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ABSTRACT OF THE DISCLOSURE

There is disclosed a liquid discharging method and
apparatus in which a bubble 1s formed and grown 1in the
liquid which is communicated with atmosphere at an area of
a discharge opening and in which a movable member having a
free end which guides the bubble toward the discharge

opening while regulating growth of the bubble.
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METHOD FOR DISCHARGING LIQUID BY COMMUNICATING
BUBBLE WITH ATMOSPHERE, LIQUID DISCHARGING HEAD FOR

CARRYING OUT SUCH METHOD, AND RECORDING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to recording method
and apparatus using a process for communicating a
bubble formed by utilizing thermal energy with
atmosphere.

The present invention 1s applicable to printers
for effecting the recording on a recording medium such
as a paper sheet, a thread sheet, a fiber sheet, a
cloth, a leather sheet, a metal sheet, a plastic sheet,
glass, wood, ceramicC sheet and the like, copyiling
machines, facsimiles having a communication system,
ETWs having keyboard input, and word processors, and toO
composite equipments.

Incidentally, in this specification and claims, a
term "recording" means not only application of a
significant image such as a character or a figure onto

a recording medium but also application of a

meaningless image such as a pattern onto a recording
medium.
Related Background Art

Regarding practical recording methods applicable

to various recent printers, an ink jet system 1in which
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a ligquid droplet is formed by using a bubble generated
by film-boiling caused by thermal energy (as disclosed
in U.S. Patent Nos. 4,723,129 and 4 740,796) 1is
effective. Further, U.S. Patent No. 4,410,899
discloses a recording method in which a liquid passage
is not closed or blocked during generation of a bubble.

Although the techniques disclosed in the above
U.S. Patents can be applied to various recording
systems, the above U.S. Patents do not disclose or
teach application to a system in which the recording 1s
effected by communicating a bubble generated with
atmosphere. Such a system 1is referred to as
"atmosphere communication system" or "atmosphere
communication type" hereinafter.

By the way, among the atmosphere communication
system, an atmosphere communication system using
rupture of the bubble does not provide stable liquid
discharging, and, thus, 1is not practical.

Further, although a discharging principle 1s not
known, a wishful phenomenon 1is disclosed in the
Japanese Patent Application Laid-open No. 54-161935.
In this technique, a cylindrical heater 1is disposed 1n
each cylindrical nozzle so that the interior of the
nozzle is divided into two by a bubble generated. In
this arrangement, a liquid droplet'can be formed, but,
at the same time, a number of fine or minute liquid

droplets are also formed due toO "splash".
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The Japanese Patent Application Laid-open No.
5_16365 discloses the invention in which the atmosphere

communication system is improved up to a practical

level.

The invention disclosed in the above Japanese
Patent Application Laid-open NoO. 5-16365 aims toO
communicate a bubble generated for discharging an ink
droplet from a discharge nozzle with atmosphere outside
of the discharge nozzle in the vicinity of the
discharge outlet. In the above Japanese Patent
Application Laid-open No. 5-16365, a position of a

thermal energy generating means for generating the

bubble and pressure of the generated bubble are
regulated or selected, and various parameters for
communicating the bubble with the atmosphere under the
regulated conditions, kind of liquid, configuration of
the discharge outlet and a drive condition for
generating the thermal energy are concretely specified.
And, with the arrangement as mentioned above, the
liguid discharging can be achieved with a good re-
filling feature and without generating the splash and
ink mist, and a recording apparatus having good
frequency response and capable of providing a high
quality image can be obtained. Further, since the
bubble generated for effecting the liquid discharging

is communicated with the atmosphere during the liquid

discharging operation, a waiting time for disappearing
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the bubble in the liquid is not required, thereby achieving

the high speed recording.
On the other hand, regarding liquid discharging

techniques in which a bubble is generated and then

disappeared in a liquid passage, U.S. Patent No. 4,638,337

discloses the fact that the bubble is communicated with

atmosphere in a nozzle due to retardation of a part of

meniscus into the nozzle, thereby causing inconvenience.

Incidentally, the above U.S. patent merely discloses the
invention in which the bubble is surely generated and
disappeared in the nozzle in order to eliminate a
phenomenon that the bubble is communicated with the
atmosphere in the nozzle due to the retardation of the
meniscus into the nozzle. .

Among the recording apparatuses of atmosphere
communication type, in the recording apparatus disclosed in
the above Japanese Patent Application Laid-open No. 54-
161935, the discharging principle is not obvious, the
practical level is not reached and it is difficult to put
it to a practical use.

Although the invention disclosed in the above Japanese
patent Application Laid-open No. 5-16365 has the above-
mentioned advantage, the following improvements may be

desired to provide a recording apparatus having good

25 frequency response and capable of obtaining a high quality

image:
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Firstly, since the bubble is grown outside of the
discharge opening because a bubble generating portion
is situated in the vicinity of the discharge opening, a
volume of the liquid passage cannot be used

effectively, with the result that a volume of the

discharged liquid becomes smaller. This must be

improved.
Secondly, since a bubble generating condition

itself of the bubble generating portion for

communicating the bubble with the atmosphere is greatly
limited, an allowable design range of a recording head
and kinds of liquids which can be used in the recording
apparatus are also limited. This must be improved.
Thirdly, if the formation of the bubble is
unstable in dependence upon change 1n environmental

condition (for example, temperature, humidity and the

like), since the unstable bubble formation directly

bubble and the atmosphere, the unstable bubble
formation affects an influence upon the discharged
liquid (liquid droplet), thereby affecting an influence
upon the recording. This should be improved.

Fourthly, regarding the discharging efficiency,
there is energy loss. This should also be improved.

Lastly, since the re-filling feature cannot be
improved, the frequency response 1S limited. This mustT

be improved.
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SUMMARY OF THE INVENTION

The present invention aims to eliminate the above-
mentioned conventional drawbacks.

A first object of the present invention is to
provide a liquid discharging system and a liquid
discharging method, a liquid droplet discharging head
used in such system and method, and a recording
apparatus using such a discharging head, in which a
condition that a bubble is communicated with atmosphere
outside of a discharge opening is optimized while
improving discharging efficiency, a discharging amount
or a discharging speed.

A second object of the present invention is to
provide a new liquid discharging head of atmosphere
communication type which can eliminate the above-
mentioned limitations in conventional liquid
discharging heads of atmosphere communication type, can
widen an allowable design range greatly and can
discharge ink with high accuracy.

A third object of the present invention 1is to
provide a liquid discharging method, a liquid droplet
discharging head used in such system and method, and a
recording apparatus using such a discharging head,
which can eliminate limitation in the above-mentioned
re-filling feature of conventional liquid discharging
systems of atmosphere communication type, can improve a

re-filling feature and can achieve high level frequency
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response.

A fourth object of the present invention is to
permit the discharging of liquids in which deposit can
easily be formed and/or suction discharge liquids.

In addition, a fifth object of the present
invention is to provide a preserving method for
maintaining reliability of a new liquid droplet
discharging head capable bf achieving at least one of
the above objects for a long time.

The other objects of the present invention will be
apparent from the following detailed explanation of the

invention referring to the accompanying drawings.

According to the present invention, there 1is
provided a discharging method for discharging liquid by
communicating a bubble formed and grown in the liquid
with atmosphere at an area of a discharge opening,
comprising the step of causing displacement of a
movable member having a free end for guiding the bubble
toward the discharge opening while controlling the
growth of the bubble, in accordance with the growth of

the bubble.
In this case, in order to perform the re-filling

of the liquid after the liquid discharging, when the
bubble is communicated with the atmosphere, a liquid
passage communicated with a liquid supply source to

receive the liquid from the liquid supply source may

not be blocked by the bubble.
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Further, in order to prevent the scattering of the
liquid during the liquid discharging, the bubble may be
communicated with the atmosphere in a condition that inner
pressure of the bubble is lower than the atmospheric
pressure.

In addition, in order to reduce the inner pressure of
the bubble below the atmospheric pressure during the
communication between the bubble and the atmosphere, a heat
generating element for generating the bubble in the liquid
may be used, and the bubble generated 1in the liquid by the
heat generating element may be communicated with the
atmosphere through the discharge opening under a condition
that a distance la between an end of the heat generating
element nearer to the discharge opening and an end of the
bubble nearer to the discharge opening and a distance 1b
between an end of the heat generating element remote from
the discharge opening and an end of the bubble remote from
the discharge opening may be selected to la/lb > 1.

Further, after the bubble was communicated with the

atmosphere, the movable member may repel the atmosphere out
of the discharge opening.

In order to discharge the bubble in the liquid into
the atmosphere after the bubble was communicated with the
atmosphere, the movable member may be displaced by
generating a bubble not contributing to the liquaid

discharging.
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Further, in order to prevent the bubble from
remaining in the liquid, the atmosphere may be released
by a tapered portion provided in the vicinity of the
free end of the movable member when the movable member
is returned to its initial condition.

The present invention may provide a liquid
discharging head comprising a first liquid passage
communicated with a discharge opening, a second liquid
passage having a bubble generating area, and a movable
member disposed between the first liquid passage and
the bubble generating area, and wherein the movable
member is displaced by generating a bubble in the
bubble generating area so that the bubble is guided
toward the discharge opening while regulating growth of
the bubble.

In this case, the liquid supplied to the first
liquid passage may be the same as the liquid supplied
to the second liquid passage.

Alternatively, the liquid supplied to the first
ligquid passage may differ from the liquid supplied to
the second liquid passage.

Further, a heat generating element for generating
the bubble in the liquid may be provided at a position
confronting to the movable member, and the bubble

generating area may be defined between the movable

member and the heat generating element.

In this case, a free end of the movable member may
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be situated at a downstream side of a center of an area of
the heat generating element in a liquid flowing direction.

Further, stepped portions for defining a recess
extending from the heat generating element toward an
upstream direction may be formed on a substrate on which
the heat generating elements are disposed, by pattern-
etching, and a second heat generating element may be
disposed on an inclined surface defining the stepped
portions and inclining toward the discharge opening.

The present invention provides a liquid discharging
head capable of performing the above-mentioned liquid
discharging method. The liquid discharging head serves to
discharge liquid by communicating a bubble generated in the
liquid at an area of a discharge opening by growing the
bubble and has a movable member having a free end for
guiding the bubble toward the discharge opening while
controlling the growth of the bubble as the bubble is
growing.

When the bubble is communicated with the atmosphere, a
liquid passage communicated with a liquid supply source to
receive the liquid from the liquid supply source may not be
blocked by the bubble.

Further, the bubble may be communicated with the
atmosphere in a condition that inner pressure of the bubble

is lower than the atmospheric pressure.
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In addition, a heat generating element for
generating the bubble in the liquid may be used, and
the bubble generated in the liquid by the heat
generating element may be communicated with the

atmosphere through the discharge opening under a

condition that a distance la between an end of the heat
generating element nearer to the discharge opening and
an end of the bubble nearer to the discharge opening
and a distance 1b between an end of the heat generating
element remote from the discharge opening and an end of

the bubble remote from the discharge opening may be

selected to 1la/lb = 1.

Further, after the bubble was communicated with
the atmosphere, the movable member may repel the

atmosphere out of the discharge opening.

In order to prevent the bubble from remaining in.
the liquid, the atmosphere may be released by a tapered
portion provided in the vicinity of the free end of the
movable member when the movable member is returned toO
its initial condition.

The present invention also provides a liquid
discharging head comprising a first liquid passage
communicated with a discharge opening, a second liquid
passage having a bubble generating area, and a movable
member disposed between the first liquid passage and
the bubble generating area, and wherein the movable

member is displaced by a bubble generated in the bubble
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generating area so that the bubble is guided toward the
discharge opening while regulating growth of the

bubble.
In this case, the liquid supplied to the first
liquid passage may be the same as the liquid supplied

to the second liquid passage.

Alternatively, the liguid supplied to the first

liguid passage may differ from the liquid supplied to
the second liquid passage.

Further, a heat generating element for generating
the bubble in the liquid may be provided at a position
confronting to the movable member, and the bubble
generating area may be defined between the movable

member and the heat generating element.

In this case, a free end of the movable member may
be situated at a downstream side of a center of an area
of the heat generating element in a liquid flowing
direction.

Further, stepped portions for defining a recess
extending from the heat generating element toward an
upstream direction may be formed on a substrate on

which the heat generating elements are disposed, by

pattern-etching, and a second heat generating element
may be disposed on an inclined surface defining the
stepped portions and inclining toward the discharge
opening.

The present invention provides a head cartridge
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comprising a liquid discharging head having the
above-mentioned construction, and a liquid container
for containing liquid to be supplied to the liquid
discharging head.

In this case, when a liquid discharging head
having a first liquid passage and a second liquid
passage is used, the head cartridge may include the
liquid discharging head, and a liguid container for
containing liquid to be supplied to the first liquid
passage and liquid to be supplied to the second liquid
passage.

The present invention further provides a recording
apparatus comprising a liquid discharging head having
the above-mentioned construction, and a drive signal
supplying means for supplying a drive signal for
discharging the liquid from the liquid discharging
head.

The recording apparatus may include a recording
medium conveying means for conveying a recording medium
for receiving the liquid discharged from the ligquid
discharging head.

The present invention provides a head Kit
comprising a liquid discharging head having the above-
mentioned construction, and a liquid container for

containing liquid to be supplied to the liquid

discharging head.

As mentioned above, the growing direction of the
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bubble can bé directed toward the discharge opening by
the movable member for controlling the growing
direction of the bubble, thereby improving the
discharging efficiency. Further, since the returning
direction (to the initial condition) of the movable
member after the liquid discharging coincides with a
ligquid re-filling direction, re-filling frequency and
discharge repeating frequency can be increased, thereby
permitting high speed recording.

Incidentally, in the specification and claims, the
terms "upstream" and "downstream" are referred to
regarding the liquid flowing direction from the liquid
supply source through the bubble generating area (or
movable member) to the discharge opening, or the
constructural direction.

Further, the term "downstream side" regarding the
bubble itself mainly means a discharge opening side
portion of the bubble directly relating the liquid
discharging. More particularly, it means a bubble
portion generated at a downstream of a center of the
bubble in the liquid flowing direction or the
constructural direction or at downstream of a center of
the area of the heat generating element.

In addition, the term "separation wall"” means a
wall (which may include the movable member) disposed to

separate the bubble generating area from a area

directly communicated with the discharge opening in a
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broader sense, and means a wall for distinguishing the
liquid passage including the bubble generating area

from the liquid passage directly communicated with the
discharge opening and for preventing the mixing of the

liguids in both liquid passages 1n a narrower sense.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial sectional perspective view of
a discharge nozzle portion of a liquid discharging head
according to an embodiment of the present invention;

Fig. 2 is a schematic view showing pressure
transmission from a bubble in a conventional head;

Fig. 3 is a schematic view showing pressure
transmission from a bubble in a head according to the
present invention;

Figs. 4A, 4B, 4C, 4D, and Figs. DJE, 5F, 5G, bH are
sectional views showing a discharging operation
according to a first embodiment of the present
invention;

Figs. 6A, 6B, 6C, 6D, and Figs. 7E, 7F, 7G are
sectional views showing a discharging operation
according to a second embodiment of the present
invention;

Figs. 8A, 8B, 8C, 8D, and Figs. 9E, 9F, 9G are
sectional views showing a discharging operation
according to a third embodiment of the present

invention;
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Fig. 10 is a sectional view showing a
characteristic of a fourth embodiment of the present
invention;

Fig. 11 is a flow chart showing a discharging
method according to the present invention;

Fig. 12 is a sectional view for explaining liquid
supply passages of a liquid discharging head according
to the present invention;

Fig. 13 is an exploded perspective view of the
head according to the present invention;

Figs. 14A, 14B, 14C, 14D and 14E are views for
explaining a method for manufacturing the liquid
discharging head according to the present invention;

Figs. 15A, 15B, 15C and 15D are views for
explaining another method for manufacturing the liquid
discharging head according to the present invention;

Figs. 16A, 16B, 16C and 16D are views for
explaining a further method for manufacturing the
liquid discharging head according to the present
invention;

Fig. 17 is an exploded perspective view of a
liquid discharging head cartridge;

Fig. 18 is a schematic perspective view of a
liquid discharging apparatus;

Fig. 19 is a block diagram of the liquid
discharging apparatus;

Fig. 20 is a view showing a liquid discharge
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recording system;

Fig. 21 is a sectional view showing an alteration
of the liquid discharging head in which a residual
bubble remaining in a bubble generating area can easily

be discharged; and

Figs. 22A, 22B, 22C and 22D are explanatory views

showing another alteration in which the residual bubble
remaining in the bubble generating area can easily be

discharged.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be explained in
connection with embodiments thereof with reference to
the accompanying drawings.

Fig. 1 is a partial sectional perspective view of
a discharge nozzle portion of a liquid discharging head
according to an embodiment of the present invention.

The liquid discharging head according to the
illustrated embodiment includes an element substrate 1
on which a heat generating element 2 (rectangular heat
generating resistance member having a dimension of 40
pm x 105 pm, in the illustrated embodiment) for acting
thermal energy on liquid (as discharge energy
generating element for generating energy for
discharging the liquid) is arranged, and a liquid
passage 10 is formed above the element substrate 1 in

correspondence to the heat generating element 2. The
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liquid passage 10 communicates with a discharge opening
18 and also communicates with a common liquid chamber
13 for supplying the liquid to a plurality of liquid
passages 10, and receives the liquid corresponding to
the discharged liquid from the common liquid chamber

13.

In the liquid discharging head according to the
il1lustrated embodiment, the heat generating element 2
is disposed nearer to the discharge opening 18. This
arrangement provides a most simple means for

communicating a bubble with atmosphere.

Within the ligquid passage 10, above the element
substrate 1, a movable member 31 having a flat surface
portion and formed from material having elasticity such
as metal is disposed in a cantilever fashion 1in a
confronting relation to the heat generating element 2.
One end of the movable member 31 is secured to bases
(support member) 34 formed by patterning photosensitive
resin on walls of the liquid passage 10 and on the
element substrate 1. As a result, the movable member
31 is held in such a manner that the movable member can
be displaced around a fulcrum (support portion) 33.

The movable member 31 has the fulcrum (support
portion; fixed end) 33 positioned at an upstream side
of large flow of liquid flowing from the common liquid
chamber 13 through the movable member 31 to the

discharge opening 18 and a free end (free end portion)
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32 disposed at a downstream side of the fulcrum 33, and
is disposed in a confronting relation to the heat
generating element 2 to cover the heat generating
element 2 and is spaced apart from the heat generating
element 5 upwardly by about 15 pm. A bubble generating
area is defined between the heat generating element 2
and the movable member 31. Incidentally, kinds,
configurations and dispositions of the heat generating
element 2 and the movable member 31 are not limited to
the above-mentioned ones, but, the heat generating
element and the movable member may be configured and
disposed to control the growth of the bubble and
transmission of the pressure, which will be described
later. Incidentally, for the explanation of a liquid
f1ow which will be described later, the liquid passage
10 is explained to have a first liquid passage 14 (at
one side of the movable member 31) directly
communicated with the discharge opening 18 and having a
discharge area including a major part of liquid to be
discharged and a second liquid passage 16 (at the other
side of the movable member) including the bubble
generating area for generating the bubble for
discharging the liquid disposed at the downstream side
of the movable member 31l.

Now, a liquid discharging principle according to
the illustrated embodiment will be explained.

Heat is applied to the liquid in the bubble
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generating area between the movable member 31 and the
heat generating element 2 by heating the heat
generating element 2, and a bubble 1is formed in the
liquid by a film-boiling phenomenon as disclosed 1n
U.S. Patent No. 4,723,129. Pressure caused by the
formation of the bubble, and the bubble act on the
movable member preferentially to displace the movable
member 31 around the fulcrum 33 to be greatly opened
toward the discharge opening 18, as shown by the broken
line in Fig. 1. By the displacement or a displaced
condition of the movable member 31, a transmitting
direction of the pressure caused by the formation of
the bubble and a growing direction of the bubble itself

are oriented toward the discharge opening.

Now, one of fundamental discharging principles of
the present invention will be described. The most
important principle of the present invention is to
displace or shift the movable member 31 (disposed in a
confronting relation to the bubble) from a first
position (normal condition) to a second position
(displaced condition) by the pressure of the bubble or
the bubble itself, so that the pressure caused by the
formation of the bubble and the bubble itself are
oriented to a downstream side in which the discharge
opening 18 is disposed, by the displaced movable member
31.

This principle will be fully explained while
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comparing Fig. 2 (schematically showing a structure of
a conventional liquid passage not having the movable
member 31) and Fig. 3 (showing the present invention).
Incidentally, here, the pressure transmitting direction
toward the discharge opening is shown by the arrows VA
and a pressure transmitting direction toward the
upstream side (i.e., toward the common liquid chamber)
is shown by the arrows VB.

In the conventional head as shown in Fig. 2, there
is no means for regulating a transmitting direction ot
the pressure caused by formation of a bubble 40. Thus,
the pressure of the bubble 40 1is transmitted toward
various directions as shown by the arrows Vv1-Vv8
perpendicular to a surface of the bubble. Among them,
the pressure transmitting directions V1-V4 have
components directing toward the direction VA which 1is
most effective to the liquid discharging, and the
pressure transmitting directions V1-V4 are positioned
on a left half of the bubble near the discharge opening
and contribute to the liquid discharging efficiency,
liquid discharging force and liquid discharging speed.
Further, since the pressure transmitting direction V1
is directed to the discharging direction VA, it is most
effective: whereas, the pressure transmitting direction
v4 has smallest component directing toward the

discharging direction VA.

To the contrary, in the present invention shown in
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which are directed to various directions in Fig. 2 are
oriented toward the downstream side (i.e., toward the

discharge opening) by the movable member 31 (i.e.,

various pressure transmitting directions is converted

+o the downstream direction VA), with the result that

the pressure of the bubble 40 contributes to the liquid

discharging directly and effectively. Similar to the
pressure transmitting directions V1i-V4, the growing
direction of the bubble is directed toward the
downstream side (i.e., toward the discharge opening),
with the result that the bubble is grown more greatly
at the downstream side than at the upstream side. By
controlling the growing direction of the bubble 40
itself and the pressure transmitting direction of the
bubble 40 by means of the movable member 31, the
discharging efficiency, discharging force and

discharging speed can be improved.

Next, a discharging operation of the liquid
discharging head according to the illustrated
embodiment will be fully described with reference to
Figs. 4A to 4D and Figs. O5E to-SH.

Fig. 4A shows a condition before energy such as

electrical energy is applied to the heat generating

element 2, i.e., before heat is generated from the heat

generating element 2. It is important that the movable

member 31 is disposed in a confronting relation to at
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least a downstream portion of the bubble 40 which will be
formed by the heat from the heat generating element 2.
That is to say, the movable member 31 extends up to at
least a position downstream of a center of an area of the
heat generating element in the liquid passage (i.e.,
downstream of a line passing through the center of the area
of the heat generating element and extending perpendicular
to the length of the liquid passage) so that the downstream
portion of the bubble acts on the movable member.
Particularly, in the present invention in which the bubble
is directed toward the discharge opening by the movable
member, it is more desirable that the movable member
extends up to an end of the heat generating element nearer
to the discharge opening.

Fig. 4B shows a condition that the heat generating
element 2 is heated by applying the electrical energy to
the heat generating element 2 and the bubble 40 is formed
by the film-boiling caused by heating a portion of the
liquid contained in the bubble generating area by utilizing
the heat from the heat generating element.

In this case, the movable member 31 is displaced or
shifted by the pressure caused by the formation of the
bubble 40 from the first position to the second position
to direct the pressure transmitting direction of the bubble
40 toward the discharge opening 18 (Fig. 1). In this

case, the liquid flows not only in a direction A (toward
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the discharge opening 18) but also in an upstream direction
B.

Here, it is important that, as mentioned above, the
free end 32 of the movable member 31 is disposed at the
downstream side and the fulcrum 33 shown in Fig. 1 1is
disposed at the upstream side (near the common liquid
chamber) and at least a portion of the movable member 1is
faced to the downstream portion of the heat generating
element (i.e., downstream portion of the bubble).

Fig. 4C shows a condition that the bubble 40 1is
further growing and the movable member 31 1is further
displaced by the pressure caused by the growth of the
bubble 40. The generated bubble 40 1s grown more greatly
at the downstream side than at the upstream side, and the
bubble is greatly grown to exceed the first position (shown
in Fig. 4A) of the movable member 31. Further, when it 1is
assumed that the growth of the bubble around the heat
generating element 2 is a first wave, since a second wave
is generated at an end of the movable member 31, the bubble
40 is expanded upwardly so that the bubble has a uniform
shape with respect to the discharge opening. When the
bubble 40 and the bubble pressure are oriented toward the
discharge opening 18, the movable member 31 does almost not
regulate such orientation, with the result that the

transmitting direction of the pressure and the growing
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direction of the bubble can be controlled efficiently
in accordance with the magnitude of the pressure

transmitted.

As mentioned above, since the movable member 31 1is
gradually displaced as the bubble 40 is growing, the
pressure transmitting direction of the bubble 40 is
regulated to a direction toward which the pressure
transmitting direction is apt to be oriented or the
volume of the bubble is apt to be shifted (i.e., to the
free end), with the result that the growing direction
of the bubble is uniformly oriented toward the
discharge opening 18. Further, a liquid flowing speed
VA toward the discharge opening 18 (direction A) 1s
sufficiently greater than a liquid flowing speed VB
toward the upstream side (direction B), the discharging

efficiency can be increased.

Fig. 4D shows a condition immediately before the
bubble 40 is communicated with the atmosphere. In Fig.
4D, the arrows (speeds) Vi,, Vi, Vp represent
distribution of the speed VA, regarding the central
speed V,., upper speed distribution is shown by the

speed V,, and lower speed distribution is shown by the
speed V,,. Regarding the speed of the liquid as the
bubble 40 is growing, as mentioned above, since the

bubble is grown to have the uniform shape with respect

to the discharge opening, the liquid speeds near the

central speed V,. become uniform, and, since the bubble
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is communicated with the atmosphere in such a

plane. Also at this point, since the bubble 40 in the
liquid passage is still growing, the liquid passage 10
(Fig. 3) is not completely blocked or closed, the re-
filling feature for subsequent liquid supply is

improved.

In the illustrated embodiment, parameters for
determining the shape of the generated bubble 40
includes material and configuration of the movable
member 31, as well as conventional parameters such as a
thermal energy amount generated by the heat generating
element 2 (based on construction of the heat generating
element 2, material from which the heat generating
element is formed, driving condition for driving the
heat generating element, an area of the heat generating
element, heat capacity of the substrate on which the
heat generating element 2 1is disposed, and the like),
physical feature of ink, dimensions of various parts of
a recording head (for example, a distance between the
discharge opening 18 and the heat generating element 2,
heights and widths of the discharge opening 18 and the
liquid passage 10, and the like), and the like. By
appropriately selecting the parameters, the bubble 40

can be communicated with the atmosphere with a desired

condition.
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It is preferable that, when the bubble 40 1is

communicated with the atmosphere, inner pressure of the

bubble is substantially the same as the atmospheric

pressure or is lower than the atmospheric pressure. In

order to achieve such a condition, as shown in Fig. 4D, the
bubble 40 may be formed under a condition that a distance
la between an end of the heat generating element 2 nearer
to the discharge opening 18 and an end of the bubble 40
nearer to the discharge opening 18 and a distance 1lb
between an end of the heat generating element 2 remote from
the discharge opening 18 and an end of the bubble 40 remote
from the discharge opening 18 is selected to 1la/1b > 1. 1In
the illustrated embodiment, the parameters are selected to
satisfy the above-mentioned condition. The configuration
and mgterial of the movable member 31 are preferential as
the parameters for determining the shape of the bubble 40,
and, in comparison with the conventiocnal determining method
in which the shape of the bubble was determined on the
basis of the parameters such as thermal energy amount,
physical feature of ink and dimensions of various parts of
the recording head, the bubble 40 which satisfies the
condition la/l1b > 1 can be formed more easily.

Fig. SE shows a condition immediately after the
bubble 40 was communicated with the atmosphere. As shown,

in the illustrated embodiment, since the movable
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member 31 is provided, in a condition that the bubble

40 is communicated with the atmosphere, the discharged
liquid is not offset with respect to the discharge
opening to leave from the discharge opening with
uniform balance, thereby stabilizing the discharging
direction. In this case, meniscus M1l and meniscus M2
are formed above and below the movable member 31,
respectively. In general, since a zone below the
movable member 31 where the bubble is generated 1is
formed to be smaller than a zone above the movable
member where the liquid to be discharged is contained,
an advancing speed M,, of the meniscus M2 becomes faster
than an advancing speed M,, of the upper meniscus Ml.
However, in the illustrated embodiment, since a speed
M,, for returning the movable member 31 to its initial
condition is added to the advancing speed of the
meniscus M1, the advancing speeds of the menisci M1, M2
are balanced, thereby increasing the re-filling speed.
Further, the discharged liquid shown in Fig. OF
includes a large part of the liquid which was contacted
with the bubble 40 before the bubble 40 is communicated
with the atmosphere. Regarding temperature
distribution of the liquid when the bubble 40 is
generated, a temperature of the liquid portion
contacted with the bubble 40 is greatest. In the

illustrated embodiment, since such liquid portion 1is

discharged, increase in temperature of the head can be
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suppressed.

Thereafter, as shown in Figs. 5F and 5G, although
the displacement amount of the movable member 31 is
gradually decreased until the movable member is
returned to its initial condition, the menisci M1, MZ
are maintained above and below the free end of the

movable member until the initial condition as shown in

Fig. 5H is restored. The movable member 31 is returned
to its initial condition while displacing to balance
the menisci M1, M2, thereby performing the re-fill.

Now, the above-mentioned re-filling operation will
be explained.

First of all, a re-filling operation regarding the
zone above the movable member 31 will be described.

As shown in Fig. 5E, when the bubble 40 1is
communicated with the atmosphere, since the atmospheric
pressure is greater than the inner pressure of the
bubble 40, the atmospheric pressure enters into the
discharge opening (discharge nozzle). In this case,
the liquid in the discharge nozzle tries to be retarded
by a force of the atmospheric pressure entered into the
discharge nozzle and a force (which was generated 1n
the liquid due to the formation of the bubble and which
was suppressed by the bubble) for returning the liquid
to the upstream side.

The entering of the atmosphere into the discharge

nozzle is started at the condition shown in Fig. 5E and
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the force from the atmospheric pressure becomes maximum
in the condition shown in Fig. 5E. In this case, the
displacement amount of the movable member 31 is also
greatest, with the result that the atmosphere 1is
prevented from entering into the discharge opening,
thereby suppressing the retard of the meniscus.
Thereafter, the movable member 31 tries tO return to
+he condition shown in Fig. 5H. As mentioned above,
the menisci M1, M2 are formed above and below the

movable member 31, respectively. When the movable
member 31 is gradually shifted downwardly to return to
its initial condition, the liquid is also shifted
together with the movable member 31 due to viscosity.
Since the liquid is shifted in a re-filling direction,
the re-filling operation regarding the zone above the
movable member 31 can be effected quickly.

Incidentally, the re-filling operation regarding
the zone below the movable member 31 is started upon
generation of the bubble 40. In this case, when the
movable member 31 is gradually shifted upwardly, since
the liquid is also shifted in the re-filling direction,
the re-filling operation regarding the zone below the
movable member 31 can be effected quickly.

As mentioned above, in the illustrated embodiment,
the re-filling operations regarding the zones above and
below the movable member 31 can be effected quickly.

Further, due to the presence of the movable member 31,
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any vibration can be prevented from occurring during
the re-filling operation, with the result that the
movable member can be returned to its initial position
quickly.

Further, since two meniscil are formed, the

meniscus can be prevented from growing excessively. In

a preferred condition that the inner pressure of the

bubble is substantially the same as the atmospheric

pressure, since momentum of the liguid flowing toward
the upstream side becomes great, it is apprehended that
the subsequent re-fill cannot be effected smoothly.
However, in the illustrated embodiment, since two
menisci are formed to prevent the meniscus from growing

excessively, the re-fill due to a capillary phenomenon

can be effected efficiently.

Next, a second embodiment of the present invention
will be explained.

Figs. 6A to 6D and 7E to 7G are sectional views
showing a discharging operétion according to a second
embodiment of the present invention.

Although the first embodiment of the present
invention is of a type (edge chute type) in which the
liquid is discharged along a longitudinal direction of
the heat generating element, in this second embodiment,
there is provided a liquid discharging head of a type
(side chute type) in which a discharge opening 1is

formed in a plane parallel with a surface of a heat
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generating element 202 and liquid is discharged 1n a
direction perpendicular to the heat generating element.
In these Figures, although not shown, a common liquid
chamber is provided at the right side of the drawings,
and a liquid passage is curved. The heat generating
element 202 is formed on a substrate 201 below a curved
portion of the liquid passage. Further, a wall for
effectively directing a discharge force of a bubble
generated by heating the heat generating element 202
toward a discharge opening 205 is disposed at the left
of the heat generating element 202. Further, a lower

portion of the wall has a tapered end surface (flared

toward the substrate 201) for preventing the bubble
from remaining in the liquid after the liquid
discharging and for remaining the liquid on the heat
generating element. By providing such a tapered end
surface, when the liquid discharging operation 1is
effected, the liquid always remains at the tapered end
surface, thereby preventing the formation of a bubble.

The discharge opening 205 has.a cross-sectional
area gradually decreased in a liquid discharging
direction and is disposed in a confronting relation to
the heat generating element 202. An opening/closing
movable member 231 is disposed between the discharge
opening 205 and the heat generating element 202.

Fig. 6A shows a condition before energy such as

electrical energy is applied to the heat generating
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element 202, i.e., before heat is generated from the
heat generating element 202. Also 1n this embodiment,
the movable member 231 is disposed in a confronting
relation to at least a downstream portion of a bubble
which will be formed by heating the heat generating
element 202. That is to say, the movable member 231
extends up to at least a position downstream of a
center of an area of the heat generating element 202 in
the liquid passage (i.e., downstream of a line passing
through the center of the area of the heat generating
element and extending perpendicular to the length of
the ligquid passage) so that the downstream portion of
the bubble acts on the movable member 231.
Particularly, in the present invention 1in which the
bubble is directed toward the discharge opening by the
movable member, it is more desirable that the movable
member extends up to an end of the heat generating
element nearer to the discharge opening.

Fig. 6B shows a condition that the heat generating
element 202 is heated by applying the electrical energy
to the heat generating element 202 and the bubble is
formed by the film-boiling caused by heating a portion
of the liquid contained in the bubble generating area
by utilizing the heat from the heat generating element.

In this case, the movable member 231 is displaced
by the pressure caused by the formation of the bubble

240 to direct the pressure transmitting direction of



10

15

20

235

CA 02208153 1997-06-18

- 34 -

the bubble 240 toward the discharge opening 205 via the
wall.

Here, it is important that, as mentioned above, a
free end of the movable member 231 is disposed at the
downstream side (near the discharge opening 205) and a
fulcrum of the movable member 231 is disposed at the
upstream side (near the common ligquid chamber) and at
least a portion of the movable member 1s faced to the
downstream-portion of the heat generating element
(i.e., downstream portion of the bubble 240).

Fig. 6C shows a condition that the bubble 240 1is
further growing and the movable member 231 is further
displaced by the pressure caused by the growth of the
bubble 240. The generated bubble 240 is grown more
greatly at the downstream side than at the upstream
side, and the bubble is greatly grown to exceed an
initial position (shown in Fig. 6A) of the movable
member 231. When the bubble 240 and the bubble
pressure are oriented toward the discharge opening 205,
the movable member 231 does almost not regulate such
orientation, with the result that the transmitting
direction of the pressure and the growing direction of
the bubble 240 can be controlled efficiently in
accordance with the magnitude of the pressure
transmitted.

As mentioned above, since the movable member 231

is gradually displaced as the bubble 240 1is growing,
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the pressure transmitting direction of the bubble 240
is regulated to a direction toward which the pressure
transmitting direction is apt to be oriented or the
volume of the bubble is apt to be shifted (i.e., to the
free end), with the result that the growing direction
of the bubble is uniformly oriented toward the
discharge opening 205. Further, a liquid flowing speed
VA toward the discharge opening 205 (direction A) 1is
sufficiently greater than a liquid flowing speed VB
toward the upstream side (direction B), the discharging
efficiency can be increased.

Fig. 6D shows a condition immediately before the
bubble 240 is communicated with the atmosphere. Also
at this point, since the bubble 240 in the liquid
passage is still growing, the liquid passage 1s not
completely blocked or closed, the re-filling feature
for subsequent liquid supply is improved. Further,
since the bubble 240 has a symmetrical shape with
respect to the discharge opening 205 in a direction
perpendicular to a surface of the plate-shaped movable

member 231, the direction of the discharged liquid 1is

stabilized.

In this embodiment, parameters for determining the
shape of the generated bubble 240 include a thermal
energy amount generated by the heat generating element

202 (based on construction of the heat generating

element 202, material from which the heat generating
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element is formed, driving condition for driving the
heat generating element, an area of the heat generating
element, heat capacity of the substrate on which the
heat generating element 202 1is disposed, and the like),
physical feature of ink, dimensions of wvarious parts of
a recording head (for example, a distance between the
discharge opening 205 and the heat generating element
202, heights and widths of the discharge opening 205
and the liquid passage, and the like), and the like.

By appropriately selecting the parameters, the bubble
240 can be communicated with the atmosphere with a

desired condition.

Fig. 7E shows a condition immediately after the
bubble 240 was communicated with the atmosphere. As
shown, in the illustrated embodiment, since the movable
member 231 is provided, in a condition that the bubble
240 is communicated with'the atmosphere, the discharged
liquid is not offset with respect toO the discharge
opening to leave from the discharge opening with
uniform balance, thereby stabilizing the discharging

direction.

Further, the discharged liquid shown in Fig. 7F
includes a large part of the liquid which was contacted
with the bubble 240 before the bubble 240 is
communicated with the atmosphere. Regarding
temperature distribution of the liquid when the bubble

240 is generated, a temperature of the liquid pOrtion
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contacted with the bubble 240 is greatest. 1In the
illustrated embodiment, since such liquid portion 1s
discharged, increase in temperature of the head can be
suppressed.

Thereafter, although the displacement amount of
the movable member 231 is gradually decreased until the
movable member is returned to its initial condition as
shown in Fig. 7G, menisci M1, M2 are formed above and
below the free end of the movable member 231 until the
initial condition as shown in Fig. 7G is restored. The
movable member 231 is returned to its initial condition
while displacing to balance the menisci M1, M2, thereby
performing the re-fill.

The re-filling operation of the second embodiment
is similar to the re-filling operation of the
embodiment shown in Figs. 4A to 4D and Figs. 5E to OSH,
and, therefore, the re-filling operation can be
effected quickly, and, any vibration can be prevented
from occurring during the re-filling operation, with
the result that the movable member can be returned to
its initial position quickly.

Next, a third embodiment of the present invention
will be explained. Figs. 8A to 8D and Figs. 9E to 9G
are sectional views showing a discharging operation
according to a second embodiment of the present
invention.

The third embodiment is similar to the second
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embodiment, except that, in the second embodiment, the
tapered end surface for preventing the bubble from

remaining in the liquid after the ligquid discharging 1is
flared toward the substrate 201, whereas, 1in the third

embodiment, such tapered end surface 1s converged

toward a substrate 201.
Since the liquid discharging operation of the
third embodiment is substantially the same as that of

the second embodiment,'detailed explanation thereof

will be omitted.

In the illustrated embodiment, by providing such a
tapered end surface, the atmosphere entered into the
liquid passage due to the communication between the
bubble and the atmosphere is directed toward the
discharge opening 205 effectively while the movable
member 231 is being returned to its initial condition,
with the result that the entered atmosphere 1is
discharged from the discharge opening 205 without
remaining any bubble in the zone below the movable
member (second liquid passage), and, at the same time,
the re-filling speed is improved, thereby permitting
the high speed operation. Even if there is any bubbled
gas capsuled by the liquid, since such bubbled gas is
discharged from the bubble generating area by the
displacement and inclination of the movable member 231

and the tapered end surface of the wall, the formation

of the bubble and the liquid discharging efficiency are
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stabilized.

Next, a fourth embodiment of the present invention

will be explained. Fig. 10 is a sectional view showing

a characteristic of the fourth embodiment.

A liquid discharging head according to the fourth
embodiment includes a substrate 801 on which heat
generating elements 802 for providing thermal energy
for generating a bubble in liquid, second bubble liquid
passages 804 disposed on the substrate, and first

discharge liquid passages 803 directly communicated

with respective discharge openings 810.

A separation wall 805 made of material having
elasticity such as metal is disposed between the first
liquid passages 803 and the second liquid passages 804,
thereby isolating the discharge liquid in the first

liquid passages 803 from the bubble liquid in the

second liquid passages 804.

A portion of the separation wall disposed in a
projected space (referred to as "discharge generating
area" hereinafter; area a and a bubble generating area
8 in Fig. 10) above the heat generating element 802 is
defined, by a slit 808, as a cantilever movable member
806 having a free end near the discharge opening
(downstream side in the liquid flowing direction) and a
fulcrum near common liguid chambers (811, 812). Since
+he movable member 806 is disposed in a confronting

relation to the bubble generating area B, as is in the
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first embodiment, the movable member 1is opened toward
the first liquid passage 803 (i.e., toward a direction
shown by the arrow) by a bubble generated in the bubble
liquid.

A heat generating body 809 for preventing
generation of a back—wave in the bubble liquid in the
second liquid passage 804 comprises a heater (second
heat generating element) for generating a bubble for
cancelling the back-wave. Stepped portions defining a
recess formed pattern-etching is disposed between the
heater 809 and the heat generating element 802, and the

heater 809 is provided on an inclined surface inclines

toward the discharge opening 810.
In the illustrated embodiment, among the back-

waves generated during the liquid discharging

operation, the back-wave in the first discharge liquid
passage 803 is cancelled by the displacement of the
movable member 806 and the back-wave in the second
bubble liquid passage 804 is cancelled by the bubble

generated by the heater 809.

It was found that the sufficient back-wave
preventing effect could be obtained by generating the
bubble by heating the heater 809 at a predetermined
timing relating to the liquid discharging performed by
the heat generating element 802. Further, since the
recess is disposed between the heater 809 and the heat

generating element 802, the re-fill of the bubble
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liquid can be performed effectively by the bubble

liquid stored in the recess.

Incidentally, the discharge liguid supplied to the
first liquid passages and the bubble liguid supplied to
the second liquid passages are supplied from the common
liquid chambers 811, 812, respectively. The discharge
liquid may be the same as the bubble liquid. In this
case, a single common liquid chamber may be provided.

Next, a fifth embodiment of the present invention
will be explained.

In this fifth embodiment, a space (cross-hatched
in Fig. 10) forwardly of the heat generating element
802 in the second liquid passage 804 is eliminated to
prevent forward power loss 1n the second liquid
passage. With this arrangement, the discharging
efficiency is further improved and a higher quality

image can be obtained.

Incidentally, in the fourth and fifth embodiments,
while the head of edge chute type was explained as 1s
in the first embodiment, it should be noted that the
fourth and fifth embodiments can be applied to heads of
side chute type as is in the second and third

embodiments.

In the embodiments in which the liquid discharging

operation is effected by generating the bubble as
mentioned above, it is important that the bubble does

not remain in the discharge nozzle after the liquid
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discharging. If a part of the bubble remains in the
bubble generating area, the formation of the bubble
becomes unstable, resulting in the unstable liquid
discharging. On the other hand, if the bubble remains
in the discharge area, the discharged ligquid becomes
uneven, thereby preventing the stable recording. In
the second and third embodiments shown in Figs. 6A to
6D, 7E to 7G, 8A to 8D and Figs. 9E to 9G, although the
trapping of the liquid 1is avoided by providing the
tapered end surface, the trapping of the bubble can
also be avoided by appropriately selecting a driving
condition of the heat generating element. Such a
driving condition may be to slightly shift the movable
member in order to stabilize the state of the liquid
around the movable member (particularly,-below the
movable member) after the liquid discharging. By
combining such a driving condition with the normal
driving condition, the stable liquid discharging can be

achieved.

When it is assumed that the normal driving
condition for discharging the liquid is a drive
condition A and the driving condition for slightly
shifting the movable member in order to stabilize the
state of the liquid around the movable member after the
liquid discharging is a drive condition B, the
discharging method according to the present invention

will be explained.
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Fig. 11 is a flow chart showing the discharging
method using the above combination of the drive
conditions. When the discharging operation is effected
(discharge step is started), first of all, the driving

ies effected under the drive condition A (step S701).

As a result, as already explained with respect to the
above embodiments, the movable member is displaced
(step S702), the liquid discharging 1is effected under
the condition that the bubble is communicated with the
atmosphere (step S703), and the re-fill 1is performed
(step S704). Thereafter, the driving is effected under
the drive condition B, thereby discharging the
undesired bubble in the liquid (step S705). Then, the
discharge step is ended.

By performing the above steps as a series Of
successive operations during the liquid discharging,
the trapping of the bubble in the liquid can be
prevented and the good recording can be effected.

Alternatively, as shown in Fig. 21, a small heater
(second heat generating element) 902 for generating a
bubble not contributing to the liquid discharging may
be disposed at a downstream side of the heat generating
element 2, and, by repeating generation and
disappearance of the bubble not contributing to the
liquid discharging, the movable member may be vibrated

to discharge the residual bubble from the bubble

generating area by a check valve effect.
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Further, by providing two movable members SO that
4 free end of the upper movable member is disposed at
an upstream side of a free end of the lower movable
member, as shown in Figs. 22A to 22D, the returning ot
the movable member 31 may be promoted from the fulcrum
side of the movable member 31 to advance the meniscus
toward the downstream side by the movable member 31,
with the result that the re-fill of the bubble liquid
is effected faster, thereby discharging the residual'
bubble from the bubble generating area.

Incidentally, in Figs. 22A to 22D, while two
movable members were shown, a single movable member
having a free end thinner than a fulcrum may be used.
<Head of Two-liquid Passage Type>

Now, a liquid discharging head in which different
ligquids can be introduced into first and second common
liquid chambers with good isolation, the number of
parts can be reduced and can achieve "cost-down" will
be explained.

Fig. 12 is a schematic sectional view showing a
liquid discharging head of edge chute type. Since the
fundamental construction for effecting the liquid
discharging is the same as that of the first
embodiment, the same elements as these in the first
embodiment are designated by the same reference
numerals and detailed explanation thereof will be

omitted.
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In the illustrated embodiment, a grooved member 50
includes an orifice plate 51 having discharge openings
18, a plurality of grooves constituting a plurality of
first liquid passages 14, and a recess communicated
with the plurality of liquid passages 14 and adapted to
define a first common liquid chamber 15 for supplying
liquid (discharge liquid) to the first liquid passages
14. .

By joining a separation wall 30 to a lower portion
of the grooved member 50, the plurality of first liquid
passages 14 can be formed. The grooved member 50 has a
first liquid supply passage 20 extending into a first

common liquid chamber 15 from the above. Further, the

grooved member 50 has a second liquid supply passage 21
extending into a second common liquid chamber 17 from

the above through a separation wall 30.

As shown by the arrow C in Fig. 12, the first
liquid (discharge liquid) 1is supplied to the first
liquid passage 14 through the first ligquid supply
passage 20 and the first common liquid chamber 15, and,
as shown by the arrow D in Fig. 12, the second liquid
(bubble liquid) is supplied to the second liquid
passage 16 through the second liquid supply passage 21
and the second common liquid chamber 17.

In the illustrated embodiment, while an example
that the second liquid supply passage 21 extends in

parallel with the first liquid supply passage 20 was
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shown, the present inVention is not limited to such an
example, but, any arrangement of the second liquid
supply passage may be adopted so long as it extends
into the second common liquid chamber 17 through the
separation wall 30 disposed outside of the first common
liquid chamber 15.

Further, a magnitude (diameter) of the second
liquid supply passage 21 is determined in consideration
of the supply amount of the second liquid. The cross-
sectional shape of the second liquid supply passage 21
is not limited to a circular shape, but may be
rectangular.

The second common liquid chamber 17 can be formed
by partitioning the grooved member 50 by the separation
wall 30. As an example, as shown in Fig. 13 (exploded
perspective view), the second common liquid chamber 17
and the second liquid passage 16 can be formed by
forming a common liquid chamber frame 71 and second
liquid passage walls 72 on the substrate 1 and then by
joining an assembly of the separation wall 30 and the
grooved member 50 to the substrate 1.

In the illustrated embodiment, the substrate 1 on
which the plurality of electrical/thermal converters
(heat generating elements) for generating the heat for
forming the bubble in the bubble liquid by the film-
boiling are arranged is disposed on a support 70 made

of metal such as aluminum.
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On the substrate 1, there are provided a plurality
of grooves for constituting the second liquid passages
16 defined by the second liquid pasSage walls 72, a
recessed portion constituting the second common liquid
chamber (common bubble liquid chamber) 17 communicated
with the plurality of discharge liquid passages and
adapted to supply the bubble liquid to the discharge
liquid passages, and the separation wall 30 including
the movable members 3l.

The grooved member 50 includes the grooves for
constituting the discharge liquid passages (first
liquid passages) 14 by combining with the separation
wall 30, a recessed portion for constituting the first
common liquid chamber (common discharge liquid chamber )
15 communicated with the discharge liquid passages and
adapted to supply the discharge liquid to the discharge
liquid passages, the first liquid supply passage
(discharge liquid supply passage) 20 for supplying the
discharge liquid to the first common liquid chamber 15,
and the second liquid supply passage (bubble liquid
supply passage) 21 for supplying the bubble liquid to
the second common liquid chamber 17. The second liquid
supply passage 21 is connected to a communication
passage extending into the second common liquid chamber
17 through the separation wall 30 disposed outside of
the first common liquid chamber 15, and, by this

communication passage, the bubble liquid can be
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supplied to the second common liquid chamber 17 without

mixing with the discharge liquid.

Regarding the positional relation between the

substrate 1, the separation wall 30 and the grooved

member 50, the movable members 31 are disposed 1n

correspondence to the heat generating elements 2 of the

substrate 1, and the discharge liquid passages 14 are

arranged in correspondence to the movable members 31.
Further, in the illustrated embodiment, while an
example that the single second liquid supply passage 21
is formed in the grooved member 50 was explained, a
plurality of second liquid supply passages may be
provided in accordance with the liquid supply amount.
In addition, flow areas of the first and second liquid
supply passages 20, 21 may be determined 1in proportion
to the liquid supply amount. By optimizing the flow
areas in this way, the parts constituting the grooved
member 50 and the like can be made compact.

As mentioned above, according to this embodiment,
since the second liquid supply passage 21 for supplying
the second liquid to the second liquid passages 16 and

the first liguid supply passage 20 for supplying the

first liquid to the first liquid passages 14 are formed
in the same grooved member (grooved top plate), the
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