film 121.
Accordingly, the vacuum film forming method or the plating
method is preferable for the film forming method. In this
.embodiment, a film (first inorxganic thin film 121) of nickel
was formed by the plating method. Gold, chromium, palladium
and platinum are available,_in addition to the nickel.

The thickness'of the first'inorganié thin film 12; is
preferably 0.0001 to 0.02 mm in deer_to secure the
N
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easily be manufactured in a mass production manner. To solve this object
the present invention provides an ink jet head as specified in claim1l and
a nmethod as specified in clains 9 -and 14, respectively. D sclosure of the
l:'nvention An ink jet head for forcibly discharging ink droplets through
nozzl e openings in a manner that a pressure of ink within an ink chanber is

I ncreased by displacing a
dimensional accuracy of the island-like protrusion 20b by

etching and to ensure the sealing of the ‘plate member 9 ip
cooperation with a second inorganic thin.film 122. |

As shown in Fig. 9C, an elastic film 20a is formed on
either of the surfaces on which the first inorganic thin film
121 is formed. The elastic film 20a, as described above,
must have an inverse charaéteristic of ﬁhat of the island-
like protrusion ZOb(',and be as thin as possible and
flexible, in order to efficiently transfer the pushing force
of the piezoelectric transducer 1. This embodiment also uses
poiyimide as in the p:evioﬁs embodiment.

As shown in Figs. 9D and 9E, a photosénsitiveiresist
film 9a is formed on the other surface of the plate member 9.
It is patterned by the exposure and developing process. In
this embodiment, the formation density of the photésensitive
resist film 9a is 0.1411 mm pitch corresponding to 180 dpi.

As shown in Fig. 9F, the plate member.9-i$
selectively removed by such means as chemical etching.
Subsequently, thelfirst inorganic thin £ilm 121 is
selectively'removed similarly by chemiéal etching, plasma.or
ion etching process. |

In the next step, as shown in Fig. 9G, the
photosensitive resist film 9a is removed.

" In the final step, as shown in Fig. 9H, a second

inorganic thin film 122 is formed on the surface of the
island-like protrusions 20b, and ihe island-like protrusions

eet Has Been Replaced : - 19 -
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vibrating plate constituting a part of the_ink chanber by a piezoelectric
transducer, in which said vibrating plate conprises a flexible high
polymeric resin thin filmand island-1ike rigid pratrusi ons which are

di'rrectly fastened to s f,l exi bl e hi Meric si t hin, f
wher ei n” sai d2 glbot‘r’iﬁlgtﬁ%fﬁ e*SuifVa e eqﬁé‘g ?‘Uel y E Sél%g‘"t}ld?\gta o"Bhe
Lo end face of, 5ol ol Zoghakbbb1y: M il LcRUG" ALILLE o0 a0

selectively form only the island-like protrusions 20b. In
this ‘embodiment, pickel'is used foﬁ the second inorganic thin
film 122 as for the first inorganic thin £ilm. in addition
to nickel, gold, chromium, palladium and platinum are
;preferable.

* The thicknass o the second inorganic thin £iim 122
is preferably 0.0001 mm or more, more preferably 0.02 mm

Through the procass steps, the island-having

vibrating film 20 is,féiﬁed: With such a consﬁ:uction, evan
if ink ingredioh-ﬁs panatrats through the =2lastic £ilm 2_0&,
for sxample, The gorrosion proo& of the island-like
protrusion 20b is secur=d, ensuring'the're iabilicy of the
ink jet head for a long time.. -Further, material such as Cu~containi
metal that has Such a hJ:.g'h riqidity _ 2g to satisiy the ink d_.iscnarge

~  performance, anda tigh corros:.veness. . and alleaws a fine work, may
be used for the is land=like p-du- usion 205. Ther gfore, bozh
the reliabilicty ané the ink discharge performance can De
satisfactorily'sécured.

In the ihE_jet'head-manuféc:u:ed ascozding_to the
construction and the method of the invention, the dischaiged
ink droplet 6a is increased by is weight %, and a high

£ficiency of pushing foxce trans;e: is obtained.

As dasc *"ed, :Ha.island-having vibra:ing film is

.

conscrucbed such that the thick island-like protxusion of

- 20 -
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l.ng/ contracting notion of the piezoelectric transducer is efficiently
transferred to the ink chanber, enlarging a mnute contact area of the
piezoel ectric transducer and anplifying the pushing force to the ink
chanber. There- fore, an ink jet head reliable and excellent in the ink
dis- charging characteristic is realized. Brief Description of the Dr awi ngs
Fig.. 1 is a perspective view showi ng the structure of

high rigidity is directly fastened to the very thin vibrating
film of high polymeric resin, improving the ink discharging
characteristic. Since such a structure is easily and
accuratély manufactured, a low cost and a high quality of the
resultant head of the ink jet head are achieved.

'Further, since ah insulating material may be used for
the vibrating film 20a, the island-like protrusions, if it is
made of metal of high rigidity, éan easily be insulated ffom

the drive electrodes exposed to the vibrator surface.

Field of the Invention

As described above, the ink jet head of the present
invention is suitable for the image recording machines, such

as copying machines, printers and. facsimile machines.

[ —
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an ink jet head to which an enbodi nent of the present invention is applied.
Fig. 2 is a cross sectional view showing a portion of the ink jet head to
whi ch an enbodi nent of the present invention is applied. Fig. 3 shows a set
of diagrams showi ng an opera- tion of the ink jet head of the invention. '
Fig. 4 is a cross sectional view show ng a discharge

CLAIMS
1. ' An ink jet heéd-for forcibly discharging ink Aroplets
‘through nozzle openings in a manner that a pressure of ink
within an ink éhamber is increased by displacing a vibrating
plate constituting a part of the ink chamber by a
piezoelectric transducer, in which said vibrating plate is
formed of a high polymerlc resin thin film and rigid

protrusions dlrectly fastened to said high polymeric resin

thin film.

2. The ink jet head according to claim 1, in which an
inorganic thin film is formed on either of the surfaces of

said vibrating plate..

3. The ink jet head according to claim 1, in which an
inorganic film is formed between the surface of said rigid

protrusions and said high polymeric resin thin £ilm.

4. The ink jet head accbrding to claim 1, iﬁ which said
vibrating plate includes a thick part enclosing said rigid
protrusions and is contained in the same layer as of said
rigid protrusions. Qherein said resin thin film is aﬁtached to
said thick part while being.tensioned. |

5. The ink jet head according to claim 1, in which said

high polymeric reéin thin film is made'of polyimide.

This Sheet Has Been R
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pressure generating neans of the ink jet head to which an enbodi nent of the
present invention is applied. Fig. 5 is a perspective view, when V|emed
fron1the This is the replacenent sheet Date: 2 7 MAR 1998

6. The ink jet head according to claim 1, in which a
major component of said rigid protrusions is any of

stainless, nickel, and beryllium copper.

7. The ink jet head according to claim 1, in which sald
plezoelectric transducer is a plezoelectrlc v1brator of the

vertical vibrating type.

8. The ink jet head according to claim 1, in which said
piezoelectric transducer is a piezoelectric vibrator of the

laminated type.

9. A method of manufacturing an ink jet head for
forcibly digcharging ink droplets through nozzle openings in
a manner that a pressure of ink within an ink chamber is
increased by displacing a protrusion-having vibrating plate
'constit&ting a part of thé ink chamber by a piezoelectric
transducer, in which said vibrating piate includes a2 one-
piece construction of a high polymeric resin film and rigid
protrusions formed by the following steps of:

1) forﬁing a high polymeric resin film on either of the
surfaces of an inorganic thin plate, and

2) selectively removing said thin plate.

10. The-manufacturing method according to claim 9,

further comprising the step of forming an inorganic £ilm on

[
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embodi ment of the pr esent

| ower

side, showing a key portion of the ink jet head to which an
invention is applied. Fig. 6 is a set of diagranms

showi ng a sequence of steps of a manufacturing process show ng an enbodi -

- pent of the present invention. Fig. 7 is a set of diagrams of a

manuf act uri ng proc-

either of the surfaces of said protrusion-having vibrating

-

plate.

11. The manufactqring method according to claim 9, in
which in the process of forming an inorganic film on either
of ‘the surfaces of said protrusion-having vibrating plate, an

internal stress in the contraction direction is generated in

- the high polymeric resin.

12. The manufacturing method a¢cording to claim 9,'in
which a major ‘component of said rigid protrusions is either

of stainless and nickel.

13. ~ The manufacturing method according to claim 9, in
which said high polymeric resin thin film is made of

polyimide.

14. A method of manufacturing an ink jet head for
forcibly,discharging ink droplets through nozzle openings in
a manner that a pressure of ink wiﬁhin an ink chamber is

increased by displacing a protrusicn—having vibrating'film

constituting a part of the lnk chamber by a p;ezoelectrlc

transducer, in which said vibrating £ilm by
1) a first step of forming a high polymeric resin film on

either of the surfaces of a plate member;
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ess showi ng an enbodi nent of a method of manufac- turing the ink jet head
“of the present invention. Fig. 8 is a perspective view showi ng a key
portion show ng an exanple of the ink jet head manufactured by the

manuf acturing nmethod of the invention. Fig. 9 is a set of diagrams of a
‘manuf acturing proc- ess showi ng another enbodi ment of a method of man-
ufacturing the ink jet head of the present invention.

2) a second step of selectivély depositing second rigid
protrusions on the other surface of said”plate member; and
3) a third step of selectively removing said plate member and

formihg first rigid protrusions.

15. The manufacturing method according to claim 14, in
which said rigid protrusions contain beryllium copper as a.

major component.

16. The manufacturing method aécording to claim 14, in
which said high polymeric resin thin film is made of'

polYimide.
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Fig. 10 is a diagramshowing a prior art. Fig. 11 is a di agram show ng
‘another prior art. Best Mdes for Enbodying the Invention The present
invention will be described in detail with reference to the acconpanyi ng
drawings. In the present enbodinent two |ines of nozzles each of 180 dpi

(dotllnch) are arrayed so as to realize a printer of 360 dpi in resolution

Abstract of the Disclosure

An ink jet head for forcibly dis&harging ink droplets
through'nozzle épenings l13a in a manner that a pressure of
~ink within an ink chamber 22 is increased by displacing a
vibrating plate 20 constituting a part of the inklchamber 22
by a pieioelectric_transducer 1, in which said vibratiﬁg
plate 20.is formed of a high polymeric .resin thin film 20a
and rigid protrusioqs'20b of high.polymeric resin directly

fastened to said high polymeric resin thin film 20b.

_,_,__.._.——-—-———-—’_——._
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Fi'g. 1 is an exploded perspective view showi ng an exanple of an ink jet

head to which the present enbod- inent is applied. An shown in Fig. 1, a

: nDuntlng hol e 11 passing through a head frane 10 supports a base nenber 5

' to be given later in order to position it in X- and Y-axis directions. The
top end face of the piezoelec- tric transducer 1 when |ongitudinally viewed

I n bonded to an island-like protrusion 20b as a rigid protruded part

T
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i

of \a vibrating film20 (referred to as an island-having vibrating film

. mhereby securing the positioning in the Z- axis direction.
i sl and-having vibrating film20, a flow path substrate 12,

nozzl e plate 13 hav-

“in this order to forma | am nated structure.

The

and a plate-like
ing nozzl e openings 13a forned therein are | am nated
Fig. 2 is a cross sectional

view showi ng a.portion of the ink jet head.to which an enbodi nent of the

pr esent
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invention is applied. An ink chanber 22 is fornmed of the This is the

“repl acement sheet Date:
openi ngs 13a forned

27 MAR 1998 = -6- no;zle pl ate 13 havi ng nozzle
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therein, the flow path substrate 12, and a vibrating film 20a as a high
polynmeric resin thin filmof the island-hav- ing vibrating film20. An ink .
reservoir, not shown, an ink supply pipe 14, an ink port 16, and the ink
chanmber 22 conmunicate with one another. Ink 6 is supplied fromthe ink
reservoir (see Fig. 1). Reference nuneral 23 designates a thick part of the
i sl and-having vibrating film which is forned

4 /1
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sinmul taneously with the island-like protrusion 20b. The piezoelectric
transducer 1 is fastened at its base nmem ber 5 to. the head frame 10 by
means of adhesive 90. Wth such a structure, the principle of discharging
ink droplets is as illustrated in Fig. 3. An electrical connec- tion for
driving the piezoelectric transducer 1, not shown in Fig. 3 is wred such
that a drive signal is input to the transducer through first and second

W ring boards 30a
| 5./11

This Sheet Has Been Re{ilaced
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and 30b, a base electrode 5a, and first and second transducer el ectrodes 4a
Tand 14b, as shown in Fig. 2. In a state of Fig. 3A, the piezoelectric
transducer 1 is in a standby node. As shown in Fig. 3B, when voltage is
applied to the piezoelectric transducer 1, it contracts in the direction
orthogonal to the nozzle plate 13 (Z-axis direction) , while pulling the

I sl and-having vibrating film 20 including the vibrating film 20a and the

i sl and-11i ke | 6/11
?O ' | | ‘  /f57a

S ' T L@ A\ R\Wz
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protrusi on 20b. When the electric field is renoved, as shown in Fig.3C the
“resilient restoring force of the pie- zoelectric transducer 1 and the

i sl and-having vibrating film20 increases the pressure of the ink 6 within

the ink flow path 22, causing the ink chanber to forcibly dis- charge ink
droplets 6a through the nozzl e opening 13a. Then, -the piezoelectric .
transducer 1 set again in a standby node.

7./ 11
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TRE i sl and-having vibrating film 20 receives the pushing force generated by
- the piezoelectric transducer 1 and functions mainly to provide a discharge
. of _the largest possible ink droplet 6a (i.e., the weight or volunme of the
ink droplet). The |largest possible ink droplet 6a can be di scharged when
the follow ng conditions are satisfied: This is the replacenent sheet

8,/11

: ~ This Sheet Has Been Rzﬁaced

AR



Dat.e’ 27 MAR 1998

1) The vibrating film20a is as flexible as
@p055|ble 2) An area of the island-like protrusion 20b where it pushes the

ink flow path 22 is set Iarge 3) The island-like protrusion 20b is as

Jrigid as pos-

FIG. 9C
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stbfe. Wth regard to the condition 1) above, 2 [err]mis the lower limt
of the filmthickness in reducing the thickness of the vibrating filmwhen -
- considering a | eakage of the ink 6 caused by defects of the vibrating film
' 20a, such as pin holes. If a filmof high polyneric resin as a flexible

material is used, it can be thinned up to this flgure Wth regard to the
condi tion 2), because of the

10 /11
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demands f or the size reduction and high density pack- aging of the ink jet

head, there is alimt

in enlarging the island-having vibrating film20. To
prevent an interfer- ence between the adjacent

ink flow paths 22, it is

_nec- essary to set the area of the vibrating film20a at a fixed val ue or
limting the enlargenment of the size of

nore. This is one of the causes of

- the island-1ike protrusion 20b. Therefore,

protru-
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rigidity, and i nh#dlsplacenent direction is the best way to-
nest effectlvel ;

the tests of ma

Pat ent Appl i catl the follow ng fact. When adhesiv, for

SJOﬂ 20b mhlch—+s—p+g+d—as—sLaLed in the condition 3), that is, hggyooﬁ?éh
l ume or weight of the i E.dr | et 6a. After
al products, the inventor eﬁ?%@@?ﬂ"m sheet
exanple, is placed bet vveen the vibrating il m20a of hi Datgio! yr'reﬂl BCTISQ |
SPECIFICATION R

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

Field of the Invention

The present invention relates to a récording head of
.an ink jet recording apparatus of the on-demand type which
spouts forth ink droplets toward a recording medium, such as
a recording paper, in accordance with a print signal, thereby
forming an ink image on the recording paper, and a metho& of
manufacturing the recording head, and more particularly to
the construction of a vibrating film which forms one of the
walls defining an ink chamber for discharging ink droplets
and functions to transfer a vibration from a piezoelectric

transducer to the ink chamber.

Backaround Technigues

An ink jet head of the called on-demand tfpe which
spouts forth ink droplets in accordance with a.priht signal
is categorized into.two types according to the type of the
ink discharging force generating.means. The first type qf
the ink jet head is a called bubble jet type of the ink jet
head in which a heater.for instantaneously vaporizing ink is
located at the nozzle tip, and ink droplets are generated and
spouted forth by —=2an expanding pressure when ink is vaporized.
The second type of the ink jet head is constructed such that
a part of an ink chamber forming an ink reservoir is

constructed with a piezoelectric transducer which is deformed

REPLACE‘\/FE‘\IT SHEETS SG
REPLACED SHEETS 'SG ' Descringion : r‘*zwrd L. to paged A
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resin and the rigid inland-1ike protrusion 20b, the sepa- ration between
the vibrating filmand the island-like pro- trusion takes place at the

. interface between them considerably danmaging the reliability. Further,

. because of the thickness of the adhesive, ,a transfer efficiency of the

~di splacenent fluctuates, nmaking it very di%ficult to control a variation of
t he characteristics.. For this reason, it is advisable to directly fastened

to the vibrating film . . .
acc%rding to a print signal, and ink droplets are impelled to

emit forward by a pressure generated in the ink chamber by
the deformation of the piezoelectric transducer.

The on-demand type of the ink jet head as the second
type of the ink jet head, as disclosed in Published
Unexamined Japanese Patent Application Nos. Sho. 58-119870
and 58-119872, is constructed such that a vibrating film
(called a diaphragm in bofh the publications) forming an ink
chambef is coupled with a second end of a piezoelectric
transducer fastened at a first end to a base, with an island-
like protrusion (calléd a lég in both the publications)
inserted therebetween. The expandihg and contracting actions
of the piezoelectric transducer cause the piezoelectrié
transducer to push the leg and to deform the vibrating film.
The deformed film causes ink of the ink chaﬁber to forcibly
emit forward in the form of ink droplets through a nozzle
opening.

Neither of the above-mentioned publications discloses
any specific method of forming the vibratihg film and the
leg. The leg takes a complicated construction where it is
fitted into a bearing. Therefore, it is very difficult to
accurately manufacture and assemble the leg member and the
bearing member for the purposes of size reduction and high
density of packaging. - To solve those problems, a
first measure taken that is disciosed in Published Unexamined

Japanese Patent Application No. Hei. 3-15555 is such that, as

________'————————’T‘—_———__ .
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20a with the is land-like protrusion 20b. Fig. 4 is a cross sectional view

showi ng a di scharge pressure generating neans of the ink jet head to which
an’ enbodi ment of the present invention is applied. The pressure generating
means includes the piezo- electric transducer 1 of a nulti-layer structure
in which a This is the repl-acenent sheet Date: 27 MAR 1998

shown in Fig. 10, a vibrating film 6la (called a vibrating
plate in the publication) made of silicon;, 1.8 um thick, and
an island-like protrusion 61b (called a protrusion in the
same puﬁlication) made of silicon 6xide, 100 um thick, ére
coupled together into a vibrating film 61 with a protrusion
.by the manufacturing technique of semiconductor elements, and
the island-like protrusion 61b is bfought into contact with a
piezoelectric transducer 60.

In anoﬁher measure taken by the publication, as a
second measure, the island-like protrusion 61b is formed on
the vibrating £ilm Sla, 1 to 10 um thick, made of metal, such
as nickel, staiﬁless, iron, copper, silver, gold, tantalum,
or titahium, by an electroforming method, and the ‘island-like
protrusion élb is brought into contact with the piezoelectric
transducexr 60.

In yet another measure taken by the publication, as a
third measure, the island-like protrusion 61b of which the
material and the method are not disclosed is fastened to the
vibrating film 6la as an organic material film of 50 pm
thick, and the island-like protrusion 61b is brought into
contact with the piezoelectric transducer 60.

In a fourth measure taken by Published Unexamined
Japanese Patent Application No. Hei. 3-190744, as shown in
Fig. 11, a dummy layer; 100 um thick, is formed on an |
electrode 71a of a piezoelectric transducexr 70, and the

resultant structure is cut by dicing process. The

This is the replacemant sheet
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- 8- pi ezoel ectric nenber 2 and conductive nmembers 3a and 3b (referred to as
I nternal electrodes 3a and 3b) are alternately |ayered. Conductive nenbers
4a and 4b, which are respectively connected to the conductive

piezoelectric transducer 70 is separated, by the dicing, to
form a dummy layer island-like protrusion.73b. A vibrating
film 73a (called a cover member in the publication) of
approximately 50 um thick is bonded to the dummy layer
island-like protrusion 73b by epoxy adhesive.

To ?ealize a practical ink jet head by any of those
conventional techniques, the following problems are crea?ed
in addition té the difficulty of accurate manufacturing and
assembly.

Firstly, the vibrating film 6la, when formed of a
high polymer resin of approximately 50 um thick, cannot
transfer pressure and displacement that are high enough to
discharge ink, ta an ink chémber 64. Even if Pb-zirconate-
titanate ~ that is considered, at prgseht, to have the
highest transducing efficiency is used for the piezoelectric
material of the piezoelectric transducer, the displacement
achieved is several um or less. When a high polymeric resin
£ilm ten times or more as ti'lick as the above displa;:ement is used and
is pushed with the piezoelectric transducer, the displacement
and pressure by pushing are absorbed by plastic deformation.
Accordingly, it is not suitable for the recording head of the
small size an high density of packaging.. ' Secondly, the
vibrating film formed of a silicon film or a metal foil is
not resistive to the bending deformation. It-will be
fatigued and broken down. Therefore, it is not suitable for

the displacement transfer_membe: for the ink jet head which
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nénbers 3a and 3b, are further fornmed on the piezoe- lectric transducer 1
The first half of the piezoelectric transducer 1, as viewed |ongitudinally,
is bonded to the base nenber 5, while the end of the second half not bonded
is bonded to the island-1ike protrusion 20b of the island-having vibrating
film20 (see Fig. 2). The use of the thus constructed |ongitudinal node
vi brator can generate a hi gher pushing pPessure t han
will repeat the deformation totally several hundreds million
times at high speed. Further, those materials are extremely
"high in rigidity. Because of this, those are not suitable
for the materials for the vibrating film which must be
flexible as possible.
with the view of solving the above problems, the
present invention has an objeét to realize the structure of
an ink jet head which is highly efficiently operable and to
manufacture, at low cost, an ink jet head using a vibrating

film with a protrusion, which enables the structure to easily

be manufactured in a mass production manner.

Disclosure of the Invention

An ink jet head for forcibly discharging ink droplets
through nozzle openings in a manner that a pressure of ink
within an ink chamber is increased by displacing a vibrating
plate constituting a part of the ink chamber by a
piezoelectric transducef, in which said vibrating plate is
formed of é high polymeric resin thin £ilm and rigid
protrusions - _ | - directly fastened to said
high polymeric resin thin film. With such a construction, an
expanding/contracting motion of the piezdelectric transducer
is efficiently transferred to the ink chémber, enlarging a
minute contact area of the piezoelectric transducer and

amplifying the pushing force to' the ink chamber. Therefore,

T emm—



the use of the deflection vibrator. Use of the vibrator of the |aninated
type produces a |l arge displacenent at a |l ow voltage applied. In this

: enbodi ment ,

t he piezoelec- tric transducer 1 is designed to have the

foll owi ng dinmensions: the width of each of an array of the piezoe- lectric
transducers 1 when viewed in the array md%ﬁnion is 80 [err]m the pitch of
the array of the piezoelectric trans- ducer 1 when viewed in the array
direction is 141 [err]m :

an ink jet head reliable and excellent in the ink discharging
characteristic is realized. .

I
f

Brief Description of the Drawings

Fig. 1 is a perspective view showing the structure of
an ink jet head to which an embodiment of the present
invention is applied.

Fig. 2 is a cross sectional view showing.a portion of
the ink jet head to which an embodiment of the preseﬁt
invention is applied.

Fig. 3 shows a set of diagrams showing an operation
of the ink jet head of the invention.

Fig. 4 is a cross sectional view showing a discharge
pressure generating means of the ink jet head to which an
embodiment of the present invention is applied.

Fig. 5 is a perspective view, when viewed from the
lower side, showing a key-portion of the ink jet head to
which an embodiment of the present invention is applied.

Fig. 6 is a'set of diagrams showing a sequence of
steps of a manufacturing process showing an embodiment of the
present invention.

Fig. 7 is a set of diagrams of a manufacturing
process showing an embodiment of a method of manufacturing

the ink jet head of the present invention.

This Sheet Has Been Re This is the replacemant sheet

WA L. e



t he thickness of the |lam nated structure when viewed in the | am nation
direction,is approximately 0.5 mm the lam nation pitch in the |am nation
direction, i.e., the dis- tance between the internal electrodes is
approximately 20 [err]m and the |lam nated structure length in the |ongitu-
dinal direction is approximately 5 mm Wen voltage of about 20 Vis
appl i ed between the external electrodes 4a’and 4b of the piezoel ectric
transducer 1 thus di men- : '

Fig. 8 is a perspective view éhpwing a key portion
showing an example of the ink jet head manufactured by the
manufacturing method of the invention.

Fig. 9 is a set of diagrams of a manufacturing
process showing another embodiment of a method of

-manufacturiqg the ink jet head of the present invention.

Fig. 10 is a diagram showing a prior art.

Fig. 11 is a diagram showing another prior art.

Best Modes for Embodying the Invention

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

In the present embodiment, two lines of nozzles each
of 180.dpi (dot/inch) are arrayed so as to realize a printer
of 360 dpi in resolution.

- Fig. 1 is an exploded perspective view showing an
example of an ink jet head to which the present embodiment is
applied. As shown in Fig. 1, a mounting hole 11l passing
'through a head frame 10 supports a base member 5 to be given
later in order to position it in X- and Y-axis directions.
The top end face of the piezoelectric transducer 1 when
longitudinally viewed is bonded to an island—like protrusion
20b as a rigid protruded part of a vibrating film 20
(referred to as an iéland-having vibrating film) as a
vibrating plate with a protrusion, whereby securing the

positioning in the Z-axis direction. The island-having
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sioned, a displacenment of 1 [err]m and 300,000 Pa. were obtained. As a

resul t,

I nk of about 0.1 [err] gramwas dis- charged. Fig. 5is a

per spective view, when viewed fromthe |ower aide, showi ng a key portion of
'the ink jet head to which an enbodi nrent of the present invention is

~applied.

In the structure, the length (denoated as 11 in Fig. 2)

vibrating film 20, a flow path'subst}ate 12, and a plate-like
nozzle plate 13 having nozzle openings 13a formed therein are
laminated in this order to form a laminated structure.

Fig. 2 is a cross sectional view showing a portion of
the ink jet head to which an embodiment of the present
invention is applied. An ink chamber 22 is formed of the
nozzle plate 13 having nozzle openings 13a formed therein,
the flow path subst;ate 12, and a vibrating film 20a as ;
high polymeric resin thin film of the island-having vibrating
film 20.

An ink reservoir, not shown, an ink supply pipe 14,
an ink port.16, and the ink chamber 22 commuhicate with one
another. Ink 6 is supplied from the ink reservoir (see Fig.
1). Reference numeral 23 designates a thick part of the
island-having vibrating film, which is formed simultaneously
with the island-liké_protrusion 20b. The piezoelectric
transducer 1 is fasténed at its base member 5 to the hgad
frame 10 by meéns of adhesive 90. With such a
structure, the principle of discharging ink droplets is as
illustrated in Fig 3. An electrical connection for driving
the piezoelectric transducer 1, not shown in Fig. 3, is wired
such that a drive signal is input to the transducer through -
first and second wiring boards 30a and 30b, a base eléctrode
5a, and first and second transducer electrodes 4a and 14b, as
shown in Fig. 2. 1In a state of fig. 3A, the piezoelectric

transducer 1 is in a standby mode. As shown in Fig. 3B, when
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of the ink chanmber 22 is 1.5 mm the height (hl in Fig. 2) of the ink
chanber 22 in 180 [err]m the width of the ink chanber 22 is 100 [err]m
the thickness of the vibrating film20a is 4 [err]m the length (12 in Fig.
2) of the protrusion 20b is 1.3 mm the height (h2 in Fig. 2) of the
protrusion This is the repl acenent sheet Eate 27 MAR 1998 .

voltage is applied to the piezoelectri¢ transducer 1, it
contracts in the direcﬁion orthogonal to the nozzle plate 13
(Z-axis direction) , while pulling the island-having
vibrating film 20 including the vibrating film 20a and the
island-like prdtrusion.zob. .When the electric field is
removed, as shown in Fig. 3C, the resilient restoring force
of the piezoelectric transducer 1 and the island-~having
vibrating £ilm 20 lncreases the pressure of the ink 6 within
the ink flow path 22, causing the ink chamber to forcibly
discharge ink droplets 6a through the nozzle bpeniﬁg 13a.
Then, the piezoelectric transducer 1 is set again in a
standby mode. ' o .

The island-having vibrating film 20 receives the
pushing force generated by the piezoelectric trﬁnsducer 1 and
functions mainly to provide a discﬁarge of the largest
possible ink droplet 6a (i.e., the weight or volume of the
ink droplet). The largest possible ink droplet 6a

can be discharged when the following conditions are

satisfied:

1) The vibrating film 20a is as flexible as
possible. | _ |

2) .An area of the island-like protrusion 20b

where it pushes the ink flow path 22 is set large.

3) The island-like protrusion 20b is as rigid as

possible.
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-9- 20b is 40 [err]m and the width of the protrusion 20b is 30 pm A
manuf acturing nethod to realize the construction of the present invention
wi-l | be described. An enbodi nent of a first manufacturing process of

10

With regard to the condition 1) above, 0.002 mm is
the lower limit of the film thickness in “reducing the
thickness of the vibrating film when considering a leakége of
the ink 6 caused by defects of the vibrating film 20a, such
aé pin holes. If a film of high polymeric resin as a
flexible material is used, it can be thinned up to this
Ifigure.

With regard.to the condition 2), becausé of the
demands for the size reduction and high density packaging of
the ink jet head, there is a limit in enlarging the island-
having vibrating film 20. To prevent an interference between
the adjacent ink flow paths 22, it is necessary to set the
area of the vibrating film 20a at a fixed wvalue or more.
This is one of the causes of limiting the enlargement of the
size of the island-like protrusion 20b.

Therefore, the formation of the island-like
protrusion 20b which is rigid as stated in fhe condition 3),
that is, has a high rigidity, and is thick in the
.displacement direction is the best way to most efifectively
inérease the volume or weight of the ink droplet 6a.

| After the tests of many types of trial products, the
inventor of the present Patent Application discovered the
following fact. When adhesiée, for example, is placed
between the vibrating film 20a of high polymeric resin and
the rigid island-like protrusion 20b, the separation between

the vibrating film and the island-like protrusion takes place
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the invention is illustrated in Figs. 6A through 61. A plate material 50 of
nmetal or ceramcs,. 0.01 to Immthick is prepared. A preferable material is
any of copper, nickel, iron, stainless, silicon and the |like since it is
easy to work as will be seen later (fig. 6A). A high polyneric.resin 20a is
coated, 1 to 25 [err]mthick, entirely over one of the surfaces of the
plate mate- rial 50 (Fig. 6B). Any of va3uumfilm form ng process,

at the interface between them, considerably damaging the
reliability. Further, because of the thickness of the
adhesive, a transfer efficiency of the displacement
fluctuates, making it very difficult to control a variation
of the characteristics. For this reason, it is advisable to
directly fastened to the vibrating film 20a with the island-

like protrusion 20b.

Fig. 4 is a cross sectional view showing a disch%rge
pressure generating means of the ink jet head to whicﬁ an
embodiment of the present invention is applied.

The préssure generating means includes the
piezoelectric transducer 1 of a multi-layer structure in
which a piezoelectric member 2 and-conductive members 3a and
3b (referred to as intefnal electrodes 3a and 3b) are
alternately layersad. Conductive members 4a and 4k, which are
respectively connected to the conductive members 3a and 3b,
are further formed on the piezoelectric.transducer 1. The
first half of the piezoelectric transducer 1, as viewed
longitudinally, is bonded to the base member 5, while the end
of the second half not bonded is bonded to the island-like
protrusion 20b of the island-having vibrating film 20 (see
Fig. 2).

The use of the thus constructed longitudinal mode
vibrator can generate a higher pressure than the use of the
deflection vibrator. Use of the vibrator of the laminated
type produces a large displacement at a low voltage applied.

R
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e.g., vacuum vapor deposition, dip formng, roll coating, spray,. and
casting nethods nmay be used for the filmfor- mation. The high polyneric
resin 20a may be any of polyimide (Pl) resin, polyether inmide (PEl) resin,
pol ya- mide-imde (PAI) resin, poly-para-ban acid (PPA) resin. polysulfone
(PSF) resin, polyether sul phone (PES) resin, polyether ketone(PEEK) resin,
pol yphenyl ene sufide (PPS) resin, ponoIei&n (APO resin, polyethyl-

In this embodiment, the piezoelectric transducer is designed
to have the following dimensions: the width of each of an
array of the piezoelectric transducers when viewed in the
array direction is 80 um; the pitch of the array of the
piezoeleétric transducer when viewed in the array direction
is 141 upm; the thickness of the laminated structure when
viewed in the lamination direction is approximately 0.5 mm;
the lamination pitch in the lamination direction, i.e., £he
distance between the internal electrodes is approximately 20
pm; and the laminated structure length in the longitudinal
direction is approximately 5 mm. When voltage of about 20 V
is applied between the external electrodes 4a and 4b of the
piezoelectric transducer thus dimensioned, a displacement of
1 um and 300,000 Pa. were obtained. As a result, ink of
about 0.1 p gram was discharged.

Fig. 5 is a perspective view, when viewed from the
lower side, showing a kéy portion of the ink jet head to
which an embodiment of the present invention is applied.

In the structure, the length (denoted as ll1 in Fig.
2) of the ink chamber 22 is 1.5 ﬁm; the height (hl in Fig. 2)
of the ink chamber 22 is 180 um; the width of the ink chamber
22 is 100 um; the thickness of the vibrating £ilm 20a is 4
pm; the length (12 in Fig. 2) of.the_protrusion 20b is 1.3
mm; the height (h2 in Fig. 2) of the protrusion 20b is.40 um;

and the width of the protrusion 20b is 30 um.
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ene-naphthal ate (PEN) resin, alainde resin and the like. The filmform ng
met hod must be chosen according to the material used. O those filmformng
met hods, the casting nmethod is preferable because it can easily forma
smooth and uniformthick film The high polynmeric resin 20a as the
vibrating film20a as referred to above is preferably polyimde resin when
considering its useful properties;: high rsistivity to

A manufacturing method to realize the construction of
the present invention will be described.*

An embodiment of a first manufacturing process of the
invention is illﬁstrated in Figs. 6A through 6I.

A thin film 50 of metal or ceramics, 0.01 to lmm
thick, is prepared. A preferable materiai is any of copper,
nickel, iron, stainless, silicon and the like since it is
‘easy to work as will be seen later (fig. 6A).

A high polymeric resin 20a is coated, 1 to 25 um
thick, entirely over one of the surfaces of the thin film 50
(Fig. 6B). Any of wvacuum film forming process, e.g., vacuum
vapor deposition, dip forming, roll coating, spray, and
cast;ng methods may be used for the film formation. The high
polymeric resin 20a may be any of polyimide (PI) resin,
polyether imide (PEI) resin, polyamide-imide (PAI) resin,
poly-para-ban acid (PPA) resin, polysulfone (PSF) resin,
polyether sulphone (PES) resin, polyether ketone (PEEK)
resin, polyphenylene sufide (PPS) reéin, polyolefin (APO)
resin, polyethylene-naphthalate (PEN) resin, alaimde resin
and the like. The film forming method must be chosen
according to the material used. Of those film forming
methods, the casting‘methbd is pteferable because it can
easily form a smooth and uniform-thick film.

The ‘high polymeric resin_20a as the vibrating film
20a as referred to above is preferably polyimide resin when
considering its useful properties} high resistivity to

_____________________—————-———— .
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etching liquid and resist renoval |liquid used in the etch- ing process to
be given later, high resistivity to the con- tents of the ink 6,

adhesi veness devel oped by the resin per se, and excellent flexibility
useful for the vibration film A photosensitive resist 51 is fornmed on the
ot her surface of the plate material 50 og4mh|ch the high poly- neric resin
20a is not forned (Flg 6C) .

etching liquid and resist removal liquid used in the etching
process to be given later, high resistivity to the contents
of the ink 6, adhesiveness develdped by the resin per se, and
excellent flexibility useful for the vibration film.

A photo resist 51 is formed on the other surface of
the thin f£ilm 50 on which the high pélymeric resin 20a is not
formed (Fig. 6C).

Using a pho;o mask 52, the formed photo resist 5; is
irradiated with ultraviolet rays 53. As a result, the photo
fesist 51 is selectively exposed to the ultraviolet rays
(Figs. 6D and 6E).

Then, the photo resist 51 is developed and exposed
portions 5la are left (Fig. 6F).

The thin film 50 is selectively subjected tb chemical
etching process, using the photo resist 5la. The remaining
portions of the thin film 50 are formed as island-like
protrusions 20b (Fig. 6G).

Subsequently, while leaving the exposed portions 5la,
a island-having viSrating film 20 including island-like
protrusions 20b and the high polymeric resin 20a ang a thick
part (designated by reference. numeral 23 in Fig. 2)lare
formed (Fig. 6H).

Finally, one of the surfaces of the island-having
vibrating £ilm 20 is entirely coated with an inorganic film
21 made of metal or ceramics. The inorganic film 21 may be

formed on either of the island-having vibrating film 20. It

" This is the replacemeant sheet
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Usi ng a photo mask 52, the forned photosensitive resist 51 is irradi ated
with ultraviolet rays 53. As a result, the photosensitive resist 51 is
selectively exposed to the ultraviolet rays (Figs. 6D and 6E). Then, the
phot osensitive resist 51 is devel oped and This is the replacenent sheet
Date: 27 MAR 1998 15

is formed preferably on the sufface of the vibrating film 20a
on which the island-like protrusions ZQb are formed, when
considering the objects to form the inorganic film 21. The
first object to form the film is to prevent deterioration of
the vibration charaqteristic of the piezoelectric transducer
owing to the penetration of ink ingrediénts. The second
object is to prevent deterioration of the vibrating film 20a
owing to the spray qf the ink 6 and a size variation of the
film by the same cause. A preferable thicknéss of the
inorganic film 21 is preferably 0.1 to 2 um so as to secure
the ink shielding function and the vibration characteristic
of the piezoelectric transducer 1 (Fig. 6I). The inorganic
film 21 is not always essential to the present invention. A
swelling of the vibrating film 20a can be reduced to within a
practica;ly toleraﬁle level by a proper choice gnd
optimization of ink used. By hafdening the resin film in a
state that an internal stress is generated in the coating
direction, in the step (b) of ﬁhe manufacturing process, a
state as if the <xresin . £ilm 21 is attached to the thick
part 23 while being tensioned is obtained, when it is
completed as the island-having vibrating film 20. If so
manufactured, an excessive dull is not formed in the
vibrating film 20a if a slight swelling is caused in the film

by the ink.

Sheet Has Been Re 1a°°d : This is the replacemant sheet

B 111 e




- 10 - exposed portions 5la are left (Fig. 6F). The plate material 50 is
sel ectively subjected to chem cal etching process, using the photosensitive
resi st 51. The remaining portions of the plate material 50 are formed as

i sl and-1i ke protrusions 20b (Fig. 6G. '

16

A sequence of steps of manufacturing process
| accoxding to the second embodiment of the present invention
is shown in Figs. 7A through 7F.

As shown in Fig. 7A, a plate member 40 is prepared.
The plate member 40 becomes first island-like protrusions 1l6a
through a proﬁess to be given later.

As shown in Fig. 7B, a precursor of high polymeric
resin is laid on one of the surfaces of the plate member 40,
.and heat or light is applied to it to form a vibrating film
20a:

In the subsequent step of Fig. 7C, a photosensitive
_resist 41 is formed on the other surface of the platé member
40, and subjected to exposure or development process, thereby
forming a desired pattern of the photosensitive resist.

As shown in Fig. 7D, metal to serve as second island-
like protrusions 16b is caused to deposit in the windows 42
of the plate member 40 bearing the patterned photosensitive
resist 41. |

Then, as shown in Fig. 7E, the photosensitive resist
4] is removed.

Finally, as shown in Fig. 7F, the photosensitive
resist 41 is‘removed, windows 43 through which the plate
member 40 is exposed are removed by chemical etching process,
for example. In the resultant structure, the first is’and—

llke protrusions l6a are formed under the second island- llke
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Subsequent |y, while |eaving the exposed portions 5la, a island-having
vibrating film 20 including island- |ike protrusions 20b and the high
polynmeric resin 20a and a thick part (designated by reference nunmeral 23 in
Fig. 2) are fornmed (Fig. 6H). Finally, one of the surfaces of the

i sl and-having vibrating film20 is entirghy coated with an inorganic film
21 made of netal or ceramcs. The inorganic film?21

protrusions 16b. This step completes the island-having
vibrating film 20. -

As shown in the above-mentioned manufacturing .
process, the deposited metal (sécond island-like protrusions
16b) already form part of the island-like prétrusions 20b on
the plate member 40. Thereafter, the plate member 40 as the
lower layer is etched to form the first island-like
protrusions l6a, thereby forming the island-having vibrating
film 20. Accordingly, it is readily seen that the island-
having vibrating film 20 of the large thick can easily be
formed. |

Fig. 8 is a perspective view showing a key portion
showing an example of the ink jet head manufactured by the
manufacturing method of the invention. 1In the figure, there
is illustrated an example of an island-having vibrating film
20 manufactured by the manufacturing process of this
embodiment. The vibrating £ilm 20a is made of polyimide,
0.005 mm thick. A formation density x of the island-like
protrusions 20b is 0.1411 mm corresponding to 180 dpi. The
width x1 of the island-like protrusion 20b is 0.03 mm. The
length vy thereof is 1.7 mm. With such dimensions, the first
island-like protrusionsllsa of zl thick and the second
island-like protrusions 16b of z2 thick can be formed by a
beryllium copper foil of 0.05 mm thick and an electrotyped
nickel film of 0.05 mm thick. Accordingly, the island-like

protrusions 20b, which is formed by using the member which is
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may be formed on either of the island-having vibrating film20. It is
formed preferably on the surface of the vibrating film20a on which the

i s and-1i ke protrusions 20b are forned, when considering the objects to
formthe inorganic film21l. The first object to formthe filmis to prevent
deterioration of the vibration characteristic of the piezoelectric
transducer owing to the penetratlon of iR ingredients. The second obj ect

is to prevent det er.i o-
inherently rigid and satisfactorily thick, is little deformed
and has a high displacement transfer efficiency.

A sequence of steps of manufacturing process
according to the thlrd embodiment of the present invention.is
shown in Figs. 9A through 9F.

As shown in Fig. 9A, a plaﬁe member 9 is prepared.
The plate member 9 is made preferably of material of high
corrosion- proof such as copper, berylliﬁm copper, titanium
copper, phosphorus bronze, iron, or iron-nickel alloy.

Then, as shown in Fig. 9B, a first inorganic thin
film 121 is forﬁed on one of the surfaées of the plate member
9. The film forming means may be any of the following
methoqs: a Qacuum film forming method, such as sputtering,

.vapor deposition, or CVD (chemical vapor deposition), a dip
forming method by the first inorganié thin film 121 in a
state of solution, a roll coating method, a spray method, and
a plating method of depositing the first inorganic thin film
121. Metal of high sealing performance or ceramics is
preferable of the first inorganic thin film 121.
Accordingly, the vacuum film forming method or the plating
method is preferable for the film.forming method. 1In this
embodiment, a film (first inorganic thin £ilm 121) of nickel
was formed by the plating methodf Gold, chromium, palladium
and platinum are avaiiable;lin addition to the nickel.

The thickness of the first inorganic thin film 121 is
preferably 0.0001 to 0.02 mm in order to secure the

I
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ration of the vibrating film20a owing to the spray of the ink 6 and a size
variation of the filmby the sanme cause. A preferable thickness of the

i norgani c f

ilm21 is prefer- ably 0.1 to 2 [err]mso as to secure the ink

shielding func- tion and the vibration characteristic of the piezoelectric

t ransducer
t he present

1 (Fig. 61). The inorganic film21 is not always essential to
i nvention. A swelling of the®vibrating film20a can be reduced

to wwthin a practi -

dimensional accuracy of the island-like protrusion 20b by
etchiag and to ensure the sealing of the;plate member 9 in
cooperation with a second inorganic thin film 122,

As shown in Fig. 9C, an elastic film 20a is formed on
either of the surfaces on which the first inorganic thin film
121 is formed. The elastic film 20a, as described above,
must have an inverse characteristic of that of the island-
like protrusion 20b{ and be as thin as éossible and
flexible, in order to efficiently transfer the pushihg force
of the piezoelectric tranaducer 1. This embodiment also uses
polylmlde as in the previous embodiment.

As shown in Figs. 9D and 9E, a photosens;tlve resist

film 9a is formed on the other surface of the plate member 9.

" It is patterned by the exposure and developing prccess. In

this embodiment, the formation density of the photosensitive
resist film 9a is 0.1411 mm pitch corresponding to 180 dpi.

As shown in Fig. 9F, the plate member 9 is
selectively removed by such means as chemical etching.
Subsequently, the first inorganic thin film 121 is
selectively removed similarly by chemical etching, plasma.or
ion etching process.

In the next step, as shown in Fig. 9G, the
photosensitive resist film %a is removed.

In the final step, as shcwn in Fig. 9H, a second
inorganic thin film 122 is formed on the surface of the

island-like protrusions 20b, and the island-like protrusions
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cally tolerable | evel by a proper choice and optim zation of ink used. By
hardening the resin film20a in a state that an internal stress is
generated in the coating direc- tion, in the step (b) of the manufacturing
process, a state as if theresin film20a is attached to the thick part 23
whi | e being tensioned is obtained, when 20 is com pleted as the

i sl and-having vibrating film20. If so.man- ufactured, an excessive dull is

not forned in the

20b are sealed in every dirtttion. The best film forming
means is 2 nonelectrolysis plating method which can
selectively form only the island-like protrusions 20b. 1In

this embodiment, nickel is used for the second inorxganic thin
£ilm 122 as for the first inorganic thin Illm. }n addition
to nickel, gold, chromium, palladium and platinum aée
'preférabie. '

Thée khicknass of the second lnoraanzc thin film 122
is preferably 0.0001 mm or more, wmore praierably 0.02 mm.

Through the.procass steps, thz island-naving
vibrating film 20 is formsd, With such 2 construction, evan
if ink ingrediehts penetrata cthrough the elastic Zilm 20e,
for example, tThe corrosion pzooé of the island-like .
rotrusion 20b is secured, =nsuxring the reliability of the

ink jet heaa for a 1ong trime.. Further, material such as Cu~containing

metal tha-c has such a h:.gh rigidity ag to satisfy the ink discharge

performance, and ‘a high corrosiveness. . and allows a2 fine woxk, may
ba used for Ehp island-like protrusion 20b. Thérffore, both
the reliability an& the ink discharge performance can D2
sétisfactorily securad.

In the ink jet haad manufacturxed accoxding to the
construction and the method of the invention, the dischaxgad
ink droplet 6a ls increasad by 15 weight %, and a high
wfficiency of pushing foxce transfer is obkained.

As described, the island-having vibrating f£ilm is

constructed such that the thick island-like protxusion of

Sheet Has Been Re laced This is the replacement sheet
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vibrating film=20a if a slight swelling is caused in the filmby the ink A
sequence of steps of manufacturing process according to the second

enbodi ment of the present invention is shown in Figs. 7A through 7F. This
is the replacenent sheet Date: 2 7 MAR 1998 '

21

high rigidity is directly fastened to the very thin vibratg’.né
film of high polymeric resin, improving the ink discharging
characteristic; Since such a structure is easily and
accurately manufactured, a low cost and a high quality of the
resultant head of the ink jet head aré achieved.

Further, since an insulating material may be used for
the vibrating f£film 20a, the island-like protrusions, if it is
made of metal of hiqh rigidity, can easily be insulated ffom

the drive electrodes exposed to the vibrator surface.

Field of the Invention

As described above, the ink jet head of the present
invention is suitable for the image recording machines, such

as copying machines, printers and facsimile machines.

This Sheet Has Been RT iaced This is the replacement sheet

Date: w4 LT A%



As shown in Fig. 7A, a plate nmenber 40 is pre- pared. The plate nmenber 40
becones first island-like protrusions 16a through a process to be given

|ater. As shown in Fig. 7B, a precursor of high poIynerig—iiﬁﬂiLing$ﬂ£¥;§;r
one of the surfaces of the plate nenber 40 and heat or Ilgh&lls applie
' This Sheet Has B

e Bl S [}

through nozzle openings in a manner that a pressure of ink
within an ink chamber is increaséd by displacing a vibrating
plate constitufing a part of the ink chamber by a
piezoelectric transducer, in which said vibrating plate is
formed of a high polymeric resin thin £ilm and rigid

protrusions directly fastened to said high polymeric resin

thin £ilm.

2. The ink jet head according to claim 1, in which an

inorganic thin £film is formed on either of the surfaces of

said vibrating plate.,

3. The ink jet head according to claim 1, in.which an
inorganic f£ilm is formed between the surface of said rigid

protrusions and said high polymeric resin thin film.

4. The ink jet head according to claim 1, in which said
vibrating plate includes a thick part enclosing said rigid
protrusions and is contained in the same layer as of said
rigid protrusions, wherein said resin thin film is attached to
said thick part while being tensioned.

5. " The ink jet head.according to claim 1, in which said

high polymeric resin thin film is made of polyimide.

This is the replacement sheet
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filmz20a. In the subsequent step of Fig. 7C, a photosensitivertesist 41 is
formed on the other surface of the plate nenber 40, and Q'ec d &p

exposure or devel opnent process, thereby formng a desir Y
photo- sensitive resist. As showmn in Fig. 7D, netal to ser |
i sl and-1i ke protrusions 16b is caused to deposit in the
23
6. The ink jet head according to claim 1, in which a

major component of said rigid protrusions is any of

stainless, nickel, and beryllium copper.

7. The ink jet head according to claim 1, in which said
pieioelectric transducer is a piezoelectric vibrator of the

vertical vibrating type.

8. The ink jet head according to claim 1, in which said
piezoelectric transducer is a piezoelectric vibrator of the

laminated type.

9. A method of manufacturing an ink jet head for
forcibly discharging ink droplets through nozzle openipgs in
a manner that é pressure of ink within an ink chamber is
increased by displacing a protrusion-having vibrating plate
constituting a part of the ink chamber by a piezoelectric
transducer, in which said vibrating plate includes a one-
piece construction of a high polymeric resin film and rigid
protrusions formed by the following steps of:

1) forming a high polymeric resin film on either of the
surfaces of an inorganic thin plate, and

2) selectively removing said thin plate.

10. The manufacturing method according to claim 9,

further comprising the step of forming an inorganic film on

This is the replacement sheet
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wi ndows 42 of the plate menber 40 bearing the pat- terned photosensitive
resist 41. Then, as shown in Fig. 7E, the photosensitive resist 41 is
rrenoved. Finally, as shown in Fig. 7F, the photosensitive Tﬁ,g%h&tﬂélaeé@eilmd

renoved, w ndows 43 through which the plate nenber 40 is ex \
renoved by chem cal etching process, for exanple. In the re

structure,
24

either of the surfaces of said protrusion-having vibrating

-

plate.

11. The manufacturing method according to claim 9, in

which in the process of forming an inorganic film on either
of the surfaces of said protrusion-having vibrating plate, an
internal stress in the contraction direction is generated in

the high polymeric resin.

12. The manufacturing method according to claim 9, in
which a major ‘component of said rigid protrusions is either

of stainless and nickel.

13. ~ The manufacturing method according to claim 39, in
which said high polymeric resin thin film is made of

polyimide.

i4. ‘A method of manufacturing an ink jet head for
forcibly discharging ink droplets through nozzle openings in
a manner that a pressure of ink within an ink cﬁamber'ié
increased by displacing a protrusion-having vibrating film
constituting a part of the ink chamber by a piezoelectric
transducer, in which said vibrating film by

1) a first step of forming a high polymeric resin film on

either of the surfaces of a plate member;

I ———
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the first. island-like protrusions 1 6a are fornmed under the second
i sl and-1ike protrusions 16b. This step conpletes the i sl and-having —— havi ng
vibrating film20. As shown in the above-nenti oned manuf dhfsﬂhdcﬂ%s%éﬂiﬁﬁded

the deposited nmetal (second island-like protru- sions 16b)
part of the inland-like protru- sions 20b on the plate ne

Thereafter, the plate nenber 40 is the gpwer | ayer is etch
first 2

2) a second step of selectively depositing second rigid
protrusions on the othar surfacs of said”plate member; and
3) a third step of selectivesly removing sald plate member and

forming first rigid protrusions.

15. The manufacturing msthed according to claim 14, in
which said rigid protrusicns contain beryllium copper as a

major component.

16. The manufacturing mecthod according to claim 14, in
which said high polymerxic resin thin film is made of

polyimide.

This is the replacement sheet
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I sl and-1i ke protrusions 16a, thereby form ng the island- having vibrating
film20. Accordingly, it is readily seen that the island-having vibrating
ficlm 20 of the large thick can easily be formed. Fig. 8 is a perspective
vi ew showi ng a key portion show ng an exanple of the ink jet head

manuf actured by the manufacturing nethod2s the invention. In the flgure

there is illustrated an exanple of an island- haV|ng _
INK JET HEAD AND A METHOD OF 'MANUBACTURING: THE INK JET HEAD

Abstract of the Disclosure

An ink jet head for forcibly dis¢harging ink droplets
through nozzle openings 13a in a manner thaf a pressure of
ink within an ink chamber 22 is increased by displacing a
vibrating plate 20 constituting a part of the ink chamber 22
by a piezoelectric transducer 1, in which said vibrating
plate 20 is formed of a high poiymeric_resin thin film 20a
and rigid protrusions 20b of high polymeric resin directly

fastened to said high polymeric resin thin £ilm 20b.

FIGURE 2

This Sheet Has Been Re |
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vibrating film20 manufactured by ‘the manufacturing process of this

enbodi nent. The vibrating film20a is nade of polyimde, 5 [err]mthick. A
foermati on density X of the island-like protrusions 20b is 141.1 [err]m
correspond- This is the replacenment sheet 27 MAR 1998 Dat e:

is Sheet Has Been Replaced This is the replacement sheet
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- 12 - ing to 180 dpi. The width [err] of the island-like protrusion 20b is
30 [errfm The length Y thereof is 1.7 mm Wth such di mensions, the first

i sl and-1i ke protrusions 16a of [err] thick and the second inland-1like
protrusions 16b of [err] thick can be fornmed by a beryllium copper foil of

50 [err]m

FIG. 2
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thick and an el ectrotyped nickel filmof 50 [err]mthick Accordingly, the
I sl ang-1i ke protrusions 20b, which is fornmed by using the nmenber which is
i nherently rigid and satisfactorily thick, is little deformed and has a

hi gh di spl acenent transfer efficiency. A sequence of steps of manufacturing
process according to the third enbodi mrent of the present inven

- tionis
shown in Figs. 9A through 9F. As shomnain Fig.
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dA, a plate menber 9 is prepared. An embodiment, in which the plate nember
9 is made preferably of material of high corrosion proof such as copper,
heryl lium cop- per, titaniumtopper, phosphorus bronze, iron, or iron-

ni ckel alloy, is now described as a suitable exanple of the present

I nvention. Then, as shown in Fig. 9B, a first inorganic thin film121 is
formed on one of the surfaces of the plate nmem

g -
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ber 9. The filmform ng means may be any of the follow ing nethods: a

vacuum.filmform ng nethod,

(chemi cal vapor' deposition),

thin film1l21 in a state of

such as sputtering, vapor deposition, or CVD
a dip formng nethod by the first inorganic
solution, a roll coating nethod. a spray

nmet hod, and a plating nethod of depositing the first_inorganic thin film

121. Metal of high sealing per-

first inorganic

FlG.

formance or ceramics is preferable oT‘Tﬁe
This Sheet Has Been Rep

6 [T

6A FIG. 6F

50 | 51a
— L &=
FIG. 6B FIG. 6G
50 20a _20b |
( {\ ﬁ) AN
FIG. 6C FIG. 6H
51 20
0 20a | %b 20
! \\ 3I‘L\ / [ [,

FlG. 6D

FIG. 6]

- 53 20
(=Y
T L
Ll F_\K [

FIG. 6E

)

Sla 51

This is the replacement sheeg

% 1 OCT 1936

Dale:



thin film2121. Accordingly, the vacuumfilmform ng nethod or the plating
nmethod rs preferable for the filmformng nethod. In this enbodi nent, a
film(first inor- ganic thin film121) of nickel was forned by the plating
met hod. Gold, chrom um palladiumand platinumare available, in addition
to the nickel. The thickness of the first inorganic thin film121 is
preferably 0.1 to 20 [err]min order to secure the dinen-

1. ..
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8ional accuracy of the island-1ike protrusion 20b by etching and to ensure
the sealing of the plate nmenber 9 in cooperation with a second inorganic
thin film122. An shown in Fig. 9C, an vibrating film20a is fornmed on
either of the surfaces on which the first inorganic thin film121 is
formed. The vibrating film 20a as described This is the replacenent sheet 2
7 MAR 1998 '

FIG. 8
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Dat e: - 13 - above, nust have an inverse characteristic of that of the
I sland-1i ke protrusion 20b, and be 'as thin as possible and flexible, in
arder to efficiently transfer the pushing
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torce of the piezoelectric transducer 1. This enbodi -

polyimde as in the previous enbodi -
photosensitive resist film9a is forned on the other surface of the plate

nmenber 9.
enbodi nent ,

It

ment .

10

As shown in Figs.

is patterned by the exposure and devel op-

the formation density of the photosensitive resist film9a is
141. 1 [err]n1p|tch cor -

nment al so uses

i ng process.
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r‘espondi ng to 180 dpi. As shown in Fig. 9F the plate nenber 9 is sel ec-
tively renoved by such neans as chem cal etching. Subsequently, the first
isnorganic thin film121 is selec- tively renoved simlarly by chemn cal

etching, plasma or ion etching process. In the next step, as shown in Fig.
9G the photosen- sitive resist film9a is renoved.
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In the final step, as shown in Fig. 9H, a second inor- ganic thin ﬁ;;ﬂggzz
is formeq on the surface of the island-1ike protrusions 20b, and theg,

. island-like protru- sions 20b are sealed in every direction. The best film
~forming neans is a nonel ectrolysis plating nmethod which can sel ectively
formonly the island-like protru- sions 20b. In this enbodi nent, nickel is
used for the second inorganic thin filnklzz as for the first inorganic
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film20a for exanple,

INK JET HEAD AND METHOD OF MANUFACT

the corrosion proof *of the ilsl and-

The present invention relates to a recording head of
an ink jet recording apparatus of the on-demand type
which spouts forth ink droplets toward a recording

"medium, such as a recording paper; in accordance with

a print signal, thereby forming an ink image on the
recording paper, and a method. of manufacturing the
recording head, and more particularly to the construc-
tion of a island-having vibrating film which forms one of
the walls defining an ink chamber for discharging ink
droplets and functions to transter a vibration from a pie-

zoelectric transducer to the ink chamber.

Background Techniques

An ink jet head of the called on-demand type which
spouts forth ink droplets in accordance with a print sig-
nal is categorized into two types according to the type of
the ink discharging force generating means. The first
type of the ink jet head is a called bubbie jet type of the
ink jet head in which a heater for instantaneously vapor-
izing ink is located at the nozzle tip, and ink droplets are
generated and spouted forth by an expanding pressure
when ink is vaporized. The second type of the ink jet
head is constructed such that a part of an ink chamber
forming an ink reservoir is constructed with a piezoelec-
tric transducer which is deformed according to a print
signal, and ink droplets are impelled to emit forward by
a pressure generated in the ink chamber by the defor-
mation of the piezoelectric transducer.

The on-demand type of the ink jet head as the sec-
ond type of the ink jet head, as disclosed in Published
Unexamined Japanese Patent Application Nos. Sho.
58-119870 and 58-119872, is constructed such that a
vibrating film (called a diaphragm in both the publica-
tions) forming an ink chamber is coupled with a second
end of a piezoelectric transducer fastened at a first end
to a base, with an island-like protrusion (called a leg in
both the publications) inserted therebetween. The
expanding and contracting actions of the piezoelectric

DATE QF RECEIPT ...zl
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| i ke protrusion 20b is secured, ensuring the reliability of the ink jet
head' for a long tinme. Further, material such as Cu-containing nmetal that
has’ such a high rigidity as to satisfy the ink discharge perfornmance and
allows a fine work easily and.conversely has a lowreliability in view of a
hi gh corrosiveness thereof, may be used for the island-like protrusion 20b.
- Therefore, both the reliability This is-t?he replacenent sheet

transducer cause the piezoelectric transducer to push
the leg and to deform the vibrating film. The deformed
film causes ink of the ink chamber to forcibly emit for-
ward in the form of ink droplets through a nozzle open-
ing.

Neither of the above-mentioned publications dis-
closes any specific method of forming the vibrating film
and the leg. The leg takes a complicated construction
whera it is fitted into a bearing. Therefore, it is very diffi-
cult to accurately manufacture and assemble the leg
member and the bearing member for the purposes of
size reduction and high density of packaging. To solve
those problems, a first measure taken that is disclosed
in Published Unexamined Japanese Patent Application
No. Hei. 3-15555 is such that, as shown in Fig. 10, a
vibrating film 61a (called a vibrating plate in the publica-
tion) made of silicon, 1.8 um thick, and an island-like
protrusion 61b (called a protrusion in the same publica-
tion) made of silicon oxide, 100 um thick, ara coupled
together into a vibrating film 61 with a protrusion by the
manufacturing technique of semiconductor elements,
and the island-like protrusion 61b is brought into contact
with a piezoelectric transducer 60.

In another measure taken by the publication, as a
second measure, the island-like protrusion 61b is
formed on the vibrating fim 61a, 1 to 10 um thick, made
of metal, much as nickel, stainiess, iron, copper, silver,
gold, tantalum, or titanium, by an electrotyping method,
and the island-like protrusion 61b is brought into contact
with the piezoelectric transducer 60.

in yet another measure taken by the publication, as
a third measure, the island-like protrusion 61b of which
the material and the method are not disclosed is fas-
tened to the vibrating film 61a as an organic material
film of 50 um thick, and the island-like protrusion 61b is
brought into contact with the piezoelectric transducer
60.

in a fourth measure taken by Published Unexam-
ined Japanese Patent Application No. Hei. 3-190744, as
shown in Fig. 11, a dummy layer, 100 um thick, is
formed on an electrode 71¢ of a piezoelectric trans-
ducer 70, and the resultant structure is cut by dicing

This is the replacement sheet
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_ - 14 - and the ink discharge performnce can be
sati sfactorily secured.

-3 -

process. The piezoelectric transducer 70 is separated,
by the dicing, to form a dummy layer on an island-like
protrusion 73b. A vibrating film 73a (called a cover
member in the publication) of approximately S0 um thick
is bonded to the dummy layer island-like protrusion 73b
by epoxy adhesive.

To realize a practical ink jet head by any of thcse
conventional techniques, the following problems are
created in addition to the difficulty of accurate manufac-
turing and assembly.

Firstly, the vibrating film 73, when formed of a high

polymer resin of approximately SO um thick, cannot"

transfer pushing pressure and displacement that are
high encugh to discharge ink, to an ink chamber 785.
Even if Pb-zirconate-titanate that is considered, at
present, to have the highest transducing efficiency is
used for the piezoelectric material of the piezoelectric
transducer 70, the displacement achieved is several um
or less. When a high polymeric resin film ten times or
more as thick as the above is used and it is pushed with
the piezoelectric transducer 70, the dispiacement and
pressure by pushing are absorbed by elastic deforma-
tion. Accordingly, it is not suitable for the recording head
of the small size to have a high density of packaging.

Secondly, the vibratig film 61a formed of a silicon fimor -

a metal foil is not resistive to the bending deformation. it
will be fatigued and broken down. Therefore, it is not
suitable for the displacement transfer member for the
ink jet head which will repeat the deformation totally
several hundred million times at high speed. Further
those materials are extremely high in rigidity. Because
of this, those are not suitable. for the materials for the
vibrating film which must be flexible as possible.

_Prior art document PATENT ABSTRACTS OF

JAPAN, vol. 15, No. 39 (M-1075) & JP-A-2 276 649 dis-
closes a method of manufacturing an ink jet recording

head. In this method, a photoetched cavity board and a
metal plate having a projecting face are placed on a hot

plate and heated. Then a vibration piate which is a poly- -

imide film coated with Teflon is pressed thereon by
means of a heated metal plate.
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In the ink jet head manufactured according to the construction and the
nmet hod of the invention, the dis- charged ink droplet 6a is increased by 15
wei ght % and a hi gh eff|C|ency of pushing force transfer is obtained. As
described, the island-having vibrating filmis constructed such that the
t hi ck |sland | i ke protrusion of high rigidity is directly fastened to the
very thin vibrating filmof high polynerlc fesin, inproving the ink-
di schar g- . .

Itis an object of the present invention to realize an

ink jet head which is highly efficiently operable and to
manufacture, at low cost, an ink jet head using a vibrat-
ing film with a protrusion, which enables the structure to
easily be manufactured in a mass production manner.

To solve this object the present invention provides
an ink jet head as specified in claim 1 and a method as
specified in claims 9 and 14, respectively.

Disclosure of the Invention

An ink jet head for forcibly discharging ink droplets
through nozzle openings in a manner that a pressure of
ink within an ink chamber is increased by displacing a
vibrating plate constituting a part of the ink chamber by
a piezoelectric transducer, in which said vibrating plate
comprises a flexible high polymeric resin thin fim and
island-like rigid protrusions which are directly fastened
to said flexible high polymeric resin thin fim, and
wherein said protrusions are suitable respectively for
being bonded to the top end face of said piezoelectric
transducer. With such a construction, an expand-
ing/contracting motion of the piezoelectric transducer is
efficiently transferred to the ink chamber, enlarging a
minute contact area of the piezoelectric transducer and
amplifying the pushing force to the ink chamber. There-
fore, an ink jet head reliable and excellent in the ink dis-
charging characteristic is realized.

Brief Description of the Drawings

Fig. 1 is a perspective view showing the structure of
an ink jet head to which an embodiment of the present
invention is applied.

Fig. 2 is a cross sectional view showing a portion of
the ink jet head to which an embodiment of the present
invention is applied.

Fig. 3 shows a set of dlagrams showing an opera-
tion of the ink jet head of the invention.

Fig. 4 is a cross sectional view showing a dlscharge
pressure generating means of the ink jet head to which
an embodiment of the present invention is applied.

Fig. 5 is a perspective view, when viewed from the

This is the replacement sheet

Date: 2 7 MAR 1998



ing ‘characteristic. Since such a structure is easily and accurately
manufactured, a low coat and a high quality of the resultant head of the
ink: jet head are achieved. Further, since an insulating material may be

- used for the vibrating film the i sl and-1i ke protrusions, if it is nade of

- netal of high rigidity, can easily be insulated fromthe drive el ectrodes
exposed to the vibrator sur- face. -5-

lower side, showing a key portion of the ink jet head to
which an embodiment of the present invention is
applied.

Fig. 6 is a set of diagrams showing a sequence of
steps of a manufacturing process showing an embodi-
ment of the present invention.

Fig. 7 is a set of diagrams of a manutacturing proc-
ess showing an embodiment of a method of manufac-
turing the ink jet head of the present invention.

Fig. 8 is a perspective view showing a key portion
showing an example of the ink jet head manufactured by
the manufacturing method of the invention.

Fig. 9 is a set of diagrams of a manufacturing proc-
ess showing another embodiment of a method of man-
ufacturing the ink jet head of the present invention.

Fig. 10 is a diagram showing a prior art.

Fig. 11 is a diagram showing ancther prior art.

Best Modes for Embodving the Inventi

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

in the present embodiment, two lines of nozzles
each of 180 dpi (dot/inch) are arrayed so as to realize a
printer of 360 dpi in resolution.

Fig. 1 is an exploded perspective view showing an
example of an ink jet head to which the present embod-
iment is applied. An shown in Fig. 1, a mounting hole 11
passing through a head frame 10 supports a base
member 5 to be given later in order to position it in X-
and Y-axis directions. The top end face of the piezoelec-
fric transducer 1 when longitudinally viewed in bonded
to an island-like protrusion 20b as a rigid protruded part
of a vibrating film 20 (referred to as an island-having
vibrating film) whereby securing the positioning in the Z-
axis direction. The island-having vibrating film 20, a flow
path substrate 12, and a plate-like nozzle plate 13 hav-
ing nozzle openings 13a formed therein are laminated
in this order to form a laminated structure.

Fig. 2 is a cross sectional view showing a portion of
the ink jet head to which an embodiment of the present
invention is applied. An ink chamber 22 is formed of the
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Field df the Invention As described above, the ink jet head of the present
I avention is suitable for the i mage recordi ng machi nes, such as copyi ng
machi nes, printers and facsimile machines. This is the replacenment sheet
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nozzle plate 13 having nozzle openings 13a formed
therein, the flow path substrate 12, and & vibrating film
20a as a high polymeric resin thin film of the island-hav-
ing vibrating film 20.
An ink reservoir, not shown, an ink supply pipe 14,
an ink port 16, and the ink chamber 22 communicate
with one another. Ink 6 is supplied from the ink reservoir
(see Fig. 1). Reference numeral 23 designates a thick
part of the island-having vibrating film, which is formed
simultaneously with the island-like protrusion 20b. The
piezoelectric transducer 1 is fastened at its base mem-
ber S to the head frame 10 by means of adhesive 90.
With such a structure, the principle of discharging ink
droplets is as illustrated in Fig. 3. An electrical connec-
tion for driving the piezoelectric transducer 1, not shown
in Fig. 3, is wired such that a drive signal is input to the
transducer through first and second wiring boards 30a
and 30b, a base electrode Sa, and first and second
transducer electrodes 4a and 14b, as shown in Fig. 2. In
a state of Fig. 3A, the piezoelectric transducer 1 isina
standby mode. As shown in Fig. 3B, when voltage is
applied to the piezoelectric transducer 1, it confracts in
the direction orthogonal to the nozzle plate 13 (Z-axis
direction) , while pulling the island-having vibrating film
20 including the vibrating film 20a and the island-like
protrusion 20b. When the electric fJ.eld is removed, as
shown in Fig.3C, the resilient restoring force of the pie-
zoelectric transducer 1 and the island-having vibrating
film 20 increases the pressure of the ink 6 within the ink
flow path 22, causing the ink chamber to forcibly dis-
charge ink droplets 6a through the nozzle opening 13a.

Then, the piezoelectric transducer 1l set again in a
standby mode.

f The island-having vibrating film 20 receives the
pushing force generated by the piezoelectric transducer
1 and functions mainly to provide a discharge of the
largest possible ink droplet 6a (i.e., the weight or volume .
of the ink droplet). The largest possible ink droplet 6a
can be discharged when the followmg conditions are
satisfied:
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- 15 - dains 1. Anink jet head for forcibly discharging ink droplets
through nozzl e openings (13a) in a manner that a pressure of ink within an
i nk* chanber (22) is increased by displacing a vibrating plate (20) con-

-7 -
1) The vibrating film 20a is as flexible as possible.
2) An area of the island-like protrusion 20b where it
pushes the ink flow path 22 is set large.
3) The island-like protrusion 20b is as rigid as pos-
sible.

With regard to the condition 1) above, 2 um is the
lower limit of the film thickness in reducing the thiciness
of the vibrating film when considering a leakage of the
ink 6 caused by defects of the vibrating film 203, such as
pin holes. If a film of high polymeric resin as a flexible
material is used, it can be thinned up to this figure.

With regard to the condition 2), because of the
demands for the size reduction and high density pack-
aging of the ink jet head, there is a limit in enlarging the
island-having vibrating film 20. To prevent an interfer-
ence between the adjacent ink flow paths 22, it is nec-
essary to set the area of the vibrating film 20a at a fixed
value or more. This is one of the causes of limiting the
enlargement of the size of the island-like protrusion 20b.

Therefore, the formation of the inland-like protru-
sion 20b which is rigid as stated in the condition 3), that
is, has a high rigidity, and is thick in the displacement
direction is the best way to most effectively increase the
volume or weight of the ink droplet 6a.

After the tests of many types of trial products, the
inventor of the present Patent Appilication discovered
the following fact. When adhesive, for example, is
placed between the vibrating film 20a of high polymeric
resin and the rigid inland-like protrusion 20b, the sepa-
ration between the vibrating film and the island-like pro-
trusion takes place at the interface between them,
considerably damaging the reliability. Further, because
of the thickness of the adhesive, a transfer efficiency of
the displacement fluctuates, making it very difficult to
control a variation of the characteristics. For this reason,
it is advisable to directly fastened to the vibrating film
20a with the is land-like protrusion 20b.

_ Fig. 4is a cross sectional view showing a duscharge
pressure generating means of the ink jet head to which
an embodiment of the present invention is applied.

The pressure generating means includes the piezo-
electric transducer 1 of a multi-layer structure in which a
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stituting a part of the ink chanmber (22) by a piezoe- lectric transducer
(1), characterized in that said vibrating plate (20) conprises a flexible
hi gh poly- neric resin thin film(20a) and island-like rigid pro- trusions
(20b) which are directly fastened to said flexible high polyneric resin -
thin film(20a), and wherein said protrusions (20b) are suitable, respec--
tively, for being bonded to the top end facegof said

piezoelectric member 2 and conductive members 3a
and 3b (referred to as internal elactrodes 3a and 3b) are
alternately layered. Conductive members 4a and 4b,
which ars respectively connected to the conductive
members 3a and 3b, are further formed on the piezoe-
lectric transducer 1. The first half of the piezoelectric
transducer 1, as viewed longitudinally, is bonded to the
base member S, while the end of the second half not
bonded is bonded to the island-like protrusion 20b of the
island-having vibrating film 20 (see Fig. 2).

The use of the thus constructed longitudinal mode
vibrator can generate a higher pushing pressurs than
the use of the deflection vibrator. Use of the vibrator of
the laminated type produces a large displacement at a

low voitage applied. In this embodiment, the piezoelec-
tric transducer 1 is designed to have the following
dimensions: the width of each of an array of the piezoe-
lectric transducers 1 when viewed in the array direction -
is 80 um; the pitch of the array of the piezoelectric trans-
ducer 1 when viewed in the array direction is 141 um;
the thickness of the laminated structure when viewed in
the lamination direction is approximately 0.5 mm; the
lamination pitch in the lamination direction, i.e., the dis-
tance between the internal electrodes is approximately
20 um; and the laminated structure length in the longitu-
dinal diraction is approximately S mm. When voltage of
about 20 V is applied between the external electrodes
4a and 4b of the piezoelectric transducer 1 thus dimen-
sioned, a displacement of 1 um and 300,000 Pa. were
obtained. As a result, ink of about 0.1 1 gram was dis-
charged. '

Fig. 5 is a perspective view, when viewed from the
lower aide, showing a key portion of the ink jet head to
which an embodiment of the present invention. is .
applied. '

In the structure, the length (denoted as 11 in Fig. 2) .
of the ink chamber 22 is 1.5 mm; the height (h1 in Fig. °
2) of the ink chamber 22 in 180 um; the width of the ink
chamber 22 is 100 pm; the thickness of the vibrating film
20a is 4 um; the length (12 in Fig. 2) of the protrusion
20b is 1.3 mm; the height (h2 in Fig. 2) of the protrusion
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pi eZoel ectric transducer (1).
whi ch an inorganic thin film(21)
surface of said vibrating plate (20).
claimi1,

in which an inorganic film (21)
resin thin film(20a) or in which an inorganic film (121)

said rigid protrusions -9 -

20b is 40 pm; and the width of the protrusion 20b is 30
pm.

A manufacturing method to realize the construction
of the present invention will be described.

An embodiment of a first manufacturing process of
the invention is illustrated in Figs. 6A through 6l. A plate

material 50 of metal or ceramics, 0.01 to 1mm thick, is

prepared. A preferable material is any of copper, nickel,
iron, stainless, silicon and the like since it is easy to
work as will be seen later (fig. 6A).

A high polymeric resin 20a is coated, 1 to 25 ym
thick, entirely over one of the surfaces of the plate mate-
rial 50 (Fig. 68). Any of vacuum film forming process,
e.g., vacuum vapor deposition, dip forming, roll coating,
spray, and casting methods may be used for the film for-
mation. The high polymeric resin 20a may be any of
polyimide (P1) resin, polyether imide (PEI) resin, polya-
mide-imide (PAI) resin, poly-para-ban acid (PPA) resin,

: polysulfone (PSF) resin, polyether sulphone (PES)
resin, polyether ketone (PEEK) resin, polyphenylene
sufide (PPS) resin, polyolefin (APO) resin, polyethyl-
ene-naphthalate (PEN) resin, alaimde resin and the

like. The film forming method must be chosen according
to the material used. Of those film forming methods, the
casting method is preferable because it can easily form
a smooth and uniform-thick film.

The high polymeric resin 20a as the vibrating film
20a as referred to above is preferably polyimide resin
when considering its useful properties; high resistivity to
etching liquid and resist removal liquid used in the etch-
ing process to be given later, high resistivity to the con-
tents of the ink 6, adhesiveness developed by the resin
per se, and excellent flexibility useful for the vibration
film.

A photosensitive resist 51 is formed on the other
surface of the plate material SO on which the high poly-
meric resin 20a is not formed (Fig. 6C).

Using a photo mask 52, the formed photosensitive
resist 51 is irradiated with ultraviolet rays 53. As a resuit,
the photosensitive resist 51 is selectively exposed to the
ultraviolet rays (Figs. 6D and 6E).

Then, the photosensitive resist 51 is developed and
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(20b) and said high polyneric resin thin film(20a). 4. The ink jet head
according to claim1, in which said vibrating plate (20) includes a thick
part (23) which is fornmed sinmultaneously with said rigid protrusions (20b)
‘and contained in the same plane as said rigid protrusions (20b). 5. The ink
jet head according to claim1, in which said high polyneric resin thin film
(20a) i-s made of poly- - 10 -

exposed portions S1a are left (Fig. 6F).

. The plate material 50 is selectively subjected to .
chemical etching process, using the photosensitive
resist 51. The remaining portions of the plate material
S0 are formed as island-like protrusions 20b (Fig. 6G).

Subsequently, while leaving the exposed portions
S1a, a island-having vibrating film 20 including island-
like protrusions 20b and the high polymeric resin 20a
and a thick part (designated by reference numeral 23 in
Fig. 2) are formed (Fig. 6H).

Finally, one of the surfaces of the island-having
vibrating film 20 is entirely coated with an inorganic film
21 made of metal or ceramics. The inorganic film 21
may be formed on either of the island-having vibrating
film 20. it is formed preferably on the surface of the
vibrating film 20a on which the island-like protrusions
20b are formed, when considering the objects to form
the inorganic film 21. The first object to form the film is
to prevent deterioration of the vibration charagteristic of
the piezoelectric transducer owing to the penetration of
ink ingredients. The second object is to prevent deterio-
ration of the vibrating film 20a owing to the spray of the
ink 6 and a size variation of the film by the same cause.
A preferabie thickness of the inorganic film 21 is prefer-
ably 0.1 to 2 um so as to secure the ink shielding func-
tion and the vibration characteristic of the piezoelectric
transducer 1 (Fig. 61). The inorganic film 21 is not
always essential to the present invention. A sweilling of
the vibrating film 20a can be reduced to within a practi-
cally tolerable level by a proper choice and optimization
of ink used. By hardening the resin film 20a in a state
that an internal stress is generated in the coating direc-
tion, in the step (b) of the manufacturing process, a
state as if the resin film 20a is attached to the thick part

23 while being tensioned is obtained, when it is com-
pleted as the island-having vibrating film 20. It so man-~

ufactured, an excessive dull is not formed in the
vibrating film 20a if a slight swelling is caused in the fim
by the ink.

A sequence of steps of manufacturing process
according to the second embodiment of the present
invention is shown in Figs. 7A through 7F.
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imde: 6. The ink jet head according to claim1, in which a major conponent
of said rigid protrusions (20b) is any of stainless steel, nickel, and
beryllium copper. 7. The ink jet head according to claiml1, in which said

- piezoelectric transducer (1) is a piezoelectric vibra- This is the

" repl acenent sheet Date: 2 7 MAR 1998
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As shown in Fig. 7A, a plate member 40 is pre-
pared. The plate member 40 becomes first island-like
protrusions 16a through a process to be given later.

As shown in Fig. 7B, a precursor of high polymeric
resin is laid on one of the surfaces of the plate member
40, and heat or light is applied to it to form a vibrating
film 20a. .

In the subsequent step of Fig. 7C, a photosensitive
resist 41 is formed on the other surface of the plate
member 40, and subjected to exposurs or development
process, thereby forming a desired pattern of the photo-
sensitive resist.

As shown in Fig. 7D, metal to serve as second
island-like protrusions 16b is caused to deposit in the
windows 42 of the plate member 40 bearing the pat-
terned photosensitive resist 41.

Then, as shown in Fig. 7E, the photosensitive resist
41 is removed.

Finally, as shown in Fig. 7F, the photosensitive
resist 41 is removed, windows 43 through which the
plate member 40 is exposed are removed by chemical
etching process, for axample.. In the resuitant structure,

~ the first island-like protrusions 16a are formed under the
second island-like protrusions 16b. This step completes
the island-having vibrating film 20.

As shown in the above-mentioned manufacturing
process, the deposited metal (second island-like protru-
sions 16b) already form part of the inland-like protru-
sions 20b on the plate member 40. Thereatter, the plate
member 40 is the lower layer is etched to form the first
island-like protrusions 16a, thereby forming the island-
having vibrating fim 20. Accordingly, it is readily seen
that the island-having vibrating fim 20 of the large thick
can easily be formed.

Fig.8is a perspectnve view showmg a key portion
showing an example of the ink jet head manufactured by

- the manufacturing method of the invention. In the figure,

. there is illustrated an example of an island-having.
vibrating film 20 manufactured by the manufacturing
process of this embodiment. The vibrating film 20a is
made of polyimide, § um thick. A formation density x of
the island-like protrusions 20b is 141.1 um correspond-
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- 16°- tor of the longitudinal vibrating type. 8. The ink jet head
according to claim1, in which said piezoelectric transducer (1) is a
~pi ezoel ectric vibra- tor of the |am nated type.

-12 -

ing to 180 dpi. The width x1 of the island-like protrusion
20b is 30 um. The length y thereot is 1.7 mm. With such
dimensions, the first island-like protrusions 16a of z1
thick and the second inland-like protrusions 16b of 22
thick can be formed by a beryllium copper foil of 50 ym
thick and an electrotyped nickel film of S0 um thick.
Accordingly, the island-like protrusions 2Qb, which is
formed by using the member which is inherently rigid
and satisfactorily thick, is little deformed and has a high
displacement transfer efficiency.

A sequence of steps of manufacturing process
according to the third embodiment.of the present inven-
tion is shown in Figs. 9A through 9F. As. shown in Fig.
9A, a plate member 9 is prepared..An embodiment, in
which the plate member 9 is made preferably of material
of high corrosion proof such as copper, beryllium cop-
per, tJ.tanJ.um t:opper‘, phosphorus bronze, iron, or iron-

nickel alloy, is now described as a suitable example of
the present invention.

Then, as shown in Fig. 98, a first inorganic thin f:lm
121 is formed on one of the surfaces of the plate mem-
ber 9. The film forming means may be any of the follow-
ing methods: a vacuum film forming method, such as
sputtering, vapor deposition, or CVD (chemical vapor
deposition), a dip forming method by the first inorganic
thin film 121 in a state of solution, a roll coating method,
a spray method, and a plating method of, depositing the
first inorganic thin film 121. Metal of high sealing per-
formance or ceramics is preferable of the first inorganic
thin film 121. Accordingly, the vacuum film forming
method or the plating method is preferable for the film
forming method. In this embodiment, a film (first inor-
ganic thin film 121) of nickel was formed by the plating -
method. Gold, chromium, palladium and platinum are
available, in addition to the nickel.

The thiciness of the first inorganic thin film 121 is
preferably 0.1 to 20 um in order to secure the dimen-
sional accuracy of the island-like protrusion 20b by
etching and to ensure the sealing of the plate member 9
in cooperation with a second inorganic thin film 122

An shown in Fig. 9C, an vibrating film 20a is formed
on either of the surfaces on which the first inorganic thin
film 121 is formed. The vibrating film 20a, as described
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9. A nethod of manufacturing an ink chanber of an ink jet head for forcibly
di.scharging ink droplets through nozzle openings (13a) in a manner that a
‘pressure of ink within the ink chamber (22) is increased by displacing a
ivibrating plate (20) con- stituting a part of the ink chanber (22) by a

ipi ezoe- lectric transducer (1), characterized in that said vibrating plate
(20) includes a one-piece construc- -13 -

above, must have an inverse characteristic of that of the
island-like protrusion 20b, and be as thin as possible
and flexible, in order to efficiently transfer the pushing
force of the piezoelectric transducer 1. This embodi-
ment also uses polyimide as in the previous embodi-
ment.

As shown in Figs. 90 and 9E, a photosensitive
resist film 9a is formed on the other surface of the piate
member 9. It is patterned by the exposure and develop-
ing process. In this embodiment, the formation density
of the photosensitive resist film 9a is 141.1 pmpitch cor-
responding to 180 dpi.

As shown in Fig. 9F the plate member 9 is selec-
tively removed by such means as chemical etching.
Subsequently, the first inorganic thin film 121 is selec-
tively removed similarly by chemical etching, plasma or
jon etching process.

In the next step, as shown in Fig. 9G, the photosen-
sitive resist film 9a is removed.

In the final step, as shown in Fig. 9H, a second inor-
ganic thin film 122 is formed on the surface of the
island-like protrusions 20b, and the island-like protru-
sions 20b are sealed in every direction. The best fim
forming means is a nonelectrolysis plating method
which can selectively form only the island-like protru-
sions 20b. In this embodiment, nickel is used for the

sacond inorganic thin film 122 as for the first inorganic
thin film 121. In addition to nickel, gold, chromium, pal-
ladium and platinum are preferable.

The thiciness of the second inorganic thin film 122
_is preferably 0.1 um or more, more preferably 20 um.

Through the process steps, the island-having
vibrating film 20 is formed. With such a construction,
even if ink ingredients penetrate through the vibrating
film 20a, for example, the corrosion proof of the island-
like protrusion 20b is secured, ensuring the reliability of
the ink jet head for a long time. Further, material such as
Cu-containing metal that has such a high rigidity as to
satisfy the ink discharge performance and allows a fine
work easily and conversely has a low reliability in view
of a high corrosiveness thereof, may be used for the
island-like protrusion 20b. Therefore, both the reliability
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tion of a flexible high polynmeric resin film(20a) and rigid island-Iike
protrusions (20b) formed by the fol- -lowing steps of: (1) form ng a high
polymeric resin film (20a) on a surface of an inorganic thin plate (50),
and (2) selectively renoving by a chemical etching process said thin plate
(50) so that the remain- ing portions of said inorganic thin plate form

- 14 -

and the ink discharge performance can be satisfactorily
secured.

In the ink jet head manufactured according to the
construction and the method of the invention, the dis-
charged ink droplet 6a is increased by 15 weight %, and
a high efficiency of pushing force transfer is obtained.

As described, the island-having vibrating film is
constructed such that the thick island-like protrusion of
high rigidity is directly fastened to the very thin vibrating
film of high polymeric resin, improving the ink discharg-
ing characteristic. Since such a structurae is easily and
accurately manufactured, a low coat and a high quality
of the resultant head of the ink jet head are achieved.

Further, since an insulating material may be used
for the vibrating film, the island-like profrusions, if it is
‘made of metal of high rigidity, can easily be insulated
from the drive electrodes exposed to the vibrator sur-
face.

Fi Inv

As described above, the ink jet head of the present
invention is suitable for the image recording machines,
such as copying machines, printers and facsimile
machines.
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rigid island-like protrusions. 10. The manufacturing nethod according to
cl-aim9, further conprising the step of formng an inorganic film(21) on
one surface or on the other surface of said protrusion- having vibrating
plate. 11. The manufacturing nethod according to claim9, in which in the
process of formng the flexible high pol- yneric resin film(20a). an

i nternal stress in the con- -~ 15 -

Claims

1. Anink jet head for forcibly discharging ink droplets
through nozzle openings (13a) in a manner that a
pressure of ink within an ink chamber (22) is
increased by displacing a vibrating plate (20) con-
stituting a part of the ink chamber (22) by a piezoe-
lectric transducer (1), characterized in that said
vibrating plate (20) comprises a flexible high poly-
meric resin thin film (20a) and island-like rigid pro-
trusions (20b) which are directly fastened to said
flexible  high polymeric resin thin film (20a), and
wherein said protrusions (20b) ara suitable, respec-
tively, for being bonded to the top end face of said
piezoelectric transducer (1).

2. The ink jet head according to claim 1, in which an
- inorganic thin film (21) is formed on one surface or
on the other surface of said vibrating plate (20).

3. The ink jet head according to claim 1, in which an
inorganic film (21) is formed on said high polymeric

~ resin thin film (20a) or in which an inorganic film
(121) is formed’ between said rigid protrusions
(20b) and said high polymeric resin thin film (20a).

4. The ink jet head according to claim 1, in which said
vibrating plate (20) includes a thick part (23) which
is formed simultaneously with said rigid protrusions
(20b) and contained in the same plane as said ngld '
protrusions (20b).

"8. The ink jet head according to claim 1, in which said
high polymeric resin thin film (20a) is made of poly-
imide. .

6. The ink jet head according to claim 1, in which a
major component of said rigid protrusions (20b) is
~ any of stainless steel, nickel, and beryllium copper.

7. The inkjet head according to claim 1, in which said
piezoelectric transducer (1) is a piezoelectric vibra-

‘This is the replacement sheet

V) RN 0 oates 2 7 MK 518



traction direction is generated in the high polymeric resin by hdrdening

the high polyneric resin film(20a).
toclaim9, in which said rigid protrusions (20b) are nade either of
This is the replacenent sheet Date:
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or of nickel.

- 16 -
tor of the longitudinal vibrating type.

The ink jet head according to claim 1, in which said
piezoelectric transducer (1) is a piezoelectric vibra-
tor of the laminated type.

A method of manufacturing an ink chamber of an
ink jet head for forcibly discharging ink droplets
through nozzle openings (13a) in a manner that a
pressure of ink within the ink chamber (22) is
increased by displacing a vibrating plate (20) con-
stituting a part of the ink chamber (22) by a piezoe-
lectric transducer (1), characterized in that said
vibrating plate (20) includes a one-piece construc-
tion of a flexible high polymeric resin film (20a) and
rigid island-like protrusions (20b) formed by the fol-
lowing steps of:

(1) forming a high polymeric resin film (20a) on

a surface of an inorganic thin plate (50), and

(2) selectively removing by a chemical etching

process said thin plate (50) so that the remain-
ing portions of said inorganic thin plate form
rigid island-like protrusions.

10. The manufacturing method according to claim 9,

further comprising the step of forming an inorganic
film (21) on one surface or on the other surface of
said protrusion-having vibrating plate.

11. The manufacturihg method according to claim 9, in

which in the process of forming the flexible high pol-
ymeric resin film (20a). an internal stress in the con-

traction direction is generated in the high polymeric

resin by hardening the high polymeric resin fim
(20a).

12. The manufacturing method according to claim 9, in

which said rigid protrusions (20b) are made either
of stainless steel or of nickel.

2

12. The manufacturing net hod accordi ng

7
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- 17--13. The manufacturing nethod according to claim?9, in which said high
polyneric resin thin film(20a) is made of polyimde. 14. A nethod of
~ manuf acturing an ink chanber of an '

-17-

13. The manufacturing method according to claim 9, in
which said high polymeric resin thin film (20a) is
made of polyimide.

14. A method of manufacturing an ink chamber of an
ink jet head for forcibly discharging ink droplets
through nozzle openings (13a) in a manner that a
pressure of ink within the ink chamber (22) is
increased by displacing a vibrating plate (20) con-
stituting a part of the ink chamber (22) by a piezoe-
lectric transducer (1), characterized in that said
vibrating plate is formed by:

(1) a first step of forming a high polymeric resin
film (20a) on a surface of a plate member (40);

(2) a second step of selectively depositing sec-
ond rigid protrusions (16b) on the cther surface
‘of said plate member (40); and

(3) a third step of selectively removing said
plate member (40) by a chemical etching proc-
ess so as to form island-like rigid protrusions
(20b). ’

15. The manufacturing method according to claim 14,
in which said rigid protrusions (20b) are formed by
a beryltium copper foil. '

16. The manufacturing method according to claim 14,
in which said high polymeric resin thin film (20a) is

A ) A | e oo
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ink jét head for forcibly discharging ink droplets through nozzl e openings
(13a) in a manner that a pressure of ink within the ink chanber (22) is
i ncreased by displacing a vibrating plate (20) con- stituting a part of the
. i nk chanmber (22) by a piezoe- lectric transducer (1), characterized in that
"said vibrating plate is forned by: (1) a first step of formng a high
pol yneric resin

- 18 -

ABSTRACT

INK JET HEAD AND METHOD OF MANUFACTURING INK JET HEAD

An ink jet head for forcibly diséharging ink droplets
through nozzle openings l13a in a manner that a pressure of
ink within an ink chamber 22 is ;hcreasgd by displacing a
vibrating plate 20 constituting a part of the ink chamber 22
by a piezoelectric transducer 1, in which said wvibrating '
plate 20 is formed of a high polymeric.resin thin £film 20a
and rigid protrusioqs 20b of high polymeric resin directly

fastened to said high polymeric resin thin £ilm 20b.

FIGURE 2
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film (f20a) on a surface of a plate nmenber (40); (2) a second step of

sel ectiively depositing sec- ond rigid protrusions (1 6b) on the other
surface of said plate menber (40); and (3) a third step of selectively
.renmoving said plate nmenber (40) by a chemical etching proc- ess so as to
formisland-like rigid protrusions (20b).

-1 -
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15.- Fhe manufacturing nethod according to claim 14, in which said rigid
protrusions (20b) are forned by a beryllium copper fol. 16. The

manuf act uri ng met hod according to claim 14, in which said high polyneric
resin thin film(20a) is made of oolvimde. This is the replacenent sheet
Date: 27 MAR 1998

\\ Vi \
AR

Thig is the replacement shest

Dsie:



¥ 1
FIG. 3B
6 2(2 8 13)3 ;
A % )14 {
/:
— T —
I a
20 -

N
FIG. 3C

13

6
22 6a 3a
(\, rY‘ ( \?‘(/

P o N |

{

\ TY—4a

202 20b R

W—'ﬂ'\w "
20 ]

This is the replacemant sheet

2 7 MAn 98

Date:






1

/[‘E

T L§

}

'}\\.“. > /

\‘.‘;'\)““‘ ™ oY
X

20 20b

This is the replacement sheet

27t 1998
DSIG: £ ? PrAL



FIG. 6A

- 50

- x

L 3
FIG. 6B

S0 20a
( (
- ]
FIG. 6C
»__ ™
\ I )
L A

FiG. 60

L
A . T

7
I\ -

FIG. 6E

- S1a 5b

()
N N T

FIG. 6F

N :S1a

A - |

FIG. 6G
206
N N
- FIG. 6H
iﬁb—g‘LzGE |
H

FIG. 61

20

20b 20a 2

i\

ol

I

,_—\‘

This is the replacement sheet

Date: 2 7 AR 68



FIG. 7A - FIg. 7D

w0 16b }2 A 40 Z?a

_ ICHIIS

3 3 ]
FIG. 78 FIG. 7E

w,zoa . | W 4 - 20a
LT Mot nin
L I I N
FIG. 7C  FIG. 7F

41 20a

| 40 - L) ﬁmm
Inoong  goQRET

This is the replacement shest

2 7 WAk 1998

Date:



FIG. 8

This is the replacement sheet

2 7 WAR 1998

Dste:



FIG. 9A
g
-

FIG. 9B
X .
L ]
FIG. 9C
> 3
FIG. 9D
720a m 9§

Nl

20b  20a 121 C

20
%20 202 121 /9‘

———

FIG. 9G

2

LA 00 0
FIG. 9H

20

122

This is the replacement sh'e'et_

pate:2 7 WAR 88



- 10 -

FlGg. 10
,.L — %0
61a 61b 63 65
) ) b
( \_w-\ { ‘
\
-\Tlgl [
64 62
62a

This is the replacement sheet

Date: 5 7 AR 1938



- 114

7 N
72h'IZa 7131&b T1c

Z
Ff " I
J ]
1L L
—
76
T 75 73b 73a

“This is the replacement sheet

Dete: 7 7 WR BB



