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MOUNTING STRUCTURE, MODULE, AND LIQUID CONTAINER

BACKGROUND OF THE INVENTION

Field of the I .

The present invention relates to a mounting structure for
mounting a piezo—eiect.ric device for detecting a liquid
consumption condition in a liquid containex by detecting changes
in an acoustic impedance and particularly detecting changes in
a resonance frequency, a module having the mounting structure
and the piezo-electric device, and a ligquid container having the
module and a container body.

) n - v E l E ] i l
an ink cartridge to be mounted in an ink jet recording
apparatus will be explained as an example of a liquid container

-of arelated art. Generally, the ink jet recording apparatus has

a pressure generating means for pressurizing a pressure
generating chamber, a carriage mounting an ink jet recording head
with nozzle openings for injecting pressurized ink as ink drops,
and an ink tank for containing ink to be fed to the recording
head via a flow path and is structured so as to permit continuous
printing. The ink tank is generally structured as a cartridge
attached to the recording apparatus in a removable state so as
to be simply exchanged by a user when ink is consumed.

Conventionally, as an ink consumption control method of an
ink cartridge, a method for totalizing the count of ink drops
injected by the recording head and the ink amount sucked at the
maintenance step of the printing head by the software and
controlling the ink consumption from calculation and a method
for attaching two electrodes for direct liquid level detection
to the ink cartridge, detecting the point of time when ink is
actually consumed in a predetermined amount, thereby controlling
the ink consumption are known.

However, the method for totalizing the injection count of
ink drops and sucked ink amount by the software and controlling
the ink consumption from calculation imposes a problem that the
pressure inside the ink cartridge and ink viscosity are varied
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with the use environment, for example, the magnitude of
temperature and humidity in the use room, the elapsed time after
opening the ink cartridge, and differences in the use frequency
on the user side and an unnegligible error is caused between the
ink consumption from calculation and the actual consumption.
Further, there is another problem imposed that when the same
cartridge is removed once and mounted again, the totalized count
is reset once, so that the actual residual quantity of ink cannot
be seen at all.

on the other hand, the method for controlling the point of
time of ink consumption by the electrodes can detect the actual
amount of ink consumption at a certain point, so that it can
control the residual quantity of ink with high reliability.
However, ink should be conductive so as to detect the ink level,
accordingly the kind of ink to be used is limited. Further, a

‘problem arises that the-liguid tight structure between the

electrodes and the ink cartridge is complicated. Furthermore,
as amaterial of the electrodes, a noble metal which is conductive
and highly corrosion-resistant is ordinarily used, so that a
problem also arises that the manufacturing cost of an ink
cartridge is increased. Furthemmore, the two electrodes mist be

‘mounted respectively at different locations of the ink cartridge,

so that a problem also arises that many manufacturing steps are
Yequired and increasing in the manufacturing cost results.

Further, as mentioned above, in the method for controlling
the point of time of ink consumption by the electrodes, the holes
for mounting the electrodes to the ink cartridge should be formed
in the ink cartridge. Therefore, a problem also arises that when
the cartridge is made of plastics, the injection molding process
is complicated.

Furthermore, the electrodes have a particular sealing
structure so as to keep liquid tightness, so that it is difficult
to separate them from the ink cartridge. As a result, a problem
also arises that it is difficult to exchange or recycle the
electrodes or ink cartridge.

In oxder to solve the aforementioned problems, a piezo-
electric device to be mounted to a liquid container and a moduie
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which can correctly detect the residual quantity of liquid and
requires no complicated sealing structure are proposed.
Therefore, an object of the present invention is to provide
a mounting structure for mounting a piezo-electric device having
a function for detecting the consumption condition of a liquid
in a liquid container to the liquid container and facilitate
mounting and demounting the piezo-electric device from the liguid

3

containeyr.

SUMMARY_OF THE INVENTION

Namely, according to an aspect of the present invention, a
mounting structure for mounting a piezo-electric device used to
detect the consumption condition of a liquid in a liguid container
to the liquid container is characterized in that it has a receiving
portion to which the piezo-electric device is mounted and a mount

" portion to be mounted to the liquid container. It is possible

that the receiving portion has an opening and the vibrating
portion of the piezo-electric device comes in contact with the
liquid in the liquid container via the opening. It is also
possible that the receiving portion additionally has a mounting
plate'having an opening and the piezo-electric device is mounted
to the receiving portion via the mounting plate. The piezo-
electric device may be structured so that it has a piezo~-electric
element having a piezo-electric layer held between electrodes
and a vibrating plate on one side of which the piezo-electric
element is arranged, and a cavity forming member having a formed
cavity is arranged on the other side of the vibrating plate, and
the vibrating plate can come in contact with the liquid in the
liquid container via the cavity. The cavity forming member may
be a substrate on which the piezo-electric element and vibrating
plate are formed integrally. The cavity forniing member may be
a mounting plate to be mounted to the piezo-electric device. It
may additionally have a mounting plate having an opening and the
cavity of the substrate and the opening of the mounting plate
may be arranged so as to be interconnected. The receiving portion
may be formed on the top of the mount portion. On the side of
the receiving portion formed sc as to project from the mount
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portion, the piezo-electric device may be mounted. The

piezo-electric device may have a piezo-electric element and may
have an insulating portion for insulating the piezo-electric
element from the liquid of the liquid container. The piezo-
electric device may additionally have a molding portion for
molding the mounting part between the receiving portion and the
plezo-electric device. The mount portion may have a column
fitting into the liquid container. The mount portion may have
a substrate integrally formed with the column. The fitting part
of the mount portion to the liquid container may have a sealing
structure. Counter electromotive foxce may be generated by
residual vibration remaining in the piezo-electric device. The
mounting structure may additionally have a circuit board. The
receiving portion may be formed so as to be inclined to the liguid
surface in the liquid container.

Further, accqrding to another aspect of the present invention,
a mounting structure for mounting a piezo-eléctric device used
to detect the consumption condition of a liquid in a ligquid
container to the liquid container as an integral structure is
characterized in that the mounting structure has a molding portion
for molding the junction between the lead wire in contact with
the electrode of the piezo-electric device and the liquid
containex. The mounting structure may have a leg for projecting
the piezo-electric device into the liquid container.

Furthexr, still another aspect of the present invention is
characterized in that the mounting structure aforementioned is
arranged in the liquid container. The receiving portion may be
arranged so as to be projected into the liquid container.
Furthermore, the receiving portion may be formed so as to be
inclined to the liquid surface inside the liguid container. The
mounting part between the mount portion and the ligquid container
may be molded. The mounting structure aforementioned may be
attached in a removable state.

Further, another aspect of the present invention is
characterized in that a moum:.mg structure for mounting a
piezo-electric device used to detect the consumption condition
of a liquid in a liquid container to the liguid container has



10

15

20

25

30

35

This Sheet Has Been Rep

[T I

a pair of conductive members for supplying a drive signal to the
piezo-electric device and a resin-molded part molded integrally
with the pair of conductive members, and the pair of conductive
members respectively include distal ends electrically connected
to the piezo~electric device, proximal ends electrically
connected to the circuit board, and intermediate parts for
connecting the distal ends and proximal ends, and at least a part
of the intermediate parts is embedded in the molded part.

It is preferable that the pair of distal ends are arranged
on the same plane and the pair of proximal ends are arranged on
another same plane different from the same plane on which the
pair of distal ends are arranged.

It is preferable that each of the pair of conductive members
is formed by bending elongated members made of a conductive
material, and the same plane on which the pair of distal ends
are arranged and the another same plane on which the paix of
proximal ends are arranged are parallel with each other, and the
elongated members positioned on the same plane and the elongated
members positioned on the another same plane are not overlaid

with each other in the perpendicular direction to the same plane

and the another same plane.
It is preferable that when the molded part is to be

' resin-molded, the pair of distal ends are connected with a

connection member and the connectionmember is removed after resin
molding.

It is preferable that, in the connection member, to position
the pair of conductive members to the die to be used 'for resin
molding of the molded part, a positioning hole through which a
part of the die is to be inserted is formed.

ced

It is preferable that the positioning hole is formed in a |

position corresponding to the vibration part of the piezo-
electric device.

It is preferable that, for resin molding of the molded part,
a female die and a male die to be fitted to the female die are
used and a part of the pair of conductive members connected with
the connection member has a contour corresponding to a partial
structure of the male die so as to position the pair of conductive
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It is preferable that at the time of resin molding of the
molded part, at least a part of the pair of distal ends is held
by a pair of dies, thereby at least a part of the pair of distal
ends is exposed without being embedded in the resin and the exposed
part of the pair of distal ends forms an electric contact point.

It is preferable that a concavity for receiving the
piezo-electric device is formed in the molded part and the pair
of distal ends are arranged on the bottom of the concavity.

A still further aspect of the present invention is
characterized in that the module has a mounting structure
aforementioned and the piezo-electric device embedded in the
concavity of the mounting structure, and the piezo-electric
device has a piezo~electric element having a piezo-electric layexr
held by a pair of electrodes and a vibrating plate on one side
of which the piezo-electric element is arranged, and a cavity
foxrming member having a formed cavity is arranged on the other
side of the vibrating plate, and the l1iquid in the liquid container
comes in contact with the vibrating plate via the cavity.

It is preferable that the piezo-electric device has a pa:.r
of electrodes electrically connected to the pair of distal ends
of the mounting structure with a conductive adhesive and the
periphery of the piezo-electric device is sealed with resin so
as to prevent liquid from moving toward the back of the
piezo-electric device.

A further aspect of the present invention is characterized
in that a mounting structure for mounting a piezo-electric device
used to detect the consumption condition of a liquid in a liquid
container to the liquid container has a base having electrical
wires electrically connected to the piezo-electric device and
a projection projected from the base to which the piezo-electric
device is mounted and the electrical wires electrically connected
to the piezo-electric device are formed three-dimensionally by
two-color molding resin plating.

It is preferable that a concavity for reéeiving the
piezo-electric device is formed on the end of the projection,
and on the bottom of the concavity, parts electrically connected
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to the pair of electrodes of the piezo-electric device are formed
by at least a part of the electrical wires.

It is preferable that the projection has a tube member
projected from the base and a sealing part for sealing the opening
at the top of the tube member, and the concavity is formed on
the surface of the sealing part, and a through-hole passing

- through the sealing part is formed at the bottom of the concavity,

and the electrical wires electrically connected to the pair of
electrodes of the piezo-electric device are continuously formed
from the bottom of the concavity to the back side of the sealing
part via the inner surface of the through-hole.

Yet a further aspect of the present invention is characterized
in that the module has a piezo-electric device used to detect
the consumption condition of a liquid in a liquid container, a
circuit board electrically connected to the piezo-electric
device, and a pressed-~and-held connector which is pressed and
held between the circuit board and the piezo-electric device so
as to electrically connect the pair of electrodes formed on the
circuit board and the pair of electrodes of the piezo-electric
device. . o
It is preferable that the pressed-and-held connector has an
insulating elastic member which ' is held and elastically
compressed between the circuit board and the piezo-electric
device and a plurality of conductors extending inside the elastic
member in the compression direction.

It is preferable that the pressed-and-held connector has a
paif ‘of conductive rubber members arranged between the pair of
electrodes formed on the circuit board and the pair of electrodes
of the piezo~electric device and an insulating rubber member for
mutually connecting the pair of conductive rubber members.

It is preferable that the piezo-electric device is structured
so that it has a piezo-electric element having a piezo-electric
layer held between a pair of electrodes and a vibrating plate
on one side of which the piezo-electric element is arranged, and
a cavity forming member having a formed cavity is arranged on
the other side of the vibrating plate, and the vibrating plate
comes in contact with the liquid in the liquid container via the
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In any of the above-mentioned embodiments, the piezo-
electric device may be supported by a pair of conductive members
which are connected to the piezo-electric device.

BRIEF DESCRTPTION OF THE DRAWINGS

Figs. 1A, 1B and 1C are drawings showing details of the
actuator 106. '

Fig. 2 is a drawing showing the constitution of the actuator
106 and an equivalent circuit.

Pigs. 3A and 3B are drawings showing the relationship between
the ink density and the resonance freguency of ink detected by
the actuator 106. -

Figs. 4A and 4B are drawings showing the counter electromotive
force waveform of the actuator 106.

Fig. 5 is a perspective view showing the module :100. .

Pig. 6 is an exploded view showing the constituytion of the
module 100 shown in Fig. 5.

Fig. 7 is a perspective view showing another embodiment of
the module.

Fig. 8 is an exploded view showing the constitution of the
module shown in Fig. 7.

Figs 9A to 5C show still another embodiment of the module.

Fig. 10 is a drawing showing an example of the cross section
when the module 100 shown in Fig. 5 is mounted to the ink container
1.

Figs. 11A, 11B and 11C are other embodiments of the module.

Fig. 12 is a drawing showing an example of the cross section
of the opening of the mounting structure shown in Figs. llA to
1l1C.

Figs. 133, 13B and 13C are drawings showing other embodiments
of the through hole 2c.

Figs. 14A, 14B and 14C are drawings showing the planes of
other embodiments of the through hole 2c.

Pig. 15 is a drawing showing an ink cartridge having a mounting
structure and an ink jet recording apparatus.

Flg. 16 is a drawing showing an ink cartridge containing a
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Figs. 177, 17B and 17C are drawings showing other examples
of the ink cartridge 180.

Fig. 18 is a drawing showing an ink jet recording apparatus
suited to the ink cartridge shown in Figs. 17A to 17C.

Fig. 19 is a cross sectional view of the ink cartridge 180d
to which the module 500 shown in Figs. 9A to 9C is attached.

Fig. 20 is a cross sectional view of another ink cartridge
180e to which the module 500 shown in Figs. 9A to 9C is attached.

Fig. 21 is a plan view showing a plate member for manufacturing
a mounting structure of an embodiment of the present invention.

Fig. 22 is a perspective view showing the state that the plate
membexr shown in Fig. 21 is bent. '

Figs. 23A, 23B and 23C are enlarged views showing the pair
of bent elongated members shown in Fig. 22,

Fig. 24 is a perspective view showing the state that a molded
part is integrally formed with the pair of bent elongated members
shown in Fig. 22 by insertion molding.

Fig. 25 is a cross sectional view showing the state that a
molded part is integrally formed with the pair of bent elongated
members shown in Fig. 22 by insertion molding and shows the state
before a male die and a female die are fit into each other.

Fig. 26 is a cross sectional view showing the state that a
molded paxt is integrally formed with the pair of bent elongated
members shown in Fig. 22 by insertion molding and shows the state
after a male die and a female die are fit into each other.

Figs. 27A, 27B and 27C are drawings showing the constitution
of a female die used for processing the molded part shown in Fig-.
24,

Figs. 28A, 28B and 28C are drawings showing the constitution
of a male die used for processing the molded part shown in Fig.
24.

Fig. 29 is a perspective view showing an integrated molded
product that the branch parts are cut off at the cutting parts
shown in Fig. 21.

Figs. 30a, 30B, 30C and 30D are drawings showing an integrated
molded product that the branch parts are cut off at the cutting
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parts shown in Fig. 21.

Fig. 31 is a perspective view showing the situation that an
actuator is attached to a mounting structure of an embodiment

10

of the present invention.

Fig. 32 is a perspective view showing a module structured
by attaching an actuator to a mounting structure of an embodiment
of the present invention and molding it with resin.

Figs. 33A, 33B, 33C and 33D are drawings showing the
constitution of an actuator of an embodiment of the present
invention.

Figs. 34A, 34B and 34C are drawings showing the constitution
of a mounting structure of an embodiment of the present invention.

Fig. 35 is an exploded perspective view of a module of an
embodiment of the present invention. _

Figs. 36A and 36B are drawings showing an example of a
pressed-and-held connector of the module shown in Fig..35.. ...

Figs. 37A and 37B are drawing showing another example of a
pressed-and-held connector of the module shown in Fig. 35.

Figs. 38A and 38B are drawings showing still another example
of a pressed-and-held connector of the module shown in Fig. 35.

Figs. 39A and 39B are drawings showing a further example of
a pressed-and-held connector of the module shown in Fig. 35.

Figs. 40A and 40B are drawings showing a still further example
of a pressed-and-held connector of the module shown in Fig. 35.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be explained hereunder with
reference to the embodiments of the present invention. However,
the present invention recited in the claims is not limited to
the embodiments described below and the combinations of the
characteristics explained in the embodiments are not always
necessary to the solving means of the inventions.

In the embodiments, the present invention is applied to the
art of a mounting structure for mounting a piezo-electric device
for detecting the consumption condition of ink in an ink cartridge
to the ink cartridge.

The embodiments of the present invention will be explained
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concretely hereunder by referring to the aéi:ompanying drawings.
In the drawings, firstly, the basic art of a piezo-electric device
for detecting the consumption condition of ink will be explained
{(Figs. 1A to 4B). Then, in Fig. 5 and the subsequent drawings,
a mounting structure for mounting the piezo-electric device to
an ink cartridge, its exploded view, variations of the mounting
structure, and application 'examples to the ink cartridge will
be explained.

In the embodiments, an "actuator” is indicated as an example
of the piezo-electric device. However, the configuration of the
piezo~electric device is not limited to an actuator and it may
be an "elastic wave generation means" or a "piezo-electric
element”. The components of the piezo-electric device are not
limited to the embodiments. As a configuration for realizing the
mounting structure, texms of "module” and "module structure" are
used. - - o et _

Figs. 1A to 2 show details and an equivalent circuit of an
actuator 106 which is an embodiment of the piezo-electric device. -
The actuator aforementioned is used to a method for detecting
at least changes in the acoustic impedance and detecting the
consumption condition of a liquid in a 1liquid container.
Particularly, the actuator is used to a method for detecting the
resonance frequency by the residual vibration, thereby detecting
at least changes in the acoustic impedance, and detecting the
consumption condition of a liquid in a liquid container. Fig.
1A is an enlarged plan view of the actuator 106. Fig. 1B is a
cross sectional view of B-B of the actuator 106. Pig. 1C is a
cross sectional view of C-C of the actuator 106. Furthermore,
Fig. 2, (A) and (B) show equivalent circuits of the actuator 106.
Fig. 2, (C) and (D) respectively show the periphery including
the actuator 106 and its equivalent circuit when an ink cartridge
is full of ink and Fig. 2, (E) and (F) respectively show the
periphery including the actuator 106 and its eguivalent circuit
when the ink cartridge contains no ink.

-The actuator 106 has a substrate 178 having a circular opening
161 almost at its center, a vibrating plate 176 arranged on one
side (hereinafter referred to as the surface) of the substrate
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178 so as to cover the opening 161, a pié"z"o-electric layer 160
arranged on the surface side of the vibrating plate 176, an upper
electrode 164 and a lower electrode 166 holding the piezo-electric
Jayer 16S on both sides, an upper electrcde terminal 168
electrically connecting with the upper electrode 164, a lower
electrode terminal 170 electrically connecting with the lower
electrode 166, and an auxiliary electrode 172 which is arranged
between the upper electrode 164 and the upper electrode terminal
168 and electrically connects the two. The piezo-electric layer
160, the upper electrode 164, and the lower electrode 166 have
a circular part as an essential section respectively. The
respective circular parts of the piezo-electric layer 160, the
upper electrode 164, and the lower electrode 166 form a
piezo-electric element.

The vibrating plate 176 is foxrmed on the surface of the
substrate 178 so as to cover the opening 161. A cavity 162 is
formed by the part of the vibrating plate 176 facing on the opening
161 and the opening 161 in the substrate 178. The surface
(hereinafrter referred to as the back) of the substrate 178 on
the opposite side of the piezo-electric element faces on the
liguid container side and the cavity 162 is structured so as to
come in contact with a liquid. The vibratingplate 176 is attached
to the substrate 178 liquid-tightly so as to prevent a liquid
leak on the surface side of the substrate 178 even if a liguid

enters inside the cavity 162.

The lower electrode 166 is positioned on the surface of the
vibrating plate 176, that is, on the surface on the opposite side
of the liquid container and attached so that the center of the
circular part which is a main part of the lower electrode 166
and the center of the opening 161 almost coincide with each other.
The area of the circular part of the lower electrode 166 is set
s0 as to be smaller than the area of the opening 161. On the other
hand, on the surface side of the lower electrode 166, the
piezo-electric layer 160 is formed so that the center of the
circular part thereof and the center of the opening 161 almost
coincide with each other. The area of the circular part of the
piezo-electric layer 160 is set so as to be smaller than the area
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of the opening 161 and largexr than the area of the circular part
of the lower electrode 166. ‘

on the other hand, on the surface side of the piezo-electric
layer 160, the upper electrode 164 is foxmed so that the center
of the circular part which is a main part thereof and the center
of the opening 161 almost coincide with each other. The area of
the circular part of the upper electrode 164 is set so as to be
smaller than the areas of the opening 161 and of the circular
part of the piezo-electric layer 160 and larger than the area
of the circular part of the lower electrode 166.

Therefore, the main part of the piezo-electric layer 160 is
structured so as to be held respectively from the surface side
and back side by the main part of the upper electrode 164 and
the main part of the lower electrode 166, so that the piezo-
electric layer 160 can be effectively deformed and driven. The
circular parts of the piezo-electric layer 160, the upper
electrode 164, and the lower electreode 166 which are the
respective main parts form a piezo-electric element of the
actuator 106. As mentioned above, the piezo-electric element is
in contact with the vibrating plate 176. Among the circular part
of the upper electrode 164, the circular part of the piezo-
electric layer 160, the circular part of the lower electrode 166,
and the opening 161, the area of the opening 161 is the largest.
By use of such a structure, the vibration area of the vibrating
plate 176 which vibrates actually is defined by the opening 161.
The circular part of the upper electrode 164, the circular part
of the piezo-electric layer 160, and the circular part of the
lowexr electxrode 166 are smaller in the area than the opening 161,
so that the vibrating plate 176 vibrates more easily.
Furthermore, among the circular part of the lower electrode 166
and the circular part of the upper electrode 164 which are
electrically comnected to the piezo-electric layer 160, the
circular part of the lower electrode 166 is smaller. Therefore,
the circular part of the lower electrode 166 defines the part
of the piezo~electric layer 160 which genérates a piezo-electric
effect.

The upper electrode terminal 168 is formed on the surface
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side of the vibrating plate 176 so as to be electrically connected
to the upper electrode 164 via the auxjiliary electrode 172. On
the other hand, the lower electrode terminal 170 is formed on
the surface side of the vibrating plate 176 so as to be
electrically connected to the lower electrode 166. The uppex
electrode 164 is formed on the surface side of the piezo-electric
layer 160, so that, in the middle of connection to the upper
electrode texrminal 168, the upper electrode 164 must have a level
difference equal to the sumof the thickness of the piezo-electric
layer 160 and the thickness of the lower electrode 166. It is
difficult that only the upper electrode 164 forms this level
difference, and even if it can do, the connection condition
between the upper electrode 164 and the upper electrode terminal
168 becomes weak, and there is a risk of cutting. Accordingly,
the auxiliary electrode 172 is used as an auxiliary member and
the upper electrode 164 and the upper electrode terminal 168 are
connected. By doing this, also the piezo-electric layer 160 and
also the upper electrode 164 are structured so as to be supported
by the auxiliary electrode 172 and desired mechanical strength
can be obtained and furthexmore, the upper electrode 164 and the
upper electrode terminal 168 can be connected surely.

The piezo-electric element and the vibration area of the
vibrating plate 176 facing the piezo-electric element are the
vibration parts of the actuator that vibrate actually. Further,
it is preferable that the members included in the actuator 106
are calcined and formed integrally mutually. When the actuator
106 is formed integrally, it can be handled easily. Furthermore,
when the strength of the substrate 178 is increased, the vibration
characteristic is improved. Namely, when the strength of the
substrate 178 is increased, only the vibration part of the
actuator 106 vibrates and the parts of the actuator 106 other
than the vibration part do not vibrate. Further, preventing the
parts of the actuator 106 other than the vibration part from
vibration can be realized by increasing the strength of the

14

substrate 178 and inversely making the piezo-electric element
of the actuator 106 thinner and smaller and making the vibrating
plate 176 thinner.
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As a material of the piezo-electrié¢ layer 160, it is
preferable to use lead zirconate titanate (P2T), lead lanthanum
zirconate titanate (PLZT), or a leadless piezo-electric film
using no lead and as a material of the substrate 178, it is
preferable to use zirconia or alumina. It is preferable to use
the same material for the vibrating plate 176 as the material
of the substrate 178. For the upper electrode 164, the lower
electrode 166, the upper electrode terminal 168, and the lower
electrode terminal 170, a conductive material, for example, a
metal such as gold, silver, copper, platinum, aluminum, or nickel

may be used.

The actuator 106 structured as mentioned above can be applied
to a container containingaliquid. For example, it canbemounted
to an ink cartridge or ink tank to be used for an ink jet recording
apparatus or a container for containing a cleaning liquid for

" cleaning a recording head.

The actuator 106 shown in Figs. 1A to 2 is mounted at a
predetermined location of the liquid container so that the cavity
162 comes in contact with a liquid contained in the liquid
container. When a liquid is sufficiently contained in the liquid
container, the cavity 162 and the outside thereof are full of
liquid. On theother hand, when the liquid of the liquid container
is consumed and the liquid level lowers below the actuator
mounting location, a condition that no liguid exists in the cavity
162 or a liquid remains only in the cavity 162 and air exists
outside thereof is generated. The actuator 106 detects at least
a difference in the acoustic impedance caused by this change in’
the condition. Thereby, the actuator 106 can detect whether a
liquid is sufficiently contained in the liquid container or a
fixed amount of liquid or more is consumed. Furthermore, the
actuator 106 can detect also the kind of liquid contained in the
liquid container.

Next, the principle of liquid level detection by the actuator
will be explained.

To detect changes in the acoustic impedance of a medium, the
impedance characteristic or admittance characteristic of the
medium is measured. At the time of measurement of the impedance
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characteristic or admittance characteristic, for example, the
transmission circuit can be used. The transmission circuit
impresses a fixed voltage to the medium, changes the frequency,
and measures the current flowing through the medium. Or, the
transmission circuit supplies a fixed current to the medium,
changes the frequency, and measures the voltage impressed to the
medium, Changes in the current or voltage measured by the
transmission circuit indicate changes in the acoustic impedance.
Changes in the frequency Im at which the current or voltage is
maximized or minimized also indicates changes in the acoustic

le

impedance.

Separately from the method aforementioned, the actuator can
detect changes in the acoustic impedance of a liquid using changes
only in the resopance fregquency. As 2 method using changes in
the acoustic impedance of a liquid, at the time of using a method
for detecting the resonance frequency by vibrating the vibration
part of the actuator and then measuring counter electromotive
force caused by the resjdual vibration remaining in the vibration
part, for example, the piezo-electric element can be used. The
piezo~electric element is an element for generating counter
electromotive force by the residual vibration remaining in the -
vibration part of the actuator and the magnitude of the counter
electromotive force varies with the amplitude of the vibration
part of the actuator. Therefore, as the amplitude of the
vibration part of the actuator increases, the detection becomes
easier. Further, the changing cycle of magnitude of the counter
electromotive force varies with the frequency of the residual
vibration remaining in the vibration part of the actuator.
Therefore, the frequency of the vibration part of the actuator
corresponds to the frequency of the counter electxomotive force.
Here, the resonance frequency is referred to as a freguency in
a resonance state between the vibration part of the actuator and
a medium in contact with the vibration part.

To obtain the resonance frequency fs, the waveform obtained
by measurement of the counter electromotive force when the
vibration part and medium are in a resonance state is subjected
to the Fourier tr ansrormaflon. The vibration of the actuater is
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accompanied by various deformations such as deflection and
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extension instead of deformation only in one direction and has
various frequencies including the resonance frequency f£s.
Therefore, the waveform of the counter electromotive force when
the piezo-electric element and medium are in a resonance state
is subjected to the Fourier transformation and the most dominant
frequency component is identified, thereby the resonance
frequency fs is ‘judged.

The frequency fm is a Ifrequency when the admittance
characteristic of a medium is maximum or the impedance
characteristic thereof is minimum. When the resonance fregquency
fs is used, the frequency fm may cause a slight error for the
resonance frequency fs due to a dielectric loss of a medium or
a mechanical less thereof. However, it requires a great deal of
time to derive the resonance frequency fs from the frequency fm
to be measured, so that the frequency fm is generally used instead
of the resonance frequency. Then, when the output of the actuator
106 is input to the transmission circuit, the actuator 106 can

‘detect at least the acoustic impedance.

The experiment proves that there is little difference in the
resonance frequency identified by the method for measuring the
impedance characteristic of a medium or admittance
characteristic thereof and measuring the frequency fm and the
method for measuring the resonance frequency fs by measuring the
counter electromagnetic force caused by the residual vibration
in the vibration part of the actuator.

The vibration area of the actuator 106 is the part of the
vibrating plate 176 constituting the cavity 162 defined by the
opening 161. When a liquid is sufficiently contained in the
liquid container, the cavity 162 is full of ligquid and the
vibration area is in contact with the liquid in the liquid
container. On the other hand, when no liquid is sufficiently
contained in the liquid container, the vibration area is in
contact with a liquid remaining in the cavity in the liquid
container or in contact with gas or a vacuum instead of a liquid.

The actuator 106 of the present invention is provided with
the cavity 162, so that a liquid in the liguid container remains
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in the vibration area of the actuator 106. The reason thereof

is indicated below.

Depending on the mountirig position or mounting angle of the
actuator to the liquid container, a liquid may be adhered to the
vibration area of the actuator, though the liquid level in the
liquid container is lower than the mounting position of the
actuator. When the actuator detects existence of a liquid only

'by existence of a liquid in the vibration area, a liquid adhered

to the vibration area of the actuator disturbs precise detection
of existence of a liguid. '

For example, when the liquid level is lower than the mounting
position of the actuator, if the liquid container rocks due to
the reciprocating motion of the carriage, and the liquid waves,
and a liguid is adhered to the vibration area, the actuator
misjudges that a ligquid is sufficiently contained in the liquid
container.  Therefore, when a cavity designed so as to precisely
detect existence of a liguid even if a liguid remains there
inversely is positively installed, the actuator can be prevented
from malfunctions even if the liquid container rocks and the
liguid level waves. When an actuator having a cavity is used like
this, malfunctions can be prevented.

‘Further, as shown in Fig. 2, (E), a case that there is no
liquid in the liquid container and a 1iquid in the liquid container
remains in the cavity 162 of the actuator 106 is set as a threshold
value of existence of a liquid. Namely, when there is no liquid
around the cavity 162 and the liguid in the cavity is smaller
than the threshold value, the actuator judges that there is no
ink and when there is a liquid around the cavity 162 and the liquid
in the cavity is larger than the threshold value, the actuator
judges that there is ink. For example, when the actuator 106 is
mounted on the side wall of the liquid container, if the liquid
in the liquid container is positioned lower than the mounting
position of the actuator, the actuator judges that there is no
ink and if the liquid in the liquid container is positioned higher
than the mounting position of the actuator, the actuator judges
that there is ink. When the threshold value is set like this,
even when the ink in the cavity is dried and exhausted, the
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- actuator judges that there is no ink and even if ink is adhered

to the cavity again due to rocking of the carriage though the
ink in the cavity is exhausted, the amount does not exceed the
threshold value, so that the actuator can judge that there is
no ink. .
Next, the operation and principle for detecting the liquid
condition in the liquid container from the resonance frequency
between a medium and the vibration part of the actuator 106 by
measurement of the counter electromotive force will be explained
by referring to Figs. 1A to 2. In the actuator 106, a voltage
is impressed to the upper electrode 164 and the lower electrode
166 respectively via the upper electrode terminal 168 and the
lower electrode terminal 170. An electric field is generated in
the part of the piezo-electric layer 160 held by the upper
electrode 164 and the lower electrode 166. The piezo-electric

‘layer 160 is -deformed- by this -electric field. When the ---: - v -

piezo-electric layer 160 is deformed, the vibration area of the
vibrating plate 176 is bent and vibrates. For alittlewhileafter
the piezo-electric layer 160 is deformed, the bending vibration
remains in the vibration part of the actuator 106.

The residual vibration is free vibration of the vibration
part of the actuator 106 and the medium. Thexrefore, when the
voltage to be impressed to the piezo-electric layer 160 is set
to a pulse waveform or a square waveform, the resonance state
can be easily obtained between the vibration part and the medium
after voltage impression. The residual vibration vibrates the
vibration part of the actuator 106, so that it also deforms the
piezo-electric layer 160. Therefore, the piezo-electric layer
160 generates counter electromotive force. The counter
electromotive force is detected via the upper electrode 164, the
lower electrode 166, the upper electrode terminal 168, and the
lower electrode terminal 170. The resonance fregquency can be
identified by the counter electromotive force detected, so that
the ligquid state in the liguid container can be detected.

Generally, the resonance freguency fs is expressed by the
following formula:

fs = 1/{2* *({M~Cact}"?) —~- Formula 1
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In this case, M indicates the sum of inertance Mact of the
vibration part and additional inertance M' and Cact indicates
compliance of the vibration part. .

Fig. 1C is a cross sectional view of the actuator 106 of this
embodiment when no ink remains in the cavity. Fig. 2, (A) and
(B) show equivalent circuits of the vibration part of the actuator
106 and the cavity 162 when no ink remains in the cavity.

Mact is a value obtained by dividing the product ‘of the
thickness and density of the vibration part by the area of the
vibration part andmore indetail, it is expressed by the following

formula as shown in Fig. 2, (A).
Mact = Mpzt + Melectrodel + Melectrode2 + Mvib -—- Formula

In this case, Mpzt is a value cbtained by dividing the product
of the thickness and density of the piezo—-electric layer 160 in

- the vibration part by the area of the piezo-electric layer 160. -

Melectrodel is a value obtained by dividing the product of the
thickness and density of the upper electrode 164 in the vibration
part by the area of the upper electrode 164. Melectrode2 is a
value obtained by dividing the product of the thickness and
density of the lower electrode 166 in the vibration part by the
area of the lower electrode 166. Mvib is a value obtained by
dividing the product of the thickness and density of the vibrating
plate 176 in the vibration part by the area of the vibration area
of the vibrating plate 176. However, since Mact can be calculated
from the thickness, density, and area of the whole vibration part,
it is preferable in this embodiment that although the areas of
the piezo-electric layer 160, the upper electrode 164, the lower
electrode 166, and the vibration area of the vibrating plate 176
have the magnitude relations aforementioned, the mutual
differences between the areas are minute. According to this
embodiment, in the piezo-electric layer 160, the upper electrode
164, and the lower electrode 166, it is preferable that the parts
other than the circular parts which are the main parts thereof
are so minute as to be ignored for the main parts.

Therefore, in the actuator 106, Mact is the sum of inertance
of each of the upper electrode 164, the lower electrode 166, the
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piezo-electric layer 160, and the vibration area of the vibrating
plate 176. The compliance Cact is compliance of the part formed
by the upper electrode 164, the lower electrode 166, the
piezo-electric layer 160, and the vibration area of the vibrating
plate 176. _ _

Fig. 2, (A), (B), (D), and (F) indicate equivalent circuits
of the vibration part of the actuator 106 and the cavity 162 and
in the equivalent circuits, Cact indicates the compliance of the
vibration part of the actuator 106. Cpzt, Celectrodel,
Celectrode2, and Cvib respectively indicate compliance of the
vibration part of the piezo-electric layer 160, the upper
electrode 164, the lower electrode 166, and the vibrating plate
176, Cact is expressed by Formula 3 indicated below.

l/Cact = (1/Cpzt) + (1/Celectrodel) + (l/Celectrode2) +
{1/Cvib) ~-- Formula 3

By Formulas 2 and 3, -Fig.—2, :(A) can be indicated as Fig.
2, (B). ' '

The compliance Cact indicates a volume for receiving a medium
by deformation when pressure is applied to a unit area of the
vibration part. The compliance Cact may be said to indicate
deformation easiness. _

Fig. 2, (C) indicates a cross sectional view of the actuator
106 when a liquid is sufficiently contained in the liquid
container and the periphery of the vibration part of the actuator
106 is full of liguid. M' max shown in Pig. 2, (C) indicates a
maximum value of the additional inertance when a liquid is
sufficiently contained in the ligquid containexr and the periphery
of the vibration part of the actuator 106 is full of liquid. M’
max ig indicated as follows: '

M' omax = ( * 0 /(2%k%))*(2*(2%k*a)*/(3* ))/( *a!)? -
Formula 4 '

where a indicates a radius of the vibration part, o0 density
of the medium, and k a wave-number. Formmla 4 is held when the
vibration area of the actuator 106 is a circle with a diameter
of a. The additional inertance M' is a value indicating that the
mass of the vibration part is apparently increased by the action

of a medium existing in the neighborhood of the vibration part.
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Formula 4 shows that M' max greatly varies with the radius a of
the vibration part and the density 0.

The wave-number k is exXpressed by the following:

k = 2% xfact/c --- Formula 5,
where fact indicates a resonance frequency of the vibration part
when it is not in contact with an liquid and c indicates an acoustic
speed propagating through the medium.

Fig. 2, (D) shows an equivalent circuit of the vibration part
of the actuator 106 and the cavity 162 shown in Fig. 2, (C) when
a liquid is sufficiently contained in the liquid container and
the periphery of the vibration part of the actuator 106 is full
of liquid.

Fig. 2, (E) indicates a cross sectional view of the actuator
106 when the liquid in the liquid container is consumed and there
is no liquid remaining around the vibration part of the actuator
106, though a liquid remains in the cavity 162 of the actuator -
106. Formula 4 is a formula indicating maximum inertance M' max
decided from the ink density ©, for example, when the liquid
container is full of liquid. On the other hand, when the liquid
in the liquid container is consumed, and a liquid remains in the
cavity 162, and the ligquid around the vibration area of the
actuator 106 is changed to air or a vacuum, it can be indicated
as follows: '

M' =p*t/S ~--- Formula 6,
where t indicates a thickness of a medium relating to vibration
and S indicates an area of the vibration area of the actuator
106. When the vibration area is a circle with a radius of a, S
= =a?, Therefore, the additional inertance M' follows Formula
4 when a liguid is sufficiently contained in the liquid container
and the periphery of the vibration part of the actuator 106 is
full of liquid. On the other hand, when the liquid is consumed,
and a liquid remains in the cavity 162, and the liquid around
the vibration area of the actuator 106 is changed to air or a
vacuum, the additional inertance M' follows Formula 6.

Here, as shown in Fig. 2, (E), the additional inertance M’
when the liquid in the liquid container is consumed and there

is no liquid remaining around the vibration part of the actuator
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106, though a liquid remains in the cavity 162 of the actuator
106 is indicated by M' cav for convenience so as to distinguish
it from the additional inertance M' max when the periphery of
the vibration part of the actuator 106 is full of liquid.
Fig. 2, | (F) shows an equivalent circuit of the vibration part
of the actuator 106 and the cavity 162 shown in Fig. 2, (E) when
the liquid in the liquid container is consumed and there is no
liquid remaining around the vibration part of the actuator 106,
though a 1iquid remains in the cavity 162 of the actuator 106.
In this case, the parameters cdncerning the medium condition

are the medium density 0 and medium thickness t in Formula 6.

When a liquid is sufficiently contained in the liquid container,

the liquid is in contact with the vibration part of the actuator
106 and when a liquid is not sufficiently contained in the liguid
container, a liguid remains in the cavity or gas or a vacuum is

in-contact with the vibration part of the actuator 106. When the"
liquid around the actuator 106 is consumed and the additional

inertance in the process of moving from M' max shown in Fig. 2,

(C) to M’ cav shown in Fig. 2, (E) is assumed as M' var, the medium
thickness t is changed depending on the liquid containing
condition in the liguid container, so that the additional
inertance M' var is changed and the resonance frequency fs is

also changed. Therefore, by identifying the resonance frequency
fs5, the existenceof liquid in the liquid container can be detected.
In this case, when t=d is set as shown in Fig. 2, (E) and M' cav
is expressed using Formula 6, by substituting the depth d of the
cavity for t given in Formula 6, the following is cbtained:

M' cav =0=*d/S --- Formula 7.

A medium which is a liquid different in the kind is different
in the density p depending on the difference in the composition,
so that the additional inertance M' is changed and the resonance
frequency fs is also changed. Therefore, by identifying the
resonance frequency fs, the kind of liquid can be detected.

Fig. 3A shows graphs indicating the relationship between the
ink amount, ink, and resonance frequency fs of a vibration part
in an ink rtank. Here, ink will be explained as an example of a
liquid. The crdinate axis indicates the rescnance frequency fs
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and the transverse axis indicates an ink amount. When the ink
composition is fixed, as the residual amount of ink reduces, the

24

resonance frequency fs increases.

When ink is sufficiently contai_.ned in the ink container and
the periphery of the vibration area of the actuator 106 is full
of ink, the maximm additional inertance M' max is the value
expressed by Formula 4. On the other hand, when the ink is
consumed, and a ligquid remains in the cavity 162, and the periphery
of the vibration area of the actuator 106 is not full of ink,
the additional inertance M' var is calculated from Formula 6 on
the basis of the medium thickness t. “t" in Formula 6 is the
thickness of the medium relating to vibration, so that when the
thickness d (Fig. 1B) of the cavity 162 of the actuator 178 is
reduced, that is, the substrate 178 is made sufficient thin, the
process that ink is gradually consumed can be detected (Fig. 2,
(C)). Here, -t ink is assumed-as an ink thickness relating to
vibration and t ink~-max is assumed as t ink inM' max. For example,
the actuator 106 is arranged on the bottom of the ink cartridge
almost horizom;.ally with the ink level. When the ink is consumed
and the ink level reaches the height t ink-max or less from the
actuator 106, M' var is slowly changed according to Formula 6
and the resonance frequency fs is slowly changed according to
Formula 1. Therefore, as long as the ink level is within therange
of t, the actuator 106 can detect slowly the ink consumption
condition.

When the vibration area of the actuator 106 is made larger
or longer and arranged lengthways, S in Formula 6 is changed
according to the position of ink level due to ink consumption.
Therefore, the actuator 106 can detect also the process of slow
consumption of ink. For example, the actuator 106 is arranged
on the side wall of the ink cartridge almost perpendicularly to
the ink level. When the ink is consumed and the ink level reaches
the vibration area of the actuator 106, the additional inertance
M' reduces as the ink level lowers, so that the resonance freguency
fs slowly increases according to Formula 1. Therefore, so long
as the ink level is within the range of the diameter 2a (Fig.
2, {C)) of ‘.he ca\nty 162, the actuator 106 can slowly detect
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the ink consumption condition.

The cuxve X shown in Fig. 3A shows the relationship between
the ink amount, ink, and resonance freguency fs of the vibration
part in the ink tank when the cavity 162 of the actuator 106 is
made sufficiently shallow or the vibration area of the actuator
106 is made sufficiently large or long. The situation that the
ink amount in the ink tank slowly reduces and the ink and resonance
frequency fs of the vibration part change slowly can be
understood. '

More in detail, a case that the process of slow consumption
of ink can be detected is a case that a 1iquid and a gas different
in density from each other coexist around the vibration area of
the actuator 106 and are related to vibration. As ink is consumed
slowly, with the media relating to vibration around the vibration
area of the actuator 106, the liquid reduces, while the gas

“increases: For example, when -the actuator 106 is arranged

horizontally with the ink level and t ink is smaller than t ink-max,
the media relating to vibration of the actuator 106 include both
ink and gas. Therefore, assuming the area of the vibration area
of the actuator 106 as S, when the condition less than M' max

~ in Formula 4 is expressed by the additional masses of ink and

gas, the following formula is obtained.

M'=M"air+ M’ ink = o air*t air/sS+pink*t ink/S --- Formula
8,

where M' air indicates inertance of air and M' ink indicates
inertance of ink. pair indicates air density and oink indicates
ink density. t air indicates the thickness of air relating to
vibration and t ink indicates the thickness of ink relating to
vibration. Among the media relating to vibration around the
vibration area of the actuator 106, as the liquid reduces and
the gas increases, when the actuator 106 is arranged almost
horizontally with the ink level, t air increases and t ink
decreases. Thereby, M' var reduces slowly and. the resonance
frequency increases slowly. Therefore, the ink amount remaining
in the ink tank or the ink consumption amount can be detected.
The reason that Formula 7 is a formula of only the liquid density
is that a case that the air density is so small as tc be ignored
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for the liquid density is supposed.

When the actuator 106 is arranged almost perpendicularly to
the ink level, among the vibration area of the actuator 106, an
equivalent circuit (not shown in the drawing) parallel with the
region where the medium relating to vibration of the actuator
106 is only ink and the region where the medium relating to
vibration of the actuator 106 is gas is considered. Assuming the
area of the region where the medium relating to vibration of the
actuator 106 is only ink as S ink and the area of the region where
the medium }celating to vibration of the actuator 106 is only gas
as S air, the following formula is obtained.

1/M’ = 1/M' air + 1/M' ink = S air/(peair*t air) + S ink/(pQ
ink*t ink) --- Formula 9

Formula 9 is applied when no ink is held in the cavity of

the actuator 106. When ink is held in the cavity of the actuator
106, Pormulas 7,8, -and 9 -are - used for calculation.

The vibration of the actuator is changed from the depth of
T ink-max to the depth of remaining of ink. Therefore, when the
actuator is arranged on the bottom so that the ink residual depth
is slightly smaller than t ink-max, the process that ink slowly
reduces cannot be detected. From vibration changes of the
actunator in slight changes in the ink amount from t ink-max to
the residual depth, it is detected that the ink amount is changed.
When the actuator is arranged on the side and the diametexr of
the opening (cavity) is small, the vibration change of the
actuator passing through the opening is very little, so that it
is difficult to detect the ink amount in the passing process.
For example, the curve Y shown in Fig. 3A shows the relationship
between the ink amount, ink, and resonance frequency fs of the
vibration part in the ink tank in a small circular vibration area.
The situation that the ink and resonance frequency fs of the
vibration part change strongly between the ink amounts Q before
and after the ink level in the ink tank passes the mounting
position of the actuator is indicated. From this, whether a
predetermined amount of ink remains in the ink tank can be
detected.

Fig. 3B sl;éws the relationship between the ink density, ink, .
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and resonance frequency fs of the vibratibn part in the curve
Y shown in Fig. 3A. As shown in Fig. 3B, as the ink density
increases, the additional inertance increases, so that the
resonance frequency fs reduces. Namely, the resonance frequency
fs varies with the ink kind. Thevefore, when the resonance
freguency f£s is measured, at the time of recharging of ink, whether
ink having different density is mixed in can be ascertained.
Namely, an ink tank for containing a different kind of ink can
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be discriminated.

Next, the condition for precisely detecting the liquid
condition when the size and form of the cavity are set so that
a liquid remains in the cavity 162 of the actuator 106 even when
the liquid container contains no liquid will be described in
detail. If the actuator 106 can detect the liquid condition when
the cavity 162 is full of liguid, it can detect the liquid
condition even when the cavity 162 is not full of liguid.

The resonance frequency fs is a function of inertance M. The
inertance M is the sum of inertance Mact of the vibration part
and the additional inertance M'. The inertance M' is related to

- the liquid condition. The inertanceM' is a quantity showing that

the mass of the vibration part is apparently increased by the
action of a medium existing in the neighborhood of the vibration
part. Namely, it means an increase in the mass of the vibration
part by apparently absorbing the medium by vibration of the
vibration part.

Therefore, when M’ cav is larger than M' max shown in Formula
4, the medium apparently absorbing is all a liquid remaining in
the cavity 162. Therefore, it is the same condition as that when
the liquid container is full of liquid. In this case, M' does
not change, so that the resonance frequency fs neither changes.
Namely, the medium relating to vibration does not become smaller
than M' max, so that, even if ink is consumed, changes cannot
be detected. Therefore, the actuator 106 cannot detect the
liquid condition in the liquid container.

on the other hand, when M’ cav is smaller than M' max shown
in Formula 4, the medium apparently absorbing is a liguid
remaining in the cavity 162 and gas or a vacuum in the liquid
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container. In this case, M' changes unlike the condition that
the liquid container is full of liquid, so that the resonance
frequency fs changes. Therefore, the actuator 106 can detect the
ligquid condition in the liquid container.

Wamely, when the liquid container contains no liquid and a
liguid remains in the cavity 162 of the actunator 106, the condition
under which the actnator 106 can precisely detect the liquid
condition is that M' cav is smaller than M' max. The condition
M' max > M' cav under which the actuator 106 can precisely detect
the liguid condition is independent of the shape of the cavity
162, .

M' cav indicates mass inertance of a liguid in almost the
same volume as that of the cavity 162. Therefore, from thé
inequality M' max > M’ cav, the condition under which the actuator
106 can precisely detect the liquid condition can be expressed
as a condition of the volume of the cavity 162. For example,
assuming the radius of the opening 161 of the circular cavity
162 as a and the depth of the cavity 162 as d, the following formula
is helad:

M' max > op*d/ a® --- Formula 10.

When Formula 10 is expanded, the following condition is obtained:

a/d > 3» /8 —-- Formula 11

Formulas 10 and 11 are held only when the shape of the cavity
162 is circular. When the formula of M' max when the cavity 162
is not circular is used and a° in Formula 10 is substituted for
the area thereof, the relationship of the width and length of

‘the cavity with the depth thereof can be derived.

Therefore, when the cavity 162 of the actuator 106 has the
diameter a of the opening 161 and the depth d of the cavity 162
which satisfy Formula 11, even if the liquid container contains

‘no liquid and a liquid remains in the cavity 162, the actuator

106 can detect the liquid condition free of malfunctions.

The additional inertance M' affects the acoustic impedance
characteristic, so that it may be said that the method for
measuring counter electromotive force generated in the actuator
106 by the residual vibration detects at least changes in the
acoustic impedance.
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According to this embodiment, the adtuator 106 generates
vibration and then counter electromotive force generated in the
actuatoxr 106 by the residual vibration is measured. However, it
is not always necessary that the vibration part of the actuator
106 gives vibration to a liquid by its own vibration by a drive
signal. HNamely, even if the vibration part itself does not
vibrate, it vibrates together with a liquid in contact with it
within a certain range, thereby the piezo-electric layer 160 is
bent and deformed. This residual vibration generates counter
electromotive force in the piezo-electric layer 160 and transfers
the counter electromotive force to the upper electrode 164 and
the lower electrode 166. The ligunid condition may be detected
using this phenomenon. For example, in an ink jet recording
apparatus, using vibration of the periphery of the vibration part
of the actuator generated by vibration by the reciprocatingmotion
of the carriage by scanning of a print head during printing, the
condition of the ink tank or the ink condition therein may be
detected.

Figs. 4A and 4B show a measuring method for the waveform of
residual vibration of the actuator 106 and the residual vibration
after vibrating the actuator 106. The vertical position of the
ink level for the mounting position level of the actuator 106
in the ink cartridge can be detected by changes in the frequency
of the residual vibration after the actuator 106 vibrates or
changes in the amplitude. In Figs. 4A and 4B, the ordinate axis
indicates voltage of counter electromotive force generated by
residual vibration of the actuator 106 and the transverse axis
indicates time. By the residual vibration of the actuator 106,
as shown in Figs. 4A and 4B, the waveform of an analog signal
of voltage is generated. Next, the analog signal is converted
to a digital value corresponding to the signal freguency.

In the examples shown in Figs. 4A and 4B, by measuring the
time required to generate four pulses from the fourth pulse of
the analog signal to the eighth pulse, the existence of ink can
be detected. '

More in detail, after vibration of the actuator 106, the count
of crossing a predetermined reference voltage from the lowvoltage
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side to the high voltage side is counted. A d:l.g:l.tal s:.gnal is
made high between the 4th count and the 8th count and the time
from the 4th count to the 8th count is measured by a predetermined
clock pulse.

Fig. 4A shows the waveform when the ink level is positioned
above the mounting position level of the actuator 106. On the
other hand, Fig. 4B shows the waveform when there is no ink on
the mounting position level of the actuator 106. The comparison
of Fig. 4A with Fig. 4B shows that the time from the 4th count -
to the 8th count in Fig. 4A is longer than that in Fig. 4B. In
other words, the time from the 4th count to the 8th count varies
with the existence of ink. By use of the difference in time, the
consumption condition of ink can be detected. Starting to count
from the 4th count of the analog waveform means starting
measurement after stabilization of vibration of the actuator 106.
Starting from the 4th count is just-an example and the time may
be counted from any count. In this case, a signal from the 4th
count tTo the 8th count is detected and the time from the 4th count
to the B8th count is measured by a predetermined clock pulse.
Thereby, the resonance frequency is obtained. It is preferable
that the clock puise is a clock pulse equal to the clock for
controlling a semiconductor storage device attached to the ink
cartridge. There is no need to measure the time up to the 8th
count and the time up to any count may be measured. In Figs. 4A
and 4B, the time from the 4th count to the Bth count is measured.
However, according to the circuit constitution for detecting the
frequency, the time within a different time range may be detected.

For example, when the quality of ink is stabilized and the
peak of the amplitude varies little, to increase the detection
speed, the time from the 4th count to the sixth count is detected,
thereby the resonance frequency may be obtained. Or, when the
guality of ink is unstable and the pulse amplitude varies greatly,
TO precisely detect the residual vibration, the time from the
4th count to the 1l2th count may be detected.

Further, in another embodiment, the wave-number of the
voltage waveform of counter electromotive force within a
predetermined period may be counted (nct shewn in the drawing).
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Also by this method, the resonance frequency can be determined.

More in detail, after vibration of the actuator 106, a digital
signal is made high for a predetermined period and the count of
crossing a predetermined reference voltage from the low voltage
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side to the high voltage side is counted. By measuring the count,

the existence of ink can be detected.

Furthermore, the comparison of Fig. 4A with Fig. 4B shows
that the amplitude of the counter electromotive force waveform
is different between a case that the ink cartridge is full of
ink and a case that the ink cartridge contains no ink. Therefore,
by measuring the amplitude of the counter electromotive force
waveform without obtaining the resonance frequency, the

- consumption condition of ink in the ink cartridge may be detected.

More in detail, for example, a reference voltage is set between
the peak of the counter electromotive force waveform shown in

Fig. 4A and the peak of the counter electromotive force waveform ——-~— ~~

shown in Fig. 4B. When the actuator 106 vibrates, and then a
digital signal is made high at a predetermined time, and the
counter electromotive force waveform crosses the reference
voltage, the actuator 106 judges that there is no ink. When the
counter electromotive force waveform does not cross the reference
voltage, the actuator 106 judges that there is ink.

The above 1s the explanation of the "actuator" which is an
example of a piezo-electric device and the detection art of the
ink consumption condition using it. Next, an embodiment of the
mounting structure of the present invention will be explained.

Fig. 5 is a perspective view showing the constitution that
the actuator 106 is formed integrally as a module 100. The module
100 is mounted at a predetermined location of a container
{container body) 1 of the ink cartridge shown in Fig. 10. The
module 100 is structured so as to detect at least changes in the
acoustic impedance in an ink solution, thereby detect the
consumption condition of the liquid in the container 1. The
module 100 of this embodiment has a mount portion 101 for mounting
the actuator 106 to the container 1. The mount portion 101 is
structured so as to mount a column 116 containing the actuator
106 vibrated by a drive signal on a substrate 102 having an almost
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rectangular surface. When the module 100 is mounted on the ink
cartridge, the actuatox 106 of the module 100 is disposed so as
not to be touched from outside, so that the actuator 106 can be
protected from external touch. The edge of the column 116 on the
top side is rounded, so that it can be easily fit at the time
of mounting into the through hole formed in the ink cartridge.

When the outer periphery of the mounting structure is formed
so as to have a sealing structure like an elastic member, it can
be appropriately held liquid-tightly with the container. Inthis
drawing, the mounting structure has the substrate 102 and the
colunmn 116. However, the shape of the mounting structure is not
limited to it. For example, it may be a cylindrical structure

that the side of the column 116 is extended.
Fig. 6 is an exploded view showing the constitution of the
module 100 shown in Fig. 5. The module 100 includes the mount
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- portion 101 made of resin, a plate 110, and a receiving portion

105 having a concavity 113. Furthermore, the module 100 has lead
wires 104a and 104b, the actuator 106, and a film 108. It is
preferable that the plate 110 is formed from a rust-proof material
such as stainless steel or stainless steel alloy. In the column
116 and the substrate 102 included in the mount portion 101, an
opening 114 is formed at the center thereof so as to house the
lead wires 104a and 104b and the concavity 113 is formed so as
to house the actuator 106, the film 108, and the plate 110. The
actuator 106 is joined to the plate 110 via the film 108 and the
plate 110 and the actuator 106 are fixed to the mount portion
10l. Therefore, the lead wires 104a and 104b, the actuator 106,
the film 108, and the plate 110 are attached integrally to the
mount portion 101.

The lead wires 104a and 104b are respectively joined toc the
upper electrode and lower electrode of the actuator 106, transfer
a drive signal to the piezo-electric layer, and transfer a signal
of resonance frequency detected by the actuator 106 to the
recording apparatus. The actuator 106 vibrates temporarily on
the basis of a drive signal transferred from the lead wires 104a
and 104b. After vibration, the actuator 106 executes residual
vibration and generates counter electromotive force by the
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vibration. At this time, by detecting the vibration cycle of the
counter electromotive force waveform, the resonance frequency
corresponding to the consumption condition of liquid in the liquid
container can be detected. The film 108 bonds the actuator 106
to the plate 110 sc as to make the actuator liquid-tight. It is
preferable to form the film 108 by polyolefm and bond by thermal
fusion.

Preferably, the lead wires 104a, 104b are forxmed by
conductive members of relatively high rigidity so that the
actuator (piezo-electric device) 106 is supported by the lead
wires l104a, 104b.

The plate 110 is circular and the opening 114 of the substrate
102 is formed cylindrically. The actuator 106 and the film 108
are formed rectangularly. The lead wires 104, the actuator 106,
the film 108, and the plate 110 may be attached to the substrate
102 in a removable state. -The-substrate 102, the lead wires 104,
the actuator 106, the f£ilm 108, and the plate 110 are arranged
symmetrically about the central axis of the module 100. Further,
the centers of the substrate 102, the actuator 106, the film 108,
and the plate 110 are arranged almost on the central axis of the
module 100.

The area of the opening 114 of the substrate 102 is formed
larger than the area of the vibration area of the actuator 106.
At the position, which is the center of the plate 110, facing
the vibration part of the actuator 106, a through hole 112 is
formed. As shown in Figs. lA to 2, the cavity 162 is formed in
the actuator 106 and the through hole 112 and the cavity 162 form
an ink reservoir respectively. It is preferable that the
thickness of the plate 110 is smaller than the diamerer of the
through hole 112 so as to reduce the effect of residual ink. For
example, it is preferable that the depth of the through hole is
equal to or less than 1/3 of the diameter thereof. The through
hole 112 is in an almost circular shape symmetrical about the
central axis of the module 100. The area of the through hole 112
is larger than the area of the opening of the cavity 162. The
periphery of the section of the through hole 112 may be tapered
cr stepped. The module 100 is mounted to the side, tep, or bottom
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of the container 1 so that the through hole 112 is directed inward
the container 1. When ink is consumed and ink around the actuator
106 is exhausted, the resonance frequency of the actuator 106
is changed greatly, so that changes in the ink level can be

detected.

Fig. 7 is a perspective view showing another embodiment of
the module. In the module 400 of this embodiment, a receiving
portion 405 is formed on a mount portion 401. In themount portion
401, a cylindrical column 403 is formed on a substrate 402 having
an almost square surface with round corners .. Further, the
receiving portion 405 includes a plate element 406 erected on
the column 403 and a concavity 413. In the concavity 413 formed
on the side of the plate element 406, the actuator 106 is arranged.
The end of the plate element 406 is chamfered at a predetermined
angle so as to be easily fit at the time of mounting in the t.hrough
hole formed-in :the ink cartridge. - o T

Fig. 8 1is an exploded perspective view showing the
constitution of the module 400 shown in Fig. 7. In the same way
as with the module 100 shown in Fig. 5, the module 400 includes
the mount portion 401 and the receiving portion 405. The mount
portion 401 has the substrate 402 and the column 403 and the
receiving portion 405 has the plate element 406 and the concavity
413. The actuator 106 is joined to a plate 410 and fixed to the
concavity 413. The module 400 additionally has lead wires 404a
and 404b, the actuator 106, and a f£ilm 408.

'~ Preferably, the lead wires 404a, 404b are formed by
conductive members of relatively high rigidity so that the
actuator (piezo-electric device) 106 is supported by the lead
wires 404a, 404b.

According to this embodiment, the plate 410 is rectangulax
and an opening 414 formed in the plate element 406 is rectangular.
The lead wires 404a and 404b, the actuator 106, the film 408,
and the plate 410 may be attached to the substrate 402 in a
removable state. The actuator 106, the film 408, and the plate
410 pass the center of the opening 414 and are arxanged
symmetrically about the central axis extending perpendicularly
te the surface of the opening 414. Further, the centers of the
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actuator 406, the film 408, and the plate 410 are arranged almost
on the central axis of the opening 414.

The area of a through hole 412 formed at the center of the
plate 410 is larger than the area of the opening of the cavity
162 of the actuator 106. The cavity 162 of the actuator 106 and
the through hole 412 form an ink reservoir respectively. It is
preferable that the thickness of the plate 410 is smaller than
the diameter of the through hole 412 and for example, set to 1/3
or less of the diameter of the through hole 412. The through hole
412 is an almost circle symmetrical about the central axis of
the module 400. The periphery of the section of the through hole
412 may be tapered or stepped. The module 400 can be mounted to
the bottom of the container 1 so that the through hole 412 is
arranged in the container 1. The actuator 106 is arranged in the
container 1 so as to extend in the perpendicular direction, so
that by changing the height of the substrate 402 and changing
the height of the actuator 106 when it is arranged in the container
1, the setting of the point of time of ink end can be changed.

Figs. 9A to 9C show still another embodiment of the module.
In the same way as with the module 100 shown in Fig. 5, a module
500 shown in Figs. 92 to 9C includes a mount poi:tion 501 having
a substrate 502 and a column 503. The module 500 additionally
has lead wires 504a and 504b, the actuator 106, a film 508, and
a plate 510. In the substrate 502 included in the mount portion
501, an opening 514 is formed at the center so as to house the
lead wires 504a and 504b and a concavity 513 is formed so as to
house the actuator 106, the film 508, and the plate 510. The

. actuator 106 is fixed to a receiving portion 505 via the plate

510.. Therefore, the lead wires 504a and 504b, the actuator 106,
the film 508, and the plate 510 are integrally attached to the
mount portion 501. In the module 500 of this embodiment, the
column 503 having a top inclined vertically is formed on the
substrate having an almost square surface with round corners.
The actuator 106 is arranged on the concavity 513 which is
installed on the top of the column 503 slantwise in the vertical
direction. |

Preferably, the lead wires 504a, 504b are formed by
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conductive members of relatively high rigidity so that the
actuator (piezo-electric device) 106 is supported by the lead
wires 504a, 504b.

The end of the module 500 is inclined and the actuator 106
is mounted on the inclined suxrface thereof. Therefore, when the
module 500 is mounted on the bottom or side of the container 1,
the actuator 106 is inclined against the vertical direction of
the container 1. It is desirable to set the inclination angle
of the end of the module 500 between about 30°and 60° from the
viewpoint of the detection capacity.

The module 500 is mounted on the bottomor side of the container
1 so that the actuator 106 is arranged in the container 1. When
the module 500 is mounted on the side of the container 1, the
actuator 106 is attached to the container 1 so that it is directed
toward the top side, bottom side, or side of the container 1 in
an inclined state. On the other hand, when the module 500 is
mounted on the bottom of the container 1, it is preferable that
the actuator 106 is attached to the container 1 so that it is
directed toward the ink feed port side of the container 1 in an

36

inclined state.
Since the actuator 106 is mounted on the inclined surface

of the inclined cylindrical end, the diameter of the column can
bemade smaller than that of themodule 100 shown inFig. 5. Namely,
the module can be made thin, so that it is also suited to mounting
of an ink container having a narrow mounting place of the module.
Furthermore, the diameter of the hole of the module mounting part
of the ink container can be made smaller. Therefore, an ink leak
can be reduced.

Fig. 10 is a cross sectional view of the neighborhood of the
bottom of the ink container when the module 100 shown in Fig.
5 is mounted to a through hole la of the container 1. The module
100 is mounted so as to pass through the side wall of the container
1. At the junction between the side wall of the container 1 and
the module 100, an O-ring 365 is provided so as to keep the module
100 and the container 1 liquid-tight. It is preferable that the
module 100 has a column as explained in Fig. 5 so as to seal it
by the O-ring 365. When the end of the module 100 is inserted
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into the container 1, ink in the container 1 comes in contact
with the actuator 106 via the through hole 112 of the plate 110.
The resonance frequency of residual vibration of the actuator
106 varies with whether the medium around the vibration part of
the actuator 106 is a liquid or a gas, so that the consumption
condition of ink can be detectedusing themodule 100. Inaddition
to the module 100, the module 400 shown in Fig. 7, the module
500 shown in Figs. 9A to 9C, or modules 700A and 700B and a molded
structure 600 which will be shown in Figs. 11A to 11C next may

'be mounted in the container 1 and the existence of ink may be

detected.
By use of the module 100 mentioned above, it can be removed

from the container 1. Therefore, the actuator 106 can be
appropriately attached to or removed from the container 1. By
doing this, the actuator 106 can be easily recycled.

Fig. 11A shows a cross sectional view of the ink container
when the module 700B is mounted in the container 1. 1In this
embodiment, the module 700B is used as one of the mounting
structures. The module 700B is mounted to the container 1 go that
a mount portion 360 is projected into the container 1. A through
hole 370 is formed in a mounting plate 350 and the through hole
370 and the vibration part of the actuator 106 are opposite to
each other. Further, a hole 382 is formed in the bottom wall of
the module 700B and a receiving portion 363 is formed. The
actnator 106 is arranged so as to block one end of the hole 382.
Therefore, ink is in contact with the vibrating plate 176 via
the hole 382 of the receixiing portion 363 and the through hole
370 of the mounting plate 350. The hole 382 of the receiving
portion 363 and the through hole 370 of the mounting plate 350
form a ink reservoir respectively. The receiving portion 363 and
the actuator 106 are fixed by the mounting plate 350 and film
member. At the connection of the mount portion 360 and the
container 1, a sealing structure 372 is installed. The sealing
structure 372 may be formed by a plasticmaterial such as synthetic
resin or formed by an O-ring. Furthermore, a molding part for
sealing the connection of the receiving portion 363 and the
actuator 106 may be provided. The module 700B and the container
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1 shown in Fig. 11A are formed independently with each other.
However, as shown in Fig. 11B, the receiving portion of themodule
700B may be composed of a part of the container 1.

The module 700B shown in Fig. 11A does not require embedding
of the lead wires shown in Figs. 5 to 9C into the module. As a
result, the molding step is simplified. Further, the module 700B
can be exchanged and recycled.

If ink adheres to the top or side of the container 1 when
the ink cartridge vibrates and ink dropping from the top or side
of the container 1 comes in contact with the actuator 106, the
actuator 106 may malfunction. However, in the module 7008, since
the mount portion 360 is projected into the container 1, the
actuator 106 will not malfunction due to ink dropping from the
top or side of the container 1.

According to the embodiment shown in Fig. 11A, the vibrating
plate 176 and a part of the mounting plate 350 are mounted in
the container 1 so that they alone come in contact with ink in
the container 1. By the insulating part composed of the vibrating
plate 176 and themounting plate 350 like this, the piezo-electric
element can be insulated from liguid in the container 1. Since
the actuator 106 is fixed by the mounting plate 350, only the
vibration part of the vibrating plate 176 can be vibrated
appropriately.

According to the embodiment shown in Fig. 11A, embedding of
the electrodes of the lead wires 104a, 104b, 404a, 404b, 504a,
and 504k shown in Figs. 5 to 9C into the module is not required.
As a result, themolding step is simplified. Further, the module
700B can be exchanged and recycled.

Fig. 11B shows a cross sectional view of an ink container
of an embodiment when the actuator 106 is mounted in the container
1. In the ink cartridge of the embodiment shown in Fig. 11B, a
protective member 361 is attached to the container 1 separatrely
from the actuator 106. Therefore, the protective member 361 and
the actuator 106 are not integrated as a module. The protective
member 361 can protect the actuator 106 from touching by user's
hand. A hole 380 foxmed on the front of the actuator 106 is
arranged in the side wall of the container 1. The actuator 106
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includes the piezo-electric layer 160, the upper electrode 164,
the lower electrode 166, the vibrating plate 176, and the mounting
plate 350. The vibrating plate 176 is formed on the top of the
mounting plate 350 and the lower electrode 166 is formed on the
top of the vibrating plate 176. The piezo-electric layer 160 is. .
formed on the top of the lower electrode 166 and the upper
electrode 164 is formed on the top of the piezo-~electric layer
160. Therefore, the main part of the piezo~electric layer 160

39

' is formed so as to be held by the main part of the upper electrode

164 and the main part of the lower electrode 166. The circular
parts, which are the respective main parts of the piezo~-electric
'1ayer 160, the upper electrode 164, and the lower electrode 166,
form a piezo-electric element. The piezo-electric element is
formed on the vibrating plate 176. The piezo-electric element
and the vibration part of the vibratingplate 176 are the vibration
part where the actuator actually vibrates. The through hole 370
is formed in the mounting plate 350. Further, the through hole
380 is formed in the side wall of the container 1. Therefore,
ink is in contact with the vibrating plate 176 via the hole 380
of the container 1 and the through hole 370 of the mounting plate
350. The hole 380 of the container 1 and the through hole 370
of the mounting plate 350 form an ink reservoir respectively.
According to the embodiment shown in Fig. 11B, the actuator 106
is protected by the protective member 361, so that the actuator
106 is protected from contact with the outside.

The actuator 106 and the mounting plate 350 shown in the
examples in Figs. 11A and 11B can be replaced with the actuator
106 having the substratel?8 shown in Figs. 1A to 1B.

Fig. 11C shows an embodiment having the molded structure 600
including the actuator 106. This embodiment uses the molded
structure 600 as a mounting structure. The molded structure 600
has the actuator 106 and a molding part 364. The actuator 106
and the molding part 364 are integrally formed. The molding part
364 is formed with a plastic material such as silicone resin.
The molding part 364 has a lead wire 362 inside. Themolding part
364 is formed so as to have two legs 364a, 364b extended from
the actuator 106. To fix the molding part 364 and the container
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1 liquid-tightly, the ends of the two legs of the molding part
364 are formed semispherically. The molding part 364 is mounted
to the container 1 so that the actuator 106 is projected into
the container 1 and the vibration part of the actuator 106 comes
in contact with ink in the container 1. The upper electrode 164,
the piezo-electric layer 160, and the lower electrode 166 of the
actuator 106 are protected from ink by the molding part 364.

The molded structure 600 shown in Fig. 11C does require the
sealing structure 372 between the molding part 364 and the
container 1, so that ink hardly leaks from the container 1.
Further, the molded structure 600 is not projected outward from
the container 1, the actuator 106 is protected from contact with
the outside. When the ink cartridge vibrates, ink is adhered to
the top or side of the container 1 and ink dropping from the top
or side of the container 1 touches the actuator 106, thereby the
actuator 106 may malfunction. In the molded structure 600, the
molding part 364 is projected into the container 1, so that the
actuator 106 will not malfunction by ink dropping from the top
or side of the container 1.

Fig. 12 shows an enlarged view of the opening of the mounting
structure of this embodiment. More concretely, it is an example
of an enlarged view of the opening of the mounting structure shown
in Figs. 11A and 11B. A through hole 2¢ is formed in the receiving
portion 363. An actuator 650 has a vibrating plate 72 and a
piezo-electric element 73 fixed to the vibrating plate 72. The
actuator 650 is fixed to the receiving portion 363 so that the
piezo-electric element 73 is opposite to the through hole 2¢ via
the vibrating plate 72 and a substrate 71. The vibrating plate
72 can be elastically deformed and is ink-resistant. The
diameter of the plate 71 is not limited to this drawing. The
mounting structure may be composed of a part of the wall of the
container 1 as shown in Fig. 11B, so that the through hole may
be formed in the wall of the container 1.

The amplitude and frequency of counter electromotive force
generated by the residual vibration of the piezo-electric element
73 and the vibrating plate 72 are changed depending on the ink
amount in the container 1. The through hole 2c¢c is formed in the
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position opposite to the actuator 650 and a minimum fixed amount
of ink is reserved in the through hole 2¢. Therefore, when the
vibration characteristic of the actuator 650 defined by the ink
amount reserved in the through hole 2c is measured beforehand,
the ink end of the container 1 can be detected surely.

Figs. 13A to 13C show other embodiments of the through hole
2c. InFigs. 133, 13B, and 13C, each drawing on the left indicates
a condition that there is no ink K in the through hole 2¢ and
each drawing on the right indicates a condition that there is
ink X remaining in the through hole 2c. In the embodiment shown
in Fig. 12, both sides of the through hole 2c¢ are formed as
perpendicular walls. In Fig. 13A, the sides 2d of the through
hole 2c are oblique in the vertical direction and enlarged and
opened outward. In Fig. 13B, different level parts 2e and 2f are
formed on the side of the through hole 2c¢c. The different level
part 2f positioned above is wider than the different level part
2e positioned below. In Fig. 13C, the through hole 2c has a slit
2g extending in the direction of easy ejection of ink K, that
is, in the direction of an ink feed port 2 shown in Fig. 18.

Depending on each shape of the through hole 2c shown in Figs.
13A to 13C, the amount of ink X in the ink reservoir can be reduced.
Therefore, M' cav explained in Figs. 1A and 2 can be made smaller
than M' nax, so that the vibration characteristic of the actuator
650 at the time of ink end can be made different from that when
inkK in aprintable amount remains in the container 1. Therefore,
the ink end can be detected more surely. The mounting structure
may be composed of a part of the wall of the container 1 as shown
in Fig. 11B, so that the through hole may be formed in the wall
of the container l.

Figs. 14A to 14B show plan views of still other embodiments
of the through hole 2c. As shown in Figs. 14A to 14C, the plane
shape of the through hole 2c can be any shape as long as it does
not have negative effects on the vibration characteristic of the
actuator. It may be an optional shape such as a circle, a
rectangle, or a triangle. The through hole 2c is formed in the
receiving portion 363. However, the niounting structure may be
composed of a part of the wall of the container 1 as shown in
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Fig. 11B, so that the through hole may be formed in the wall of
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the container 1.

Fig. 15 shows an embodiment of an ink cartridge to which the
mounting structure 107 with an actuator is attached and an ink
jet recording apparatus. A plurality of ink cartridges are
mounted to ink jet recording apparatus having a plurality of ink
inlets 182 and head plates 184 corresponding to the respective
ink cartridges 180. The plurality of ink cartridges 180 contain
different kinds, for example, different colors of ink. On the
respective bottoms of the plurality of ink cartridges 180, the
mounting structures 107 having actuators which are means for
detecting at least acoustic impedance are installed. When each
mounting structure 107 with an actuator is attached to each ink
cartridge 180, the residual amount of ink in the ink cartridge
180 can be detected.

Fig. 16 is a perspective view showing an embodiment of an -

ink cartridge containing a plurality of kinds of ink which is
viewed from the back. A container 8 is divided into three ink
chambers 9, 10, and 11 by partitions. Ink feed ports 12, 13, and
12 are formed in the respective ink chambers. To the bottoms 8a
of the respective ink chambers 9, 10, and 11, mounting structures
15, 16, and 17 with actuators are attached so as to detect the
consumption condition of ink contained in each ink chamber.
Division of the container 8 into ink chambers by partitions is
not limited to 3. The kind of ink contained in each ink chamber
may be different from each other or may be the same.

Figs. 17A to 17C show a further embodiment of the ink cartridge
180. Fig. 17A is a cross sectional view of an ink cartridge 180C,
and Fig. 17B is an enlarged cross sectional view of a side wall
194b of the ink cartridge 180C shown in Fig. 17A, and Fig. 17C
is a perspective view from the front thereof. A mounting
structure 700 is attached to the ink cartridge 180C. The mounting
structure 700 has a circuit board 610. A semiconductor storage
means 7 and the actuator 106 are formed on the same circuit board
610. As shown in Figs. 17B and 17C, the semiconductor storage
means 7 is formed above the circuit board 610 and the actuator
106 is formed under the semiconductor storage means 7 on the same
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circuit board 610. A non-standard O-ring 614 is mounted to the
side wall 194b so as to enclose the periphery of the actuator
106. On the side wall 194b, a plurality of caulking parts 616
for joining the circuit board 610 to an ink container 194 are
formed. When the circuit board 610 is joined to the ink container
194 by the caulking parts 616 and the non-standard O-ring 614
is pressed against the circuit board 610, the vibration part of
the actuator 106 can come in contact with ink and the outside
and inside of the ink cartridge are kept liquid-tight.

When a predetermined concavity is formed in the side wall
194b and the caulking parts 616 are fit, the mounting structure
700 having the civcuit board 610 can be attached at a predetermined
position and connection of terminals 612 which will be described
later and attaching of the actuator can be carried out at

appropriate positions respectively. :

In the semiconductor storage means 7 and in the neighborhood
of the semiconductor storagemeans 7, the terminals 612 are formed.
The texrminals 612 transfer a signal between the semiconductor
storage means 7 and the outside such as the ink jet recording
apparatus. The semiconductor storage means 7 may be composed of
a rewritable semiconductor memory such as EEPROM. Since the
semiconductor storade means 7 and the actuator 106 are formed
on the same circuit board 610, at the time of attaching the
actuator 106 and the semiconductor storage means 7, only a single
attaching step may be required. Further, the operation step at
the time of manufacture and recycle of the ink cartridge 180C
can be simplified. Further, the number of parts is reduced, so
that the manufacturing cost of the ink cartridge 180C can be
reduced.

The actuator 106 detects the consumption condition of ink
in the ink container 194. The semiconductor storage means 7
stores ink information such as the residual amount of ink detected
by the actuator 106. Namely, the semiconductor storage means 7
stores information concerning the characteristic parameters such
as the characteristics of the ink and ink cartridge. The
semiconductor storage means 7 stores the resonance frequency when
the ink container 194 is full of ink, that is, the ink container
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194 is filled with ink, or the ink is exhausted, that is, the
ink in the ink container 194 is consumed as a characteristic
parameter. The resonance frequency when the ink container 194
is- full of ink or the ink is exhausted may be stored when the
ink container is mounted in the ink jet recording apparatus first.
Further, the resonance frequency when the ink container 194 is
full of ink or the ink is exhausted may be stored during
manufacturing of the ink container 194. The resonance fregquency
when the ink container 194 is full of ink or the ink is exhausted
is stored in the semiconductor storage means 7 beforehand, and
the data of resonance freguency is read by the ink jet recording
apparatus side, thereby variations at the time of detection of
the residual amount of ink can be corrected, so that it can be
precisely detected that the residual amount of ink is reduced

14

to the reference value.

Fig. 18 is a cross sectional view of the essential section
of an ink jet recording apparatus with an ink cartridge having
a mounting structure. A carriage 30 moving back and forth in the
direction of the width of a recording paper has a sub~-tank unit
33. Arecording head 31 is installed on the bottom of the sub-tank
unit 33. An ink feed needle 32 is installed on the ink cartridge
mounting surface side of the sub-tank unit 33.

In the container 1 for containing ink, an ink feed port 2
joining with the ink feed needle of the recording apparatus is
installed. A mounting structure 3 is attached to the bottom of
the container 1. :

The ink feed port 2 is provided with a packing 4 and a valve
body 6. The packing 4 is liquid-tightly connected to the ink feed
needle 32 interconnecting to the recording head 31. The valve
body 6 is always connected elastically to the packing 4 by a spring
5. When the ink feed needle 32 is inserted, the valve body 6 is
pressed by the ink feed needle 32 so as to open the ink flow path
and ink in the container 1 is fed to the recording head 31 via
the ink feed port 2 and the ink feed needle 32.

The carriage 30 moving back and forth in the direction of
the width of a recording paper has the sub~tank unit 33 and the
recording head 31 is installed on the bottom of the sub~tank unit
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.33. The ink feed needle 32 is installed on the ink cartridge

mounting surface side of the sub-tank unit 33. A mounting
structure with a piezo-electric device mounted may be attached
to the sub-tank 33 so as to judge ink shortage. Since the sub-tank
side detects the consumption condition of ink after the ink of
the ink cartridge is exhausted, the ink cartridge can be exchanged
at timing close to ink shortage. Furthermore, to make the
detection of the consumption condition of ink surer, a mounting
structure having a piezo-electric device may be attached to each
of the ink cartridge and sub-tank.

Not only the mounting structure is attached to the ink
cartridge installed on the carriage 30 as mentioned above but
also the ink tank other than the ink cartridge may be installed
on a predetermined printer fixing part other than on the carriage
30.

' Fig. 19 is a cross sectional view of the ink cartridge 1804
showing another embodiment of the ink cartridge 180. In Fig. 10
mentioned above, the module 100 shown in Fig. 5 is attached to
the side wall of the container 1. In Fig. 19, themodule 500 shown
in Figs. 9A to 9C is attached to the side wall 194b of the ink

container 194 of the ink cartridge 180d.

The end of the module 500 is inclined and the actuator 106
is mounted on the receiving portion 505 inclined. As a resulrt,
when the module 500 is attached to the side wall 194b, the actuator
106 is inclined to the vertical direction of the ink container
194. The actuator 106 is also inclined to the ink surface in the
ink container 194.

Therefore, even if the ink surface passes the module 500 or
the ink container vibrates and ink is adhered in the neighborhood
of the receiving portion 505, ink in the neighborhoecd of the
receiving portion 505 flows and drops. By use of such an inclined
receiving portion 505, ink in the neighborhood of the actuator
106 is well drained. Therefore, ink unnecessary for measurement

of the actuator 106 is prevented from staying in the receiving’

portion 505 and maldetection of measurement of the actuator 106
can be reduced.
In Fig. 19, the module 500 is attached to the ink container

aced
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194 so that the reéceiving portion 505 of the niodule 500 is directed
toward the bottom of the ink container 194. However, the mount ing
direction of the module 500 is not limited to the drawing and
the module 500 may be attached to the ink container 194 so that

- the receiving portion 505 is directed toward the top of the ink .

container 194. The mounting position of the module 500 on the
side wall 194b and the number thereof are not limited to the
drawing and the length of projection of the module 500 into the
ink container 194 is neither limited to the drawing.

Fig. 20 is a cross sectional view of the ink cartridge 180e
showing different embodiment from that shown in Fig. 19. InFig.
20, unlike Fig. 19, the module 500 is attached to the bottom of
the ink container 194 in the neighborhood of an ink feed port
187. Also in this case, in the same way as with Fig. 19, the
receiving portion 505 of the module 500 is inclined, so that ink
iswell drained. Therefore, themaldetectionof the actuator 106,
which is a detection of ink though there is no ink actually, can
be reduced.

In this case, it is preferable that the module 500 is attached
in the neighborhood of the ink feed port 187. The reason is that
even if the ink cartridge 180e is mounted to the ink jet recording
apparatus in an inclined state, it can be detected appropriately
whether ink remains in the neighborhood of the ink feed port 187
or not. The mounting position of the module 500 on the bottom
of the ink container 194 and the direction and number thereof
are not limited to the drawing and the length of projection of
the module 500 into the ink container 194 is neither limited to
the drawing.

In this embodiment, the mounting structure with the actuator
for detecting the consumption conditionof ink ismainly explained.
However, a mounting structure with a piezo-electric device for
generating an elastic wave and a mounting structure with a
piezo-electric device for receiving a reflected wave may be
attached to the liquid container. Therefore, the number of
mounting structures to be attached to the liquid container is
not limited to one. Further, the mounting position of the
mounting structure to the liquid container is neither limited
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to the bortom of the liquid container.

Next, a mounting structure and a module having the mounting
structure and a piezo~electric device of another embodiment of
the present invention will be explained with reference to Figs.
21 to 33D. o i

Fig. 21 shows a plate member for manufacturing the mounting
structure of this embodiment and a plate member 800 is formed
by pressing a thin metal sheet with a thickness of about 0.1 to
0.2 mm into a predetermined shape. It is preferable that the thin
metal sheet to be used has quality of low electric resistance
and suited to soldering and pressing, though the thin metal sheet
may be plated so as to lower the electric resistance and soldered.
Numeral 801 shown in Fig. 21 indicates an elongated member for
forming a conductive member constituting a part of the mounting
structure and a pair of elongated members 801 are formed for each
mounting structure. Each elongated member 801 has an distal end
802, an intermediate part 803, a proximal end 804, and a projection
805 and the distal ends 802 of the pair of elongated members 801
are connected by a tie bar (a connection member) 806. At the
cehter of the tie bar 806, a positioning hole 810 is formed. The
positioning hole 810 is formed at the position corresponding to
the vibration part (sensor part) of the piezo-electric device.
Each elongated member 801 is connected to a support part 808 via
a branch part 807. In the support part B08, pilot holes 809 used
to transport the plate member 800 by a manufacturlng machine are
formed.

As shown in Fig. 22, the elongated members 801 are bent along
the bending parts shown in Fig. 21. By doing this, the pair of
distal ends 802 of the pair of elongated members 801 are arranged
in the same plane. On the other hand, the pair of proximal ends
804 are arranged in another same plane different from the plane
where the pair of distal ends 802 are arranged. The projections
805 are erected by bending and the erected projections 805 act
to stick to resin.

Figs. 23A to 23C are drawings showing the enlarged pair of
elongated members 801 and as shown in Fig. 23C, the same plane

where the pair of distal ends 802 are arranged are parallel with
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another same plane where the pair of préximal ends 804 are arranged.
As shown in Fig. 23B, the elongated member 801 at the part (the
distal end 802 included) positioned in the same plane and the
elongated member 801 at the part (the proximal end 804 included)
positioned in another same plane are not overlaid with each other
in the perpendicular direction to the same plane and another same
plane. Therefore, at the time of bending the elongated members
801 shown in Fig. 21 by bending dies, the bending dies do not
interfere with each other and the bending operation can be
performed easily.

Next, by referring to Figs. 24 to 28C, a procedure that a
molded part is inteqgrally formed in the elongated members 801
shown in Fig. 22 by insertion molding will be explained.

As shown in Fig. 24, to form a molded part 811 by insertion
molding, a female die 812 and a male die 813 fit into it are used.
The female die 812 is shown in Figs. 27A to 27C in detail- and
the male die 813 is shown in Figs. 28A to 28C in detail. A
positioning column 814 is formed on the male die 813 and a
positioning R part 815 having a contour coxresponding to the
structure of the positioning column 814 is formed on the pair
of elongated members B0l. The contour of the positioning R part
815 and the structure of the positioning column 814 form
concentric circles. Furthermore, at the end of the male die 813,
a positioning convexity 816 is formed and the positioning
convexity 816 can be inserted into the positioning hole 810 of
the connection member 806.

Then, in the state shown in Figq. 25, when the positioning
column 814 is fit into the positioning R part 815 and the
positioning convexity 816 is inserted into the positioning hole
810, the pair of elongated members 801 are positioned to the male
die 813. Furthermore, as shown in Fiq. 26, when the positioning
convexity 816 of themale die 813 is inserted into the positioning
concavity 817 of the female die 812, themale die 813 is positioned
to the female die 812. By doing this, the pair of elongated
members 801 are precisely poéitioned inside the female die 812
and the male die 813.

Further, as shown in Fig. 25, a contact surface 818 is formed

48
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around a positioning concavity 817 of the female die 812 and a
contact surface 819 is also formed around a positioning convexity
816 of the male die B13. As shown in Fig. 26, at least a part
of the distal end 802 of each elongated member 801 is held from
both sides by the contact surface 818 on one side and the contact
surface 819 on the other side. No resin is fed to the distal end
802 at the part held by the contact surfaces 818 and 813, so that
the distal end 802 at the part is not embedded in resin and exposed
and the electrical contact is ensured. Therefore, an additional
step of removing resin so as to ensure the electrical contact
at the distal end 802 is not required and the manufacturing process
is simplified.

When the molded part 811 is integrally formed on the pair
of elongated members 801, the branch parts 807 are cut at the
cutting parts shown in FPig. 21 and as shown in Figs. 29 to 30D,
an integrated molded product 820 of the pair of elongated members- -
801 and the molded part 811 is manufactured.

As shown in Figs. 29 to 30D, the molded part 811 has a square
plate base 821 and a column 822 projected from the base 821, and -
a concavity 823 forx receiving the piezo-electric device is formed
on the end surface of the column 822, and the pair of distal ends
802 and the connecting member 806 for connecting them are arranged
on the bottom of the concavity 823. As shown in Fig. 29, on one
side of the base 821, seats 824 in contact with the side wall
of the liquid container are formed in the four corners. As shown
in Fig. 30B, on the other side of the base 821, two projections
825 for positioning the molded part 811 to the circuit board are
formed. '

Next, in the integrated molded product 820 shown in Figs.
29 to 30D, the connection member 806 connecting the distal ends
802 of the pair of elongated members 801 is cut, bent, or resected,
thereby the distal ends 802 are electrically separated. When the
distal ends 802 are electrically separated like this, as indicated
by numeral B30 in Fig. 31, the mounting structure of this
embodiment is manufactured and the mounting structure 830 has
a pair of conductive members 831 composed of the pair of elongated
members 801 separated from each other. Each of the pair of
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conductive members 831 has an electrical contact 832 composed
of the exposed part of the distal end 802 of the elongated member
801. A drive signal is applied to an actuator 833 via the pair
of conductive members 831 constituting a three-dimensional

50

circuit.

In the concavity 823 of the molded part 811 of the mounting
structure 830, the actuator 833 constituting the piezo-electric
device is fit and the pair of electrical contacts 832 of the
mounting structure 830 and the pair of electrodes of the actuator
833 are electrically connected. At the time of this connection,
a conductive adhesive may be used. When the electrodes of the
actuator 833 and the electrical contacts 832 of the mounting
structure 830 are connected to each other, as shown in Pig. 32,
the periphery of the actuator 833 is molded by resin 834 and sealed
tightly so as to prevent a liquid from moving on the back side

of the actuator 833. By doing this, a module 840 having the

mounting structure 830 and the actuator 833 is manufactured.

The elongated members 801 have a relatively high rigidity.
Therefore, the actuator (piezo-electric device ) can be supported
by the distal ends 802 of the elongated members 801.

As shown in Figs. 33A to 33D, the actuator 833 has a
piezo-electric element 845 constituting a sensor part (vibration
part) for detecting a liquid and the piezo-electric element 845
has an upper electrode 841, a lower electrode 842, and a
piezo-electric layer 843 held by the electrodes 841 and 842. The
piezo-electric element 845 is arranged on one side of a vibrating
plate 846 and a cavity forming member 847 is arranged on the other
side of the vibrating plate 846. At the center of the cavity
forming member 847, a circular cavity (opening) 848 is formed
and the piezo-electric element 845 is arranged at the position
corresponding to the cavity 848. The upper electrode 841 is
connected to an- upper electrode terminal 849 and the lower
electrode 842 is connected to a lower electrode terminal 850.

The module 840 is mounted on the same circuit board (not shown
in the drawing) as that of the memory module {not shown in the
drawing). In this case, when the projections 825 shown in Figs.
30A to 30D are inserted into the holes formed in the circuit board,
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the module 840 and the circuit board are positioned, and in this
state, the electrical connections of the module 840 and the
circuit board are connected by soldering or others. |

The module 840 mounted on the circuit board is inserted
throﬁgh the through hole formed in the side wall of the liquid
container and fixed to the liquid container so that the part of
the actuator 833 is projected into the liquid container. The
liquid in the liquid container is in contact with the vibrating

plate 846 via the cavity 848.

As mentioned above, according to this embodiment, the molded
part 811l is integrally formed by resin molding with the pair of
conductive members 831 constituting the three-dimensional
circuit for applying a drive signal to the actuator 833, so thar
the mounting structure 830 for attaching the actuator 833 to the
liquid container at a predetermined position can be manufactured
with high dimensional précisicén, thus the consumption condition
of the liquid in the liquid container can be detected with high
precision by the module 840 having the actuator 833 and the
mounting structure 830.

Next, the mounting structure of another embodiment of the

present invention will be explained by referring to Figs. 34A
to 34C. :
As shown in Figs. 34A to 34C, a mounting structure 860
according to this embodiment has a base 862 on which a control
element and a memory or a unit 861 (hereinafter referred to as
"control element, etc. 861") composed of a control unit and a
memory which are integrated for controlling an actuator (not shown
in the drawing) constituting a piezo-electric device is mounted
and a projection 863 which is projected from the base 862 and
on which an actuator is mounted. The control element, etc. 861
is, for example, an integrated circuit (IC) for a memory.

The projection 863 has a column 867 projected from the base
862 and a circular and plate sealing part 868 for sealing the
end opening of the column 867. On the surface of the sealing part
868, a concavity 866 for receiving the actuator constituting the
piezo-electric device is formed.

On the mounting structure 860, a plurality of electric wires
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electrically connected to at least one of the actuator and the
control element, etc. B6l are three-dimensionally formed by
two-color molding resin plating. More concretely, a pair of
through holes 869 passing through the sealing part 868 are formed
on the bottom of the concavity 866 and the pair of electric wires
864 reach the back side of the sealing part 868 from the bottom
of the concavity 866 via the inner surface of the through hole
869 and are further formed continuously up to the back side of
the base 862. Further, the plurality of electric wires
electrically connected to the control element, etc. 861 are
continuously formed from the surface of the base 862 to the back
thereof via a plurality of throutjh holes 870 formed in the base
862.

The electric wires 864 and 865 on the back side shown in Fig.
34B function as contacts with which the contact type connectors
installed in a printer carriage come in contact. Namely, when
an ink cartridge is mounted to the printer carriage, the electric
wires 864 and 865 on the back side shown in Fig. 34B are pressed
against the contact type connectors.

In the mounting structure 860 shown in Figs. 34A to 34C, the
electric wires 864 and the electric wires 865 are not connected
and this example is a one when a memory is to be used as the control
element, etc. 861. When a control element is to be used as the
control element, etc. 861, the electric wires 864 and the electric
wires 865 may be laid so as to be connected..

The two-color molding resin plating method may be called a
two-shot method or a non-catalytic method and patterning is
carried out by two times of injection molding. A typical example
of the two-color molding resin plating method may be roughly
explained below. Firstly, the first molding (primary molding)
is executed by resin capable of plating, and next the whole is
chemically etched, and a catalyst which is a core of plating is
given. Then, the part where no plating is to be deposited is
cover-molded (secondary molding) by secondary resin and then
plated. Namely, the two-color molding resin plating method is
amethod for depositing plating of a conductivemetallicmaterial,
for example, gold only on the part exposed on the primary molding
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As mentioned above, according to the mounting structure of
this embodiment, the electric wires electrically connected to
the actuator and control element are formed three-dimensionally
by two-color molding resin plating and at the time of forming
the base 862 and the projection 863 of the mounting structure
860, the electric wires B64 and 865 can be formed at the same
time, so that the manufacturing process can be greatly simplified
and a large number of mountiﬁg structures 860 can be easily formed
at the same time. Further, the forming position precision of the
electric wires 864 and 865 in the mounting structure 860 is high,
so that the mounting position precision of the actuator to the
mounting structure 860 is high, and theliquid detection precision
is improved, and more over, the mounting position precision of
the control element, etc. 861 to the mounting structure 860 is
also high, and the connection’ reliability between the control
element, etc. 861 mounted to the mounting structure 860 and the
external electrical contact is also improved. '

Next, the module of another embodiment of the  present
invention will be explained by referring to Figs. 35 to 40B.

Fig. 35 is an exploded perspective view showing the module
of this emboz-iiment, and the module has the actuator 833 shown
in Figs. 332 to 33D, and the actuator 833 is thermally welded
to a plate 881 composed of stainless steel with a polyolefin £film
880. The polyolefin film 880 is shaped so as not to cover the
sensor unit of the actuator 833, and an opening is formed at the
center of the plate 881, thereby it is structured so that the
ligquid in the liquid container comes in contact with the sensor
unit of the actuator B33 via the opening at the center of the
plate 881. The plate 88l is adhered to the upper end of a
cylindrical case 882 made of resin liquid tightly, thus the
actuator 833 is housed in the case 882.

To electrically connect a pair of electrodes 884 formed on
a circuit board 883 where a control element (not shown in the
drawing) such as a semiconductor memory for controlling the
actuator 833 is mounted and a pair of electrodes (not shown in
the drawing) of the actuator 833, a pressed-and-held connector
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885 is housed in the case 882 so that the pressed-and-held
connector 885 is held between the circuit board 883 and the
actuatox 833 and the case 882 and the circuit board 883 are fixed
by adhesion. Bydoingthis, the actuator 833 and thecircuit board
883 are electrically connected via the pressed-and-held.

connector 885.

Figs. 36A and 36B show an example of the pressed-and-held
connector 885 and the pressed-and-held connector 885 is that a
plurality of brass wires 886 plated with qold are held by silicone
sponge rubber members 887 comparatively soft and the periphery
thereof is covered by a silicone solid rubber member 888 which
is sufficiently strong not to be buckled at the time of pressing.
A cavity 889 is formed in the silicone solid rubber membexr 888
at the part corresponding to the sensor part (vibration part)
of the actuator 833 so as to prevent the vibration of the sensorxr
part of the actuator 833 from obstruction. The cavity 889 may
be formed by boring by a press and may be formed at the time of
molding of the silicone solid rubber member 888. In the example
shown in Figs. 36A and 36B, the plurality of brass wires 886
extending in the compression direction are arranged in two rows
on both sides of the cavity 889 and the arrangement directions
of the rows of the plurality of brass wires 886 are parallel with
each other. . '

Figs. 37A and 37B show another example of the pressed-and-held
connector 885 and a difference from the constitution showmn in
Figs. 36A and 36B is that the plurality of brass wires 886 are
arranged in a transverse Xrow.

Even when the relative position of the actuator 833 and the
pressed-and-held connector 8BS is shifted at the time of
assembling the module shown in Fig. 35 using the pressed-and-held
connector 885 shown in Figs. 36A and 36B or Figs. 37A and 37B,
in the arrangement direction of the brass wires 886, the contact
between the electrodes of the actuator 833 with the brass wires
886 is ensured. Therefore, when the brass wires 886 are arranged
in the direction in which the shift at the time of assembly is
large, the electrodes of the actuator 833 and the electrodes 884
of the circuit board 883 can be electrically connected surely.
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Pigs. 38A and 38B show still another example of the
pressed-and-held connectox 885 and in this example, a pair of
conductive silicone rubber menbers 890 containing carbon are used
instead of the brass wires and the conductive silicone rubber
members 890 are integrated by an insulating silicone rubber nieulber
891. Between the conductive silicone rubber members 8%0, the
cavity 889 is formed in the same way as with the pressed-and-held
connectox 885 shown in Figs. 36A and 36B or Figs. 37A and 37B.

Figs. 39A and 39B show a further example of the pressed-
and-~held connector 885 and in this example, the left and right |
halves of the pressed-and-held connector 885 shown in Fig. 36A
are connected using the insulating silicone rubber 891 shown in
Fig. 3BA instead of connecting by continuously forming the
silicone solid rubber member 888 itself.

Figs. 40A and 40B show a still further example of the
pressed-and-held connector 885 and in this example, the left and -
right halves of the pressed-and-held connector 885 shown in Fig.
37A are connected using the insulating silicone rubber 891 shown
in Fig. 382 instead of connecting by continuously forming the
silicone solid rubber member 888 itself.

According to the pressed-and-held connector 885 having the
constitution shown in Figs. 38A to 40B, the boring process for
forming the cavity 889 is not necessary.

As mentioned above, according to themodule of this embodiment,
the actuator 833 and the circuit board 883 can be electrically
connected via the pressed-and-held connector 885, so that no
soldering operation is required for connection and the
manufacturing method is made easier.

The embodiments of the present invention are explained above.
The scope of the present invention is not limited to the range
described in the embodiments aforementioned. For example, the
liguid container of the present invention is not limited to the
ink cartridge and can be applied to the other kinds of ligquid
containers. Various changes or improvements can be applied to
the embodiments aforementioned. It is obvious from the
description in the claims that any configuration to which such
various changes or improvements are applied is included in the

55
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As clearly described by the explanation aforementioned,
according to the present invention, the piezo-electric device
can be appropriately mounted or demounted from the liquid

56

container.
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1. A mounting structure for mounting a piezo-electric
device used to detect a consumption condition of a liquid in a
liquid container to said liquid container, comprising:

a receiving portion to which said piezo-electric device
is to be mounted; and

a mount portion adapted to be mounted to said liquid
container.

2. A mounting structure according to Claim 1,

wherein said receiving portion has an opening;

wherein said piezo-electric device has a vibrating portion;
and ' _ '

wherein said vibrating portionof said piezo~electric device
comes in contact with said liquid in said liquid container via
said opening.

3. A mounting structure according to Claim 1, further
comprising a mounting plate having an opening,

- wherein said piezo-electric device is to be mounted to said
receiving portion via said mounting plate.

4. A mounting structure according to Claim 1, wherein said
receiving portion is formed on a top of said mount portion.

5. A mounting structure according to Claim 1, wherein said
mount portion has a column adapted to be fitted into a through
hole formed in said liquid container.

6. A mounting structure according to Claim 5, wherein said
mount portion has a substrate integrally formed with said column.

7. A mwounting structure according to Claim 1, wherein a
firting part between said mount portion and said liquid container
has a sealing structure.

8. A mounting structure according to Claim 1, wherein said
receiving portion is formed so as to be inclined with respect
to a liquid surface in said liquid container.

9. A mounting structure for mounting a piezo-electric
device used to detect a consumption condition of a liquid in a
liquid container to said liquid container as an integral structure,
comprising: '

a lead wire adapted to be in contact with an electrode of

AT




This Sheet Has Been Replaced

s L

said piezo-electric device; and
a molding portion for molding a junction between said lead

wire and said liquid container.

10. A mounting structure according to Claim 9, further
comprising a leg for projecting said piezo-electric device into
said liquid container.

11. A module comprising:

a piezo-electric device used to detect a consumption
condition of a liquid in a liquid container, said piezo-electric
device having a piezo-electric element which includes a
piezo-electric layer held by a pair of electrodes; and

a mounting structure for mounting said piezo-electric device
to said liquid container, said mounting structure including a
receiving portion to which said piezo-electric device is mounted,
and a mount portion adapted to be mounted to said liquid container.

12. A medule according to Claim 11, wherein said piezo-
electric device further has a vibrating plate on one side of which
said piezo-electric element is arranged, and a cavity forming
member having a cavity which is arranged on the other side of
said vibrating plate, and _

wherein said vibrating plate can come in contact with said
liguid in said liquid container via said cavity.

13. A module according to Claim 12, wherein said cavity
forming member is a substrate onwhich said piezo~-electric element
and said vibrating plate are formed integrally.

l14. A module according to Claim 12, wherein said cavity
forming member is a mounti;xg plate mounted to said piezo-electric
device.

15. A module according to Claim 13, further comprising a
mounting plate having an opening, '

wherein said cavity of said substrate and said opening of
said mounting plate are arranged so as to be interconnected.

16. A module according to Claim 11, wherein said piezo-
electric device is mounted on a side of said receiving portion
which is formed so as to project from said mount portiori.

17. A module according to Claim 11, further comprising an
insulating portion for insulating said piezo-electric element
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from said liquid in said liquid container.

18. A module according to Claim 17, further comprising a
molding portion for molding a mounting part between said receiving
portion and said piezo-electric device.

19. A module according to Claim 11, wherein a counter
electromotive force is generated by a residual wvibration

remaining in said piezo-electric device.

20. A module according to Claim 11, further comprising a
circuit board. _

21. A module according to Claim 11, wherein said mounting
structure has a pair of conductive members connected to said pair
of electrodes of said piezo-electric element; and

wherein said piezo-electric device is supported by said
pair of conductive members.

22. A liquid container comprising:

" a container body; and

a module mounted on said container body, said module
including a piezo-electric device used to detect a consumption
condition of a liquid in said container body, said piezo-electric -
device having a piezo-electric element which includes a
piezo~electric layer held by a pair of electrodes, and a mounting
structure for mounting said piezo~electric device to said
container body, said mounting structure including a receiving
portion to which said piezo-electric device is mounted, and a
mount portion mounted to said container body.

23. A liquid container according to Claim 22, wherein said
receiving portion is arranged so as to be projected into said
container body.

24. A liquid container according to Claim 23, wherein said
receiving portion is formed so as to be inclined to a liquid
surface in said container body.

25. A liquid container according to Claim 22, wherein a
mounting part between said mount portion and said container body
is molded.

26. A liquid container comprising:

a container body; and

a module including a piezo-electric device used to detect

[
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a consumption condition of a liquid in said container body, said
piezo-electric device having a piezo-electric element which
includes a piezo-electric layer held by a pair of electrodes,
and a mounting structure for mounting said piezo~-electric device
to said container. body, said mounting structure including a
receiving portion to which said piezo-electxic device is mounted,
and a mount portion adapted to be mounted to said container body,

60

said module being mounted on said container body in a removable
state.

27. A mounting structure for mounting a piezo-electric
device used to detect a consumption condition of a liquid in a
liquid container to said liquid container, comprising:

a pair of conductive members for supplying a drive sigpal
to said piezo-electric device; and

a resin-molded part molded integrally with said pair of
conductive members,

wherein said pair of conductive members include distal ends
electrically connected to said piezo-electric device, proximal
ends electrically connected to a circuit board, and intermediate
parts for connecting said distal ends and said proximal ends,
and

wherein at least a part of said intermediate parts is
embedded in said molded part. |

28. Amounting structure according toClaim27, wherem said
pair of distal ends are arranged on a same plane, and

wherein said pair of proximal ends are arranged on another
same plane which is different from said same plane on which said
pair of distal ends are arranged.

29, Amounting structure according toClaim 28, wherein each
of said pair of conductive members is formed by bending an
elongated member of a conductive material,

wherein said same plane on which said pair of distal ends
are arranged and said another same plane on which said pair of
proximal ends are arranged are parallel with each other, and

wherein portions of said elongated members positioned on
said same plane and portions of said elongated members positioned
on said another same plane are not overlaid with each other in
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a direction perpendicular to said same plane and said another
same plane.

30. A mounting structure according to Claim 27, wherein,
when said molded part is formed by resin-molding, said pair of
distal ends are connected with each other by a connection member,
and said connection member is removed after resin-molding is
completed.

31. A mounting structure according to Claim 30, wherein,
in order to position said pair of conductive members to a die
used for resin molding of said molded part, a positioning hole,
through which a part of said die is to be inserted, is formed
in said connection wember.

32. Amounting structure according to Claim 31, wherein said
positioning hole is formed in a position corresponding to a
vibration part of said piezo-electric device.

33. A mounting structure according to Claim 30, wherein a
female die and a male die to be fit to said female die are used
for resin molding of said molded part, and

wherein a part of said pair of conductive members connected
by said connection member has a contour corresponding to a partial
structure of said male die so as to position said pair of
conductive members to said male die.

34. A mounting structure according to Claim 27, wherein,
at the time of resin molding of said molded part, at least a part
of said pair of distal ends is held by a pair of dies, thereby
at least a part of said pair of distal ends is exposed without
being embedded in resin, and said exposed part of said pair of
distal ends forms an electric contact point.

35. A mounting structure according to Claim 27, wherein a
concavity for receiving said piezo-electric device is formed in
said molded part, and

wherein said pair of distal ends are arranged on a bottom
of said concavity.

36. A module comprising: .

a piezo-electric device used to detect a consumption
condition of a liquid in a liquid container; and

amounting structure for mounting said piezo-electric device
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to said liquid container, said mounting structure including a
pair of conductive members for supplying a drive signal to said
piezo-electric device, and a resin-molded part molded integrally

with said pair of conductive members,

. wherein said pair of conductive members include distal ends
electrically connected to said piezo-electric device, proximal
ends electrically connected to a circuit board, and intermediate
parts for connecting said distal ends and said proximal ends,
at least a part of said intermediate parts being embedded in said
molded part,

wherein said piezo-electric device has a piezo-electric
element having a piezo-electric layer held by a pair of electrodes,
avibrating plate on one side of which said piezo-electric element
is arranged, and a cavity forming member having a cavity arranged
on the d_ther side of said vibrating plate, and

wherein said vibrating plate comes in contact with said
liquid in said liquid container via said cavity.

37. .A module accoxrding to Claim 36, wherein said pair of
electrodes are electrically connected to said pair of distal ends
of said mounting structure with a conductive adhesive, and

wherein a periphery of said piezo-electric device is sealed
with resin so as to prevent said liquid from moving toward a back
of said piezo-electric device.

38. A module accoxding to Claim 36, wherein said piezo-
electric device is supported by said pair of conductive members.

| 39. A mounting structure for mounting a piezo-electric
device used to detect a consumption condition of a liquid in a
liguid container to said liquid container, comprising:

electrical wires adapted to be electrically connected to
sald piezo-electric device;

a base in which at least a portion of said electrical wires
is disposed; and

a projection to which said piezo-electric device is to be
mounted, said projection being projected from said base,

wherein said electrical wires are formed three-
dimensionally by two-color molding resin plating.

40. A mounting structure according to Claim 39, wherein a
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concavity for receiving said piezo-electric device is formed on

an end of said projection, and

wherein, on a bottom of said concavity, at least a part of
said electrical wires forms parts which are to be electrically
connected to a pair of electrodes of said piezo-electric device.

41. Amountingstructure accordingtoClaim40, wherein said
projection has a tube part projected from said base and a sealing
part for sealing an opening at a top of said tube part,

wherein said concavity is formed on a surface of said sealing
part,

vwherein a through-hole passing through said sealing part
is formed at said bottom of said concavity, and

wherein said electrical wires electrically connected to said
pair of electrodes of said piezo-elecrric device are continuously
formed from said bottom of said concavity to a back side of said
sealing part via an inner surface of said through-hole.

42. A module comprisings:

a piezo-electric device used to detect a consumption
condition of a liquid in a liquid container;

a circuit board electrically connected to said piezo-
electric device; and '

a pressed-and-held connector which is pressed and held
between said circuit board and said piezo-electric device so as
to electrically connect a pair of electrodes formed on said
circuit board and a pair of electrodes of said piezo-electric
device.

43, A module according te Claim 42, wherein said
pressed-and-held connector has an insulating elastic member
~which is held and elastically compressed between said circuit
board and said piezo-electric device, and a plurality of
conductors extending inside said elastic member in a compression
direction.

44. A module according to Claim 42, wherein said
pressed-and-held connector has a pair of conductive rubber
members arranged between said pair of electrodes formed on said
circuit board and said pair of electrodes of said piezo-electric
device and an insulating rubber member for mutually connecting
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said pair of conductive rubber members.

45. A module according to Claim 42, wherein said piezo-
electric device has a piezo-electric element having a piezo-
electric layer held between a pair of electrodes, a vibrating
plateonone side of which said piezo-electric element is arranged,
and a cavity forming member having a cavity arranged om the other
side of said vibrating plate, and

wherein said vibrating plate comes in contact with said
liquid in said liguid container via said cavity.
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