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* RECORDI.NG HEAD OF AN | M- JET TYPE —

PO

RECORDING HEAD OF AN INK-JET TYPE

The present invention relates generally to 2 record}ng

head of an ink-jet type.

A conventional recording head of the ink;jet type for
emitting ink droplets to form characters or figures on a
recording sheet as a set of dots is generally provided with a
pressure chamber and a thin nozzle plate disposed to suground
the pressure chamber, on which plate nozzles having required
number are formed.

The apparatus employing the thin nozzle plate has an
advantage thaF the nozzles can easilf be formed and also that
a axial length of a nozzle relative to an diameter of oxrifice
can be limited within a predetermined range so that the
efficiency of the ink emission can be improved.

However, in case that the diameter of orifice is to be
smaller to emit small ink droplets thereby to improve the

printing qual;py, it is necessary to make a thlnner nozzle

plate accordingly. In this case, rigidity of the thin plate
must be concerned. Particularly, in case of the apparatus
employing a piezoelectric vibrator as an ink droplets emitting
membexr, if a nozzle plate is made extremely thin, it is readily
deformed thereby emitting ink droplets in incoriect direction

especially in case of applying a load of 1-5 Eg/cxﬁ with high

frequency repeatedly to the nozzle plate.

"
-
&

v
heet Has Been Replaced 1 "ﬁ Y &'4--_ |
4

TR




+ BACKGROUND OF THE INVENTION 1. Field of the Inventi of The present
i nvention rel ates gené’hlly to a recording head of an %i:hk- jet type for
emtting droplets of an ink contained in an ink chanber for form ng dots on
a recording sheet by the kinetic energy of an el ectromechani cal conver-
sion nmeans such as a piezo-electric vibrator or the like. Mre
specifically, the invention relates to a configuration of

One apparatus proposed to resolve the aforementioned problem
is disclosed in USP 4,282,533 which apparatus is provided with
a nozzle plate having a  sufficient thickness and grooves
formed on the back thereof. According to this apparatus,
nozzles of a required number are arranged on the bottom of the -
grooves. However, this type of thin nozzle plate .
still suffers from problems of another aspect. That is, even
if one of the selected piezoelectric v1brator is actuated, the
pressure causes a stress concentratlon along the longltudlnal
direction of the grooves so that the nozzle plate would largely

bend, or the applied' pressure propagates along the groove

thereby to cause an undesired crosstalk phenomenon.

The present invention was made in view of the foregoing
problems oxr difficulties accompanying the conventional%g
recording head employing a thin nozzle plate. That is, an?
object of the invention is to provide a recordiﬁg head of an

ink-jet type having a nozzle plate capable of accurately

emitting ink droplets without deforming the nozzle plate even

applied with pressure caused by emitting the ink droplets.

This object is solved by the recording head of the ink-jet

type of independent claim 1. Further advantageous features,
aspects and details of the invention are evident from the
dependent claims, the description and the draw1ngs. The

claims are intended to be understood as a first non-limiting
approach of defining the invention in general terms.

The invention provides a recordlng head of the ink-jet type
especially ¢ . emitting droplets of an ink
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' nozzl es of the recording head. 2. Related Art A conveqtional recording
head of the ink-jet tyfie for emtting ink droplets to=f:@ormcharacters or
figures on a recording Sheet as a set of dots isdgenerallg pr%yi dwith a
Pressurgogteiied and an tiik cbhamberpfare IFFHIE AL sBP- % et

pressure chanber, on which plate nozzles iin a required nu‘{ﬁgg il med.
The appsiieétsbemhekinetie energn oL 28 ﬁ%’iﬁ’é@’—‘é}?’m’a notlrss

means such as a piezo-electric vibrator or the like. Morxe

specifically, the jnvention relates to a configuration of

S

nozzles of the recording head.

Another aspect of the invention is to provide a

recording head employing a nozzle plate by which a longitudinal
length of a nozzle can have an ideal dimension as regquired
relative to a diameter of nozzle orifice by controlling the

depth of a concave portion formed on the back of the nozzle

plate.

It is still another aspect of the invention to provide
2 recording head employing a nozzle plate capable of
effectively suppressing the undesired crosstalk phenomenon

without arranging each of nozzles completely separately.

1
!

According to a specific aspect of thé invention

a Trecording head is provided having a nozzle plate whiéh,
according to the presenf invention, has a sufficient thickness
enough not to be deformed bf a pressure vibration, and which is
provided with concave portions on the back side of the plate
with remaining a thickness corresponding to the longitudinal
length of a nozzle in which Eoncave portions the nozzle is
disposed. The concave portions formed on thé back of the
nozzle plate are arranged independently for each nozzle to
suppress the influence of the pressure applied to the other
nozzle as larxrge as possible by'utilizing the buffer function of

" each of the concave portions. )
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advantage that the nozzles can easily be fornmed and al sq that the axial
length of a nozzle relaitve to an dianeter of its offig&!can be linited
within a predeternmned range so that the efficiency of the ink emission can
be i nproved. However, in-case that: the diameter of the orifices is .made
smaller to emt small i nk droplets thereby to inprove the printing quality,
it is necessary to enploy a thinner nozzl'e plate accordingly. In this case,
the rigidity of the thin plate is an inportant concern. Particularly, in

case of the apparatus
Fig. 1 is a cross-sectional view showing a nozzle plate
according to the first embodiment of the invenéion;
Fig. 2 is a cross-sectional view showing a recording
5 head of an ink-jet type in which the nozzle plate.of the first
embodiment is arranged;

Fig. 3 is a front sectional view of the recording head
shown in Fig. 2;
Fig. 4 is a plan view of the back of the nozzle plate
10 according to the first embodiment of the invention;
Fig. 5 is a cross-sectional view showing a nozzle plate
according to a second embodiment of the invention;
Fig. 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention;
15 Fig. 7 is a cross sectional view showing a nozzle plate
according to a fourth embodiment of the invention; and
Fig. 8 is a cross sectional view showing a nozzle plate

according to a fifth embodiment of the invention.

20 Figs. 1 through 4 are views showing a first embodiment
of the invention. Specifically, Fig. 1 is a cross-sectional
view showing a nozzle plate according to the first embodiment
of the invention, Fig. 2 is a cross-~sectional view showing a
recording head of an ink-jet type in which the nozzle plate of

25 the first embodiment is arranged, Fig. 3 is a front sectional
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enpl oyi ng a pi ezoel ectrig vibrator as an ink droplet emtting menber. if
the nozzle plate is madéiextremely thin, it is readily de’formed t her eby
emitting ink droplets in ‘incorrect directions, especially i'n case of
applying a load of 1-5 kg/crmferr] w th high frequency repeatedly to the
nozzl e pl ate. An apparatus has been prgposed to resolve the aforenen-
tioned problem as disclosed in U S. Pat No. 4,282,533, which is provided
with a nozzle plate having a sufficient thickness and grooves fornmed on the

back ther edlew A0k recording head shown in Fig. 2, and Fig. 4 is a
plan view of_the back of the nozzle plate according to the
first embodiment of the invention. .

A nozzle plate 1 is formed of a nickel plate having a
5 thickness T which is sufficient for resisting pressure and
vibration caused when ink droplets are emitted. The nozzle
plate 1 is provided with a cylindrical concave portion 3 having
a large inner diameter D. The thickness T of the nozzle plate
1 is expressed by the following equation:
10 T =t, + t,
where t; represents an ideal longitudinal length relative to a
diameter d of nozzle orifice, and t; represents a depth of the
concave poxrtion 3. For example, these dimensions are set
t,=30pm, t,=50um and T=80um.
15 The concave portion 3 of the nozzle plate 1l made by
electroforming process and press-forming process is formedlwith
a funnel-like nozzle 2 having the orifice diameter d of 30um,
for example, on an inner bottom portion 4 by electrofoiming.
Low partition walls 5 are unitary formed with the nozzle plate
20 1 and project thexefrom fo arrange each of nozzles 2 to be
separate and define an ink pressure chamber 7 with a pressure
plate 6 disposed on the top of the plate 1.
The partition walls 5 are provided for preventing
pressure applied to each of the ink pressure chamber 7 from
25 influencing f;he adjacent ink pressure chamber. Since the

nozzles 2 are formed in the deep end of the nozzle plate 1
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fng to this apparatus, the required nunber of nozzles are arranged on the

bottom of the grooves. kigmever, this type of thin nozzl&plate stil

suffers from probl ens of another aspect That is, even when one of the

sel ected piezoelectric vibrators is actuated, the pressure causes a stress
concentra- tion along the |longitudinal direction of the grooves so that the

nozzle plate will largely bend, or the applied pressure

through the respective concave pSrtions 3, the partition walls

5 are not required to have a precise dimension because they are

only required to partition each nozzles 2 from the others as

shown in Fig. 4. Space formed at both sides of the partition
5 wall 5 are utilized as an ink flow passage B. |

The recording head further includes a support plate 9
which urges and supports the otherxr piane of the pressure plate
6, an ink supply passage 10 communicating with an ink tank (not
shown in figures), a piezoelectric vibrator 11 and a pressure

10 receiving plate 12.

The recording head of the ink-jet type constructed as
described above can employ the nozzle plate having a thickness
sufficiently large and determine the longitudinal length of the
nozzle having an ideal dimension by forming the concave portion

15 on the back of the plate. Accordingly, ink dropiets are
emitted against a recording sheet stably and accuratel& in
emitting direction. Further, since the concave portion facing
the nozzle are formed inside the nozzle plate 1 independently
owing to the sufficient thickness thereof, the inner side space

20 of the plate can be utilized as an ink buffer: thereby to
suppress the undesired influence of the pressure applied to one
ink chamber to the others. Therefore, the crosstalk phenomenon
can effectively be prevented.

In the above embodiment, although the niozzle plate 1 is

25 formed from a nickel plate. However, a piece of nozzle plate

1 may be formed by laminating many foils each having a hole
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corresponding to the concave p;rtion 3 and many foils each
having a hole corresponding to the nozzle 2.

Fig. 5 is a cross-sectional view showing:a nozzle plate
according to a second embodiment of the invention.

In the second embodiment shown in Fig.-s, a nozzle
plate 21 is provided at the back thereof with a large concave
portion 23A and a middle concave poftion 23B coaxially with a
nozzle 22. The large and ﬁiddle concave portions 23A and 23B
are formed by first and second electroforming processes. An
inner surface of each of the concave portions has an arcuate
shape in cross section which effectively prevents air bobbles
contained in ink from being trapped by the surface of the
concave portion and, accordingly, ink is allowed to flow up
smoothly.

The concave portion may consist of a single concave
portion. However, two concave portions according to the second
embodiment as shown in Fig. 5 is advantageous in that the
remaining thickness of the nozzle plate can be controlled moxe
precisely to be an ideal dimension corresponding to the
longitudinal length of the nozzle 22 during the electroforming
process for the second concave portion 23B.

According to the second embodiment described above, if
the back surface of the nozzle 22 is subjected with a fluorine
resin eutectogenic plating with volatile ink, a peripheral

surface at the opening of the nozzle 22 can be prevented from

being wet.
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propagates al’ong the groeye thereby to cause an undesirgd crosstalk
phenonenon. SUMVARY OF THE | NVENTI ON Tite present

i nvention was made in V|em10f t he foregoing probl enms or difficulties
acconpanyi ng the conventional = recording head enploying a thin nozzle
plate. That is. an object of the i-nvention is to provide a recording head

of an ~ ink-jet type having a nozzle plate capable of accurately

Fig. 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention.

As shown in Fig. 6, a nozzle plate 31 is provided at
the back thereof a single large concave portion 33 having a

5 large diameter D coaxially with a nozzle 32. .The concave
portion 33 is formed by electroforming process. According to
the third embodiment, similar to the first embodiment shown in
Fig. 1, an inner bottom 34 of the concave portion 33 has a
ring-shaped flat surface having a large width W. The third

10 embodiment utilizing the concave portion 33 having the flat
surface at the bottom 34 thereof has advantages that a
momentary pressure applied to ink is balanced so that ink
droplets can stably be emitted.

Fig. 7 is a cross sectional view showing a nozzle plate

15 according to a fourth embodiment of the invention.

Accoxrding to the fourth embodiment, a nozzle plaﬁe 4]
formed of stainless steel is provided with a first semi-
spherical concave portion 43 having a large diameter D and a
depth t?f The first semi-spherical concave portibn 43 is

20 formed by etching the stainless steel plate from the back
surface thereof. The nozzle plate 41 is further provided with
a second semi-spherical concave portion 45 having a small
diameter by etching the plate 41 from a front side thereof
towards the center of the first concave portion 43. A through

25 hole communicating with the first and second semi-spherical
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en1tt|ng i nk dropl ets without deform ng the nozzle platg\ when pressure is
nk dropl ets. Anot her obj ect; of the invention

applied for emtting t héws

is to provide a recording head enpl oying a nozzle plate by which a

| ongi t udi nal | ength of a nozzle can have an ideal di'nmension as requi.red
relative to a diameter of the nozzle orifice by controlling the depth of
a concave portion fornmed on the back of the nozzle pl at e. It is stil

anot her object of the invention to provide a
concave portion 43 and 45 constitutes a nozzle 42 having a

diameter d.
The nozzle 42 according to the fourth embodiment of the
invention may have a disadvantage that the emitting direction
5 of ink droplets is not constant because the conca@e portion is
not funnel-like shaped, however, the nozzle 42 does not suffer
from the problem in unstable emission of the ink droplets due
to the wet because the opening end of the nozzle 42 is rapidly
spreaded. )

10 Fig. 8 is a cross sectional view showing a nozzle plate
according to a fifth embodiment of the invention. The fifth
embodiment is a similar arrangement of the nozzle plate of the fourth
embodiment shown in Fig. 7.

In the fifth embodiment, a nozzle plate 51 is provided

15 with a semi-spherical concave portion 53 having a depth t,
formed by etching the plate from the back surface thereof and
a funnel-like shaped nozzle 52 having a longitudinal length t,
formed by etching the inner deep portion of the concave
portion. According to the fifth embodiment, pressuriéed ink is

20 allowed to sméothly flow from the concave portion 53 havihg a
smooth semi-spherical shape to the funnel-like nozzle 52.
Therefore, the ink droplets can be emitted more stably.

As described above, according to the invention, the
recording head can accurately emit the ink droplets without

25 deforming the nozzle plate even applied with pressure caused by

emitting the ink droplets.
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recordlng head enpl oyi ng.a nozzle plate capable of effec: tively
suppressi ng the undesi red crosstal k phenonenon wi t hodt.}arrangi ng each of
the nozzl es conpletely separately. The above and ot her objects can be
achi eved by the provision of a recording head having a nozzle plate which,
according to the present invention, :has a‘sufficient thickness not to be
defornmed by a pressure vibration, and which s provided with concave
portions on the back side of the plate wiith the remai ning thickness

corresponding to gfe+hadyi tHe recording head according to the invention
employs the noézle plate by which the longitudinal length of

the nozzle can have an ideal dimension as requiied relative fé

the diameter of nozzle orifice by controlling the depth of the

5 concave portion formed on the back of the nozzl;:plﬁte.

Furthermore, the recording head of the invention

employs the nozzle plate capable of éffectively,suppressing the
undesired crosstalk phenomenon without arranging each of

nozzles complétely separately.
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dinal 1ength of a nozzle,

The concave portions for#ed on the back of the nozzle pfate are arranged
i ndependently for each nozzle to suppress the influence of the pressure
applied to the other nozzles as nuch as possi bl e by ut|I|2|r|é*he buf f er

function of each of the concave portians. BRI EF DES
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FIG 1 is a cross-sectional view show ng a nozzle

CLAIMS

A recording head of an ink-jet type for emitting ink
against a recording sheet by a pressure generated by an

electromechanical apparatus, comprising:

" an ink pressure chamber (7) containing the ink; and

a nozzle plate (1, 21, 31, 41, 51) for surrounding said
ink pressure chamber (7), said nozzle plate having a
thickness (T) sufficient for resisting pressure and

vibration, said nozzle plate comprising:

a concave portion (3, 23A, 23B, 33, 43, 53) formed on
a back thereof, said concave portion having a
diameter (D) much larger than that of a nozzle

orifice (d); and

a nozzle (2, 22, 32, 42, 52) disposed in said concave
peortion (3, 23A, 23B, 33, 43, 53), said nozzle (2,
22, 32, 42, 52) opening towards a front of said
nozzle plate (1, 21, 31, 41, 51).

The recording head according to claim 1, further
comprising a pressure plate (6) mounted on said nozzle
plate and a partition means (5) for defining said ink
pressure chamber (7) independently for each nozzle with
said pressure plate, said partition means (5} forming an
ink flow passage (8) communicating with each of said ink

pressure chamber (7).

The recording head according to claim 1 or 2, wherein
said concave portion (3) formed on the back of said
nozzle plate (1) is cylindrical and having a diameter (D)

much larger than that (d) of a nozzle orifice.

i n which concave portions the nozzle is disposed.

Ilézﬂ/fiil////l/l///ll/
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'accordl ng to-the first ,e(rbodl ment of the invention; FLG 2 is a

cross-sectional view shoW ng a recording head of an inkijet type in which
~the nozzle plate of the first enbodiment is arranged; FIG 3 is a front
sectional view of the recording head shown in FIG 2;7 FIG 4 is a plan
view of the back of the nozzle plate &cording to the first enbodi nent of

oot tne b L

4. The recording head according to claim 1 or 2, wherein
said concave portion (23A, 23B, 33, 43, 53) formed on the
back of said nozzle plate (21, 31, 41, 51) has a diameter

5 (D) much larger than that of a nozzle orifice (d) and
being tapered for spreading towards the back surface of

said nozzle plate.

5. The recording head according to claim 1 or 2, wherein

10 said concave portion (237, 23B) formed on the back of
said nozzle plate (21} has a diameter (D) much larger

than that (d) of a nozzle orifice and being spreaded

stepwise.

15 6. The recording head according to claim 1 or 2, wherein
said concave portion (43, 53)) formed on the back of said
nozzle plate (41, 51) 1is semi-spherical and having a
diameter (D) much larger than that (d) of a nozzle

orifice.
20

7. The recording head according to claim 1 or 2, wherein
said concave portion (43) formed on the back of said
nozzle plate (41) is semi-spherical and having a diameter
(D} much larger than that (d) of a nozzle orxrifice while

25 remaining a thickness (ty) corresponding to a
longitudinal length of said nozzle (42), and further
comprising a second semi-spherical concave portion (45)
at a front surface of said nozzle plate (41) towards said
concave portion, whereby a hole communicating with both

30 said concave portions perform as said nozzle (42).

B. The recording head of any one of the preceding claims,
wherein said nozzle plate is formed of a stainless steel
by etching.

35
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The recording head of any one of the preceding claims,
wherein a thickness T of said nozzle plate is expressed
by an equation T = t; + t, where t, represents an ideal
longitudinal length of said nozzle while t, represents a

depth of said concave portion.

The recording head of claim 9, wherein said ideal
longitudinal length of t; of said nozzle is about 30 um;
said depth t, of said concave portion is about 50 um, and
said thickness T of said nozzle plate is about 80 um.

The recording head of any one of the preceding claims,
wherein said concave portion is formed by an

electroforming process.

The recording head of claim 7, wherein said second
concave portion (45) 1is formed by an electroforming

process.,

The recording head of any one of the preceding claims,
wherein said nozzle (2, 22, 32, 52) if funnel-like

shaped.

The recording head of claim 1, wherein said concave
portion consists essentially of a first and second

concave portions formed by electroforming process.

The recording head of any one of the preceding claims,
wherein said nozzle is subjected with a fluorine resin

eutectogenic plating with volatile ink.
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- 3- , FIG 5 is a cross-sectional view showi ng a nozzle plate
according to a second é’n’\bodl ment of the invention; .E)G 6 is a cross
sectional view showing a nozzle plate according to a third enbodi nent of
the invention; FIG 7 is a cross sectional view showi ng a nozzle plate
according to a fourth enbodi nent of.tRhe invention; and FIG 8 is a cross
sectional view show ng a nozzle plate

ABSTRACT

A recording head having a nozzle plate (1) . which has a
sufficient thickness enough not to be deformed by a pressure

5 vibration, and which is provided with concave portlons (3) on
the back side of the plate (1) with remaining a thickness

(ty) corresponding to the longitudinal length of a nozzle (2)

in which concave portions (3) the nozzle (2) is disposed.

The concave portions (3) formed on the back of the nozzle

10 plate are arranged independently for each nozzle (2) to
suppress the influence of the pressure applied to the other
nozzle as large as possible by utilizing the buffer function

of each of the concave portions (3).
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ews shohieng 6f5r%{‘+en‘®dﬂ ment of the invention. SpeC|f|caIIy FIG 1is
a cros ectlonal vi ew showi ng.a nozzle plate according to the first .
enbodi - 'n;’e t f the invention, FIG .2 is-a cross-sectional view show ng a
recor di ng of an ink-jet .type in whi ch the .
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nozzle p1 ate®of the fi rst enbodl ment is arranged FIG 3is a front a/L_i,
“sectional view of the rigfording bead shown in FIG 2 and?FIG 4 is a plan
view of the back of the nozzle plate according to the first -enmbodi nent of .
the inventi on. A nozzle plate 1 is formed of a nickel plate having-a
t hi cknes$ 'T_whjch is sufficient for  -resisting pressure and vibration caused
when in dré)p ts are emtted. The nozzle pllate 1 is provided with a
cylindrical concave portion 3 having a large inner dianmeter D. The
t hi ckness T of the
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nozzl e pkate <1 is expressed by the follow ng equation: [err] whg
t[err] represents an ideat longitudinal length rel ative’zﬂ) a dianeter d fL‘—
the nozzle orifice, and t[err] represents a depth of the concave portion 3.
For exanple. these dinmensions .can be set to t[err]=30[err]m t[err]=50
[err]m.and T=80 [err]m The concave portion 3 of the nozzle plate 1 made

by ) _ : .
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éﬂectroforn1ng process and press-formng process is forned with a
funnel -1i ke nozzle 2 haviing the orifice dianmeter d of 35\[err]n1 for 147
exanpl e. on an inner bottomportion 4 by electrofotm ng. Low partition H‘
walls 5 are unitary formed with the nozzle plate 1 and project therefrom-to
arrange each of the nozzles 2 to be .separate and define an ink pressure
chanber 7 with a pressure plate 6 di sposed on the top of the plate 1
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The partition walls 5 are provided for preventing press applied to each of
the ink pressure chanbers 7 frominflu- encing the adjacent ink pressure

" chanber. Since the nozzles 2 are forned in the deep end of the nozzle plate
1 through the respective concave portions 3, the partition walls 5 are not
required to have a precise dinension because they are only required to
partition each nozzles 2 fromthe others as shown in FIG 4. Spaces forned
at both sides of the partition

FIG. 3

1R
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wall 5 are utilized as an ink flow passage 8. The recording head further

I icl udes a support plate 9 which.urges and supports the other plane of the
pressure plate 6. an ink supply passage 10 communi cating with an ink tank
(not shown in the figures), a piezoelectric vibrator 11 and a pressure
receiving plate. The recording head of the ink-jet type constructed as
descri bed above can enploy the nozzle plate having a thickness sufficiently

| arge, and the | ongitudinal |ength of
~dje 22 21

FIG 5 Z
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t he nozzl e can ‘ﬂeal di mrension by formng the concave portion on
t he back gk ccordlngly I nk droplets are emtted against a
recording d accurately in the proper emting direction.
Further, s cave portions facing the nozzles are.forned |nS|de

t he nozzle a el |ndependently om%ng to the sufficient
h

t her eof ,

i nk chanber to the

A

the i nner side space of t pl ate can be ut|||zed

,...,,—>

The present invention relates generall

head of an ink-jet type.

A conventional recording head of the ink-jet type for
emitting ink droplets to form characters or figures on a
recording sheet as a set of dots is ‘generally provided with a
pressure chamber and a thin nozzle plate disposed to su;round
the pressure chamber, on which plate nozzles having required
number are formed.

The apparatus employing the thin nozzle plate has an
advantage thaF the nozzles can easily be formed and also that
a axial length of a nozzle relative to an diameter of o;ifice
can be limited within a predetermined range so that the
efficiency of the ink emission can be improved.

However, in case that the. diameter of orifice is to be
smaller to emit small ink droplets thereby to improve the

prlnting quality, it is necessary to make a thinner nozzle

plate accprdingly. In this case, rigidity of the thin plate
must be concerned. Particularxly, in case of the apparatus
employing a piezoelectric vibrator as an ink droplets emitting
member, if a nozzle plate is made extremely thin, it is readily

deformed thereby emitting ink ‘droplets in inco;?ect direction

especially in case of applying a load of 1-5 kg/an with high

frequency repeatedly to the nozzle plate.
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Therefore, the crosstalk phenonenon can effectivelygﬁé:bféyénted9ﬁ=ﬁ?in t he

above enbodinent, the nozzle plate 1 is formed fromia nickel plate.; |
However, the nozzle plate 1 may be fornmed by | am nating many. £k s eath
having a hole corre- sponding to the concave portion 3 anﬂ“ﬁﬁny‘foigsfeach
havi ng a hol e corresponding to the nozzle 2. FIG 5li.s..a .cross-sectional
vi ew showi ng a nozzle plate according to a second erbodi nent of the |

i nventi on. ._ S
One apparatus proposed to resolve the aforementioned problem

is disclosed in USP 4,282,533 which apparatus is provided with
a nozzle plate having a  sufficient thickness and grooves
formed on the back thereof. According to this apparatus,
nozzles of a required number are arranged on the bottom of the
grooves. However, this type of thin nozzle plate
still suffers from problems of another aspect. That is, even
if one of the selected piezoelectric vibrator is actuated, the
pressure causes a stress concentration along the longitudinal
direction of the grooves so that the nozzle plate would largely

bend, or the applied’ pressure propagaﬁes along the groove

thereby to cause an undesired crosstalk phenomenon.

The present invention was made in view of the foregoing
problems or difficulties accompanying the conventional.
recording head employing a thin nozzle plate. That is, an
ocbject of the invention is to provide a recordiﬁg head of an

ink-jet type having a nozzle plate capable of accurately

emitting ink droplets without deforming the nozzle plate even

applied with pressure caused by emitting the ink droplets.

This object is solved by the recording head of the ink-jet
type of independent claim 1. Further advantageous features,
aspects and details of the invention are evident from the
dependent claims, the description and the 'drawings. The
claims are intended to be understood as a first non-limiting

approach of defining the invention in general terms.

The invention provides a recording head of the ink-jet type
especially ¢, emitting droplets of an ink
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In the second enbodi nrent shown in FIG 5, a nozzle plate 21 i s prOV|ded at
the back thereof with a | arge concave portion 23A d ar ﬂaddle concave
portion 23B coaxially with a nozzle 22. The Iarge and m'ddl e contave
portions 23A and 23B are fornmed by first and second-eleetrofornihg
processes. An inner surface of each ofsthe con¢ave portlons has an arcuate
shape in cross section which effectlveﬁy preventsai T~ Bubbl es contai ned in
ink from being, gg@@eﬂnbynthﬂsumiﬂm afoxt hiss momega i g¥orcn @n xgRerding

accordlngly, I'n
sheet by the kinetic enerqgy of an electromechanical conversxon

h as a piezo-electric vibrator or the like. More

means Ssuc
to a configuration of

specifically, t+he invention relates

nozzles of the recording head.

An&ther aspect of the invention is to provide a
recording head employing a nozzle plate by which a longitudinal
length of a nozzle can have an ideal dimension as required
relative to a diameter of nozzle orifice by contreolling the

depth of a concave portion formed on the back of the nozzle.

plate.

It is still another aspect of the invention to provide
2 recording head employing & nozzle plate capable of
effectively suppressing the undesired crosstalk phenomenon

without arranging each of nozzles completely seéarately.

According to 'é specific aspect of the invention
a recording head is provided having a nozzle plate which,
according to the present lnventlon, has a sufficient thickness
enough not to be deformed by a pressure vibration, and which is
provided with concave portions on the back side of the plate
with remaining a thickness corresponding to the longitudinal
length of a nozzle in which Eoncave portions the nozzle is
disposed. The concave portions formed on thé back of the
nozzle plate are arranged independently for each nozzle to
suppress the influence of the pressure applied to the other

nozzle as laxge as possible by utilizing the buffer function of

" each of the concave portions.
: heet Has Been Replaced
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allowed to flow snoot hly. The concave portion may consist of a single
concave

1
i
I
i
!

Fig. 1 is a cross-sectional view showing a nozzle-plate
according to the first embodiment of the invention;

Fig. 2 is a cross-sectional view showing a recording
head of an ink-jet type in which the nozzle plate.of the first
embodiment is arranged;

Fig. 3 is a front sectional view of the recording head
shown in Fig. 2;

Fig; 4 is a plan view of the back of the nozzle plate
according to the first embodiment of the invention;

Fig. 5 is a cross-sectional view showing a nozzle plate
according to a second embodiment of the invention;

Fig. 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention;

Fig. 7 is a cross sectional view showing a nozzle plate
according to a fourth embodiment of the invention; and

Fig. 8 is a cross sectional view showing a nozzle plate

according to a fifth embodiment of the invention.

Figs. 1 through 4 are views showing a first embodiment
of the invention. Specifically, Fig. 1 is a cross-sectional
view showing a nozzle plate according to the first embodiment
of the invention, Fig. 2 is a cross-sectiocnal view showing a
recording head of an ink-jet type in which the nozzle plate of

the first embodiment is arranged, Fig. 3 is a front sectional
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portlon However, the provision of two concave: por,;
second enbodlnent as shown in FIG 5 is advantageous in that the remai ni ng
t hi ckness of the nozzle plate can be controlled nore. precisely to be an

i deal dimen- sion corresponding to theslongltudlnal'tength of the nozzl e

view of the recording head shown in fgdfué:-AnamFig. 4 is a

plan view of the back of the nozzle plate according to the

first embodiment of the invention.

A nozzle plate 1 is formed of a nickel plate having a
thickness T which is sufficient for resisting pressure and
vibration caused when ink droplets are emitted. The nozzla
plate 1 is provided with a cylindrical concave portion 3 having
a large inner diameter D. The thickness T of the nozzle plate
1 is expressed by the following equation:

T =1, + t,
where t; represents an ideal longitudinal length relative to a
diameter d of nozzle orifice, and t; represents a depth of the
concave portion 3. For example, these dimensions are set
t,;=30pm, t,=50um and T=80um.

The concave portion 3 of the nozzle plate 1 made by
electroforming process and press-forming process is formedﬁwith
a funnel-like nozzle 2 having the orifice diameter d of 30um,
for example, on an inner bottom portion 4 by electrofofming.
Low partition walls 5 are unitary formed with the nozzle plate
1 and project therefrom fo arrange each of nozzles 2 to be
separate and define an ink pressure chamber 7 with a pressure
plate 6 disposed on the top of the plate 1.

The partition walls 5 are provided for preventing
pressure applied to each of the ink pressure chamber 7 from
influencing hhe adjacent ink pressure chamber. Since the
nozzles 2 are formed in the deep end of the nozzle plate 1

\aced
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22 during the electroform ng process for the second concave portlon 23B.
According to the second enbodi ment described above, if the back surface of
the nozzle 22 is subjected to fluorine resin eutectogeni-c -phati ng with
volatile ink, a periheral surface at the opening of the" nozzfe 22: can ‘be
pr event ed from bei ng wet . FIG 6 is® coss secti.onal. .view: shovm ng a
nozzl e plate according to a third enbodi nent of ‘the |nvent|on '

through the respective concave portlons 3, the partition walls
S are not required to have a precise dimension because they are
only required to partition each nozzles 2 from the others as
shown in Fig. 4. Space formed at both sides of the partition
wall 5 are utilized as an ink flow passage 8. |

The recording head further includes a support plate 9
which urges and supports the other ﬁlane of the. pressure plate
6, an ink supply passage 10 communicating with an ink tank (not
shown in figures), a piezoelectric vibrator 11 and a pressure
receiving plate 12.

The recording head of the ink-jet type constructed as
described above can employ the nozzle plate having a thickness
sufficiently large and determine che longitudinal length of the
nozzle having an ideal dimension by forming the concave portion
on the back of the plate. Accordingly, ink .drop.lets are
emitted against a recording sheet stably and accuratel& in
emitting direction. Further, since the concave portion facing
the nozzle are formed inside the nozzle plate 1 independently
owing to the sufficient thickness thereof, the inner side space
of the plate can be utilized as an ink buffer thereby to
suppress the undesired influence of the pressure applied to one
ink chamber to the others. Therefore, the crosstalk phenomenon
can effectively be prevented.

In the above embodiment, although the nozzle plate 1 is
formed from a nickel plate. However, a piece of nozzle plate

1 may be formed by laminating many foils each having a hole
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As shown in FIG 6. a nozzle plate 31 is provided-at—the back theleof a

single | arge concave portion 33 having a | arge chameter D'coaxially with a
nozzle 32. The concave portion 33 is formed by gn el ect rof or ni ng process.

According to the third enbodiment. simlar to the flrgt‘ Bfedi ment. shown in
FIG 1. an inner bottom 34 of the concave portion {33 has a ri ng- ‘shaped: fl at
surface.having a large width W The third enbodi ment—uti izi ng the concave
portion 33 having the flat surface at the bottom 34 thereof_ has _advantages

t hat a T

corresponding to the concave pbrtion 3 and many foils each
having a hole corresponding to the nozzle 2.

Fig. 5 is a cross-sectional view showing:a nozzle plate
according to a second embodiment of the invention.

In the second embodiment shown in Fig. 5, a nozzle
plate 21 is provided at the back thereof with a large concave
portion 23A and a middle concave poftion 23B coaxially with a
nozzle 22. The large and ﬁiddle concave portions 23A and 23B
are formed by first and second electroforming processes. An
inner surface of each of the concave portions has an arcuate
shape in cross section which effectively prevents air bobbles
contained in ink from being trapped by the surface éf the
concave portion and, accordingly, ink is allowed to flow up
smoothly.

The concave portion may consist of a single concave
portion. However, two concave portions according to the second
embodiment as shown in Fig. 5 is advantageous in that the
remaining thickness of the nozzle plate can be controlled more
precisely to be an ideal dimension corresponding to the
longitudinal length of the nozzle 22 during the electroforming
process for the second concave portion 23B.

According to the second embodiment described abowve, if
the back surface of the nozzle 22 is subjected with a fluorine
resin eutectogenic plating with volatile ink, a peripheral
surface at the opening of the nozzle 22 can be prevented from

being wet.
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monentary pressure applied to the ink is bal anced-.so that..ink dropl ets can

stably be emtted. FIG 7 is a cross sectional: VIGM/ShOMAng a nozzl e
pl ate according to a fourth enbodi nent of the i nvention. . Accordlng to the
fourth enbodi nent, a nozzle plate 41 fornmed of stainli€ssZstig®d is :provided

with a first seni- spherical concave pdttion 43 haV|ng a large dlaneter D
and a depth t[err]. The first sem -spherical concave portion 43 |s f or med
by etching the stainless steel plate fromthe back -

Fig. 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention.

As shown in Fig. 6, a nozzle plate 31 is provided aﬁ
the back thereof a single large concave portlon 33 hav1ng a
large diameter D coaxially with a nozzle 32. The concave
portion 33 is formed by electroforming process. According to
the third embodiment, similar to the first embodiment shown in
Fig. 1, an inner bottom 34 of the concave portion 33 has a
ring-shaped flat surface having a large width W. The third
embodiment utilizing the concave portion 33 having the flat
surface at the bottom 34 thereof has advantages that a
momentary pressure applied to ink is balanced so that ink
droplets can stably be emitted.

Fig. 7 is a cross sectional view showing a nozzle plate
according to a fourth embodiment of the invention.

According to the fourth embodiment, a nozzle plaﬁe 41
formed of stainless steel is provided with a first semi-
spherical concave portion 43 having a large diameter D and a
depth ts. The first semi-spherical concave portibn 43 is
formed by etching the stainless steel plate from the back
surface thereof. The nozzle plate 41 is further provided with
a second semi-spherical concave portion 45 having a small
diameter by etching the plate 41 from a front side thereof
towards the center of the first concave portion 43. A through

hole communicating with the first and second semi-spherical
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surface thereof. The nozzle plate 41 is further provided with a second
sem -spherical concave portion 45 having a small dianeter by etching the
plate 41 froma front side thereof towards the centefr-of -the-first concave
portion 43. A through hole conmunicating with the first and second

seni - sphercal concave portion 43 and 4% constit ut es anozzle 42 haw ng a
di anet er d. The nozzle 42 according to the fourth erbodi mrent df the

i nvention may have a di sadvantage that the emtti ng direc- .

concave portion 43 and 45 conséitntes a nozzle 42 having a
diameter d.

The nozzle 42 according to the fourth embodiment of the
invention may have a disadvantage that the emitting direction
of ink droplets is not constant because the concé?e portion is
not funnel-like shaped, however, the nozzle 42 does not suffer:
from the problem in unstable emission of the ink droplets due

to the wet because the opening end of the nozzle 42 is rapidly

spreaded.

Fig. B8 is a cross sectional view showing a nozzle plate
éccording to a fifth embodiment of the invention. The fifth
erbodiment is a similar arrangement of the nozzle plate of the fourth
embodiment shown in Fig. 7. | |

In the fifth embodiment, a nozzle plate 51 is provided
with a semi-spherical concave portion 53 having a depth t,
formed by etching the plate from the back surface thereof and
a funnel-like sﬁaped nozzle 52 having a longitudinal length t,
formed by etching the inner deep portion of the concave .
portion. According to the fifth embodiment, pressuriéed ink is
allowed to sm&othly flow from the concave portion- 53 having a
smooth semi-spherical shape to the funnel-like nozzle 52.
Therefore, the ink droplets can be emitted more stably.

As described above, accordiﬁg to the "invention, the
recording head can accurately emit the ink droplets without
deforming the nozzle plate even applied with pressure caused by

emitting the ink droplets.
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tion of ink droplets is not constant because the concave portlon is" not
funnel -1ike shaped, however, the nozzle 42 does not suffer fromthe problen1
of unstable em ssion of the ink droplets due to metttng because -the openlng

end of the nozzle 42 is rapidly spreadgg P !

Further, the recording head according to the invention
employs the nozzle plate’ by which the longitudinal length of
the nozzle can have an ideal dimension as requiied relative to
the diameter of nozzle orifice by controlling the_depth of the
concave portion formeq on the back of the nozzie'plﬁte.

Furthermore, the recording head of the invention
employs the nozzle plate capable of éffectively,suppressing the

undesired crosstalk phenomenon without arranging each of

nozzles complétely separately.
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AT ORI E ann s

R I AN I S P

CLAIMS e e

A recording head of an ink-jet type for emitting ink
against a recording sheet by a pressure generated by an

electromechanical. apparatus, comprising:

" an ink pressure chamber (7) containing the ink; and

a nozzle plate (1, 21, 31, 41, 51) for surrounding said
ink pressure chamber (7), said nozzle plate having a
thickness (T) sufficient for resisting pressure and

vibration, said nozzle plate comprising:

a concave portion (3, 23A, 23B, 33, 43, 53) formed on
a back thereocf, said concave portion having a
diameter (D) much larger than that of a nozzle

orifice (d); and

a nozzle (2, 22, 32, 42, 52) disposed in said concave
portion (3, 23A, 23B, 33, 43, 53), said nozzle (2,
22, 32, 42, 52) opening towards a front of said
nozzle plate (1, 21, 31, 41, 51).

The recording head according to «c¢laim 1, further
comprising a pressure plate (6) mounted on said nbzzle
plate and a partition means (5) for defining said ink
pressure chamber (7) independently for each nozzle with
said pressure plate, said partition means (5) forming an
ink flow passage (8) communicating with each of said ink
pressure chamber (7).

The recording head according to claim 1 or 2, wherein
said concave portion (3) formed on the back of ' said
nozzle plate (1) is cylindrical and having a diameter (D)
much larger than that (d) of a nozzle orifice.
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according to a fifth enbodi rrent 4 IHI’HUM“@I l‘l“‘ﬂ’l"l The fifth énbodinent is

an arrangenent of the nozzle

§1 he nbod ment shown in \FIG

7. In the fifth enbodi rrent a nozzle plate 51 is;pfovided with a

sem - spheri cal

concave portlon 53 having a depth t[err] “frar ned by etchl ng

the plate fromthe back surface therebf and a funnel -1i ke shaped nO’ZZl e 52
having a longitudinal length t[err] formed by etching the inrer deép

portion of the concave portion. According to the fifth enmbodinent, pres-

The recording head according to claim 1 or 2, wherein
said concave portion (23A, 23B, 33, 43, 53) formed on the
back of said nozzle plate (21, 31, 41, 51) has a diameter
(D) much larger than that of a nozzle orifice (d) and
being tapered for spreading towards the back surface of

said nozzle plate.

The recording head according to claim 1 or 2, wherein
said concave portion (23A, 23B) formed on the back of
said nozzle plate (21) has a diameter (D) much larger
than that (d) of a nozzle orifice and being spreaded

stepwise.

The recording head according to claim 1 or 2, wherein
said concave portion (43, 53)) formed on the back of said
nozzle plate (41, 51) is semi-spherical and having a
diameter (D) much larger than that (d) of a nozzle

orifice.

The recording head according to claim 1 or 2, wherein
said concave portion (43) formed on the back of said
nozzle plate (41) is semi-spherical and having a diameter
(D) much larger than that (d) of a nozzle orifice while
remaining a thickness (ty) corresponding to a
longitudinal 1length of said nozzle (42), and further
comprising a second semi-spherical concave portion (45)
at a front surface of said nozzle plate (41) towards said
concave portion, whereby a hole communicating with both

said concave portions perform as said nozzle (42).

The recording head of any one of the preceding claims,
wherein said nozzle plate is formed of a stainless steel

by etching.

plaC?fd
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surized ink is allowed to srmoth'uuwmm."’lfﬂ‘mﬂmconcave portion 53 having
a snooth sem -spherical shape to 4 0zzl-e-52: Therefore-—the
ink droplets can be emtted nore st ab ly. " ad déscri bed’ above, according to -
the invention, the recording head can accurately enlt the ink droplets

wi t hout deform ng the nozzle plate eve® when pressure | s «appt.i:-ed-for!
emtting the ink droplets. Further, the recording head accordlng to the

i nvention

9. The recording head of any one of the preceding claims,
wherein a thickness T of said nozzle plate is expressed
by an equatien T = t; + t, where t, represents an ideal
longitudinal length of said nozzle while t, represents a

depth of said concave portion.

10. The recording head of claim 9, wherein said ideal
longitudinal length of ty of said nozzle is about 30 pm;
said depth t, of said concave portion is about 50 pm, and
said thickness T of said nozzle plate is about 80 pm.

11. The recording head of any one of the preceding ciaims,
wherein said concave portion is formed by an

electroforming process.

12. The recording head of claim 7, wherein said second
concave portion (45) 1is formed by an electroforming

process.

13. The recording head of any one of the preceding claims,
wherein said nozzle (2, 22, 32, 52) if funnel-like

shaped.

14. The recording head of claim 1, wherein said concave
portion consists essentially of a first and second
concave portions formed by electroforming process.

15. The recording head of any one of the preceding claims,
wherein said nozzle is subjected with a fluorine resin

eutectogenic plating with volatile ink.
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enpl oys a nozzle plate by which the longitudinal Iength of the nozzle can
have an ideal dinension as required relative to the dianeter-.of. the nozZle
orifice by controling the depth of the concave portion. ‘fornged.on. ‘the’back
of the nozzle plate. Furternore, the recording head of-the invention
enpl oys a nozzle plate capabl e of effekélvely suppr essi ng tihe. Undes- |red
crosstal k phenonenon w t hout arrangi ng each of nozzles conpletely ;
separately.

RECORDING HEAD OF AN INK-JET TYPE

ABSTRACT

A recording head having a nozzle plate (1) . which has a
sufficient thickness enough not to be deformed by a pressure
vibration, and which is provided with concave portlons (3) on
the back side of the plate (1) with remaining a thickness
(ty) corresponding to the longitudinal length of a nozzle (2)
in which concave portions (3) the nozzle (2) is disposed.
The concave portions (3) formed on the back of the nozzle
. plate are arranged independently for each nozzle (2) to
suppress the influence of the pressure applied to the other
nozzle as large as possible by utilizing the buffer fuynction

of each of the concave portions (3).

FIGURE 2
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7 - VWhat is clainmed is: 1. An ink jet type recording head for
en1tt|ng I nk dropl ets against a recording sheet, conprising: a nozzle plate
having a plurality of pressure chanmbers defined in a rear surface thereof,
sai d pressure chanmbers being in fluid communica- tion with one another.. -2,

nozzle orifice being formed through s&@ d nozzle plate f@r each of sald
pressure chanbers, and a

I
1G5 me.
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concave portion being formed at a rear end of each of said nozzle orifices =~
comuni cating said nozzle orifices with a respective one of-said. préessure - °
chanbers, said concave portions having a diameter at _|east (several tines
| arger than a dianeter of said nozzle prifices and being sufficjendy 1:arge, .
t o suppress cosstal k between adj acent ones of said pressure chanbers: a L
pressure plate covering one side of said pressure chanbers;: and a plurality
of pressure transducers, one of said pressure transducers being provided
for each of said 21 SN

ez B
FIG. 5 .
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Fityrye- 2 IV
pressure chanbers for applying pressure to ink contained in a respective

one of sal‘ﬁ pressure chanbers throtigh said pressure plate for expelling ink
dropl ets t’hrough a respecfive one &f said nozzle orifices. 2. The
recordi ng thead according o claim®, further conprising partition neans
for definifhg said ink pressure chanbers independently for each of said
nozzle orifices with said pressure plate, ~said partition wall form ng an
ink flow passage communi cakppg W th each of said ink pressure

RECORDING HEAD OF AN INK-JET TYPE

BACKGROUND OF THE INVENTION

1. Feld of the Invention

The present invention relates geperally to a recording
head of an ink-jet type for emitting droplets of an ink
contained in an ink chamber for forming dots on a recarding
sheet by the kinetic energy of an electromechanical conver-
sion means such as a piezo-electric vibrator or the like. More
spcaﬁcally, the invention relates to a configuration of

o . inozzles of the recording head.
20inE 0 2. Relared Art
- | A conventional recording head of the ink-jet type for
‘emitting ink droplets to form characters or figures on a
b———-m—- - - - recording sheet as a set of dots is generally provided with a !

pressure chamber and a thin nozzle plate disposed to sur-
round the pressure chamber, on which plate nozzles in a
required number are formed.

The apparatus employing the thin nozzie plate has an
advantage that the nozzles can easily be formed and also that
the axial length of a nozzle relative to an diameter of its
ocifice can be limited within a predetermined range so that
the efficiency of the ink emission can be improved. .

However. in case that the diameter of the orifices is made
smaller to emit small ink droplets thereby to improve the
printing quality, it is necessary to employ a thinner nozzle
plate accordingly. In this case, the rigidity of the thin plate
is an important concern. Particulady, in case of the apparatus
employing a piezoelectric vibrator as an ink droplet emitting
member, if the nozzlcplatcismadec:drcmalythin,itis
readily deformed tha:cby emitting ink droplets in incorrect
directions, especially in case of applying a load of 1-§
kg/cm? with high frequency repeatedly to the nozzle plate.

An apparatus has been proposed to resolve the afaremen-
tioned problem. as disclosed in U.S. Pat No. 4,282 533,
which is provided with a nozzle platc having a sufficient
thickness and grooves formed on the back thereof. Accord-
ing to this apparatus, the required number of nozzles are
arranged on the bottom of the grooves. However, this type
of thin nozzle plate still suffers from problems of another
aspect. That is, even when one of the selected piezoelectric
vibrators is actuated, the pressure causes a stress concentra-
tion along the longitudinal direction of the grooves so that
the nozzle plate will largely bend, or the applied pressure




chanbers. 3. The recording head according to cl ai mgr];j;;g.'m,e‘r?'ej:.-n_'-f"'sajigd'

concave portions are cylindrical. 4. The recording head-aceordi-ng-t0

claim1l1, wherein said concave portions are tapered spr‘paﬁiﬁﬁg%\@{é@s tihe
ad Wetbrtichg

back surface of said nozzle plate. 5. The recording| he it

claim 1 wherein said concave portions spread stepwise, | __ 6. The recdrd
I

head according to claim1l wherein said - 2 - |

propagates along the groove thereby to cause an undesired
crosstalk phenomenon.

SUMMARY OF THE INVENTION

The present invention was made in view of the foregoing
problems or difficultics accompanying the conventional
recording head employing a thin nozzle plate. That is. an
object of the invention is to provide a recording head of an

" ink-jet type having a nozzle plate capable of accurately
emitting ink droplets without defarming the nozzle plate
when pressure is applied for emitting the ink droplets.

Another object of the invention is to provide a recording
head employing a nozzle plate by which a longitudinal
length of a nozzle can have an ideal dimension as required
relative to a diameter of the nozzle orifice by controlling the
depth of a concave portion formed on the back of the nozzle
plate.

It is still another object of the invention to provide a
recording head employing a nozzle plate capable of cffec-
ively suppressing the undesired crosstalk phenomenon
without arranging each of the nozzles completely scparately.

Tl;c above and other objects can be achieved by the
provision of a recarding head having a nozzle plate which,
accarding to the present invention, has a sufficient thickness
not to be deformed by a pressure vibration, and which is
provided with concave portions on the back side of the plate
with the remaining thickness corresponding to the longitu-
dinal length of a nozzle. in which concave portions the
nozzle is disposed. The concave portions formed on the back
of the nozzle plate arc amanged independently for each
nozzle to suppress the influence of the pressure applied to
the other nozzles as much as possible by utilizing the buffer
function of each of the concave partions.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG._ L is a cross-sectional view showing a nozzic plate
accarding to the first embodiment of the invention;

FIG..Z is. a cross-sectional view showing a recording head
of an Ink-jet type in which the mozzle plate of the first
embodiment is arranged;

FIG. 3 is a front sectional view of the recording head
shown in FIG. 2;

FIG.. 4 is a plan view of the back of the nozzle plate
according to the first embodiment of the invention;

ng



concave are sem -spherical. d
or 2. wherein said concave portions are seni-spherical, and further wherei:n
a second semi -spherical concave portion is formed in a front: surface of.
sai d nozzle plate around each of said nozzle orifices and ext eddi ing -towar ds
sai d concave portions, whereby a hole comunicating with bpth said concave

portion fornms said nozzle orifice.

wherein said nozzle

FIG. 5 is a cross-sectional view showing a nozzle plate
accarding to a second embodiment of the invention;

FIG._ 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention;

FIG. 7 is & cross scctional view showing a nozzle plate
according to a fourth embodiment of the invention; and

FIG. 8 is a cross sectional view showing a nozzle plate
according to a fifth embodiment of the invention.

'DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 through 4 arc views showing a first embodiment
of the invention. Specifically, FIG. 1 is a cross-sectional
view showing a nozzle plate according to the first embodi-
ment of the invention, FIG. 2 is a coss-sectional view
showing a recording head of an ink-jet type in which the
nozzle plate of the first embodiment is amranged, FIG. 3is a
front sectional view of the recarding head shown in FIG. 2,
and FIG. 4 is a plan view of the back of the nozzle plate
according to the first embodiment of the invention.

A pnozzle plate 1 is formed of a nickel plate having a
thickness T which is sufficient for resisting pressure and
vibration caused when ink droplets are emitted. The nozzle
plate 1 is provided with a cylindrical concave portion 3
having a large inner diameter D. The thickness T of the
nozzle plate 1 is expressed by the following equation:

T=t+,

where t, represents an ideal longitudinal length relative to a
diameter d of the nozzle orifice, and t, represents a depth of
the concave portion 3. For example, these dimensions can be
set to £,=30 pm, t,=50 pym and T=380 um.

The concave portion 3 of the nozzie plate 1 made by
electroforming process and press-forming process is formed
with a funnel-like nozzle 2 having the orifice diameter d of
30 pm, for cxample. on an inner bottom portion 4 by
electrofarming. Low partition walls 5 are unitary formed
with the nozzle plate 1 and project therefrom to arxange each
of the nozzles 2 to be separate and define an ink pressure
cixamlicr 7 with a pressure plate 6 disposed on the top of the
plate 1.

8. The recording headiof claim1,

paE———————ee s

7. The recording head accoriding to clains _1:,-%-_‘-!



plate is formed of a stainless steel by etching. 9. The
claiml1, wherein a thickness T
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The partition walls 5 arc provided for preventing presstre = =7
applicd to cach of the ink pressure chambers 7 from influ-
encing the adjacent ink pressure chamber. Since the nozzies
2 arc formed in the decp end of the nozzle plate 1 through
the respective concave portions 3, the partition walls § are
not required to have a precise dimension because they are
only required to partition cach nozzles 2 from the others as
shown in FIG. 4. Spaces formed at both sides of the partition
wall 5 are utilized as an ink flow passage 8.

The recording head further includes a support plate 9
which urges and supports the other plane of the pressure’
plate 6. an ink supply passage 10 communicating with an ink
tank (mot shown in the figures), a piezoelectric vibrator 11
and a pressure receiving plate.

The recording head of the ink-jet type constructed as
described above can employ the nozzle plate having a
thickness sufficiently large, and the longitudinal length of

-the nozzle can have an ideal dimension by forming the
concave partion on the back of the plate. Accordingly, ink
droplets arc emitted against a recarding sheet stably and
accurately in the proper emitting direction. Further, since the
concave portions facing the nozzles are formed inside the
nozzie plate 1 independently owing to the sufficient thick-
ness thereof, the inner side space of the plate can be utilized
as an ink buffer thereby to suppress the undesired influence
of the pressure applied to one ink chamber to the others.
Therefore, the crosstalk phenomenon can effectively be
prevented.

In the above embodiment, the nozzle plate 1 is formed
from a nickel plate. However, the nozzle plate 1 may be
formed by laminating many foils each having a hole corre~
sponding to the concave partion 3 and many foils each
having a hole corresponding to the nozzle 2.

FIG. § is a cross-sectional view showing a nozzle plate
according to a second embodiment of the invention.

In the second embodiment shown in FIG. 5, a nozzle plate
2] is provided at the back thereof with a large concave
portion 23A and a middle concave portion 23B coaxially
with a nozzie 22. The large and middle concave portions
23A and 23B are formed by first and second electrofarming
processes. An inner surface of each of the concave portions
has an arcuatc shapc in cross section which effectively
prevents air bubbles contained in ink from being trapped by
the surface of the concave portion and, accordingly, ink is
allowed to flow smoothly.

The concave portion may consist of a single concave



8 of said nozzle plate is expressed by an equation T=t[jerr]+t[err} where;
t[err] represents an ideal longitudinal |length of said nozzle while t[eri]:
represents a depth of said concave portion 10. The recording head of "7 |
claim9. wherein said ideal L 2nkAR 08 !
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portion. However, the provision of two concave portions
according to the second embodiment as shown in FIG. 5 is
advantageous in that the remaining thickness of the nozzle
plate can be controlled more precisely to be an ideal dimen-
sion comresponding to the longitudinal leagth of the nozzle
22 during the electroforming process for the second concave
portion 23B.

According to the second embodiment described above, if
the back surface of the nozzle 22 is subjected to fluorine
resin eutectogenic plating with volatile ink, a peripheral
surface at the opening of the nozzle 22 can be prevented
from being wet.

FIG. 6 is a cross sectional view showing a nozzle plate
according to a third embodiment of the invention.

As shown in FIG. 6, a nozzle plate 31 is provided at the
back thereof a single large concave portion 33 having a large
diameter D coaxially with a nozzle 32. The concave portion
33 is formed by an electroforming process. According to the
third embodiment. similar to the first embodiment shown in
FIG. 1. an inner bottom 34 of the concave portion 33 has a
ring-shaped flat surface having a large width W. The third
embodiment utilizing the concave portion 33 having the flat
surfacc at the bottom 34 thercof has advantages that a
momentary pressure applied to the ink is balanced so that ink
droplets can stably be emitted.

FIG. 7 is a cross sectional view showing a nozzie plate
according to a fourth embodiment of the invention.

According to the fourth embodiment, a nozzle plate 41
formed of stainless steel is provided with a first semi-
spherical concave portion 43 having a large diameter D and
a depth t,. The first semi-spherical concave portion 43 is
formed by etching the stainless steel plate from the back
surface thereof. The nozzle plate 41 is further provided with
a second semi-spherical concave portion 45 having a small
diameter by etching the plate 41 from a front side thereof
towards the center of the first concave portion 43. A through
hole communicating with the first and second semi-spherical
concave portion 43 and 45 constitutes a nozzle 42 having 2
diameter d.

The nozzle 42 according to the fourth embodiment of the
invention may have a disadvantage that the emitting direc-
tion of ink droplets is not constant because the concave
portion is not funnel-like shaped, however, the nozzle 42
does not suffer from the problem of unstable emission of the
ink droplets due to wetting because the opening end of the

" nozzle 42 is rapidly spreaded.



Iongltudl nal length t[err] of said nozzle is 30 [err]m sard'de‘pth tier] of
sai d concave portion is 50 [err]mand said thickness T of,s&id nozzl e plate;
is 80 [err]m 11 The recording head of claiml1, wherein $a1d concave ; !
portions are forned by an el ectroformng process. 12. The:r gootidiEngihead !
of claim?7, wherein said second concave portions are forrred by an ! i
el ectroform ng process. 13. The recordlé]g_ head of cl ai twherein - sarid:
nozzl e orifices are funnel-1like shaped. nT f

FIG. 8 is a cross sectional view showing a nozzle plate
according to a fifth embodiment of the invention. The fifth
embodiment is an arrangement of the nozzie plate of the
fourth embodiment shown in FIG. 7.

In the fifth embodiment, a nozzle plate 51 is provided with
a semi-spherical concave partion S§3 having a depth ¢,
farmed by etching the plate from. the back surface thereof
and a funnel-like shaped nozzle 52 having a longitadinal
length t, formed by etching the inner deep portion of the
concave portion. According to the fifth embodiment, pres-
surized ink is allowed to smoothly fiow from the concave
portion 53 baving a smooth semi-spherical shape to the
funnel-like nozzle 52. Therefare, the ink droplets can be
cmitted more stably.

As described above, according to the invention, the
recarding head can accurately emit the ink droplets without
deforming the nozzle plate even when pressure is applied for
emitting the ink droplets.

Further, the recording head accarding to the invention
employs a nozzle plate by which the longitadinal length of
the nozzle can have an ideal dimension as required relative
to the diameter of the nozzle orifice by controlling the depth
of the concave portion formed on the back of the nozzie
plate.

Furthermore, the recarding head of the invention employs
a nozzle plate capable of effectively suppressing the undes-
ired crosstalk phenomenon without arranging each of
nozzles completely separately.



14. The recording head of claim1l, V\:h ch said concave portion
consists essentially of a first and s M’ ﬁ% ﬁfﬂlﬁmt i ong, f—a;]nfd BYy- - ..h_.,_“_,
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el ectrofornming process. 15. The recoF :
said nozzle orifice is subjected to quorlne reS|n e‘Utectogenlc plating P
with volatile ink . lo2ek Ry 0|

_7_ H ; LTI K SPR ) 3 :

What is claimed is: S

1. Anink jet type recording head for emitting ink droplets
against a recording sheet, comprising: a nozzle plate having
2 plurality of pressure chambers defined in a rear surface
thereof, said pressure chambers being in flnid communica-
tion with one another, a nozzle orifice being formed through
said nozzle plate for each of said pressure chambers, and a
concave portion being formed at a rear end of each of said
nozzle orifices communicating said nozzle orifices with a
respective one of said pressure chambers, said comcave
portions having a diameter at least several times larger than
a diameter of said nozzle orifices and being sufficiently large
to suppress crosstalk between adjacent ones of said pressure

chambers; a oressure plate cavering one side of said oressure
chambers; and a piurality of pressure transducers, one of
said pressure transducers being provided for each of said
‘pressure chambers far applying pressure to ink contained in
a respective one of said pressurc chambers through said
pressure plate for expelling ink droplets through a respective
one of said nozzle arifices.

2. The recarding head according to daim 1, further
comprising partition means for defining said ink pressure
chambers independently for each of said nozzle orifices with
said pressure plate, said partition wall forming an ink fiow
passage communicating with each of said ink pressure
chambers. '

3. The recording head accarding to claim 1, wherein said
concave partions are cylindrical.

4. The recording head according to claim 1, wherein said
concave partions are tapered spreading towards the back
surface of said nozzle plate.

5. Thcrwoxﬂmghcadamdmgto claim 1, wherein said
concave portions spread stepwise.

6. The recording head according to claim 1, wherein said
concave are semi-spherical

7.Therecording head sccording to claims 1, or 2. wherein
said concave portions are semi-spherical, and further
wherein a second semi-spherical concave portion is formed
in a front surface of said nozzle plate around each of said
nozzle orifices and extending towards said concave portions,

whereby a holc communicating with both said coocave
partion forms said nozzle arifice,

8. The recording head of claim 1, wherein said nozzle
plate is formed of a stainless steel by ctching.

9. The recording head of claim 1, wherein a thickness T
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of said nozzle plate is expressed by an equation Tet,+t,
where t, represents an ideal longitudinal length of said
nozzle while t, represents a depth of said concave portion.

10. The recording head of claim 9. wherein said ideal
longitudinal length t, of said nozzle is 30 um, said depth t,
of said concave partion is 50 um, and said thickness T of said
nozzle plate is 80 pm.

1L The recarding head of claim 1, wherein said concave
portions are formed by an electroforming process.

12. The rccording head of claim 7, wherein said second
concave poctions are formed by an electroforming process.

13. The recording head of claim 1, wherein said nozzle
arifices are funnel-lik=

14. The recording head of claim 1, wherein each said
concave portion consists essentially of a first and second
concave portions fonned by electroforming process.

15. The recording head of claim 1, wherein each said
nozzle orifice is subjected to fluorine resin cutectogenic
plating with volatile ink.



ABSTRACT

RECORDING HEAD OF AN INK-JET TYPE

Arccarding head having a nozzle plate which has a sufficient
thickness not to be defarmed by a pressure vibration, and
which is provided with concave pactions on the back side of
the plate with remaining a thickness comesponding to the
longitudinal length of a nozzle in which concave portions of
the nozzie are disposed. The concave portions formed on the
back of the nozzle plate arc arranged independently for each
nozzle to suppress the influence of the pressure applied to
the other nozzles as much as possible by utilizing the buffer
function of each of the concave portions.

Fig. 2
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