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| NK JET RECORDI NG HEAD The i nvention

LF Elates to an ink jet recording head and a substrate uni ter—ah—nk jet

| g,recordl ng head that jets droplets of ink by displacing a Hﬁa‘iﬂﬁ*ﬁﬂ%&aﬂ@m
usi'ng, pi ezoel ectric vibration elenents An ink j r ec 8EBiAMEhead

usi ng a piezoelectric
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INK JET RECORDING HEAD

The invention relates to an ink jet recording head and a

substrate unit for an ink jet recording head that jets droplets

of ink by displacing a vibration plate using piezoelectric

vibration elements.

An ink jet recording head using a piezoelectric
vibration element of vertical vibration mode as a drive source,
requiring only a small area of abutment of the piezoelectric
vibration element against the vibration plate, can achieve an

arrangement density of a pressure producing chamber as high as

" 90 dpi or more.

As shown in Fig. 14, such a recording head is
fabricated into a single body by integrally fixing a substrate

unit K to a base L. The substrate unit K is formed by

laminating and.fixing a flow path forming plate D, a nozzle

plate F, and a vibration plate J with an adhesive so as to be
watertight. The base L has a piezoelectric vibration element

G, an ink supply pipe, and the like attached thereto. The flow

path forming plate D has through holes defining a pressure

producing chamber A, an ink silipply inlet B, and a common ink

chamber C; the nozzle plate F has a nozzle opening

laced
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‘vibration el enent of vertical vibration node as a drive source, requiring
only a smal| area of abutnment of the piezoelectric vibrati §nrfkes@Rt HAS BEEN

%agai nst the vibration plate, can achi eve an arrangenent density QEPEACED
pressure produci ng chanber as high as 90 dpi or nore. ASSTTOWN

in Fig.

14, such a recording head is fabricated into a single body

by integrally fixing a substrate unit Kto a base L. The substrate unit

Kis formed by

plate F, thnundditiiprwitit ehd prebsareaPiesduEing éhanbebea; and the
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vibration plaée J has a diaphragm portion H that is resiliently
deformed in response to displacement of the piezoelectric
vibration element G.

In the thus constructed ink jet recording head, the
substrate unit must be fixed to the base so as to cause the
diaphragm portion H to confront the base so that the diaphragm
portion H can be abutted against the tip of the piezoelectric
vibration element G. For this reason, the substrate unit is
fixed to: the base L so as to keep away from the pressure
prodﬁcing chamber A so that the Ease L does not come in contact
with the diaphragm portion H. |

To improve the pressure producing chamber arrangement
density in an attempt to increase resolution, the length of the
pressure producing chamber A must be increased in the axial

direction since a predetermined capacity of the pressure

‘producing chamber A must be ensured. However, the region

confronting the pressure producing chamber A is a nonsupported
region S1 that is not supporteﬁ by the base L, and this region
is long. As a result, when such region is given a
predetermined displacement "a" by the piezoelectric vibration
element G to jet a droplet of ink, the nonsupported region S1
of the substrate unit K becomes susceptible to flexion as shown
by the broken lines in Fig. 14,:thereby imposing the probleﬁ of

impairing printing quality.
Infaddition, positional accuracy of the abutmen; of the
-

Sheet Has Been Replaced
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| am nating and fixing a flow path formng plate D, a nozzle



lwatertight. The base L has a piezoelectric vibration elenent G _an jnk
supply pipe, and the like attached thereto. The flow path|{THISISHBEDHAScBHBN

<has through hol es. defining a pressure producing chanber A} an i REPLSGEPI v
inlet B, and a common ink chanber C, the nozzle plate F has a nozzl e
opening E ' - 2-

tip of the piezoelectric vibration element G is an extremely
~ important factor for such a high resolution. Therefore, to
achieve the required accuracy, an island portion M, which is a
thick wall portion formed in almost middle of a region causing
5 deformation of the pressure producing chamber, is formed, and
the tip of the piezoelectric vibration element G is abutted
against such island portion M, as disélosed in Japanese
Unexamined Patent Publication No. 3-15555.
This construction allows the displacemedt of the
10 piezoelectric vibration element G to be transmitted through the
i island portion M even if the position of abutment of the
piezoelectric vibration element G is slightly shifted.
Therefore, a predetermined displacement can be given to the
diaphragm potion H.
1S However, for such an extremely high resoclution as 180
| dpi or more, inaccuracies in relative position betweeﬁ the
island portion M and the pressure producing chamber A are easy
to occur, causing the pfessure producing chamber A to be
deformed inconsistently and thereby imposing the problem of.
20 impairing printing quality. |
Further, to reduce the pitch of the pressure producing
chamber A, the partition wall defining the pressure producing
chamber A becomes thin, which in turn reduces rigidity. As a
result, one pressure producing chamber is deformed by
25 contraction and expansion of a piezoelectric vibration element

that drives another pressure producing chamber adjacent to such
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connunlcatlng with the pressure producing chamber A; and tHerpgispEariHas BEEN

plate J has a diaphragm portion Hthat is resiliently defcrned EEPUAEHDonse

%o displacenent of the piezoelectric  vibration el enent

t hus consPng@cPegspuKej produesngi FRamkey, Fﬂés-‘-§9b§t Par'éa&#@si ﬁﬁﬁ?l&étﬁu xed

to the base.-so as to cause the diaphra n1port H to confront the base so

that the MPEBRVEEmM ther degres of, dsd éﬁé e ?ﬁ%s§?ﬁe oPrpducing
eason th bstrate unlt is

pi ezoel ectyric, vibration elenment G hIS g % i
FiXeq to FRERBESCY e aRahSiceh Ol Eef%ﬁf"?ﬁ Sftede riBratith  Eleneht

is reduced, thereby imposing the problem of dropping 1nk

(%]

jetting efficiency.
The invention has been made in consideration of the
—————— aforementioned problems and an object of the invention is,

therefore, to provide an improved substrate unit for an ink

jet recording head and an improved ink jet recording head.
This object is solved by the substrate unit for an ink

jet recording head according to independent claim 1 and the

ink jet recording head according to independent claim 14.

Further advantageous features, aspects and details of the

invention are evident from the dependent claims, the
The claims are intended to be

i

" description and the drawings.
-understood as a first non-limiting approach of defining the

invention in general terms. According to a specific aspect of
the present invention, a substrate unit is provided in which the
nonsupported region of the pressure producing chamber is made

1
'
o

10
as short as possible so as to increase the rigidity of the

substrate unit.

Another aspect of the invention is to provide a novel

ink jet reéording' head capable of reducing the effect of

15 fabrication inaccuracies upon printing quality to a smallest

possible degree.

" To achieve the above aspects, the invention is preferably applied

to an ink jet recording head formed by fixing a substrate unit
to a base, the substrate unit being formed by laminating and

20 fixing a flow path forming plate, a nozzle plate, and a

vibration plate with an adhesive so as to be watertight, the
flow path forming plate having through holes defining pressure

producing 'chambers, ink supply inlets, and a common ink

chamber, the nozzle plate having nozzle openings communicating

25 with the pressure producing chambers, the vibration plate
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produci ng chanber A so that the base L does not cone in contact wth the

'diaphragn1portion H. To inprove the pressure produed : -
arrangement density in an attenpt to increase resolution, [t& %ﬂﬁﬁﬂ** BEEN
the pressure producing chanmber A nust be increased in.the laxi al REFVACHD | on

since a predeterm ned capacity of the pressure producing chanber A nust be
ensured. . However, - the region confronting the pressure produci ng chanber
A is a nonsupported region Sl that is not supported by the base L, and

this redi ¢viny |ddbhradit portfMd!  e¥ERN dS¥pHrabRIl PBrtidn Ibeihg 2

resiliently deformed in response to displacement of a

- piezoelectric vibration element. In such ink jet recording
head, the vibration plate has a frame-like thick wall portion
5 formed close to a side of the ink supply inlet of the pressure
producing chamber and to é side of the nozzle opening, the
thick wall portion being thicker than the diaphragm portion and
extended so as to be island—like toward the piezoelectric
vibration element, and a region confronting the frame-like
10 thick wall portion is madé to serve as a region for bonding the
substrate unit to the base.
The frame-like thick wall portion extending toward the
piezoelectric Vibration element is preferably 'supported by the base. as
a result of this construction, the nonsupported region of the
15 pressure producing chamber can be made as short as possible,
which in turn allows the base to receive force applied by the
piezoelectric vibration element and thereby increases the

rigidity of the substrate unit.

- 20 Fig. 1 is a perspeqtive view showing an. embodiment of
an ink jet recording head of the invention in unfabricated
form;

Fig. 2 is a sectional ?iew showing an embodiment of a
piezoelectric vibration élement used for the head of Eig. 1;

25 Fig. 3 is a partially sectional perspective view showing a

_—
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predet erm ned di spl acenent "a" by the piezoelectric vibration elenent Gto
Jet a droplet of ink, the nonsupported region S1 of the substrate un|t
~becones susceptihle to flexion as shown by the broken |inesra—- ﬁhET

K
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t hereby inposing the problemof inpairing printing quality. REPLA

addi ti on,
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posi tional accuracy of the abutnent of the

region at which a substrate unit and piezoelectric vibration
elements of the head of Fig. 1 are abutted against one another
in enlarged . form; | | |

Fig. 4 is a diagram showing the position of a flow path
forming plate relative to a vibration plate of the head of Fig.
1; |

| Fig. 5 is a sectional view taken along a line A-A of

Fig..4;

Fig. 6 is a sectional view taken alond a line B-B of
Fig. 4; |

Fig. 7 is a sectional view showing misalignment between
the vibration plate and the fiow path forming plate as well as
overflow of an adhesive that bonds the vibration plate to the
flow path forming plate when the head of Fig. 1 is being
fabricated;

Fig. 8 is a diagraﬁ showing a structure of a section
taken along an-axial line of a pressure producing chamber;

.Fig. 9 is a diagram showing a second embodiment of the
invention in the form of an upper surface structure of the
vibration plate; |

Fig. 10 is a diagram showing a third embodiment of the
invention in the form of an upper surface structure of the
vibration plate;

Fig. 11 is a diagram sﬁowing a fourth embodiment of the
invention in the form of an upper surface structure of the

,_’//,—

vibration ‘plate; - Been Replaced
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itip of the piezoelectric vibration element Gis an extrenely inportant
factor for such a high resolution. Therefore, to achieve the required

saccuracy,

al rost mddle of a region causing deformation of the pressyre pr&dpiCAdih

chanber,

an island portion M which is a thick wall porti onTHIS'SFEET HAS BEEN

is fornmed, and the tip of the piezoelectric vibration erement—eS

I s abutted against . such island portion M as disclosed in Japanese
Unexam ned Patent Publication No. 3-15555.
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Fig. 12 is a diagram showing an embodiment in which
piezoelectric vibration elements of flexion vibration mode are
used.

Fig. 13 (A) is a sectional view showing an exemplary
conventional ink jet recording head;

Fig. 13'(B) is a diagram schematically showing overflow
of an adhesive; and‘

Fig. 14 is a diagram showing an exemplary conventional

ink jet recording head.

Details of the invention will now be described with
reference to the embodiments shown in the draWings.
| Fig. 1 shows the general aspect of a recording head of
the invention. In Fig. 1 reference numeral 2 denotes a nozzle
plate having nozzle openings 1 formed therein; 3, a flow path
formiﬁg blate having through holes 3a defining pressure
producing chambers 9, through holes or grooves 3b defining ink
sﬁpply inlets 10, and a through hole 3d defining a common ink
chamber 1 formed ﬁherein; and 4, a vibration plate that i§
resiliently deformed while abutﬁed. against the tips of
piezoelectric vibration elements 6. A substrate unit 5 is
formed by fixing-the nozzle plate 2 and the vibration plate 4
to both surfaces of the flow path forming élate 3 so as to be
watertiéﬁt.

Reference numeral 7 denotes a base into which the
[ —
heet Has Been Replaced
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"Thi's construction allows the di pi ezoel ectric vibration
élement Gto be transmtted through the island portlon Meven if the

<position of abutnent of the pi eibleS@ettHasBeenM@ai el en c.u § ‘?{AS BFTH\'

slightly shifted. Therefore, |splacenent
t he diaphragm potion H. ch an extrénely
resolution as 180 dpi or nore, inaccuracies i1n relative position betmeen

the island portion Mand the pressure producing chanber A are easy to

oceur, causi fgod \ecPf £SSYLBrRELEHC iNendies Ared fifserted so that the

piezoelectric vibration elements can vibrate therein. The ink
jet recording head is fabri;ated into a single body by fixing
the piezoelectric vibration elements 6 and the substrate unit

5 5 with the vibration plate 4 abutted against the tips of the
piezoelectric vibration elements 6 exposed from openings of the
base. It should be noted that reference numeral 12 in Fig. 1
denotes an ink supply pipe for supplying ink from a not shown
ink tank to the substréte unit 5.

10 _ Fig. 2 shows an embodiment of the piezoelectric
vibration element 6. A plurality of layers, each being formed
by interposing a piezoelectric material layer 60 between
electrode layers 61, 62, are laminated one upon another to form
a laminated member. Ends of thé electrode layers 61 and ends

15 of the electrode layérs 62 are exposed to ends of the laminated
mémber so as to be connected to a segment.electrode 62 and a
common electrode 64, respectively, so that the piezoelectric

- vibration element. 6 can expand and contract in directions
parallel with the electrode layers 61, 62.

20 | Fig. 3 is a diagram showing how the substrate unit 5

| and the piezoeleétric vibration elements 6.are'mounted. The
nozzle plate 2 and the vibration plate 4 interpose the flow
path forming plate 3 therebetween and are fixed to both
surfaces of the flow path forming plate 3 with an adhesive so

25 as to be watertight, so that the pressure producing chambers 9

are formed so as to extend along the arrays of the nozzle



deforned I nconsistently.and there t he problen1of | mpai ring

printing quality. Furt her educe the™ h of the pressure
produci ng chanber A, the partiti onﬁ Bedal Hagly gle pr essUr eyl bR HIgS BEEN
chanber A becones thin, which in tur |ty As la reggptaCEINe
pressure producing chanber I s defor /ﬁm} tlon and ansTon o1

pi ezoel ectric vibration elenment that drives er pressure producing

chanber adj acent to such
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openings 1.

On the other hand, in'the Vibration plate ¢ an island
portion 4a is formed so és to be posi;ioned in an almost middle
of a region confronting éhe corresponding pressure producing
chamber 9, and a first thick wall portion 4b, and second and
third thick wall portions 4c, 4d are also formed. The island
portion is abutted againstl the tip of the piezoelectric
vibration element 6. The first thick wall portion 4b is formed.
so as to confront a partition wall 3c partitioning the adjacent-
pressure producing chambers 9 and eithef coincide with the
boundary of the pressure producing chamber 9 or slightly
overhang the pressure producing ghamber 9 as sﬁown in Fig. 3.
The third and fourth thick wail portions 4c, 4d are formed so
as fo slightly overhang both ends of the pressure producing
chamber 9. A regién, which is a-thin wall portion surrounded
by the first, second, and third thick wall portions 4b, 4c, 4d,
is defined as a diaphragm portion 4e. The diaphragm portion 4e
is deformed by the piezoelectric vibration element 6.

If the diaphragm portion 4e is formed to a size smaller
than the opening of the pressure producing chamber 9 so that
the thick wall portions 4b, 4c, 4d o? the vibration plate 4
overhang the pressure producing chamber 9, the first thick wall
portion 4b overhangs the pressure-producing chamber 9 by aLl
from the wall 3c defining the pfessure producing chambers (Fig.
5), and the second and third thick wall portions 4c, 4e'also

overhang the pressure producing chamber by aL2 in the



-4- one pressure produci ng chanber, causing a so-called satellite.

Nbr eover ,

it he expansion of the piezoelectric vibration element is reducegs §iafrelNs BEEN
i mposi ng the problem of dropping ink jetting efficiency. The REPLACED

i nvention

t he degree of deformati.on of the pressure producing chanber by

has been nade in consideration of the aforenentio

~and an object of the-inventionis, therefore, to provide an inproved
substrate unit for an ink jet recording head and an inproved ink jet

recordi ng kiednitiesTbifsbobhesnds v Sahecpreysuie pubducding dhiamblear (Fdgi.nk

jet recording head according to i ndependent claim1 and the
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6).

Let us take a specific example, in which the width Wl
of the pressure producing chamber 9 is set to 200 um; the width
W2 of the partition wall 3c is set to 80 um; and the width W3
of the first thick wall portion 4b is set to 140 um. Then, an
overhanging length aLl of 30 um can be provided in the case
where the flow path forming plate 3 and the vibration plate 4
are bonded to each other with the center line of the pressure
producing chamber 9 aligned with that of the island portion 4a.

As a result, when the diaph:agm portion 4e is
positioned so as to confront the pressure producing chamber 9
with a positioning error aL3 between the flow path forming
piate 3 and the vibration plate 4 being equal to, e.g., 20 um
as shown in Fig. 7, an adhesive P overflow region alL4 of as
large as 10 um can be provided, As a result, even if the
adhesive P overflows from the partition wall 3c, such overflown
adhesive P is absorbed by the first, second, and third thick
wall portions 4b, 4c, 4d to thereby block the adhesive P from
further overflowing to the diaphragm portion 4e, which in turn
allows the diaphragm portion 4e to maintain a consistent
resilient characteristic. _

That is, if the vibration-plate 4 and the flow path
forming plate 3 are misaligned with the thick wall portion 4b
formed so as to coincide with the width of the ?artition wall

3c of the pressure producing chamber 9, the adhesive P

Been ReP
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"i nk jet recording head acchd+ﬁg—rU‘Tﬁ655€ﬁaEnt claim 14. Further

advant ageous features, aspec ﬁ{},(i;es{ﬁte@lateé of the invern

The clainms are intended to be a first non-IimitingRERACERCH

- oR—ar e
sevident from the dependen mt descrl ption and THE SHERRHAGSBEEN

of defining the invention in Accordlng to a speC|f|c aspect
of the present invention, a substrate un|t I's provided in which the
nonsupported regi on of the pressure produci ng chanber is nade as short as
possi bl e sevésfIows nineasehe heisphragnypoktiba 4eybstakdirgy whe .vibration
Anot her aspect of the invention is to provide a novel ink jet recording
head capahtimaxrdcteristihg ohetréfdtapbfaghapoirtdbnode max@atriaci es upon
printing quality to a smallest possible degree.
In general, when the width W3 of the first thick wall
portion 4b confronting the partition wall 3c is increased by
5 about 5 to 50% kith respect to the width W2 of the partition
wall 3c defining the adjacent pressure producing chambers 9,
fabrication errors can be absorbed, and the ink jetting
performance can therefore be maintained consistent.
on the other hand, the diaphragm portion 4e is defined
10 by the frame-like second and third thick wall portions 4c, 4d
whose thickness is substantially tﬁe same as that of the island
portion 4a as well as by the first thick wall portion 4b being
integrally formed with the second.and third thick wall portions
and extending in parallel with the partition wall 3c of the
15 pressure producing chamber 9. As a result, the partition wall
3c defining the pressure producing chamber 9 is reinforced not
only by the nozzle plate 2 but also by the first thick wall
portion 4b of the vibration plate 4, which in turn inéreases
the rigidity of the substrate unit 5 as a whole with respect to
20 the displacement of the piezoelectric vibration element 6.
Hence, the flexion of the substrate unit 5 at the time the ink
is jetted can be minimized, thereby preventing crosstalks.
Further, as shown in Fig; 8, the second and third thick
wall portions 4c, 4d formed on both ends of the pressure

25 producing chamber 9 extend toward the piezoelectric vibration

element 6 so as to go along with the partition wall 3c of the

- 11 -



"To achieve the above aspects, the |nvent|on [ any applied to an

ink jet recording head forned by . fiXh eﬁfﬁuﬁQﬁ 8ﬁe unit to a base, the
ssubstrate unit being formed by Ian1n aflo '
plate, a nozzle plate, and a V|brat an adhes| VESOHEET HAS BEEN
watertight, the flow path form ng plate ough hol bs_defREREAGED
pressure . produci ng- chanbers, ink supply |nIets and a common ink

chanber, the nozzle plate having nozzl e openi ngs connunicating with the
pressure ppeddsupe produeing tdleanbdx api oanga aflee extended regions (the

regions shown by dots in Fig. 3) are supported by the base 7

while fixed to the base 7 with the adhesivé. Therefore, a

nonsupported region S2 becomes shorter than the nonsupported

5 region S1 (Fig. 14) in the conventional example, making flexion

of the substrate unit 5 due to displacement of the
piezoelectric vibration element 6 smaller.

The vibration plate 4 may be formed by electrofbrming

nickel, chromium, or the like for forming the island portion 4a

10 and the thick wall portions 4b, 4c, 4d on‘a high molecular film
such as polyimide, polysulfone, éolycarbonate, polyetherimide,
polyethylene, polyalamide, or polyester; or by léminating the
high molecular film on a metal film such as nickel, chromium,
stainless steel, gold, silver, copper, or titanium by césting_

15 or the like and etching the metal film so as to match the
profiles of the island portion 4a and the thick wall portions
4b, 4c, 4d; or by using a metal film such as silicon, nickel,
chromium, stainless steel, or titanium and partially etching a
region for forming the diaphragm portion de.

20 A 40 pm-thick stainless steel film and a 3 pm~thick
polyimide film were laminated by bonding, and the stainless
.éteel film was etched to prepare the vibration plate 4 in this
embodiment. |

Fig. 9 shows a second émbodiment of the invention. The

25 second embodiment is characterized as causing only portions

close to both ends of the pressure producing chamber 9 (regions

- 12 -



5. having diaphragm portions, each diaphragm portion being
fesiliently deformed in response to displacenent of a piezoelectric

wibration el ement. In such ink jet recording head, the vi Fﬁﬁgg@kﬁﬂﬁﬁ@BEFN
has a frame-like thick wall portion fornmed close to a side pf thedpnKcep

supply inlet of the pressure

A, B in Fig. 9) out of the first thick wall portion formed on
the vibration plate 4 to overhang the pressure producing
chamber, and causing the width of a region (a region C in Fig.
9) of the first thick wall portion confronting the island

5 portion 4a to coincide with the width of the partition wall 3c
defining the pressure producing chamber 9.

According to the second embodiment, the area of the
diaphragm portion 4e can be increased only if accuracy in
aligning the vibration plate 4 with the flow path forming plate

10 3 is improved. In addition, the region fixed by the basé 7 can
- be made as large as possible, i.e., the nonsupportea region S2
can be shortened to reduce flexion of the substrate unit 5.
Fig. 10 shows a third embodiment of the invention. The
third embodiment is characterized as making the second and
15 third thick wall portions 4c, 4d formed close to both ends of
the pressure producing chamber 9 semiisland-like by extending
these thick wall portions 4c, 4dlto such a degree as to reach
both ends of the island portion 4a (regions A, B in Fig. 10),
and replacing the first.thick wall portion 4b with a thin wall
20 portion 4f. . According to the third embodiment, the region
supported by the base 7 is made as long as possible to reduce
flexion of the substrate unit 5. If the adhesive for bonding
- the substrate unit 5 to the base 7 is applied by transferring,
the region to which the adhesive is applied can be limited
25 within the semiisland-like thick wall portions, thereby

preventing the adhesive for fixing the base 7 from 6verflowing

,_’/d
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‘producing chanber and to a side of the nozzle opening, the thick wall
portion being thicker than the di aphragm portion and ext gl SEEFHADREEN
i sland-like toward the piezoelectric vibration elenent, and a RggLATED

confronting the frame-like thick wall portion is nmade to 'serve—as a regl on
for bonding the substrate unit to the base. : The frame-Ilike thick
wal | portion extendi-ng toward the piezoelectric vibration elenent is
preferably supported by the base. As a result of this construction, the
nonsuppor tesl fegias 16 the djxptasagre poodionngechanber can be made as short
as possible. In this embodiment, a bonding process between the base
7 and the thick wall portions 4c and 4d is performed at a
region defined between an inner side of the pressure producing
5 chamber 9 and outer sides of both ends of the island portion 4a
in orxrder to prevent the base 7 and the island portion 4a from
being contacted from each other by a vibration of the vibration
plate 4 when the ink expelling operation is performed.
Fig. 11 shows a fourth embodiment of the invention.
10 The fourth embodiment is characterized as forming the first
- thick wall portion 4b in a region (a region C iﬁ Fig. 11)
confronting the iéland portion so as to be continuous to the
aforementioned semiisland-like second and third thick wall
portions 4c, 4d so that the width of the first thick wall
15 portion 4b is slightly smaller than the partition wall 3c.
According to  the fourth embodiment, not only the
rigidity of the.substrate unit as a whole can be improved and
the area of the diaphragm portion 4e can be made as large as
possible, but also the region supported by the basé 7 can-be
20 increased to prevent flexion of the substrate unit 5.
While the example in which the piezoelectric vibration
element of vertical vibration mode is used as a drive source
has been described in the- aforementioned embodiments, é
piezoelectric. vibration element of flexion vibration mode may
25 also be used.
That is, as §hown in Fig. 12, a piézoelectric vibration
I
- 14 - This Sheet Has Been R
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which in turn allows the base to receive force applied by the

piezoel ectric vibration elenment and thereby increases the rigidity of the
ssubstrate unit. . Fig. 1 is a perspective vieMIsho”lﬂgggﬁzfrHAsxn}N
enbodi ment of an ink jet recording head of the invention iph unfabipieaced
form Fig. 2 is a sectional view show ng an enbod
pi ezoel ectric vibration elenment used for the head.of Fig. 1, Fig. 3is a
partially sectional perspective view showi ng a

element 20 of flexion vibration mode is bonded onto the surface

of the diaphragm portion 4e defined by the thick wall portions
4b, 4c, 4d so as not to come in contact with the thick wall
portions 4b, 4c, 4d without forming the island poftion 4a. As
5 a result of this construction, the diaphragm portion 4e is
contracted to thereby contract a pressure producing chamber 23
formed of a flow path forming plate 21, a second cover plate
24, and the vibration plate 4, which in tﬁrn causes ink to be
jetted out of a nozzle opening 21 communicating with the
10 pressure producing chamber 23. In this embodiment also, the
prbpagation of vibrations to the adjacent pressure producing
chambers 23 can be prevented by the thick wall portions 4b, 4c,
4d. It should be noted that reference numeral 25 denotes an
ink supply inlet.
15 As described in the foregoing, the ink jet recording
head of the invention is formed by fixing a substrate unit to
a bése, the substrate unit being formed by laminating and
fixing a flow path forming plate, a nozzle plate, and a
vibration plate with an adhesive so as to be watertight, the
20 flow path forming platé having through holes defining pressure
producing chambers, ink supply inlets, and a common ink
chamber, the nozzle plate having nozzle openiﬁgs communicating
with the pressure producing chamberg, the vibration plate
having diaphragm portions, .each diaphragm portion being
25 resiliently deformed in response to dispiacement of a

piezoelectric vibration element, and in such ink jet recording

\\
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el enments of the head of Fig. 1 are abutted agai nst one anot her
Fi.g. 4 is a diagramshow ng the position of RfOW Bt HAs BEEN

sform

10

.region at which a substrate unit and piezoelectric vibration
i n enl arged

REPLACED

head, the vibration plate has frame-iike_thick wall portions
formed close to a side of the ink supply inlet of the pressure
producing chamber and to a side of the nozzle opening, the
thick wall portions being thicker than the diaphragm portion
and extended so as to be island-like toward the piezoelectric
vibration element, and a region confronting the frame—like
thick wall portions is made to serve as a region for bonding'
the substrate unit to the base. As a result of this

construction, the nonsupported region of the pressure producing

chamber can be shortened without disturbing the displacement of

the diaphragm portion, which in turn reduces flexion of the
substrate unit attributable to displacement of the

piezoelectric vibration element.

This Sheet Has Been Replaced
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formng plate relative to a vibration plate of the head of Fig. 1;
Fig. 5 is a sectional view taken along a line A-A of Fig. 4 Fig.
% is a sectional view taken along a line B-B of Fig. 4 Fig. 71is
vi ew showi ng misal i gnnent between the vi brgtThHﬁ SPIERT @1 A3NSE

a sectional
flow path form ng plate as well as overflow of an adhe
vibration plate to tthe flow path form ng plate when the head of FIrO:

bei ng

10

15

20

25

30

35

LAY

1.

bl ve tRERLAgepds th

4

A substrate unit (5) for an ink jet recording head,
comprising: '

a flow path forming plate (3) having pressure producing
chambers (9); a nozzle plate (2) having nozzle openings
(1) communicating with said pressure producing chambers
(9); and a vibration plate (4), wherein said vibration
plate (4) comprises at least a diaphragm portion (4e)
being deformable, and at 1least a thick wall portion
(4b,4c,4d) being thicker than the diaphragm portion (4e),
so that the diaphragm portion (4e) confronts the pressure
producing chambers (9), and the thick wall portion
(4b,4c,4d) overhangs portions of the pressure producing

chambers (9).

The substrate unit (5) according to claim 1, wherein the

substrate unit (5) is formed by laminating and fixing the

flow path forming plate (3), the nozzle plate (2) and the
vibration plate (4).

The substrate unit (5) according to claim 1 or 2, wherein
the flow path forming plate (3) further comprises ink

supply inlets (10) and a common ink chamber.

The substrate unit (5) according to one of the preceding

' claims, wherein the diaphragm portion (4e) is resiliently

deformable in response to displacements of a
piezoelectric element (6), and the thick wall portion
(4b,4c,4d) is formed frame-like close to at least both of
the pressure producing chamber (9) and/or extended so as
to be island-like toward the piezoelectric vibration

element (6).

is Sheet Has Been Replaced
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f.abri cat ed;

taken along an axial line of a pressure producing chanber; 'nﬂssnduﬂHsﬁBEEN

Fig. 8 is a diagramshowi ng a structure of a section

i's a di agram showi ng a second enbodi nent of the i nvention i Eﬁﬂn Ho

an upper

surface structure of the vibration plate; 19. Ho—s—=a

di agram show ng a third enbodi nent of the invention in the formof an

upper

surface structure of the vibration plate; Fig. 11 is a

di agram showi ng a fourth enbodi ment of the
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5.

10.

11.

The substrate unit (5) according to claim 4, wherein a
region confronting the frame-like thick wall portion is
made to serve as a region for bonding the substrate unit
(5) to a base (7). |

The substrate unit (5) according to one of the preceding
claims, wherein an island portion (4a) is formed at a
region confronting the pressure producing chamber (9),

"and the island portion (4a) corresponds to a thick wall

portion (4b, 4c, 4d).

The substrate unit (5) according to one of the preceding
claims, wherein the thick wall portion (4b,4c,4d) is
extended so as to confront a partition wall (3c) defining
the pressure producing chamber (9).

The substrate unit (5) according to one of the preceding
claims, wherein the thick wall portion (4b,4c,4d) is
discontinuous at a region confronting a piezoelectric"
vibration element (6).

The substrate unit (5) according to one of the preceding
claims, wherein a width of the thick wall portion
(4b,4c,4d) is set to a value narrower than a width of a
partition wall (3c) defining the pressure producing
chamber (9).

The substrate unit (5) according to claim 1, wherein the
thick wall portion (4b;4c;4d) is formed close to a side
of the ink supply inlet (10) of the pressure producing
chamber (9) and to a side of the nozzle opening (1).

The substrate unit (5) according to one of the preceding
claims, wherein a width of the thick wall portion
(4b,4c,4d) at a region confronting a partition wall (3c)
defining the pressure producing chamber (9) is set to a

I “ﬁfi]i“li‘ii[rﬁ‘[ﬂ T—



I pvention in the formof an upper surface structure of the wvibration

pl at e;

di agram showi ng an enbodi ment in which piezoelectric vibrat|l ffs&REPRLS FREN

-7- Fig. 12 is a

flexion vibration node are used. 3 REPLACED

10

15

12.

13.

14-.

value 5 to 50% larger than a width of a partition wall
(3c) defining the pressure producing chamber (9).

The substrate unit (5) according to one of claims 4 to
11, wherein a region of the frame-like thick wall portion
(4b,4c,4d) is closer to the piezoelectric vibration
element (6) than at least both ends of the pressure
producing chamber (9) and is the made to serve as a
region for bonding the substrate unit (5) to the base

(7).

The substrate unit (5) according to one of the preceding
claims, wherein the base (7) is bonded to the substrate
unit (5) with a predetermined pitch defined between the
base (7) and the diaphragm portion (4e).

An ink jet recording head comprising a substrate unit (5)
according to one of the preceding claims. '

" O

— _
Been'Rel"l"‘ced
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Fig. 13 (A is a sectional view showing an exenplary conventional ink jet
recordi ng head,; Fig. 13 (B) is a diagramschematically show ng
overflow of an adhesive; and Fig. 14 is a diagram show ng an

exenpl ary conventional ink jet recording head. _ nqoé{ﬁ%ﬁ:dé% Hf tE

invention will now be described with reference to the e LB

the draw ngs. - _

TRACT

An ink jet recording head formed by laminating and fixing: a.
5 flow path forming plate (3) having through holes (3a) for
defining pressure prodﬁcing chambers (9), ink supply inlets
(10), and a common ink chamber, a nozzle plate (2) having
nozzle openings (1) communicating with the pressure producing
chambers (9), and a vibration plate (4) having diaphragm
10 portions (4e) that are resiliently deformed in response to
displacement of piezoelectric vibration elements (6) oﬁ:upon
another with an adhesive so as to be watertight. The
vibration plate (4) has frame-like thick wall portions
(4b,4c,4d) that extend as far as to the ink supply inlet (10)
15 side of the pressure producing chamber (9) as well as to the
inner side of the nozzle opening (1), and portions closer to
a piezoelectric vibration element (6) than to both ends of
the pressure producing chamber (9) are made to be supported
by a base (7). As a result of this construction, a
20 nonsupported region of the pressure producing chamber (9) can
be shortened, which in turn improves the rigidity of a

substrate unit (5) as a whole.

EATEXT\EUROPA\6481EPCL.DOC



F| g. NQJ%OEP h@g%er%q aspect of ‘@ recordi ng head of the invention. 44/8

Fig. sagp-fgprence nuneral 2 denotes a nozzle plate having nozzle openings 1
formed therein; 3; a flow path forning plate having through hol es 3a
defining pressure producing chanbers 9, through hol es| Qs genesASBEEN
defining ink ppI inlets 10, and a through hole 3d gdefi niggprLacemnmon .j nk
chanber 1-for ez t.herein; and 4, a vibration plate tharTs—restiTemTy

def orned whil e utted against the tips of piezoelectric vibration
elements 6. A substrate unit 5 is forned by fixing the nozzle plate 2 and

the vibration plate 4
>5
v
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Seiko Epson Corporation

t0 bNew ERPurgldestioh the fl ow path formng plate 3 so as to be watertight

Ref eS@4fdecERiuneral 7 denotes a base into which the
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Seiko Epson Corporation ?)/8
' pleeZER=lapplidatien brati on el enents can vibrate thdrgig.suEae HARKBEGNeT

- 196481®¥Png head is fabricated into a single body}by figxgmgcebhe
. plezoelectrlc vibration el ements 6 and the sypstrateumt 5 WTIhH the

.V|brat| e 4 abyyped agai theltips o he piezoelectric vibration
el ement ?Pexposed fr It should be noted that
ref erence{nuner al | |y pipe for supplying
ink froma not shomm I NK™%@ helsubst [ Fig. 2
shows an enbodi nment gf t he p\ ctric ' elenment 6. A plurality
of layers, each being forneg R Ay .
I ~
= 10
#c ]
B |  ~=m====
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S€1KO Epson.cOx'goration
by %&%@lﬁﬁa‘:&%i ezoel ectric material |ayer 60 ween el ectrode |
61, e | am nated one upon anpther to form & TH#SHEERHASEHHEERI n
of theﬁectrode layers 61 and ends of the el eclrode RERLACEDG2 ara.exposed
de

to end e |l am nated” nenber so as to be connected to a segnent .

el ectr 62 and a common el ectrode 64, respectively, so that the

pi ezoel ec r| c vibration elenent 6 cah I Font ract in directions
paral el with the electrode |ayers 61, 6X Fi €23 is a diagram
showi ng .how t he substrate unit 5 and t-hgp cllgEtripc vibration elements

6 are nounted. The XC ' . 4Eé
#2 2
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: Seiko Epson Corporation
nozzN%’ aapplicabidnt he vibration plate 4 interpose_the flow path forﬁl/

$)I at $6483-EBer ebet ween and are fixed to both |sTHIS SHBET efastgrgn ) ow pat h
orm ng pl ate 3 with an adhesive so as to be \atertREfMACESO t ha] the
pressure |ng chanbers 9 are forned so as to extend atomg—the arrays

of the n /




Seiko Epson Corporation

oNewERgappll.ication On the other hand, in the wEIfnétSi}@l?TﬁV’ét%LaNcn 6}/@d -
- p8648loRP4a is forned so as to be positioned in dn-al nREYLAR

a
; region conf re\’?\i ng the correspoigli ng Jr essurgéprodum ng chanber 9, and a
first thy I

portion ¥y, angd secoryd and hird thick wall portions 4c,

4d are sgf formed. The, st 4‘,{@ tip of the
pi ezoel ectffic vibratio |_gortion 4b is
formed so as to confro ng the adjacent

pressure produci ng cham

b 19
b
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seiko Epson Corporation ' Aﬁ
* M BHaapplédcattiy pressure produci ng chanber 9 'Ti it s BEER Ang t '
- P64BISER e produci ng chanber 9 as shown in Fig. gf”%ﬁégg gnd

fourth
, thick wall portions 4c, 4d are fornmed so as to-shHi y—owverkang both ends

of the pressure prqgducing chang&r 9. I egb 0y Whi gh-.i s a thin wall
portion surygou d?ﬁj by t hé | rst seco?\x, ‘Qé‘ﬁdgZ ird thick wall portions 4b,
4c, 4d, is di'r o

e

d as a

) apniag rtion 4e is
defornmed by t pi ezoel egtri 6. L the di aphr agm
portion 4e is formed to Si he o I ng{of the pressure
produci ng chanber 9 so t

_ ' - F‘A"}"_——C"—;@B"'
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tﬂe 8[]'hl ck vvaI ortions 4b, 4c, 4d of the vibrati pAHE SEEETIHADBEERANY gﬂfta
pressure prod 2¢£ anber 9, the first tdick wal porREPBACHD overjhan

t he pressure {profly g chanber 9ghy [erf]L1 fromthe wall 3¢ defining the

pressure producd#ng chanbers (Ei g '5) ,#4and theg/ g(ﬁjnd third thick wall
~ portions 4c al so over g the pressw 7 ctianber by [err]L2 in
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a::-mu D S wzporacxuu
* New EP

k&ng}-Apglnltles of both ends of the pressure produ0|ng chanber (Fig.

MRS

Let us take a speC|f|c exanple, i.n which the width
brodu0|ng chanber- 9 is set to 200 [err]m the width
wal | 3c i et t O f[err]m and the width WB of t

[err]mcan?’
the vibrati
pressure

portion égg S 0 140 [err]m Then, an overhanging | ength [err]LI
n

—

99/4
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plate 4 are bonded to each other with the center
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a result,

produang chanber 9 aligned with that of the island portion 4a. |

when the di aphragm portion 4e is positioned so as to confront

%s(o‘,"

fhé pressure producing chamber 9 wth a positioning error. [err]L3 between

t he ¥l ow
e.g.,%20

path formng plate 3 and the vibration plate 4 He ﬁ%ﬁﬁﬁﬁ#ﬂj
[err]m as shown in Fig. 7, an adhesive P overflcmFEe rSPEET

of as large as 10 [err]mcan -be provigded. As a result, {een if the

adhesi ve

P overflows fromthe partition wall 3c, such ovedfllovh (0 #AR187e |P

i s absorbed by the first, second, and third thick wall pqQrtlions 4b, 4c,

to thereby bl ock the adhesi verjk f 2 RECORDING HEAD

4d

The invention relates to an ink jet recording head and a
substrate unit for an ink jet recording head that jets droplet
of ink by displacing a vibration plate using piezoelectric

vibration elements.

An ink jet recording head using a piezoelectric
vibration element of vertical vibration mode as a drive source,
requiring only a small area of abutment of the piezoelectric
vibration element against the vibration plate, can achieve an
arrangement density of a pressure producing chamber as high as
90 dpi or more. ‘

| As shown in Fig. 14, 'such a recording - head 1is
fabricated into a single body by integrally fixing a substrate

unit K to a base L. The substrate unit K is formed by

-laminating and fixing a flow path forming plate D, a nozzle

plate F, and a vibration plate J with an adhesive so as to be

s

watertight. The base L has a piezoelectric vibration element .

G, an ink supply pipe, and the like attached thereto. The flow
path forming plate D has through holes defining a pressure
producing chamber A, an ink supply inlet B, and a common ink

chamber C; the nozzle plate F has a nozzle opening E



further overflowi ng to the diaphragm portion 4e, which i|nREBKACEMENToSHEET e
.di aphragm portion 4e to maintain a consistent resilient ghraractert+st+e-s
That is, if the vibration plate 4 and the flow path form nq@%@@ggre
m saligned with the thick wall portion 4b formed so asjtq coincide ™ W th
the width of the partition wall 3c-02 4 he pressure praoguctng chamer—e;

t he adhesive P {
communicating with the pressure producing chamber A; and the

vibration plate J has a diaphragm portion H that is resiliently
deformed in response to ‘displacement_ of the piezoelectric
vibration element G.

In the thus constructed ink jet recording head, the
substrate unit must be fixed to the base so as to cause the
diaphragm portion H to confront the base so that the diaphragm
portion H can be abutted against the tip 6f the piezoelectric
wibration elemeﬁt G. For this reason, the substrate unit is
fixed to the base L so as to keep away from the pressure
producing chamber A so that the Ease L does not come in contact
with the diaphragm portion H.

To improve the pressure producing chamber arrangement
density in an attempt to increase resolution, the length of the
pressure producing chamber A must be increased in the axial
direction since a predetermined  capacity of the pressure
producing chambér A must be ensurea. However, the region
confronting the pressure producing chamber A is a nonsupported
region S1 that is not supported by the base L, and this region
is long. As a result, when such region is given a-
predetermined displacement "a" by the piezoelectric vibration
.element G to jet a droplet of ink, the nonsupported region Sl
of the substrate unit-K becomes susceptible to flexion as shown
by the broken lines in Fig. 14, thereby imposing the problem of
impairing printing quality.

In-addition, pbsitional accuracy of the abutment of the



- 11 - . overflows into the diaphragn1portion 4e, making the vibration.
characteristic of the diaphragm portion 4e erratic. —la.general ————
when the width WB of the first thick wall portion 4b coanoRgﬁmncm“gNT SHEET
partition wall 3c is increased by about 5 to 50% w th respge ' -
W2 of‘the partition wall 3c definingqhe adjacent pressurq pro [

chanbers 9, : ) 3t,. . _ fll{f ﬁ& 1997

tip of the piezoelectric vibration element G is Eﬂ—extrﬁmer'“"'“

important.factor for such a high resolution. Therefore, to
achieve the required accuracy, an island portion M,'which is a
thick wall portion formed in almost middle of a regidn causing
deformation of the pressure producing chamber, is formed, and
the tip of the piezoelectric vibration element G is abutted
against such island portion M, as disclosed in Japanese
Unexamined Patent Publication No. 3-1555S5.

This construction .allows the displacement of the
piezoelectric vibration element G to be transmitted through the
island portion M eveﬁ if the position of abutment of the

~ piezoelectric wvibration element G is slightly shifted.
Therefo;é, a predetermined displacement can be given to the
diaphfagm potion H.

| However, for such an extremely high resolution as 180
dpi or more, inaccuracies in relative position betweeﬁ the
island portion M and the pressure producing chamber A are easy
to occur, causing the pressure producing éhamber A to be
deformed inconsistently and thereby imposing the problem of
impairing printing quality. |

Further, to reduce the pitch of the pressuretproducing
chamber A, the partition wall defining the pressure producing
chamber A becomes thin, which in turn reduces rigidity. As a
result, one pressure prodﬁcing " chamber is deformed by
contraction and expansion of a piezoelectric vibration element

that drives another pressure producing chamber adjacent to such



fabrication errors can be absorbed, and the ink jetting perfon
therefore be maintained consistent. On the ot her hand,
di aphragm portion 4e is defined by the franme-like second and

tR
higre~t

E;LACEME&'T SHEET

wal | portions 4c, 4d whose thickness is substantially the sa s~fﬂa§manq
the issland portion 4a as well as by ghe first thick wall portjon 4b*b 1""|’1g*~97

integrally f d with th t hj | '
ext endi ng%"ﬁorﬁggéﬂw’é‘? %Q{uf%éoggraﬁlgtgfbnéé\g f&gg%o%!@{éﬁeﬂgﬁ Iggg rle pr oduci ng

chanber 9M 'baeE?SHhE1dé&€éémﬁﬁidéﬂatmﬁﬂﬂon1&1(BHH preGsuie proggutRg
produci ng”chanmber "9 1's reinforced not
chamber by the expansion of the piezoelectric vibration element

is reduced, thereby imposing the problem of dropping ink
jetting efficiency.

The invention has been made in consideration of the
aforementioned problems and an object of the invention is,
therefore, to provide an improved substrate unit for an ink
jet récording head and an improved ink jet recording head.

This object is solved by the substrate unit for an ink
jet recording head according to independent claim 1 and the
ink jet recording head according to indepeﬂdent claim 14.
Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the
description and the drawings. The claims are intended to be
understood as a first non-limiting approach of defining the
invention in general terms. According to a specific aspect of

the present invention, a substrate unit is provided in which the
nonsupported region of the pressure producing chamber is made

as short as possible so as to increase the rigidity of the
substrate unit.

Another aspect of the invention is to provide a novel
ink jet recording head capable of reducing the effect of
fabricatipn.inaccuracies upon printing quality to a smallest
possible degree. _ _

To achieve the above aspects, the invention is preferably applied
to an ink jet recording head formed by fixing a substrate unit
to a base, the substrate unit.being formed by laminating and
fixing a flow path forming plate, a nozzle plate, and a
vibration plate with an adhesive so as to be watertight, the
flow path forming plate having through holes defining pressure
producing .chambers, ink supply inlets, and a common ink
chamber, the nozzle plate having nozzle openings communicating

with the pressure producing chambers, the vibration plate



only by. the nozzle plate 2 but also by the first thick wall (o A—of —
the vibration plate 4, which in turn increases the rigidity fhkh@&]CEMENT SHEET

substrate unit 5 as a whole - with respect to the displacenment |of[The

pi ezoel ectric vibration el enent 6. . Hence, the flexion of the|sybst (aiMAR 1957

unit 5 at the time the ink is jetted gan be m nim zed, thereBy [preventing

crosst al ks. - Further, as shown 1n Fig. 8, the second apd third TNtk

wal | portions 4c, 4d forned on both ends of thé pressure profluci ng chamber

9 extend t

with the

Ré{‘?iﬂgt h&; B ﬁz-gginof bg,gelxhgr Al igQ2n ClAEHr g © Fort LoRO e LhY

onwa

resiliently deformed in response to displacement of a

piezoelectric vibration element. In such ink jet recording
head, the vibration plate has a frame-like thick wall portion
formed close to a side of the ink supply inlet of the pressure
producing chamber and to a side of the nozzle opening, the
thick wali portion being thicker than the diaphragm portion and
extended so as to be island-like toward the piezoelectric
vibration element, and a region confronﬁing the frame-like
thick wall portion is made to.serve as a region for bonding the
substrate unit to the base.

The frame-like thick wall portion extending toward the
piezoelectric Vibration element is preferably supported by the base. Bs
a result of this construction, the nonsupported region of the
piessure producing chamber can be made as short as possible,
which in turn allows the base to receive force applied by the
piezoelectric vibration element and thereby increases the

rigidity of the substrate unit.

Fig. 1 is a pérspective view showing an embodihent of
an ink jet recording head of the invention in anabricated
form;

Fig. 2 is a sectional view showing an embodiment of a
piezoelectric vibration element used for the head of Fig. 1;

Fig. 3 is a partially sectional perspective view showing a



- 12 - pressure producing chanber 9, and the extended regip 1
regi ans shown by dots in Fig. 3) are supported by the base 7 ?{%ﬁ“\@ﬁ{lﬂ&'@@HEET

*to the base 7 with the adhesive. Therefore, a nonsupported feglon S2
becones shorter than the nonsupported -region S1 (Fig. 14) ij h¢ 0 MAR 1997
conventional exanple, making flexion 6 -

region at which a substrate unit and piezoelectric vibration
elements of the head of Fig. 1 are abutted against one another
in enlarged form;

Fig. 4 is a diagram showing the position of a flow path

forming plate relative to a vibration plate of the head of Fig.

1;

Fig. 5 is a sectional view taken along a line A-A of
Fig. 4;

Fig. 6 is a sectional view ﬁaken along a line B-B of
Fig. 4;

Fig. 7 is a sectional view showing misalignment between
the vibration plate and the flow path forming plate as well as
overflow of an adhesive that bonds the vibration plate to the
flow path forming pléte when the head of Fig. 1 is being

fabricated;

Fig. 8 is a dlagram showing a structure of a section

taken along an axial line of a pressure produc1ng chamber;
- Fig. 9 is a diagram showing a second embodiment of the
invention in the form of an'upper surface structure of the

vibration plate;:

Fig. 10 is a diagram showing a third embodiment of the
invention in the form of an upper surface structure of the

vibration plate;

Fig. 11 is a diagram showing a fourth embodiment of the
invention in the form of an upper surface structure of the

vibration plate;



of the_ substrate unit 5 due to displacenent of the piezoélec

jc vibration

el ement 6 smaller. The vibration plate 4 may be forne

®lectroforming nickel, chronmium or the like for forming the

portion 4a and the thick wall portions 4b, 4c, 4d on a high
such:as pol yi m de, polysul fone, pol ycarbonate, polyetherimde
pol yet hyl ene, pol yal am de, or polyester; or by lam nating the

mhecular film
1 0 MaR a7
N gh :

all.r#]\gEMENT SHEET

nolecular filn1on a net al filn]such as nipkel, chroniunl sta) nl ess steel,
gol d. st ver, "copger. g i ani yp, By CaShl A% 0" AN bl ni-SiF HpRgekbE

metal filmso as t59m

piezoelectric vibration elements of flexion vibration mode are
‘used.

Fig. 13 (A) is a sectional view showing an exemplary
convéntional ink jet recording head;

Fig. 13 (B) is a diagram schematically showing overflow
of an adhesive; and

Fig. 14 is a diagram showing an exemplary conventional

ink jet recording head.

Details of the invention will now be described with
reference to the embodiments shown in the drawings.

Fig. 1 shows the general aspect of a recording head of
the invention. In Fig. 1 reference numeral 2 denotes a nozzle
plate havihg nozzle openings 1 formed therein; 3, a flow path
forming blate having through holes 3a defining pressure
producing chambers 9, through holes or grooves 3b defining ink
supply inlets 10, and a through hole 3d defining a coﬁmon ink
chamber 1 fbrmed therein; and 4, a vibration plate that is
resiliently deformed' while abﬁtted against the -tips of
piezoelectric vibration elements 6. A substrate unit 5 is
formed by fixing the nozzle plate 2 and the vibration plate 4
to both surfaces of the flow path forming plate 3 so as to be

watertight.

Reference numeral 7 denotes a base into which the



profiles of the island portion 4a and the thick wall portions [Zr—sc——4e —
Qor *by-using a nmetal filmsuch as silicon, nickel, chromum s‘ﬁEWlAGEWENT SHEET
steel, or titaniumand partially etching a region for form ng tfe
di aphragm portion 4e. A 40 [err]mthick stainless stedl fi- ip ¢
110 39 27
€ .

3 [erflmthick polyimde filmwere Lgrnated by bonding, andjth

steel filmwas etched to prepare the vibration plate 4 in thi

Fig. 9 shows a second enbodi nent of the invention. The second enbodi ment

is characterizZed as causing only portions —

piezoelectric vibration elements 6 are inserted so that the

piezoelectric vibration elements can vibrate therein. The ink
jet recording head is fabricated into a single body by fixing
the piezoelectric vibraﬁion elements 6 and the sub&trate unit
5 with the vibration plate 4 abutted against the tips of tﬁe'
piezoelectric vibration elements 6 exposed from openings of the
base. It should be noted that reference numeral 12 in Fig. 1
denotes an ink supply pipe for supplying ink from atnot shoﬁn
ink tank to the substrate unit 5.

Fig. 2 shows an embodiment of the piézoelectric
vibration element 6. A plurality of layers, each being formed
by interposing a piezoelectric material layer 60 between
electrode layers 61, 62, are laminated one upon another to form
a laminated member. Ends of the electrode.layers-Sl and ends
of the eléctrode layers 62 are exposed to ends of the laminated
member so as to be connected to a segment electrode 62 and a
common electrode 64, respecﬁively, so that the piezoelectric
vibration element 6 can expand and contract in directions
parallel with the electrode layets 61, 62.

Fig. 3 is a diagram showing how the substrate unit 5
and the piezoelectric vibration elements 6 are mounted. The
nozzle plate 2 and the vibration plate 4 interpose the flow
path forming plaﬁe 3 therebetween and_'are fixed to both
surfaces of the flow path forming plate 3 with an adhesive so
‘as to be watertight, so that the pressure producing chambers 9

are formed so as to extend along the arrays of the nozzle



close to both ehds of the pressure producing chanber 9 (regions

;H13=7b A B :n Fig. 9) out of the first thick wall portion _fornmed on

the vibration plate 4 to overhang the pressure producing chaM*E —

causing the width of a region (a region Cin Fig. PLA%EHIENT SHEET
s - g -
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openings 1.
On the other hand, in the vibration plate 4d—an-island . __

portion 4a is formed so as to be positioned in an almost middle
of a region confronting the corresponding pressure producing
chamber 9, and a first thick wall portion 4b, and second and
third thick wall portions 4c, 4d are alsoc formed. The island

 portion is abutted against the ti? of the piezbelectric
vibration element 6. The_firét thick wall portion 4b is formed
so as to éonfront a partition wall 3c partitioning the adjacent
pressure producing chambers 9 and either coincide with the
boundary of the pressure producing chamber .9' or slightly
overhang the pressure producing chamber 9 as shown in Fig. 3.
The third and fourth thick wall portions 4c, 4d are fo;med so
as to slightly 6verhang both ends of the pressure producing
chamber 9. A region, which is a thin wall portion surrounded
by the first, seﬁond, and third thick wall portions 4b, 4c, 44,
is defined as a diaphragm portion 4e. The diaphragm portion 4e
is deforﬁed by the.piezoelectric vibration element 6.

If the diaphragm portion 4e is formed to a size smaller
than the opehing of the pressure producing chamber 9 so that
the thick wall portions 4b, 4c, 4d of the vibration plate 4
'overhang the pressure producing chamber 9, the first thick wall
portion 4b overhangs the pressure producing chamber 9 by sLl
from the wall 3c defining the pressure producing chambers (Fig.
-5), and the second and third thick wall portions.4c, 4e also

overhang +the pressure producing chamber by L2 in the



-5'9) of the first thick wall por.tion confronting the isl and' pa(rgggﬁiggg@mf SHEET.

c0|nc|de with the width of the partition wall 3c defining t

produci ng chanber 9. . According to the second enbodi jre t, the area
of the diaphragm portion 4e can be increased only if accurafbylid 0aMABHR%
the vibration plate 4 with the flowpaph-formng plate 3 is roved. 10

addition, the region fixed by the base 7 can be nade as Iarge as possi bl e,
i.e., the nonsupported region S2 can be shortened to reducelflexion of the

substrate unit 5, oo B 39 218"5:8sb0kepEBRAN: AENEnShokEe (Fig.

i nvent i onvighgities o

6).

Let us take a specific example, in which the width Wl
of the pressure producing chamber 9 is set to 200 um; the width
W2 of the partition wall 3c is set to 80 um; and the width W3
of the first thick wall portion 4b is set to 140 pm. Then, an
overhanging length aLl of 30 um can be provided in the case
where the flow path forming plate 3 and the vibration plate 4
are bonded to each other with the center line of the pressure
p#oducing chamber 9 aligned with that of the island portion 4a.

As a result, when tﬁe diaphragm portion 4e is
positioned so as to confront the pressure producing chamber 9

with a positioning error aL3 between the flow path forming

plate 3 and the vibration plate 4 béing equal to, e.g., 20 pm -

as shown in Fig. 7, an adhesive P overflow region al4 of as

large as 10 um can be.proéided. As a result, even if the

adhesive P overflows from the partition wall 3c, such overflown

adhesive P is absorbed by the first, second, and thifd thick
wall portions 4b, 4c, 4d to thereby block the adhesive P from
fur£her overflowing to the diaphragm portion 4e, which in turn
allows the diaphragm portion 4e to maintain a consistent
resilient characteristic.

That is, if the vibration plate 4 and the flow path
forming plate 3 are misaliéned with the thick wall portion 4b
 formed so as to coincide With the width of the bartition wall

3c of the pressure producing chamber 9, the adhesive P




}hird enbodi ment is characterized as maki ng the second and hird thick

wal | .portions 4c, 4d formed close to both ends of the presstr I [ EET
‘chanber 9 semisland-like by extending these thick wall porg§i Jgﬁggwmﬁmg§ﬂ
region
"B O Y a7

such a degree as to reach both ends of the island portion 4
in Fixg. 10), and replacing the first thick wall portion 4b

wall portion 4f. According to the thirg enbodi nent, the regi dn__support-ed—d
by the base 7 is made as | ong as possible to reduce flexionjof the '
substrate unit 5. If the adhesive for bonding the substratelunit 5.to-the

—

base 7 is applied by transferring,
overflows into the diaphragm portion 4e, making the vibration

characteristic of the diaphragm portion 4e erratic.

In general, when the width W3 of the first thick wall
portion 4b confronting the partition wali 3c is increased by
about 5 to 50% with respect to the width W2 of the partitibn
wall 3c defining the adjacent pressure producing chambers 9,
fabrication errors can be absorbed, and the ink jetting
performance can therefore be maintained consistent.

On the other hand, the diaphragm portion 4e is defined
by the frame-like second and third thick wall portions 4c, 4d
whose thickness is substantially the same as that of the island
portion 4a as well as by the first thick wall portion 4b being
integrally formed with the second and third thick wall portions
and extending in parallel with the partition wall 3c of the
pressure producing chamber 9.l As a result, the partition wall
3c defining the pressure producing chamber 9 is reinforced not
only by the nozzle plate 2 but also by the first thick wall
portion 4b of the vibration plate 4, which in turn increases
the rigidity of the substrate unit 5 as a whole with respect to
the displacement of the piezoelectric vibration element 6.
Hénce, the flexion of the substrate unit 5 at the time the ink
is jetted can be minimized, thereby preventing crosstalks.

Further, as shown in Fig. 8, the second and third thick

"wall portions 4c, 4d formed on both ends of the pressure
producing chamber 9 extend toward the piezoelectric vibration

element 6 so as to go along with the partition wall 3c of the



t he region to which the adhesive is applied can be l'inited %nbli” rire -
a 1

sem i:sl and-like thick wall portions, thereby preventing the RRIAGEMENT, SHEE

Tixing the base 7 from overfl ow ng —IA-

as far as to the diaphragm portion 4e.. ) 1 0 AP INO7
-12- 7

pressure producing chamber 9, and the extended regions (the
regions shown by dots in Fig. 3) are supported by the base 7
while fixed to the base 7 with the adhesive. Therefore, a
nonsupported'region S2 becomes shorter than the nonsupported
regibn S1 (Fig. 14) in the conventional example, making'flexion
of the substrate unit 5 due to displacement of the
piezoelectric vibration element 6 smaller.
| The vibration plate 4 may be formed by electroforming.

nickel, chromium, or.the like for forming the island portion 4a
and the thick wall portions 45, 4c, 4d on a high molecular film
such as polyiﬁide( polyéulfone, éolycarbonate, polyetherimide,
polyethylene, polyalamide, or polyester}'or by laminating the
high molecular film on a metal.film such as nickel, chromium,
stainless steel, gold, silver, copper, or titanium by casting
or the like and etching the metai film so as to match the
profiles of the . island poftion_4a and the thick wall portions
4b, 4c, 4d; or by using a metél film such as silicon, nickel,
chromium, stainless steel, or titanium and partially etching a
_regiﬁn for forming the diaphragm portion 4e. |

A 40 um-thick stainless steel film and a 3 pm-thick
bolyimide_film were laminated by bohding, and the stainless
steel film was etched to prepare the vibration plate 4 in this
embodiment. |

Fig. 9 shows a second embodiment of the invention. The
second embodiment is characterized as causing only portions

close to both ends of the pressuré producing chamber 9 (regions



In this enbodi nent, a bonding process between the base 7 and  the thick J
wal-l portions 4c and 4d is perforned at a region defined bet \ '
side of the pressure producing chanber 9 and outer sides of 3?EP%§§%M§963HEET
the island portion 4a in order to prevent the ‘base 7 and the iS|anh

portion 4a from being contacted fromigach other by a vibratign jof? AR 1997
vibration plate 4 when the ink expelling operation is perforne
Fig. 11 shows a fourth enbodi nent of the invention. The fourtih enbodi nent

is characterizZzed as fornming the first thick wall portion 4b iH-a-t6gi-CR—{a

region Cin B gn ¥ik. 9) out of the first thick wall portion formed on

the vibration plate ¢4 to overhang the. pressure. prbducing
chambér, and causing the width of a region {(a region C in Fig.
9) of the first thick wall portion confronting the island
portion 4a to coincide with the width of the partition wall 3c
defining the pressure producing chamber 9. |

According to the second. embodiment, the area of the
diaphragm po;tion 4e can be increased only if aécurapy in
aligning the vibration plate 4 with the flow path forming plate
3 is improved.‘ In addition, the region fixed'by tﬁe base 7 can
be made as large as possible, i.e., the nonsupported region 52
can be shortened to reduce flexion of the substrate unit 5.

Fig. 10 shows a third embodiment of the invention. The
third embodiment is characterized as making the second and
third thick wall portions 4c, 4d formed close to both end§ of
the pressure producing chamber 9 semiisland-like by extending
these thick wall portions 4c, 4d to such a degree as to'reach
bbth ends of the island portion 4a (regions A, B in Fig. 10),
and replacing the first thick wall portion 4b with a thin wall
portion 4f. According to the third embodiment, the region
éupported by the base 7 is made as long as possible to reduce
flexion of the substrate unit 5. If the adhesive for bonding
the substrate unit 5 to the base 7 is applied by transferring,
the region to which the adhesive is applied can be limited
within the semiisland-like thick wall portions, thereby

preventing the adhesive for fixing the base 7 from overflowing



confronting the island portion so as to be continuous to the ) —
aforementioned semisland-1ike second and third thick wall pbrREPCAGEMENT 4SHEET
so that the width of the first thick wall portion 4b is sligpt fysmatter
than the partition wall 3c. - According to the fourth epbediyngnpsannady
only:the rigidity of the substrate unit as a whole can be inprpved and
the area of the diaphragm portjon 4e ta? be nade as | ar ge as:{ pOSST bre, but
al so the region supported by the base 7 can be increased to]prevent
flexion of the substrate unit 5. Wil e the exanple in wWhiCR The
pi ezoel ectric vibration

as far as to the diaphragm portion 4e.

In this embodiment, a bonding process between the base
7 and the'thick wall portions 4c and 4d is performed at a
region defined between an inner side of the pressure producipg
chaﬁber 9 and outer sides of b§th ends of the island portion 4a
in order to prevent the base 7 and the island portion 4a from
'being contacted from each other by a vibration of the vibration
plate 4 when the ink éxpelling operation is performed.

Fig. 11 shows a fourth embodiment of the invention.
The fourth embodiment is characterized as forming the first
thick wall portion 4b in a region (a region C in Fig. 11)
confronting the island portion so as to be continuous to the
aforementioned semiisland-like second and thirxd thic_k wall
portions 4c, 4d so that the width of the first thick wall
portion 4b is slightly smaller than the partition wall 3c.

ACcofding to the fourth embodiment, not only the
rigidity of the substrate unit as a whole can be improved and
the area of the diaphragm portion 4e can be made as large as
possible, but also the region supported by the base 7 can be
increased to prevent flexion of the substrate unit 5.

While the example in which the piezoelectric vibratioh
element of vertical vibration mode is used as a drive source
has beén ‘described in the aforementioned embodiments, a
plezoelectric- vibration element of flexion vibration mode may

also be used.

That is, as shown in Fig. 12, a piezoelectric vibration



el enent. of vertical vibration node is used as a drive source _has been - -
described in the aforenenti oned enbodi nents, a piezoelectri ¢ﬂh;ﬁ§?[&§,i:-,ﬁm-r SHEET
T LS. as

el enent of flexion vibration node nay also be used.
shown in Fig. 12, a piezoelectric vibration
18- | - 15 -
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element 20 of flexion vibration mode is bonded onto the surface
of the diaphragm portion 4e defined by the thick wall portions
4b, 4c, 4d so as not to come in cont&ct with the thick wall
portions 4b, 4c, 4d without forming the island portion 4a. As
a fesult of this constructioé,-the diaphragm portion 4e is
contrécted to thefeby contract a pressure producing chamber 23
formed of a flow path forming plate 21, a second cover plate
24, and the vibration plate 4, which in turn causes ink to be
jetted out of a nozzle opening 21 communicating with the
pressure producing chamber 23. In this embodiment also, the
propagation of vibrations to the adjacent pressure producing
chambers 23'can be prevented by the thick wall portions 4b, 4c,
4d. It should be noted that reference numeral 25 denotes an
ink supply inlet.

As described in the foregoing, the ink jet recording
head of the invention is.formea by fixing a substrate unit to
a base, the substrate unit being,formed by laminating and
fixing a. flow path forming plate, a nozzle plate, and a
vibration plate with an adhesive éo as to be watertight, the
flow path forming plate having through holes defining pressure._
producing chambers, ink supply inlets, and a common ink
chamber, the nozzle plate having nozzle openings communicating
with the pressure producing chamber%, the vibration plate
having diaphragm portidns, each' diaphragm portion being
resiliently deformed in response to displacement of a

piezoelectric vibration element, and in such ink jet recording
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_élenent 20 of flexion vibration nmode is bonded onto the sur
di.aphragm portion 4e defined by the thick wall portions 4

HEPLAREVERT sveeT

‘not to conme in contact with the thick wal | portions 4b, 4c¢j 4d w thout
forming the island portion 4a. As gsult of this construgtior, §tpaw 1997
di aphragm portion 4e is contracted td tthereby contract a pfegsure

, a second

produci ng chanber 23 forned of a flow path formng plate
huses _ink to be

cover plate 24, and the vibration plate 4, which in turn

jetted out of a nozzle opening 21 connunlcatlnq_mnth
head, the vibration plate has frame-like thlck wall portions

formed close to a side of the ink supply inlet of the pressure
producing chamber and to a side of the nozzle opening, the
thick wall portions being thicker than the diaphragm portion
and extended so aé to be island-like toward the piezoelectric
vibration element, and a region confronting the frame-like
thick wall portions is made to serve as a region for bonding
the substrate unit to the base. As a result of this
construétion, the nonsupported region of the pressure producing
chamber can be shortened without disturbing the displacement of
the diaphragm portion, which iﬁ turn reduces flexion of the
substrate unit attributable to displaceﬁent of the

piezoelectric vibration element.



pressure producing chanber 23. In this enbodi nent al'so, the sy
vibrations to the adjacent pressure producing chanbers 23 c nREiH.Aﬁ)EMEéﬁ'tSﬂEET
by the thick wall portions .4b, 4c, 4d. It should be noted that—reteren
nuneral 25 denotes an ink supply inlet. As descri bed ifn f@ 9
foregoing, the ink jet recording head70f the invention is fgrre PHRX %
a substrate unit to a base, the substrate unit being forned{by—tammatinyg

and fixing a. flow path form ng plate, a nozzle plate, and vi bration
plate with an adhesive so as to be watertight, the
CLAIMS: '

1. A substrate unit (5) for an ink jet recording head,
comprising:
a flow path forming plate (3) having pressure producxng
chambers (9); a nozzle plate (2) having nozzle openings
(1) communicating with said pressure producing chambers
(9); and a vibration plate (4), wherein said vibration
plate (4) comprises at least a diaphragm portion (4e)
being deformable, and at least a thick wall portion
(4b,4c,4d) being thicker than the diaphragm portion (4e),
so that the diaphragm portion (4e) confronts the pressure
producing chambers (9), and the thick wall portion
(4b,4c,44d) 6verhangs portions of the pressure producing
chambers (9) ..

2. The substrate unit (5) according to claim 1, wherein the
substrate unit (5) is formed by laminating and fixing the
flow path forming plate (3), the nozzle plate (2) and the
vibration plate (4).

"3. The substrate unit (5) according to claim 1 or 2, wherein
the flow path forming plate (3) £further comprises ink
supply inlets (10) and a common ink chamber.

4. The substrate unit (5) according to one of the preceding
claims, wherein the diaphragm pértion (4e) is resiliently
deformable in response to displacements of a
piezoelectric element (6), and the thick wall portion
(4b,4c,4d) is formed frame-like close to at least both of
the pressure producing chamber (9) and/or extended so as
to be island-like toward the piezoelectric vibration

—
A

element (6).



?IOM/path formi ng plate having through hol es defining pressur rotHe-Rg
and a common ink chanber, the n'zBEELAﬂEMENT’SHEET
‘havi ng nozzl e openi ngs communicating wth the pressure produg

chanbers, ink supply inlets,

P

[ lg Chratber S-

the vibration plate having diaphragm portions, each diap§rdg
ezoel E;CA? @97

being resiliently defornmed in respon?§ to displacenent of a
vibration element, and in such ink je

10.

11.

{pi

recordi ng

The substrate unit (5) according to claim 4, wherein a
region confronting the frame-like thick wall portion is
made to serve as a region for bonding the substrate unit
(5) to a base (7). '

The substrate unit (5) according to one of the preceding
claims, wherein an island portion (4a) is formed at a
region confronting the pressure producing chamber (9),
and the island portion (4a) corresponds to a thick wall
portion (4b, 4c, 4d). '

The substrate unit (5) according to one of the preceding
claims, wherein the thick wall portion (4b,4c,4d) is
extended so as to confront a partition wall (3c) defining

the pressure producing chamber (9).

The substrate unit (5) according to one of the preceding
claims, wherein the thick wall portion (4b,4c,4d) is
discontinuous at a region confrontlng a piezoelectric’

vibration element (6)

The substrate unit (5) according to one of the preceding
claims, wherein a width of the thick wall portion
(4b,4c,4d) is set to a value narrower than a width of a
partition wall (3c) defining the pressure producing

chamber (9).

The substrate unit (5) according to claim 1, wherein the
thick wall portion (4b;4c;4d) is formed close to a side
of the ink supply inlet (10) of the pressure producing
chamber (9) and to a side of the nozzle opening (1).

The substrate unit (5) according to one of the preceding
claims, wherein a width of the thick wall portion
(4b,4c,4d) at a region confronting a partition wall (3c)
defining the pressure producing chamber (9) is set to a

A A R W



_ 16 - head, the vibration plate has frane-like thick wal Hﬁ@LﬁC%WENT SHEET N

chamber and to a side of the nozzle opening, the thick wall qqpqqugﬁng

f.or med close to a side of the ink supply inlet of the press re pr oaucTg
t hi cker than the di aphragm portion and extended so as to b | and- |

toward the piezoelectric vibration eljgment, and a region cinfrontlng tne
frame-like thick wall portions is nmade to serve as a regioj for bonding

value 5 to 50% larger than a width of a partition wall
(3c) defining the pressure producing chambexr (9).

12. The substrate unit (5) according to one of claims 4 to
11, wherein a region of the frame-like thick wall portion
(4b,4c,4d) is closer to the piezoelectric vibration
element (6) than at least both ends of the pressure
producing chamber (9) and is the made to serve as a
region for bonding the substrate unit - (5) to the base

(7).

13. The substrate unit (5) according to one of the preceding
claims, wherein the base (7) is bonded to the substrate
unit (5) with a predetermined pitch defined between the
base (7) and the diaphragm portion (4e).

14. An ink jet recording head comprising a substrate unit (S)
according to one of the preceding claims.



the substrate wunit to the base. As a result of ghis

construction, the nonsupported region of the pressure produciREQLAGEARPEISHEET
can be shortened wi thout disturbing the displacenent of t diaphragm
portion, which in turn reduces flexion of the substrate [

attr.i but,abl e to displacenment . of”~ £Re- pi ezoel ectric vijrht Mh W%%ﬁt

INK JET RECORDING HEAD s

BSTRACT

An ink jet recording head formed by laminating and fixing: a
~flow path forming plate (3) having through holes (3a) for
defining pressure producing chambers (9), ink supply inlets
(10), and a common ink chamber, a nozzle plate (2) having
nozzle openings (1) communicating with the pressure producing
chambers (9), and 'a vibration plate (4) having diaphragm
portions (4e) that are resiliently deformed in response to
displacement of piezoelectric vibration elements (6) one upon
another with an adhesive so as to be watertight. The
vibration plate (4) has frame-like thick wall portions
(4b,4c,4d) that extend as far as to the ink 'supply inlet (10)
side of the pressure producing chamber (9) as well as to the
inner side of the nozzle opening (i), and portions closer to
a piezoelectric vibration element (6) than to both ends of
the pressure producing chamber (9) are made to be supported
by a base (7). As a result of this construction, a
nonsupported region of the pressure producing chamber (9) can
be shorténed, which in turn improves the rigidity of a
substrate unit  (5) as a whole.

FIGURE -3-



P

T -17- CLAI VEB: 1. A substrate unit (5) for an ink jet rle¢epfhREvBSRSHEET
conpfri si ng: a flow path formng plate (3) having pressjure_proqucing
chanbers (9); a nozzle plate (2) -having nozzl e openings 1)

comuni cating with said pressure produci ng chanbers (9 ; andd aMAR 498 i on

plate (4), wherein said vibration plate (4) conprijseb_at _least a
di aphragm portion (4e) bei ng defofnabl e, and at |east}a thick wall
portion (4b, 4c, 4d) being thicker than the di aphragm poktiaon (de) ~SQ
that the diaphragm portion (4e) confronts the pressure pr oduci ng
chanbers (9), and the thick wall portion (4b, 4c, 4d) overhangs portions
of the pressure producing chanbers (9). ' '

FG. 1 A

12—




-2.  The substrate unit (5) according to claim1l, wherein the

substrate
Lo ng plate

unit -(5) is formed by lamnating and fixing the - flow path

(3), the nozzle plate (2) and the vibration plate (4). REPUI.GEM
substrate unit (5) according to claiml1l or 2, wherein theF ENT SHEET
form'ng plate (3) further conprises ink supply inlets (10

I nk chanber. 4. The substrate unit (5) according to one of
clains, wherein the diaphragmportion (Ze) is resiliently

th

d-.

pﬁe@gé‘.%

ornehle

response to- displacenents of a pi ezoel ectric el ert: nt (6),
the thick wall portion. (4b, 4c,4d) is fornmed frame-Ilike cl

bot h of the pressure produci ng chanber (9) and/or extended so as to

be island-1ike toward the piezoelectric vibration

FIG. 2
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‘el enment (6)'. - 18 - 5. The substrate
unit -(5) according to claim4, wherein a regi-on confront

frame-like thick wall portion is made to serve as a regi a%‘%ﬁ'ﬁ%ﬁ%ﬂ*fﬂ
the substrate unit (5) to a base (7). 6. . The substratge ¢nit (5)
according to one of the preceding 10 MAR 1997
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.cl ai ns; wherein an island portion (4a) is forned at a
confronting the pressure produci ng chanber (9),
.(4a) corresponds to a thick wall
substrate unit (5) according to one of the preceding
portion (4b, 4c, 4d)

t he thick wall
partition wall

The substrate unit (5) according to on%.of t he preceding
wherein the thick wall d

(3c) defining

confronting a piezoelectric

unit (5) according to one of the preceding

the thick wall

portion

portion (4b,4c,

and the’i
4d) .
-=+cl ai

portion (4b, 4c,

IS
the pressure producing cha
)is di sconti nuo

vi bration el enent (6). 9.
cl ai ns, wher ei

ext ended so as to conf

Icl

regi on

sl and portion

Tha

rre

REPLABEMENT SHEET

(Do mak 1007

S at—aTegtron
The substrate

-

ma wdtrirof

FIG. 6

b .Ae 6 La Le 4d
NN ) )/
V.

SaALS

0%
N

NN NN
g

27 3 3¢



(4b, 4c,’4d) is set to a value narrower than a wdth of a partltlon mall

(3c) defining the pressure producing chanber (9). 10. fFhe—subst

.unit (5) according to claim1, wherein the thick wal | por |Rﬁ?L6ﬁaMENTZﬁﬁEET
is formed close to a side of the ink supply inlet (10) of]tpmepressure
pr oduci ng chanber (9) and to a side of the nozzle opening (L)1 0 AR R
substrate unit (5) according to one of the preceding clai s} wherelin a
wi dth of the thick wall portion (4b,gc, 4d) at a region copfronting a
partition wall (3c) defining the pressure producing chanmbpr (9) is set

to a

FIG. 8
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-- 19 -- value 5 to 50% 1| arger than a w dth of apartltlon wal | (3c)
defining the pressure produci ng chamber (9). 12. The subst ffate—tm-—{(5)
_according to one of clainms 4 to 11, wherein a region of treREPla‘k&EMEquSHEET
thick wall portion (4b, 4c,4d) is closer to the piezoel ectyi aLVI br-at--6

el ement (6) than at | east both ends of the pressure produ¢i g bagfn r,r‘ 2
(9) and is the nmade to serve as a resgi on for bonding the fulpstrat e™ npg
(5) to the base (7). , :




13. The substrate unit (5) according to one of the preceding cl ai s,
whergin the base (7) is bonded to the substrate unit (5),.Mth a

th

RPRFBOT SHEET
portion (4e). 14. An ink jet recording head conprising a & '1F$a%g”dhrfmt]
(5) - according to one of the preceding clains.

|
7 ]

predetermned pitch defined between the base (7) and th'e"a-i:l)S
u
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FIG. 13 A
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