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R BT ARECoRDT NG HEAD: <~ BACKGROUND OF THE | NVEN

":"iwy,s-nthn relates to aﬁl nk Jet recor di ng

INK JET RECORDING HEAD

The prasent invention relates to an ink jet recording
head of the type in which a pressure generating means applies
'pressure t0 ink within a pressure generating chamber, thexeby

5 shooting forth ink droplets through nozzle openings.

One of the known pressure generating chambers

communicates, at one end, with an ink tank and is provided with

10 nozzle openings. The pressure generating chamber further

includes a pressure generating means provided therein. A

heater or a deformable means is used for the pressure

generating means. The heater is used for evaporating part of

the ink contained pressure generating chamber. The deformable

15 means is xealized by forming a diaphragm region within the

pressuxe generating chambexr. In this case, a mechanical drive

means is provided for pushing the diaphragm region to cause a

displacement thereof. With the displacement of the diaphragn
region, ink is jetted out of the nozzle openings.

20 A pressure generating chamber with a piezoelectric
vibrator of the longitudinal wvibration mode being brought into
contact with the deformable means is known. The ink jert

recording head using this type of the pressure genarating
, chamber is suitable for the color printing, because it is free
25 from the problem of changing ink quality by heat.

In the ink jet recoxding head operating such that the
piezoelectric vibrator of the longitudinal wvibration mode
reeiliently deforms the prassure generating chamber to cause
ink to be jetﬁéd out of the chamber, the width of the axrray of

30 nozzle openings of the pressure generating chamber can be
remarkably reduced. Accordingly, a high resolution print is
possibla. When the size of. the ink jet recoxding head is
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o head:of ‘t he type i'n which a pressure generating neans.appliés pressure to
~ink wWithin a pressure ’Bneratlng chanber, thereby. shér}lng forth ink
dropl ets through nozzle openi hgs. More partlcularly, the invention re-
| at®s to the strcture of the pressure geherating cham - ber. One of the
known pressure generating chanbers comrunicates, at one end, with an ink
rank and is pro- vided with nozzle openings. The pressure generating

raduced under the constant resolition improvement pressure, the
deformable means of the prassuré generating chamber must be
correspondingly thinned in order to reduce the rigidity of the
deformable means. The thin deformable means is fragilae.

In the ink jet recording head having the resolution of
300 DPI and having nozzle openings zig-zag arrayed in four
lines, the length and the width of the pressure generating
chamber are 1 to 2 mm and approximately 200 um, respectively.
The deformable region of the vibrating plate constituting the
deformable means is 1 to 3 um thick, and the ragion thereof to

~ be displaced by the piezocelactric vibrator ie¢ several tans um.:
The fore end face of the plezoelectric vibrator for deforming
the pressure generating chamber is approximately 500 um x 200
pm. '

For this reason, the vibrating plate includes protruded
portions, callad islands, which are formed at the locations to
be in contact with the piezoelectric vibrators, and longexr than
the vibrators. The island expands the displacement of the
piazoelectric vibrator in the longitudinal direction of the
vibrating plate, obtaining a good matching. With the use of
the islands, pressure concentrates at a part near to the
boundary of the island and the flexible thin poxtion.
Eventually, the vibrating plate is broken down by fatigue.

_ A protruded part, called an island part, is formed in
the portion of the vibrating plate where it comes in contact with
the pilezoelectric vibrator. The island paxt is longer than the
plezoelectric vibrator. A displacement of the piezoelectric
vibrator is enlarged in the longitudinal direction. Since the
vibrating plate 1s so shaped, pressure is concentrated at the
igland part and in a boundary part where the deformable thin
portion terminates. Accordingly, the vibrating plate is easy
to be broken.

The easy-broken problem of the vibrating plate can be
solved by making the thin poxtion of the wvibrating platae as
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'chanber'ié‘furt'he“r' i ncl ug a pressure generating neans ,-ps rovided therein. A
heater or a def or nabl ans is uséd for the pressuré: sgener ating means.
The heat ér s used- for evaporatng part of the ink contained pressure

geneTmﬁsmgugaﬁﬁgﬁr Lhg deformabl e means is realized by fornrng a
di aphr iﬁpl N the pressure generating chanber. In this case, a

mechanr ns i s provided for pushing the diaphragmregion to
cause a thereof. Wth the displacement of

thick as possible. In generating ink droplets, an abrupt
- increase of the pressure must be avoided; otherwise, misty ink
is generated and the ink quality is deteriorated.

In view of the drawbacks accompanying the conventional
recording head, it is an object of the present invention to
provide a novel ink jet recording head which improwves the
print quality and the durability of the vibrating plate. This
object is solved by the ink jet recording head according to
any one of the independent claims 1, 7, 17, 19, 20. 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 approcach of defining the invention in general
terms.

The invention especially refers to the structure of the
pressure generatin§ chamber.

According to a preferred aspect of the invention an ink
jet recording head 1is provided which, includes a pressure
generating chamber, a nozzle opening and an ink supply passage
communicating with the pressure generating chamber, and a
pressure generating means for supplying a pressure to the
pressure generating chamber, wherein the recording head also
includes a thin portion, located at least near the nozzle
opening of the pressure generating chamber, which |is
deformable by ink pressure when ink droplets are discharged
forcibly.

With such a construction, if the regional area of the
vibrator, which is closer to the ink supply port and under a
higher pressure than that applied to the regional area closer
to the nozzle opening, has a large rigidity, a high pulsative
pressure generated at the time of ink droplets generation can
be absorbed by the thin portion closer to the nozzle opening.
The pressure absorbed is utilized for elongation of the ink
pressure continuation. This leads to effective use of the
energy for ink droplets generation.



ggiha-dmpragmregron idenis jetted out of the nozzle ppenings. The
‘pr.essuresgenerating chaiPer with a pi ezoel ectric vibrator of the

| ongi tudi nal vibration node whith is brought into contact with the
deformabl e neans is known. The ink jet recording head using this type of
pressure generating chanber is suitable for color print- ing, because it
is free fromthe problemof changing ink quality by heat.

Fig. 1 is a cross sectional view showing a part of an ink
jet recording head according to a first embodiment of the

present invention;
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I'f the ifk jet recordipg head operating such that the .piezoelectric
vi-brator, of the |ongitlaghnal vibration node resiliently deforns the
pressure generating cham -“ber to cause ink to be jetted out of the
chanmber, the w dth of the array of nozzle openings of the pressure
generati ng chanber can be remarkably reduced. Ac- cordingly, a high
resolution print is possible. Wien the size of the ink jet recordi ng head
i s reduced under the costant resolution inprovenent pressure, the deform

Fig. 2 1is an isometric view showing an ink Jet
recording head according to an embodiment of the present
invention;

Fig. 3 is a perspective view showing a piezoelectric

S vibrator unit used in the ink jet recording head of rig. 2;

Fig. 4 is a perspective view showing the layocut of the
piezoelectric vibrators and the vibrating plates in the ink jet
recording head;

Fig. 5 is a plan view showing the relationship between

10 island poxtions .and thin portions;

Pig. 6 iz a perspective view showing the relationship
between flow-path forming members and piezoelectric vibrators;

Figs. 7A to 7C show a set of cxoss sectional views
showing a displacement of the vibrating plate;

15 Fig. 8 is a graph showing variations of pressure in the
nozzle openings and the ink supply ports when ink droplets are
shot forth;

Pig. 8 is an explanatory diagram usefnl in explaining
an example of cxrack cxeated in the thin porxtion;

20 Fig. 10 is a graph showing a variation of a stréss
genexated in the boundary part between the thin portion and the
island portion against the length of the thin portion;

Fig. 11A is an enlaxged plan view showing a portion of
the vibrating plate, which includeas mainly the islanda of a

2s first form, according to a second embodiment of the present
invention;

Fig. 11B is an enlarged plan view showing a portion of
the vibrating plate, which includes mainly the islands of a
second form, accoxding to a second embodiment of the praesent

30 invention;

Fig. 12 is a cross sectional view showing a portion of
the vibrating plate, which includes mainly the island
and its near portion, accoxding to a thirxd embodiment of the

present invention:
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Tabl e neans of the pressaye generati ng chanber nust be fgfrrespondingly
thinned i*n order to rediu€e the rigidity of the defornigdd e nmeans. The thin
deformable neans is fragile. 1In the ink_jet recording head having the
resolution of 300 DPI and having nozzl e openings zig-zag arrayed in four
lines, the length and the width of the pressure generating chanber are 1
to 2 nmand approximately 200 [err]m respectively. The defornabl e region

of the -
Fig. 13 18 a cross sectiocnal view showing a portion of

the vibrating plate, which includes mainly the island and its
near portion, according to a fourth-embodiment of the present

invention;
S Pig. 14A is a perspective view showing a portion of the

vibrating plate, which includaes mainly the island and its near
porxtion, accoxding to a fifth embodiment of the present

invention;
Fig. 14B is a perspective view showing a portion of the
10 vibrating plate according to an arrangement of the wvibrating

Plate shown in Fig. 14A; .

Pig. 15 is a cross sectional view showing a portion of
the vibrating plate, which includes mainly the island and its
near portion, according to & sixth embodiment of the present

15 invention;

Fig. 16 is a perspective view, partially bxroken,
showing an ink jet recording head accoxding to a seventh
embodiment of the present invention;

Fig. 17 is a perspective view, partially broken,

20 - showing a part of an ink jet xaecording head according to an
eighth embodiment of the present invention;

Fig. 18 is a perspective view showing a2 key part of an
ink jet recording head according to a ninth embodiment of the
present invention;

2s Fig. 19 is a plan view showing the
structure of a vibrating plate of an ink jet xecording head
according to a tenth embodiment of the present invention; and

Fige. 20A to 20C arxe cross sectional views showing
exemplars of dink jet recoxrding heads to which the present

30 invention is applicable.

Fig. 21 is a diagram showing another arrangement of

island portionsand thin portions according to the invention.
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‘vibrating plate constigggfng the deformabl e means is 10
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The preferred embodiments of the present invention will
be described in details with rxeference to the accompanying
drawings.

Referring to Fig. 2, there is shown an isometrric view
showing an ink 3jet recording head of the type using
plezoelectric vibrators of the longitudinal vibration mode.
In a piezoelectric vibrator unit 1, piezoelectric vibrators 2
of the longitudinal vibration mode, mounted on a transducer
unit base 3, are arrayed at the pitch of 280 um, for example,
which ie equal to the pitch of the arxayed nozzla openings 41
(Fig. 3). -
‘Bach piezoelectric vibrator 2 is constructed in a
manner that a piezoelectric vibxator plate heing approximately 500
pm thick is bonded, at one end, to the transducer unit base 3,
is cut by a wire saw, for example, to form slits 4 of several
mm deep, approximately 150 um wide, and arrayed at the pitches
of approximately 280 um.

Blectrodes 5 and 6 are formed on the opposite sides of
each piegoelectric vibrator 2, rxespectively. The electxeodes S
are connected to lead electrodes 7 of the transducer unit base
3. The electrodes 6 axe shorted by a connecting member 8§,
which is then connected to lead electrodes 12, through
electrodes 11 formed on pailrxred dummy vibrators 10, which are
located on both sides of the group of the piezoelectric
vibrators. Those lead electxodes 7 and 12 are connected
through a connecting means 14 to a drive circuit.

As shown in Fig. 4, a vibrating plate 20 includes a
plural numbexr of elongated, depressed portions 21 arrayed at
fixed pitches of approximately 280 um, which corresponds to the
dot density. As shown, both ends of each depressed portion 21
as longitudinally viewed are arcuate. An island 22 occupies
the centxal part of the depressed portion 21. The island 22 as
the thick part of the vibrating plate comes in contact with the
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'3 [err]n1th|ck and thesyegion thereof to be displaced-Ry the piezoelectric
fe pi ezoel ectric

“vibratorsis several tong’[err]m The fore end face of ¥
vi brator for deform ng the pressure generating chanber is approximtely 500
[err]m X200 [err]m For this reason, the vibrating plate includes pro-
truded portions, called islands, which are fornmed at the locations to be in
contact with the piezoelectric vibra- tors, and |onger than the vibrators.
The i sl and expands

top end of the pilezocelectric vibrator 2. The depresased
portions 21 are integral with a vibrator substrate 24 as a
thick portion, with the thin portions 23 each surrounding the
island 22. Accordingly, bridge portions 24a as thick portions
S axe each located between the adjacent depressed portions 21.
The bridge poxtions 24a function to reenforce the depressed
portions 21 serving as vibrating areas. The length La of the
depressed portion 21 closer to the nozzle openings 41 is longer
than the length Lb thereof closer to the ink supply port 32
10 (Figs. 1 and 5).

The thickness of the thin and thick portions of the
vibrating plate 20 are selected depending on the material used
fox the vibrating plate 20. When metal, for example, nickel,
is used, the thickness of the thick portions of the vibrating

15 plate 20 is selected approximately 25 um, and the thickness of
the thin portions is approximately 1 to 3 um. The length L’ of
depressed portion 21 is approximately several mm at most, and
the width thereof is several hundreds um. The length L of the
island 22 is approximately 1 mm, and its width is several tens

20 pum. The vibrating plate including the thin and thick portions
can be manufactured by using a suitabie manufacturing
technique. For the wvibrating plate made of nickel, the
electroforming process is used. For the vibrating plate of
silicon ox glass, the etching technique is used. Poxr the

- 28 vibrating plate of engineering plastic, the injection process
is used. The vibrating plate can also be composed of plural
materials instead of a single material.

Returning to Figs. 1 and 2, a spacer 30 intervenes
between a nozzle plate 40 and the vibrating plate 20, whexeby

30 forming a pressure generating chamber 31 and the resexrvoir 33.
The spacer 30 includes through holes 35, 36, and 37 in order to
form an ink supply port 32, which connects the pressure
generating chambexrs 31 and the reservoir 33.

Sheet Has Been Replaced -7 -

W




‘the dlsplacenent of thgegiezoelectrig¢ vibrator in the ke{gltudlnal

“di-recti on of the vibrate g plate obt ai ning a good mat€#i ng. Wth the use

~of the islands, stress con- centrates at a part near to the boundary of the
island and the flexible thin portion. Eventually, the vibrating plate is

br oken down by fati gue. A protruded part, called an island part, is

formed in the portion of the vibrating plate where it cones in contact with

t he piezoelectric vibrator. The island part

The vibrating plate 20, the spacer 30, and the nozzle
plate 40, after aligned with one anothexr, are hermetically
assembled into a single unit. The islands 22 of the vibrating
plate 20 are brought into contact with the top ends of the

S plezoelectric vibrators 2, and then the transducer unit base 3
is bonded to a body 50 by adhesive 55. The result is to
complete an ink jet recoxding head.

Accordingly, the vibrating plate 20 is fixed in a state
that the bridge portions 24a of the vibrating plate 20, which

10 are closer to the nozzle openings 41 and the ink supply port

32, are sandwiched by the body 50 and the spacer 30. 2As a
result, the thin portions 2la are reenforced by the bridge
portions 24a. '

In operation, when the piezoelectric vibrators 2

1S receive a drive signal for contracting the vibrators, the
pressure generating chambar 31 is expanded. ‘Undexr this
condition, ink flows from the reservoir 33 into the pressure
generating chamber 31 by way of the ink supply port 32 as shown
in Fig. 7A.

20 Then, the piezoelectric vibrators 2 receive again a
drive signal for extending the vibrators, the piezoelectric
vibrators 2 are expanded to push the islands 22. The islands
22 displace towards the pressure generating chamber 31.
Because of this, the'pressure generating chamber 31 receives a

25 pPush ovex its area as wide as possible, with tha rigidity of
the islands 22, although the length Lz of the piezoelectric

. vibrators 2 is shorter than the length L’ of the pressure
generating chamber 31. Thus, the pressure generating chamber
31 contracts over its broad aréa.

30 During the compressing pxocess,a high pressure of about 3 bar
(about 3 atm)is generated in the pressure generating chamber 31.
Accordingly, the thin portions 2la closexr to the nozzle
openings 41, which have a large compliance, are slightly
expanded to abmorb paxt of the pressure in the nozzle openings
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’Ionger “t han t he pi ezoefmctric vibrator. A displace- 1 of the S
pi ezoel ectric vibrator®¥s enlarged in the |ongitudinal®«irection. Since the
vibrating plate is so shapéd, stress is concentrated at the island part and
in a boundary part where the defornmable thin portion term - nates.
Accordingly, the vibrating plate is easy to be broken. The fragility
probl em of the vibrating plate can be sol ved by making the thin portion of
the vibrating plate

reagion, and hence to decrease the peak pressure, while ink
present in the nozzle openings is spouted forth in the forxm of
ink droplets, from the nozzle openings 41 toward the recording
. media, as shown in Fig. 7B. Part of ink present in the ink
5 supply port 32 flows into the reservolr 33 by way of the ink
supply port 32. The thin portions 2la closexr te the nozzle
openings are gradually restored to the oxiginal state by the
elasticity of the thin portions 2la themselves. During the
restoring process, the thin portions 21a push the ink to assist

10 the ink jetting operation.

As well known, the fluid raesistance in the ink supply
port 32 is selected to be higher than that in the nozzle
openings 41, for the purpose of increasing the efficiency of
ink droplet generation. Accordingly, a great ink pressure

15 usually acts on the ink supply port 32. As seen from Fig. 8,
the pressurae in the nozzle openings 41 (as indicated by a
dotted line) is different from that in the ink supply port 32
(as indicated by a solid line). The former is higher than the
latter by at least 20 &. '

20 As described above, the thin portiona 21b cloeer to the
ink supply port 32 are set to be smaller in area than the thin
portions 2l1a closer than the nozzle openings 41. Accordingly,
the compliance of the former is small. Therefore, the thin
portions 21k are deformed not excessively when receiving the

25 high praessure. Hence, theixr displacement continues following
the motion of the piezoelectric vibrators 2 as shown in Fig.

* 7C. The result is to little create the crack K, which tends to
be created in the region closer to the ink supply port 32 (see
Fig. 9) in the conventional head.

a0 The thin porxtions are separated f£from those thick
portions adjacent to the former by bridge poxtions 24a formed
as thick portions. Further, since the bridge portions 24a are
sandwiched by the body 50 and the spacer 30, deformation of the
entire vibrating plate, which is caused by the expansion of the
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“as’ tthk ‘as’ p055|ble X ver the thin portion |ncreagEQ the pressure in
generatlhg I nk droplets“ I'n generating ink droplets, ar*abrupt increase of
the *pressure nust be avoi ded; otherwi se, -misty ink is generated and the ink
quality is deteriorated. SUMVARY OF THE I NVENTION In view of the
dr awbacks acconpanyi ng the conven- tional recording head, it is an object
of the present in- vention to provide a novel ink jet recording head which

piezoelectric vibrators 2, is minimized, so that the vibrating
plate is little twisted and bent as a whole, causing no cross

talk.
(Specific example)

The geometries of the islands and the thin portions of
the vibrating plate of an actual ink jet xecording head will be
described.

An ink jet recording head was manufactured of which the
thin portions are each 1.5 um thick, the islands are each 15 um
thick, and the pressure generating chambexr was 1.2 mm long (as
viewad the longitudinal . saveral
combinations of the length L of each of the islands 22, the
length La of the thin portion 21a closer to the nozzle openings
41, and the length Lb of the thin portion 21b closer to the ink
supply port 32, the following items wexre measured: the
complliance CN of the part closer to the nozzle openings 41, the
compliance CF in the part closer to the ink supply port 32,
print quality, generation of misty ink caused by the
cavitation, and the durability of the thin poxrtions 21b closer

The results of the measuremant were

10

in direction). Forxr

3

20 to the ink supply porxt.
shown in Table 1. (It was impossible to actually measure the
compliances because of the size of the measured object.
Accoxrdingly, the compliances were estimated by the <£finite

element method.)

TABLE 21
Compliance Strength of the
L La Lb Misty ink |boundary part between
(mm) { (rmm) | (mm) No;:zilne Ink :upply CNJCF spattering|the island portion
°p g§ | Port ares and the thin portion
[ 34 13
0.83]0.185[0.185] 1.6X1079 | 1.6x10-% | 1 Rare Bad
0.85{0.185/0.165] 1.6x10"19 | 1.3x10°19 | 1.2 Rare Good
0.861 0.20 10.155] 1.9X20°%? | 1.2X10-%? .6 Rare Good
0.8710.165]0.165] 1.3X10°19 { 1.3x10°!? Generated Good
0.93|0.135]0.135] 1.0%10-% | 1.0x10-19 | 1 [|Frequently Good
generated
A — = e —————
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ilnproyes the print qualfyy - and the durability of the vi

atlng pl at e.

~above and ot her obj ect an be achieved by a provisiont an ink jet
recordi ng head which, accordlng to the present invention, includes a
pressure generating chanber, a nozzle opening and an ink supply passage
communi cating with the pressure generating chanber, and a pressure
generating neans for supplying a pres- sure to the pressure generating

chanber,

10

15

20

23

30

wherei n ¥pem the measurement results, the following fact was

confirmed: As the:compliance CF in the part closer to the ink
supply port 32 becomes large, generation of misty ink is
suppressed but the thin portions 21b closexr to the ink supply
port 32 are easily weakened. Further, it was confirmed that
as the length Ld of the thin portion 21b closer to the ‘ink
supply port 32 becomes large, stress applied to the boundary
part between the thin portion and the island portion, viz.,
the part where crack X (Fig. 9) tends to be created, becomes
large as shown in Fig. 10.

¥Where the compliance CN of the part closex to the
nozzle openings 41 - is substantially equal to the compliance
CF in the region closer to the ink supply port 32, the
fatigue progress in the thin porxtions 21b is impeded.
However, an instantaneous pressure increase cannot be
absorbed by the regional part in the vicinity of the nozzle
openings 41. As a result, nisty ink is generated, leading to
detexioration of the print quality.

It wae discovered that when the compliance CN is
selected to be at least 1.2 times as large as the complidnce
CF, generation of misty ink is minimized and the durability
of the thin portions 21b is improved.

Thus, for improving the print quality and the

durability of the vibrating plate, it is very effective to
increase the compliance CN of the part of the pressuxe
generating chambex 31, which is closex to the nozzle openings
41 in some way, for example, by selecting the length La, of
the thin portion 2la closer to the nozzle openings 41 to be
longer than the length Lb of the thin portion 21b closer to
the ink supply port 32.

In the above-mentioned embodiment, each island is
formed in the form of a straight line extended between the
nozzle openings side and the ink supply port. The island may
be modified as shown in Figs. 11A and 11B. In the case of

s .
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?féco?diﬁg’heéd dl'so in @;des a thin portion, |ocated ag~$east near the
‘nozzl e opening of the pP¥éssure generating chanber, whiéh'is defornmable by
ink pressure when ink droplets are discharged forC|ny

Fig. llA, islands 50’ are each narrowed in the central part
thexeof. In the case of Pig. 11B, islands 51, 52, and 53 of
different sizes are separately formed,

In the embodiments as mentioned above, the ratio of the

5 compliances CN and CF of the vibrating plate is adjusted by
changing the distance between the nozzle opening and the end
of the island, which faces the nozzle opening, and the ink
supply port and the end of the island, which faces the ink
sﬁpply port. In this case, the thin portions and the islands

10 are set at the fixed thicknesses. In this embodiment of Fig.
12, the thicknass tl of the thin portion 62a closer to the
nozzle openings 41 of the island 61, which is contained in
the vibrating plate 60, is selected to be thinner than the
thickness t2 of the thin portion 62b closexr to the ink supply

1S port 32. As a result, the compliance CF of the thin portion
62b closer to the ink supply port is reduced. Accordingly,
the improvement of the print quality and the durability of
the vibrating plate can be achieved also in this embodiment.
Particularly, the duxability of the vibrating plate is

20 furthex improved since the thickness t2 of the thin poxtion
62b closer to the ink supply port 32 is increased.

In the embodiment shown in Fig. 13, the thickness of
the thin portion 71a of the vibrating plate 70, which is
closer to the nozzle openings is equal to that of the thin

25 poertion 71.b closexr to the ink supply port. The island 72

. includes a thinned part 72a of which the thickness t3 is
thinner than the thickness t4 of the island 72. In this
embodiment, the thin portion 7l1a of the wvibrating plate 70
and the thinned part 72a of the island 72 cooperatively

30 contribute to reduction of the compliance CN of the part of the pressure
genexating chamber, which is closer to the nozzle openings.
Further, the acute deformation of the thin portion 71la closex
to the nozzle openings is lessened, so that the durability of
the vibrating plate 70 is further improved.
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~-3- M th such a con uction, if the regional area t he vi brator,
whi ch i s*closer to the‘f’k supply port and under a hlgh pressure than
t hat- appl i ed to t he regi onal : . .

Fig. 21 i{s an explanatory diagram useful in explaining
an arrangement which is provided with another island 54 on
the depressed portion 21 separate from the islands 22
contacting with the top end of the piezoelectric vibrator 2.

5 . This arrangement has the advantage that the crack K at the thin
portion as shown in Pig. 9 would pot occur because the
islands 54 suppress the change in volume caused by the ink
pressure within the pressure generating chamber. Hence, the
durability of the piezoelectric vibrator is improved.

1o In the embodiments as mentioned above, the
plezoelectxic vibrators 2 arxre brought into direct contact
with the islands 22 of the vibrating plate 20. In the
embodiment shown in Pig. 14A, to achieve the improvement of
the print quality and the durability of the vibrating plate,

15 transfex members 75 are inserted between the piezoelectric
vibratoxs 2 and the islands 22. As shown, the transfer
member 75 is extended moxe distant than both ends of the
piezoelectric vibrator 2, but less distant than both ends of
the island 22. The same effect can be achieved by an

20 arrangement shown in Fig. 14B in which the transfex membexra
75 are inserted between the piezoelectric vibrators 2 and a
plurality of separate islands 51, 52 and 53 instead of the
single islands 22.

If In this embodiment the piezoelectric vibratox 2 is

25 eized in accordance with the frequency, matching of the
transfer impedances in the wvibration transfer path is
obtained by the transfer members 75. As a result, the
vibration energy can be efficiently transferred to the
pressure generxating chamber. Further, if the rigidity of the

30 transfex membars 75 is selected so that the transfer members
75 are curved upward in the drawing, concentration of stress
at the boundary part between the island 22 and the thin
portion 2la of the vibrating plate, and the islands 22 and
the thin portion 21b iz cased.
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Farea closer to the noz opening, has a large rigidit
- pressure generated at

time of ink droplets generat&fﬁé

a high pulsative
can be absorbed

by t.he thin portion closer to the nozzl e opening. .The pressure absorbed is
utilized for elongation of the ink pressure continuation. This leads to
effective use of the energy for ink droplets generation. BRI EF DESCRI TI ON
OF THE DRAW NGS FIG 1 is a cross sectional view showi ng a part of an

10

1§

20

2s

30

In the embodiment of Fig. 15, the nozzle openings 83
are formed parallel to the vibrating plate 81, which is in
contact with the piezoelectric vibrators 80, while in the
above-mentioned embodiments, the nozzle openings are located
in opposition to the vibrating plate.

Fig. 16 1is a pexrspective view, partially bxoken,
showing an ink Jet recoxding head according to a seventh
embodiment of the present invention. A nozzle plate S0
contains a plural number of nozzle openings 91. Reference
numeral 92 designates a spacer. Within the space enclosed by
the spacer 92, there are provided a plural numbex of cavities
93 serving as pressure generating chambers, enclosed spaces
94, located on both sides of each cavity 93, serving as
resexvoirs to supply ink to the pressure generating chambers,
and grooves 95 connecting the reservoirs 94 to the related
pressure generating chamber and serving as ink supply ports.
A vibrating plate 97 contains pairs of islands 99 each paixr
being isolated by thin portions 98a facing the nozzle opening
and . thin porxtions 98b located closer to the ink supply
ports. The thickness and/oxr axea of the thin poxtion 98a

- facing the nozzle opening 91 is adjusted so that the

compliance of same is larger than that of the thin portions
98b. In this embodiment, the thin portion 98a is adjusted to
have a large area. The top end of each pilezoelactric
vibratox 100 is brought into contact with the paired islands
89, which partially define the related pressure generating
chamber,

In operation, a dxive signal is applied to the
plezoelectxic vibrators 100. Each of the piezoelectric
vibratoxrs 100 vibrates. A displacement of the wvibrating
plezoelectric vibrator 100 is transferred to the xelated
pressure generating chamber by way of the paired islands 39,
thereby compressing ink contained therewithin. Pressure
generxated in the pressure generating chamber causes ink

- 14 -
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ifnk Jetnrecordlng headi@tcording to a first enbodlnen{taf t he present
invention; FIG 2 is an isometric view showing an ink jet record- ing head

according to an ermbodi ment of the present. i nvention; FIG 3is a
perspective view show ng a piezoelectric vibrator unit used in the ink j et
recordi ng head of FIG 2; FIG 4 is a perspective view show ng the | ayout
of

present in the vicinity of the nozzle openings 91 to spout
forth through the: nozzle openings. At this time, some part
of the ink deforms the thin portion 98a facing the nozzle
opening, thereby preventing an excessive increase of the
s pressure therein, and hence preventing'generation of the
cavitation. The pressure also acts on the thin portions 98b
located closer to the ink supply port. However, deformation
of these poxtions are not excessive because the compliance
thexeof is preset to such a small value as not to impede the

10 displacement of the piezoelectric vibrator 100, and therefore
as to minimiee the fatigue.

In an ink jet recording head shown in Fig. 17, a
vibrating plate 107 is shaped tubular in cross section, while
it is rectangular as viewed in the longitudinal section.

15 A spacexr 103 contains a tubular hole serving as a
pressure generating chambar 102. A nozzla plate 104 is
located on one of the major sides of the spacer 103 in a
state that a nozzle opening 105 formed therein is located at
the center of the pressure generating chamber 102. A

20 vibrating plate 107 containing a doughnut-like island 106 is
located on the other major side of the spacer 103. A
piezoelectric vibrator 108 is brought into contact with the
islands 106,

In operation, a drive signal is applied to the

2s piezocelectric vibrator 108. The piezoelectric vibratox 108
presses the vibrating plate 107 to compress the pressure
generating chamber 102. The resultant pressure therein
causes ink contained therein to spout forth in the form of
ink droplets through the nozzle openings 105.

a0 At the same timae, the pressure in the vicinity of this
resiliently deforms the inner thin portion 107a of the

vibrating piate, which is located on the inner side of the
island 106. The deformation of the inner thin portion 107a
decxaasas tho pressure thexein, causing no cavitation. The

ot Has Been Replaced’

B 1] {1



“the ‘piezoel ectric vi brofs and the vibrating plates i@t he ink jet

r ecor di ng head;
i sl dand portions and thin portions;

“the relationship between flow path form ng menbers and pi ezoel ectric

vi brators;

FIGS. 7TA to 7C show a set of cross sectional views show ng a

di spl acenent of the vibrating plate;

10

15

20

25

k 11}

outer thin portion 107b of the vibrating plate, which is
located closer to:the ink supply port 109, viz., on the outer
side of the island 106, is supported by the island 106 and
the spacer 103, Accordingly, the compliance thereof is
small, minimizing the defoxrmation by the ink pressure.

' Fig. 18 is a perspective view showing a key part of an
ink jet recording head accoxding to 2 ninth embodiment of the
present invention. Reference numerals 110 and 111 designate
first and second islands contained in a vibrating plate 112.
The base end of the island 110, which is closer to an ink
supply port 113, is continucus to tha thick poxtion of tha
vibrating plate. The island 110, except the base end
thereof, is resiliently supported by thin portions 114b,
114c, and 114d. The two islands 110 and 111 are in contact
with the end of the piezoelectric vibrator 115, With this,
a pressure generating chamber 116 is compressible.

In this embodiment, a displacement of the :'piezoelectric
vibrator 115 is transferred to the islands 110 and 111. The
island 110, acting as a cantilevexr, cooperates with the
resilient thin poxtiona to compress the pressure generating
chamber 116. The island 111 resiliently deforms the thin
part ll4a to compress the pressure generating chamber 116,
The ink pressure in the compressed pressure generating
chamber 116 causes the ink present in the vicinity of a
nozzle opening 117 to spout forth in the form of ink droplets
through the nozzle opening 117. The ink also resiliently
deforms the thin part 1l4a near the island 111, preventing an
excessive increase of the ink pressure. The ink pressure

present at a location near the ink supply port 113 acts to

displace the island 110, but it little deforms the island
because the end 110a of the island 110 is continuous to the
thick portion of the vibrating plate 112.

Accordingly, the piezcelectric wvibrator 115 can
smoothly vibrate, and the thin portions 114c¢ and 114d located

- 16 - e e e

FIG 5 is a plan view showing the relationship be- tween
FIG.6 is a perspective view show ng
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SFIG 8is a gr aph shO\.g vari ations. of pressure in t@ nozzl e openi ngs and
the ink *supply ports when ink droplets are shot forth; FIG 9 is an
exphbanat ory di agram useful “in éxpl ai ning_an exanpl e of crack created in the
thin portion; FIG 10 is a graph showing a variation of a stress
generated in the boundary part between the thin portion and the island
portion against the length of the thin portion:

closer to the ink supply port 113 will not be broken down by

fatigue. $ :

. In the embodiments as mentioned above, nozzle openings
are serially arrayed at a print density of 90 dpi. When the

s nozzle openings are arrayed at a higher density, e.g., 150

dpi, the gap between the adjacent pressure generating
chambers are extremely narrow.

In a recording head for such a high print density, it
is difficult to form the bridges for separately defining the

10 thin portions. To cope with this, in this embodiment, the
areas containing the arrays of piezoelectric vibrators 120
therein are formed as thin portions 121, as shown in Pig. 19.
Islands 122 are formed in alignment with the portions opposed
to piezoelectric vibrators 120, viz., pressure generating

1s chambers 128. A compliance CN of a fixst area A is selected
to be at least 1.2 times as high as a compliance CF of the
thin portion of a second area B. fThe first area A ranges
from the first ends of the islands 122 to the part of thick
portion 125 surrounding the thin portions 121 where same adjoin

20 nozzle openings 126. The area B ranges from the second ende
of the islands 122 to the ink a{zpply ports 127. The ratio of
the compliances CN and CF is gained by properly selecting the
length and thickness of those areas A and B. The result is
to remarkably reduce the fatigue in the thin portions closex

25 to the ink supply ports. Reference numeral 129 designates
reservolirs. '

In the embodiments as mentioned above, different
membarsg, such as the nozzle plate, the spacer, and the
vibrating plate, are assembled to separately define the

30 pressure genexating chambers. In the instance of Fig. 20a,
by etching a silicon wafer 130 from both sides thereof, an
island 131, and thin portions 132 and 133, located on both
gides of the island 131, are formed in one of the sides of
the silicon wafer 130. The thin portions 132 and 133 are
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"FIG 11A is an enl arge.pl an view show ng a portion ohe vi brating plate,
whi ch includes mainly the islands of a first form according to a second
enbodi nent of the present invention; FIG 11B is an enlarged plan view
showi ng a portion of the vibrating plate whi ch i ncludes mainly the islands
of a second form according to a second enbodlnent of the present

i nventiQn;

respectively located closer to a noszle opening 137 and an
ink supply port 135. The other side of the sllicon wafexr 130
iz etched away to form incurved portions for forming a
pressure generating chamber 134, the ink supply port 135, and
L a reservoix 136. A nozzle plate 138 with a nozzle opening
137 formed therein is applied over the othar side of .the
silicon wafexr 130 thus shaped.' In this case, the length
and/or thickness of the thin portion 132 closer to the nozzle
opening is adjusted in relation to the thin portion 133 so

10 that the compliance of that thick portion is large.

In tha embodiments as mentioned above, the pressure
generating chamber is flush with the reservoir. 1In another
instance of Fig. 20B, a pressure generating chamber 140 is
located above a resexrvoir 141 in a state that both of them

15 partially overlap and are partitioned by a partitioning plate
144. The pressure generating chamber 140 communicates with
the reservoir 141 through a through-hole 145 serving alsoc as
an ink supply port. A flow path 147 connects the nozzle
opening 146 to the pressure generating chamber 140.

20 Piszoelectric vibrators are used for generating the
ink-droplets causing pressure in the pressure generxating
chamber. A recording head called bubble ink jet recording head is
illustrated in Fig. 20C. In this recoxding head, a resistor
wire 151 is disposed within a pressure generating chamber

25 150. Ink is bubbled by Joule heat generated by the resistor
wire 151 when it receives a drive signal, and is shot forth
in the form of ink droplets.

When the present invention is applied to this type of
the recording head, a thin portion 153 ic formed betwaeen the

30 heat generating poxtion and the nozzle opening. The thin
poxtion 153 absorbs an extremely high, pulsative pressure
generated when ink bubbles are generated. By this action,
the speed of the ink droplets when they are shot forth is
reduced, thereby opreventing the print paper f£from being
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-4- FIG 12 is a cr@s sectional view showi ng a pomon of the vi brating
pl at e, whi ch i ncl udes naij nI y the i sl and

blotted with ink. Additionally, the pressuxe continuation is
elongated, effectively spouting forth the ink droplets. The
pressure decrease contributes to increase of the lifetime of
the heater and suppresses an undesired increase of ink
temperature, thereby preventing deterioration of ink.

Reference numeral 152 designates the nozzle opening of the
embodiment shown in Fig. 20C.

As seen from the foregoing description, the 1ink jet
recording head accoxding to the prxesent invention includes a
pressure generating chambexr, a nozzle opening and an ink
supply passage communicating with the preasure generating
chambex, and a pressure generating means for supplying a
pressure to the pressurs generxating chamber, whexein the
recording head also includes a thin poxtion, located at least
near the nozzle opening of the pressure generating chamber,
which is deformable by ink pressure when ink droplets are
discharged forcibly. If the regional area of the vibrator,
vwhich is closer to the ink supply port and under a highex
pressure than that applied to the regional arxea closexr to the
nozzle opening, has a large rigidity, a2 high pulsative
pressure generated at the time of ink droplets generation can
be absorbed by the thin portion closer to the nozzle opening.
The pressura absorbed is utilized for elongation of the ink
pressure continuation. The elongated ink pressure
continuation minimizes the reduction of the energy for ink
droplets generation, which arises from the miniaturization of
the pie..zoelectric vibxator resultiné from increase of the
print density. Further, it reenforces the vibrating plate at
the portion thereof closer to the ink supply port, thereby
preventing the vibrating plate from being broken down by
fatigue.
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-and- its- -peal- -porii-on, cord| ng to a third enbodi rrent@f t he present

Iﬂmﬂb X FIG 13 is a cross sectionak view showi ng a portion of the
%
A

Uﬂgﬁlﬂmhlch includes mainly the island and its near portion,

th enbodi nent of thke present invention; FIG 14A is a
perspective view showi ng a portion of the vibrating plate, which includes
mainly the island and its near portion according to a fifth enbodi nent of

CLAINS

1. An ink jet recording head, comprising:

5 a nozzle opening (41) for jetting ink droplets;
a pressure generating chamber (31);
an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31); and

10 pressure generating means (2) for supplying a pressure to
said pressure generating chamber (31);
wherein a first compliance (CN) of a part closer to said
nozzle openings is larger than a second compliance (CF)
of a part closer to said ink supply passage.

15
2. The ink jet recording head of claim 1, wherein said first
compliance (CN) is at least 1.2 times as large as said
second compliance (CF).

20 3. The ink jet recording head of claim 1 or 2, wherein said
first and second compliances (CN; CF) are defined by a
thin portion (21) formed on a wall of said pressure
generating chamber.

25 4. The ink jet recording head of claim 3, wherein said first
and second compliances (CN; CF) are adjusted by a surface
area of a thin.portion (21).

5. The ink jet recording head of Claim 3, wherein said first

30 and second compliances (CN; CF) are adjusted. by a
thickness of said thin portion (21).

6. The ink Jjet recording head of one of claims 3 to 5,
wherein said thin portion (2la) faces said nozzle

35 openings (41).
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t he present inventionz, 1 G 14B is a perspective vtgm1shomﬁng a portion

o] m ] mmm[u&ll | at'e according to an arrangenent of<"t he vibrati ng plate
S u nﬂu" FIG 15 is a cross sectional view showing a portion of
the vichbratihg Sl dte, which includes ainly the island and its near portion

according to a sixth enbodi nent of the present invention; FIG 16 is a
perspective view, partially broken, show

7. An ink jet recording head, comprising:

a nozzle opening (41) for jetting ink droplets;
a pressure generating chamber (31),
5 an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure - generating chamber
(31);
a vibrating plate (20) forming one wall of said pressure
generating chamber (31), said vibrating plate (20)
10 comprising a thin portion (2la) for adjusting a first
compliance (CN) of a part closer to said nozzle openings
(41) to be larger than a second compliance (CF) of a part
(21b) closer to said ink supply passage (32); and
a piezoelectric vibrator (2) having a longitudinal
15 vibration mode for applying a pressure to said pressure
generating chamber (31), said piezoelectric vibrator (2)
being connected to said vibrating plate (20).

8. The ink jet recording head of Claim 7, wherein said first
20 compliance (CN) is at least 1.2 times as large as said
second compliance (CF).

9. The ink jet recording head of Claim 7 or 8, wherein said
first and second compliances (CN; CF) are adjusted by a
25 surface area of said thin portion (21a).

10. The ink jet recording head of claim 7 or 8, wherein said
first and second compliances (CN; CF) are adjusted by a
thickness of said thin portion (21la).

30
11. The ink jet recording head of one of claims 7 to 10,
wherein said thin portion (21la) faces said nozzle
openings (41).
35 12. The ink jet recording head of one of claims 7 to 11,

wherein said vibrating plate (20) comprises island
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g ng ‘an ink jet recordl head accor di ng to a seventh émpodi nent of the
FIG. 17 is a perspective view, partlally br oken, show
ET“H m\lm lmlrnl“ j et recor di ng head according to an eighth embodi ment ,
e prasemt Fnvention; FIG 18 is a perspective view show ng a key

part of an ink jet recordl ng head according to a ninth enbodi- nment of the
present invention; FIG 19 is a plan view show ng a plan view show ng

members (22) surrounded by thin portions, said island
members (22) and said piezoelectric vibrator (2) being
connected to each other.

5 13. The ink Jjet recording head of claim 12, wherein said
first and second compliances (CN; CF) are adjusted by
lengths of said thin portion extending from an end of
said island members (22) to said ink supply passage (32)
and from an end of said island members (22) to said

10 nozzle opening. (41).

14. The ink Jjet recording head of claim 12 or 13, wherein
said first and second compliances (CN; CF) are adjusted
by a thickness of said island members (22).
15
15. The ink jet recording head of claim 12, wherein said
island members are divided into plural sections along a
direction connecting said ink supply passage (32) and
said nozzle openings (41).
20
16. The ink Jjet recording head of claim 12, wherein said
piezoelectric vibrator (2) and said island members (22)
are connected to each other through a connecting member
which is larger than said piezoelectric wvibrator (2) but
25 smaller than said island members (22) with respect to a
dimension of a direction connecting said ink supply
passage (32) and said nozzle openings (41).

17. An ink jet recording head, comprising:
30
a flow path forming means comprising a pressure
generating chamber (31), a nozzle opening (41) and an ink
supply passage (32),
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the structure of a vi t|n pIate of an ink jet recofatng head accordi ng
ol(lﬂl“ﬂﬁiﬂt“ﬁﬂﬂﬂcﬂ\“ﬁnt of the present invention, and FIGS. 20A to 20C are
cr ws shomnng exenpl ars of ink jet recording heads to which
the pres- ent invention is appl i cabl & FIG 21 is a diagram show ng

anot her arrangenent of islands portion and thin portion according to the
I nven- tion.

a vibrating plate (20) for sealing said pressure
generating chamber (31), said vibrating plate (20)
comprising a thin portion defined by a thick portion;

5 a piezoelectric vibrator (2) for applying a pressure to
~ said pressure generating chamber (31), said vibrator (2)
being connected to said vibrating plate (20) and having a
longitudinal vibration mode for achieving said pressure;

and
10
a base body (50) for holding said vibrating plate (20)
and said piezoelectric vibrator (2),
wherein said thick portion of said vibrating plate (20)
15 is sandwiched by said base body (50) and said flow path
forming means.
18. The ink jet recording head of claim 17, wherein said
thick portion defines said thin portions to correspond to
20 each pressure generating chamber (31).
19. An ink jet recording head, comprising:
a nozzle opening (41) for jetting ink droplets;
25 a pressure generating chamber (31);
an ink supply passage (32) communicating with said nozzle
opening (41) ‘through said pressure generating chamber
(31); and
pressure generating means for supplying a pressure to
30 said pressure generating chamber (31); and
a thin portion (2la) located at least near said nozzle
opening (41), said thin portion (2la) being deformable by
ink pressure when ink droplets are discharged forcibly.
35 20. An ink jet recording head, comprising:
L a nozzle opening (41) for jetting ink droplets;
This Sheet Has
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" DESCRIPTI ON oF THE PREEBRRED - EVMBODI KENTS ~ The preferred
erﬂm‘ﬂmmmmgl“ﬁresent .invention will be described”in detail with

r ef om panyi ng draw ngs. Referring to FIG 2, there is
showh ah i‘soffetric view showing an inR jet recording head of the type

pi ezoel ectric vibrators of the |ongitudinal vibration node. In a
pi ezoel ectric vibrator unit 1, piezoelectric

a pressure generating chamber (31).
an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31)5

5 a vibrating plate forming one wall of said pressure
generating chamber (31), said vibrating plate being
surrounded by thin portions, said vibrating plate
comprising island members (51, 52, 53) divided into
plural sections along a direction connecting said ink

10 supply passagé (32) and said nozzle opening (41l); and a
piezoelectric vibrator connection said vibrating plate
for supplying pressure to said pressure generating
chamber (31), said piezoelectric vibrator contacting at
least two sections of said island members (51, 52, 53).

15
21. The ink Jjet recording head of Claim 20, wherein said
plurality of island members (51, 52, 53) are wide at a
part close to said nozzle opening (41) and said ink
supply passage (32) and narrow at a center part thereof.
20
22. The ink jet recording head of Claim 20 or 21, wherein a
thin portion is formed between said island portion
against said nozzle opening.
25 '
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" vibrators 2 of the Iodﬁbtudlnal vi bration nmode, nountg@on a transducer
unit ‘base 3, are arrayed at the pItCh of 280 [err]m f ot exanpl e, which is
equal to the pitch of the

ABSTRACT

5 An ink jet recording head is described having a spacer (30)
and including a pressure generating chamber (31), a reservoir
(33), and an ink supply port (32) connecting them, a nozzle
plate (40), hermetically fixed on a first side of the spacer
(30), £for generating ink droplets when receiving an ink

10 pressure from the pressure generating chamber (31), a
vibrating plate (20), hermetically fixed on a second side of
the spacer (30), for pressing the pressure generating chamber
(31), and piezoelectric vibrators (2) for pfessing the
vibrating -plate (20), wherein the vibrating plate (20) has

15 thin portions (2la, 21b) each occupying a large area so that
the compliance of a regional area closer to the nozzle
openings (41) is larger than that of a regional area closer
to the ink supply port (32).

20
25

30
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arrayed nozzl e openi ng@41 (FIG 3).- Each piezoelecgfyc vibrator 2 is

.constrdety r that d piezoelectric vibrator®plate of
.appro em )T thick is bonded, at one end, to the transduc
uni t e, l hy a wire saw for exanple, to form

.

.2(

Fla |

33 32 .. 3] C 4

20 === —

r 7 7
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slits 4 of several nn1d5§ , approxi mately 150[err]n1mn n and arrayed at .
tHe pitches of approximately 28Q[err]m El ectrodes 5 %Ad 6 are forned on
t he opposite sides of each piezoelectric vibrator 2 respectlvely el ec-
‘trodes ; are connected to |lead el ectrodes 7 of the trans- ducer éﬁf

3. The electrodes 6 are shared by a connecting nenber 3, which ist
connected to | ead el ectrodes 12, through el ectrodes 11 forned on pai
dumy vi brators 10, which are | ocated on both sides of
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own
/
ch

E ea
An island 22

rayed at fixed pitches of approximtely 28

[err]m which corresponds to the dot density. As shown,

both ends o

+—
5
o
—_

nunber of el ong

Those | ead e

ctri'C' vi brators.

ar.e connécted through a connecting neans 14 to a drive»&

in FIG 4,

a vibrating plate 20 includes a plural

depressed portion 21 ar-
depressed portion 21 as longitudinally viewed are arcuate.

"the group of the piezo
occupi es the central

part of the
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the vi brating.

depressed portion 21. T8 island 22 as the thick part |
oelectric vibratagr

pl*ate whi'‘ch comes in confact with the top end of the pii

a thick portion, with the thin portions 23 each surround- ing the isl
22. Accordingly, bridge portions 24a as thick portions are each | ocat

bet ween the adjacent depressed portions 21. The bridge pgrtions 24a
function to reenforce the depressed portions 21 #/?nﬁ‘ vpr at -

!

2. The depressed por- tions.21 are integral with a vibrator s'ubstrate@ S
/]
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¢ ing areas. The Iength fé of the depressed portion 21 c?p

ser to t

" openings 41 is |longer than the- ‘length Lb thereof closef”to the
"The 't hi ckness of the thin and thick p

the vibrating plate 20 are sel ected depending on the mate- ri al

port 32 (FIGS. 1 and 5).

the vibrating plate 20.

When netal, for exanple, nickel

IS used,

he no zIe
S pply

s of
Sse j?

t hi ckness of the thick por- tions of the vibrating plate 20 is sel cted

approxi mat el y
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725 [errlm and the thi ckfess of the thin portions is appkoxi- mately 1 to 3 |
[err]m TheTength L of ‘depressed portion 21 is approxidtely seyeralsnm at
nost, and the width thereof is several hundreds [err]m The Ieng@ he
island 22 is approximately 1 mm and its wdth is several tens [‘err @Tte
vibrating plate including the thin and thick portions can be manuff@ac e
by using a suitable manufacturing techique. For the vibrating plate made
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6 ' of ni ckel the eI &L roform ng process is used. Foethe vibrating
‘pI ate ‘of Silicon or gl as¥, the et ching techni que g
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process is used. The vi bfating plate can al so be conpose
materials instead of a singl e nateri al . Returning to FIGS. 1 and 2,

]s used. For the V|bratf”§ pl ate of englneerlng pl asti c,-t he injectio
fé) of plural /
spacer 30 intervenes between a nozzl gl 40 and the vibrating plate 0;2‘
F@ 39and the reservoir 33. The
36

whereby form ng a pressure generatin
spacer 30 i ncl udes(wnfugh hol es 35, in order to forman ink

supply port 32

TIME

JETTING INK
DROPLETS
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mhlch connects the pre§§wre generatlng chanbers 31 ang he reservoir

- The vibrating plate 20,”t he spacer 30, and the nozzleptate 40, aft
aligned with one another, are her- netically assenbled into a single

The islands 22 of the V|brat|ng plate 20 are brought into contact with the
top ends of the piezoelectric vibrators 2, and then the transducer unit
base 3 is bonded to a boby 50 by adhe- S|Fe 55. The result is to conplete

an ink jet recording

MP)
800

I X 2 T T T~ ™
0425 0,985 0145 0158 0,165 0,178 O.‘{&S 0.185

LENGTH Lb OF THIN PORT{ON (mm)
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‘head. .. Accordingly,fﬁhe vibrating.plate 20 is fixed % a state ? éi?
bri dge portions 24a of the vibrating plate 20, which ai# closer to't ,
nozzl'e openings 41 and the ink supply port 32, are sandw ched by the body
50 and the spacer 30. As a result, the thin portions 2l1a are reen- forced

by the bridge portions 24a. I n operation, when the piezoelectric
vibrators 2 re- <ceive a drive signal for contracting the vibrators, the

S
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b

pressu{e generatlng chaﬁﬁer 3l is expanded Under thisg~gondition, ink
Tirows fromthe reservoir 33 into the pres- sure gener &4 ng chanber 31 b
way - of the ink supply port 32 as shown in FIG 7A

Then t he
pi ezoel ectric vibrators 2 receive again a drive signa

vi brators, the piezoel ec-

I sl ands 22. The

for extendl
tric vibrators 2 are expanded to push the jfi /
. I sl ands 22 displace toward the pressure generating
chanmber 31. Because of this, the pressure generating
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‘chanber ' 31 receives a gﬁﬁh over its area as w de as pessible. with t
rirgidity’of the islands®22, although the length Lz of “ihe plezoelectqegz
vibrators 2 is shorter than ' thé |l ength L' of the pressure generating.
chanber 31. Thus, the pressure generating chanber 31 contracts over it
broad area. During the conpressing process, a high pressure of about 3
atmis generated in the pressure generating chanber 31. Accordingly, the
thin portions 2la cl oser
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to fhe, 'ribgz"lle -o"p-é-'hi 'r'l'gs. @ which have-a large conpli- @ance, are slightly
expangded to absorb part of the pres- sure in the nozz| &%openi ngs re ig,z
and hence to de- <crease the peak pressure, while ink present in thein Q l

FIG 4/
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*-7-"openings is spoute@Yorth in the formof ink droplets. fromthe pogzle : 1
;openi ngs* 41 toward the fecording me- dia, as shown in ‘F¥G 7B. Pat\)(_Ff h j
ink present in the ink supply port 32 flows into the reservoir 33 by 23{

the ink supply port 32. The thin portions 2la closer to
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“the ' riozzl e openi ngs ar €:yradual | y restored to the orlg y nal state by the
‘ehasticity of the thin™ portions-2la them selves. Dur i ‘g t he restoring.

process, the thin portions 2la push the ink to assist the ink Jett[n

operati on. As is well known, the fluid resistance in the ink sup- ;;? ,
port 32 is selected to be higher than that in the nozzl e openings 41

the purpose of increasing the efficiency of ink droplet generation.
Accordingly, a great ink pressure usually acts on the ink supply port 32.

FIG. IS
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‘As seen from FIG 8, tHejdpressure in.the nozzle open- ¢fys 41 (as indicated
by a dotted line) is different fromthat in the ink suppfy port 32 (as

i ndi cated by a solid line). The fornmer is higher.than the latter by at

| east 20% As descri bed above, the thin portions 21b closer to thgyin
supply port 32 are set to be smaller in area than the thin portions

cl oser than the nozzl e openings 4L Accordingly, the conpliance of the
former is small .
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the notion of the piezoelectric vibrators 2 as shown in FIG 7C. The r

is a reduced tendency to create the crack K, which tends to be created in
the region closer to the ink supply port 32 (see FIG 9) in the

conventi onal head. The thin portions are separated fromthose thick
portions adjacent to the former by bridge portions 24a

-?'The?"efo?é, t'hé t'."h'i n poons 21b are .deformed not ex- gegsively when
recei ving the high pressure. Hence, their displacenment “¢ontinues follogzig
|
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*f or red ‘as thick’portio' Further, since the bridge paof™ tions 24a are

sandw chred by the body 50 and the spacer 30, deformati®i of the entire

vibrating plate, which is caused by the expansion of the piezoelectrj
vibrators 2, is mnimzed, so that the vibrating plate is m ninmal gz&x)ed

and bent as a whol e, causing no cross talk. (Sp
exanpl e) The geonetries of the islands and the thin portions of t
vibrating plate of an actual ink jet recording head
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g
Wi be descrl bed ) .I nk Jet recardi ng head was maﬁgactured of Wi ch

t he th|°n portions are each 1.5 [err]mthick, the i sl and€ are each 15 [err]m
thlck and the pressure generat- ing chanmber was 1.2 mmlong (as v

t he Iongi tu- dinal direction).-For several conbinations of the Ien’g%

each of the islands 22, the length La of the thin
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IengtH Lb of the thl,; ortion 21b closer to the ink /st
pl'y part 32, the fol F6wing itens were neasured: the
conpf’i ance CN of the part closer to the nozzle openings
41, the conptiance CF in the part closer to the ink -
supply port 32, print quality, generation of m sty ink
caused by the cavitation, and the durability of the thin
portions 21b closer to the ink supply port. The results of
t he neasurenent were shown in Table 1. (It was inpos-
sible to actually measure the conpliances because of the
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TABLE 1y ¢ el Conpl i angce o ' o

St rengtly of. B Nozzle - ° _;j_‘- -_l_-I'nk supplj

boundat:y pas. L g L operh/ng UL port- arédat

M sty ink i nd Fpdr 1 on () (&‘n’) (m) area CN nferr] /J)D&

m err] FRa“il IONE ‘sptatteri-ng...ard the t| n portlon 0.83%:.0."185 . "185__
16X10[err] 16X10[err] 1 Bad 0.85 " 0,185

0165 1.6 x 10[err] 1.3 XIM[eTm] RBCW“G EEMre ~ ®ood

The present invention relates to an ink jet recording
head of the type in which a pressure generating means applies

'pressure to ink within a pressure generating chambex, thexoby

This Sheet Has B

shooting forth ink droplets through nozzle openings.

One of the known pressure generating chambers
communicates, at one end, with an ink tank and is providaed with
nozzle openings. The pressure generating chamber further
includes a pressure generating means provided therein. A
heater or a deformable means is used for the pressure
generating means. The heater is used for evaporating part of
the ink contained pressure generating chamber. The deformable
means is realized by forming a diaphragm region within the
pressure generating chamberx. In this case, a mechanical drive
means is provided for pushing the diaphragm region to cause a
displacement thereof., With the displacement of the diaphragm
region, ink is jetted out of the nozzle openings.

A pressure generating chamber with a piezoelectxic
vibrator of the longitudinal wvibration mode being brought into
contact with the deformable means is xnown. The 1ink jet
recording head using this type of the pressure generating
chamber is suitable for the color printing, because it is free
from the problem of changing ink guality by heat.

In the ink jet recoxding head operating such that the
piezoelectric vibrator of the longitudinal vibration mode
ragiliently deforms the prassure generating‘__éha.mber to cause
ink to be jet‘f:ed out of the chambexr, the width of the array of
nozzle openings of the pressure generating chamber can be
remarkably reduced. Accordingly, a high resolution print is
possible. When the gize of . the ink jet recording head is

Bee

g e
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0.86 0.20 0.155 1.9 x 10[err] 1.2 x 10[err] 1.6 Rar e

Good 0.87 0.165 0.165 1.3 X 10[err] 1.3 X 10[err] 1 CGener at ed
Good 0.93 0.135 0.135 1.0 X 10[err] 1.0 x 10[err] 1

Frequently Good _ Fromthe nmeasurenent results, the
foll owi ng fact was conEirned. As the conpliance CF in the
part closer to the i nk“supply port 32 becones | arge,
generation of m sty ink is suppressed but the thin

31221{(:3223. ;2;-;21,1;2:' Oste:&:der the constant régoiQELEqui% &wgtpg’gagﬂze:a?aéﬁLy

deformable means of the pressuré generating chamber must be
correspondingly thinned in order to reduce the rigidity of the
deformable means. The thin deformable means is fragile.

In the ink jet recording head having the resolution of
300 DPI and having nozzle openings zig-zag arrayed in four
lines, the length and the width of the preszsure generating
chamber are 1 to 2 mm and approximately 200 um, respectively.
The deformable region of the vibrating plate constituting the
deformable means is 1 to 3 um thick, and the region thereof to
be displaced by the piezoelactric vibrator is several tens um.-
The fore end face of the piezocelectric vibrator for deforﬁinq
the pressure generating chamber is approximately 500 um x 200
pm. )

For this reason, the vibrating plate includes protruded
portions, callad islands, which are formed at the locations to
be in contact with the piezoelectric vibrators, and longer than
the vibrators. The island expands the displacement ¢f the
piszoelectric wvibrator in the longitudinal direction of the
vibrating plate, obtaining a good matching. With the use of
the islands, preasure concentrates at a part near to the
boundary of the island and the flexible thin portion.
Eventually, the vibrating plate is broken down by fatigue.

A protruded part, called an island part, is formed in
the portion of the vibrating plate where it comes in contact with
the plezoelectric vibrator. The island paxt is longer than the
piezoelectric vibrator. A displacement of the piezoelectric
vibratox is enlarged in the longitudinal direction. Since the
vibrating plate is so shaped, pressure is concentrated at the
island part and in a houndary part where the deformable thin
pertion terminates. Accordingly, the vibrating plate is easy
to be broken.

The easy-broken problem of the vibrating plate can be
solved by making the thin portion of the vibrating plate as

This Sheet Has Been
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It was confirned that as the length Lb of the thin por-
tion 21b closer to the ink supply port 32 becones | arge,
stress applied to the boundary part between the thin

portion and the island portion, viz, the part where crack
K (FIG 9) tends to be created, becoges |arge as shown in-
FI G 10. -Where the conpliance CN of the part closer to

t he nozzl e openings 41 is substantially equal to the
conmpli - ance CF in the region closer to the ink supply
port 32, thick as possible. In generating ink droplets, an abrupt

increase of the pressure must be avoided; otherwise, misty ink
is generated and the ink quality is deteriorated.

In view of the drawbacks acéompanying the conventional
recording head, it is an object of the present invention to
provide a novel ink Jjet recording head which improves the
print quality and the durability of the vibrating plate. This
object is solved by the ink jet recording head according to
any one of the independent claims 1, 7, 17, 19, 20. Further
advantageous features, aspects and details of the invention
are evident from the dependent claims, the description and the
drawings. The claims are intended to be understood as a first
non-limiting approach of defining the invention in general
terms.

The invention especially refers to the structure of the
pressure generating chamber.

According to a preferred aspect of the invention an ink
jet recording head is provided which, includes a pressure
generating chamber, a nozzle opening and an ink supply passage
communicating with - the pressure generating chamber, and a
pressure generating means for supplying a pressure to the
pressure generating chamber, wherein the recording head also
includes a thin portion, located at least near the nozzle
opening of the ©pressure generating chamber, which is
deformable by ink pressure when ink dropléts are discharged
forcibly.

With such a construction, if the regional area of the
vibrator, which is closer to the ink supply port and under a
higher pressure than that applied to the regional area closer
to the nozzle opening, has a large rigidity, a high pulsative
pressure generated at the time of ink droplets generation can
be absorbed by the thin portion closer to the nozzle opening.
The pressure absorbed is utilized for elongation of the ink
pressure continuation. This leads to effective use of the

mgggggg_for ink droplets generation.
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the fatigue progress in the thin portions 21b is inpeded.
However, an instantaneous pressure increase cannot be
absorbed by the regional part in the vicinity of the noz-
zl e openings 41. As a result, m sty ink is-generated,

| eading to deterioration of the print quality. It was

di scovered that when the conpliance @N is selected to be
at least 1.2 tinmes as large as the conpli - ance CF,
generation of msty ink is mnimzed and the durability of

the thin portions 21b is inproved.

Fig. 1 is a cross sectional view showing a part of an ink

jet recording head according to a first embodiment of the
present invention;
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Thus, for inproving the print quality and the durabil - ity
of the vibrating plate, it is very effective to increase

the conpliance CN of the part of the pressure generat- i ng
chanber 31, which is closer to the nozzie openings

Fig. 2 L= an isometric view showing an ink jet
recording head according to an embodiment of the present
invention;

Fig. 3 is a perspective view showing a piezoelectric
vibrator unit used in the ink jet recording head of rig. 2;

Fig. 4 is a perspective visew showing ths layout of the
piezoelectric vibrators and the vibrating plates in the ink jet
recording head;

Fig. 5 is a plan view showing the relationship between
island poxtions .and thin portions;

Fig. 6 is a paerspective view showing the relationship
between flow-path forming members and piezoelectric vibrators;

Figs. 7A to 7C show a set of cross sectional views
showing a displacement of the vibrating plate;

Fig. 8 is a graph showing variations of pressure in the
nozzle openings and the ink supply ports whern ink droplets are
shot forth;

Fig. 9 is an explanatory diagram useful in explaining
an example of crack created in the thin portion;

Fig. 10 is a graph showing a variation of 2 stress
generated in the boundary part between the thin portion and the
island portion against the length of the thin portion;

Fig. 11A is an enlaxrged plan view showing a portion of
the vibrating plate, which includexz mainly the islanda of a
first form, according to a second embodiment of the presgpt
invention;

Fig. 11B is an enlarged plan view showing a portion of
the vibrating plate, which includes mainly the islands of a
second form, according to a second embodiment of the present
invention; .

Fig. 12 is a cross sectional view showing a portion of
the vibrating plate, which includes mainly the island
and its near portion, accorxrding to a thirxd embodiment of the

Present invention:;
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Fig. 13 s a cross sectional view showing a portion of
the vibrating plate, which includes mainly the island and its
near portion, according to a fourth-embodiment of the present
invention;

Fig. 14A is a perspective view showing a portion of the
vibrating plate, which includes mainly ths island and its near
poxtion, according to a fifth embodiment of the present
invention;

Fig. 14B is a perspective view showing a portion of the
vibrating plate accoxding toc an arrangement of the wvibrating
plate shown in Pig. 14A;

Fig. 15 is a cross sectional view showLng a portion of
the vibrating plate, which includes mainly the island and its
near portion, according to a sixth embodiment of the present
invention;

Fig. 16 is a perspective view, partially bxoken,
showing an ink jet recording head according to a seventh
embodiment of the present invention;

Fig. 17 is a perspective view, partially bxroken,
showing a part of an ink jet xaecording head according to an
eighth embodiment of the present invention;

Fig. 18 is a perspective view showing a key part of an
ink jet recording head according to a ninth embodiment of the
present invention;

Fig. 19 is a plan view showing the
structure of a vibrating plate of an ink jet xecording head
according to a tenth embodiment of the present invention; and

Figs. 20A to 20C arxe cross sectional views showing
exemplars of ink jet recording heads to which the pxresent
invention is applicable. -

Fig. 21 is a diagram showing another arrangement of
island portionsand thin portionsaccording to the invention.
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1 in sone way, ,or exanple, by selecting the length La of the thin portion
.21a closer to the nozzle openings 41 to be |longer than the length Lb of the
thin portion 21b closer to the ink supply port 32. In the above-nentioned
enbodi ment, each island is fornmed in the fformof a straight |ine extended
bet ween the nozzl e openings side and the ink supply port. The island may be
nodi fied as shown in FIGS. 11A and

The preferxed embodiments of the present invention will
be described in detalls with reference to the accompanying

drawings.
Referring to Fig. 2, there is shown an isometric view

showing an ink jet xecoxrding head of the type using
plezoelectric vibrators of the longitudinal vibration mode.
In a piezoelectric vibrator unit 1, piezoelectric vibrators 2
of the longitudinal vibration mode, mounted on a transducer
unit base 3, are arrayed at the pitch of 280 um, for example,
which is equal to thae pitch of the axrayad nozzla opaningas 41
(Fig. 3).

Each piezoelectric vibrator 2 is constructed in a
manner that a piezoelectric vibrator plate peing approximately 500
pum thick is bonded, at one end, to the transducer unit base 3,

~1s cut by a wire saw, for example, to form slits 4 of several
qm deep, approximately 150 um wide, and arrayed at the pitches
of approximately 280 pm.

Electrodes 5 and 6 are foxrmed on the opposite sides of
each piegoelectric vibrator 2, respectively. The electrodes 5
are connected to lead electrédes 7 of the transducer unit base
3. The electrodes 6 axe shorted by a connecting member 8,
which 1s then connected to lead electrodes 12, through
electrodes 11 formed on paired dummy vibrators 10, which are
located on both sides of the group of the piezoelectric
vibrators. Those lead electxodes 7 and 12 are connected
through a connecting means 14 to a drive circuit.

As shown in Fig. 4, a vibrating plate 20 includes a
plural numbex of elongated, depressed portions 21 arxayed at
fixed pitches of approximately 280 um, which corresponds to the
dot density. As shown, both ends of each depressed portion 21
as longitudinally viewed are arcuate. An island 22 occupies
the central part of the depressed portion 21. The island 22 as
the thick part of the vibrating plate comes in contact with the
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11B
part thereof. In the case of FIG 11B, islands 51, 52, and 53 of different

In the case of FIG 11A, islands 50 are each nar- rowed in the cent

sizes are sepa- rately forned. In the enbodi nents as .nentioned above,

ratio of the conpliances CN and CF of the vibrating plate is adjusted by

ral

t he

changi ng the di stance between the nozzle opening and the end of the island,
whi ch faces the noz- zle opening, and the ink supply port and the end of

t he

top end of the pilezoelectric vibrator 2. The depressed
portiona 21 are integral with a vibrator substrate 24 as a
thick portion, with the thin portions 23 each surrounding the
island 22. Accordingly, bridge portions 24a as thick portions
are each located between the udjdcent depressed portions 21.
The bridge poxtions 24a function to reenforce tha depressed
portions 21 serving as vibrating areas. The length La of the
depressed portion 21 closer to the nozzle openings 41 is longer
than the length Lb thereof closer to the ink supply poxrt 32
(Figs. 1 and 5).

The thicknessz of the thin and thick portions of the
vibrating plate 20 are selected depending on the material used
fox the vibrating plate 20. When metal, for example, nickel,
is used, the thickness of the thick portions of the vibrating
plate 20 is selected appxoximately 25 um, and the thickness of
the thin portions is approximately 1 to 3 um. The length L’ of
depressed portion 21 is approximately several mm at most, and
the width thereof is several hundreds pm. The length L of the
island 22 is approximately 1 mm, and its width is several tens
pm.. The vibrating plate including the thin and thick poxtions
can be manufactured by using a suitable manufacturing
technique. For the vibrating plate made of nickel, - the
electroforming process is used. For the vibrating plate of
sllicon or glass, the etching technique is used. For the
vibrating plate of engineering plastic, the injection process
is used. The vibrating plate can also be composed of plufal
materials instead of a single material.

Returning to Figs. 1 and 2, a spacer 30 intervenes
between & nozzle plate 40 and the vibrating plate 20, whexeby
forming a pressure generating chamber 31 and the reservoir 33.
The spacer 30 includes through holes 35, 36, and 37 in order to
form an ink supply port 32, which connects the pressure
generating chambexs 31 and the reservoir 33.
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I sl and, which faces the ink supply port. In this case, the thin portions
and the islands are set at the fixed thick- nesses. In this enbodi nent of
FIG 12, the thickness t1 of the thin portion 62a closer to the nozzle
openi ngs 41 of the island 61, which is gontained in the vibrating plate 60,
Is selected to be thinner than the thickness t2 of the thin portion 62b
closer to the ink supply port 32. As a result, the conpliance CF of the
thin portion 62b closer to the ink supply port i's reduced. Accordingly,

The vibrating plate 20, the spacer 30, and the nozzle
plata 40, after aligned with one another, are hermetically
assembled into a single unit. The islands 22 of the vibrating
plate 20 are brought into contact with the top ends of the
plezoelectric vibrators 2, and then the transducer unit base 3
is bonded to a body 50 by adhesive 55. The result is to
complete an ink jet recording head.

Accordingly, the vibrating plate 20 is fixed in a state
that the bridge portions 242 of the vibrating plate 20, which
are closer to the nozzle openlings 41 and the ink supply port

. 32, are sandwiched by the body 50 and. the spacer 30. As a
result, the thin portions 2la are reenforced by the bridge
poxtions 24a.

In operation, when the piezoelectric wvibrators 2
receive a drive signal for contracting the vibrators, the
pressurxe genarating chambar 31 is expanded. ‘Under this
condition, ink flows from the reservoir 33 into the pressure
generating chamber 31 by way of the ink supply port 32 as shown
in Fig. 7a.

Then, the piezoelectric vibrators 2 receive again a
drive signal for extending the vibrators, the piezoelectric
vibrators 2 are expanded to push the islands 22. The islands
22 displace towards the pressure generating chamber 31.
Because of this, the.pressure generating chamber 31 receives a
push over its area as wide as possible, with the rigidity of
the islands 22, although the length Lz of the piezoelectric

_ vibrators 2 is shorter than the length L’ of the pressure
generating chambexr 31. Thus, the pressure generating chamber
31 contracts over its broad area.
During the compressing pxocass,a high pressure of about 3 bar
(about 3 atm)is generated in the pressure generating chamber 31.
Accordingly, the thin poxtions 2la closer to the nozzle
openings 41, which have a large compliance, are slightly
expanded to absorb part of the pressuxe in the nozzle openings
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the inmprovenent of the print quality and the durability of the vibrating
_plate can be achieved also in this em bodinment. Particularly, the
durability of the vibrating plate is further inproved since the thicknes
t2 of the thin portion 62b closer to thg ink supply port 32 is in- In
t he enbodi nent shown in FIG 13, the thickness of the thin portion 71a o
the vibrating plate 70, which is closer to the nozzle openings is equal
that of the thin

ragion, and hence to decrease the peak pressure, while ink
present in the nozzle openings is spouted forth in the form of
ink droplets, from the nozzle openings 41 toward the recording
media, as shown in Fig. 7B. Part of ink present in the ink
supply port 32 flows into the reservolr 33 by way of the ink
supply port 32. The thin portions 2la closer to the nozele
openings are gradually restored to the original state by the
elasticity of the thin portions 2la themselves. During the
restoring process, the thin portions 21a push the ink to assist
the ink jetting operation.

As well known, the fluid resistance in the ink supply
port 32 is selected to be higher than that in the nozzle
openings 41, for the purpose of increasing the efficiency of
ink droplet generation. Accordingly, a great ink pressure
usually acts on the ink supply port 32. As seen from Fig. 8,
the prassure in the nozzle openings 41 (as indicated by a
dotted line) is different from that in the ink supply port 32
(2s indicated by a solid line). The former is higher than the

latter by at least 20 %.
As described above, tha thin portions 21b closer to the

ink supply port 32 are set to be smaller in area than the thin
portions 2la closer than the nozzle openings 41. Accordingly,
the compliance of the former is small. Therefore, the thin
portions 21k are deformed not excessively when receiving the
high ércssure. Henca, theixr displacement continues followihg

the motion of the piezoelectric vibrators 2 as shown in PFig.

* 7C. The result is to little create the crack X, which tends to

be created in the region closer to the ink supply port 32 (see
Fig. 3) in the conventional head.

The thin portions are separated from those thick
portions adjacent to the former by bridge poxtions 24a formed
as thick portions. Further, since the bridge portions 24a axe
sandwiched by the body 50 and the spacer 30, deformation of the
entirae vibrating plate, which 1s caused by the expansion of the
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portion 71b closer to the ink supply port. The island 72 includes a thinned
part 72a of which the thickness t3 is thinner than the thickness t4 of the
island 72. In this enbodinment, the thin portion 7l1a of the vibraing plate
70 and the thinned part 72a of the islag 72 coopera- tively contribute to
I ncrease of the conpliance CN of the préssure generating chanber, which is
closer to the nozzl e openings. Further, the acute deformation of the

plezoelectric vibrators 2, is minimized, =o that the vibrating
plate is little twisted and bent as a whole, causing no cross

talk.
(Specific example)

The geometries of the islands and the thin portions of
the vibrating plate of an actual ink jet xecording head will be
described.

An ink jet recording head was manufactured of which the
thin portions are each 1.5 um thick, the islands are each 15 pum
thick, and the pressure generating chamberx was 1.2 mm long (as
viewad in tha longitudi.na.l. direction). 'For saveral
combinations of the length L of each of the islands 22, the
length La of the thin portion 2l1a closer to the nozzle opening§
41, and the length Lb of the thin portion 21b closer to the ink
supply port 32, the following items were measured: the
compliance CN of the part closer to the nozzle openings 41, the
compliance CF in the part closer to the ink supply port 32,
print quality, generation of misty ink caused by the
cavitation, and the duxability of the thin portions 21b closer
to the ink supply poxt. The results of the measuremant wexre
shown in Table 1. (It was impossible to actually measure the
compliances because of the size of the measured object,
Accordingly, the compliances were estimated by the finite
element method.)

TARBLE 1
Compliance Strength of the
L La Lb Misty ink |boundary part between
(mm) | (mm) | (mm) :O;ZIJ: II;l;tSL:pply CN/CF spattering|the island portion
P g P resx and the thin portion
aren
0.83]0.185]0.185] 1.6X10-17 | 1.6x10-17 | 1 Rare Bad ]
0.85]0.185[{0.165] 1.6X10°1% | 1.3x10°1% | 1.2 Rare Good
10.86|0.20 10.155|21.9X10°%?| 1.2X10°%? | 1.6 Rare Good
410.8710.165/0.165f 1.3X10°1% | 1,3x10-1? 1 | Generated Good
0.93|0.135[0.235| 1.0%20°%% | 1.oxro-t* | 3 [Frequencly Good
generated
= _ —
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- 10 - thin portion 7l1a closer to the nozzle openings is |ess-

12.

From the measurement results, the following fact was
confirmed: As the:compliance CP in the part closar to the ink
supply port 32 becomes large, generation of misty ink is
suppressed but the thin portions 21b closer to the ink supply
port 32 are easily weakened. Further, it was confirmed that
as the length Lb of the thin portion 21b closer to the 'ink
supply port 32 becomes large, stress applied to the boundary
part between the thin portion and the island portion, viz.,
the part where crack X (Fig. 9) tends to be created, becomes
large as shown in Fig. 10. '

Where the compliance CN of the part oclosexr to the
nozzle openings 41 is substantially equal to the compliance
CF in the region closer to the ink supply porxt 32, the
fatigue progress in the thin poxtions 21b is impeded.
However, an instantaneous pressure increase cannot be
absorbed by the raegional part in the vicinity of the nozzle
openings 41. As a result, misty ink is generated, leading to
deterxioration of the print quality.

It was discovered that when the compliance CN dis
selected to be at least 1.2 times as large as the complisdnce
CF, generation of misty ink is minimized and the durability
of the thin portions 21b is improved.

Thus, for improving the print gquality and the
durabllity of the vibrating plate, it is very effective to
increase the compliance CN -of tha part of the pressuxs
generating chamber 31, which is closer to the nozzle openingé
41 in some way, fbr example, by selecting the length La, of
the thin poxtion 21a closer to the nozzle openings 41 to be
longer than the length Lb of the thin portion 21b closer to
the ink supply poxrt 32.

In the above-mentioned embodiment, each island is
formed in the form of a straight line extended between the
nozzle openings side and the ink supply port. Thé island may
be modified as shown in Figs. 11A and 11B. In the case of
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ened, so that the durability of the vibrating plate 70 is further inproved.
FIG 21 is an explanatory diagramuseful in explain- ing an arrangenent
which is provided with another island 54 on the depressed portion 21
separate fromthe islands 22 contactin ith the top end of the piezoel ec-
tric vibrator 2. This arrangenment has as an advantage that the crack K at
the thin portion as shown in FIG 9 does not occur because the islands 54

suppress t he
Fig. l1lA, islands 50’ are each narrowed in the central part
thereof. In the case of Fig. 11B, islands 51,'52, and 53 of
different sizes are separately formed.

In the embodiments as mentioned above, the ratio of the
compliances CN and CF of the vibrating plate is adjusted by
changing the distance between the nozzle opening and the end
of the island, which faces the nozzle opening, and the ink
supply port and the end of the island, which faces the ink
sﬁpply port. In this case, the thin portions and the islands
are gset at the fixed thicknesses. In this embodiment of Fig.
12, the thickness tl of the thin portion 62a closer to the
nozzle openings 41 of the island 61, which is contained in
the vibrating plate 60, is selected to be thinner than the
thickness t2 of the thin portion 62b closer to the ink supply
port 32, As a result, the compliance CP of the thin portion
62b closer to the ink supply port is reduced. Accordingly,
the improvement of the print quality and the durability of
the vibrating plate can be achieved also in this embodiment.
Particularly, the durability of the vibrating plate is
furthexr improved since the thickness t2 of the thin portion
62b closer to the ink supply port 32 is increased.

In the embodiment shown in Fig. 13, the thickness of
the thin portion 7la of the vibrating plate 70, which is
closer to the nozzle openings is equal to that of the thin
portien 71b closer to the ink supply port. The island -72
includes a thinned part 72a of which the thickness t3 is
thinner than the thickness t4 of the island 72. In this
embodiment, the thin portion 71a of the wvibrating plate 70
and the thinned part 72a of the island 72 cooperatively
contribute to reduction of the compliance CN of the part of the pressure
generating chamber, which is closer to the nozzle openings.
Further, the acute deformation of the thin portion 7l1a closer
to the nozzle openings is lessened, so that the durability of
the vibrating plate 70 is further improved.
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change in volume caused by the ink pressure within the pressure generating

.chanber. Hence, the durability of the vibrating plate is inproved. In the
“enbodi ents as nentioned above, the prezo- electric vibrators 2 are "brought
into direct contact with the islands of the vibrating plate 20. In the

enbodi - nent shown in FIG 14A, to achieve the inprovenent of the print
quality and the durability of the vibrating plate, transfer nenbers 75 are
i nserted between the

Fig. 21 is an explanatory diagram useful in explaining

an arrangement which is provided with another island 54 on
the depressed portion 21 separate from the islands 22
contacting with the top end of the piezoelectric vibrator 2.
This arrangement has the advantage that the crack K at the thin
portion as shown in Pig. 9 would npot occur becauae the
islands 54 suppress the change in volume caused by the ink
pressure within the pressure generating chamber. Hence, the
durability of the piezoelectric vibrator is improved.

In the embodiments as mentioned above, the
plezoelectxie vibrators 2 are brought into direct contact
with the islands 22 of the vibrating plate 20. In the
embodiment shown in Pig. 14A, to achieve the improvement of
the print quality and the durability of the vibrating plate,
transfer members 75 are inserted between the piezoelectric
vibratoxs 2 and the islands 22. As shown, the transfer
member 75 is extended moxre distant than both ends of the
piezoelectric vibrator 2, but less distant than both ends of
the island 22. The same effect can be achieved by an
arrangement shown in Pig. 14B in which the transfex members
75 are inserted between the piezoelectric vibrators 2 and a
plurality of separate islands 51, 52 and 53 instead of the
single islands 22,

If in this embodiment the piezoelectric vibrator 2 is
sized in accoxdance with the freguency, matching of the
transfer impedances in the vibration transfer path is
obtained by the transfer members 75. As a result, the
vibration energy can be efficiently transferred to the
pressure generating chamber. PFurther, 1f the rigidity of the
transfer membars 75 is selected so that the transfer members
75 are curved upward in the drawing, concentration of stress
at the boundary part between the island 22 and the thin
portion 2la of the vibrating plate, and the islands 22 and
the thin portion 21b is cased.
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pi ezoel etric vibrators 2 and the islands 22. As shown, the transfer nenber
75 is extended nore distant than both ends of the piezoelectric vibrator 2,
"but |l ess distant than both ends of the island 22. The sanme effect can be

achi eved by an arrangenent shown in FlIGes 14B in which the transfer nenbers
75 are inserted between the piezoelectric vibrators 1 and a plurality of
separate islands 51, 52 and 53 instead of the single islands 22 In this

enbodi ment, i f the, PREZOGRRSH Hfend tgf"tf){q.z if, the nozzle openings 83
are formed parallel to the vibrating plate 81, which is in
contact with the piezoelectric vibrators 80, while in the
above-mentioned embodiments, the nozzle openings are located
in opposition to the vibrating plate.

Pig. 16 is a perspective view, partially bxoken,
showing an ink jet recoxrding head according to a seventh
embodiment of the present invention. A nozzle plate 90
contains a plural number of nozzle openings 91, Reference
numeral 92 designates a spacer. Within the space enclosed by
the spacer 92, there are provided a plural numbexr of cavities
93 serving as pressure generating chambers, enclosed spaces
84, located on both sides of each cavity 93, serving as
reservoirs to supply ink to the pressure generating chambers,
and grooves 95 connecting the reservoirs 94 to the related
pressure generating chamber and serving as ink supply ports.
A vibrating plate 97 contains pairs of islands 99 each pair
being isolated by thin portions 98a facing the nozzle opening
and . thin portions 98b located closer to the ink supply
ports. The thickness and/oxr arxea of the thin poxrtion 98a

- facing the nozzle opening 91 is adjusted so that the
compliance of same is larger than that of the thin portions
98b. In this embodiment, the thin portion 98a is adjusted to
have a large area. The top end of each pilezoelactric
vibrator 100 is brought into contact with the paired islands
99, which partially define the related pressure generating

chambexr.

In operation, a drive signal is applied to the
plezoelectric vibrators 100. Each of the piezoelectric
vibrators 100 wvibrates. A displacement of the vibrating

piezoelectric vibrator 100 is transferred to the xelated
pressure generating chamber by way of the paired islands 99,
thereby compressing ink contained therewithin. Pressure
genexated in the pressuxa generating chamber causes ink
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sized in accordance with the frequency, matching of the transfer inpedances
in the vibration transfer path is obtained by the transfer nenbers 75. As a
‘result, the vibration energy can be efficiently transferred to the pressure
generatlng chanmber. Further, if the rigidity of the transfer nenbers 75 is
sel ected so that the transfer menbers 78 are curved upward in the draw ng,
concen- tration of stress at the boundary part between the island 22 and
the thin portion 2l1a of the vibrating plate, and

present 1n the vicinity of the nozzle openings §1 to spout
forth through the: nozzle openings. At this.time, some part
of the ink deforms the thin portion 98a facing the nozzle
opening, thereby preventing an excessive increase of the
pressure therein, and hence preventing generation of the
cavitation. The pressure also acts on the thin portions 98b
located closer to the ink supply port. However, deformation
of these portions are not excessive because the compliance
thereof is preset to such a small value as not to impede the
displacement of the piezoelectric vibrator 100, and therefore
as to minimize the fatigue.

In an ink jet recording head shown in Fig. 17, a
vibrating plate 107 is shaped tubular in cross section, while
it is rectangular as viewed in the longitudinal section.

A spacexr 103 éontains 2 tubular hole serving as a
pressure genaerxrating chambaxr 102. A nozzle plate 104 is
located on one of the major sides of the spacer 103 in a
State that a nozzle opening 105 formed therein is located at

the center of the pressure generating chambex 102. A
vibrating plate 107 containing a doughnut-like island 106 is
located on the other major side of the spacer 103, A

piezoelectric vibrator 108 is brought into contact with the
islands 106. |

In operation, a drive signal is applied to the
piezocelectric vibrator 108. The piezoelectric wvibratorx 198
presses the vibrating plate 107 to compress the pressure
generating chamber 102. The resultant pressure therein
causes ink contained therein to spout forth in the form of
ink droplets through the nozzle openings 105.

At the same time, the pressure in the vicinity of this
resiliently deforms the inner thin poxtion 107a of the
vibrating piate, which is located on the inner side of the
island 106. The deformation of the inner thin portion 107a
decxaasaes the pressure therein, causing no cavitation. The
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the islands 22 and the thin portion 21b is eased. In the enbodi ment of
FIG 15, the nozzle openings 83 are formed parallel to the vibrating plate
81, which is in contact with the piezoelectric vibrators 80, while in the
above- nenti oned enbodi nents, the nozzlf7openings are |l ocated in opposition
to the vibrating plate. FIG 16 is a perspective view, partially broken,
show ing an ink jet recording head according to a seventh enbodi nent of

the present dyn@nt tRin AHJRAZE PbPbE o0 the vibrating plate, which is
located closer to:the ink supply port 109, viz., on the outer
side of the island 106, is supported by the island 106 and
the spacer 103. Accordingly, the compliance thereof is
small, minimizing the defoxmation by the ink prassure.

. Fig. 18 i= a perspective view showing a key part of an
ink jet recoxrding head according to 2 ninth embodiment of the
present invention. Reference numerals 110 and 111 designate
first and second islands contained in a vibrating plate 112,
The base end of the island 110, which 18 closer to an ink
supply port 113, is continuocus te tha thick poxtion af tha
vibrating plate. The island 110, except the base end
thereof, is resiliently supported by thin portions 114b,
114c, and 114d. The two islands 110 and 111 are in contact
with the end of the piezoelectric vibrator 115. With this,
a pressure generating chamber 116 is compressible.

In this embodiment, a displacement of the'biezoelectric
vibrator 115 1is transferred to the islands 110 and 111. The
‘island 110, acting as a cantilever, cooperates with the
resilient thin poxtiona to comprese the pressure generating
chamber 116. The island 111 resiliently deforms the thin
Part ll4a to compress the pressure generating chambexr 116.
The ink pressure in the compressed pressure generating
champber 116 causes the 1ink present in the vicinity of a
nozzle opening 117 to spout forth in the form of ink droplets
through the nozzle opening 117. The ink also resiliently
deforms the thin part 1l4a near the island 111, preventing an
excessive increase of tlie ink pressure. The ink pressure
present at a location near the ink supply port 113 acts to
displace the island 110, but it little deforms the island
because the end 110a of the island 110 is continuous to the
thick portion of the vibrating plate 112.

Accordingly, the piezoelectric wvibrator 115 can
smoothly vibrate, and the thin portions ll4c and 114d located
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contains a plural nunmber of nozzle openings 91. Refer- ence nuneral 92
desi gnates a spacer. Wthin the space enclosed by the spacer 92, there
- provided a plural nunber of cavities 93 serving as pressure generating
chanbers,
serving as reservoirs to supply ink to the

encl osed spaces 94, |ocated on both sides of each cavity 93,

18

closer to the ink supply port 113 will not be broken down by
fatigue. : ‘

In the embodiments as mentioned above, nozzle openings
aré serially arrayed at a print density of 90.dpi. Wwhen the
nozzle openings are arrayed at a higher density, e.g., 150
dpi, the gap between the adjacent pressure genexating
chambers are extremely narrow.

In a recording head for such a high print density, it
. isg difficult to form the bridges for separately defining the
thin portions. To cope with this, in this embodiment, the
areas containing the arrays.of piazocalactric vibrators 120
thexrein are formed as thin portions 121, as shown in Pig. 19.
Islands 122 are formed in alignment with the portions opposed
to piezoelectric vibrators 120, viz., pressure generating
chambers 128. A compliance CN of a first area A is selected
to be at least 1.2 times as high as a compliance CF of the
thin portion of a second area B. The first area A ranges
from the first ends of the islands 122 to the part of thick
portion 125 surrounding the thin portions 121 where same adjoin
nozzle openings 126. The area B ranges from the second ende
of the islands 122 to the ink sﬁpply ports 127. The ratio of
the compliances CN and CF is gained by properly selecting the
length and thickness of those areas A and B. The result is
to remarkably reduce the fatigue in the thin portions closer
to the ink supply portsf Reference numeral 129 designates
resexvoirs. ' )

In the embodiments as mentioned above, different
members, such as the nozzle plate, the spacer, and the
vibrating plate, are assembled to separately define the
prossure genexating chambers. In the instance of Fig. 20A,
by etching a silicon wafer 130 from both sides thereof, an
island 131, and thin porxtions 132 and 133, located on both .
gides of the island 131, are formed in one of the sides of
the silicon wafer 130. The thin portions 132 and 133 are
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- 11 - pressure generating chanbers, and grooves 95 connect- ing the
reservoirs 94 to the rel ated pressure generating chanber and serving as ink

supply ports. A vibrating

19
respectively located closer to a nosgle opening 137 and an

ink supply port 135. The other side of the silicon wafer 130
is etched away to form incuxved portions for forming a
pressure generating chamber 134, the ink supply port 135, and
a reservoir 136. A nozzle plate 138 with a nozzle opening
137 formed therein is applied over the othar side of . the
silicon wafer 130 thus shaped.' In this case, the length
and/or thickness of the thin portion 132 closer to the nozzle
opening is adjusted in relation to the thin portion 133 so
that the compliance of that thick portion is large.

In the embodiments as mentioned above, the pressure
generating chamber is flush with the reservoir. 1In another
instance of Fig. 20B, a pressure generating chamber 140 is
located above a reservoir 141 in a state that both of them
partially overlap and are partitioned by a partitioning plate
144. The pressure generating chamber 140 communicates with
the reservoir 141 through a through-~hole 145 serving also as
an ink supply port. A flow path 147 connects the nozzle
opening 146 to the pressure generating chamber 140.

Piazoelectric vibrators are used for generating the
ink-droplets causing pressure in the pressure generating
chamber. A recording head called bubble ink jet recording head is
illustrated in Fig. 20C. In this recoxding head, a resistor
wire 151 is disposed within a pressure generating chamber
150. Ink is bubbled by Joule heat generated by the resistor
wire 151 when it receives a drive signal, and is shot forth
in the form of ink droplets.

When the present invention is applied to this type of
the recording head, a thin portion 153 ic formed betwean the
heat generating portion and the nozzle opening. The thin
portion 153 absorbs an extremely high, pulsative pressure
generated whe;x ink bubbles are generated. By this action,

the speed of the ink droplets when they are shot forth is
reduced, thereby preventing the print paper from being
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pl ate 97 contains pairs of islands 99 each pair being isolated by thin
portions 98a facing the nozzle opening and a thin portion 98b | ocated
closer to the ink supply ports. The thickness and/or area of the thin
portion 98a facing the nozzle opening 91-is adjusted so that the conpliance
of which is larger than that of the tdgn por- tions 98b. In this

enbodi nent, the thin portion 98a is adjusted to have a |arge area. The top
end of each piezo- electric vibrator 100 is brought into contact with the

blotted with ink. Additionally, the pressure continuation is
elongated, effectively spouting forth the ink droplets. The
pressuxe decrease contributes to increase of the lifetime of
the heater and suppresses an undesired increase of ink
temperature, thereby preventing deterioration of ink.

Reference numeral 152 designates the nozzle openlng of the
embodiment shown in Fig. 20C.

As seen from the foregoing description, the ink fjet
reéqrding head accorxding to the present invention includes a
pressure generating chamber, a nozzle opening and an ink
supply passage communicating with the pressure generating
chambex, and a pressure ge;zerating means ior supplying a
pressure to the pressure geherating chamber, wherein the
recording head also includes a2 thin poxtion, located at least
near the nozzle opening of the pressure generating chamber,
which is deformable by ink pressure when ink droplets are
discharged forcibly. If the regional area of the vibrator,
which is closer to the ink supply port and under a highex
pressure than that applied to the regional area closer to the
nozzle opening, has a large rigidity, a high pulsative
Pressure generated at the time of ink droplets generation can
be absorbed by the thin portion closer to the nozzle opening.
Tha prassurs absorbed iz utilized for elongation of the ink
pressure continuation. The elongated ink pressure .
continuation minimizes the reduction of the energy for ink
droplets generation, which arises from the miniaturization of -
the piezoelectric vibrator resultiné from increase of the
print density. Further, it reenforces the vibrating plate at
the portion thereof closer to the ink supply port, thereby
preventing the vibrxating plate from being broken down by
fatique.
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paired islands.99, which partially define the related pressure generating
chanber . In operation, a drive signal is applied to the piezoelec- tric

vibrators 10 Mllezoel ectric vibrators 100 vibrates. A
di spl acenent Hulmmul m’mm, ,m pi ezoel ec- tric vibrator 100 is transferred
to the rel ated ptessur®e denérating changfr by way of the paired islands 99,

t hereby conpressing ink contained therewithin. Pres- sure generated in the
pressure generating chanber
CLAIMS

1. An ink jet recording head, comprising:

a nozzle opening (41) for jetting ink droplets;

a pressure generating chamber (31);

an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31); and

pressure generating means (2) for supplying a pressure to
said pressure generating chamber (31);

wherein a first compliance (CN) of a part closer to said
nozzle openings is larger than a second compliance (CF)
of a part closer to said ink supply passage.

2. The ink jet recording head of claim 1, wherein said first
compliance (CN) is at least 1.2 times as large as said
second compliance (CF).

3. The ink jet recording head of claim 1 or 2, wherein said
first and second compliances (CN; CF) are defined by a
thin portion (21) formed on a wall of said pressure
generating chamber.

4. The ink jet recording head of claim 3, wherein said first
and second compliances (CN; CF) are adjusted by a surface
area of a thin.portion (21).

5. The ink jet recording head of Claim 3, wherein said first
and second compliances (CN; CF) are adjusted by a
thickness of said thin portion (21).

6. The ink jet recording head of one of claims 3 to 5,
wherein said thin portion (2la) faces said nozzle
openings (41).
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causes Cink present inthe vicinity of the nozzle openings 91 to spout forth
t hr oug JHI"}M’H"#’ ngs. At this tine, sone part of the ink deforns the
thin p mnm,the nozzl e openi ng, thereby preventing an exces-
sive incredsetof"the pressure therein, and hence prevent- ing generation of
the cavitation. The pressure also acts on the thin portions 98b | ocated

closer to the ink supply port. However,, deformati on of these portions is
not excessive because the conpliance thereof is preset to

7. An ink jet recording head, comprising:

a nozzle opening (41) for jetting ink droplets;

a pressure generating chamber (31);

an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31);

a vibrating plate (20) forming one wall of said pressure
generating chamber (31), said vibrating plate (20)
comprising a thin portion (2la) for adjusting a first
compliance (CN) of a part closer to said nozzle openings
(41) to be larger than a second compliance (CF) of a part
(21b) closer to said ink supply passage (32); and

a piezoelectric wvibrator (2) having a longitudinal
vibration mode for applying a pressure to said pressure
generating chamber (31), said piezoelectric vibrator (2)
being connected to said vibrating plate (20).

8. The ink jet recording head of Claim 7, wherein said first
compliance (CN) is at least 1.2 times as large as said
second compliance (CF).

9. The ink jet recording head of Claim 7 or 8, wherein said
first and second compliances (CN; CF) are adjusted by a
surface area of said thin portion (21la).

10. The ink jet recording head of claim 7 or 8, wherein said
first and second compliances (CN; CF) are adjusted by a
thickness of said thin portion (2la).

11. The ink jet recording head of one of claims 7 to 10,
wherein said thin portion (2la) faces said nozzle
openings (41).

12. The ink jet recording head of one of claims 7 to 11,

I wherein said vibrating plate (20) comprises island
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such a
V|brato

recordi ng
Cross section,
A spacer 103 contains a tubular hole serving as a pressure
generating chanber 102. A nozzle plat%3104, S

section.

A& ﬂglue as not to i npede the displacement of the piezoelectric

a“ﬂrﬂ re as to mni- mze the fatigue. In an ink jet
IEIG. 17, a vibrating plate 107 is shaped tubul ar
mhll it is rectangular as viewed in the |ongitudinal

13.

14.

15.

16.

17.

members (22) surrounded by thin portions, said island
members (22) and said piezoelectric vibrator (2) being
connected to each other.

The ink jet recording head of claim 12, wherein said
first and second compliances (CN; CF) are adjusted by
lengths of said thin portion extending from an end of
said island members (22) to said ink supply passage (32)
and from an end of said island members (22) to said
nozzle opening. (41).

The ink jet recording head of claim 12 or 13, wherein
said first and second compliances (CN; CF) are adjusted
by a thickness of said island members (22).

The ink jet recording head of claim 12, wherein said
island members are divided into plural sections along a
direction connecting said ink supply passage (32) and
said nozzle openings (41).

The ink jet recording head of claim 12, wherein said
piezoelectric vibrator (2) and said island members (22)
are connected to each other through a connecting member
which is larger than said piezoelectric vibrator (2) but
smaller than said island members (22) with respect to a
dimension of a direction connecting said ink supply
passage (32) and said nozzle openings (41).

An ink jet recording head, comprisings:
a flow path forming means comprising a pressure

generating chamber (31), a nozzle opening (41) and an ink
supply passage (32),
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| ocated on one of the mmjor sides of the spacer 103 in a state that a
nozzl e épening 105 forned therein is |located at the center of the pressure

generat i vibrating plate 107 containing a doughnut-I|ike
island 1 | ﬂ a“" M he other major side of the spacer 103. A
pi ezoel ect¥icc vitbratof 108 is brought into contact with the islands 106.

In operation, a drive signal is applied®4o the piezoelec- tric vibrator
108. The pi ezoelectric vibrator 108 presses

a vibrating plate (20) for sealing said pressure
generating chamber (31), said vibrating plate (20)
comprising a thin portion defined by a thick portion;

a piezoelectric vibrator (2) for applying a pressure to
said pressure generating chamber (31), said vibrator (2)
beihg connected to said vibrating plate (20) and having a
longitudinal vibration mode for achieving said pressure;

and

a base body (50) for holding said vibrating plate (20)
and said piezoelectric vibrator (2),

wherein said thick portion of said vibrating plate (20)
is sandwiched by said base body (50) and said flow path
forming means.

18. The ink jet recording head of claim 17, wherein said
thick portion defines said thin portions to correspond to

each pressure generating chamber (31).
19. An ink jet recording head, comprising:

a nozzle opening (41) for jetting ink droplets;

a pressure generating chamber (31);

an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31); and

pressure generating means for supplying a pressure to
said pressure generating chamber (31); and

a thin portion (2la) located at least near said nozzle
opening (41), said thin portion (2la) being deformable by
ink pressure when ink droplets are discharged forcibly.

20. An ink jet recording head, comprising:
e ._.@ Nozzle opening (41) for jetting ink droplets,
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the vibrating plate 107 to conpress the pressure gener- ating chanber 102.
The resul tant J“mﬁmmmﬁu jn causes ink contained therein to spout forth
in the form : I Mmlljlrough t he nozzl e openi ngs 105.

* L M s *

25

a pressure generating chamber (31);

an ink supply passage (32) communicating with said nozzle
opening (41) through said pressure generating chamber
(31);

a vibrating plate forming one wall of said pressure
generating chamber (31), said vibrating plate being
surrounded by thin portions, said vibrating plate
comprising island members (51, 52, 53) divided into
plural sections along a direction connecting said ink
supply passagé (32) and said nozzle opening (41); and a
piezoelectric vibrator connection said vibrating plate
for supplying pressure to said pressure generating
chamber (31), said piezoelectric vibrator contacting at
least two sections of said island members (51, 52, 53).

21. The ink jet recording head of Claim 20, wherein said
plurality of island members (51, 52, 53) are wide at a
part close to said nozzle opening (41) and said ink
supply passage (32) and narrow at a center part thereof.

22. The ink jet recording head of Claim 20 or 21, wherein a
thin portion is formed between said island portion

against said nozzle opening.
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- 12 - At the same time, the pressure in the vicinity of this resiliently
deforns the inner thin portion 10l1a of the vibrating plate, which is

| ocated on the inner side of the island 106. The’ deformati on of the inner
thin portion 107a decreases the pressure therein, causing no cavita-

26
INK JET RECORDING HEAD

ABSTRACT

An ink jet recording head is described having a spacer (30)
and including a pressure generating chamber (31), a reservoir
(33), and an ink supply port (32) connecting them, a nozzle
plate (40), hermetically fixed on a first side of the spacer
(30), for generating ink droplets when receiving an ink
pressure from the pressure generating chamber (31), a
vibrating plate (20), hermetically fixed on a second side of
the spacer (30), for pressing the pressure generating chamber
(31), and piezoelectric vibrators (2) for pressing the
vibrating -plate (20), wherein the vibrating plate (20) has
thin portions (2la, 21b) each occupying a large area so that
the compliance of a regional area closer to the nozzle
openings (41) is larger than that of a regional area closer
to the ink supply port (32).

FIGURE 1
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tion. The outer thin portion 107b of the vibrating plate, which is |ocated
closer to the ink supply port 109. viz.. on the outer side of the island
106, is supported by the island 106 and the spacer 103. Accordingly, the

conpli- ance thereof is small, mnimzing the deformation by the ink
pressure. FIG 18 is a perspective vieglshomnng a key part of an ink jet
recordi ng head according to a ninth enbodi - nent of the present invention.
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and 111 designate first and second islands contained in a vibrating plate
112. The base end of the island 110, which is closer to an ink supply port
113, is continuous to the thick portion of the vibrating plate. The island
110, except the base end thereof, is regiliently supported by thin portions
114b, 114c, and 114d. The two islands 1%f0 and 111 are in contact with the
end of the piezoelec- tric vibrator 115. Wth this, a pressure generating
cham ber 116 is conpressible.

FIG. 2
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In this enbodi nent, a displacenent of the piezoelec- tric vibrator 115 is
transferred to the islands 110 and 111. The island 110, acting as a
cantil ever, cooperates with the resilient thin portions to conpress the
pressure generating chanber 116. The island 111 resiliently de- fornms the
thin part 114a to conpress the pressure gener- ating chanber 116. The ink
pressure in the conpressed pressure generating chanber 116 causes the ink
present in the vicinity of a nozzle openizg_ll? to spout forth in
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the formof ink droplets through the nozzle opening 117. The ink al so
resiliently deforns the thin part 114a near the island 111, preventing an
excessive increase of the ink pressure. The ink pressure present at a

| ocation near the ink supply port 113 acts to displace the island 110, but
it only slightly deforms the island becatise the end 110a of the island 110
I's continuous to the thick portion of the vibrating plate 112.

Accordi ngly, the piezoelectric vibrator 115 can

FIG. 6
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snoothly vibrate, and the thin portions 114c and 114d | ocated closer to the
I nk supply port 113 wll not be broken down by fatigue. In the

enbodi nents as nenti oned above, nozzle openings are serially arrayed at a
print density of 90 dpi. Wen the nozzlq%openings are arrayed at a higher
den- sity, e.g., 150 dpi, the gap between the adjacent pressure generating
chanbers is extrenely narrow. In the recording head of such a high print
density, it
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Is difficult to formthe bridges for separately defining
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- 13 - the thin portions. To cope with this, in this enbodi nent the areas
containing the arrays of piezoelectric vibra- tors 120 therein are forned
‘as. thin portions 121, as shown in FIG 19. Islands 122 are forned in
alignment with the portions opposed to giezoelectric vi brators 120, viz.,
pressure generating chanbers 128. A conpli- ance CN of a first area Ais
selected to be at least 1.2 tinmes as high as a conpliance CF of the thin
portion of
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a second area B. The first area A ranges fromthe first ends of the islands
122 to the part of thick portion 125. surrounding the thin portions 121
wher e adj oi ns nozzl e openings 126. The area B ranges fromthe second ends
of the islands 122 and ink supply ports 127. The ratio of the conpliances
CN and CF is gained by properly se- Iectﬁng the I ength and thickness of
those areas A and B. The result is to remarkably reduce the fatigue in the
thin portions closer to the ink supply ports. Reference nu-

FIG. 14A
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meral 129 designates reservoirs. In the enbodi nents as nenti oned above,
different nenbers, such as the nozzle plate, the spacer, and the vibrating
‘plate, are assenbled to separately define the pressure generating chanbers.
In the instance of FIG 20A. by etchingga silicon wafer 130 from bot h sides
thereof, an island 131, and thin portiohs 132 and 133, |ocated on both
sides of the island 131, are forned in one of the sides of the silicon

waf er 130. The thin por-

FIG. 15
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tions 132 and 133 are respectively located closer to a nozzle opening 137
and an ink supply port 135. The other side of the silicon wafer 130 is
etched away to formicurved portions for formng a pressure generat- ing
chanber 134, the ink supply port 135, and a reser- voir 136. A nozzle plate
138 with a nozzl e opening 137 forned thdPein is appl i ed over the other side
of the silicon wafer 130 thus shaped. In thihs case, the | ength and/or

t hi ckness of the thin portion 132 cl ose e
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nozzle opening is adjusted in relation to the thin portion 133 so that the
conpliance of the thin portion 132 is In the enbodi nents as nenti oned
*above, the pressure generating chanber is flush with the reservoir. In an-
ot her instance of FIG 20B, a pressureﬂggnerating cham ber 140 is |ocated
above a reservoir 141 in a state that h of thempartially overlap and
are partitioned by a partitioning plate 144. The pressure generating
chanber
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“140 communi cates with the reservoir 141 through a through-hole 145 serving -
also as an ink supply port. A flow path 147 connects the nozzle opening 146
to the pressure generating chanber 140. The piezoelectric vibration are
used for generating the ink-droplets ca#_léi ng pressure in the pressure
gener- ating chanber. A bubble ink jet cording head is illus- trated in
FIG 20C In this recording head, a resistor
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recei ve

Wien t he present imventi.on:
thin pertion:153:is. formed

s

S U e e h Kt e

"M E71511's ‘di-spogec-mi.thin a pressure gerljer,a_ti'ng_
bbl'ed’ by: Joul e..heat..generatied by the resistgf wire,
- adrine signal#eand:j.s . "ghot forth in the formof ink dro
i.s. applied to this type of " recording head!™ a

e

The preseat mvendon relates {6 an ink jet recording
h&c{ ot the type in which 1 pressurs Jeaeradng means
applies pressure i ink within 1 pressure gcnerating
chamber, the_:reby shcoting forth ink droplets through
nozzie openings. More partdcuiarly, the invendon re-
!::s '0 the swucture of the jressure gemerating cham-

r. '

One of the known pressure gezematng chambers
commumcates, at one end, with an ink tank and is pro-
v1dcd_ with nozzle openings. The pressare generating
chamber further includes 2 pressure generating means
provided therein. A heater or a deformable means is
used for the pressure generating means. The heater is
used 'fox: evaporating part of the ink contained pressure
generatng chamber. The deformable means is realized
by t‘orq:mg a diaphragm region within the pressare
generating chambet In this case, a mechanical drive
means 1s provided for pushing the diaphragm region to
Cause a displacement thereof. With the displacement of

the Qiaphmgm region, ink is jetted out of the nozzle

opcuings.

The pressure generating chamber with a piezoelectric
vibrator of the longitudinal vibration mode which is
brought into contact with the deformable means is
knowmncinkjctmordinghadusingthistypcof

pressure generating chamber is suitable for color print- -

ing, because it is free from the problem of changing ink
q h_thby iy pro ging

. ¢ ink jet recording head cperating such that the
piezoelectric vibrator of the longitudinal vibration
mode rsilicnt.ly deforms the pressure generating cham-
:ber t0 cause ink to be jetted out of the chamber, the
w:dthqfthezmyofnozﬂeopeningsoftheprasnre
Scacrating chamber can be remarkably reduced. Ac-
qordmgly, a high resolation print is possible. When the
‘size ofthemkj?treeotdhgheadismdmedunderthe
constant resolution improvement pressure, the deform-
able means of the pressore generating chamber must be
correspondingly thinned in order to reduce the rigidity
gt; ;!:Ic deformable means. The thin deformable means is

.. .

In the ink jet recording head having the resolution of

300 DPT and having nozzle openings zig- i

! g-zag arrayed in
four Hnes, the length and the width of the pressure
generating chamber are 1 to 2 mm and appraximately

200 pm, respectively. The deformable region of the :

vibrating plate constituting the deformable means is 1 to

BACKGROUND OF THE INVENTION
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t ke heat generating portion and the nozzle opening. The thin portion 153
absorbs an extrenely high, pulsative pressure generated when ink bubbl es
are generated. By this action, the_speed of the ink droplets when they are
shot forth is reduced, thereby pr evént the print paper from being blotted
with ink. Additi ordapmy thitheand ties segien cheteofi vatbeadispiacead bygat ed,
effectively spout ithg pi¢zveldtetid ribrakordsQievetd teddfaid 'Fles fore decr ease
contrib- utes to «ad fabs b ARCpitodiBric ViBHIBE & ddfbfniipaher and
pressure generating chamber is approximately 500 pm
X200 pm.
For this reason, the vibrating plate includes pro-
truded portions, called islands, which are formed at the
locations to be in contact with the piezoelectric vibra-
.tors, and longer than the vibrators. The island expands
the displacement of the piezoelectric wibrator in the
longitudinal direction of the vibrating plate, obtaining a
good matching. With the use of the islands, stress con-
centrates at a part near to the boundary of the island 2nd .
the flexible thin portion. Eventually, the vibrating plate
is broken down by fatigue. '
A protruded part, called an island part, is formed in
‘the portion of the vibrating plate where it comes in
caitact with the plezoelectric vibrator. The island part
is ionger than the piezcelectric vibrator. A displace-
ment of the piezoelectric vibrator is emlarged in the
longitudinal directon. Since the vibrating plate is so
shaped, stress is concentrated at the island partand in 2
boundary part where the deformable thin perdon termi-
mates. Accordingly, the vibrating piate is =asy to be
brokea. ' :
The fragility problem of the vibrating plate can be
solved by making the thin portion of the vibrating plate
as thick as possible. However the thin portion increases
the pressure in generating ink droplets. In generating
ok droplets, an abrupt increase of the pressure must be
avoided; otherwise, misty ink is generated and the ink
quaiity is deteriorated.

SUMMARY OF THE INVENTION

In view of the drawbacks accompanying the conven-
tional recording head, it is an object of the present in-
vention to provide a novel ink jet recording head which
improves the print quality and the durability of the
vibrating plate.

The above and other objects can be achieved by a
provision of an ink jet recording head which, according
to the present invention, includes a pressure generating
chamber, a nozzle opening and an ink sapply passage
sommunicating with the pressure generating chamber,
and a pressure generating means for supplying a pres-
sure to the pressure generating chamber, wherein the
recording head also includes a thin portion, located at
least near the nozzle opening of the pressure generating
chamber, which is deformabie by ink pressure when ink
droplets are discharged forcibly.



suppresses an undesired increase of ink tenperature, thereby preventing
deterioration of ink. As seen fromthe foregoing description the ink

j et recordi ng head according to the present invention in- cludes a
pressure generating chanber a nozzl e opening and an ink supply passage
communi cating with the pressure generating chanber, and a pressure
generati ng nmeans for supplying~ éipressure to the pressure generat- I ng

chanber, wherein the &ecordl ng head al so .includes
1th such a construction, if the regional area of the

-vibrator, which is closer to the ink supply port and
under a higher pressure than that applied to the regional
area closer to the nozzle opening, has a large rigidity, a
high pulsative pressure generated at the time of ink
droplets generation can be absorbed by the thin pomon
tloser to the nozzle opening. The pressure absorbed is
.atllized for elongation of the nk pressure continuation.
This leads to effective use of the energy for ink droplets
generation.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1is a cross sectional view showing a part of an
ink jet recording head according to a first embodiment
of the present invention;

. —FIG. 2 is an isometric view showing an ink jet record-
ing head according to an embodiment of the present
invention; "

FIG. 3 is a perspective view showing a piezoelectric
vibrator unit used in the ink jet recording head of FIG.
% |

FIG. 4 is a perspective view showing the layout of
the piezoelectric vibrators and the vibrating plates in
the ink jet recording head;

FIG. 5 is a plan view showing the rclanonshxp be-
tween island pomons and thin portions;

FIG. 6 is a perspective view showing the relationship
between flow-path forming members and piezoelectric
vibrators;

FIGS. 7A to 7C show a set of cross sectional views
showing a displacement of the vibrating plate;

FIG. 8 is a graph showing variations of pressure in
the nozzle openings and the ink supply ports when ink
droplets are shot forth;

FIG. 9 is an explanatory diagram useful in explaining
an exampile of crack created in the thin portion;

FIG. 10 is a graph showing a variadon of 2 stress
generated in the boundary part between the thin portion
and the island portion against the length of the thin
portion:

FIG. 11A is an enlarged plan view showing a portion
of the vibrating plate, which inclndes mainiy the islands
of a first form, according to a second embodiment of the
present invention;

FIG. 11B is an enlarged plan view showing a portion
of the vibrating piate, which includes mainly the islands
of a second form, according to a second embodiment of

the present invention; e ,
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a thin portion, located at |east near the nozzle opening of the pressure
generating chanber, which is deform abl e by ink pressure when ink
dropl ets are discharged forcibly. If the regional area of the vibrator,
which is closer to the ink suppiy port and under a hi gher pres- sure than
that applied to the r o] area cl aser, t.o t . nozzle ning, has a
large rigidity, a hngﬁ&B @‘éﬁq@”seﬁ 89%‘?%‘"@ H%%é(?"é?o? § time of ink
dropl ets gener ati onthe ¥IRIBRE ISy FERichyneides mamb the oser to the
nozzl e and its aear portion, according to a third embadiment of
the preseat inveation;
FIG. 13 is a cross sectional view showing a portion aof
the vibrating plate, which mcludes mainly the isiand
and its near portion, according to a fourth embodiment
of the present invention;
FIG. 14A is a perspective view showing a portion of
the viorating plate, which includes mainly the island
and its gear portion, according to a fifth embodiment of
the present invendon;
FIG. 14B is a perspective view showing 2 portion of
the vibrating piate according to an arrangement of the
vibrating piate shown in FIG. 14A;
FIG. 15 is a cross sectdonal view showing a portion of
the vibrating plate, which includes mainly the isiand
. and its near portion, according to a sixth embodiment of
" the present invention;
FIG. 16 is 2 perspective view, partially broken, show-
ing an ink jet recording head according to a seventh
embodiment of the present invention;
FIG. 17 is 2 perspective view, partially broken, show-
ing a part of an ink jet recording head according to an
cighth embodiment of the present invention;
FIG. 18 is a perspective view showing a key part of
anmkjetrecordmgh&dacoordmgtoamnthembodx
ment of the present invention;
FIG. 19 is a plan view showing a plan view showing
the structure of a vibrating plate of an ink jet recording
head according to a tenth embodiment of the present
invention; and
FIGS. 20A to 20C are cross sectional views showing
exemplars of ink jet recording heads to which the pres-
eut invention is applicable.
FIG. 21 is a diagram showing another arrangement of
islanlds portion and thin portior according to the inven-
‘tion. :

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention
will be described in detail with reference to the accom-
panying drawings.

Referring to FIG. 2, there is shown an isometric view
showing an ink jet recording head of the type using
piezoelectric vibrators of the longitudinal vibration
mode. In a piezoelectric vibrator unit 1, piezoelectric
vibrators 2 of the longitudinal vibration mode, mounted
on a transducer unit base 3, are arrayed at the pitch of
"280 pm, for example, wlnchtsequalmthepmchofthe
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openi ng. The pressure absorbed is utilized for elonga- tion of the ink
pressure continuation. The elongated ink pressure continuation mnimzes
t he reduction of the energy for ink droplets generation, which arises
from the mniaturization of the piezoelectric vibrator result- ing from
i ncrease of the print density. Further,_ 'bt_ reen- forces the vibrating
plate at the portion thereqof closer to the ink supply port, thereby
preventing the vibrat FFE::‘!M@ @m%ﬂdﬂﬁa@-n down_by fati gue.
: h piezoelectric vibrator 2 is constructed n 2 man-
‘ner that a piezoelectric vibrator plate of approximately
500 pm thick s 3onded, at one end. t0 the Tansducer
unit base 3, is cut by 1 wire saw. Jor 2xample, 0 o
slits 4 of several mm deey, approxmately (SO0um wide,
and arrayed ar che jitches of appreximately 280 pm.
Electrcdes 3 and § are ‘ormed on the opposite sides of
each piezoelecmic vibrator 2, respectvely. The sec-
trodes 3 are connected o lead electrodes 7 of ihe rans-
ducer unit base 3. The elecedes § are shorted by 2
connecting member 3, which is then connected © lead
elecrodes 12, *hrough electrodes 11 formed on paired
dummy vibrators 10, which are locared on both sides of
the group of the piezcelectric vibrators. Those lead
electrodes 7 and 12 are connected through a connecting
-7 means 14 10 a drive circuit.
As shown in FIG. 4, 2 vibrating plate 20 includes a
plural oumber of elongated, depressed portion 21 ar-
rayed at fixed pitches of approximately 280 pm, which
‘corresponds to the dot density. As shown, both ends of
each depressed portion 21 as longitudinally viewed are
arcuate. An island 22 occupies the central part of the
depressed portion 21. The istand 22 as the thick part of
the vibrating piate which comes in contact with the top
end of the piezoelectric vibrator 2. The depressed por-
tions 21 are integral with a vibrator substrate 24 as a
thick portion, with the thin portions 23 cach surround-
ing the island 22. Accordingly, bridge portions 24c as
thick portions are each located between the adjacent
depressed portions 21. The bridge portions 24a function
to reenforce the depressed portions 21 serving as vibrat-
ing areas. The length La of the depressed porton 21
claser to the noxzie openings 41 is longer than the
length Lb thereof closer to the imk supply port 32
(FIGS. 1 and 5).
The thickness of the thin and thick portions of the
vibrating plate 20 are selected depending on the mate-
dal used for the vibrating plate 20. When metal, for
example, nickel, is used, the thickness of the thick por-
tions of the vibrating plate 20 is selected approximately
25 pm, and the thickness of the thin portions is approxi-
mately 1 t0 3 pm. The length L of depressed portion 21
is approximately several mm at most, and the width
thereof is several hundreds pm. The length L of the
istand 22 is approximately 1 mm, and its width is several
tens pm. The vibrating plate including the thin and
thick portions can be manufactnred by uvsing a suitable
manufacturing technique. For the vibrating plate made
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- 6 -
of nickel, the electroforming process is used. For the
vibrating plate of silicon or glass, the etching technique
is used. For the vibrating plate of engineering plastic,
the injection process is used. The vibrating plate_ can
.also be composed of plural materials instead of 2 single
material. )

Retorping to FIGS. 1 and 2, 2 spacer 30 mtervenes
between a nozzle plate 40 and the vibrating plate 20,
whereby forming 2 pressure generating chamber 31and
the reservoir 33. The spacer 30 includes through boles
35, 36, and 37 in order to form an ink supply port 32,
which connects the pressure generating chambers 31
and the reservoir 33.

The vibrating plate 20, the spacer 30, and the nozzle
plate 40, after being aligned with one another, are her-
metically assembled into a single unit. The islands 22 of
the vibrating plate 20 are brought into contact with the

" "top ends of the piezoelectric vibrators 2, aud then the
transducer unit base 3 is bonded to a body 50 by adhe-
sive 55. The result is to complete an ink jet recording
head. . =
© Accordingly, the vibraung plate 20 is iixed in a state
that the bridge pericos 24a of the vibrating olate 20,
which are cleser to the zozzle openings 41 and the ink
supply port 32, are sandwicaed oy the body 30 and the
spacer 30. As 2 resuit, the thin pertions 21z are resn-
forced by the Sridge pordons 24a

In operaton, wien the piezcelectric vibrators 2 re-
ceive a drive signal {cr contracung the vibrators, the
pressure geaeratng chamber 31 s expanded. Under this
condidon, ink lows from the reservoir 33 into the pres-
sure generating chamber 31 by way of the ink supply
port 32 as shown in FIG. 7A. _

Then. the piezceiectric vibrators 2 recsive again a
drive signal for extending the vibrators, the piezoelec-
tric vibrators 2 are expanded to push the islands 22. The
islands 22 displace toward the pressure generating
chamber 31. Because of this, the pressure generating
chamber 31 recsives a push over its area as wide as
possible, with the rigidity of the islands 22, although the
length Lz of the piezoelectric vibrators 2 is shorter than
the length L’ of the pressure generating chamber 31.

Thus, the pressure generating chamber 31 contracts
over its broad area.

During the compressing process, a high pressure of
about 3 atm is generated in the pressure generating
chamber 31. Accordingly, the thin portions 21z closer
to the nozzle openings 41, which have a large compli-
ance, are slightly expanded to absorb part of the pres-
sure in the nozzle openings region, and hence to de-
crease the peak pressure, while ink present in the nozzie

This is the replacement sheet

79 Ja 108

Date: % £



- 15 - VWhat is clainmed is: 1 An ink jet recording head, conprising:

a'nozzle opening for jetting ink droplets; a pressure generating chanber,
having a plurality of wal | s; an ink supply passage comuni cati ng
wi th said noz- zl e opening through said pressure generating

..7_

openings is spouted forth in the form of ink droplets,
from the nozzle openings 41 toward the recording me-
dia, as shown in FIG. 7B. Part of the ink present in the
ink supply port 32 flows into the reservoir 33 by way of

the ink supply port 32. The thin portions 21z closer to
the nozzle openings are gradually restored to the origi-
nal state by the elasticity of the thin portions 21z them-
selves. During the restoring process, the thin portions
21z push the ink to assist the ink jetting operation.

As is well known, the fluid resistance in the ink sup-
'ply port 32 is selected to be higher than that in the
nozzle openings 41, for the purpose of increasing the
efficiency of ink droplet generation. Accordingly, a
great ink pressure usually acts on the ink supply port 32.
As scen from FIG. 8, the pressure in the nozzle open-
ings 41 (as indicated by 2 dotted line) is different from

" that in the ink snpply port 32 (as indicated by a solid
Iine). The former is higher than the latter by at least
20%.

As described above, the thin portions 21b closer to
the ink supply port 32 are set to be smaller in area than
the thin portions 21z closer than the nozzle openings 4L
Accordingly, the compliance of the former is small
Therefore, the thin portions 21b are deformed pot ex-
cessively when receiving the high pressure. Hence,
‘their displacement continues following the motion of
' the piezoelectric vibrators 2 as showm in FIG. 7C. The

-result is a reduced tendency to create the crack K,
which tends 0 be created in the region closer to the ik
supply port 32 (see FIG. 9) in the conventional nead.

The thin portions are separated from those thick
portions adjacent to the former by bridge portions 24¢
formed as thick portions. Further, since the bridge por-
tions 24q are sandwiched by the body 30 and the spacer
30, deformation of the entre vibrating plate, which is
caused by the expansion of the piezoelectric vibrators 2,
is minimized, so that the vibrating plate is minimally
twisted and bent as a whole, causing no cress taik.

(Specific example)

The geometries of the islands and the thin portions of
the vibrating plate of an actual ink jet recording head
will be described.

An mk jet recording head was manufactured of
Which the thin portions are each 1.5 pm thick, the

_islands are each 15 pum thick, and the pressure generat-
ing chamber was 1.2 mm long (as viewed in the longitu-
-dinal direction). For several combinations of the length
L of each of the islands 22, the length La of the thin
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chanber; and

sai d pressure generating chanber
of said pressure

first

openi ng,
said one of said plu-

chanber

pressure generating neans for supplying a pressure to
wherein one af said plurality of walls

generating chanber has a first thin portion of a

conpliance forned therein in close proximty to

and a second thin portion of a

portion 21a closer to the nozzle openings 41, and the
length Lb of the thin portion 215 closer to the ink sup-
ply port 32, the following items were measured: the
compliance CN of the part closer to the nozzle openings
41, the compliance CF in the part closer to the ink
supply port 32, print quality, generation of misty ink
caused by the cavitation, and the durability of the thin
portions 215 closer to the ink supply port. The resuits of
the measurement were shown in Table 1. (It was impos-
sible to actually measure the compliances because of the
size of the measured object. Accordingly, the compli-
ances were estimated by the finite element method.)
TABLE1

said nozzle

second conpliance forned in
ralifysdT wal | s of said pressure generating

L
(mm)

La
(mm)

Compliance Strength of the

Lb

(exen) -

Nou_.lc

Ink supply
area

opemn§ port
- atea CNm*/Ps  CN m3/Pa

CN/CF  splattering

boundary part between
the island portion
and the thin portion

0.83
0.85
0.86
0.87
093

0.185
0.185
020

0.165
0.135

0.185
0.165
0.155
0.165
0.135

L6 x 10-09
1.6 x 10—
L9 x 10—
13 x 10-19
10 % 10—-0

1.6 % 1019
13 x 1019
12 x 1019
13 x 10—19
10 x 10—1?

2 Rare
X Rare
Generated
- Frequently

i b ot b oA

generated

T

From the measorement results, the following fact was
confirmed: As the compliance CF in the part closer to
the ink supply port 32 becomes large, generation of
misty ink is suppressed but the thin portions 215 closer

~ to the ink supply port 32 are easily weakened. Further,

it was confirmed that as the length Lb of the thin por-
tion 215 closer to the ink supply port 32 becomes large,
stress applied to the boundary part between the thin
portion and the island portion, viz., the part where
crack X (FIG. 9) tends to be created, becomes large as
shown in FIG. 10.

Where the compliance CN of the part closer to the
‘nozzle openings 41 is substantially equal to the compli-
ance CF in the region closer to the ink supply port 32,
the fatigue progress in the thin portions 215 is impeded.
‘However, an instantaneous pressure increase cannot be
‘absorbed by the regional part in the vicinity of the noz-
Zle openings 41. As a resuit, misty ink is generated,
leading to deterioration of the print quality.

It was discovered that when the compliance CN is
selected to be at least 1.2 times as large as the compli-
ance CT, zeneration of misty ink is minimized and the
durability of the thin porticns 214 is improved.

Thaus, for ‘mprovisg “he print quality and the durabil-
ity of the vibrating plate, it s verv =fective to increase
'the compiiance CN of the part of -he pressure zenerat-
ing chamber 31, which is closer 0 the aozzle openings
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in cl ose proximty to said ink supply passage, said
being larger than said second com pl i ance. 2. An ink jet
a nozzle opening for jetting ink droplets;

head, conpri si ng:

first conpliance

reor di ng
a pressure

generating chanber having a plurality of wal | s; an ink supply

passage comruni cating with said noz-

generati ng

_9_

1 in some way, for exampie, oy selecting the length La
of the thin portion 214 closer :0 the nozzie openings 41
!0 be ionger than the length L5 of the thin pordon 215
closer to the ink supply port 32 .

In the above-mentioned embodiment, each island s
formed in the {orm of a straight line extended berween
the nczzle openings side and the ink supply port. The
island may be modified as shown in FIGS. 11A and
11B. In the case of FIG. 114, islands 50 arc each nar-

Towed in the central part thereof. In the case of FIG.
11B, islands 31, 52, and 53 of different sizes are sepa-
- rately formed.

In the embodiments as mentioned above, the ratio of
the compliances CN and CF of the vibrating plate is

adjusted by changing the distance between the nozzle
.opening and the end of the isiand, which faces the noz-

zle opening, and the ink supply port and the end of the

island, which faces the ink supply port. In this case, the

thin portions and the islands are set at the fixed thick-
nesses. In this embodiment of FIG. 12, the thickness t1
of the thin portion 62z closer to the nozzle openings 41
of the isiand 61, which is contained in the vibrating

_plate 60, is selected to be thinner than the thickness t2 of

the thin portion 62b closer to the ink supply port 32. As
a result, the compliance CF of the thin portion 62
closer to the ink supply port is rednced. Accordingly,
the improvement of the print quality and the durability
of the vibrating plate can be achieved also in this em-

‘bodiment. Particularly, the durability of the vibrating

plate is further improved since the thickness t2 of the

‘thin portion 625 closer to the ink supply port 32 is in-
._ ;

In the embodiment shown in FIG. 13, the thickness of
the thin portion 71a of the vibrating plate 70, which is
closer to the nozzle openings is eqnal to that of the thin
portion 715 closer to the ink supply port. The island 72
includes a thinned part 72z of which the thickness t3 is
thinner than the thickness t4 of the island 72. In this
embodiment, the thin portion 71z of the vibrating plate
70 and the thinned part 72z of the island 72 coopera-
tively contribute to increase of the compliance CN of
the pressure generating chamber, which is closer to the
nozzle openings. Further, the acute deformation of the

zl e opening through said pressure
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chanber; pressure generating neans for supplying a pressure to said
pressure generating chanber; wherein one of said plurality

sai d pressure

generati ng chanber

conpliance forned therein in close proxim t({ to
and a second thin portion of a7 second®6nyl i ance for ped
said plu- ralit PRI 71 closey to, the 8 SORBINES it

ened, so that the durability of the vibrating plate 70 1s
further improved.

FIG. 21 is an explanatory diagram useful in explain-
ing an arrangement which is provided with another
island 54 oa the depressed portion 21 separate from the
islands 22 contacting with the top end of the piezoelec-
tric vibrator 2. This arrangement has as an advantage
that the crack K at the thin portion as shown in FIG. 9
does not occur because the islands 54 suppress the
change in volume cansed by the ink pressure within the
pressure generating chamber. Hence, the durability of
the vibrating plate is improved.

In the embodiments as mentioned above, the piezo-
electric vibrators 2 are brought into direct contact with
the islands 22 of the vibrating plate 20. In the embodi-
ment shown in FIG. 144, to achieve the improvement
of the print quality and the durability of the vibrating
plate, transfer members 75 are inserted between the
piezcelectric vibraters 2 and the islands 22. As shown,
the :ransfer memrter 75 s sxtended mcre distant than
both =ads cf the Jiezoeleciric vibrator 2, but less distant
than Soth =nds of the island 22. The same 2fect can be
achieved bv 2an arangement shown in FIG. 4B i
which*the Tanster members 75 are inserted berwesn the
piezcelecttic vibrators I and a pinrality of separate
islands 51, 32 and 33 instead of the single islands 22,

In this smbodiment, if the piezcelectric vibrator 2 is
sized in accordancs with the frequency, matching of the
transier impecances in the vibration transfer path is
obtained by the iranstfer members 75. As a result, the
vibragdon enerzy can be afficiently transferred to the
pressure generacing chamber. Further, if the rigidity of
the transfer members 75 is selected so that the transfer
members 75 are curved upward in the drawing, concen-
tration of stress at the boundary part between the island
22 and the thin portion 21g of the viorating plate, and
the islands 22 and the thin portion 215 is eased.

In the embodiment of FIG. 15, the nozzle openings 83
are formed parallei to the vibrating plate 81, which is in
contact with the piezoelectric vibrators 30, while in the
above-mentioned embodiments, the nozzle openings are
located in opposition to the vibrating plate.

FIG. 16 is a perspective view, partially broken, show-
ing an ink jet recording head according to a seventh
embodiment of the present invention. A nozzle plate 98
contains a plural number of nozzle openings 91. Refer-
ence numeral 92 designates a spacer. Within the space
enclosed by the spacer 92, there are provided a plural
number of cavities 93 serving as pressure generating
chambers, enclosed spaces 94, located on both sides of
cach cavity 93, serving as reservoirs to supply ink to the

of walls of

has a first thin portion of a first
sai d nozzl e openi ng,

in said one of
anber
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in close proximity to said ink supply passage; said - first conpliance

being at least 1.2 tines |arger than sai d second conpli ance. 3. The
ink jet recording head of claim1, wherein said first conpliance is
determned by adjusting a surface area of_sgid first thin portion and said

second conpli- ance %{ﬁﬂ!t&' ea of said
second tmm; porti onp fﬁﬁ%ﬁ% m&emi%ﬁﬁﬁéﬁ{gl m 1, wherein
sai d chambcr and serving as ink supply ports. A vibrating

piate 97 contains pairs of islands 99 each pair being

isolated by thin portions 98a facing the nozzle opening

and a thin portion 985 located closer to the ink supply

ports. The thickness and/or area of the thin portion 98a

facing the nozzle opening 91 is adjusted so that the

acmpliancc of which is larger than that of the thin por-

tions 985. In this embodiment, the thin porticn 98z is

adjusted to have a large area. The top end of each piezo-

electric vibrator 100 is brought into contact with the

paired islands 99, which partially define the related

pressure geperating chamber.

In operation, a drive signal is applied to the piezoelec-
tric vibrators 106. Each of the piezoelectric vibrators
100 vibrates. A dxsplacemsnt of the vibrating piezoelec-
tric vibrator 100 is transferred to the related pressure

""generating chamber by way of the paired islands 99,
thereby compressing ink contained therewithin. Pres-
sure generated in the pressure genecrating chamber
causes ink present in the vicinity of the nozzle openings
91 to spont forth through the nozzle openings. At this
time, some part of the mk deforms the thin portion 98a
facing the nozzle opening, thereby preventing an exces-
sive increase of the pressure therein, and hence prevent-
ing generation of the cavitation. The pressure also acts
‘on the thin portions 98b located closer to the ink supply
port. However, deformation of these portions is not
excessive because the compliance thereof is preset to
such a small value as not to impede the displacement of
the piezoelectric vibrator 100, and therefore as to mini-
mize the fatigue.

In an ink jet recording head shown in FIG. 17, a
vibrating plate 107 is shaped tubular n cross section,
while it is recmnguiar as viewed in the longitudinal
secdon.

A spacer 103 contins 1 ‘ubula.r bole serving as a
pressure generating chamber 102. A zozzle plate 104, is
located on one of the major sides of the spacer 103 a
state that a aczzie opeaing 105 {ormed thersin is lccated
at the canter of the pressura generating chamber 102. A
vibrating nlate 107 contining 2 doughnut-like island
106 is located on the other major side of the spacer 103.
A piezoeiectric vibrator 108 is brought into coutact
with the islands 106.

In operation, a drive signal is applied to the piezoelec-
tric vibrator 108. The piezoelectric vibrator 108 presses
the vibrating plate 107 to compress the pressure gener-
ating chamber 102. The resultant pressure therein
causes ink contained therein to spout forth in the form
of ink droplets through the nozzle openings 10S.
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first conpliance is determ ned by adj usting a thickness of said first thin
portion and said second conpliance is determ ned by adjusting a thickness
of said second thin portion.

- 12 -

AT the same time, the pressure in the vicinity of this
resiliently deforms the inner thin portion 107a of the
vibrating plate, which is located on the inner side of the
isiand 106. The deformation of the inner thin portion
1072 decreases the pressure therein, causing no cavita-
tion. The outer thin portion 1075 of the vibratng plate,

which is located closer to the ink supoly port 109. viz..
on the outer side of the island 106, is supported by the

island 106 and the spacer 103. Accordingly, the compli-
ance thereof is small, minimizing the deformation by the
ink pressure.

" FIG. 18 is a perspective view showing 2 key part of
an ink Jct recording head according to a ninth embodi-
ment of the present invention. Reference zumerals 110
and 111 designate first and second islands contained in 2
vibrarng plate 112. The base ead of the island 119,
which is closer to an ink supply port 113, is continuous

.. to_the thick portion of the vibrating plate. The island
110, except the base end thereof, is resiliently supported
by thin portions 1144, 114c, and 1144. The two islands
110 and 111 are in contact with the end of the piezoelec-
tric vibrator 115. With. this, a pressure generating cham-
ber 116 is compressible.

In this embodiment, a displacement of the piczoelec-
tric vibrator 115 is transferred to the isiands 110 and
111 The island 110, acting as a candlever, cooperates
with the resilient thin portions to compress the pressure
generating chamber 116. The island 111 resiliently de-
forms the thin part 114« to compress the pressure gener-
ating chamber 116. The ink pressure in the compressed
pressure generating chamber 116 causes the ink present
in the vicinity of a nozzle opening 117 to spout forth in
the form of ink droplets through the nozzle opening
117. The ink also resiliently deforms the thin part 114¢
near the island 111, preventing an excessive increase of
the ink pressure. The ink pressure present at a location
near the ink supply port 113 acts to displace the island
110, but it only slightly deforms the island because the
end 110c of the island 110 is continuous to the thick
portion of the vibrating plate 112.

Accordingly, the pxezoelectnc vibrator 115 caa
smoothly vibrate, and the thin portons 114c and 114d
located closer to the ink supply port 113 will not be
broken down by fatigue.

In the cmbodiments as mentioned above, mozzle
openings are serially arrayed at 2 print density of 90 dpi.
‘When the nozzle openings are arrayed at a higher den-
sity, e.g., 150 dpi, the gap between the adjacent pressure
generating chambers is extremely narrow.

In the recording head of such a high print density, it
is difficnit to form the bridges for separately defining

This is the replacement sheet

29 Jh HR

Date:



- 16 - 5. An ink jet recording head conprising: a nozzle opening for

jetting ink droplets; a pressure generating chanber having a plurality of

wal I s: an ink supply passage comruni cating with said noz-

- 13 -
the thin portions. To cope with this. in this smocdiment,
the areas conmining :he arrays aof piezoeieciric 'nbra-
tors 120 therein are formed as thin poruosos 121, as
shown in F1G. 19. Islands 122 ire formed nn alignment
with the sortdons ococosed o diezcelectnic vibrators
120. viz., oressure gegeradng caampers 128. A compli-
ance CN of a first area A is selected to be at least 1.2
times as high as 2 compliancs CF of the thin pordon of
a second area B. The first area A manges from the first
ends of the isiands .122 to the part of thick porton 125
surrounding the thin pordons 121 where adjoins nozzle
opeunings 126. The area B ranges from the second ends
of the islands 122 and ink supply ports 127. The rato of
the compliances CN and CF is gained by propesly se-
lecting the length and thickness of those areas A and B.
The result is to remarkably reducs the fatigue in the thin
poruons closer to the ink supply ports. Reference nu-
~meral 129 designates reservoirs.

* =“In-the embodiments as mentioned above, different
members, such as the nozzie plate, the spacer, and the
vibrating plate, are assembled to separately define the
pressure generating chambers. In the instance of FIG.
20A, by etching a silicon wafer 130 from both sides
thereof, an island 131, and thin portions 132 and 133,
located on both sides of the isiand 131, are formed in
one of the sides of the silicon wafer 130. The thin por-
tions 132 and 133 are respectively located closer to 2
nozzie opening 137 and an ink supply port 135. The
other side of the silicon wafer 130 is etched away to
form incurved portions for forming a pressure generat-
ing chamber 134, the ink supply port 135, and a reser-
voir 136. A nozzle plate 138 with a nozzle opening 137
formed therein is applied over the other side of the
silicon wafer 130 thus shaped. In this case, the length
and/cr thickness of the thin portion 132 closer to the
nozzle opening is adjusted in relation to the thin portion
133 so that the compliance of the thin particn 132 is
large.

In the embodiments as mentioned above, the pressure
generating chamber is flush with the reservoir. In an-
other instance of FIG. 208, 2 pressure generating cham-
ber 140 is located above a reservoir 141 in 2 state that
both of them partially overlap and are partitioned by a-
partitioning plate 144. The pressure generating chamber
140 communicates with the reservoir 141 through a
through-hole 145 serving also as an ink supply port. A
flow path 147 connects the nozzle opening 146 to the
pressure generating chamber 140. )

The piezoelectric vibrators are used for generating
the ink-droplets causing pressure in the pressure gener-
ating chamber. A bubble ink jet recording head is illus-
trated in FIG. 20C. In this recording head, a resistor
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zl e opening through said pressure generating chanber; pressure

generating nmeans for supplying a pressure to sai d pressure generating
chanber; wherein one of said plurality of walls of said pressure
generating chanber has a first thin portion of a first conpl i ance forned
therein in close proximty to sai d nozzl e opening and facing said nozzle
openi ng, and a second thin portion of a second conpliance

_14-

wire 151 is disposed within a pressure generating cham-
ber 50. Ink is babbled by Joule heat generated by the
resistor wire 151 when it recsives a drive signal, and is
shot forth in the form of ink droplets.. ]

When the present invention is applied to this type of
recording head, a thin portion 153 is formed bctwc:n
the heat generating portion and the nozzie apening. The
thin portion 153 absorbs an extremely high, pulsative
‘pressure generated when ink bubbles are generated. By
this action, the speed of the ink dropiets when they are
shot forth is reduced, thereby preventing the prmt
paper from being blotted with ink. Additionally, the
pressure continuation is elongated, effectively spoutmg
- forth the ink droplets. The pressure decrease contrib-
utes to an increase of the lifetime of the heater and
suppresses an undesired imcrease of ink lemperature,
thereby orevenung deterioradan of nk

As seen Tom the foregoing description, the mk jet
recording dead according to the present inveandon in-
cluces 1 pressure zenerating chamber. a nozzie opening
and 2n nk suppiy passage communicating with the
pressurs generating chamber, and a pressore generating
means or supolying a pressure to the pressure generat-
ing chamber, wherein the recording head also includes
a thin portion, located at least aear the nozzie opening
of the pressure generating chamber, which is deform-
able by ink pressure when ok droplets are discharged
-forcibly. ¥ the regional area of the vibrator, which is

_ closer to the ink supply port and under a higher pres-
< sure than that applied to the regional area closer to the
nozzie opening, has a large rigidity, a high pulsative
.pressure generated at the time of ink dropiets generation
“can be absorbed by the thin portion closer to the nozzle
opening. The pressure absorbed is utilized for elenga-
-tion of the ink pressure continuation. The clongated ink
pressure continuation minimizes the reduction of the -
energy for ink droplets generation, which arises from
the miniaturization of the piezoelectric vibrator result-
ing from increase of the print deansity. Further, it reen-
forces the vibrating plate at the portion thereof closer to
the ink supply port, thercby preventing the vibrating
 plate from being broken down by fatigue.
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forned in said one of said plurality of walls of said pressure

gﬁm’,’ﬂmsm}m in close proximty to said ink supply passag; said first
m!arger than said second conpliance. 4. An ink jet

recor di n§ hBad® conprising: a nozzle opening for jetting ink droplets; a

pressure generating chanber; an ink supply passage conmunicating with said
noz- zl e opening through said presslire generating

What is claimed is:

1. An ink jet recording head, comprising:

a nozzie opening for jetting ink droplets;

a pressure generating chamber, having a plurality of
walls;

an ink supply passage communicating with said noz-
zie opening through said pressure generating
chamber; and

pressure generating means for supplying a pressure to
said pressure generating chamber;

wherein one of said piurality of walls of said pressure
generating chamber has a first thin portion of a first
compliance formed therein in close proximity to
said nozzle opening, and 2 second thin portion of 2

- —-second compliance formed in said one of said plu-

rality of walls of said pressure generating chamber
in close proximity to said ink supply passage, said
first comphance being larger than said second com-

. pliance.

2. An ink jet recording head, comprising:

2 nozzle opening for jetting ink droplets;

8 murc geuerating chamber having a plurality of

an ink sapply passage communicating with said noz-
zle opening through said pressure generating
chamber;
pressure generating means for sapplying a pressure to
said pressure generating chamber;

wherein one of said plurality of walls of said pressure
generating chamber has a first thin portion of a first
compliance formed therein in close proximity to
saidnonleopening,andasecondthhporﬁonofa
second compliance formed in seid one of said ple-
rality of walls of said pressure generating chamber
in close proximity to said ink supply passage; said
first compliance being at least 1.2 times larger than
said second compliance.

3. The ink jet recording head of claim 1, wherein said
first compliance is determined by adjusting a surface
area of said first thin portion and said second compli-
‘ance is determined Dy adjusting a surface area of said
'second thin portion. -

4. The ink jet cecording bead of claim 1, wherem said
first compliance is determined by adjusting a thickness
of said :rst :hin portion and said second compliance is
determined by adjusting a thickness of said second thin
porticn.
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chanber;—a vibrating plate form ng one wall of said pressure generating
chanb ' ng plate conpris- ing a first thin portion close
to sa mm)mﬂlﬂllmlg ﬂm having a first conpliance and a second thin
porti sai d ink supply_pgssage having a second conpl i ance,
wherein said first conpliance is greater than said second conpliance;
and piezoelectric vibrator having a |ongitudinal vibra-
S. Aq ink jet recording bead comprising:
a nozzie Qpening fcr jetting ink droplets;
a pressure generadng chamber having a plurality of
walls;
an ink supply passage communicating with said noz-
zle opening through said pressure generating
chamber;
pressure generating means for supplymg a pressure to
said pressure generating chamber;
'wherein one of said plurality of walls of said pressure
generating chamber has a first thin portion of a first
compliance formed therein in close proximity to
said nozzie opening and facing said nozzle opening,
and a second thin portion of a second compliance
__ formed in said one of said plurality of walls of said
~“pressure generating chamber in close proximity to
~"said ink supply passage; said first compliance being
larger than said second comphance.
6. An ink jet recording head, comprising:
@ nozzie opening for jetting ink droplets;
a pressure generating chamber;
an ink supply passage communicating with said noz-
Zle opening through said pressure generating
chamber;

- vibrating plate forming one wall of said pressure
generating chamber, said vibrating plate compris-
ing a first thin portion close to said nozzle opexing
having a first compliance and a second thin portion
close to said ink supply passage having a second
compliance, wherein said first compliance is

. greater than said second compliance; and

. & piezoelectric vibrator having a longitudinal vibra-
tion mode for applying 2 pressure 1o said pressure
generating chamber, said piezoelectric vibrator

. comnecting to said vibrating plate.

‘7. Aa ink jet recordmg bead comprising:

& sozzle opening for jetting ink droplets;

& pressure generating chamber;

an ink supply passage communicating with said noz-
zle opening through Said pressure generating
chamber;

a vibrating plate forming one wall of said pressure
gcncranng chamber, said vibrating plate compris-
mga.ﬁrstthmpomondosetosmdnozzleopexm:g
having a first compliance and a second thin portion
close to said ink supply passage having a second
compliapce, wherein said first compliance is at

;lia;tlznmsaslargcassudsecoudcomphance;
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ti on..node_for ~applying a pressure to said pressure

gener-ating chanber,

sai d piezoeletric; vibrator connecting to said vibrating plate. 7. An
i nk | ] conprising: a nozzle opening for jetting ink
dr opl Elmﬂﬂwn"gﬂmﬁmgenerati ng chanber; an ink supply passage

communfcating With said noz-
chanber;

generati ng

S 17 -

a pxczodectnc vibrator having a longitudinal vibra-
tion mode for applying 2 pressure to said pressure
generating chamber, said piezoelectric vibrator
connecting to said vibrating plate.

&Themk;et:ecordmghmdofclmmsG wherein
said first compliance is determined by adjusting a sar-
faceareaofsaxdﬁrstthmpomonandsecondcompk-
ance is dewmnnedbyadjustmgasurfaceara of said
second thin portion.

9. Themkje:recordmgh&d of claim 6, wherein said
first compliance is determined by adjusting a thickness
ofsmdﬁtstthmpomcnandsmdsecondcomphancezs
determined by adjusting 2 thickness of said second thin
pomon. o

10. An ink jet recording bead comprising:

a nozzle opeaing {or jetting ink droplets;

2 pressure generating chamber;

an ink supply passage communicating with said noz-
zie opening through said pressure generating
chambes;

a vibratng plate forming one wall of said pressure
generating chamber, said vibrating plate compris-
ing a first thin portion close to said nozzle opening
and facing said nozzie opening and having 2 first
compliance, and a second thin portion having a
second compliance close to said ink supply passage,
said first compliance being larger than said second
compliance; and

a piezoelectric vibrator having a longitudinal vibra-
tion mode for applying a pressure to said pressure
generating chamber, said piezoelectric vibrator
connecting to said vibrating plate.

11. The ink jet recording head of claim 6, wherein
said vibrating plate comprises at least one island mem-
ber whick is surrounded by said thin portion, said at
least one isiand member and said piezoelectric vibrator

. are connected to each other.

12. An ink jet recarding head comprising:

2 nozzle opening for jetting ink droplets;

a pressure generating chamber;

an ink supply passage communicating with said noz-

zle opening through said pressure generating
chamber; .

zl e opening through Said pressure
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a vibratin I ) ng one wall of said pressure generati ng chanber,
said ‘e“uu %“ﬁgﬁﬁm H npris- ing a first thin portion close to said
nozzl e'm ng" g a first conpliance and a second thin portion

close to said ink supply passage having a second conpl i ance, wherein
said fist conpliance is at least 1.2 tinmes as |large as said second
conpl i ance; and - 18-

a vibrating plate forming one wall of said pressare
generating chamber, said vibrating plate compris-
ing a first thin portion close to said nozzle apening
having a first compliance and a second thin portion
baving a second compliance close to said ink sop-
ply passage, said first compliance being larger than
said seccnd compliance; and

a piezoelectric vibrator having 2 longitudinal vibra-
tion mode for applying a pressure to said pressore
gcnerating chamber, said piezoclectric vibrator
connecting to said vibrating plate;

wherein said vibrating plate comprises at least cne
island member which is surrounded by said thin
portion, said island member and said piezoelectric
vibratar are connected to eack other; and

wherein said first compliance and said second compli-
ance are adjusted by lengths of said thin portion
extending from an end of said island member to
said ink supply passage and from an end of said
island member to said nozzle opening.

13. The ink jet recording head of claim 11 or 12,
wherein said first compliance and said second compli-
ance are adjusted by a thickness of said island member.

14. An ink jet recording head comprising:

2 nozzle opening for jetting ink droplets;

- & pressure generating chamber;

an ink supply passage communicating with said noz-

Zle opening through said pressure generating

"2 vibrating piate forming one wall of said pressure
generating chamber, said vibrating plate compris-
ing a first thin portion close to said nozzie opening
having a first complance and 2 second thin portion
baving a second compliance closer to said ink sup-
ply passage. said first compliance being larger than
said seccnd compliance; and

a piczoeiecric vibrator baving 2 longitudinal vibra-
tion mode for 2pplying 2 pressure to said pressure
generadng chamber. said piezoelectric vibrator
connecting to said vibrating plate; '

whersin said vibradng piate comprises at least one
island member which is surrounded by said first
thin portion, said island member and said piezoelec-
tric vibrator ars connectad to each other; and
wherein said island member is divided into plural
sections aong a direction connecting between said
ink supply Dassage and said nozzle opening.
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13. A3 ok jer cecording aead camprising:

a nozzle opening for jettng ink droplets;

4 Pressuss Zegeraung Jaamoes

an ink suppiy sassags communicadng with said goz-
zle drening through said prassure generating
chamoer:

-2 vibradng plare forming one wall of said pressure
' generatng chamber, said vibrating plate compris-
ing 2 {rst thin portdon close to said nozzle apening
baving a {irst complisncs and 2 second thin have 2
second compliancs closer to said ink supply pas-
sage. said Srst compliance detng larger than said
second compliancs; and

a piezcelectric vibrator having 2 longitadinal vibra-
tion mede for applying 2 pressure to said pressure
gezemadng chamber, said piezoelecTic vibrator
connecting to said vibrafing piate;

_Wherein said vibrating plate comprises at least gne
© ™ island member which is surrounded by said first
thin pordon, said isiand member and said piezoelec-

tric vibrator are connected o each other; and
wherein said piezoelectric member and said island
member are comnected to each other through a
commecting member which is larger than said piezo-
electric vibrator but smaller thaz said island mem-
ber with respect to a longitudinal dimension of said

island member.

16. An ink jet recording head, comprising:

2 nozzle opening for jetting ink droplets;

& pressure generating chambers;

an ink supply passage communicating with said noz- -
zle opening through said pressure generating
chamber;

2 vibrating plate fooming one wall of said pressure
generating chamber, said vibrating plate compris-
ing an island member divided into plural sections
along 2 direction connecting berween said ixk sap-
ply passage and said nozzle opening and 2 thin
porton, said isiland member being surrounded by
said thin portion; and

a piezoelectric vibrator connecting to szid vibrating
plate for supplying pressure to said pressure gener-
ating chamber, said piezoelectric vibrator contact-
ing at least two sectons of said island member.

17. The ink jet recording head claim 16, wherein said

island member is wide at 2 part close to said nozzle
opening and said ink supply passage and narrow at a
center part thereof.

18. The ink j jet recording bead of claim 16, wherein

"the thin portion is formed around said islaznd member
sgainst said noxzie opening.

‘This is the replacement sheet
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- 17 - - a piezoelectric vibrator having a | ongitudinal vibra- tion

node for applying a pressure to said pressure generating chanber, said
pi ezoel ectric vibrator connecting to said vibrating plate.
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8.. The ink jet recording head of clains 6, wherein said first conpliance
I s determ ned by adjustig a sur- face area of said first thin portion and
second conpli- ance is determ ned by adjusting a surface area of said
second thin portion. 9. The ink jet recording head of claim®6, wherein
said first conpliance is determ ned by adjusting a thickness of said first
thin portion and said second conpliance is determ ned by adjusting a
t hi ckness of said second thin
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10. An ink jet recording head conprising: a nozzle opening for jetting

I nk droplets; a pressure generating chanber; an i nk supply passage
comuni cating with said noz- zl e opening through said pressure
generati ng chanber; a vibrating plate form ng one wall of said
pressure generating chanber, said vibrating plate conpris-

-3_
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ing a first thin portion close to said nozzle opening and facing said
and a second thin portion

nozzl e openi ng and having a first conpl i ance,
sai d

havi ng a second conpliance close to said ink supply passage,
conpl i ance; and a

first conpliance being | arger than said second
Vi br a- tion node for

pi ezoel ectric vibrator having a |ongitudinal
applying a pressure to said pressure generating chanber, said

pi ezoel ectric vibrator
. -4 -
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connecting to said vibrating plate. 11. The ink jet recordi ng head of
clraim 6, wherein said vibrating plate conprises at |east one island nem
ber which is surrounded by said thin portion, said at |east one island

menber and sai d piezoelectric vibrator are connected to each ot her. 12.
An ink jet recording head conprising: a nozzle opening for jetting ink
dropl ets; a pressure generating chanber
- 5 -
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i ah I nk supply passage communicating with said noz- zl e openi ng through
. said pressure generating chanber;
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- 18- a vibrating plate form ng one wall of said pressure generati ng

- chanber, said vibrating plate conpris- ing a first thin portion close
t'0 said nozzl e opening having a first conpliance and a second thin
portion havi ng a second conpliance close to said ink sup-
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ply passage, said first conpliance being |arger than sai d second
conpl i ance; and a piezoelectric vibrator having a | ongitudinal vibra-

tion node for applying a pressure to said pressure generati ng chanber,
sai d piezoelectric vibrator connecting to said vibrating plate;

wherein said vibrating plate conprises at |east one I sl and nmenber which
is surrounded by said thin portion, said island menber and said

pi ezoel ectric

21b
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vi brator are connected to each other, and wherein said first conpliance

and said second conpli - ance are adjusted by lengths of said thin
portion extending froman end of said island nenber to said ink
supply passage and froman end of said i sl and nenber to said nozzle
openi ng. 13. The ink jet recording head of claim1l or 12, wherein said
first conpliance and said second conpli- ance are adjusted by a thickness
of said island nenber. -9 -
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14. An.ink jet recording head conprising: a nozzle opening for jetting

i nk dropl ets; a pressure generating chanber; an i nk supply passage
comuni cating with said noz- zl e opening through said pressure
generati ng chanber; a vibrating plate form ng one wall of said
pressure. . generating chanber, said virating plate conpris- ing a

first thin portion close to said nozzle opening

FIG. 17

This Sheet Has Been Replaced

i

Date:



havihg»a first conpliance and a second thin portion havi ng a second
conpliance closer to said ink sup- ply passage said first conpliance
and a piezoelectric

bei ng | arger than sai d second conpliance;
vi brator having a | ongitudinal vibra- tion node for applying a pressure

to said pressure generating chanber, said piezoelectic vibrator
connecting to said vibrating plate; wherein said vibrating plate

conprises at |east one
-11-
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i sl'and ‘menber which is surrounded by said first thin portion, said

I sl and nenber and sai d piezoel ec- tric vibrator are connected to each
ot her, and wherein said island nenber is divided into plural sections
al ong a direction connecting between said i nk supply passage and said
nozzl e openi ng.
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- 19- .15. Ad ink jet recording head conpri sing: a nozzl e opening for
jetting ink droplets; a pressure generating chanber; 05056 Tr0S

- 20 -
ABSTRACT

INK JET RECORDING HEAD

An ink jet recording head having a spacer including a
pressure generating chamber, a reservoir, and an ink
supply port connecting them, a nozzle plate, hermeti-
cally fixed on a first side of the spacer, for generating
ink droplets when receiving an ink pressure from the
pressure generating chamber, a vibrating piate, hermeti-
cally fixed on a sécond side of the spacer, for pressing
the pressure generating chamber, and piezoelectric vi-
brators for pressing the vibrating plate, wherein the
vibrating plate has thin portions each occupying a large
area so that the compliance of a regional area closer to
the nozzle openings is larger than a regional area closer
to the ink supply port.

FIG. 1
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an ink supply passage comunicating with said noz- z|l e opemrsily-4 HFOugh

"sai d pressure generating chanber: a vibrating plate form ng one wall
of said pressure gener ating chanmber, said vibrating plate conpris-

ing a first thin portion close to said nozzle opening having a first
conpliance and a second thin have a second conpliance closer to said

I nk supply pas- sage. said first conpliance being |arger than said

-4_ -
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second conpliance; and a piezoelectric vibrator having a | ongitudi nal

Vi br a- tion node for applying a pressure to said pressure
generating chanber, said piezoelectric vibrator connecting to said
vi brating pl ate; wherein said vibrating plate conprises at |east one
I sl and nmenber which is surrounded by said first thin portion, said
I sl and nenber and sai d piezoel ec- tric vibrator are connected to each
ot her; and REPLACEMENT SHEET
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wherein said piezoelectric nmenber and said island menber are connected

-to each other through a connecting nenber which is larger than said
pi ezo- el ectic vibrator but smaller than said island mem ber
Wi th respect to a |ongitudinal dinension of said i sl and nmenber. 16.
An ink jet recording head, conprising- 6 - a nozzle opening for jetting ink
dropl ets; a pressure generating chanber
REPLACEMENT SHEET
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an ink supply passage comunicating with said noz- zl e openi ng through

. said pressure generating chanber; a vibrating plate form ng one
“wall of said pressure generating chanber, said vibrating plate
conpri s- ing an island nenber divided into plural sections al ong
a direction connecting between said ink pup- ply passage and said
nozzl e opening and a thin portion, said island nenber being surrounded
by
REPL;\CEMENT SHEET
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sai d thfn portion; and
Vi brati-ng plate for
ati ng chanber,

sections of said island nenber.

sai d piezoelectric vibrator contact-

a piezoelectric vibrator connecting to said

suppl ying pressure to said pressure gener-
[ ing at |east two

17. The ink jet recording head claim 16,

wherein said island nenber is wide at a&art close to said nozzle opening

and said i nk supply passage and narrow at a center paqhﬁﬁzg

FIG. 114

S—r’

FIG. 118

FIG. 12

FlG. 13

reof. -
EMENT SHEFT

19 FER 1oqq
50 21 A
{ { /

W/////[ILLAJfJ el 7 D

{— rrim//a g\lﬂ

50 21

32

(VI -

33

53 52 51 52 53
L ¢ 7?4
DD )
D D@D TD) <)
\
41

33 32

k‘O 31 4‘1
ANNNANNNN \/\\\\\Y NN\

/S N/ 7A A
R $

30

N

40 31
[ {
ANV NN

D
F th 13

41
{

30

[

32
70

T1a
T2a

71b
72



16. The ink jet recording head of cIaim.16, wherein the thin portion is

#f ormed around said island nenber agai nst said nozzl e opening.
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