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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 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

24 tﬁ a recording

smaller to emit small ink droplets thereby to improve the

printing quality, it is necessaiy to make a thinner nozzle

plate accordingly. In this caée, 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 incorrect direction

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

frequency repeatedly to the nozzle plate.
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One apparatus proposed to resolve th;a 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 v;.brator is actuated, the
pressure causes a stress concentrat:.on 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 or difficulties accompanying the conventional%
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 recordz.ng head of the ink-jet type
especially ¢ . emitting droplets of an ink
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contaiﬁed in an ink chamber: for forming dots on 2 recoxrding

sheet by the kinetic energy of

s such as a piezo-electric vibrator or the like.

an electromechanical conversion

More
mean

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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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
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-~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
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view of the recording head shoﬁn 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
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, + 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.

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
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
influencing fhe adjacent ink pressure chamber. Since the

nozzles 2 are formed in the deep end of the nozzle plate 1
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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
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
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
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
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
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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Fig. 6 is a cross sectioﬁal 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 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.

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
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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concave portion 43 and 45 cons£itutes a nozzle 42 having a
diameter d.

The nozzle 42 according to the fourth embodiment of the
invention may have a disadvantage that the emitt;ng direction
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 in unstable emission of the ink droplets due
to the wet because the opening end of the nozzle 42 is rapidly

spreaded.

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
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, pressurized ink is
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
deforming the nozzle plate even applied with pressure caused by

emitting the ink droplets.
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Further, the recording ﬁead according to the invention
employs the noézle 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 formed on the back of the nozzlé.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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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.
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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 (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.

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.

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
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

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.
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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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