
2 7 S E P 2005 1 LIQUID CONTAINER, INK JET RECORDING APPARATUS, APPARATUS
AND  METHOD FOR CONTROLLING THE SAME, APPARATUS AND METHOD FOR DETECTING
LIQUID CONSUMPTION STATE 5 TECHNICAL, FIELD The present invention relates to
a liquid container having  a piezoelectric device for detecting a
consumption state of liquid  within the liquid container, an ink jet
recording apparatus for  which the liquid container can be used, an
apparatus and a method 10 for controlling the same, and an apparatus and a
method for  detecting a liquid consumption state. BACKGROUND ART An
ink-jet-recording apparatus has an-ink jet recording  15 head mounted on a
carriage. The ink jet recording head is provided  with pressure generation
means for applying pressure to pressure  generation chambers and nozzle
openings for discharging the  pressurized ink as ink droplets from the
nozzle openings. The  ink jet recording apparatus is configured so that the
ink jet 20 recording apparatus is continuously printable while ink of an
ink cartridge is supplied to the recording head via a pass. The  ink
cartridge is configured so as to be attachable to and  detachable from the
recording apparatus so that the ink cartridge  is easily changeable by the
user at the time when the ink is  25 completely consumed. Conventionally, as
a method of managing an ink consumption  of the ink cartridge, 'there are a
method of managing an ink  consumption by performing calculations of adding
up the number  of ink droplets discharged from the recording head and a
volume 30 of ink absorbed due to the maintenance using a software, a method
of managing a point in time at which the ink is actually consumed  by
mounting electrodes on the ink cartridge for detecting an ink  level and the
like. As to the method of managing an ink consumption by  35 performing
calculations of an ink consumption by means of adding  up the number of
discharging ink droplets and a volume of the  ink using a software, there
are some problems that an error is 2 7 SEP 2005 generated due to the form of
printing of the user side and a large  



error is generated when the same ink cartridge is mounted again.  The error
not to be negligible is generated between the calculated  ink consumption
and the actual volume of consumption due to the  5 use circumstance. The
method of managing a point in time at which the ink  is consumed using
electrodes can manage whether the ink is present  or absent with a high
degree of reliability since an actual volume  of the ink can be detected.
However, since the detection of an 10 ink level depends on the electrical
conductivity of ink, kinds  of inks for use are limited, and a sealing
structure of electrodes  becomes complex. Moreover, since usually precious
metal having  a good conductivity and corrosion resistance is used as a
material  for the electrodes, the manufacturing cost of the ink cartridge 15
is increased. Furthermore, since two pieces of electrodes are  required to
be mounted, the number of steps of manufacturing it  is increased, and as a
result, the manufacturing cost is  increased. Then, a method of detecting a
liquid level of the ink by  20 detecting a change of acoustic impedance
using a piezoelectric  device utilizing a piezoelectric material is
proposed. In the  method of detecting a liquid level of the ink using a
piezoelectric  device, whether the ink is present or absent can be managed
in  a high degree of reliability, the sealing structure of the 25 electrodes
are not to be a complex structure, and the  manufacturing cost of the ink
cartridge is low. However, in the case where the piezoelectric device is
defective, the piezoelectric device is not normally operated and
erroneously judges whether the ink is present or absent within 30 the ink
cartridge. Therefore, if it can be judged whether or not  the piezoelectric
device is normally operated, it has an advantage  over the above. Moreover,
in an ink cartridge with a defect, the reduction  of an ink volume is
generated due to the leakage and -evaporation  35 of the ink. Therefore, it
is desired to be able to detect by the piezoelectric device that the ink
cartridge is not filled with  the ink of the predetermined volume due to the
defect of the ink I 27 SEP 2005 3 



cartridge.  Moreover, even in the manufacturing an ink cartridge, if the
method can confirm whether or not the ink cartridge is filled  with the ink
of the predetermined volume, it has an advantage  5 over the method which is
not capable of confirming it. Furthermore, when the ink cartridge is
utilized again for  recycling and the like, the ink is refilled within the
ink  cartridge. if the method can detect whether or not the ink of  the
predetermined volume is actually present or not within the 10 ink cartridge
after the ink refilling, the method has an advantage  over the method which
is not capable of detecting it.  Furthermore, it is desirable to be able to
detect the cases where the ink cartridge is not properly mounted and where
the  ink jet recording apparatus is gradient, based on a gradient of  15 the
liquid level. Thereby, the ink jet recording apparatus is  prevented from
performing a poor printing. Accordingly, an object of the present invention
is to  provide a method and an apparatus for controlling an ink jet
recording apparatus based on the obtained result of whether or 20 not there
is a defect of a liquid detecting function by a  piezoelectric device.
Moreover, an object of the present invention is to provide  a liquid
container capable of confirming that the liquid of the  predetermined volume
presents within the liquid container during 25 manufacturing the liquid
container, and after manufacturing the  same. Furthermore, other objects of
the present invention are  to provide a liquid container capable of
detecting that the  predetermined volume of the ink is not contained in the
liquid 30 container due to defects of the liquid container and/or the
piezoelectric device, and to provide a method and an apparatus  for
controlling an ink jet recording apparatus based on the  detected results of
ink volume. Still further, other objects of the present invention are  35 to
provide a liquid container capable of detecting a gradient  of the liquid
container in the case, e.g., where the liquid  container is not properly
mounted, and to provide a method and 2 7 S E P 2005 4 



an apparatus for controlling an ink jet recording apparatus based  on the
detected results of an ink volume. Furthermore, another object of the
present invention is  to provide a liquid container and an ink jet recording
apparatus  5 capable of easily and precisely detecting an ink volume within
the liquid container. DISCLOSURE OF  INVENTION The present invention is a
method of controlling an ink  10 jet recording apparatus on which a liquid
container is able to  be detachably mounted, said liquid container having a
container  body containing a liquid supplied to a recording head discharging
an ink droplet from a nozzle opening and a piezoelectric device  for
detecting said liquid within said container body, comprising 15 the steps
of: detecting a characteristic value of said  piezoelectric device by a
detection section provided inside or  outside of said ink jet recording
apparatus; judging whether or  not said characteristic value satisfies a
predetermined  condition by a judging section provided inside or outside of
said 20 ink jet recording apparatus; and controlling said ink jet  recording
apparatus so that said ink jet recording apparatus is  set in an operable
state or in a non-operable state based on a  result of said judging step.
Preferably, said detecting step is executed at the time  25 that said liquid
container is mounted on said ink jet recording  apparatus. Preferably, the
method further comprises a step of  measuring a consumption volume of said
liquid within said liquid  container until at least a predetermined volume
by a measuring 30 section provided inside or outside of said ink jet
recording  apparatus. Preferably, the method further comprises a step of, in
a  case that said ink jet recording apparatus is in said non-operable
state, selecting either to maintain said non-operable state of 35 said ink
jet recording apparatus or to change said non-operable  state of said ink
jet recording apparatus to said operable state.  Preferably, said
characteristic value is an element 2 7 SEP 2005 5 characteristic value of a
piezoelectric element of said  



piezoelectric device. Preferably, said characteristic value is an
oscillation  characteristic value of an oscillating portion of said  5
piezoelectric device. Preferably, said liquid container is provided with at
least  two said piezoelectric devices. Said detection section detects
oscillation characteristic values of said at least two  piezoelectric
devices in said detecting step. Said judging 10 section judges a consumption
state of said liquid within said  liquid container based on a relative
condition of mutual  oscillation characteristic values of said at least two
piezoelectric devices in said judging step. The present invention is an
apparatus for controlling an  15 ink jet recording apparatus on which a
liquid container is able  to be detachably mounted, said liquid container
having a container  body containing a liquid supplied to a recording head
discharging  an ink droplet from a nozzle opening and a piezoelectric device
for detecting said liquid within said container body, comprising: 20 a
detection section for detecting a characteristic value of said
piezoelectric device, said detection section being provided  inside or
outside of said ink jet recording apparatus; a judging  section for judging
whether or not said characteristic value  satisfies a predetermined
condition, said judging section being 25 provided inside or outside of said
ink jet recording apparatus;  and a controlling section for controlling said
ink jet recording  apparatus so that said ink jet recording apparatus is set
in an  operable state or in a non-operable state based on a result  obtained
by said judging section. 30 Preferably, said detection section detects
oscillation  characteristic values of at least two said piezoelectric
devices  which are attached to said liquid container. Said judging section
judges a consumption state of said liquid within said liquid  container
based on a relative condition of mutual oscillation 35 characteristic values
of said at least two piezoelectric devices.  The present invention is a
liquid container comprising:  a container body containing a liquid; a liquid
supplying opening 2 7 SEP 2005 , A for supplying said liquid outside of said
container body; and  



a piezoelectric device for detecting said liquid within said  container
body, said piezoelectric device being positioned  nearby a liquid level of
said liquid when said liquid is not  5 consumed. Preferably, the liquid
container further comprises an  additional piezoelectric device for
detecting said liquid within  said container body. Preferably, said
additional piezoelectric device is  10 positioned nearby a bottom surface of
said container body.  Preferably, said additional piezoelectric device is
positioned nearby said piezoelectric device, an initial liquid  level when
said liquid within said container body is not consumed  being located
between said piezoelectric device and said  15 additional piezoelectric
device. Preferably, said piezoelectric device and said additional
piezoelectric device have oscillating sections contacting with  a medium
within said container body, respectively. oscillation  characteristic values
of said oscillating sections are detected. 20 Preferably, said liquid
container is adapted to be mounted  on an ink jet recording apparatus which
performs a recording by  a recording head discharging an ink droplet, said
liquid within  said container body being supplied to said recording head.
The present invention is an ink jet recording apparatus  25 on which a
liquid container is able -to be detachably mounted,  said liquid container
having a container body containing a liquid  and a piezoelectric device for
detecting said liquid within said  container body, comprising: a recording
head receiving said  liquid from said liquid container and discharging an
ink droplet 30 from a nozzle opening; and a controller for controlling an
operation state of said ink jet recording apparatus, said  controller
including: a detection section for detecting a  characteristic value of said
piezoelectric device, said  detection section being provided inside or
outside of said ink 35 jet recording apparatus; a judging section for
judging whether  or not said characteristic value satisfies a predetermined
condition, said judging section being provided inside or outside 2 7 SEP
2005 7 of said ink. jet recording apparatus; and a con-trolling section  



for controlling said ink jet recording apparatus so that said  ink jet
recording apparatus is set in an operable state or in  a non-operable state
based on a result obtained by said judging  5 section. Preferably, the ink
jet recording apparatus further  comprises a storage device capable of
storing at least said  characteristic value. Preferably, the ink jet
recording apparatus further  10 comprises a measuring section for measuring
a liquid consuming  volume within said liquid container until at least a
predetermined  volume. Preferably, said detection section detects
oscillation  characteristic values of at least two said piezoelectric
devices  15 which are attached to said liquid container. Said judging
section judges a consumption state of said liquid within said liquid
container based on a relative condition of mutual oscillation
characteristic values of said at least two piezoelectric devices. The
present invention is a method of detecting a liquid  20 consumption state of
a liquid container mounted on an ink jet  recording apparatus, said liquid
container having a container  body containing a liquid supplied to a
recording head discharging  an ink droplet from a nozzle opening and a
piezoelectric device  for detecting said liquid within said container body,
comprising 25 the steps of : detecting oscillation characteristic values of
at  least two said piezoelectric devices attached to said liquid  container
by a detection section, said detection section being  provided inside or
outside of said ink jet recording apparatus;  and judging a consumption
state of said liquid within said liquid 30 container based on a relative
condition of mutual oscillation  characteristic values of said at least two
piezoelectric devices  by a judging section, said judging section being
provided inside  or outside of said ink jet recording apparatus. Preferably,
said relative condition of said oscillation  35 characteristic values is
-that said oscillation characteristic  values of said at least two
piezoelectric devices are  approximately equal to each other. 2 7 SEP 2005 s
The present invention is an ink jet recording apparatus  



on which a liquid container is able to be detachably mounted,  said liquid
container having a container body containing a liquid  and a piezoelectric
device for detecting said liquid within said 5 container body, comprising: a
recording head receiving said  liquid from said liquid container and
discharging an ink droplet  from a nozzle opening; and a controller for
controlling an  operation state of said ink jet recording apparatus, said
controller including: a detection section for detecting 10 oscillation
characteristic values of at least two said  piezoelectric devices attached
to said liquid container; and a  judging section for judging a consumption
state of said liquid  within said liquid container based on a relative
condition of  mutual oscillation characteristic values of said at least two
15 piezoelectric devices. Preferably, said relative condition of said
oscillation  characteristic values is that said oscillation characteristic
values of said at least two piezoelectric devices are  approximately equal
to each other. 20 BRIEF  DESCRIPTION OF DRAWINGS Fig. 1 is a view showing an
ink cartridge used for mono  color ink, for example, black color ink as one
embodiment of a  liquid container according to the present invention; 25
Fig. 2 is a view showing an ink cartridge as another  embodiment of the
liquid container according to the present  invention; Figs. 3A and 3B are
views showing ink cartridges as other  embodiments of the liquid container
according to the present  30 invention; Fig. 4 is a sectional view showing
an ink cartridge in the  traverse direction as another embodiment of the
liquid container  according to the present invention; Fig. 5 is a view
showing an ink cartridge as another  35 embodiment of the liquid container
according to the present  invention; Fig. 6 is a perspective view seen from
the backside showing 2 7 SEP 2Q05 9 an ink cartridge containing a plurality
of kinds of ink as another  



embodiment of the liquid container according to the present  invention; Fig.
7 is a sectional view showing the major sections of  5 an ink jet recording
apparatus using the ink cartridge shown in  Fig. ]. as one embodiment of an
ink jet recording apparatus  according to the present invention; Fig. 8 is a
block diagram showing a controller of an ink  jet recording apparatus as one
embodiment of the present  10 invention; Fig. 9 is a flowchart showing a
method of controlling an  ink jet recording apparatus on which the ink
cartridge shown in  Fig. 1 is mounted; Fig. 10 is a flowchart showing a
method of controlling an  15 ink jet recording apparatus on which the ink
cartridge shown in  Fig. 1 is mounted; Figs. 11A, 11B and 11C are views
showing an actuator in  detail which is one example of a piezoelectric
device used in  the present invention; 20 Fig. 12 is a view showing an
actuator in detail shown in  Figs. 11A, 11B and 11C and an equivalent
circuit; Figs. 13A and 13B are graphical representations showing  the
relationship between the volume of ink within an ink cartridge  and a
resonance frequency of ink and an oscillating section; 25 Figs. 14A and 14B
are graphical representations showing  a method of measuring a waveform of
the residual oscillation of  an actuator and the residual oscillation after
the actuator is  made oscillated; Fig. 15 is a perspective view showing a
configuration in  30 which the actuator shown in Figs. 11A, 11B and 11C is
integrally  formed as a module body; Fig. 16 is a perspective view showing
another example of  a module body; Figs. 17A, 17B and 17C are views showing
still another  35 example of a module body; Fig. 18 is a view showing one
example of a mold structure  equipped with an actuator; 2 7 SEP 2005 10 Pigs
. 19A and 19B are views showing a circuit board mounted  



on an ink cartridge as an embodiment of the liquid container  according to
the present invention; Fig. 20 is a view showing an ink cartridge and an ink
jet  5 recording apparatus using the actuator shown in Figs. 11A, l1B  and
11C as one embodiment of the present invention; and Fig. 21. is a view
showing the head section and its  peripherals of an ink jet recording
apparatus as one embodiment  of the present invention. 10 BEST MODE FOR
CARRYING OUT THE INVENTION  Hereinafter, the present invention will be
described through embodiments of the invention, however, the following
embodiments of the invention do not limit the scope of the  15 invention
according to the claims, and all of the combinations of the characteristics
described in the embodiments are not  necessarily essential for solving
means for the invention.  The fundamental concept of the present invention
is to detect a liquid state within a liquid container (including the  20
presence or absence of the liquid within the liquid container,  a volume of
the liquid, a liquid level of the liquid, the kind  of the liquid and
compositions of the liquid) by utilizing an  oscillation phenomenon. Some
concrete methods are considered as  methods of detecting a liquid state
within the liquid container 25 by utilizing an oscillation phenomenon. For
example, there is  a method in which elastic wave generation means generates
an  elastic wave with respect to the interior of the liquid container  and
detects a medium within the liquid container and a change  of state thereof
by receiving a reflection wave reflected by the 30 liquid level or opposed
wall. Moreover, apart from this, there  is a method of detecting a change of
acoustic impedance from the  oscillation characteristic of an oscillating
object. As methods  of utilizing a change of acoustic impedance, there are a
method  of detecting a change of acoustic impedance by making a 35
piezoelectric device having a piezoelectric element or an  oscillating
section of actuator oscillated, subsequently  measuring an counter
electromotive force generated by the I 27SEP2005 11 



i residual oscillation remained in the oscillating section, and  detecting
an amplitude of resonance frequency or counter  electromotive force
waveform, and a method of measuring an  impedance characteristic of the
liquid or an admittance 5 characteristic of the liquid by a measuring device
of an impedance  analyzer, for example, a transmission circuit and a change
of  current value and voltage value or a change of current value and
voltage value due to frequency when an oscillation is applied  to the
liquid. 10 it should be noted that characteristic values of an  actuator as
one example of a piezoelectric device described below  include at least an
element characteristic value and an  oscillation characteristic value. An
element characteristic  value is meant to be a characteristic value of a
material itself 3.5 having a piezoelectric character included in an
actuator. For  example, an electric characteristic such as voltage value or
current value, resistance value and an electric capacity, and  an optical
characteristic when constant current or constant  voltage is applied to an
actuator can be listed. An oscillation 20 characteristic value is meant to
be an oscillating characteristic  of the oscillating section changing based
on the change of  acoustic impedance due to the change of a medium
contacting with  the oscillating section included in the actuator. For
example,  an oscillating frequency and an amplitude of the oscillating 25
section can be listed. In addition, a characteristic value of  the counter
electromotive force generated by the oscillation of  the oscillating section
is included in the oscillation  characteristic value. Fig. 1 is a sectional
view of one embodiment of an ink  30 cartridge used for mono color ink, for
example, black color ink  to which the present invention is applied. In the
present  embodiment, in Fig. 1, a not-consumed state is shown in which  ink
within the ink cartridge is not discharged from the recording  head
(similarly also in Fig. 2 through Fig.5 and Fig. 18). The 35 ink cartridge
of Fig. I is made so as to use the method of detecting  a change of at least
acoustic impedance by making the oscillating  section of a piezoelectric
device oscillated and subsequently 2 7 SEP 2005 



12 measuring a counter electromotive force generated due to the  remaining
residual oscillation in the oscillating section out  of the methods
described above. An actuator 106 is used as a  piezoelectric device. 5 The
ink cartridge of rig. 1 is equipped with a container  body 1 containing ink
K, an ink supplying opening 2 for supplying  the ink K within the container
body 1 to the external of the  container body 1 and an actuator 106 for
detecting a consumption  state of the ink K within the container body 1. The
container 10 body 1 of the ink cartridge according to the present embodiment
has a supplying opening forming side wall 1010 on which the ink  supplying
opening 2 is provided and arranged and an opposed side  wall 1015 opposing
to the supplying opening forming side wall  1010. 15 In the ink cartridge
according to the present embodiment,  the actuator 106 is provided and
arranged on the internal wall.  of the opposed side wall 1015 out of the
internal walls of the  container body 1. The actuator 106 is electrically
connected to  a lead wire 111 penetrating the opposed side wall 1015.
Moreover, 20 an external terminal 107 is mounted on the external wall of the
opposed side wall. 1015 so that the external terminal 107 is  electrically
contacted to the lead wire 111. The actuator 106  is provided and arranged
on the opposed side wall 1015, however,  the receiving and delivering of an
electrical signal to and from 25 the external can be performed by
electrically connecting to the  external terminal 107 which exists in the
external of the  container body I. via the lead wire 111. Moreover, the
actuator  106 is located at the lower position of the liquid level of the
ink in a not-used state of an ink cartridge and provided and 30 arranged
nearby the liquid level of the ink. Therefore, the  oscillating section of
the actuator 106 is positioned at the  slightly lower position with respect
to the liquid level of the  ink. The actuator 106 is not protruded to the
external by  35 providing and arranging on the internal wall of the
container body 1. Therefore, the appearance of the ink cartridge is
approximately same with the outline of an ink cartridge in which I 



2 7 SEP 2005 13 the actuator 106 is not provided and arranged except -that
the  external terminal 7 is protruded. Therefore, a large  modification in a
design such as the specification of a holder  of an ink cartridge of an ink
jet recording apparatus is not 5 accompanied by physically changing the
outline of -the ink  cartridge. Moreover, a hole perforated on the internal
wall of the  container body 1, that is, the opposed side wall 1015 in -the
present embodiment is large enough such that the lead wire III 10 penetrates
through the hole. Therefore, it is not. necessary to  provide a
comparatively large hole on the side wall of the  container body I in order
-that the actuator 106 is penetrated.  Hence, the internal of the container
body 1 is maintained in a  fluid-tight manner, the leakage of the ink within
the container 15 body 1 to the external is prevented. As a result, -the ink.
cartridge according to the present embodiment does not require  a complex
sealing structure. Moreover, since the complex sealing  structure is not
necessary, the manufacturing cost becomes lower. Moreover, the element.
characteristic value can be detected  20 by applying a current and voltage
to -the actuator 106 via the  external terminal 107 and the lead wire 111.
Furthermore, in the present embodiment, the actuator 106  is -located at the
lower position of -the liquid level of the ink  in a not-used state of the
ink cartridge, and since the actuator 25 106 is provided and arranged nearby
the liquid level of the ink,  when the ink cartridge is manufactured or, the
ink cartridge is  recycled, whether or not the predetermined volume of the
ink is  actually present within -the ink cartridge can be detected.
Furthermore, after manufacturing the ink cartridge, due to a 30 defect of
the ink cartridge, the leakage of the ink and the  evaporation of the ink
may reduce the volume of the ink. In such  a case, since the actuator 106
can detect whether or not the  predetermined volume of ink is present within
the ink cartridge,  the defect of the ink cartridge can be also detected. 35
Moreover, in the case where an ink. cartridge is left it  alone for a long
period as it is in a not-used state, the qualities  such as viscosity and
the like of the ink may be getting worse 



2 7 SEP 2005 14 by the evaporation of the ink. The actuator 106 can judge
whether  the quality of the ink is good or bad to some extent by detecting
that the predetermined volume of ink is not present within the  ink
cartridge. 5 Furthermore, in the case where the ink cartridge is not
properly mounted and/or in the case where the ink jet recording  apparatus
is gradient, although the ink cartridge is in a not-used  state, it can be
detected that the ink cartridge is gradient by  confirming the exposure of
the actuator 106 from the liquid level 10 of the ink. To the contrary, it
may be also detected that the  ink cartridge is gradient by the non-exposure
of the actuator  106 from the liquid level. of the ink although the
predetermined  volume of ink is consumed. By changing the height of the
actuator 106 with respect  15 to the liquid level of the ink, the volume of
the ink to be filled  within the ink cartridge can be changed, and also, the
reduced  volume of the ink for judging a gradient of the ink cartridge  or
that the ink cartridge is not good can be modified. It should  be noted that
the actuator 10 6 might be also used as only detecting 20 means of the
medium by providing oscillating means separately.  Fig. 2 shows another
embodiment of an ink cartridge  according to the present invention. in the
ink cartridge  according to the present embodiment, the actuator 106 is
provided  and arranged on the opposed side wall 1015 similar to the ink 25
cartridge according to the embodiment of Fig. 1. In the ink  cartridge
according to the present embodiment, the actuator 106  is provided and
arranged at the slightly upper position than the  liquid level of the ink in
the case where the ink cartridge is  in a not-used state. 30 Also in the
present embodiment, an element characteristic  value can be detected by
applying a current and voltage to the  actuator 106 via the external
terminal 107 and the lead wire 111. Moreover, in the case where the ink
cartridge is not  properly mounted, and in the case where ink jet recording
35 apparatus is gradient, although the ink cartridge is in a not-used state,
the gradient of the ink cartridge can be detected by  detecting the ink
using the actuator 106. 



2 7 SEP 2005 15 I Fig - 3A shows still another embodiment of an ink
cartridge  according to the present invention. In an ink cartridge
according to -the present embodiment, a plurality of actuators  106a and
1.06b are provided and arranged on the opposed side wall 5 1015. Moreover,
the actuators 106a and 106b are provided and  arranged at the slightly lower
position than the liquid level  of the ink in a not-used state of the ink
cartridge and nearby  the boundary between a bottom surface la of the
container body  1 and -the opposed side wall 1015, respectively. 10 A
similar effect of the actuator 106 in -the embodiment of  Fig. 1 cc-in be
obtained. On -the other hand, at the stage of the  ink end where the ink is
consumed, the actuator 106b is provided  so that the medium contacting with
the actuator 106b, is changed  from the ink to the gas. Therefore, -the
actuator 106b can detect  is the ink end. Therefore, all of the judgment of
whether or not the  actuators 106a and 106b have defects, the detection of
whether  or not the predetermined volume of the ink is present within the
ink cartridge, and the detection of the ink end can be carried 20 out by
providing and arranging two actuators of the actuators  106a and 106b as the
embodiment of Fig. 3A. Moreover, the consumed volume of the ink within the
ink  cartridge can be also detected based on the relative condition  of
mutual characteristic values of the actuators 106a and 106b. 25 More
particularly, semiconductor storage means 7 stores an  oscillating
characteristic value of the actuator 106a detected  when the predetermined
volume of the ink within the ink cartridge  was consumed and the ink was
absent on the periphery of the  actuator 106a. When the value of oscillating
characteristic 30 value that the actuator 106b detects is approximately
equal to  the value of the oscillating characteristic value of the actuator
106a detected when the ink was absent on the periphery of the  actuator
106a, it can be judged that the liquid level of the ink  passed through the
actuator 106b. Since the actuator 106b is 35 provided and arranged nearby
the liquid level of the ink at -the  time of the ink end of the container
body 1, when the passage  



of -the liquid level of the ink, was judged, it can be judged as 2 7 SEP
2005 1. 6 the ink end. Moreover, according to the present embodiment, it  is
not necessary to measure oscillating characteristic values  of the actuators
106a and 106b in the manufacturing processes  when the ink is absent within
the container body 1. Therefore, 5 the manufacturing of the actuators 106a
and 106b or the ink  cartridge becomes easy and the manufacturing processes
can be  shortened. Furthermore, it is preferable that the actuators 106a
and 106b are manufactured in the same lot number. It is because  owing to
this, the characteristics of the actuator 106a and the 10 actuator 106b are
approximately equal. The ink within the ink  cartridge can be precisely
detected by employing the actuator  106a and the actuator 106b whose
characteristics are  approximately equal. Fig. 3B shows another embodiment
of an ink cartridge  15 according to the present invention. In the ink
cartridge  according to Fig. 313, the actuator 106b of the ink cartridge
according to the embodiment of Fig. 3A is positioned nearby the  actuator
106a. The positions of the actuator 106a and the  actuator 106b are designed
so that the liquid level of the ink 20 is located between the actuator 106a
and the actuator 106b when  the ink cartridge is mounted on the ink jet
recording apparatus.  Owing to this, it can be judged that the ink cartridge
is normally  mounted on the ink jet recording apparatus. The actuator 106a
detects that the ink is absent when the ink cartridge is mounted 25 on the
ink jet recording apparatus and it is judged that the ink  cartridge is
normally mounted when the actuator 106b detects that  the ink is present. On
the other hand, when the ink cartridge  is mounted on the ink jet recording
apparatus, in the case where  both of the actuator 106a and the actuator
106b detect that the 30 ink is present, it is judged that the ink cartridge
is not normally  mounted. Further, when the ink cartridge is mounted on the
ink  jet recording apparatus, in the case where both of the actuators  106a
and 106b detect that the ink is absent, it can be judged  that the
predetermined volume portion of the ink within the ink 35 cartridge is not
filled or the ink cartridge, the actuator and/or  a sub-tank unit 33 (Fig.
7) has a defect. 



Moreover, when the ink is refilled in the ink cartridge 27SEP2005 17
according to the embodiment of Fig. 3B, the ink may be filled  until the
liquid level. of the ink is located between the actuator  106a and the
actuator 106b. It can be detected that the ink is  filled without any
shortage and excess within the ink cartridge 5 by detecting the absence of
the ink using the actuator. 106a and  detecting the presence of the ink
using the actuator 106b. It should be noted that the actuators 106, 106a,
106b in  the embodiments from Fig. 1 to Fig. 3B are provided and arranged
on the opposed side wall 1015, however, the actuators 106, 106a, 10 106b may
be provided and arranged on the supplying opening forming  side wall 1010.
Moreover, as shown in Fig. 18, the actuator 106  may be provided and
arranged on the apex wall located top of the  container body 1. Moreover, in
the case where two actuators 106  are provided and arranged so that the two
are positioned at the 15 same liquid level with respect to the liquid level
of the ink,  since only one of the actuators 106 detects the gas or the ink
when the ink cartridge is provided and arranged in a gradient  manner, it
can be detected that the ink cartridge is gradient. Fig. 4 shows a sectional
view in the transverse direction  20 of still another embodiment of the ink
cartridge according to  the present invention. The container body 1 has
intervening side  walls 1020a and 1020b intervening between the supplying
opening  forming side wall 1010 (see Fig. 1) on which the ink supplying
opening 2 is provided and the opposed side wall 1015 (see Fig. 25 1.)
opposing to the supplying opening forming side wall 1010. In  the present
embodiment, the actuator 106 is provided and arranged  on the intervening
side wall 3.020a. In the present embodiment, the actuator 106 is provided
and arranged at the slightly lower position than the liquid level  30 of the
ink in a not--used state of the ink cartridge on the internal wall of the
intervening side wall 1020a. However, the actuator  106 may be provided and
arranged as in Fig. 1 through Fig. 3B.  Furthermore, in the present
embodiment, the actuator 106 is  provided and arranged on the intervening
side wall 1020a which 35 is one of the intervening side walls, however, it
may be provided  and arranged on the other intervening side wall 1020b. 



Fig. 5 is a sectional view of an ink cartridge on which 2 7 SEP 2005 the
single actuator 106 whose oscillating region is long is  provided and
arranged. The vibrating region of the actuator 106  extends from the
neighboring of the liquid level of the ink before  the ink is consumed to
the bottom surface 1a. 5 According to the present embodiment, all of the
judgment  of whether or not the actuator 106 has a defect, the detection  of
whether or not the ink of the predetermined volume presents  in the ink
cartridge, and the detection of the ink end can be  carried out by the
single actuator 106. 10 Moreover, a consumption state of the liquid within
the  liquid container can be judged based on at least two oscillating
characteristic values of the actuators 106. Fig. 6 is a perspective view
seen from the backside showing  one embodiment of an ink cartridge
containing a plurality of kinds  15 of ink. The container 8 is divided into
three ink chambers 9, 10 and 11 by partition walls. In each ink chamber, ink
supplying  openings 12, 13 and 14 are formed, respectively. Actuators 15,
16 and 17 are provided and arranged on the supplying opening  forming side
walls 1012, 1013 and 1014, respectively. The 20 actuators 15, 16 and 17 may
be provided and arranged on the other  side walls included in the container
1. Fig. 7 is a sectional view showing the embodiment of the  major portions
of an ink jet recording apparatus in which the  ink cartridge shown in Fig.
1 is used. A carriage 30 capable of 25 reciprocally moving in the traverse
direction of a recording sheet  is equipped with a sub-tank unit 33. A
recording head 31 is  provided on the lower surface of the sub-tank unit 33
. Moreover,  an ink supplying needle 32 is provided on the side of an ink
cartridge mounting surface of the sub--tank unit 33. Furthermore, 30 in the
case where at least characteristic value of the actuator  106 does not
satisfy the predetermined condition, a panel 2000  as an output section for
indicating an error is provided and  arranged within the ink jet recording
apparatus. Or, an external.  output terminal 2500 connecting to a host
computer 3000 may be 35 provided in the ink jet recording apparatus so as to
indicate  an error on the host computer 3000 of the external. It should  be
noted that the external terminal 107 in Fig. 7 is electrically 



2 7 SEP 2005 19 or optically connected to 'the external output terminal 2500
via  a cartridge holder (not shown in Fig. 7) of -the ink jet recording
apparatus and the like. When the ink supplying opening 2 of the container
body 1  5 is inserted along to -the ink supplying needle 32 of -the sub-
-tank unit 33, a valve body 6 is set back against a spring 5, an  ink. pass
is formed, and the ink within the container body 1 flows  in-to an ink
chamber 34. After the ink is filled into -the ink  chamber 34, the nozzle
opening of the recording head 31 is 10 subjected to the action of negative
pressure, ink is discharged  from the recording head 31 and the recording
operation is carried  out. It should be noted that in the embodiments of
Fig. I through  Fig. 5 and Fig. 18, when the ink, cartridge is mounted on
-the ink 15 jet recording apparatus and the ink is filled into the ink
chamber  34, it is preferable that the position of the actuator 106 and  the
volume of the ink chamber 34 are designed so that the liquid  level of the
ink is positioned at the position shown in the Fig  I through Fig. 5 and
Fig. 18. Therefore, the liquid levels of 20 the ink shown in Fig. 1 through
Fig. 5 and Fig. 18 are not always  the level of the liquid level during
manufacturing of -the ink  cartridge. When the ink is consumed in the
recording head 31 by the  recording operation, since the pressure of
downstream side of  25 a film valve 3 6 is lowered, -the film, valve 3 6 is
opened. Thus, the ink in the ink chamber 34 flows into the recording head 31
via an ink supplying pass 35. The ink in the container body 1  flows into
the sub-tank unit 33 via the ink supplying needle 32  accompanying with the
inflow of the ink to the recording bead  30 31, and the printing is
repeated. Fig. 8 is a block diagram showing the controller of an ink  jet
recording apparatus of the present invention. The ink jet  recording
apparatus of the present invention has a recording head  702 for
-discharging ink droplets on the recording sheet and 35 printing, a carriage
700 for reciprocally moving the recording  head 702 in the traverse
direction (main scanning direction) of  the recording sheet and an ink
cartridge 180 for supplying the 



27 SEP 2005 20 ink to the recording head 702. The carriage 700 is connected
to  a carriage drive motor 716. The carriage 700 and the recording  head 702
reciprocally move in the traverse direction of the  recording sheet by
driving the carriage drive motor 716. The 5 carriage motor control means 722
controls the carriage drive motor  716. The actuator 106 mounted on the ink
cartridge 180 is  controlled by piezoelectric device control means 720. A
characteristic value of the actuator 106 controlled by the 10 piezoelectric
device control means 720 is detected by a  characteristic value detecting
section 810. For example, by  applying the constant voltage to the actuator
by the piezoelectric  device control means 720, a current value flown in a
piezoelectric  element contained in the actuator 106 is detected by the 15
characteristic value detecting section 810. Owing to this, the
characteristic value detecting section 810 can detect the  resistance value
of the piezoelectric element. Moreover, the  characteristic value detecting
section 810 may detect the  electrical capacity of the piezoelectric element
by utilizing  20 the alternating current electric source. The characteristic
value detecting section 810 may detect  an oscillating characteristic of the
oscillating section of the  actuator 106. For example, the piezoelectric
device control  means 720 applies the voltage to the actuator 106, and the
25 characteristic value detecting section 810 detects a counter
electromotive force generated by the remaining residual  oscillation in the
oscillating section of the actuator 106.  Owing to this, the characteristic
value detecting section 810  can detect resonance frequency of the residual
oscillation and  30 the amplitude of the counter electromotive force. A
characteristic value of the actuator 106 detected in the  characteristic
value detecting section 810 is sent to a  characteristic value judging
section 820. On the other hand, the  predetermined conditions that the
characteristic value should 35 satisfy have been previously stored in the
storage section 850.  The predetermined conditions may be set according to
the  characteristic values. For example, in the case where the 



2 7 SEP 2005 21 characteristic value is a resistance value of a
piezoelectric  element, the specification that the resistance value of the
piezoelectric element should satisfy is defined as the  predetermined
condition. Moreover, for example, in the case 5 where the characteristic
value is judged as a resonance frequency  of the actuator 106, the
specification that the resonance  frequency should satisfy is defined as the
predetermined  condition. The storage section 850 sends the predetermined
conditions to the characteristic value judging section 820 10 corresponding
to the timing when the characteristic value  detecting section 810 detects
the characteristic value of the  actuator 106. The characteristic value sent
to the  characteristic value judging section 820 is compared with the
predetermined condition' by a comparator included in the  15 characteristic
value judging section 820. In the case where the characteristic value
judging section  820 judges that the characteristic value does not satisfy
the  predetermined conditions, the characteristic value judging  section 820
sends an error signal to an output section 840. The 20 output section 840
outputs the display of the error corresponding  to the error signal. The
output section 840 is, for example, the  panel 2000 and the external output
terminal 2500 shown in Fig.  7. The external output terminal 2500 is
connected to the host  computer 3000 so that an error signal can be
outputted to the 25 external host computer 3000. An error display is a
display  indicating that the ink cartridge has a defect, the ink cartridge
should be exchanged, characteristic values, the results of the  judgment in
the characteristic value judging section 820 and the  like. The error
display may be also means for generating light 30 and means for generating
voice. Moreover, the characteristic  value judging section 820 sends an
non-operable signal to a  control section 750. The non-operable signal is a
signal for  making the ink jet recording apparatus a state where the ink jet
recording apparatus does not carry out the operations such as 35 the
printing, cleaning, flashing and the like, that is, for making  the ink jet
recording apparatus in a non-operable state. The ink  jet recording
apparatus which has received the non-operable 



2 7 SEP 2005 22 signal does not carry out the operation or stops the
operation.  .En the case where the ink jet recording apparatus is in a
non-operable state, it may be designed so that the user can select  the
option for making the ink jet recording apparatus operate  5 (not shown). On
the other hand, in the case where 'the characteristic  value judging section
820 judges 'that the characteristic value  satisfies the predetermined
conditions, -the characteristic value  judging section 820 sends an operable
signal to the control 10 section 750. The operable signal- is a signal for
making a state  where the ink jet recording apparatus can carry out the
operations  such as printing, cleaning, flashing, standby and the like, that
is, for making the ink jet recording apparatus in an operable  state. The
ink jet recording apparatus which has received the 15 operable signal can
start or restart or is in a standby state  prior to the operation.
Furthermore, the display notifying that  the output section 840 satisfies
the predetermined conditions,  the ink jet recording apparatus is in an
operable state and the  like may be also outputted. 20 The timing that the
characteristic value detecting section  810 detects the characteristic value
of the actuator 106 may be  even at the time when the ink cartridge is
mounted on the ink  jet recording apparatus. Moreover, it may be even at the
time  when the ink consumption volume measuring section 830 measures 25 the
predetermined volume portion of the ink. within the ink  cartridge is
consumed. The timing when the ink consumption volume measuring  section 830
measures that the predetermined volume of the ink  within the ink cartridge
is consumed will be described in more 30 detail below. The ink consumption
volume measuring section 830  calculates an ink consumption within the ink
cartridge by adding  up a volume of ink droplets discharged from the
recording head  and the ink volume actually used at the time of cleaning and
flashing. information of consumed volume of the ink 35 mathematically
calculated which has been measured in the ink  consumption volume measuring
section 830 is sent to the  characteristic value judging section 820. on the
other hand, 'the 



2 7 SEP 2005 23 predetermined conditions that the consumed volume
mathematically  calculated should satisfy has been previously stored in the
storage section 850. The predetermined conditions may be set  corresponding
to the volume of ink droplets discharged from the 5 recording head, the
frequency of the cleanings and flashings,  the position where the actuator
1.06 is provided and arranged and  the like. The storage section 850 sends
the predetermined  conditions previously stored to the characteristic value
judging  section 820. The characteristic value judging section 820 emits 10
a signal to the control section 750 when a consumed volume of  the ink
mathematically calculated achieves the predetermined  volume in the ink
consumption volume measuring section 830. The  piezoelectric device control
means 720 of the control section  750 apply a voltage or the like to the
actuator 106 corresponding 1.5 to a signal from the characteristic value
judging section 820.  Owing to this, the characteristic value detecting
section 810  detects the characteristic value of the actuator 106. It should
be noted that as for the volume of the ink droplets  and the volume of the
ink actually used at the time of cleanings  20 and flashings which have been
previously judged in the ink consumption volume measuring section 830,
errors compared with  the actually discharging volume of the ink occurred
due to the  use circumferences may arise in many cases. Therefore, it is
preferable that the predetermined condition stored in the storage 25 section
850 is made as a value to which a little over addition  or a little over
reduction is performed to some extent. Moreover,  in the case where the
characteristic value of the actuator 106  is detected when the ink cartridge
is mounted on the ink jet  recording apparatus, the consumed volume of the
ink as the 30 predetermined condition stored in the storage section 850 may
be set as zero. In the ink jet recording apparatus, a cap 712 is further
mounted on the non-printing region for sealing the recording head  702. The
cap 712 is connected to an absorbing pump 718 via a tube, 35 performs the
cleaning of the nozzle opening of the recording head  702 by receiving the
supply of the negative pressure and  discharging the ink from the whole
nozzle of the recording head 



2 7 SEP 2905 24 702. Moreover, the flashing is performed by positioning the
recording head 702 at the cap 712 and discharging the ink from  -the whole
nozzle of the recording head 712. These -timings of  cleaning processes,
flashing processes and a timing of exchanging 5 from the printing state to
the non-printing state may be timings  for detecting -the characteristic
value of the actuator 106.  It should be noted that the characteristic value
detecting section 810, the characteristic value judging section 820, the
ink consumption volume measuring section B30, the output section  10 840 and
the storage section 850 maybe provided and arranged inside of the ink jet
recording apparatus, for example, provided and  arranged within the control
section 750, or may be provided and  arranged in the device which is
provided and arranged outside,  for -example, in the external host-
computer. Preferably, the 15 characteristic value detecting section 810, the
characteristic  value judging section 820, the ink consumption volume
measuring  section 830, the output section 840 and the storage section 850
which are concerning the operation of the piezoelectric device  are provided
and arranged in the ink cartridge. In consideration 20 of the case where
members concerning the operation of the  piezoelectric device are out of
working order, it is preferable  that these members are configured to be
able to be exchanged at  the same time of the exchange of the ink
cartridge. Furthermore,  the characteristic value detecting section 810, the
25 characteristic value judging section 820, -the ink consumption  volume
measuring section 830, the output section 840 and 'the  storage section 850
which are concerning the operation of the  piezoelectric device may be
provided and arranged on the recording  head which is mounted on the ink jet
recording apparatus to/from 30 which the recording head is easily attachable
and detachable.  Fig. 9 and Fig. 10 are flowcharts showing a method of
controlling the ink jet recording apparatus to which the ink  cartridge
according to the embodiment of Fig. I is mounted. It  should be noted that
the ink cartridge according to one of the 35 embodiments of Fig. 2 through
Fig. 6 may be used instead of the  ink cartridge according to the embodiment
of Fig. 1. Fig. 9 is a flowchart showing from -the stage where the in],, 



27SEP2005 25 I cartridge shown in Fig. 1 is mounted on the ink jet recording
apparatus to the stage where the ink jet recording apparatus is  in an
operable state or in a non-operable state. An operation of an ink jet
recording apparatus will be  5 described below on the basis of the flowchart
of Fig. 9 while  referring to Fig. 8. An ink cartridge is mounted on the ink
jet  recording apparatus. When the ink cartridge is mounted, the ink  jet
recording apparatus recognizes that the ink cartridge is  mounted. Means for
recognizing that the ink cartridge is mounted 10 is not particularly
limited. For example, the mounting of the  ink cartridge may be recognized
by detecting the semiconductor  storage means 7 provided and arranged on the
ink cartridge using  the ink jet recording apparatus. Moreover, a projection
(not  shown) is provided on the ink cartridge, when the ink cartridge 15 is
mounted, the projection pushes a switch (not shown) previously  provided on
the ink jet recording apparatus. Owing to this, the  ink jet recording
apparatus may recognize that the ink cartridge  is mounted by electrically
conducting the switch. Or, when the  ink cartridge is mounted, the user may
input it to the ink jet  20 recording apparatus by any means. Next, the
piezoelectric device control means 720 sends an  element characteristic
detecting signal for detecting an element  characteristic value of the
actuator 106 to the actuator 106.  The element characteristic detecting
signal is, for example, a 25 current and a voltage. Subsequently, in Fig.
9(A), the  characteristic value detecting section 810 detects the element
characteristic value of the actuator 106 and the characteristic  value
judging section 820 judges the element characteristic  value. 30 In the case
where an element characteristic value of the  actuator 106 does not satisfy
the predetermined condition, the  error 0 is displayed on the output section
840. For example, the  error 0 is displayed on the panel 2000 as a display
section  provided on the ink jet recording apparatus, or on the external 35
host computer 3000 connected to the external output terminal 2500  provided
on the ink jet recording apparatus. Or, again, an  



instruction SO sending an element characteristic detection 27SEP2005 2G
signal to the actuator 106 may be returned to the ink jet recording
apparatus. In such a case, it may be set so that the display of  the error 0
is outputted in the case where although the element  characteristic
detection signal is sent a number of the 5 predetermined times according to
the instruction SO, the element  characteristic value of the actuator 106
does not satisfy the  predetermined condition. Furthermore, it may be set so
that the  display of the error 0 is outputted in the case where the average
value of the element characteristic values of the actuator 106 10 does not
satisfy the predetermined condition when the element  characteristic
detection signal is sent a number of the  predetermined times. Furthermore,
it can be judged based on  whether or not the maximum value out of a
plurality of element  characteristic values is in the predetermined range,
or whether  15 or not the minimum value is in the predetermined range. The
display of the error 0 may be a display notifying only  an occurrence of an
error to the user. Preferably, the display  of the error 0 is a display
indicating that the actuator 106 is  not good, the element characteristic
value, the results of the 20 judgment in the characteristic value judging
section 820 or the  like. Accompanying with the error 0 is displayed, the
ink jet  recording apparatus is in a non-operable state. The output  section
840 may display that the ink jet recording apparatus is  in a non-operable
state. Moreover, the storage section 850 may 25 store that the ink jet
recording apparatus is in a non-operable  state. Owing to this, the past
data of the ink jet recording  apparatus is stored. It should be noted that
an non-operable  state is referred to a state where the an operation as a
recording  apparatus is impossible. Moreover, even if the ink jet recording
30 apparatus according to the present embodiment is in a non-operable
state, it is in a state where a signal for moving the ink cartridge  into
the predetermined position in order to be capable of  exchanging it into a
new ink cartridge, and a signal for the  selection and the like being made
by the user, which will be  35 described later can be received. As defects
of the element characteristic value of the  



actuator 106, the defect of the piezoelectric element and the 27SEP2005 27
defective contact of the wiring to the piezoelectric element are
considered. The defect of the piezoelectric element occurs since  the
element characteristic itself of the piezoelectric element  is defective.
The defective contact of the wiring to the 5 piezoelectric element occurs
since the electric contacts of a  piezoelectric layer 160, an upper portion
electrode 164, a lower  portion electrode 166, an upper portion electrode
terminal 168,  a lower electrode terminal 170 and an auxiliary electrode 172
in Figs. 11TH, 11B and 11C, and the electric contact of the wiring 10 from
the actuator 106 to the characteristic value detecting  section 810 are
broken. The user exchanges an ink cartridge based on the display  of the
error. 0 while maintaining the state where the ink jet  recording apparatus
is in a non-operable state. Or, it may be 15 set so that the user can select
an instruction S2 in order that  the ink jet recording apparatus is made in
an operable state using  the already mounted ink cartridge. The ink jet
recording  apparatus can be in an operable state by the instruction S2. It
is preferable that the past errors and the contents of the 20 instructions
including the element characteristic values of the  actuator 106 have been
stored in the storage section 850. In the case where the element
characteristic value of the  actuator 106 satisfy the predetermined
condition, an operation  signal is sent from the piezoelectric device
control means 720 25 to the actuator 106 (see Fig. 9(B)). The actuator 106
receives  the operation signal. In the case where the actuator 106 is not
defective, the actuator 106 performs the predetermined operation.  On the
other hand, in the case where the actuator 106 is defective,  the actuator
1.06 does not perform the predetermined operation. 30 The judgment of
whether or not the actuator 106 performed the  predetermined operation can
be judged by judging whether or not  the characteristic value detecting
section. 810 detects the  oscillation characteristic of the actuator 106
using the  characteristic value judging section 820. 35 In Fig. 9(B), in the
case where the actuator 106 performs  the predetermined operation, the
display of an error 1 is  



outputted to the output section 840. In the case where the 2 7 S E P 2005 28
actuator 106 performs the predetermined operation, again, the  instruction
Si sending the operation signal to the actuator 1.06  may be returned to the
ink jet recording apparatus. In such a  case, that is, in the case where
although the operation signal 5 is sent a number of the predetermined times
according to the  instruction S1, the actuator 106 does not performs the
operation,  it may be set so that the display of the error 1 is outputted.
The display of the error 1 may be a display notifying only  an occurrence of
an error to the user. Preferably, the display  10 of the error 1 is a
display indicating that the ink cartridge is defective, or that the actuator
106 provided and arranged in  the ink cartridge is defective, the
characteristic value, the  results of the judgment in the characteristic
value judging  section 820 or the like: It can be'displayed that an ink
cartridge 15 on which the actuator 106 is not provided is mounted on the ink
jet recording apparatus as a display of the error 1. In the case  where the
actuator 106 does not perform the predetermined  operation, the ink jet
recording apparatus is in a non-operable  state as well as the error I is
displayed. 20 The user exchanges an ink cartridge according to the  display
of the error 1 while the non-operable state is left  maintained as it is.
Moreover, it may be set so that the user  can select the instruction S2 in
order to make it in an operable  state using the already mounted ink
cartridge. The ink jet 25 recording apparatus can be in an operable state by
the instruction  S2. It is preferable that the past errors and instructions
have  been stored in the storage section 850. In Fig. 9(B), in the case
where the actuator 106 performs  the predetermined operation, it is judged
whether or not the  30 initial oscillation characteristic value obtained
from the residual oscillation detected by the actuator 106 satisfies the
predetermined condition. As initial oscillation characteristic  values,
there are a resonance frequency, an amplitude, a  wavelength, a number of
waves within the predetermined time period, 35 a time period until the
predetermined number of waves pass and  the like of a counter electromotive
force generated by the  



remaining residual oscillation in the oscillating section of the 2 7 SEP
2005 29 actuator 106. More particularly, these are shown in Fig. 11A
through Fig. 1913. Moreover, as to the predetermined condition,  the actual
measurement value may be included in the range where  a certain little over
is added or reduced to an expected value 5 of the initial oscillation
characteristic value or in the range  where a certain little over is added
or reduced to the actual  measurement value of the characteristic value
previously  measured when the actuator 106 and the ink cartridge are
manufactured. It should be noted that the predetermined 10 condition may be
a condition which defines only the upper limit  or the lower limit. In Fig.
9(C), in the case where the value of the initial  oscillation characteristic
value does not satisfy the  predetermined condition, the display of the
error 2 is outputted 15 to the output section 840. Moreover, in the case
where the initial  oscillation characteristic value does not satisfy the
predetermined condition, again, an instruction s3 sending an  operation
signal to the actuator 106 may be returned to the ink  jet recording
apparatus. In such a case, it can be judged based 20 on the average value,
the maximum value or the minimum value of  a plurality of initial
oscillation characteristic values  obtained by performing the operation a
number of the predetermined  times using the actuator 106. In the case where
the average value,  the maximum value or the minimum value of a plurality of
initial 25 oscillation characteristic values is not in the predetermined
range, it can be set so that the display of the error 2 is outputted.  The
display of the error 2 may be a display notifying only an occurrence of an
error to the user. Preferably, the display  of the error 2 is a display
indicating that the ink cartridge  30 is defective, the characteristic
value, the results of the judgment in the characteristic value judging
section 820 or the  like. As defects of the ink cartridge indicated by the
display  of the error 2, for example, there are the case where the liquid
level of the ink does not reach to the position of the actuator 35 106 since
the predetermined volume of the ink is not filled when  the ink cartridge is
manufactured, the case where the ink is not  



present on the periphery of the actuator 106 since the ink 2 7 SEP 2005 30
cartridge or the ink jet recording apparatus is gradient, the  case where
the ink evaporates by leaving the ink cartridge unused  for a long time and
the liquid level of the ink does not reach  to the position of the actuator
106, the case where the ink leaks 5 or evaporates due to the defect of the
ink cartridge and the liquid  level of the ink does not reach to the
position of the actuator  106, the case where the ink cartridge once used is
mounted again  on the ink jet recording apparatus and the like. In the case
where  the initial oscillation characteristic value does not satisfy 10 the
predetermined condition, the ink jet recording apparatus is  in a
non-operable state as well as the error 2 is displayed.  The user exchanges
an ink cartridge according to the display of the error 2 while the
non-operable state is left  maintained as it is. Moreover, it may be set so
that the user  15 can select the instruction S2 in order to make it in an
operable state using the already mounted ink cartridge. The ink jet
recording apparatus can be in an operable state by the instruction  $2. It
is preferable that the past errors and instructions have  been stored in the
storage section 850. 20 in Fig. 9(C), in the case where the initial
oscillation  characteristic value satisfies the predetermined condition, the
ink jet recording apparatus is in an operable state. In Fig. 9, the
flowchart when the ink cartridge is mounted  on the ink jet recording
apparatus is shown. However, the  25 flowchart of Fig. 9 may be carried out
immediately before the ink jet recording apparatus starts the operation.
Moreover, the  flowchart of Fig. 9 may be carried out when the ink jet
recording  apparatus is in a non-printing state. Furthermore, the flowchart
of Fig. 9 may be carried out when the cleaning, flashing and wiping 30 of
the recording head are performed. Furthermore, the flowchart  of Fig. 9 may
be carried out in the time period previously set.  Fig. 10 is a flowchart
from the stage where at the time when the predetermined volume of the ink is
consumed, the  characteristic value of the actuator 106 is detected, to the
stage  35 where the ink jet recording apparatus is in an operable state. An
operation of the ink jet recording apparatus will be described  
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As for the flowchart of Fig. 10, in the operation of the  ink jet recording
apparatus, for example, the flowchart may start  in every time when the page
is altered, in every transfer to a  non-printing state, or in every elapsed
time previously set. 5 The ink consumption volume measuring section 830
measures  the volume of the ink discharged from the recording head by
counting the number of the ink droplets discharged from the  recording head
and the number of times of maintenance, for example,  the (lashings and the
cleanings, for recovering clogging of the  10 nozzle provided in the
recording head and the mechanics. The measurement value of the volume of the
ink discharged  from the recording head is approximately consistent with the
consumed volume of the ink within the ink cartridge. In the case  where the
measurement value of the consumed volume-of the ink 15 does not reach to the
predetermined reference value, the operation  of the ink jet recording
apparatus continues. When the  measurement value of the consumed volume of
the ink reaches to  the predetermined value, the ink jet recording apparatus
sends  an operation signal to the actuator 106. It should be noted that 20
as for the predetermined reference value, in consideration of  the
difference between the actual consumed volume of the ink and  the
measurement value of the volume of the ink discharged from  the recording
head 31, it is preferable that a little over is  added to the reference or
the reference is reduced by a little  25 over. The actuator 106 receives an
operation signal.. In the case  where the actuator 106 is not defective, the
actuator 106 performs  the predetermined operation. On the other hand, in
the case where  the actuator 106 is defective, the actuator 106 does not
perform 30 the predetermined operation (see Fig. 10(A)). The judgment of
whether or not the actuator 106 performed the predetermined  operation can
be performed by detecting whether or not the  characteristic value detecting
section 810 detects the  oscillation characteristic of the actuator 106 by
the  35 characteristic value judging section 820. In Fig. 10(A), in the case
where the actuator 106 does not  



perform the predetermined operation, the display of the error 2 2 SEP 2005
32 3 is carried out on the output section 840. Moreover, in the case  where
the actuator 106 does not perform the predetermined  operation, again, an
instruction S4 sending the operation signal  to the actuator 106 may be
returned to the ink jet recording 5 apparatus. In such a case, although the
operation signal is sent  a number of the predetermined times according to
the instruction  S4, it is set so that the display of the error 3 is
outputted  in the case where the actuator 106 does not perform the
operation. The display of the error 3 may be a display notifying only  10 an
occurrence of an error to the user. Preferably, the display  of the error 3
is a display indicating that the ink cartridge  is defective, the actuator
106 provided and arranged in the ink  cartridge is defective, the ink jet
recording apparatus is stopped,  the characteristic -value, the results of
the judgment- in the 15 characteristic value judging section 820 or the
like. It can be  displayed that the ink cartridge in which the actuator 106
is  not provided is mounted on the ink jet recording apparatus as  a display
of the error 3. In the case where the actuator 106 does  not perform the
predetermined operation, the ink jet recording 20 apparatus is in a
non-operable state as well as the error 3 is  displayed. The user exchanges
an ink cartridge according to the  display of the error 3 while the ink jet
recording apparatus is  maintained in the non-operable state. Moreover, it
may be set 25 so that the user can select an instruction S5 in order to
continue  the printing using the already mounted ink cartridge. The ink  jet
recording apparatus can be in an operable state by the  instruction S5. It
is preferable that the past errors and  instructions have been stored in the
storage section 850. 30 In Fig. 10 (A) , in the case where the actuator 106
performs  the predetermined operation, it is judged whether or not an
intermediate oscillation characteristic value obtained from the  residual
oscillation detected by the actuator 106 satisfies the  predetermined
condition (Fig. 10(B)). As intermediate 35 oscillation characteristic
values, there are a resonance  frequency, an amplitude, a wavelength, a
number of waves within  
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predetermined number of waves pass and the like of a counter  electromotive
force generated by the remaining residual  oscillation in the oscillating
section of the actuator 106. In  the case where the initial oscillation
characteristic value is 5 measured, it is preferable that the intermediate
oscillation  characteristic value is similar kind of the characteristic
value  with that of the initial oscillation characteristic value.  Moreover,
as to the predetermined condition that the intermediate  oscillation
characteristic value should satisfy, the actual 10 measurement value of the
intermediate oscillation characteristic  value may be included in the range
where a certain little over  is added to an expected value of the
intermediate oscillation  characteristic value or the expected value of the
intermediate  oscillation characteristic value is reduced by a certain
little 15 over, or in the range where a certain little over is added to  the
actual measurement value of the characteristic value  previously measured or
the actual measurement value of the  characteristic value previously
measured is reduced by a certain  little over when the actuator 106 and the
ink cartridge are 20 manufactured or in the range judged by the relative
relation with  the other characteristic value, for, example, the above
mentioned  initial oscillation characteristic value. it should be noted
that the predetermined condition may be a condition which defines  only the
upper limit or the lower limit. Moreover, the 25 predetermined condition
that the intermediate oscillation  characteristic value should satisfy may
be identical with the  condition that the initial oscillation characteristic
value  should satisfy. Moreover, the initial- oscillation  characteristic
value and the intermediate oscillation 30 characteristic value may be one or
the other of at least two  oscillation characteristic values detected from
the single  actuator 106. Furthermore, the characteristic value that the
characteristic value detecting section 810 detects and that the
characteristic value judging section 820 judges may be a single 35 kind of
characteristic value, or a plurality of kinds of  characteristic values. 



In Fig. 10(B), in the case where the intermediate 2 7 SEP 2005 .14
oscillation characteristic value does not satisfy -the  predetermined
condition, -the display of the error 4 is displayed  on the output section
840. Moreover, again, an instruction S6  sending an operation signal to the
actuator 106 may be returned 5 to -the ink jet recording apparatus. In such
a case, it can be  judged based on the average value, the maximum value or
the minimum  value of a plurality of the intermediate oscillation
characteristic values obtained by performing the operation a  number of the
predetermined times using the actuator 106. In the 10 case where the average
value, the maximum value or the minimum  value of a plurality of the
intermediate oscillation  characteristic values does not satisfy the
predeteimined  condition, it can be set so that the display of the error 4
is  outputted to the output section 840. 15 The display of the error 4 may
be a display notifying only  an occurrence of an error to the user.
Preferably, the display  of the error 4 is a display indicating that -the
ink cartridge  is defective, the characteristic value, the results of the
judgment in the characteristic value judging section 820 or the 20 like. As
defects of the ink cartridge indicated by the display  of the error 4, for
example, there are the case where the ink  is present on the periphery of
the actuator 106 since the ink  cartridge and 'the ink jet recording
apparatus is gradient, -the  case where the ink is not supplied from the ink
cartridge to -the 25 recording head, the case where the ink is not
discharged due to  the defect of the recording head and the like. in the
case where  the intermediate oscillation characteristic value does not
satisfy the predetermined condition, the ink jet recording  apparatus is in
a non-operable state as well as the error 4 is  30 displayed. The user
exchanges the ink cartridge according -to the  display of the error 4 while
-the ink jet recording apparatus is  maintained in -the non-operable state.
Moreover, it may be set  so that the user can select the instruction S5 in
order to restart 35 the operation using the already mounted ink cartridge.
The ink  jet recording apparatus can be in an operable state by the  



instruction S5. It is preferable that the past errors and 2 7 SEP 2005 35 i
instruct ions have been stored in the storage section 850. In Fig. 10(B), in
the case where the intermediate  oscillation characteristic value satisfies
the predetermined  condition, the ink jet recording apparatus is in an
operable  5 state. Only one of the methods of Fig. 9 and Fig. 10 may be
carried  out for controlling the ink jet recording apparatus. Moreover,
both of the methods of Fig. 9 and Fig. 10 may be carried out as  a series
for controlling the ink jet recording apparatus. 10 Fig. 11A, Fig. 1113,
Fig. 11C and Fig. 12 show the details  and equivalent circuit of the
actuator 106 which is one example  of a piezoelectric device. An actuator
referred to herein is  employed in a method of detecting at least the change
of acoustic  impedance and detecting a consumption state of a liquid within
15 the liquid container. Particularly, it is employed in a method  of
detecting at least the change of acoustic impedance by  detecting resonance
frequency from the remaining oscillation and  detecting a consumption state
of a liquid within the liquid  container. Fig. 11A is an enlarged plan view
of the actuator 106. 20 Fig. 11B shows a section taken along the line B-B.
Fig. 11C shows  a section taken along the line C-C. Furthermore, Fig. 12 (A)
and  Fig. 12(13) show the equivalent circuits of the actuator 7.06.
Moreover, Fig. 12(C) and Fig. 3.2(D) show the actuator 106 and  its
peripherals and an equivalent circuit thereof when the ink 25 is filled
within the ink cartridge, respectively, and Fig. 12(E)  and Fig. 12(F) show
the actuator 106 and its peripherals and an  equivalent circuit thereof when
the ink is absent within the ink  cartridge, respectively. The actuator 106
has a substrate 1.78 having a circular  30 opening 161 at approximate center
of it, an oscillation plate  176 arranged on one of the faces (hereinafter,
referred to as  surface) of the substrate 178 so as to cover the opening
161,  a piezoelectric layer arranged on the side of the surface of the
oscillation plate 176, an upper portion electrode 164 and a lower 35 portion
electrode 166 sandwiching the piezoelectric layer 160  



from the both sides, an upper portion electrode terminal 168 for
electrically coupling to the upper portion electrode 164, a lower 2 7 SEP
2005 3; portion electrode terminal 1.70 for electrically coupling to the
lower portion electrode 1.66, and an auxiliary electrode 172  provided and
arranged between the upper portion electrode 164  and the upper portion
electrode terminal 168 and electrically 5 coupling both of these. The
piezoelectric layer 160, the upper  portion electrode 164 and the lower
portion electrode 166 have  a circular portion as a major portion,
respectively. The  respective circular portions of the piezoelectric layer
160, the  upper portion electrode 164 and the lower portion electrode 166
10 forms the piezoelectric elements. The oscillation plate 176 is formed so
as to cover the  opening 161 on the surface of the substrate 178. The cavity
162  is formed by the portion facing the opening 161 of the oscillation
plate 176 and the opening 161 of the surface of the substrate 15 17 8. The
face of the contrary side (hereinafter, referred to as  reverse face) of a
piezoelectric element of the substrate 178  faces the liquid container side,
the cavity 162 is configured  so that the cavity 162 contacts with a liquid.
The oscillation  plate 176 is mounted with respect to the substrate 178 in a
20 fluid-tight manner so that even if a liquid enters within the  cavity
162, the liquid does not leak to the surface side of the  substrate 178. The
lower portion electrode 166 is located on the surface  of the oscillation
plate 176, that is to say, on the face of the  25 contrary side of the
liquid container, and it is mounted so that the center of the circular
portion which is the major portion  of the lower portion electrode 166 and
the center of the opening  161 are approximately consistent with each other.
It should be  noted it is set so that an area of the circular portion of the
30 lower portion electrode 166 is smaller than that of the opening  161. On
the other hand, on the surface side of the lower portion  electrode 166, the
piezoelectric layer 160 is formed so that the  center of its circular
portion and the center of the opening 161  are approximately consistent with
each other. It is set so that 35 an area of the circular portion of the
piezoelectric layer 160  



is smaller than that of the opening 161 and larger than that of  the
circular portion of the lower portion electrode 166. 2 7 SEP 2005 37 On the
other hand, on the surface side of the piezoelectric  layer 160, the upper
portion electrode 164 is formed so that the  center of the circular portion
which is the major portion of it  and the center of the opening 161 are
approximately consistent 5 with each other. it is set so that an area of the
circular portion  of the upper portion electrode 164 is smaller than those
of the  circular portion of the opening 161 and the piezoelectric layer  160
and larger than that of the circular portion of the lower  portion electrode
166. 10 Therefore, the major portion of the piezoelectric layer  160 has a
structure so that the major portion of it is sandwiched  from the front face
side and back face side by the major portion  of the upper portion electrode
164 and the major portion of the  lower portion electrode 166,
'respectively, and the piezoelectric 15 layer 160 can be effectively
deformed and driven. The circular  portions which are the major portions of
the piezoelectric layer  7.60, the upper portion electrode 164 and the lower
portion  electrode 166, respectively, form piezoelectric elements in the
actuator 106. As described above, the piezoelectric element 20 contacts with
the oscillation plate 176. Moreover, the largest  area is the area of the
opening 161 among the circular portion  of the upper portion electrode 164,
the circular portion of the  piezoelectric layer 160, the circular portion
of the lower portion  electrode 166 and the opening 161. owing to this
structure, the 25 actually oscillating region out of the oscillation plate
176 is  determined by the opening 161. Moreover, since the circular  portion
of the upper portion electrode 164, the piezoelectric  layer 160 and the
circular portion of the lower portion electrode  166 are smaller than that
of the opening 161, the oscillation 30 plate 176 is more easily oscillating
. Moreover, when comparing  the circular portion of the circular portion of
the upper portion  electrode 164 and the lower portion electrode 166 for
electrically  connecting with the piezoelectric layer 160, the circular
portion  of the lower portion electrode 166 is smaller. Therefore, the 35
circular portion of the lower portion terminal 166 judges the  



portion of the piezoelectric layer 160 where the piezoelectric  effect is
generated. 27SEP2005 38 The upper portion electrode terminal 168 is formed
on the  front face of the oscillation plate 176 so that it electrically
connects with the upper portion electrode 164 via the auxiliary  electrode
172. On the other hand, the lower portion electrode 5 terminal 170 is formed
on the front face side of the oscillation  plate 176 so that it electrically
connects with the lower portion  electrode 166. The upper portion electrode
164 is formed on the  front face side of the piezoelectric layer 160, on the
way of  connecting with the upper portion electrode terminal 168, it is 10
necessary to have a step difference equivalent to the sum of the  thickness
of the piezoelectric layer 160 and the thickness of  the lower portion
electrode 166. It is difficult to form this  step difference only by the
upper portion electrode 164, if it  is possible, the connection state
between the upper portion 15 electrode 164 and the upper portion electrode
terminal 168 becomes  fragile, there may be a risk to be cut. Therefore, the
upper  portion electrode 164 and the upper portion electrode terminal  168
are connected by employing the auxiliary electrode 172 as  an auxiliary
member. By dealing with it in such a manner, it 20 becomes a structure that
the piezoelectric layer 160 as well as  the electrode portion electrode 164
is supported by the auxiliary  electrode 172, the desired mechanical
strength can be obtained,  and the connection between the upper portion
electrode 164 and  the upper portion electrode terminal 168 is capable of
being  25 secured. It should be noted that the piezoelectric element and the
oscillating region directly facing the piezoelectric element out  of the
oscillating plate 176 are the oscillating section for  actually oscillating
in the actuator 1.06. Moreover, it is 30 preferable that members contained
in the actuator 106 is  integrally formed by burning each other. The
'treatment of the  actuator 106 becomes easier by integrally forming the
actuator  106. Furthermore, the oscillating property is enhanced by
enhancing the strength of the substrate 178. Specifically, by 35 enhancing
the strength of the substrate 178, only the oscillating  



section of the actuator 106 vibrates and portions except for the
oscillating section do not vibrate. Moreover, the purpose for 27SEP2005 39
making the portions except for the oscillating section of the  actuator 106
not vibrate can be achieved by making the  piezoelectric element of the
actuator 106 thinner and smaller  and the oscillation plate 176 thinner in
the contrast to by  5 enhancing the strength of the substrate 178. As a
material for the piezoelectric layer 160, it is  preferable to employ lead
zirconate titanate (PZT), lead  lanthanum zirconate titanate (PLZT) or lead
less piezoelectric  film in which lead is not used, and as a material for
the substrate 10 178, it is preferable to employ zirconia or almina.
Moreover,  for the oscillation plate 176, it is preferable to employ the
same material with the substrate 178. For the upper portion  electrode 164,
the lower portion electrode 166, the upper portion  electrode terminal 168
arid" the lower portion electrode terminal 15 170, a material having
electrical conductivity, for example, a  metal such as gold, silver, copper,
platinum, aluminum, nickel  and the like can be employed. The actuator 106
constituted as described above can be  applied to a container for containing
a liquid. For example, the  20 actuator can be mounted on an ink cartridge
and an ink tank, or a container containing a washing solvent for solving a
recording  head and the like. The actuator 106 shown in Fig. 11A, Fig. 1113,
Fig. 11C and  Fig. 12 is mounted in the predetermined position on the liquid
25 container so that the cavity 162 is contacted with a liquid contained
within the liquid container. In the case where the  liquid is sufficiently
contained within the liquid container,  the interior of the cavity 162 and
outside of it is filled with  the liquid. On the other hand, when the liquid
within the liquid 30 container is consumed and the liquid level is lowered
to the point  lower than the mounting position of the actuator, a state
where  either the liquid does not exist within the cavity 162 or the  liquid
remains only within the cavity 162 and gas exists its  outside appears. The
actuator 106 detects at least difference 35 of acoustic impedance occurred
by this change of a state. owing  



to this, the actuator 106 can detect whether or not it is a state  where a
liquid is sufficiently contained within the liquid 27SEP2005 . 40 container
or more than certain volume of the liquid is consumed.  Furthermore, the
actuator 106 is capable of detecting a kind of  the ink within the liquid
container. Now, the principle of a liquid level detection by an  5 actuator
will be described below. In order to detect a change of acoustic impedance
of the  medium, an impedance property or admittance property of the medium
is measured. In the case where an impedance property or  admittance property
is measured, for example, a transmission 10 circuit can be 'utilized. A
transmission circuit applies a  certain voltage to the medium and measures
the electric current  supplying to the medium by changing the frequency. or,
a  transmission circuit supplies a certain electric current to the  medium
'and measures the voltage applying to the medium by changing 15 the
frequency. A change of current value or voltage value  measured in the
transmission circuit indicates a change of  acoustic impedance. Moreover, a
change of frequency fm whose  current value or voltage value becomes maximum
or minimum  indicates a change of acoustic impedance. 20 Separate from the
above-described method, an actuator can  detect a change of acoustic
impedance of a liquid by employing  only a change of resonance frequency. As
a method of utilizing  a change of acoustic impedance of a liquid, there is
a method  that in the case where resonance frequency is detected by 25
measuring a counter electromotive force generated by a residual  oscillation
remaining in an oscillating section after the  oscillating section of an
actuator, for example, a piezoelectric  element can be utilized. A
piezoelectric element is an element  for generating a counter electromotive
force by residual 30 oscillation remaining in an oscillating section of the
actuator,  a largeness of a counter electromotive force by an amplitude of
the oscillating section of the actuator. Therefore, the larger  the
amplitude of the oscillating section of the actuator is, the  easier it is
detected. Moreover, a cycle of changing the 35 largeness of counter
electromotive force is changed by frequency  



of the residual oscillation in the oscillating section of the  actuator.
Therefore, a frequency of the oscillating section of 2 7 SEP 2005 41 the
actuator corresponds to a frequency of a counter electromotive  force. By
the way, resonance frequency is referred to a frequency  in resonance state
of the oscillating section of the actuator  and the medium contacted with
the oscillating section. 5 In order to obtain resonance frequency fs,
Fourier  transform is performed to a waveform obtained by measuring a
counter electromotive force when the oscillating section and the  medium are
in a state of resonance. Since an oscillation of an  actuator accompanies
with not only a deformation in one direction 10 but also a variety of
deformations such as deflection, extension  and the like, it has a variety
of frequencies including the  resonance frequency fs. Hence, the resonance
frequency fs is  judged by performing Fourier transform to a waveform of the
counter electromotive force when the piezoelectric element and 15 the medium
are in a state of resonance and specifying the most  predominant frequency
component. A frequency fm denotes a frequency at the time when the
admittance of the medium is maximum or the impedance of the medium  is
minimum. Supposing resonance frequency is fs, frequency fm 20 generates
subtle error with respect to resonance frequency fs  by dielectric loss, or
mechanical loss of the medium. However,  since it is troublesome to lead
resonance frequency fs from the  frequency fm actually measured, in general,
frequency fm is  replaced by resonance frequency and used. Where, the
actuator 25 106 can detect at least acoustic impedance by inputting an
output  of the actuator 106 into the transmission circuit. It has been
proved by the experiment that there is almost  no difference between
resonance frequency specified by a method  of measuring impedance property
or admittance property of the 30 medium and measuring frequency fin and a
resonance frequency  specified by a method of measuring resonance frequency
fs by  measuring a counter electromotive force generated by residual
oscillation in the oscillating section of an actuator. The oscillating
region of the actuator 106 is a portion  35 composed of the cavity 1.62
determined by the opening 161 out of  



the oscillation plate 176. In the case where the liquid container  is
sufficiently contained with the liquid, the cavity 162 is 2 7 SEP 2005 42
filled with a liquid, the oscillating region contacts with the  liquid
within the liquid container. On the other hand, in the  case where the
liquid container is not filled with the liquid,  the oscillating region
contacts with the liquid remained in the 5 cavity within the container, or
the oscillating region does not  contact with the liquid, and contacts with
gas or vacuum. In the actuator 106 of the present invention, the cavity  162
is provided, owing to this, it is designed so that in the  oscillating
region of the actuator 106, a liquid within the liquid  10 container
remains. The reasons why are the following. Depending on mounting position
and mounting angle to the  liquid container of the actuator, the liquid is
attached to the  oscillating region of the actuator, although the liquid
level  of the liquid within the liquid container is lower than the 15
mounting position of the actuator. In the case where the actuator  detects
the presence or absence of the liquid only by the presence  or the absence
of the liquid in the oscillating region, the liquid  attached to the
oscillating region of the actuator hinders it  from precisely detecting the
presence or absence of the liquid. 20 For example, in a state where the
liquid level is lower than the  mounting position of the actuator, if the
liquid container is  swung by reciprocating movement of the carriage and the
like,  the liquid is waved and the liquid droplets are attached to the
oscillating region, the actuator erroneously judges that the 25 liquid
sufficiently exists within the liquid container.  Therefore, to the
contrary, by positively providing a cavity  designed to precisely detect the
presence or absence of the liquid  even in the case where the liquid remains
there, if the liquid  container is swung and the liquid level is waved,
malfunction 30 of the actuator can be prevented. In this way, by employing
an  actuator having a cavity, malfunction can be prevented.  Moreover, as
shown in Fig. 12 (E) , the case where the liquid is absent within the liquid
container and the liquid within the  liquid container remains in the cavity
162 of the actuator 10.6  35 is made as threshold. Specifically, in the case
where the liquid 



is absent on the periphery of the cavity 162 and the liquid within  the
cavity is less than this threshold, the absence of the ink r 27 SEP2005 4 3
is determined, in the case where the liquid is present on the  periphery of
cavity 162 and the liquid is more than this threshold,  the presence of the
ink is determined. For example, in the case  where the actuator 106 is
mounted on the side wall of the liquid 5 container, the case where the
liquid within the liquid container  is lower than the mounting position of
the actuator is determined  as the case where the ink is absent, and the
case where the liquid  within the liquid container is higher than the
mounting position  of the actuator is determined as the case where the ink
is present. 10 In this way, by providing the threshold, even in the case
where  the ink within the cavity is dried and the ink is absent is also
determined as the case where the ink is absent, the case where  the ink is
absent within the cavity and where the ink is attached  to the cavity by
'the swinging of the carriage and the like can 15 be determined as the case
where the ink is absent because it does  not exceed over the threshold. Now,
an operation and the principle of detecting a state  of the liquid within
the liquid container from the resonance  frequency of the medium and the
oscillating section of the 20 actuator 106 by measurement of a counter
electromotive force with  reference to Fig. 11A, Fig. 11B, Fig. 11C and Fig.
12 will be  described below. in the actuator 106, a voltage is applied to
the upper portion electrode 164 and the lower portion electrode  166 via the
upper portion electrode terminal 168 and the lower 25 electrode terminal
170. Out of the areas of the piezoelectric  layer 160, the electric field is
generated in the portion  sandwiched between the upper portion electrode 164
and the lower  portion electrode terminal 166, respectively. The
piezoelectric  layer 160 is deformed by its electric field. The oscillating
30 region out of the oscillation plate 176 is deflected and vibrated  by the
piezoelectric layer 160 being deformed. After the  piezoelectric layer 160
is deformed, for a while, the deflected  oscillation remains in the
oscillating section of the actuator  106. 



35 A residual. oscillation is a free oscillation of the  oscillating section
of the actuator 106 and the medium.  Therefore, the resonance state of the
oscillating section and 2 7 SEP 2005 4 4 the medium can be easily obtained
after the voltage is applied  by converting the voltage applied to the
piezoelectric layer 160  into a pulse waveform or rectangular wave. The
residual  oscillation also deforms even the piezoelectric layer 160 in order
5 to make the oscillating section of the actuator 106. Therefore,  the
piezoelectric layer 160 generates a counter electromotive  force. Its
counter electromotive force is detected via the upper  portion electrode
164, the lower portion electrode 166, the upper  portion electrode terminal
168 and the lower portion electrode 10 terminal 170. A state of the liquid
within the liquid container  can be detected since resonance frequency can
be specified by  the detected counter electromotive force. In general,
resonance frequency fs is represented as  follows: 15 fs = 1/ (2 * rr * (M *
C ct) 1/2) (Expression 1)  wherein M denotes the sum of inertance M at of
the oscillating  section and additive inertance M' and C .,t denotes
compliance of  the oscillating section. Fig. 11C is a sectional view of the
actuator 106 when the  20 ink does not remain in the cavity in the present
embodiment. Fig.  22 (A) and Fig. 12(B) are the oscillating section of the
actuator  106 and the equivalent circuit of the cavity 162 when the ink
does not remain in the cavity. M act denotes the product of the thickness of
the  25 oscillating section and the density of the oscillating section
which is divided by the area of the oscillating section, and  further in
detail, as shown in Fig. 12(A), is represented as:  M act = M pzt + M
electrodel + M electrode2 + M vib 30 (Expression 2) wherein M pzt is the
product of the thickness of the piezoelectric  layer 160 in the oscillating
layer 160 and the density of the  piezoelectric layer 160 which is divided
by the area of the  piezoelectric layer 160, M electrodel denotes the
product of the 35 thickness of the upper portion electrode 164 and the
density of  



the upper portion electrode 164 in the oscillating section which  is divided
by the area of the upper portion electrode 1.64, M 2 7 SEP 2005 45
electrode2 denotes the product of the thickness of the lower  portion
electrode 166 and the density of the lower portion  electrode 166 in the
oscillating section which is divided by the  area of the lower portion
electrode 166, and M vib denotes the 5 product of the thickness of the
oscillation plate 176 in the  oscillating section and the density of the
oscillation plate 176  which is divided by the area of the oscillating
region. However,  it is preferable that in the present embodiment, the
respective  areas of the piezoelectric layer 160, the upper portion
electrode 10 164, the lower portion electrode 166 and the oscillating region
of the oscillation plate 176 have relationships of being larger  and smaller
between them as described above, mutual difference  of the area is minute so
that M act can be calculated from the  thickness; density, and area as the
entire oscillation portion. 15 Moreover, in the present embodiment, it is
preferable that the  portions except for these major portion which is
circular portion  is minute to the degree of being negligible in the
piezoelectric  layer 160, the upper portion electrode 164 and the lower
portion  electrode 166. 20 Therefore, in the actuator 106, M act denotes the
sum of  the respective inertance of the oscillating regions out of the
upper portion electrode 164, the lower portion electrode 166,  the
piezoelectric layer 160 and the oscillation plate 176.  Moreover, compliance
C act denotes the compliance of the portion 25 formed by the oscillating
region out of the upper portion  electrode 164, the lower portion electrode
166, the piezoelectric  layer 160 and the oscillation plate 176. It should
be noted that Fig. 12 (A) , Fig. 12 (]3) , Fig. 12 (D)  and Fig. 12 (F) show
equivalent circuits of the oscillating section  30 of the actuator 106 and
the cavity 162, however, in these equivalent circuits, C act denotes a
compliance of the oscillating  section of the actuator 106. C pzt, C
electrodel, C electrode2,  and C vib denotes respective compliances of the
piezoelectric  layer 160, the upper portion electrode 164, the lower portion
35 electrode 166 and the oscillation plate 176 in the oscillating  



section. C act is represented by the following equation 3.  1/C act = (1/C
pzt)  (1/C electrode 1) + (1/C electrode 2 7 SEP 2005 46 2) + (1/C vib)
(Expression 3)  By Expression 2 and Expression 3, Fig. 12 (A) can be
represented as Fig. 12(B). Compliance C act denotes volume capable of
receiving the  5 medium generated by deformation occurred at the time when a
pressure is added on one unit area of the oscillating section.  Moreover, it
can be said that compliance C act denotes the easiness  of deformation. Fig.
12(C) shows a sectional view of the actuator 106 in  10 the case where the
l:i,quid is sufficiently contained in the liquid  container and the liquid
is filled on the periphery of the  oscillating region of the actuator 106.
M'max of the Fig. 12 (C)  denotes the maximum value of the additive
inertance in the case  where the liquid is sufficiently contained in the
liquid container 15 and the liquid is filled on the periphery of the
oscillating region  of the actuator 106. M' max is represented by, M' max =
(7r*p/ (2*k3)) *(2 *(2 *k* a)3/(3 *7r))/(7r* a2)2  (Expression 4)  wherein a
denotes diameter of the oscillating section and p 20 denotes density of the
medium and k denotes wave number. It should be noted that Expression 4 holds
in the case where  the oscillating region of the actuator 106 is a circular
shape  of the diameter a. An additive inertance M' denotes a volume
indicating the apparent increase of mass of the oscillating 25 section. As
understood from Expression 4, M'max is largely  changed by diameter a of the
oscillating section and density p  of the medium. Wave number k is
represented by: k = 2 * 7r * f act/c (Expression 5) 30 wherein f act denotes
a resonance frequency of the oscillating  section at the time when the
liquid does not contact with and  c denotes a speed of sound which
propagates through the medium. Fig. 12(D) shows the oscillating section of
the actuator  106 and equivalent circuit of the cavity 162 in the case of
Fig.  35 12 (C) in which the liquid is sufficiently contained in the liquid 



container and the liquid is filled on the periphery of the  oscillating
region of the actuator 106. 2 7 SEP 2005 47 Fig. 12(E) shows a sectional
view of the actuator 106 in  the case where the liquid of the liquid
container is consumed,  the liquid is absent on the periphery of the
oscillating region  of the actuator 106 but the liquid remains within the
cavity 162 5 of the actuator 106. Expression 4 represents maximum inertance
M'max determined from the density p of the link for example in  the case
where the liquid container is filled with the liquid.  On the other hand, in
the case where the liquid within the liquid  container is consumed, and the
liquid on the periphery of the 10 oscillating region of the actuator 106
becomes gas or vacuum while  the liquid remains within the cavity 162, it is
represented by  the following: M' =p * t/S (Expression 6)  wherein t denotes
thickness of the medium -involved with  15 oscillation and S denotes an area
of the oscillating region of the actuator 106. In the case where the
oscillating region is  a circular shape of diameter a, S = TC * a2 holds.
Therefore, An  additive inertance M' adheres to Expression 4 in the case
where  the liquid is sufficiently contained in the liquid container and 20
the liquid is filled on the periphery of the oscillating region  of the
actuator 106. on the other hand, in the case where the  liquid is consumed
and the liquid on the periphery of the  oscillating region of the actuator
7.06 becomes gas or vacuum while  the liquid remains within the cavity 162,
adhere to Expression  25 6. Now, as shown in Fig. 12(E), an additive
inertance M' in  the case where the liquid of the liquid container is
consumed,  the liquid is absent on the periphery of the oscillating region
of the actuator 106 but the liquid remains within the cavity 162 30 of the
actuator 106 is defined as M' cav, and M' cav is discriminated  from an
additive inertance M'max in the case where the liquid  is filled on the
periphery of the oscillating region of the  actuator 106. Fig. 12(F) shows
the oscillating section of the actuator  35 106 and equivalent circuit of
the cavity 162 in the case of Fig.  



12(E) in which the liquid of the liquid container is consumed,  the liquid
is absent on the periphery of the oscillating region 2 7 S E P 2005 48 of
the actuator 106 but the liquid remains within the cavity 162  of the
actuator 106. Now, parameters involved with a state of the medium are
density p of the medium and thickness t of the medium in Expression  5 6. in
the case where the liquid is sufficiently contained in the liquid container,
the liquid contacts with the oscillating  section of the actuator 106, and
in the case where the liquid  is sufficiently contained within the liquid
container, the liquid  remains within the cavity, or gas or vacuum contacts
with the 10 oscillating section of the actuator 106. The liquid on the
periphery of the actuator 106 is consumed, and if an additive  inertance in
the processing for moving from M' max of Fig. 12 (C)  to M'cav of Fig. 12(E)
is defined as M'var, since thickness t  of the medium is changed
depending-'on the containing state of 15 the liquid of the liquid container,
an additive inertance M'var_  is changed, and resonance frequency fs is also
changed.  Therefore, the presence or absence of the liquid of the liquid
container can be detected by specifying the resonance frequency  fs. Now, as
shown in Fig. 12(E), supposing t = d, M'cav is 20 represented by employing
Expression 6 and substituting the depth  d of the cavity into t of
Expression 6. M'cav = p * d/S (Expression 7)  Moreover, even if the media
are different kinds of liquids  with each other, since densities p are
different from the 25 difference of the components, an additive inertance M'
is changed,  and resonance frequency fs is also changed. Therefore, the
presence or absence of the liquid of the liquid container can  be detected
by specifying resonance frequency fs. It should be noted that in the case
where only any one of  30 the ink or the air contacts with the oscillating
section of the  actuator 106 and these are not mixed up, the difference of
M'  can be detected even if calculated by Expression 4. Fig. 13A is a graph
showing the relationship between a  volume of the ink within the ink
cartridge and resonance frequency  35 fs of the ink and the oscillating
section. Now, the ink will be 



described as one embodiment of a liquid below. Axis of ordinates  indicates
resonance frequency fs, and axis of abscissas indicates 2 7 SEP 2005 49 a
volume of the ink. when the ink components are consistent,  resonance
frequency fs rises accompanying with lowering of the  remaining ink volume.
In the case where the ink is sufficiently contained in the  5 ink container
and the ink is filled on the periphery of the  oscillating region of the
actuator 106, the maximum additive  inertance M'max is a value represented
by Expression 4. On the  other hand, in the case where the ink is consumed
and the ink  is not filled on the periphery of the oscillating region of the
10 actuator 106 while the ink remains within the cavity 162, the  additive
inertance M'var is calculated on the thickness of the  medium by Expression
6. Since t in Expression 6 denotes thickness  of the medium involving with
the oscillation, by making d of the  cavity of the actuator 1.06 (see Fig.
11B) smaller, specifically, 15 by making the substrate 178 sufficiently
thinner, the processing  in which the ink is step by step consumed can be
detected (see  Fig. 12(C)). Where, t ink is defined as thickness of the ink
involving with the oscillation, and t ink - max is defined as  t ink in
M'max. For example, the actuator 106 is arranged on the 20 bottom surface of
the ink cartridge in an approximately parallel  with the ink liquid level.
When the ink is consumed and the ink  liquid level arrives at the height
lower by the portion of t  ink-max from the actuator 106, M'var is gradually
changed adhere  to Expression 6, and resonance frequency fs is gradually
changed 25 adhere to Expression 1. Therefore, as far as the ink liquid level
exists within the range of t, the actuator 106 can detect a  consuming state
of the ink step by step. Moreover, by making the oscillating region of the
actuator  106 larger or longer and arranging it in a longitudinal direction,
30 S in Expression 6 is changed adhere to the liquid level position due to
the ink consumption. Therefore, the actuator 106 can  detect the processing
in which the ink is consumed step by step.  For example, the actuator 106 is
arranged on the side wall of  the ink cartridge in an approximately
perpendicular to the ink 35 liquid level. when the ink is consumed and the
ink liquid level  



arrives at the oscillating region of the actuator 106, since the  additive
inertance M' is reduced accompanied with lowering of 2 7 S E P 2005 50 the
liquid level, resonance frequency fs is increased step by  step. Therefore,
as far as the ink liquid level exists within  the range of a radius 2a of
the cavity 162 (see Fig. ].2(C)), the  actuator 1.06 can detect a consuming
state of the ink step by step. 5 Curve X of the Fig. 13A denotes
relationship between a  volume of the ink contained within the ink cartridge
and resonance  frequency fs of the ink and the oscillating section in the
case  where the cavity 162 of the actuator 106 is sufficiently made  shallow
or in the case where the oscillating region of the actuator 10 106 is made
larger or longer. It can be understood that resonance  frequency of the ink
and the oscillating section is appeared to  be changed step by step as a
volume of the ink is reduced within  the ink cartridge. More particularly,
the case where that the processing in  15 which the ink is consumed step by
step can be detected is a case  where a liquid and gas having different
densities with each other  both exist and involves with the oscillation. As
the ink is  consumed step by step, as to the media involving with the
oscillation on the periphery of the oscillating region of the 20 actuator
106, the gas is increased while the liquid is reduced.  For example, in the
case where the actuator 106 is arranged in  parallel with the ink liquid
level, and when 4  parallel is smaller  than t ink - max, the media
involving with the oscillation of  the actuator 106 include both the ink and
the gas. Therefore, 25 supposing an area S of the oscillating region of the
actuator  106, a state of being less than M'max of Expression 4 is
represented by additive masses of the ink and the gas as the  following: M'
= M' air + M' ink = p air * t air/S +p ink * t ink/S  30 (Expression 8)
wherein M'air denotes inertance of the air, and M'ink denotes  inertance of
the ink, p air denotes density of the air, and p  ink denotes density of the
ink, and Tt air denotes thickness of  the air involving with the
oscillation, and t ink denotes 



35 thickness of the ink involving with the oscillation. Out of the  media
involving with the oscillation on the periphery of the  oscillating region
of the actuator 106, as the liquid is reduced 2 7 S E P 2005 51 and the air
is increased, t air is increased and t ink is reduced  in the case where the
actuator 106 is arranged in an approximately  parallel with the ink liquid
level, thereby M'var is reduced step  by step and resonance frequency is
increased step by step. 5 Therefore, a volume of the ink remaining within
the ink cartridge  or the consuming volume of the ink can be detected. it
should  be noted that the reason why Expression 7 is an equation involving
only with density of the liquid is because the case where the  density of
the air is small as negligible is supposed. 10 In the case where the
actuator 106 is arranged in an  approximately perpendicular to the ink
liquid level, parallel  equivalent circuits (not shown) of the region where
the medium  involving with the oscillation of the actuator 106 is only the
ink and the region where the medium involving with the-oscillation 15 of the
actuator 106 is only the air out of the oscillating region  of the actuator
106 are considered. Supposing that the region  where an area of the medium
involving with the oscillation of  the actuator 106 is only the ink is S
ink, and the region where  an area of the medium involving with the
oscillation of the  20 actuator 106 is only the air is S air: I /M" =
1/M'air + 1/ M' ink = S air! (p air * t air) + S ink/(p  ink * t air)
(Expression 9) It should be noted that Expression 9 is applied in the case
where the ink is not held in the cavity of the actuator 106. In  25 the case
where the ink is held in the cavity of the actuator 106, it can be
calculated by Expression 7, Expression 8 and Expression 9. On the other
hand, in the case where the substrate 178 is  thick, specifically, the depth
d of the cavity 162 is deep, d 30 is comparatively close to the thickness t
ink - max of the medium,  or in the case where an actuator whose oscillating
region is very  small compared to the height of the liquid container is
employed,  actually whether or not the ink liquid level is higher position
or lower position than the mounting position of the actuator, 



35 rather than detecting the processing in which the ink is reduced  step by
step. In other words, the presence or absence of the ink  in the oscillating
region of an actuator is detected. For example, 2 7 SEP 2005 52 curve Y of
rig. 13A denotes relationship between a volume of the  ink within the ink
cartridge in the case of small circular  oscillating region and resonance
frequency fs of the ink and the  oscillating section. In the range of a
volume of the ink Q prior 5 to and after the ink liquid level within the ink
cartridge passes  -through the mounting position of the actuator, the
appearance  that resonance frequency fs of the ink and the oscillating
section  is dramatically changed is indicated, thereby being capable of
detecting whether or not the predetermined volume of the ink  10 within the
ink cartridge remains. Fig. 13B shows the relationship between the density
of the  ink in curve Y of rig. 13A and resonance frequency fs of the ink
and oscillating section. An ink is exemplified as a liquid. As  shown in
rig. 13B, as the density -of the ink is increased, the 15 additive inertance
is increased, therefore, resonance frequency  fs is lowered. Specifically,
resonance frequencies are  different depending upon kinds of inks.
Therefore, by measuring  resonance frequency fs, when the ink is refilled,
whether or not  the ink having different density is mixed is checked. 20
Specifically, an ink cartridge containing kinds of inks  different with each
other can be identified. Subsequently, conditions in which a state of the
liquid  when the size and shape of the cavity is set so that the liquid
remains within the cavity 162 of the actuator 106 even if the 25 liquid
within the liquid container is hollow can be precisely  detected will be
described in detail below. If the actuator 106  can detect a state of the
liquid in the case where the liquid  is filled within the cavity 162, it can
detect a state of the  liquid even in the case where the liquid is not
filled within  30 the cavity 162. Resonance frequency is is a function of
inertance M.  Inertance M is the sum of inertance M act and additive
inertance  M', where the additive inertance involves with a state of the
liquid. Additive inertance M' is a volume indicating the 



35 apparent increase of mass of the oscillating section by the action  of
the medium nearby the oscillating section. Specifically, that  is referred
to a increment of mass of the oscillating section 2 7 SEP 2005 53 by
apparently absorbing the medium by the oscillation of the  oscillating
section. Accordingly, in the case where M'cav is larger than M'max  in
Expression 4, the apparently absorbed meditun is all the liquid  5 remaining
within the cavity 162 and gas within the liquid container or vacutun. At
that time, since M' is not changed,  resonance frequency fs is not changed
neither. Therefore, the  actuator 106 cannot detect a state of the liquid
within the liquid  container. 10 On the other hand, in the case where M'cav
is smaller than  M'max in Expression 4, the apparently absorbed media are
the  remaining liquid within the cavity 1.62 and the gas or vacuum within
the liquid container. At that time, since M' is changed  differently from a
state where the liquid is filled within the 15 liquid container, resonance
frequency fs is changed. Therefore,  the actuator 106 can detect a state of
the liquid within the liquid  container. Specifically, in the case where the
liquid within the  liquid container is in a state of being empty and the
liquid  20 remains within the cavity 162 of the actuator 106, the conditions
in which the actuator 1.06 can precisely detect a state of the  liquid is
that M'cav is smaller than M'max. It should be noted  that the conditions
M'max > M'cav in which the actuator 106 can  precisely detect a state of the
liquid is not involved with the  25 shape of the cavity 162. M'cav is mass
of the liquid having an approximately  equivalent to the volume of the
cavity 162. Accordingly, from  the inequality of M'max > M'cav, the
conditions in which the  actuator 106 can precisely detect a state of the
liquid can be 30 represented as conditions for the volume of the cavity 162.
For  example, suppose that diameter of the opening 161 of the circular
cavity 162 is a, and the depth of the cavity 162 is d, M' max > p * d/ nag
(Expression 10) Expression 10 is expanded, the following conditions are
found:  



35 a/d > 3 * TC/8 (Expression 11) It should be noted that Expression 10,
Expression 11 hold as far  as shape of the cavity 162 is circular. When
Expression of M'max 2 7 SEP 2005 54 in the case where it is not circular is
employed and substituting  its area into 7ra2 in Expression 10, the
relationship between  dimensions such as width and length of the cavity and
the depth  of the cavity is led. 5 Therefore, the actuator 106 having the
cavity 162 whose  dimensions are the radius a of the opening 161 and the
depth d  of the cavity 162 which satisfies Expression 11 can detect a state
of the liquid without malfunctions even in the case where the  liquid within
the liquid container is empty and the liquid remains  10 within the cavity
162. Since additive inertance M' has influence on acoustic  impedance
property, it can be said that a method of measuring  a counter electromotive
force generated by the actuator 106 due  to the residual oscillation detects
at least a- change-of acoustic  15 impedance. Moreover, according to the
present embodiment, the  actuator 106 generates an oscillation and measures
a counter  electromotive force generated in the actuator 106 due to the
subsequently occurred residual oscillation. However, it is not 20 always
necessary that the oscillating section of the actuator  106 applies the
oscillation to the liquid by oscillation itself  due to the drive voltage.
Specifically, if the oscillating  section itself does not oscillate, the
piezoelectric layer 160  is deflected and deformed by oscillating with the
liquid in a 25 certain range in which the oscillating section contacts with
the  liquid. This residual oscillation causes the piezoelectric  layer 160
to generate a counter electromotive force voltage and  transmits its counter
electromotive force voltage to the upper  portion electrode 164 and the
lower portion electrode 166. A 30 state of the medium may be detected by
utilizing this phenomenon.  For example, in an ink jet recording apparatus,
a state of the  ink cartridge or the ink within it may be detected by
utilizing  the oscillation occurred on the periphery of the oscillating
section of an actuator generated by the oscillation due to the 



35 reciprocating movement of the carriage by scanning of the  recording head
at the time when it is printing. Fig. 14A and Fig. 14B show a waveform of
the residual 27SEP2005 55 oscillation and a method of measuring the residual
oscillation  of the actuator 106 after the actuator 106 is made vibrated. Up
and down of the ink liquid level in the mounting position level  of the
actuator 106 within the ink cartridge can be detected by 5 a change of
frequency of the residual oscillation and a change  of the amplitude after
the actuator 106 oscillates. In Fig. 14A  and Fig. 14B, axis of ordinates
indicates a voltage of a counter  electromotive force generated by the
residual oscillation of the  actuator 106 and axis of abscissa indicates a
time. A waveform 10 of analogue signal of voltage as shown in Fig. 14A and
Fig. 1413  is generated by the residual oscillation of the actuator 106.
Next, the analogue signal is converted into a digital numeric  value
corresponding to the frequency of the signal. in the embodiment shown in'
Fig. 14A and Fig. 1413, the  15 presence or absence of the ink is detected
by measuring a time  period generated by four pieces of pulse from fourth
pulse to  eighth pulse of the analogue signal. More particularly, after the
actuator 106 oscillates, the  times that the reference voltage previously
set is crossed from  20 the lower voltage side to the higher voltage side
are counted. Digital signal in the range from the fourth count to the eighth
count is defined as High, a time period spanning from the fourth  count to
the eighth count is measured by the predetermined clock  pulse. 25 Fig. 14A
shows a waveform at the time when the ink liquid  level exists at higher
level than the mounting position level  of the actuator 106. On the other
hand, Fig. 14B shows a waveform  at the time when the ink is absent at the
mounting position level  of the actuator 106. Comparing Fig. 14A and Fig.
14B, the waveform 30 in Fig. 14A is longer than the waveform in Fig. 14B in
the time  span from the fourth count to the eighth count. In other words,
time spans from the fourth count to the eighth count are different
depending on the presence or absence of the ink. An ink consuming  state can
be detected by utilizing these differences of the time 



35 spans. The reason why the counting from the fourth count of the  analogue
waveform is started is because it should be started after  the oscillation
of the actuator 106 is stable. The counting from 2 7 SEP 2005 56 the fourth
count is only an example, the counting may be started  from an optional
ordinal number of count. Here, a signal from  the fourth count to the eighth
count is detected, and a time span  from the fourth count to the eighth
count is measured, thereby 5 finding resonance frequency. A clock pulse is
preferably a pulse  of clock equivalent to a clock for controlling a
semiconductor  and the like mounted on the ink cartridge. It should be noted
that it is not necessary to measure a time span until the eighth  count and
it may count until an optional ordinal number of count. 10 In Fig. 14A and
Fig. 1413, a time span from the fourth count to  the eighth count is
measured, however, a time span within the  different counts of interval may
be measured according to a  circuit configuration in which the frequency is
detected. For example, in the case where the quality -of the ink is  15
stable and variation of the amplitude between the peaks are small,  in order
to speed up the detection rate, resonance frequency may  be found by
detecting a time span from the fourth count to the  sixth count. Moreover,
in the case where the quality of the ink  is unstable and the variation of
the amplitude of the pulse is 20 large, in order to precisely detect the
residual oscillation,  a time span from the fourth count to twelfth count
may be detected.  Moreover,. as another embodiment, wave number of voltage
waveform of counter electromotive force in the predetermined  period may be
counted (not shown). By this method, resonance  25 frequency can be also
found. More particularly, after the actuator 106 oscillates, a digital
signal is made High only in  the predetermined period, the predetermined
reference voltage  is crossed from the lower voltage side to the higher
voltage side.  The presence or absence of the ink can be detected by
measuring  30 its number of count. Furthermore, as it is understood by
comparing Fig. 14A and  Fig. 1413, in the case where the ink is filled
within the ink  cartridge, and in the case where the ink is absent within
the  ink cartridge, the amplitudes of the counter electromotive forces 



35 are different. Accordingly, an ink consuming state within the  ink
cartridge may be detected by measuring an amplitude of a  counter
-electromotive force. More particularly, for example, 2 7 SEP 2005 57 the
reference voltage is set between the vertex of a counter  electromotive
force of Fig. 14A and the vertex of a counter  electromotive force of Fig.
14]3. After the actuator 3.06  oscillates, a digital signal is made High, in
the case where the 5 counter electromotive force crosses the reference
voltage, the  absence of the ink is determined. In the case where the
counter  electromotive force does not cross the reference voltage, the
presence of the ink is determined. Fig. 15 is a perspective view showing a
configuration  10 integrally forming the actuator 106 as a mounting module
body  100. The module body 100 is equipped on the predetermined  location of
the container body 1. The module body 100 is  configured so that it detects
a consuming state of the liquid  within the container body l by detecting"at
least a change of 15 acoustic impedance in the ink liquid. The module body
100 of the  present embodiment has a liquid container mounting portion 101
for mounting the actuator 106 on the container body 1. The liquid  container
mounting portion 101 is configured such that a circular  cylinder portion
116 containing the actuator 106 for oscillating 20 by a drive signal is
mounted on the base 102 whose plane is  approximately rectangular. Since it
is configured so that the  actuator 106 of the module body 100 cannot be
contacted from the  external when the module body 100 is equipped on the ink
cartridge,  the actuator 106 can be protected from contacting it from the 25
external. It should be noted that an edge of tip side of the  circular
cylinder portion 116 is formed in a round shape, and  it is easily
interfitted when it is equipped in the hole formed  on the ink cartridge.
Fig. 16 is a perspective view showing another embodiment  30 of a module
body. In a module body 400 of the present embodiment,  a piezoelectric
device mounting portion 405 is formed on the  liquid container mounting
portion 401. In the liquid container  mounting portion 401, the cylindrical
circular cylinder portion  403 is formed on the base 402 whose plane is
approximately square 



35 and rounded off. Furthermore, the piezoelectric device mounting  portion
405 includes a planar factor 406 stood on the circular  cylinder portion 403
and the convex 413. The actuator 106 is 27SEP2005 5 8 arranged on the convex
portion 413 provided on the side wall of  the planar factor 406. Fig. 17A,
Fig. 17B, and Fig. 17C show still another  embodiment of a module body.
Similarly to the module body 100  5 shown in Fig. 15, a module body 500 of
Fig. 7.7A, Fig. 17B and Fig. 17C includes the liquid container mounting 501
having a base  502 and a circular cylinder portion 503. The module body 500
has  further the lead wires 504a and 504b, the actuator 106 and the  film
508 and the plate 510. In the base 502 included in the liquid 10 container
mounting section 501, the opening portion 514 is formed  in the center
portion so as to be able to contain the lead wires  504a and 504b and the
convex portion 513 is formed so as to be  capable of containing the actuator
106, the film 508 and the plate  510: The actuator 106 is fixed- on the
piezoelectric device 15 mounting section 505 via the plate 510. Therefore,
the lead wires  504a and 504b, the actuator 106, the film 508 and the plate
510  are integrally mounted on the liquid container mounting section  501.
In the module body 500 of the present embodiment, the  circular cylinder
portion 503 provided on the upper surface in 20 a vertically slanting manner
is formed on the base whose plane  is a square and rounded off. The actuator
106 is arranged on the  convex portion 513 provided on the circular cylinder
portion 503  in a vertically slanting manner. The tip of the module body 500
is slanting, and the actuator  25 106 is mounted on its slanting surface.
Therefore, when the  module body 500 is mounted on the bottom portion or
side wall  of the container body 1, the actuator 106 has a slope with
respect  to the vertical direction of the container body 1. The slanting
angle of the tip of the module body 500 is preferably between 30
approximately 30  and 60  in consideration of detection  performance. The
module body 500 is mounted on the bottom or side wall  of the container body
1 so that the actuator 106 is arranged within  the container body 1. In the
case where the module body 500 is 



35 mounted on the side portion of the container body 1, the actuator  106 is
mounted on the container body 1. so that the actuator 106  is slanting and
facing toward the upper side, lower side or lateral 2 7 SEP 2005 59 side. On
the other hand, in the case where the module body 500  is mounted on the
bottom portion of the container body 1, the  actuator 106 is mounted on the
container body 1 so that the  actuator 106 is slanting and facing toward the
ink supplying  5 opening of the container body I. Fig. 18 shows an
embodiment which is equipped with a mold  structure 600 including the
actuator 106. In the present  embodiment, as one of the mounting structures,
the mold structure  600 is used. The mold structure 600 has the actuator 106
and a 10 mold section 364. The actuator 106 and the mold section 364 are
integrally molded. The mold section 364 is molded by a plastic  material
such as silicon resin and the like. The mold section  364 has a lead wire
362 inside. The mold section 364 is formed  so that it has two pieces of
legs extending from the actuator 15 106. The ends of two pieces of the legs
of the mold section 364  are formed in a semi-sphere shape in order that the
mold section  364 and the container body I are fixed in a fluid-tight
manner.  The mold section 364 is mounted on the container body I so that
the actuator 106 projects into the interior of the container body 20 1 and
the oscillating section of the actuator 106 is contacted  with the ink
within the container body 1. The upper electrode  164, the piezoelectric
layer 160 and the lower electrode 166 of  the actuator 106 are protected
from the contact with the ink by  the mold section 364. 25 The ink is not
easily leaked from the container body 1 since  a sealing structure 372 is
not required between the mold section  364 and the container body 1 which
are protected by the mold  structure 600 of Fig. 18. Moreover, since it is a
form in which  the mold structure 600 is not projected from the external of
the 30 container body 1, the actuator 106 can be protected from the  contact
with the external. When the ink cartridge is swung, the  ink is attached on
the upper surface of the container body 1,  the ink running from the upper
surface contacts with the actuator  106, thereby possibly causing the
occurrence that the actuator 



35 106 erroneously operates. As for the mold structure 600, the  actuator
106 does not erroneously operate by the ink running from  the upper surface
of the container body 1 since the mold section 2 7 SEP 2005 60 364 protects
the actuator 106. In the present embodiment, the mold structure 600 is
mounted on an apex wall 1040 located at the upper position with  respect to
the liquid level of the ink within the container body 5 1. Moreover, the
oscillation region of the actuator 106 is  located at the slightly lower
position with respect to the liquid  level of the liquid when the liquid is
not consumed. Therefore,  immediately after the ink cartridge is used and
the ink is  beginning to be consumed, the oscillation region of the actuator
10 106 detects the gas. Therefore, the actuator 106 is not  necessarily
mounted on the side wall of the container body 1.  It should be noted that
the mold structure 600 is formed so that the oscillation region of the
actuator 106 is located  at the slightly upper position with respect to tile
liquid level  15 of the ink, thereby being capable of obtaining the similar
effect of the ink cartridge according to the embodiment of Fig. 2.  Fig. 19A
is an enlarged sectional view of a circuit  substrate 610 provided and
arranged on the ink cartridge and Fig.  19B is a perspective view seen from
the front thereof. The circuit 20 substrate 610 according to the present
embodiment, the  semiconductor storage means 7 and the actuator 106 are
integrally  formed. The circuit substrate 67.0 can be provided and arranged
instead of the actuator 106 in the embodiments of Fig. I through  Fig. 7. As
shown in Figs. 19A and 19B, the semiconductor storage 25 means 7 is formed
at the upper position of the circuit substrate  610, the actuator 106 is
formed at the lower position of the  semiconductor storage means 7 in the
identical circuit substrate  610. In the circuit substrate 610, a plurality
of caulking  sections 616 are formed for mounting the circuit substrate 610
30 on the ink cartridge. The circuit substrate 610 is fixed on the  ink
cartridge by the caulking section 616. It is formed so that  the external
terminal 612 of the semiconductor storage means 7  and the external terminal
107 of the actuator 106 can be  electrically connected with the external via
the side wall of 



35 the ink cartridge. The semiconductor storage means 7 can  electrically
receive and deliver the electrical- signal from and  to the external by
electrically connecting the external terminal 2 7 SEP 2005 61 612 and the
external terminal 107 with the external. The semiconductor storage means 7
may be, for example,  constituted by a rewritable semiconductor memory such
as EEPROM  and the like. Since the semiconductor storage means 7 and the 5
actuator 106 are formed on the same circuit substrate 610, when  the
actuator 106 and the semiconductor storage means 7 are mounted  on the ink
cartridge, the mounting step of one time is enough  to be completed.
Moreover, the working step during the  manufacturing an ink cartridge and
during the recycling is 10 simplified. Furthermore, since the number of
items of the parts  are reduced, the manufacturing cost of the ink cartridge
is  reduced. The actuator 106 detects the consumption state of the ink
within the ink cartridge.- The semiconductor storage means 7  15 stores the
information such as the ink residual volume that the actuator 1.06 has
detected, the characteristic value that the  characteristic value detecting
section 810 has detected and the  results that the characteristic value
judging section 820 has  judged, and can act as the storage section 850.
Preferably, the 20 semiconductor storage means 7 stores the predetermined
condition  that the characteristic value of the actuator 106 should satisfy
and the past errors and the instructions. Furthermore, a  resonance
frequency is previously stored in the semiconductor  storage means 7 when
the ink is full or ended, dispersion when 25 the ink residual volume is
detected may be corrected by reading  the data of resonance frequency on the
side of the ink jet  recording apparatus. Fig. 20 shows an embodiment of an
ink cartridge and an ink  jet recording apparatus by employing the actuator
106 shown in  30 Fig. 11A, Fig. 11]3 and Fig. 11C. The multiple ink
cartridges 180 are mounted on an ink jet recording apparatus having the
multiple  ink inlet portions 182 and the holders 184 corresponding to the
respective ink cartridges 180. The multiple ink cartridges 180  contain the
respective different kinds, for example, inks of 



35 different colors. The actuator 106 which is means for detecting  at least
acoustic impedance is mounted on the respective bottom  surfaces of the
multiple ink cartridges 1.80. An ink remaining 2 7 SEP 2005 62 volume within
the ink cartridge 180 can be detected by mounting  the actuator 106 on the
ink cartridge 180. Fig. 21 shows the details of the periphery of a head
portion  of an ink jet recording apparatus. The ink jet recording  5
apparatus has an ink inlet portion 182, a holder 184, a head plate 186, and
a nozzle plate 188. Multiple nozzles 1.90 for injecting  the ink are formed
on the nozzle plate 188. The ink inlet portion  182 has an air supplying
opening 181 and an inlet 183. The air  supplying opening 181 supplies air to
the ink cartridge 180. The 10 ink inlet 183 introduces the ink from the ink
cartridge 180. The  ink cartridge 180 has an air inlet 185 and an ink
supplying opening  187. The air supplying inlet 185 introduces the air from
the air  supplying opening 181 of the ink inlet portion 182. The ink
supplying opening 187 supplies the --ink to the- ink, inlet 183 of 15 the
ink inlet portion 182. The ink cartridge 180 introduces the  air from the
ink inlet portion 182, thereby urging the ink  supplying from the ink
cartridge 180 to the ink inlet portion  182. The holder 184 communicates the
ink supplied from the ink  cartridge 180 via the ink inlet portion 182 to
the head plate 20 186. The ink is supplied from an ink cartridge 180 to the
head  via an ink introduction section 182, and discharged from the  nozzle
to the recording medium. Owing to this, the ink jet  recording apparatus
performs the printing on the recording medium.  It should be noted that in
Fig. 20 and Fig. 21, the other portions  25 are shown while omitting the
actuator 106 Up to this point, the case where the actuator. 106 is  attached
to the ink cartridge mounted on the carriage or to the  carriage in the case
that the ink cartridge is separate from the  carriage has been described.
However, the actuator 106 may be 30 mounted on the ink cartridge mounted on
the ink jet recording  apparatus integrated with the carriage and mounted on
it with  the carriage. Furthermore, the actuator 106 may be mounted on  the
ink cartridge, which is separate from the carriage, of which  is an off
carriage method of supplying the ink to the carriage 



35 via a tube and the like. Still furthermore, the actuator of the  present
invention may be mounted on an ink cartridge integrally  configured with the
recording head in an exchangeable manner. 2 7 SEP 2005 63 I Up 'to this
point, the embodiments of -the present invention  have been described,
however, the technical scope of -the present  invention is not limited to
the scope described in the  above-described embodiments. A variety of
modifications or 5 improvements can be added -to the above-described
embodiments.  It is apparent from the recitation of the scope of -the claims
that the modes to which such modifications or improvements have  been added
can be also included in the technical scope of the  present invention. 20
According -to the present invention, it can be judged -that  whether or not
the piezoelectric device is normally operated,  and further, an operation of
the ink jet recording apparatus can  be controlled based on -the judgment of
whether the piezoelectric  device is normally operated or-not. 15 Moreover,
according to the present invention, during  manufacturing a liquid container
and after manufacturing the same,  it can be confirmed that liquid of the
predetermined volume is  contained within the liquid container. Furthermore,
according -to the present invention, it can  20 be detected that the
predetermined volume of the ink is not  contained within the liquid
container due to -the defect of the  liquid container and/or the
piezoelectric device, and further,  an operation of the ink jet recording
apparatus can be controlled  based on -the detected results of the volume of
the ink. 25 Furthermore, according to the present invention, -the  gradient
of the liquid container can be detected in the case where  the liquid
container is not properly mounted and -the like, and  further, an operation
of -the ink jet recording apparatus can be  controlled based on the detected
results of the volume of the  30 ink. INDUSTRIAL  APPLICABILITY The present
invention is applicable to an ink jet recording  apparatus and a liquid
container used for -the same. 



27 SEP 2005 64 WHAT IS CLAIMED IS: 1. A method of controlling an ink jet
recording  apparatus on which a liquid container is able to be  detachably
mounted, said liquid container having a container  body containing a liquid
supplied to a recording head  discharging an ink droplet from a nozzle
opening and a  piezoelectric device for detecting said liquid within said
container body, comprising the steps of: detecting a characteristic value of
said piezoelectric  device by a detection section provided inside or outside
of  said ink jet recording apparatus; judging whether or not said
characteristic value  satisfies a predetermined condition by a judging
section  provided inside or outside of said ink jet recording  apparatus;
and controlling said ink jet recording apparatus so that  said ink jet
recording apparatus is set in an operable state  or in a non-operable state
based on a result of said judging  step, wherein said piezoelectric device
has a vibrating  portion which comes into contact with said liquid in said
container body via a cavity, said cavity defining an area of  said vibrating
portion, wherein said characteristic value is detected based on a  signal
output from said piezoelectric device, said signal  indicating a residual
oscillating state of said vibrating  portion of said piezoelectric device,
said characteristic  value changing based on phenomenon that said residual
oscillating state changes corresponding to a liquid consuming  state. 2. A
method of controlling an ink jet recording  apparatus, on which a liquid
container is able to be 2 7 SEP 2005 65 detachably mounted, said liquid
container having a container  body containing a liquid supplied to a
recording head  discharging an ink droplet from a nozzle opening and a  



piezoelectric device for detecting said liquid within said  container body,
comprising the steps of: detecting a characteristic value of said
piezoelectric device by a  said ink jet judging  satisfies a provided
detection section provided inside or outside of  recording apparatus;
whether or predetermined inside apparatus; and  controlling not said
characteristic value condition by a judging section or outside of said ink
jet recording said ink jet recording apparatus so that said ink jet
recording apparatus is set in an operable state  or in a non-operable state
based on a result of said judging  step, wherein  said liquid  apparatus. 3.
apparatus measuring A said detecting step is executed at the time that
container is mounted on said ink jet recording method of controlling an ink
jet recording according to claim 1, further comprising a step of a
consumption volume of said liquid within said liquid container until at
least a predetermined volume by a  measuring section provided inside or
outside of said ink jet  recording apparatus. 4. A method of controlling an
ink jet recording  



apparatus according to claim 1, further comprising a step of,  in a case
that said ink jet recording apparatus is in said  non-operable state,
selecting either to maintain said non- operable state of said ink jet
recording apparatus or to  change said non-operable state of said ink jet
recording  apparatus to said operable state. 2 7 SEP 2005 66 5. A method of
controlling an ink jet recording  apparatus according to claim 1, wherein
said characteristic  value is an element characteristic value of a
piezoelectric  element of said piezoelectric device. , 6. A method of
controlling an ink jet recording  apparatus according to claim 1, wherein
said characteristic  value is an oscillation characteristic value of an
oscillating portion of said piezoelectric device. 7. A method of controlling
an ink jet recording  apparatus according to claim 1, wherein said liquid
container  is provided with at least two said piezoelectric devices, wherein
said detection section detects oscillation  characteristic values of said at
least two piezoelectric  devices in said detecting step, and wherein said
judging section judges a consumption state  of said liquid within said
liquid container based on a  relative condition of mutual oscillation
characteristic  values of said at least two piezoelectric devices in said
judging step. 8. An apparatus for controlling an ink jet recording
apparatus on which a liquid container is able to be  detachably mounted,
said liquid container having a container  body containing a liquid supplied
to a recording head  discharging an ink droplet from a nozzle opening and a
piezoelectric device for detecting said liquid within said  container body,
comprising: a detection section for detecting a characteristic value  of
said piezoelectric device, said detection section being  provided inside or
outside of said ink jet recording  apparatus; a judging section for judging
whether or not said  



characteristic value satisfies a predetermined condition, 2 7 SEP 2005 67
said judging section being provided inside or outside of said  ink jet
recording apparatus; and a controlling section for controlling said ink jet
recording apparatus so that said ink jet recording apparatus  is set in an
operable state or in a non-operable state based  on a result obtained by
said judging section, wherein said piezoelectric device has a vibrating
portion which comes into contact with said liquid in said  container body
via a cavity, said cavity defining an area of  said vibrating portion,
wherein said characteristic value is detected based on a  signal output from
said piezoelectric device, said signal  indicating a residual oscillating
state of said vibrating  portion of said piezoelectric device, said
characteristic  value changing based on phenomenon that said residual
oscillating state changes corresponding to a liquid consuming  state. 9. An
apparatus for controlling an ink jet recording  apparatus according to claim
8, wherein said detection  section detects oscillation characteristic values
of at least  two said piezoelectric devices which are attached to said
liquid container, and wherein said judging section judges a consumption
state  of said liquid within said liquid container based on a  relative
condition of mutual oscillation characteristic  values of said at least two
piezoelectric devices. 10. A liquid container comprising: a container body
containing a liquid; a liquid supplying opening for supplying said liquid
outside of said container body; and a piezoelectric device for detecting
said liquid within  said container body, said piezoelectric device being 2 7
SEP 2005 68 positioned nearby a liquid level of said liquid when said
liquid is not consumed, 



wherein said piezoelectric device has a vibrating  portion which comes into
contact with said liquid in said  container body via a cavity, said cavity
defining an area of  said vibrating portion, wherein said characteristic
value is detected based on a  signal output from said piezoelectric device,
said signal  indicating a residual oscillating state of said vibrating
portion of said piezoelectric device, said characteristic  value changing
based on phenomenon that said residual  oscillating state changes
corresponding to a liquid consuming  state. 11. A liquid container according
to claim 10, further  comprising an additional piezoelectric device for
detecting  said liquid within said container body. 12. A liquid container
according to claim 11, wherein  said additional piezoelectric device is
positioned nearby a  bottom surface of said container body. 13. A liquid
container according to claim 11, wherein  said additional piezoelectric
device is positioned nearby  said piezoelectric device, an initial liquid
level when said  liquid within said container body is not consumed being
located between said piezoelectric device and said additional  piezoelectric
device. 14. A liquid container according to claim 10, wherein  said
piezoelectric device and said additional piezoelectric  device have
oscillating sections contacting with a medium  within said container body,
respectively, and wherein oscillation characteristic values of said
oscillating sections are detected. 15. A liquid container according to claim
10, wherein  said liquid container is adapted to be mounted on an ink jet 2
7 S E P 2005 69 recording apparatus which performs a recording by a
recording  head discharging an ink droplet, said liquid within said
container body being supplied to said recording head. 16. An ink jet
recording apparatus on which a liquid  container is able to be detachably
mounted, said liquid  container having a container body containing a liquid
and a  



piezoelectric device for detecting said liquid within said  container body,
comprising: a recording head receiving said liquid from said liquid
container and discharging an ink droplet from a nozzle  opening; and a
controller for controlling an operation state of said  ink jet recording
apparatus, said controller including: a detection section for detecting a
characteristic value  of said piezoelectric device, said detection section
being  provided inside or outside of said ink jet recording  apparatus; a
judging section for judging whether or not said  characteristic value
satisfies a predetermined condition,  said judging section being provided
inside or outside of said  i_nk jet recording apparatus; and a controlling
section for controlling said ink jet  recording apparatus so that said ink
jet recording apparatus  is set in an operable state or in a non-operable
state based  on a result obtained by said judging section, wherein said
piezoelectric device has a vibrating  portion which comes into contact with
said liquid in said  container body via a cavity, said cavity defining an
area of  said vibrating portion, wherein said characteristic value is
detected based on a  signal output from said piezoelectric device, said
signal  indicating a residual oscillating state of said vibrating  portion
of said piezoelectric device, said characteristic 2 7 SEP 2005 70 value
changing based on phenomenon that said residual  oscillating state changes
corresponding to a liquid consuming  state. 17. An ink jet recording
apparatus according to claim  16, further comprising a storage device
capable of storing at  least said characteristic value. 18. An ink jet
recording apparatus according to claim  16, further comprising a measuring
section for measuring a  liquid consuming volume within said liquid
container until at  least a predetermined volume. 



19. An ink jet recording apparatus according to claim  16, wherein said
detection section detects oscillation  characteristic values of at least two
said piezoelectric  devices which are attached to said liquid container, and
wherein said judging section Judges a consumption state  of said liquid
within said liquid container based on a  relative condition of mutual
oscillation characteristic  values of said at least two piezoelectric
devices. 20. A method of detecting a liquid consumption state of  a liquid
container mounted on an ink jet recording apparatus,  said liquid container
having a container body containing a  liquid supplied to a recording head
discharging an ink  droplet from a nozzle opening and a piezoelectric device
for  detecting said liquid within said container body, comprising  the steps
of: detecting oscillation characteristic values of at least  two said
piezoelectric devices attached to said liquid  container by a detection
section, said detection section  being provided inside or outside of said
ink jet recording  apparatus; and judging a consumption state of said liquid
within said  liquid container based on a relative condition of mutual
oscillation characteristic values of said at least two 27SEP2005 71
piezoelectric devices by a judging section, said judging  section being
provided inside or outside of said ink jet  recording apparatus. 21. A
method of detecting a liquid consumption state  according to claim 20,
wherein said relative condition of  said oscillation characteristic values
is that said  oscillation characteristic values of said at least two
piezoelectric devices are approximately equal to each other. 22. An ink jet
recording apparatus on which a liquid  container is able to be detachably
mounted, said liquid  container having a container body containing a liquid
and a  piezoelectric device for detecting said liquid within said  container
body, comprising: a recording head receiving said liquid from said liquid  



container and discharging an ink droplet from a nozzle  opening; and a
controller for controlling an operation state of said  ink jet recording
apparatus, said controller including: a detection section for detecting
oscillation  characteristic values of at least two said piezoelectric
devices attached to said liquid container; and a judging section for judging
a consumption state of  said liquid within said liquid container based on a
relative  condition of mutual oscillation characteristic values of said  at
least two piezoelectric devices. 23. An ink jet recording apparatus
according to claim  22, wherein said relative condition of said oscillation
characteristic values is that said oscillation characteristic  values of
said at least two piezoelectric devices are  approximately equal to each
other. 24. The apparatus for controlling an ink jet recording  apparatus
according to claim 8, wherein an oscillating 2 7 SEP 2005 72 section of said
piezoelectric device is positioned just below  an initial liquid level of
said liquid. 25. An apparatus for controlling an ink jet recording
apparatus on which a liquid container is able to be  detachably mounted,
said liquid container having a container  body containing a liquid supplied
to a recording head  discharging an ink droplet from a nozzle opening and a
piezoelectric device for detecting said liquid within said  container body,
comprising: a detection section for detecting a characteristic value  of
said piezoelectric device, said detection section being  provided inside or
outside of said ink jet recording  apparatus; a judging section for judging
whether or not said  characteristic value satisfies a predetermined
condition,  said judging section being provided inside or outside of said
ink jet recording apparatus; and a controlling section for controlling said
ink jet  recording apparatus so that said ink jet recording apparatus  



is set in an operable state or in a non-operable state based  on a result
obtained by said judging section, wherein a vibrating region of said
piezoelectric device  extends from an initial level of said liquid, before
said  liquid is consumed, to a bottom surface of said liquid  container. 26.
An ink cartridge configured to be detachably  mounted on an ink jet
recording apparatus comprising: a container body containing an ink; an ink
supplying opening for supplying said ink to said  ink jet recording
apparatus; a piezoelectric device for detecting said ink within  said
container body, said piezoelectric device being  positioned slightly below
an initial level which corresponds 2 7 S E P 2005 73 to a level of said ink
in said container body before bringing  said ink cartridge into use. 27. An
ink cartridge according to claim 26, wherein  said piezoelectric device has
a vibrating portion which comes  into contact with said ink in said
container body via an  opening, said opening defining an area of said
vibrating  portion. 28. The method of controlling an ink jet recording
apparatus according to claim 1, wherein said vibrating  portion comes into
contact with said liquid via a cavity in  said container body or in said
piezoelectric device, said  vibrating portion covering an area of an outer
opening of  said cavity. 29. The apparatus for controlling an ink jet
recording  apparatus according to claim 8, wherein said vibrating  portion
comes into contact with said liquid via a cavity in  said container body or
in said piezoelectric device, said  vibrating portion covering an area of an
outer opening of  said cavity. 30. The ink jet recording apparatus according
to claim  16, wherein said vibrating portion comes into contact with  said
liquid via a cavity in said container body or in said  piezoelectric device,
said vibrating portion covering an area  



of an outer opening of said cavity. 31. A method of controlling an ink jet
recording  apparatus on which a liquid container is able to be  detachably
mounted, comprising: detecting a characteristic value of a piezoelectric
device of the liquid container; determining whether or not the
characteristic value  satisfies a predetermined condition; and 2 7 SEP 2005
74 setting the ink jet recording apparatus in a first state  or in a second
state based on whether or not the  characteristic value satisfies the
predetermined condition, wherein the piezoelectric device comprises a
vibrating  portion that contacts liquid in the liquid container via a
cavity of the liquid container, and wherein the vibrating portion covers an
outer opening of  the cavity. 32. The method as claimed in claim 31, wherein
the  first state is an operable state of the ink jet recording  apparatus,
and wherein the second state is a non-operable state of the  ink jet
recording apparatus. 33. A method of controlling an ink jet recording
apparatus on which a liquid container is able to be  detachably mounted,
comprising: detecting a characteristic value of a piezoelectric  device of
the liquid container; determining whether or not the characteristic value
satisfies a predetermined condition; and setting the ink jet recording
apparatus in a first state  or in a second state based on whether or not the
characteristic value satisfies the predetermined condition, wherein the
characteristic value is detected when the  liquid container is being mounted
on the ink jet recording  apparatus. 34. The method as claimed in claim 33,
wherein the  first state is an operable state of the ink jet recording
apparatus, and 



wherein the second state is a non-operable state of the  ink jet recording
apparatus. 2 7 SEP 2005 75 35. An apparatus for controlling an ink jet
recording  apparatus on which a liquid container is able to be  detachably
mounted, comprising: a detection circuit that detects a characteristic value
of a piezoelectric device of the liquid container; and a control circuit
that determines whether or not the  characteristic value satisfies a
predetermined condition and  that sets the ink jet recording apparatus in a
first state or  in a second state based on whether or not the characteristic
value satisfies the predetermined condition, wherein the piezoelectric
device has a vibrating portion  that contacts liquid in the liquid container
via a cavity of  the liquid container, and wherein the vibrating portion
covers an outer opening of  the cavity. 36. The apparatus as claimed in
claim 35, wherein the  first state is an operable state of the ink jet
recording  apparatus, and wherein the second state is a non-operable state
of the  ink jet recording apparatus. 3-7. An ink jet recording apparatus on
which a liquid  container is able to be detachably mounted, comprising: a
recording head that receives liquid from the liquid  container and
discharges a droplet of the liquid from a  nozzle opening; and a controller
that detects a characteristic value of a  piezoelectric device, that
determines whether or not the  characteristic value satisfies a
predetermined condition,  that sets the ink jet recording apparatus in a
first state or  in a second state based on whether or not the characteristic
value satisfies the predetermined condition, 2 7 SEP 2005 76 wherein the
piezoelectric device has a vibrating portion  that contacts the liquid via a
cavity in the liquid  



container, and wherein the vibrating portion covers an outer opening of  the
cavity. 38. The apparatus as claimed in claim 37, wherein the  first state
is an operable state of the ink jet recording  apparatus, and wherein the
second state is a non-operable state of the  ink jet recording apparatus.
39. An apparatus for controlling an ink jet recording  apparatus on which a
liquid container is able to be  detachably mounted, comprising: a detection
circuit that detects a characteristic value  of a piezoelectric device
coupled to the liquid container; a control circuit that determines whether
or not the  characteristic value satisfies a predetermined condition and
that sets the ink jet recording apparatus in a first state or  in a second
state based on whether or not the characteristic  value satisfies the
predetermined condition, wherein a vibrating region of the piezoelectric
device  extends from a liquid level of the liquid before the liquid  is
consumed to a bottom surface of the liquid container. 40. An ink cartridge
configured to be detachably  mounted on an ink jet recording apparatus
comprising: a container containing an ink; a piezoelectric device that is
positioned slightly below  an initial ink level which corresponds to a level
of said ink  in the container before ink is initially consumed from the
container. 41. The liquid container according to claim 10, wherein  said
vibrating portion covering an area of an outer opening  of said cavity. 




