
;^_`abcdefge3eQnQ4xD6Tnz> .. 6 BACKGROUND OF THE INVENTION FIELD OF THE
INVENTION The present invention relates to a liquid container, a 10 liquid
supplying apparatus, and a recording apparatus for supplying a liquid such
as ink to a pen or recording head as a recording section, for example, in
an efficient and stable manner, and to an ink jet cartridge. 16 DESCRIPTION
OF THE RELATED ART Ink jet recording apparatuses that form an image on a
recording medium by applying ink that is a liquid to the recording medium
using a liquid consuming or using apparatus such as an 20 ink jet recording
head include apparatus that form an image by ejecting ink while moving a
recording head relative to a recording medium and apparatus that form an
image by ejecting ink while moving a recording medium relative to a fixed
recording head conversely. 25 Methods of supplying ink to a recording head
used in such an ink jet recording apparatus include a method referred to as
on-carriage method in which an ink tank is integrally or separably mounted
to a recording head that is carried by a carriage to be moved back and
forth ( main scanning ) and in which 30 ink is directly supplied from the
ink tank to the recording head.    - 2  There is another method referred to
as tube supply method in which an ink tank is fixed in a region of a
recording apparatus other than a carriage as a body separate from a
recording head carried by the carriage and in which ink is supplied by
coupling 



6 the ink tank and the recording head through a flexible tube. The method
includes a configuration in which a second ink tank to serve as an
intermediate tank ( sub-tank) between an ink tank (main tank) and a
recording head is mounted on the recording head or a carriage and in which
ink is directly supplied from 10 the second ink tank to the recording head.
According to those methods, an ink tank to supply ink to a recording head
directly is provided with a mechanism for generating an adequate negative
pressure in a range in which the negative pressure is in equilibrium with a
pressure in the 15 recording head to hold meniscuses formed at an ink
ejecting section thereof to prevent the ink from leaking from the ink
ejecting section satisfactorily and in which an ink ejecting operation of
the recording head can be performed. In a negative pressure generating
mechanism of this type, 20 a porous member such as a sponge that is
impregnated with ink to be held thereby is contained in an ink tank, and an
adequate negative pressure is generated by an ink holding capacity of the
same. In another mechanism, a bag-shaped member formed from a 25 material
such as rubber having an elastic force and generating a tension in the
direction of increasing the volume thereof is charged with ink as it is,
and the tension generated by the bag-shaped member exerts a negative
pressure to the in therein. In still another mechanism, a bag-shaped member
is formed 30 using a flexible film, and a spring for urging the film in the
- 3  direction of increasing the volume of the bag-shaped member is bonded
to the interior or exterior of the same to generate a negative pressure. In
any of the above mechanisms, however, the negative 5 pressure tends to
increase as the amount of ink in the ink tank decreases , and it becomes
impossible to supply ink to a recording head stably when the level of the
negative pressure exceeds a predetermined value . This results in a problem
in that the ink tank becomes unusable before the ink is completely used up.
10 For example, there is Japanese Patent Application Publication No .
3-024900 ( 1991 ) which discloses a structure of an ink tank of a type
which is constituted by a flexible enclosed bag-shaped member that directly
contains ink therein and that can be deformed according to the amount of
contained ink and 15 in which a spring member is provided in the bag-shaped
member . Since the negative pressure is basically determined such that the
spring force and a force resulting from the negative pressure (or a
difference between the atmospheric pressure and the negative pressure) are
balanced with each other, the negative 20 pressure in the bag-shaped member
increases as the deformation of the spring proceeds with the deformation of
the bag-shaped member as a result of ink consumption. This may result in a
problem in that the negative pressure increases beyond a proper range in
which an ink a jecting operation of the recording head 26 can be performed
to prevent the formation adequate meniscuses at the ink ejecting section of
the recording head or in that the ink can not be satisfactorily supplied to
the recording head. This also disallows the ink to be used completely. Some
ink tanks have a configuration in which ink is contained 30 in a bag-shaped
member, and the material and shape of which are 



- 4  appropriately selected to generate a negative pressure by the
bag-shaped member itself and which becomes flat with no space left therein
when the ink is completely used up, but there are limitations on the shape
of such a bag-shaped member. Therefore, 5 when such an ink tank is
configured to be contained in a box-like housing, the configuration of the
bag-shaped member does not fit the interior of the housing completely even
when it is charged with ink, and the volumetric efficiency of the ink tank
is low with respect to the entire space available therein. Such a 10
bag-shaped member also has a problem in that its performance of supplying
ink to a recording head can be reduced and in that it can make an ink
ejecting operation of a recording head unstable when ink is nearly used up
because of a high negative pressure . ` Several mechanisms have been
proposed as follows to prevent 15 magnitude of a negative pressure being
too much greater than the predetermined level. For example, Japanese Patent
Application Laid-open No. 7-125240 (1995) and Japanese Patent Application
Laid-open No. 7-125241 ( 1995 ) have disclosed mechanisms in which a
hydrophobic 20 film and a tubular vent port are provided in a tank, and a
spherical body is disposed in the tube to introduce air into the tank when
a negative pressure therein increases . That is , those publications have
disclosed mechanisms which have a tubular vent port (boss) that establishes
communication between 25 the outside and inside of a container and in which
spherical body having an outer diameter smaller than an inner diameter of
the boss is attached to a plurality of projecting ribs provided on an inner
wall of the boss to form a substantially annular orifice with the spherical
body and the boss. The size of such 30 an orifice is chosen such that a
small amount of ink is kept   - 5  in the orifice as a liquid seal because
of the capillarity of ink. The orifice is configured such that a negative
pressure in the container overcomes the capillarity of ink to disable the
liquid seal when it nearly reaches the limit of an operating 6 range of the
recording head. Japanese Patent Application Laid-open No. 6-183023 (1994)
has disclosed a mechanism in which a plate-like member having a hole and a
plate having a protrusion are provided in a face-to-face relationship in an
ink bag constituted by a flexible 10 sheet with a spring member disposed
between the plates and in which the protrusion enters the hole when an
internal negative pressure exceeds a predetermined value to separate the
plate having the hole and the flexible sheet from each other, thereby
introducing air in the tank. In this mechanism, the plate having 15 the
hole and the flexible sheet come into tight contact with each other after
air is introduced, and leakage of ink is prevented by an ability for
holding ink meniscuses or a liquid seal formed between those elements. 



However, those methods require a plurality of parts in a 20 region where
air is introduced, and the structure of such a region has therefore become
complicated. When a pressure in a container T having a certain amount of
air introduced therein becomes extremely high as a result of an ambient
change (a reduction of the atmospheric pressure 2b or a temperature rise)
as shown in Fig. lA, ink is pushed out from the container as shown in Fig.
1B, which can result in leakage of ink through an ink ejection port N or a
vent hole A when the container is used in an ink jet recording head. When a
liquid is contained in a bag-shaped member constituted by a 30 flexible
sheet, although expected is a certain degree of   - 6  buffering effect
that moderates an increase of a pressure therein by accommodating expansion
of air which results in a pressure reduction, such an effect is limited. In
the configuration disclosed in Japanese Patent 5 Application Laid-open No.
7-125240 (1995) or Japanese Patent Application Laid-open No. 7-125241
(1995), an enclosed system is established by balancing a force originating
from ink meniscus formed in the region of the annular orifice and a
negative pressure provided by the spring. Although the mechanical 10
configuration is relatively simple, it is insufficient in stability in
maintaining the enclosed system. Specifically, a problem arises in that
contained ink can leak out because of breakage of a liquid seal that is
attributable to various conditions such as a difference between air
pressures inside 15 and outside the container, a reduction of the viscosity
of ink resulting from an increase in the temperature of ink, a shock or
drop that occurs when the ink tank is handled alone, and acceleration that
occurs during main scanning according to the serial recording method, in
particular. Further, a liquid seal 20 is vulnerable to humidity changes
such as drying, which causes variations in the operation of introducing air
bubbles and consequently reduces the capability of supplying ink to a
recording head and hence the quality of recording. It is assumed that the
above publications have disclosed 25 configurations in which an entrance
maze serving as an overflow container and ensuring a humidity gradient is
provided contiguously with a boss in order to prevent such problems , but
the configurations become complicated accordingly. Further, since the other
end of the channel in the form of a maze is always 30 in communication with
the atmosphere, a certain degree of ink   evaporation is unavoidable. 



When ink in the container is used up, outside air is abruptly introduced to
eliminate the negative pressure in the container. This can cause ink
remaining in the region of the recording head 5 to leak out through the
ejection port, and the residual ink can leak out through the annular
orifice that no longer forms meniscus. Further, in those examples of the
related art, there is provided an opening section for directly introducing
the 10 atmosphere into an ink tank . As a result , the quantity of gases in
the ink tank becomes relatively great in a region in the ink tank where ink
is nearly used up depending on the size and position of the opening
section, which can result in incomplete holding of meniscuses at the ink
ejection port or opening section 15 when the negative pressure is
eliminated as a result of introduction of the atmosphere and can therefore
lead to leakage of ink or incomplete introduction of the atmosphere. In
addition, breakage of a liquid seal can occur because of various conditions
such as a difference between air pressures 20 inside and outside the
container, a temperature rise of drop, a shock or drop that occurs when the
ink tank is handled alone, and acceleration that occurs during main
scanning according to the serial recording method, in particular. This
results in a problem in that air can be introduced or ink can leak out 26
conversely even when a pressure in the container has not reached a
predetermined value. Further, such conditions can vary depending on the
designs of the recording head and ink tank or physical properties of ink,
and a problem arises also in that designing must be adequately carried out
in accordance with the 30 shape and dimensions of the opening section and
the basic   _ g _ configuration of the negative pressure generating
mechanism depending on each mode of use. The above ink tank utilizing a
liquid seal for introducing air creates problems such as a reduction of
freedom in designing 5 a recording apparatus in addition to problems
inherent in it . as described above. Specifically, it is not easy to
configure such a liquid seal section as an element separate from an ink
tank by making it detachable from the ink tank, for example. In case that
the 10 liquid seal section is provided as a separate element, a complicated
process or apparatus configuration will be required when attaching the
element to an ink tank directly or connecting it to the ink tank indirectly
through a tube in order to form preferable meniscus in an annular section
as described above 15 taking factors such as a difference between pressures
inside and outside the ink tank into consideration. When the liquid seal
section is provided in a position apart from an ink tank with a tube
interposed therebetween, the tube must be filled with ink to form meniscus
at the liquid seal 20 section. However, the ink in the tube will be
returned to the ink tank when air is introduced through the liquid seal
section, and a complicated process or configuration will be required to
refill the tube with ink thereafter as described above. 



The technique disclosed in the Japanese Patent Application 25 Laid-open No.
6-183023 ( 1994 ) employs a structure in which air is introduced through a
microscopic gap between a thin plate-like member and a flexible sheet. This
has resulted in another problem in that a negative pressure becomes
unstable when air is introduced because the force for causing separation as
30 described is changed by a capillary force that is generated when   _ g _
a liquid enters the gap. Further , in order to provide a suf f icient buf f
Bring function , a member that has extremely low rigidity and that is easy
to deform is used as the flexible member for moderating an internal 6
pressure of a container by substantially increasing the volumetric capacity
of the container through the deformation of the flexible member itself when
the pressure of a gas (air) in the container increases as a result of a
temperature rise. However, since a material having low rigidity used as
such 10 a flexible member has a small thickness and exhibits high
permeability against gases in general, it is likely to allow a gas to
penetrate into a container because of an osmotic pressure of the gas. This
has resulted in the possibility of insufficient performance of the
buffering function when a liquid is kept in 15 the container for a long
time because a gas (air) can penetrate into the container in a quantity
that cannot be handled by the buffering function for absorbing expansion of
the gas in the container. Therefore, it has been necessary to use a quite
expensive material having a metal deposited thereon as the 20 material of
the flexible member in order to achieve low rigidity and a reduction in gas
permeability at the same time. SUI~iARY OF THE INVENTION 26 From the above,
the inventors first found that it is undesirable to eliminate a negative
pressure in a liquid container by introducing air into the container and
that it is important to return the pressure to a predetermined negative
pressure value. Further, the inventors consider that an 30 appropriate
amount of air must be introduced for this purpose .   - 10  In particular,
when a liquid container is used as an ink tank for directly supplying into
to an ink jet recording head, it is inevitable to supply ink at a stable
rate of flow and in a stable amount to perform recording at a high speed
with high 5 quality. For this purpose, it is strongly desired to keep a
substantially constant resistance in an ink supply channel against a flow
of ink. Therefore, the stabilization of a negative pressure in an ink tank
is an important factor and, more specifically, it is important to keep the
negative pressure 



10 in a predetermined range. For this purpose, a part for introducing air
must operate with reliability. It is also important to allow a liquid to be
contained in a container in a proper state by reducing opportunities when
those members are subjected to an osmotic pressure of a gas to ib reduce
penetration of the gas into the container and to allow the contained liquid
to be supplied with stability. The invention has been made taking the
above-described problems into consideration and achieves at least one of
the following aims. 20 In a configuration of a containing portion of a
liquid (e.g. , ink ) to be supplied to the outside ( a . g . , a recording
head ) having a section for generating a required negative pressure and an
air introducing section for keeping the negative pressure within a proper
range by allowing air to be introduced into the 25 containing section in
accordance with an increase in a negative pressure therein as a result of
the supply of the liquid, the invention makes it possible to prevent the
liquid from leaking out though the air introducing section in any
environment of use and storage and to maintain stable negative pressure 30
characteristics regardless of the phase of consumption of the   - 11
liquid. The invention provides a liquid container (such as an ink tank) in
which introduction of outside air for maintaining a constant negative
pressure in the liquid container is performed 5 reliably at adequate timing
to stabilize the negative pressure with higher reliability and in which
leakage of a liquid through a liquid supply port is prevented even at an
abrupt ambient change to avoid wasteful consumption of the liquid
eventually, and the invention also provides a liquid-consuming apparatus
(such as 10 an ink jet recording apparatus) utilizing the liquid container.
The invention provides an ink tank having a negative pressure adjusting
mechanism with which problems inherent in ink tanks as described above
utilizing a liquid seal can be solved and with which freedom in designing a
recording apparatus can 15 be improved, an ink jet recording head, an ink
jet cartridge having the ink jet recording head and the ink tank as
integral parts thereof, and an ink jet recording apparatus. The invention
provides a liquid container with a simple structure which absorbs changes
in a negative pressure therein 20 as a result of consumption of a liquid to
stabilize the negative pressure, which prevents leakage of the liquid
through a liquid supply port even at an abrupt ambient change , and which
can be manufactured at a low cost, and the invention provides a
liquid-ejection recording apparatus utilizing the liquid 26 container. The
invention provides a liquid container a part of which is constituted by a
flexible member and a member having high gas permeability, in which a
liquid can be properly contained by reducing opportunities when those
members are subjected to 30 an osmotic pressure of a gas to reduce
penetration of the gas  



- 12  into the container, and from which the contained liquid can be
supplied with stability, the invention also providing a recording apparatus
utilizing the same. In a first aspect of the invention, there is provided a
liquid 5 container comprising: a containing portion defining a containing
space for liquid; a liquid supply portion provided with the containing
portion and forming a liquid supply port for supplying liquid contained in
the containing portion to the outside; 10 a one-way valve arranged on the
containing portion for allowing an introduction of gas into the containing
space from outside, and preventing a leakage of liquid and gas to the
outside; and a mechanism having a function for keeping or expanding a 15
capacity of the containing space, wherein the one-way valve controls a
negative pressure in the containing space caused by consumption of liquid
in the containing portion. Here , the mechanism may include a movable
member equipped 20 with at least a part of the containing portion
displaceably or deformably, and an urging means for urging the movable
member 



in a direction a capacity of the containing space increases. Further, the
containing portion may have a deformable flexible member in a part thereof
as the movable member and is 25 configured so that liquid is present inside
the flexible member contacting with the outside space. There is provided a
liquid using apparatus connectable with the liquid container according to
the first aspect and using liquid supplied from the containing space. 30
Further, there is provided a recording apparatus comprising   - 13  means
using the liquid using apparatus having a configuration of recording head
for performing a recording with ink supplied from the liquid container
which contains ink as the liquid. Still further, there is provided an ink
jet head cartridge 5 comprising: an ink jet head for ejecting ink; and a
liquid container, according to the first aspect, for containing ink as the
liquid to be supplied to the ink jet head. In a second aspect of the
invention, there is provided a 10 liquid supplying method for supplying
liquid to the outside from a containing portion defining a containing space
for liquid 



through a supply port formed on the containing portion, comprising the
steps of: providing a one-way valve for allowing an introduction of 15 gas
into the containing space from outside, and preventing a leakage of liquid
and gas to the outside; providing a mechanism having a function for keeping
or expanding a capacity of the containing space, and; controlling a
negative pressure in the containing space 20 caused by consumption of
liquid in the containing portion by the one-way valve. In a third aspect of
the invention, there is provided a liquid supply apparatus, comprising: a
containing portion which defines a containing space for 25 liquid and
includes a liquid supply portion for forming a liquid supply port for
supplying contained liquid to the outside and a gas introduction portion
for introducing gas from outside into the containing space; a mechanism
having a function for keeping or expanding a 30 capacity of the containing
space; and   - 14  a one-way valve having a gas introducing member
mountable 



on the gas introduction portion in which, in the state where the gas
introduction member is mounted onto the gas introduction portion, an
introduction of the gas is allowed through the gas 5 introduction portion
and a leakage of liquid and gas from the containing space to the outside is
prevented, and the one-way valve for controlling a negative pressure in the
containing space caused by consumption of liquid in the containing portion.
There is provided an ink tank for the liquid supply apparatus 10 according
to the third aspect, comprising: the containing portion for containing ink
as the liquid; and a mechanism having a function for keeping or expanding a
capacity of the containing space. 15 Further, there is provided an ink jet
recording apparatus for performing a recording by ejecting ink onto a
recording medium by using this ink tank and a recording head for ejecting
ink supplied by the ink tank, comprising: a holder for mounting the ink
tank; 20 a one-way valve for allowing communication of fluid flowing into
one direction and preventing communication of fluid toward the other
direction; and a flow path being connected with the one-way valve and being
open and closed thereby; wherein 



25 the holder having a member communicating with the flow path and the ink
tank having a mounting portion capable of detachably mounting the member of
the holder, whereby gas is introduceable thereinto through the one-way
valve and the member of the holder. There is provided an ink jet cartridge,
comprising: 30 an ink tank for constituting the liquid supply apparatus   -
15  according to the third aspect , the ink tank having the containing
portion for containing ink as the liquid and a mechanism having a function
for keeping or expanding a capacity of the containing space; and b an
recording head for ejecting ink supplied from the ink tank through a
communicating path, the recording head being formed integral with the ink
tank. Further , there is provided an ink j et recording apparatus for
performing a recording by ejecting ink onto a recording 10 medium by using
this ink jet cartridge, comprising: a holder for mounting the ink jet
cartridge; a one-way valve for allowing communication of fluid flowing into
one direction and preventing communication of fluid toward the other
direction; and 15 a flow path being connected with the one-way valve and
being open and closed thereby; wherein the holder having a member
communicating with the flow path 



and the ink tank of the ink jet cartridge having a mounting portion capable
of detachably mounting the member of the holder, 20 whereby gas is
introduceable thereinto through the one-way valve and the member of the
holder. In a fourth aspect of the invention, there is provided a one-way
valve for, mounted on a containing portion which defines a containing space
for liquid, allowing an introduction of gas 26 from outside to the
containing space and preventing a leakage of liquid and gas from the
containing space to the outside, the one-way valve comprising: a hollow gas
introduction member for inserting into the containing space; 30 a valve
chamber communicated with the gas introduction   - 16  member and having an
opening portion which allows an introduction of gas from outside; and an
opening/closing member which is provided with the valve chamber and urged
in the direction the opening portion is closed, 5 whereby being activated
to open the opening portion if the pressure within the containing space
becomes less than the predetermined value. 



In a fifth aspect of the invention, there is provided a liquid container,
comprising: 10 a liquid containing chamber having a movable member defining
a containing space of liquid at least in part thereof and being deformable
according to a supply of the liquid to the outside, and having a liquid
supply port for supplying liquid contained therein; and 15 a valve chamber
communicating with the containing space and having a one-way valve which
allows an introduction of gas into the containing space form outside and
prevents a leakage of liquid and gas to the outside from the containing
space; wherein the liquid containing chamber includes an elastic member 20
for generating an urging force F1 in the direction increasing a content of
the containing space, and an urging means for receiving the urging force F1
to urge the movable member with an area S1 against the direction; the valve
chamber includes a valve controlling member for 25 generating an urging
force F2 in order to control an opening operation of the on-way valve, and
a closing means for receiving the urging force F2 to close the one-way
valve by an act of the urging force F2 with an area S2; and the one-way
valve is configured to be open in order to 30 introduce air from outside,
assuming that the pressure resulted   - 17  



from the meniscus of the liquid formed in a communicating portion which
makes a communication between the containing space and the valve chamber
when the liquid is present in the communicating portion is PM, the height
between the meniscus and the uppermost 5 of ink in the containing space is
h, the density of the liquid is p, and the acceleration of gravitation is
g, respectively; an absolute value of the negative pressure PV = - (F1/S1)
+ hxpxg + PM acting on the valve chamber satisfies ~PV~ > ~F2~/S2. 10 Here,
the valve chamber may be configured to have a communication with the
containing space at a portion of the liquid containing chamber which
retains the introduced gas , and when the following formula ~F1~/S1 >
~F2~/S2 15 is satisfied, the one-way valve is open to introduce air from
outside. In a sixth aspect of the invention, there is provided a liquid
container, comprising: a movable member which defines a containing space
for liquid 20 and is displaceable according to supply of the liquid; a
liquid supply port for supplying the contained liquid to the outside; and a
one-way valve having a port capable of introducing gas into the containing
space and a sealing member for sealing the 25 port; wherein the one-way
valve is opened to introduce the gas when a capacity of the containing
space starts to decrease due to a 



displacement of the movable member according to supply of the liquid and
becomes lower than the predetermined value. 30 In a seventh aspect of the
invention, there is provided a   - 18  liquid container having a liquid
supply port for supplying the contained liquid to the outside and a valve
chamber equipped with a one-way valve for allowing an introduction of gas
into the containing space from outside and preventing a leakage of 5 liquid
and gas from the containing space to the outside, the liquid container
being generally sealed except for the liquid supply port and the one-way
valve, comprising: a negative pressure generating means for applying
negative pressure to the liquid supply from the liquid supply port; and 10
a negative pressure controlling means for controlling the negative pressure
by introducing the gas, wherein the negative pressure controlling means has
a function to prevent a discharge caused by an operation tempting to
discharge liquid and gas to the outside therefrom. 15 In a eighth aspect of
the invention, there is provided a liquid container, comprising: a movable
member which defines a containing space for liquid and is displaceable in
accordance with a supply of the liquid; a liquid supply port for supplying
the contained liquid to 20 the outside; an opening capable of introduction
of gas into the containing space; and a valve body for sealing the opening;
wherein, the containing space is configured to maintain the capacity 25
thereof about the predetermined value regardless of a supply of the liquid
and an introduction of the gas, after the capacity of the containing space
starts to decrease according to the supply of the liquid from the state
where the containing space is generally filled with the liquid to be lower
than the 30 predetermined value which causes an introduction of gas.   - 19
There is provided a liquid using apparatus capable of being joined with the
liquid container according to any one of the fifth to eighth aspects,
wherein liquid supplied from the containing space is used. 5 Further, there
is provided a recording apparatus utilizing 



a liquid container according to any one of the fifth to eighth aspects in
which an ink as a recording agent is contained, and performing a recording
with ink supplied from the containing space. 10 Moreover, there is provided
an ink jet cartridge, comprising; a liquid container according to any one
of the fifth to eighth aspects in which an ink as a recording agent is
contained; and a recording head capable of a jecting ink from an ink a
jection lb port, the recording head being joined with the containing space
and the ink being supplied from the containing space. In the above, an ink
as the liquid may contain pigment as a color material. Incidentally, in the
present specification, the wording 20 "recording" means not only a
condition of forming significant information such as characters and
drawings , but also a condition of forming images, designs, patterns and
the like on printing medium widely or a condition of processing the
printing media, regardless of significance or unmeaning or of being
actualized 25 in such manner that a man can be perceptive through visual
perception. Further, the wording "printing medium" means not only a paper
used in a conventional printing apparatus but also everything capable of
accepting inks, such as fabrics, plastic 30 f films , metal plates ,
glasses , ceramics , wood and leathers , and   - 20  in the following, will
be also represented by a "sheet" or simply by "paper". Still further, the
wording "ink" should be interpreted in a broad sense as well as a
definition of the above "printing" 6 and thus the ink, by being applied on
the printing media, shall mean a liquid to be used for forming images ,
designs , patterns and the like, processing the printing medium or
processing inks ( for example, coagulation or encapsulation of coloring
materials in the inks to be applied to the printing media). 10 The above
and other objects, effects, features and advantages of the present
invention will become more apparent from the following description of
embodiments thereof taken in conjunction with the accompanying drawings. 



15 BREIF DESCRIPTION OF THE DRAWINGS Figs. 1A and 1B are illustrations for
explaining problems with a liquid container according to the related art
into which outside air is introduced to moderate an increase of a negative
20 pressure that occurs as a result of consumption of a liquid ( ink ) ;
Fig. 2 is a schematic sectional view of a configuration of an ink tank and
a recording head in a first embodiment of a basic configuration according
to the invention; Figs. 3A and 3B are sectional views for explaining 25
operations of a one-way valve in Fig. 2; Figs . 4A, 4B, and 4C are
sectional views for explaining an operation of the ink tank in Fig. 2; Fig.
5 is an illustration for explaining a relationship between the amount of
supplying ink and changes in a pressure 30 in a containing space S when the
ink tank in Fig. 2 is used;   - 21  Fig. 6 is a sectional view for
explaining an operation of the ink tank in Fig. 2; Fig. 7 is a schematic
sectional view of a configuration of an ink tank in a second embodiment of
a basic configuration 5 according to the present invention; 



Fig. 8 is a schematic sectional view of a configuration of an ink tank in a
third embodiment of a basic configuration according to the present
invention; Fig. 9 is a perspective view of a configuration of an ink 10
tank in a fourth embodiment of a basic configuration according to the
present invention; Figs . 10A, 10B, and 10C are illustrations of steps of
forming a tank sheet of the ink tank shown in Fig. 9; Fig. 11A is an
illustration of a step of manufacturing a 15 spring unit of the ink tank in
Fig. 9, and Fig. 11B is an illustration of a step of manufacturing a
spring/sheet unit of the ink tank in Fig. 9; Figs. 12A and 12B illustrate
steps of manufacturing a spring/sheet/frame unit of the ink tank in Fig. 9;
20 Fig. 13 is an illustration of a step of combining the spring/sheet unit
and the spring/sheet/frame unit of the ink tank in Fig. 9; Figs . 14A and
14B are sectional views of ma jor parts at the combining step in Fig. 13;
25 Fig . 15 is a sectional view of an ink tank containing unit configured
by using the ink tank in Fig. 9; Fig. 16 is a sectional view of an ink tank
containing unit configured by using a plurality of the ink tanks in Fig. 9;



Fig . 17 is a perspective view showing an example of an ink 30 jet
recording apparatus to which the present invention is   - 22  applicable:
Fig. 18 is a schematic sectional view for explaining a first example for
coupling of an ink tank, a one-way valve, and a recording head; 5 Fig . 19
is a schematic sectional view for explaining a second example for coupling
of an ink tank, a one-way valve, and a recording head; Fig. 20 is a
schematic sectional view for explaining a third example for coupling of an
ink tank, a one-way valve, and a 10 recording head; Figs . 21A to 21C is
illustrations for explaining a control of a negative pressure in the ink
tank shown in Fig. 20 as a result of the supply of the ink, Fig. 22 is a
schematic sectional view for explaining a fourth 15 example for coupling of
an ink tank, a one-Way valve, and a recording head; Fig. 23 is a schematic
sectional view for explaining a fifth example for coupling of an ink tank,
a one-way valve, and a 



recording head; 20 Fig. 24 is a schematic sectional view for explaining a
sixth example for coupling of an ink tank, a one-way valve, and a recording
head: Fig. 25 is a schematic sectional view for explaining a seventh
example for coupling of an ink tank, a one-way valve, 2b and a recording
head; Figs. 26A and 26B show two examples of mechanism for attaching an ink
tank and recording head; Figs. 27A to 27C are schematic sectional views for
explaining a configuration and an operation of a first embodiment 30 of an
ink supplying device having a one-way valve in another   - 23  aspect of
the present invention; Fig. 27A showing a state of the same in which an
opening section for introducing atmosphere is sealed; Fig. 27B showing a
state of the same immediately before separation of the atmosphere
introducing opening section as a 5 result of contraction of an ink tank;
Fig. 27C showing a state of the same in which the atmosphere introducing
opening section is opened to introduce air; Figs. 28A to 28D are schematic
sectional views for explaining a conf iguration and an operation of a
second example 10 of an ink supplying device having a one-way valve in the
other aspect of the present invention; Fig. 28A showing a state of the same
in which an opening section for introducing atmosphere is sealed; Fig. 28B
showing a state of the same immediately before separation of the atmosphere
introducing opening section as a 15 result of contraction of an ink tank;
Fig. 28C showing a state of the same in which the atmosphere introducing
opening section is opened to introduce air; Fig. 28D showing a
configuration of a sealing member; Fig. 29 is a schematic sectional view
for explaining a 20 configuration of a third embodiment of an ink supplying
device having a one-way valve in the other aspect of the invention; Fig. 30
is a schematic sectional view for explaining a configuration of a fourth
embodiment of an ink supplying device having a one-way valve in the other
aspect of the invention; 26 Fig. 31 is a schematic sectional view for
explaining a configuration of a fifth embodiment of an ink supplying device
having a one-way valve in the other aspect of the invention; 



Fig. 32 is a schematic sectional view for explaining a configuration of a
sixth embodiment of an ink supplying device 30 having a one-way valve in
the other aspect of the invention;   - 24  Fig. 33 is a schematic sectional
view for explaining an example of a configuration of the ink tank focusing
on a gas permeation. Figs . 34A, 34B, and 34C illustrate states of use of
the ink 6 tank i~ Fig. 33; Fig. 35 illustrates an osmotic pressure of a gas
in the ink tank in Fig. 33; Fig. 36 is a schematic sectional view for
explaining an example of another configuration of the ink tank focusing on
10 a gas transmission. Fig. 37 is a schematic sectional view showing an
example of an ink container which is a liquid container used in still
another embodiment of the invention and onto which an ink jet recording
head is integrally mounted; 15 Figs . 38A to 38E are illustrations for
explaining operations of the ink container shown in Fig. 37; Fig.39 is an
illustration showing a relationship between a negative pressure in an ink
containing space of the ink container shown in Fig. 37 and the amount of
remaining ink; 



20 Fig. 40 is a schematic sectional view showing another example of an ink
container which is a liquid container used in still another embodiment of
the invention and onto which an ink jet recording head is integrally
mounted; Fig. 41 is an illustration showing how a volumetric capacity 25 of
an ink containing space changes in accordance with the amount of extracted
liquid (ink) in order to explain a function of a buffer area for preventing
pressure fluctuations formed by the ink container shown in Fig. 37; Figs.
42A and 42B are schematic sectional views for 30 explaining an example of a
configuration and an operation of   - 25  another embodiment of an ink
container in which a preferable buffer area is formed; Figs. 43A and 43B
are schematic sectional views for explaining an example of a configuration
and an operation of 5 still another embodiment of an ink container in which
a preferable buffer area is formed; Fig. 44 is an illustration for
explaining design parameters for the configuration in Fig. 42A; and Fig. 45
is a schematic sectional view showing a state of 



10 the configuration in Fig. 42A in which ink has been extracted from a
supply port to nearly use up the same. Fig. 46A to 46F are schematic
sectional views for explaining an example of a configuration and an
operation of an ink tank to be considered in order to have a design
condition thereof 15 generalize. Fig. 47 illustrates a relationship between
a negative pressure in an ink tank shown in Fig. 46A and the amount of
remaining ink; Fig. 48 illustrates a relationship between a negative 20
pressure in a modified configuration of an ink tank shown in Fig. 46A and
the amount of remaining ink; Figs. 49A and 49B each illustrates an example
of a configuration of an ink tank different from the configuration shown
Fig. 46A and a relationship between a negative pressure 25 therein and the
amount of remaining ink; and Figs . 50A and 50B each illustrates an example
of an ink tank of another configuration shown in Fig. 46A and a
relationship between a negative pressure therein and the amount of
remaining ink. 30   



- 26  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
invention will now be described in detail with reference to the drawings. 5
Various embodiments of the invention applied to an ink jet recording
apparatus will be described below. Specifically, a liquid container
contains ink to be supplied to an ink jet recording head, and the term
"ink" may therefore be substituted for the term "liquid" . Specifically,
the present invention is 10 effective for an ink containing color material.
More specifically, the present invention is preferable for an ink
containing pigment to ensure more excellent ink supply characteristic. 1.
Embodiments of Basic Configuration 15 1.1 First Embodiment of Basic
Configuration Figs. 2 to 6 illustrate a first embodiment of a basic
configuration of the invention. In Fig. 2, reference numeral 10 represents
a cartridge type ink tank ( also referred to as "ink cartridge" ) in which
ink can 20 be contained, and reference numeral 20 represents a recording
head that can eject ink supplied from the ink tank 10. The recording head
20 is not limited to any particular method of ejecting ink and, for
example, thermal energy generated by an electrothermal conversion body may
be used as energy for a jecting 25 ink. In this case, film boiling of ink
may be caused by heat generated by the eletcrothermal transducer, and ink
may be ejected through an ink ejection port by foaming energy at that time
. The ink tank 10 and the recording head 20 in the present embodiment may
be separably or inseparably coupled to configure 30 an ink jet cartridge
that can be mounted to and detached from   - 27  an ink jet recording
apparatus . Therefore, the cartridge type ink tank 10 or the recording head
20 may be independently replaced with new ones, or the ink jet cartridge as
a whole may be replaced with new one. 6 An ink containing space S is
defined by a movable member 11 in the ink tank 10. A space above the
movable member 11 in the ink tank 10 is exposed to the atmosphere at an
atmosphere communication port 12 to be put under a pressure equal to the
atmospheric pressure. An outer casing 13 of the ink tank 10 10 serves as a
shell for protecting the movable member 11 from an external force. The
movable member 11 of the present embodiment is constituted by a deformable
flexible film ( sheet member) whose configuration in a central section
thereof is regulated by a plate 14 and which has a trapezoidal side
configuration. As will 15 be described later, the movable member 11 is
deformed in 



accordance with changes in the amount of ink in the containing space S and
fluctuations of a pressure in the same . In such cases , the peripheral
section of the movable member 11 is expanded and contracted or deformed in
a good balance, and the central section 20 of the moveable member 11 moves
up end down with a substantially horizontal attitude or orientation thereof
maintained. Since the movable member 11 is thus smoothly deformed (moved),
the deformation will cause no shock, and there w111 be no abnormal pressure
fluctuation attributable to shock in the containing 25 space S . In the ink
containing space S, there is provided a spring member 40 in the form of a
compression spring for exerting a force that expands the movable member 11
outward through the plate 14 to generate a negative pressure within a range
in which 30 an ink ejecting operation of the recording head can be
performed   - 28  in equilibrium with an ability for holding meniscus
formed at an ink ejecting port of the recording head. Fig. 2 shows a state
in which the containing section S is substantially fully charged with ink,
and the spring member 40 is compressed to generate 6 an adequate negative
pressure in the ink tank even in this state. The recording head 20 is
equipped with hollow needles 21 and 22 that can be stuck into rubber plugs
17 and 18. The hollow needle 21 is stuck into the rubber plug 17 to form a
supply channel L1 for supplying the ink in the containing space S to the 10
recording head 20. A filter 23 is provided in the supply channel L1.
Reference numeral 24 represents a sealing member such as a rubber that is
in tight contact with the rubber plug 17. The other hollow needle 22 is
stuck into the rubber plug 18 to form a communication channel L2 for
exposing the containing space 15 S to the atmosphere . A one-way valve 30
that is schematically shown in Fig. 2 is provided in the communication
channel L2. Reference numeral 25 represents a sealing member such as a
rubber that is in tight contact with the rubber plug 18. The rubber plugs
17 and 18 may be formed with slits 17A and 18A to allow 20 the hollow
needles 21 and 22 to be stuck easily. When the hollow needles 21 and 22 are
not stuck into the slits 17A and 18A, the slits are closed by an elastic
force of the rubber plugs 17 and 18. An ink supply port 15 and a
communication port 16 are formed at the bottom of the ink tank 10, and they
are closed by the 25 rubber plugs 17 and 18. Therefore, the ink containing
space S is completely sealed when the hollow needles 21 and 22 are not
stuck and is substantially sealed when the needles are stuck except for the
ink supply port 15 and the communication port 16. 30 The schematically
illustrated one-way valve shown in   - 29  ffigures shows its function
symbolically. The states of the valve in the figures do not indicate an
opening state or a closing state of the valve as they are. Other figures
illustrating the one-way valve symbolically as above are to be considered 



6 likewise. Figs. 3A and 3B illustrate an example of a specific
configuration and an operation of the one-way valve 30 according to the
present invention when applied to the configuration shown in Fig. 2. It is
a matter of course that such configuration in 10 performing the operation
can be utilized in the similar manner to the other examples which will be
explained hereinafter. In Fig. 3A, the one-way valve 30 of the present
embodiment has a configuration to be connected to the ink tank 10 through a
hollow needle ( tube ) 22 having direct communication with the 15 tank.
Such valve herein is configured as a diaphragm valve utilizing a diaphragm
31. Specifically, the diaphragm 31 is formed with an opening section 31A at
a fixed position in a face-to-face relationship with a sealing member 32
provided with a housing 36 in a fixed manner. The opening 31A is normally
20 sealed with the sealing member 32. The diaphragm 31 is urged by a spring
member 33 downward in Fig. 3A through a support plate 34 explained later.
The opening 36A having a communication with the atmosphere is provided on
the housing 36 that constitutes a valve chamber R in which the diaphragm 31
and the spring member 25 33 are provided, and the sealing member 32 is
fixed in a position in a face-to-face relationship with the opening 31A.
When the opening section 31A is pressed against the sealing member 32 as
shown in Fig. 3A, the opening section 31A is closed to block the
communication channel L2 between the valve chamber R and 30 the atmosphere.
The support plate 34 is in tight contact with   - 30  the diaphragm 31 and
has an opening 34A corresponding to the opening section 31A as well. An
establishment of communication between the valve chamber R and the ink tank
10 through the hollow needle 22 will results in a presence of ink in the
ink tank to 6 the extent of an end of the hollow needle 22 or of a certain
position within the hollow needle. Therefore, the valve chamber R has the
same internal pressure as that in the ink containing space S. When ink is
supplied from the ink tank 10 to the recording 10 head 20 to reduce the
amount of ink in the containing space S , the pressure in the containing
space S ( inner pressure ) decreases (the negative pressure increases)
accordingly. When the pressure in the containing space S becomes equal to
or less than a predetermined value ( equal to or more than the
predetermined 15 negative pressure) , the opening section 31A gets away
from the sealing member 32 to have a communication with atmosphere . That
is , the air in the valve chamber R is supplied due to the reduction of the
pressure within the containing space S, resulting in an increase of the
negative pressure in the valve chamber R. When 20 the negative pressure in
the valve chamber R reaches a predetermined value, the diaphragm 31 and the
support plate 34 move toward a side of the valve chamber R against the
urging force of the spring member 33 because a difference between the
pressures inside and atmosphere (outside the chamber R) excesses 25 the
urging force of the spring member 33, resulting in a separation of the
opening section 31A from the sealing member 32. As a result thereof, the
opening section 31A opens to introduce outside air under a pressure higher
than that in the valve chamber R into the valve chamber R. Such
introduction of 



30 outside air moderates the pressure in the valve chamber R and   - 31
the containing space S, and the opening section 31A is then closed again by
the urging force of the spring member 33. Up to this point, the pressure in
the valve chamber R rises near to that of the atmosphere. The urging force
of the spring 33 causes a 5 displacement of the diaphragm 31 toward the
seal member 32 to establish a tight contact therebetween in order to keep
the predetermined negative pressure. Such an function of opening and
closing the one-way valve 30 keeps the pressure in the valve chamber R and
the ink 10 containing space S at the predetermined pressure (a pressure
smaller than that of the atmosphere). The valve chamber R and the ink
containing space S are in communication with each other through the hollow
needle 22 , and an opening 22A at the end of the hollow needle 22 is in
contact 15 with ink, which results in the formation of meniscuses 22B, an
interface formed between the ink and the air that pro jects toward the ink
containing space S, at the opening 22A. When the negative pressure in the
containing space S exceeds the predetermined value due to a supply of ink
into the recording 20 head 20, a pressure difference occurs between the
interior of the containing space S and the valve chamber R. At the instant
when the pressure difference exceeds a meniscus holding capacity, air is
introduced into the containing space S to eliminate the pressure
difference. Next, according to a continuous reduction 25 of the pressure
within the containing space S, the diaphragm 31 is displaced upward in Figs
. 3A and 3B by the pressure while compressing the spring member 33 , which
opens the opening section 31A to introduce air into the valve chamber R .
This moderates the negative pressure in the valve chamber R and produces a
30 pressure difference between the interior of the containing space   - 32
S and the valve chamber R at the same time , and air consequently breaks
the meniscuses at the opening 22A at the end of the hollow needle 22 to be
introduced into the containing space S. At the instant when opening section
31A is opened to start 6 the introduction of air, turbulence may occur in
the air flow. In the present example, however, since the valve chamber R
and the ink containing space S are in communication with each other through
the hollow needle 22 and the opening 22A at the end of the hollow needle 22
has a configuration to allow meniscuses 10 to be formed, there will be no
flow of a great amount of ink into the valve chamber R. Even when ink
enters the valve chamber R as a result of an ambient change or a swing of
the apparatus during transportation, since the ink is returned to the
containing space S as a result 



15 of the operation of introducing air to adjust the negative pressure in
the ink containing chamber S, the ink tank 10 and the one-way valve 30
eventually return to preferable states. Taking the above operation into
consideration, it is preferable to determine an opening dimension a of the
opening 20 22A at the end of the hollow needle 22 such that the meniscus
holding capacity will be smaller than the force to open the opening section
31A into the valve chamber R . For example , the opening preferably has a
circular configuration with an opening diameter of 5 mm or less and more
preferably has a circular 2b configuration with an opening diameter of 1 mm
or less . A length L of the hollow needle 22 is preferably such a dimension
that ink is unlikely to reach the valve chamber R even when it is moved
toward the valve chamber R by turbulence in the air f low as described
above , the dimension precisely being 0 . 5 mm or more 30 and more
preferably being 5 mm or more, for example.   - 33  Such configurations are
quite advantageous under conditions other than conditions of the actual use
of the apparatus such as a swing of the apparatus during transportation and
an ambient change, and it provides very preferable performance with regard
5 to the stability of a negative pressure in relation to the recording
head. Such opening and closing functions of the one-way valve 30 , the
interiors of the valve chamber R and the ink containing space S are kept at
a constant pressure. 10 Figs . 4A, 4B, and 4C illustrate an ink supplying
operation of the ink tank 10 that is coupled with the recording head 20.
Fig. 4A shows a state of the ink tank 10 that is reached when a small
amount of ink is consumed from an initial state (Fig. 2) in which the
containing space S is fully charged with 15 ink. Fig. 4B shows a state in
which the movable member 11 has been displaced downward (in the direction
of compressing the spring member 40 ) as a result of ink consumption . The
movable member 11 is at its maximum downward free displacement in the state
shown in Fig. 4B, and the flexible film as the movable 20 member 11 is
tensioned and also subjected to a load from the spring member 40 when the
ink is further consumed, which increased the negative pressure in the
containing space S . When the negative pressure in the containing space S
exceeds a predetermined air introducing pressure, the one-way valve 30 25
opens as described above to introduce outside air into the containing space
S as shown in Fig . 4C . Therefore , the pressure in the containing space S
is not decreased below the predetermined pressure, and a constant pressure
is maintained in the containing space S . As a result , ink is supplied to
the 30 recording head 20 with stability to allow a recording operation   -
34  



to be performed as desired. Therefore, an ink tank having the
above-described configuration will be preferred for the efficient and
adequate application of the present invention. Fig. 5 shows a relationship
between the amount of ink 5 supplied using the ink tank in the present
embodiment of the invention and changes in the pressure in the containing
space S . In a configuration as disclosed in the above-cited Japanese
Patent Application Laid-open No. 7-125240 (1995) or Japanese Patent
Application Laid-open No. 7-125241 (1995) in which an 10 enclosed system is
established by balancing a force originating from ink meniscus (a liquid
seal) formed in the region of an annular orifice and a negative pressure
provided by a spring, the introduction and blocking of air is performed
with poor response and a pressure in a tank fluctuates significantly for 15
reasons including the fact that the configuration involves an operation of
breaking and re-forming the liquid seal before and after the introduction
of air in response to an increase in the negative pressure and the fact
that the ink level in the tank is unstable . On the contrary, in the
present embodiment of the 20 invention, the introduction (Fig. 4C) and
blocking (Fig. 4B) of air is quickly and stably performed to maintain a
stable negative pressure or stable supply of ink in a wide range until ink
is used up as shown in Fig. 5. When air residing in the containing space S
is expanded as a result of a decrease in the 25 outside air pressure or an
increase in the ambient temperature, the movable member 11 is displaced
upward as shown in Fig. 6. That is, the movable member 11 is displaced
upward according to the expansion of air in the containing space S to
absorb a pressure change resulting from the expansion of air. Further, 30
the spring member 40 exerts a load in the direction of urging   - 35  the
movable member 11 upward. A constant pressure is therefore reliably
maintained in the containing space S . As a result , ink can be supplied to
the recording head 20 with stability to perform a recording operation as
desired. As shown in Fig. 3A, the 5 one-way valve 30 remains closed or
blocked even when air in the containing space S expands as shown in Fig. 6,
which prevents ink in the ink tank 10 from leaking out. In order to allow
an increase in the volume of air introduced into the containing space S,
the amount of an increase in the 10 volumetric capacity of the space ( Vs )
as a result of deformation (upward displacement) of the movable member is
preferably determined equal to or greater than the amount of an increase of
introduced air (~Vi). Since the level of ink in the ink tank 10 is
decreased in 16 accordance with the amount of ink consumed in (extracted or
supplied from) the ink tank 10 by introducing outside air into the ink tank
10 through the one-way valve 30 as described above, the ink in the ink tank
10 can be substantially completely extracted through the supply port 15. In
addition, since the 20 one-way valve 30 prevents the ink or air (fluid) in
the ink tank 



10 from being extracted or leaked to the outside, the ink in the ink tank
10 will not leak out through the communication port 16 regardless of the
attitude or orientation of the ink tank 10 in use. Therefore, there is no
particular restriction on the 25 attitude of the ink tank 10 in use. The
one-way valve 30 is not limited to the configuration utilizing a diaphragm
described in the present example, and various configurations may be
employed including a configuration similar to that of a general check-valve
in which a valve body 30 is pressed against a valve seat by an urging force
of a spring   - 36  member. In summary, what is required for the one-way
valve 30 is to prevent extraction or leakage of fluid ( ink and gas ) from
the ink tank 10 to the outside and to allow introduction of air ( gas )
into the ink tank 10 from the outside . In case that ink 6 exists outside
the one-way valve 30 ( under the diaphragm 31 in Fig. 3B, for example) i.e.
, outside the ink tank 10 corresponding to the configuration thereof, the
one-way valve 30 allows the external ink to be introduced into the ink tank
10. The position of the communication port 16 of the ink tank 10 10 is not
limited to the bottom of the ink tank 10, and it may be in any position of
the tank. For example, the communication port 16 may be provided in a top
or side section of the ink tank 10 where air introduced into the containing
space S is located. 1.2 Second Embodiment of Basic Configuration 15 Fig. 7
illustrates a second embodiment of the basic configuration of the
invention. In the illustrated configuration, a spring member 42 in the form
of a tension spring is provided outside an ink containing space S ( the
spring member 42 exerting a force that expands a movable member 11 outward
20 to generate a negative pressure within a range in which an ink electing
operation of a recording head can be performed in equilibrium with an
ability to hold meniscuses formed at an ink electing section of the
recording head. That is, the function of the spring member 42 is 25
substantially the same as the function of the spring member 40 of the first
embodiment . However, since the present embodiment has a configuration in
which the spring member 42 is not in direct contact with ink, the spring
member itself has a long shelf life and improved stability, and freedom in
selecting an ink material 30 increases.   - 37  1.3 Third Embodiment of
Basic Configuration While the first embodiment has a configuration in which
the spring member is provided to generate a negative pressure, the spring
member may be omitted by forming the deformable flexible 5 film to serve as
a movable member using a material having spring 



properties. Specifically, the flexible film may be a material provided with
a property of being displaced in the direction of increasing the volumetric
capacity of the containing space S to have the flexible film itself serve
as a spring member as 10 an urging unit. Fig. 8 shows an embodiment of such
a configuration in which a movable member 11' is formed using a flexible
film having appropriate spring properties to achieve a function
substantially similar to that of the spring member 40 in the 15 first
embodiment. The present embodiment is advantageous in that ink containing
efficiency is improved and in that the manufacturing cost of an ink tank is
reduces because no special spring member is disposed. An ink tank having
such a flexible film may be obtained by 20 forming an ink tank outer wall
and an ink containing inner wall that can be deformed such that it is
separated from the outer wall simultaneously at the same step using a
direct blow forming, as disclosed in Japanese Patent Application Laid-open
No. 9-267483 (1997), for example. 25 For example, such an ink tank may be
used in a case in which a negative pressure can be maintained in a range
that is somewhat appropriate for a recording head in consideration to a
water head difference attributable to the positional relationship between
the ink tank and the recording head and the magnitude 30 of a negative
pressure generated at the recording head and in   - 38  which no problem
occurs during the ejection of ink from the recording head even though no
spring is used. 1.4 Fourth Embodiment of Basic Configuration While the
spring member in the first embodiment has been 5 described as having a
configuration like a coil spring, a configuration is possible in which a
plate or leaf spring is used. Fig. 9 is a perspective view of an ink tank
127 with such a configuration, the tank having an enclosed structure in
which 10 top and bottom spring/sheet units 114 are mounted to openings at
the top and bottom of a square frame 115 . As will be described later, the
spring/sheet unit 114 is constituted by a spring unit 112 including a
spring 107 and a pressure plate 109 and a flexible tank sheet (flexible
member) 106. The frame 115 is formed with 15 an ink supply port 15 and a
communication port 16. Figs . 10A to 14B illustrate a method of
manufacturing such an ink tank 127. First, Figs. 10A, 10B, and 10C are
illustrations of steps of forming the flexible tank sheet 106 with a convex
shape. 20 A sheet material 101 for forming the tank sheet 106 is formed
from a raw material into a sheet having a large size, and the sheet
material 101 is an important factor of the performance of the ink tank. The
sheet material 101 has low permeability against gases and ink components,
flexibility, and durability 25 against repeated deformation. Such
preferable materials include PP, PE, PVDC, EVOH, nylon, and composite
materials with deposited aluminum, silica or the like . It is also possible
to use such materialsby laminatingthem. In particular, excellent ink tank
performance can be achieved by laminating PP or PE that 30 has high
chemical resistance and PVDC, EVOH that exhibits high 



- 39  performance in blocking gases and vapors . The thickness of such a
sheet material l01 is preferably in the range from about 10 ~,m to 100 ~.im
taking softness and durability into consideration. As shown in Fig. 10A,
such a sheet material 101 is formed 5 into a convex shape using a forming
die 102 having a convex portion 103, a vacuum hole 104, and a temperature
adjusting mechanism (not shown). The sheet material 101 is absorbed by the
vacuum hole 104 and formed into a convex shape that is compliant with the
convex portion 103 by heat from the forming 10 die 102. After being formed
into the convex shape as shown in Fig. 10B, the sheet material 101 is cut
into a tank sheet 106 having a predetermined size as shown in Fig. 10C. The
size is only required to be suitable for manufacturing apparatus at
subsequent steps and may be set in accordance with the volume 15 of the ink
tank 127 for containing ink. Fig. 11A is an illustration of a step of
manufacturing the spring unit 112 used for generating a negative pressure
in the ink tank 127. A spring 107 that is formed in a semicircular
configuration in advance is mounted on a spring receiving jig 20 108, and a
pressure plate 109 is attached to the same from above through spot welding
using a welding electrode 111. A thermal adhesive 110 is applied to the
pressure plate 109 . A spring unit 112 is constituted by the spring 107 and
the pressure plate 109. Fig. 11B is an illustration of a step of mounting a
spring 25 unit 112 to the tank sheet 106 . The spring unit 112 is
positioned on an inner surface of the tank sheet 106 placed on a receiving
jig (not shown) . The thermal adhesive 110 is heated using a heat head 113
to bond the spring unit 112 and the tank sheet 106 to form a spring/sheet
unit 114. 30 Fig. 12A is an illustration of a step of welding the   - 40
spring/sheet unit 114 to the frame 115. The frame 115 is secured to a frame
receiving jig 116. After the flame 115 is positioned and placed on the j ig
116 , a sheet absorbing j ig 117 surrounding the frame 115 absorbs the
spring/sheet unit 114 to a vacuum hole 5 117A to hold the unit 114 and the
frame 115 without relative misalignment . Thereafter, a heat head 118 is
used to thermally weld annular joint surfaces of a top side circumferential
edge of the frame 115 and a circumferential edge of the tank sheet 106 of
the spring/sheet unit 114 in the figure. Since the sheet 10 absorbing jig
117 sets the top circumferential edge of the frame 115 in Fig. 12A and the
circumferential edge of the tank sheet 106 of the spring/sheet unit 114 in
a uniform face-to-face relationship, the bonding surfaces are quite
uniformly thermally welded and sealed. Therefore, the sheet absorbing jig
117 is ib important for thermal welding in order to provide uniform
sealing. 



Fig. 12B is an illustration of a step of cutting off a part of the tank
sheet 106 protruding from the frame 115 with a cutter (not shown). A
spring/sheet/frame unit 119 is completed by 20 cutting off the part of the
tank sheet 106 protruding from the frame 115. Fig. 13, Fig. 14A, and Fig.
14B are illustrations of steps of thermally welding another spring/sheet
unit 114 fabricated through the above-described steps to such a
spring/sheet/frame 26 unit 119. As shown in Fig. 13, the spring/sheet/frame
unit 119 is mounted on a receiving jig (not shown), and the periphery of
the spring/sheet/frame unit 119 is surrounded by an absorbing jig 120 whose
position is defined relative to the receiving jig. 30 The receiving jig is
in surface contact with an outer planar   - 41  section 106A of the tank
sheet 106 of the spring/sheet/frame unit 119 to hold the planar section
106A as shown in Figs. 14A and 14B. The other spring/sheet unit 114 is
absorbed and held by a holding jig 121 at an outer planar section 106A of
the tank 5 106 thereof, and the holding jig 121 is lowered to fit ends 107A
and 107B of the spring 107 of the spring/sheet unit 114 and ends 107A and
107B of the spring 107 of the spring/sheet/frame unit 119 substantially
simultaneously. The ends 107A of the springs 107 have a convex shape, and
the other ends 107B have a concave 10 shape, which causes them to fit each
other respectively an a self-alignment basis. A single spring member is
formed by combining those springs 107 as a pair of spring member forming
bodies. The holding jig 121 is further lowered to compress the pair 16 of
springs 107 as shown in Fig. 14A. In doing so, the holding jig l21 widely
presses the top planar section 106A of the spring/sheet unit 114 in Fig.
13, i.e., a top flat region of the tank sheet 106 that is formed in a
convex configuration. As a result, the position of the planar section 106A
of the tank 20 sheet 106 is regulated, and the spring/sheet unit 114
approaches the unit 119 and the jig 120 located below the same while being
kept in parallel with them. Therefore, as shown in Fig. 14B, the
circumferential edge of the tank sheet 106 of the spring sheet unit 114 is
absorbed and held at the vacuum hole 120A in 26 contact with a surface of
the absorbing j ig 120 , and it is also put in a uniform face-to-face
relationship with the welding surface ( the top joint surface in the same
figure ) of the frame 115. In this state, annular joint surfaces of the top
circumferential edge of the frame 115 of the spring/sheet/frame 30 unit 119
and the tank sheet 106 of the spring/sheet unit 114   - 42  are thermally
welded to each other with a heat head 122. By compressing the pair of
springs 107 while thus 



maintaining parallelism between the planar section 106A of the tank sheet
106 of the upper unit 114 and the planar section 106A 6 of the tank sheet
106 of the lower unit 119 , ink tanks 127 having high parallelism between
the planar sections 106A of the pair of tank sheets 106 thereof can be
produced on a mass production basis with stability. Since the pair of
springs 107 are symmetrically and uniformly compressed and deformed in
Figs. 10 14A and 14B, there will be no force that can incline the
spring/sheet unit 114, which makes it possible to produce ink tanks 127
having high parallelism between the planar sections 106A of the pair of
tank sheets 106 thereof with higher stability. Further, since the pair of
springs 107 are symmetrically and 15 uniformly compressed and deformed in
Figs. 14A and 14B, the interval between the planar sections 106A of the
pair of tank sheets 106 in a face-to-face relationship changes with higher
parallelism maintained, which consequently makes it possible to supply ink
with stability. Further, the ink tank 127 has high 20 sealing property,
pressure resistance, and durability because no force acts to incline the
planar section 106A of the flexible tank sheet 10_6. Thereafter, the part
of the tank sheet 106 protruding from the frame 115 is cut off to complete
the ink tank 127 as shown 26 in Fig. 10. The interior of the ink tank 127
has an enclosed structure that is in communication with the outside only
through the ink supply port 15 and the communication port 16. Fig . 15 is a
sectional view of the ink tank containing chamber 130 having the ink tank
manufactured through the above processes . 30 Ink can be reserved in the
ink tank 127, and the ink is   - 43  supplied from the ink supply port 15
of the ink tank 127 to a supply channel 136 through a filter 137 and is
then further supplied to the head chip 133. A heater board 134 is bonded to
the head chip 133 of the present embodiment to form an ink jet 5 recording
head, and the heater board 134 is formed with ink paths and orifices and is
provided with electrothermal transducers {heaters) to be able to eject ink
supplied from the ink tank 127. Air can be introduced into the ink tank 127
through the communication port 16 in a similar manner with the above 1b
embodiments. The ink tank containing chamber 130 having the generally
enclosed structure formed by the lid 132 is in communication with the
outside only through a small hole 142. An ink tank containing chamber 130
may be constructed in which a single ink tank 127 is contained or in which
a plurality 15 of ink tanks 127 are contained. Fig . 16 shows such a
structure in which a plurality of ink tanks 127 are contained. The ink
tanks 127 are mounted to an ink tank mounting section 131 using welding or
bonding. Thereafter, a lid 132 is mounted to an opening of the ink tank 20
containing chamber 130 using welding or bonding to form a semi-enclosed
space in the ink tank containing chamber 130. 1.5 Example of Structure of
Ink jet Printing Apparatus Fig. 17 is a perspective view of an example of
an ink jet recording apparatus as a liquid-consuming apparatus to which 25
the invention can be applied. Such a recording apparatus is a serial type
ink jet printing apparatus. In the recording apparatus 50 of the present
embodiment, a carriage 53 is guided by guide shafts 51 and 52 such that it
can be moved in main scanning directions indicated 30 by the arrow A. The
carriage 53 is moved back and forth in the 



- 44  main scanning direction by a carriage motor and a driving force
transmission mechanism such as a belt for transmitting a driving force of
the same motor. The carriage 53 carries an ink jet recording head 20 (not
shown in Fig. 17) and an ink tank (ink b container) 10 for supplying ink to
the ink jet recording head. The ink tank 10 has a structure similar to the
above embodiment , and it may form an ink jet cartridge in combination with
the ink jet recording head. Paper P as a recording medium is inserted into
an insertion hole 55 provided at a forward end of the 10 apparatus and is
then transported in a sub-scanning direction indicated by the arrow B by a
feed roller 56 after its transporting direction is inverted. The recording
apparatus 50 sequentially forms images on the paper P by repeating a
recording operation for ejecting ink toward a printing area on the paper 15
P while moving the recording head 20 in the main scanning direction and a
transporting operation for transporting the paper P in the sub-scanning
direction a distance equivalent to a recording width. The ink jet recording
head 20 may utilize thermal energy 20 generated by an electrothermal
transducer element as energy for ejecting ink. In this case, film boiling
of ink is caused by the heat generated by the electrothermal transducer
element, and ink is a jected from an ink a jection port by foaming energy
generated at that time. The method of ejecting ink from the ink 26 jet
recording head is not limited to such a method utilizing an electrothermal
transducer element and, for example, a method may be employed in which ink
is ejected utilizing a piezoelectric element. At the left end of the moving
range of the carriage 53 in 30 Fig. 17, there is provided a recovery system
unit (recovery   - 45  process unit) 58 that faces a surface of the ink jet
printing head carried by the carriage 53 where an ink ejecting portion are
formed. The recovery system unit 58 is equipped with a cap capable of
capping the ink ejection portion of the recording 5 head and a suction pump
capable of introducing a negative pressure into the cap, and the unit can
performs recovery process (also referred to as "suction recovery process" )
for maintaining a preferable ink ejecting condition of the ink jet
recording head by introducing a negative pressure in the cap covering the
10 ink ejection portion to absorb and discharge ink through the ink a
jection ports . Further, a recovery process for maintaining a preferable
ink ejecting condition of the ink jet recording head by ejecting ink
towards the cap (also referred to as "ejection recovery process") may be
performed. 16 In the recording apparatus of the present embodiment, ink is
supplied to the ink jet recording head 20 from the ink tank 10 carried by
the carriage 53 along with the ink jet recording head 20. 



1.6 Modification 20 At least a part of the inner wall of the containing
space S of the ink tank 10 may be constituted by a movable member 11 such
as a flexible film that can be deformed and, alternatively, the entire
inner wall may be constituted by such a member. In such a case, a step of
coupling the movable member 11 on an 25 exterior casing 13 can be omitted
so that the number of parts to be used can be reduced, which contributes to
produce a good effect in reducing manufacturing cost. Instead of providing
such a deformable member, a member that is displaced in accordance with the
volumetric capacity of the containing space 30 S may be provided in a part
of the wall.   - 46  Positions where the ink supply port 15 and the
communication port 16 are to be formed may be set in the ink tank 10 in
advance, and the ink supply port 15 and the communication port 16 may be
formed when the ink tank 10 is used. What is required for 5 the ink tank 10
is to be able to contain ink, and it is not necessarily required to contain
ink in advance. While a configuration of an ink tank that is inseparably or
separably integrated with a recording head and scanned in a main direction
has been described in the above embodiments, 10 the invention may be
applied to an ink tank that is provided separately from a recording head
and that is provided with a unit for supplying ink to the recording head
through a tube and generating a required negative pressure. 2. Embodiments
of Connection of Ink Tank, One-way Valve, 15 and Recording Head 



While it is possible to configure an ink jet cartridge that can be attached
to and detached from an ink jet recording apparatus by coupling a recording
head 20 and a one-way valve 30 with an ink tank 10 such that they can not
be separated from 20 each other, configurations are possible in which both
or either of the recording head and one-way valve is separable. In this
section, a description w111 be made on several embodiments of modes of
coupling an ink tank, a one-way valve, and a recording head. 25 2.1 First
Embodiment of Mode of Coupling of Ink Tank, One-way Valve, and Recording
Head Fig. 18 shows a configuration in which an ink tank 10 and a recording
head 20 are coupled such that they cannot be separated from each other and
in which the ink tank 10 and a one-way valve 30 30 are separably coupled.
In the present example, it is possible   - 47  to replace the combination
of the ink tank 10 and the recording head 20, the one-way valve 30 alone,
or the resultant ink jet cartridge as a whole with new one. Here, since
each of the functional members is replaceable, 6 even if a lessening
function would occur while a long-term use, only the degraded part can be
replaced. The maintenance cost can be reduced, accordingly. Further, in the
case where the same ink tank 10 is used for a different recording head or
recording apparatus, or in the case where an using method differs in using
10 the same recording head, the optimum negative pressure value applied to
the recording head may differ in each case. However, even with the same ink
tank 10 , the negative pressure value can freely set only by replacing the
one-way valve 30, which contributes to produce a distinctively versatile
system. 



15 2 . 2 Second Embodiment of Mode of Coupling Ink Tank, One-way Valve, and
Recording Head Fig. 19 shows a configuration in which an ink tank 10 and a
one-way valve 30 are coupled such that they cannot be separated from each
other and in which the ink tank 10 and a recording 20 head 20 are separably
coupled. In the present embodiment, it is possible to replace the
combination of the ink tank 10 and the one-way valve 30, the recording head
20 alone, or the resultant ink jet cartridge as a whole with new one. A
filter 23 may be provided in the ink tank 10. 25 In such a configuration,
no specific part is required for enabling a separation between the ink tank
10 and the one-way valve 30. Thus, as a whole, it is effective to achieve a
cost reduction in manufacturing. Alternatively, the ink tank 10 and the
recording head 20 30 may be separably coupled, and the ink tank 10 and the
one-way   - 48  valve 30 may be separably coupled, which makes it possible
to replace each of the ink tank 10 , the recording head 20 , and the
one-way valve 30 alone with new one. In this case, the filter 23 may be
provided in the ink tank 10. 6 Since the ink tank 10 and the one-way valve
30 are configured in a separable manner to each other, care is not needed
for protecting the one-way valve, which is comparably a precision part,
while distributing the ink tank 10, resulting in realizing a distribution
with a simple packaging of the ink tank. 10 2 . 3 Third Embodiment of Mode
of Coupling Ink Tank, One-way Valve, and Recording Head Fig. 20 is a
sectional view showing a third embodiment of a mode for coupling an ink
tank, a one-way valve, and a recording head. 15 In the present embodiment,
a one-way valve 20 is provided integrally with a recording head chip
(hereinafter also simply referred to as "recording head") as illustrated.
An ink tank is detachably mounted to the one-way valve 30 that is provided
integrally with the recording head 20. 20 The one-way valve 30 is provided
in a part of a holder 22 for holding the recording head 20, and a hollow
joint needle 238 is mounted to the valve, the needle being in communication
with the channel opened and closed or blocked by the valve . The one-way
valve 30 is primarily constituted by a movable member 25 231 having a
sealing elastic body 233 mounted on an end thereof and a spring 232 for
urging the movable member 231 to operate in the direction of closing the
valve . Specifically, when the movable member 231 is urged downward in the
figure by the spring 232 in accordance with a difference between pressures
acting 30 on both sides thereof (both sides of the same in the vertical   



- 49  direction of the figure), the sealing elastic body 233 abuts on
another sealing elastic body 234 provided around a hole serving as an
atmosphere communication hole to close the valve. When the pressure
difference urges the movable member 23l upward 5 in the figure and the
force is greater than the urging force of the spring 232, the movable
member 231 operates upward to open the valve. While a needle valve is
illustrated as the one-way valve by way of example, a diaphragm valve as
described above may 10 obviously be used. This equally applies to a fourth
and later embodiments of modes of connecting an ink tank, a one-way valve,
and a recording head. A joint needle 228 for supplying ink is also provided
on the recording head holder 22. A hollow in this needle is in 15
communication with an ink channel 227 having a filter 225 of the recording
head 20. The recording head 20 has a plurality of ink a jection ports (not
shown) . An electrothermal transducer element ( not shown ) for generating
bubble in ink by generating thermal energy is provided in an ink path (not
shown) in 20 communication with each of the a jection ports . Ink is
supplied from the ink tank to the ink paths through the ink channel 227.
Briefly speaking, an ink tank 10 has a flexible movable member 11 that
forms a part of an ink containing section thereof and a spring 215 for
urging the movable member 11 upward in the 25 figure. This configuration
makes it possible to generate a negative pressure in a proper range for
forming adequate meniscuses at ink ejecting ports of a recording head 20 as
w111 be described later with reference to Figs. 21A, 21B, and 21C.
Specifically, a space above the movable member 11 in the ink 30 tank 10 is
covered by an outer casing 13, and an atmosphere   - 50  communication port
12 is provided on the outer casing 13 , which makes it possible to exert
the atmospheric pressure to the movable member 11. The outer casing 13
serves as a shell for protecting the movable member 11 from an external
force. The 5 movable member 11 of the present embodiment is constituted by
a deformable flexible film (sheet member) whose configuration in a central
section thereof is regulated by a pressure plate 14 and which is deformable
in a peripheral section thereof . That is, the urging force of the spring
215 can be transmitted to 10 a relatively large area of the flexible film
with the pressure plate 14. The movable member 11 has a convex
configuration in the central section and a trapezoidal side configuration.
As apparent from the above, the movable member 11 can be deformed in
accordance with a change in the amount of ink in the containing 15 space
thereof and fluctuations of a pressure in the same. In such cases , the
peripheral section of the movable member 11 is expanded and contracted or
deformed in a good balance, and the central section of the moveable member
11 moves up and down with a substantially horizontal attitude thereof
maintained. Since 20 the movable member 11 is thus smoothly deformed
(moved), the deformation will cause no shock, and it is therefore possible
to prevent occurrence of abnormal pressure fluctuations attributable to
shock in the containing space . Even when there is a relatively great
change in the pressure or temperature of 



26 outside air, it can be absorbed by the displacement of the movable
member as described above. Rubber plugs 18 and 17 to be connected the joint
needle 238 of the one-way valve 30 and the joint needle 228 for supplying
ink respectively are provided at the bottom of the ink tank 10. 30 As a
result, the ink containing section becomes a completely   - 51  sealed
space to prevent leakage of ink when the ink tank is left alone without
being mounted in the holder 22. The operation of mounting the ink tank 10
in the holder 22 is carried out by inserting the joint needles to the
respective rubber plugs . As 5 a result of the insertion, air or ink can be
communicated through joint needle holes 239 and 229 of respective joint
needles. As described above, the use of the one-way valve for the
introduction of the atmosphere makes it possible to introduce the
atmosphere from the outside preferably unlike the 10 above-described
example of the related art utilizing a liquid seal in which problems can
occur including leakage of contained ink due to breakage of the liquid seal
attributable to various conditions such as an extremely great difference
between air pressures inside and outside the container and a shock or drop
15 that occurs during the handling of the ink tank. In order to form
meniscus at the liquid seal in the example of the related art properly, the
annular orifice must be designed in accordance of specifications such as
the capacity of the ink tank in which the liquid seal is used. It is
therefore impracticable to use 20 liquid seal units of one type in various
ink tanks for general purposes . On the contrary, a one-way valve can be
used for ink tanks of a relatively wide range of specifications because it
does not involve formation of meniscus, although it depends on the elastic
modulus of the spring used. 25 As described above, for example, when an ink
tank and a one-way valve are connected, ink meniscuses are formed at the
region of the joint needles in most cases depending on the pressure at that
time without any particular process for forming ink meniscuses even if the
one-way valve is provided separately 30 from the ink tank, which allows the
valve to operate properly   - 52  thereafter. Since a one-way valve does
not create any particular problem even when it is provided separately from
an ink tank as thus described, there is no limit on the position of the
valve for introducing the atmosphere, which makes it 5 possible to improve
freedom in designing a recording apparatus . Further, because of the
freedom in designing with respect to the position where the valve is
disposed as descried above, the holder 22 holding the recording head 20 and
the one-way valve 30 may be fixed on a carriage of the ink jet recording
apparatus 



10 shown in Fig. 17 or may constitute a part of the carriage. That is, an
ink jet recording apparatus can be configured with a capability of
replacing an ink tank alone by using a recording head that has sufficient
durability with respect to an actual period of use of the apparatus , or by
using ink that allows the 15 performance of the recording to be maintained
for such a period. As a result, the running cost of the apparatus can be
substantially limited to the cost required for tank replacement except for
the recording medium such as paper. An ink tank in an initial state that is
newly put in use 20 is completely charged with ink, and the spring 215 is
fully expanded in an allowable range, in which state a minimum negative
pressure or, conversely, a slightly positive pressure is normally
considered to exist in the ink containing chamber. However, a high negative
pressure may exist when it is mounted 25 because of ambient conditions and
the state of transportation. In the event that the joint needle 228 of the
recording head 20 enters the containing space of an ink tank 10 prior to
the joint needle 238 of the one-way valve 30, a great negative pressure in
the excess of an ability for holding ink meniscuses 30 formed at the ink
ejection ports of the recording head may act   - 53  on the recording head
20 before air is introduced through the one-way valve 30 to provide an
proper negative pressure, which can cause ink to be sucked from the
recording head 20. In such a case, an operation may be performed to
discharge 5 ink through the ejection ports with a suction recovery device
provided in the recording apparatus after the ink tank is completely
mounted. However, i,n order to omit such a process and to suppress ink
consumption, a configuration is preferably employed in which the joint
needle 238 of the one-way valve 30 10 enters the containing space prior to
the joint needle 228 of the recording head 20. Specifically, that is a
configuration in which the joint needle 238 of the one-way valve 30 is made
longer than the joint needle 228 of the recording head 30 when the joint
holes 239 and 229 are provided at the ends of the joint 15 needles 238 and
228, respectively. In such a configuration, the supply channel in the
recording head 20 is formed after the joint needle 238 of the one-way valve
30 enters the containing space to provide a proper negative pressure
through the introduction of air through the one-way valve 30. 20 Figs .
21A, 21B, and 21C illustrate adjustment of a negative pressure in an ink
tank associated with an operation of supplying ink from the ink tank that
is specifically the ink tank 10 shown in Fig. 20. Fig . 21A shows a state
that is reached when a small amount 25 of ink is consumed from an initial
state of the ink tank 10 in which the ink containing space is fully charged
with ink . Such ink consumption results in a decrease in the pressure in
the containing space in accordance with the space corresponding to the
volume of the consumed ink, and the movable member 11 is 30 displaced
downward accordingly. The displacement of the  



- 54  movable member 11 simultaneously causes displacement of the spring
215, and the spring 215 generates an elastic force in accordance with the
displacement to obtain a state of equilibrium with generating . A negative
pressure in the containing space 5 in accordance with the elastic force in
such a state of equilibrium is a negative pressure corresponding to the
amount of ink at that time. Fig . 21B shows a state in which further
consumption of ink has further displaced the movable member 11 downward to
cause 10 the movable member 11 to reach the maximum downward free
displacement. That is, when ink is consumed further in this state, tension
acts between the flexible film as the movable member and the section
holding the same to prevent displacement of the movable member 11. 15 When
ink is further consumed in this state, a negative pressure is generated
which is in accordance with the sum of the elastic force of the spring 215
and the tension (only the tension changes with the amount of ink). When the
negative pressure exceeds a predetermined value in such a process, the 20
movable member 231 of the one-way valve 30 is displaced upward against the
elastic force of the spring 232 because of a relationship between the
negative pressure and the atmospheric pressure to open the valve, and
outside air is thus introduced into the containing space through the hole
239 in the joint needle 25 238. The negative pressure is thus kept at a
proper value to supply ink properly during a subsequent ink ejecting
operation of the recording head in accordance with the operation, which
makes it possible to substantially use up the entire ink in the ink tank
10. 30 As described above, the pressure in the containing space   - 55
will not decrease below the predetermined pressure, which makes it possible
to always keep the negative pressure in the containing space in a
predetermined range and allows stable supply of ink to the recording head
20 to perform a recording b operation as desired. When air residing in the
containing section expands as a result of a reduction in the pressure of
the outside air or an increase in the ambient temperature, the movable
member 11 is displaced upward. That is, the movable member 11 absorbs a 10
pressure change resulting from the expansion of air by being displaced
upward in accordance with the expansion of the air in the containing space.
Therefore, the pressure in the containing space will not increase beyond a
predetermined value , and a predetermined pressure is always maintained in
the 16 containing space with improved reliability. Further, the one-way
valve 30 remains closed to prevent the ink in the ink tank 10 from leaking
out even when air in the containing space thus expands. Since the one-way
valve 30 prevents leakage of the ink or 20 air in the ink tank 10 to the
outside, the ink in the ink tank 10 will not leak out through the
communication port 16 regardless of the attitude or orientation of the ink
tank 10 in use. Therefore, no particular limit is put on the attitude of
the ink tank 10 in use. 



25 2.4 Fourth Embodiment of Mode of Coupling Ink Tank, One-way Valve, and
Recording Head Fig. 22 is a sectional view showing a fourth embodiment of a
mode for coupling an ink tank, a one-way valve, and a recording head. 30 In
the present embodiment, an ink tank, a recording head,   - 56  and a
one-way valve are provided as separate elements . As shown in the figure,
an ink tank 10 is held by a holder 22A on that is integral with a recording
heed 20, and the recording head 20 along with the holder 22A is mounted on
a carriage provided 5 in an ink jet recording apparatus. This configuration
is similar to the above embodiment in that a joint needle 238 of a one-way
valve 30 and a joint needle 228 for supplying ink of the recording head 20
are respectively inserted into rubber plugs 18 and 17 of the ink tank 10
when the ink tank 10 is mounted. 10 The one-way valve of the present
embodiment is also provided separately from the ink tank, which obviously
provides advantages similar to the advantages described in the above
embodiment and which provides another advantage as described below with
respect to the position in which it is disposed. That 15 is, a one-way
valve having a life longer than the life of a recording head is used as the
one-way valve of the present embodiment . Thus , the valve can be used even
after the recording head is replaced with new one , and it can theref ore
be used f or a period that is substantially the same as the life of a
recording 20 apparatus. As a result, the running cost of the apparatus can
be reduced for the one-way valve. 2 . 5 Fifth Embodiment of Mode of
Coupling Ink Tank, One-way Valve, and Recording Head Fig. 23 is a sectional
view showing a fifth embodiment of 25 a mode for coupling an ink tank, a
one-way valve, and a recording head. In the present embodiment , an ink
tank and a recording head are formed integrally with each other and are
separate from a one-way valve. As shown in the figure, an ink tank 10 and a
30 recording head 20 are formed integrally with each other.   - 57
Specifically, the ink tank 10 and the recording head 20 are connected
through an ink channel 27 having a filter 225 therein. The unit constituted
by the ink tank 10 and the recording head 20 integral with each other is
mounted in a holder 22C. A one-way 5 valve 30 is provided integrally With
the holder 22C. In this configuration, only a joint needle 238 of the
one-way valve 30 is inserted into a rubber plug 18 of the ink tank 10 when
the ink tank 10 is mounted. 



The one-way valve of the present embodiment is also provided 10 separately
from the ink tank, which obviously provides advantages similar to the
advantages described in the above embodiment and which provides another
advantage as described below with respect to the position in which it is
disposed. For example, when special ink is used which can affect the
durability 15 of a recording head or ink tank, it is desirable to replace
the recording head at the same time when the ink tank is replaced because
of the consumption of the ink. On the contrary, the one-way valve may be f
fixed on a carriage of the ink j et recording apparatus or may constitute a
part of the carriage just as in 20 the case of the holder 22 in the
embodiment according to Fig. 20 . That is , a one-way valve having a life
longer than the life of the recording head is used as the one-way valve of
the present embodiment . Thus , the valve can be used even after the
recording head is replaced with new one, and it can therefore be used for
25 a period that is substantially the same as the life of the recording
apparatus. As a result, the running cost of the apparatus can be reduced
for the one-way valve. 2 . 6 Sixth Embodiment of Mode of Coupling Ink Tank,
One-way Valve, and Recording Head 30 Fig. 24 is a sectional view showing a
sixth embodiment of   - 58  a mode for coupling an ink tank, a one-way
valve, and a recording head. As shown in Fig. 24, the present embodiment is
different from the above-described three embodiments in that a one-way 6
valve 30 is fixed in a predetermined position on a recording apparatus; a
joint needle 238 and the valve 30 are connected with a tube 235; and the
joint needle 238 is fixed to a holder 22D in the form of a carriage. On the
contrary, an ink tank 10 and a recording head 20 are formed integrally with
each other, 10 and the resultant integral unit is mounted in the holder
22D. The joint needle 238 fixed to the holder 22D is inserted into a rubber
plug 18 of the ink tank 10 when the unit is mounted. The one-way valve of
the present embodiment is also provided separately from the ink tank, which
obviously provides 15 advantages similar to the advantages described in the
embodiment according to Fig. 20 and which provides another advantage as
described below with respect to the position in which it is disposed. For
example, when a one-way valve is used which has high precision and
consequently has a relatively large size, 20 it can increase the size of a
recording apparatus when provided on a carriage because the space occupied
by the valve increases the size of the carriage itself . On the contrary, a
valve having high precision can be used without increasing the size of an
apparatus by providing the one-way valve in a predetermined 25 position
that allows efficient utilization of the space in the apparatus. 



While the present embodiment utilizing a tube relates to an example in
which an ink tank and a recording head are integral with each other, it
will be apparent from the above description 30 that the embodiment
utilizing a tube is not limited to such cases   - 59  in which an ink tank
and a recording head are integral with each other and may be applied to the
configurations shown in Figs. 20 and 22 in which they are separate
elements. 2.7 Seventh Embodiment of Mode of Coupling Ink Tank, One-way 6
Valve, and Recording Head Fig. 25 is an illustration of a modification of
the embodiment according to Fig. 24. As shown in the figure, a buffer tank
236 is provided on the way of a channel constituted by tubes 235A and 235B
connecting 10 a one-way valve 30 and a joint needle 238. The purpose is to
prevent ink that has entered the tube 235A through the joint needle 238
because of a relatively significant change in the ambience of the ink tank
or a shock to the apparatus from reaching the one-way valve 30, thereby
preventing the operation of the 15 one-way valve 30 from being adversely
affected by the ink. Specifically, even if ink enters the tube 235A through
the joint needle 238, the ink is accumulated in the buffer tank 236, and it
is possible to prevent the ink from entering the tube 235B that is directly
connected to the one-way valve 30. While Fig. 20 25 shows a state in which
a lower end of the tube 235A is immersed in ink accumulated in the buffer
tank 236, the ink in the buffer tank is returned to the ink tank 10 in
accordance with the relationship between pressures inside and outside the
ink tank 10 when outside air is introduced through the one-way valve 30. 26
While a movable member 11 is configured such that it can be displaced to
absorb any abrupt increase in the pressure in the ink tank 10 as described
above, the buffering configuration of the present embodiment confronts
cases in which ink can enter the tubes because of pressure changes or
vibrations of ink that 30 can not be absorbed by such displacement.   - 60
2.8 Mechanism for mounting Ink Tank or Recording Head Figs. 26A and 26B
schematically show configurations for mounting an ink tank or recording
head as described above. 



Fig. 26A shows a configuration for mounting and fixing an b ink tank 10
according to the embodiment shown in Fig. 20. Specifically, clicks 23
provided on top ends of a holder 22 engage a top end of an ink tank 10 to
fix the ink tank. Fig. 26B shows a configuration for mounting and fixing an
ink tank 10 according to the embodiment shown in Fig. 23 in which 10 clicks
23 provided on top ends of a holder 22C engage a groove 10a formed in the
vicinity of a top end of an ink tank 10 to fix the ink tank. 2.9
Modification A configuration is also possible in which the atmosphere 15 is
introduced into an ink tank by force through a one-way valve to pressurize
the same, and it also makes it possible to keep the pressure in the ink
tank in a proper range. In this connection, at least a part of an inner
wall of a containing space in an ink tank may be constituted by a movable
20 member such as a flexible film, and the inner wall as a whole may
alternatively be constituted by an unmovable rigid member. 3. Other
Embodiments of Ink Tank Utilizing One-way Valve While an atmosphere
communication section or one-way valve is disposed at a side section of an
ink tank that is connected 26 to a recording head in the above embodiments,
the position of those elements is not limited to the embodiments, and they
may be provided in any appropriate position. Embodiments will be described
below in which an atmosphere communication section is provided on a movable
member of an ink tank and in which a 



30 mechanism serving as a one-way valve is disposed in a container   - 61
that contains an ink tank. 3.1 First Embodiment Figs. 27A, 27B, and 27C
show a first embodiment. An ink tank 127 of the present embodiment is
substantially the same 5 as that shown in Fig. 9 in configuration and is
contained in a container 130 that is substantially the same as that shown
in Fig. 16. The ink tank of the present embodiment is different from the
configuration in Fig. 9 in that an atmosphere introducing opening 2 is
provided such that it extends through 10 a tank sheet section 106 and a
pressure plate 109 instead of providing a communication port 16 on the same
side of a frame 115 where an ink supply port 15 is located. In the
illustrated embodiment, a container 130 is shown as containing a single ink
tank, and the interior of a containing space of the same is 15 exposed to
the atmosphere through an atmosphere communication port 3. Fig. 27A shows
an expanded state of the ink tank 127 that is reached by filling the ink
tank 127 with ink 7. The ink 7 is supplied to a supply channel 136 through
a filter 137 and 20 is further supplied to a heater board 134 that is
provided at a head chip 133 as an ink-consuming section. Referring to Fig.
27A, the atmosphere introducing opening 2 is formed at a section where the
tank sheet section 106 and the pressure plate 109 constituting the ink tank
127 are coupled. 25 The atmosphere introducing opening 2 is closed by a
sealing rubber 1 serving as a sealing member mounted to a tank containing
chamber 130 in a position associated with the atmosphere introducing
opening 2. In consideration to the fact that the circumference of the
atmosphere introducing opening 2 must have 30 planarity and any deviation
from the relative positional   - 62  relationship between the ink tank 127
and the sealing rubber 1 attributable to contraction or expansion of the
tank must be avoided when the atmosphere introducing opening 2 is closed by
the sealing rubber 1, the pressure plate 109 as a movable member 5 having
the atmosphere introducing opening 2 is preferably a member in the form of
a flat plate that is rigid enough to avoid deformation due to contraction
or expansion of the ink tank 127. In the present embodiment, a plate-like
member constituted by SUS304 is used as the pressure plate 109. 10 The
atmosphere introducing opening 2 is a hole which extends 



through the section where the tank sheet 106 and the pressure plate 109 are
coupled to establish communication between the inside and outside of the
ink tank 127, and it is required to be sized such that ink meniscus can be
formed and such that air 15 can be introduced at this section when it is
spaced from the sealing rubber 1 or when the sealed state is canceled.
Specifically, it preferably has a size ranging from about 0.01 mm to 2 mm
in terms of the diameter. An appropriate size may be chosen in
consideration to the physical properties such as 20 surface tension and
viscosity of the ink to be used and the rigidity and elasticity of the tank
sheet 106. The shape of the atmosphere introducing opening 2 is not limited
to the circular configuration, and elliptic or polygonal shapes having the
above area may be employed without any particular restriction. 25 Referring
to the sealing rubber 1 that is tightly fitted to the atmosphere
introducing opening 2, a member such as a rubber, elastomer, or elastic
resin is preferably used because it must completely seal the atmosphere
introducing opening 2 when put in contact with the same. When the ink tank
127 is expanded, 30 the sealing rubber 1 is compressed to some degree by
the expansion.   - 63  That is , the sealing rubber 1 is compressed from a
predetermined size of the same in an unloaded state (uncompressed state).
Therefore, an expansion force of the ink tank 127 and a repellent force
resulting from the compression of the sealing rubber 1 6 ensure the sealing
of the atmosphere introducing opening 2. Further, grease that is highly
resistant to ink is applied to the region around the atmosphere introducing
opening 2 where the sealing rubber 1 and the tank sheet 106 are put in
tight contact as occasions demand, which advantageously improves 10 sealing
properties. A description w111 now be made on an operation that is
performed when the amount of ink in the ink tank 127 is reduced as a result
of ink consumption. Fig. 27B illustrates contraction of the ink tank 127 as
a result of a reduction of 15 the internal volume of the same that proceeds
with the consumption of ink. The contraction occurs as a result of a
reduction in the volume of the ink in the ink tank, and the pressure plates
109 as movable members move in the directions indicated by the arrows A1
and A2 accordingly. The region of 20 a spring 107 is pushed in the same
directions as a result of the movement of the pressure plates 109 , and a
repellent force of the spring acts on the ink as a negative pressure
accordingly. Therefore, the negative pressure to the ink gradually
increases as the contraction of the ink tank 127 proceeds. 2b Further, the
force compressing the sealing rubber 1 is gradually reduced as the
contraction of the ink tank 127 thus proceeds, and the elasticity of the
rubber returns the rubber to a predetermined initial size. Fig. 27B shows a
state of the sealing rubber 1 immediately before the rubber is separated
from 30 the atmosphere introducing opening 2 in which the rubber has   



- 64  been expanded to the extremity (the rubber has been returned to the
predetermined initial size ) during the process . In the same state, the
sealing rubber 1 is not compressed, and an urging force from the ink tank
127 starts acting on the sealing rubber b 1. When ink is further consumed
thereafter, since the ink tank 127 is tempted to contract, the urging force
of the ink tank 127 acting on the sealing rubber 1 substantially becomes
zero, and the sealing rubber 1 is instantaneously separated from the 10
atmosphere introducing opening 2 as shown in Fig. 27C. At that instant ,
air 4 is introduced into the ink tank l27 through the atmosphere
introducing opening 2. The introduction of the air 4 increases the internal
volume of the tank, and the tank sheet 106 is thereby expanded outward or
in the directions indicated 16 by the arrows B1 and B2 again to put the
atmosphere introducing ' opening 2 in contact with the sealing rubber 1
again, which instantaneously seals the opening to return it to the state
shown in Fig. 27B. In the same state, the level 7a of the ink contained in
the tank is obviously lower than that in the state in Fig. 20 27A. The
operations of entering the states in Figs . 27B and 27C are repeated, which
makes it possible to always keep the negative pressure in the tank in a
predetermined range even if the consumption of ink proceeds . Air having
substantially the same volume as that of ink consumed through the ink bet
head is 25 introduced into the ink tank. This makes it possible to replace
the ink in the ink tank with the introduced air completely and to supply
substantially the entire ink to the head, and the ink in the tank can
therefore be efficiently consumed. Further, since the sealing rubber 1 is
provided such that 30 it can expand and contract , any expansion of air in
the ink tank   - 65  127 attributable to an increase in the ambient
temperature of the ink tank 127 or a decrease in the pressure of outside
air is quickly absorbed by the expansion of the ink tank 127 through the
actions of the spring 107 and the movable members 109, and 5 the expansion
of the ink tank 127 is absorbed by the expanding and contracting operations
of the sealing rubber 1. Since this `keeps the negative pressure in the ink
tank 127 unchanged and improves the sealing between atmosphere introducing
opening 2 and the sealing rubber 1, there will be no leakage of ink through
10 the atmosphere introducing opening 2. The configuration of the present
example to provide a mechanism for functioning as a one-way valve within
the container which contains the ink tank enhances a reduction in size of
the ink tank and the one-way valve as a whole . A utilization of the 15
movable member provided in the ink tank will achieve a reduction of the
number of the parts to be used for the one-way valve and a cost reduction
in manufacturing the same. 3.2 Second Embodiment Figs . 28A, 28B, and 28C
shows an embodiment in which a sealing 20 member as shown in Figs. 27A,
27B, and 27C is used in a different mode . In this case , a sealing member
311 that can be moved in the direction of contraction of an ink tank 127 is
provided instead of the sealing rubber 1 in Figs. 27A, 27B, and 27C. As
shown in Fig. 28D, the sealing member 311 is constituted by two 25 discs
311A and 311C formed from a resin material and a shaft 



311B connecting them. First, the disc 311A and the shaft 311B are bonded
together using a machine screw or adhesive, and the bonded element is
inserted through a hole 9 provided on a wall of an ink containing chamber
130 from inside. At this time, a 30 coil spring 8 that is wound around the
shaft 311B is interposed   - 66  between the disc 311A and the wall of the
ink containing chamber l30. Thereafter, the shaft 311B and the disc 311C
are bonded together using a machine screw or adhesive to form the sealing
member 311, and the sealing member 311 is mounted on the wall 5 of the ink
containing chamber 130. The spring constant of the coil spring 8 is set at
a value lower than the spring constant of a spring 107 in the ink tank.
While the sealing member 311 of the present embodiment is formed from a
resin material, this is not limiting the invention. For example, it may be
formed 10 from a metal material. In the present example, since the coil
spring 8 is used as a member for generating a sealing force, more precise
controlling of the negative pressure can be achieved and thus better
durability is obtainable comparing to the case ensuring the 16 sealing
ability by using the sealing rubber as shown in Fig. 27A to 27C. An
operation of an ink supplying device of the present embodiment having the
above-described configuration will now be described. 20 Fig. 28A shows an
expanded state of the ink tank 127. An urging force from pressure plates
109 resulting from the expansion of the ink tank 127 forces the sealing
member 311 to protrude outward from the ink containing chamber. At this
time, the coil spring 8 is contracted. 25 Subsequently, the state shown in
Fig. 28B is entered as a result of ink consumption. The ink tank 127
contracts in the same manner as that described with reference to Figs .
27A, 27B, and 27C, and the pressure plates 109 move in the directions
indicated by the arrows A1 and A2. Concurrently, the sealing 30 member 311
follows the movement of the pressure plate 109 in   - 67  the direction
indicated by the arrow A2 due to the spring force of the coil spring 8.
During this operation, an atmosphere introducing opening 2 is kept sealed
by the disc 311A of the sealing member 311. Since the sealing member 311 is
a hard formed 5 part in practice and is capable of moving only a distance
equivalent to the length of the shaft 311B, the disc 311C eventually abuts
on an outer wall surface of the ink containing chamber 130, which is the
state shown in Fig. 28B. This state is substantially the same as the state
shown in Fig. 27B for 10 the above embodiment. 



When ink consumption is continued further, the sealing member 311 and the
atmosphere introducing opening 2 are separated from each other to cancel
the sealing of the atmosphere introducing opening 2. Then, air is
immediately introduced 15 through the atmosphere introducing opening 2 as
shown in Fig. 28C to increase the internal volume of the tank. As a result,
a tank sheet 106 expands outward or in the directions indicated by the
arrows B1 and B2 , and the atmosphere introducing opening 2 is
instantaneously sealed by the sealing member 311 again to 20 return to the
state in Fig. 28B. In this state, the level of the contained ink is
obviously lower than that in the state shown in Fig. 28A. The operations of
entering the states in Figs. 28B and 28C are repeated to make it possible
to keep a negative pressure in the tank in a predetermined range even if
ink 25 consumption proceeds. In order to improve the sealing between the
atmosphere introducing opening 2 and the sealing member 311, it is
advantageous to apply a rubber sheet on the surface of the disc 311A of the
sealing member 311 that is put in contact with the 30 tank sheet 106 and to
apply grease that is highly resistant to   - 68  ink around the region of
the same associated with the atmosphere introducing opening 2. 3.3 Third
Embodiment Fig. 29 shows an embodiment in which the spring provided 5 in
the ink tank 127 is changed from a plate spring to a coil spring, the
configuration being otherwise the same as that in Fig. 27A. In the present
embodiment, an ink tank 127 is contracted and expanded in the same manner
as in the first embodiment by a coil spring 5, and a sealing rubber 1 also
10 operates similarly, which makes it possible to keep a negative pressure
in the ink tank 127 in a predetermined range. In the present example, a
coil spring is used for a spring to be used in the ink tank 127. It is easy
for the coil spring to follow a displacement in the inclination direction
of the 15 pressure plate 109. Even if a sealing face of the sealing rubber
1 and the pressure plate 109 are not in parallel, the pressure plate 109
can be in a close contact with the sealing face of the sealing rubber 1
with ease, thus enhancing a sealing ability. 3.4 Fourth Embodiment 20 Fig.
30 shows an embodiment in which a part of a tank sheet is bonded to an
inner wall of a tank containing chamber 130 and in which an ink tank 227 is
constituted by a tank sheet 206 which contracts and expands only on one
side thereof . Therefore, the present embodiment involves only one pressure
plate 109 to serve 25 as a movable member. Further, the spring provided in
the ink tank in this case is a conical coil spring 6. The tank sheet 206
contracts inward or in the direction indicated by the arrow C as ink is
consumed, and the pressure plate 109 simultaneously moves inward in the
tank to serve as a movable member also in 30 such a conf igurat ion . 



- 69  As a result, an atmosphere introducing opening 2 is separated from
the sealing rubber 1 to introduce air through the atmosphere introducing
opening 2 in the same manner as described in the first embodiment. The
introduction of air 5 causes the tank to expand outward or in the direction
indicated by the arrow D again, which results in an increase in the
internal volume of the ink tank 227 to put the atmosphere introducing
opening 2 and the sealing rubber 1 in tight contact with each other again.
Those operations are repeated to make it possible 10 to keep a negative
pressure in the ink tank in a predetermined range. 3.5 Fifth Embodiment In
Fig . 31, an atmosphere introducing opening 12 is provided above an ink
tank 127 having the same configuration as that in 15 the embodiment
according to Figs. 27A, 27B, and 27C, and a sealing rubber for closing the
atmosphere introducing opening is a sealing rubber 21 that has a conical
configuration in a part thereof to be put into contact with the atmosphere
introducing opening 12. Such a configuration provides the following 20
advantages. First, since the atmosphere introducing opening 12 is located
in an upper part, air introduced through the same passes through ink when a
great amount of ink is present in the tank or when the level 7A of ink is
higher than the atmosphere introducing opening 12. Therefore, when the
amount remaining 25 ink becomes small as a result of ink consumption, air
introduced through the air introducing opening 12 directly flows to a
section where air is accumulated without passing through the ink. This
makes it possible to prevent bubbling that otherwise occurs when air
bubbles pass through ink. The configuration of 30 the present embodiment is
desirable especially when the amount   - 70  of ink in the ink tank 127 is
small because bubbling of ink has a greater adverse effect in such an
occasion. The conical configuration of the sealing rubber 21 allows more
reliable sealing than that achievable when the atmosphere b introducing
opening 2 is closed at planar features abutting on each other. 3.6 Sixth
Embodiment In Fig. 32, a pressure plate 309 and a coil spring 25 are
provided outside an ink tank 327 constituted by a tank sheet 10 306 a part
of which is joined to an inner wall of a tank containing chamber and only
one side of which undergoes contraction and expansion. The coil spring 25
is urged in the direction of expanding the ink tank 327 or in the direction
indicated by the arrow F in the figure. The pressure plate 309 and the coil
spring 



15 25 may be joined using spot welding similar to the method described with
reference to Fig. 11A, and the pressure plate 309 and the tank sheet 306
may be joined using heat bonding similar to the method described with
reference to Fig. 11B. The inner wall of the tank containing chamber 130
and the coil spring 20 25 may be joined using a known method such as
bonding or fitting. The tank sheet 306 constituting the ink tank 327
contracts inward or in the direction indicated by the arrow E as ink is
consumed, and the pressure plate 309 simultaneously moves inward in the
tank to serve as a movable member also in this case . As a result , 26 an
atmosphere introducing opening 2 is separated from a sealing rubber 1 to
introduce air through the atmosphere introducing opening 2 in the same
manner as described in the embodiment according to Fig. 27A. The
introduction of air and an action of the coil spring 25 cause the tank to
expand outward or in 30 the direction indicated by the arrow F again, which
results in   - 71  an increase in the internal volume of the ink tank 327
to put the atmosphere introducing opening 2 and the sealing rubber 31 in
tight contact with each other again. Those operations are repeated to make
it possible to keep a negative pressure in the 5 ink tank in a
predetermined range. While any of the above embodiments has been described
as having a configuration in which a spring as an elastic member is
provided inside or outside an ink tank, depending on the rigidity of a film
to be used as a tank sheet, it is not essential 10 to provide an elastic
member when the sheet can be contracted and expanded by the rigidity of the
film without providing the spring. Further, when two pressure plates as
movable members are provided in positions where they face each other, an
elastic member is provided between them. However, this is not limiting 15
the invention, and an elastic member may be provided between the mounting
position of each movable member outside the sheet and an inner wall of an
ink containing chamber. A sealing member constituted by a rubber or a shaft
and a spring that can be displaced in a predetermined range has been 20
referred to as the sealing member of each of the embodiments, it is not
essential that the sealing member is constituted by a displaceable elastic
member as long as it is configured similarly to a one-way valve which can
introduce air into an ink tank as an ink containing section at a
predetermined pressure 25 and which prevents fluid (ink and air) from being
leakeded through an atmosphere introducing opening even when the air in the
ink containing section is expanded. Specifically, a wall of the ink tank
containing chamber 130 described in each embodiment may be used as the
sealing member. When such a 30 configuration is used in which the sealing
member is not   



- 72  displaced, it is more desirable to provide a plurality of movable
members as seen in the first, second, and fourth embodiments because a
movable member having no atmosphere introducing opening can be moved in
response to an ambient change when there 6 in air in the tank. In the case
of a liquid container according to the invention having an elastic member
for urging a movable member and utilizing the elastic member as a sealing
member, the sealing member desirably has an elastic force that is smaller
than the 10 elastic force of the elastic member for urging the movable
member because this makes it possible to increase the amount of ink that
can be initially charged when a pressure in the ink tank is kept equal to
or smaller than a predetermined value and to allow the movable member to
move a certain distance (buffering 15 space) when air is introduced into
the tank. While the atmosphere introducing opening may be provided in any
position of the region that constitutes the ink containing section except
for the ink supply port as a liquid supply port, it is desirable to provide
it on a movable member when the ink 20 containing section is also
constituted by a rigid movable member as in each of the above-described
embodiments to allow more stable introduction of air. While configurations
in which an ink in one color is contained in a single ink tank have been
described above, it 25 is obvious that a color ink jet print head can be
configured by arranging three or four ink tanks containing inks in
different colors in an ink tank containing chamber and by connecting
different groups of nozzles to the ink tanks, respectively. For example,
when a plurality of ink tanks are contained as shown 30 in Fig. 16,
partitions rrlay be provided between the ink tanks,   - 73  and members to
serve as one-way valves may be provided on the partitions. 4. Preferred
Embodiments of Positioning of Movable Member A description will now be made
on preferable configuration 5 for preventing ambient air from entering into
an ink tank. The description is based on findings on a mechanism of
permeation of a gas through a film as described below. 4.1 Mechanism of
Permeation of Gas There are two major mechanisms of permeation of gas 10
molecules through a certain material. One is a mechanism of a capillary,
and the other is a mechanism of an activated and diffused flow. The former
is a mechanism in which a flow occurs though a capillary such as a pin hole
and which is different from the mechanism solved by the present invention.
On the 15 contrary, the latter is a mechanism that is a f low of gas
molecules during the permeation of the same through a plastic film having
substantially no hole and that is a mechanism to play an important role in
the present invention. Such a mechanism for an activated and diffused flow
will now be 



20 described. In the case of an activated and diffused flow, a gas in a
first region enters a second region through a film, as described below.
First, molecules of the gas in the first region are condensed 25 on a
surface of the film and are dissolved into the film. The dissolving
concentration is proportionate to a partial pressure of the gas in the
first region. Thereafter, the gas molecules dissolved in the film are
driven by a concentration gradient in the film for diffusion toward the
second region having a lower 30 concentration and are transpired from the
film after reaching   - 74  a surface of the same on the side of the second
region. That is, the gas molecules permeate through the film through three
steps, i.e., dissolution, diffusion, and desorption. For example, the
invention has been made on an assumption 5 of a situation in which
molecules of a gas such as oxygen or nitrogen permeate through a flexible
material (film) that constitutes a liquid container from a first region
outside the container to a second region in the container. First , let us
assume that a gas having a negative pressure 10 exists in the second region
in the container. In this case, a driving force to cause a gas to permeate
from the first region to the second region is the negative pressure in the
container and an osmotic pressure of the gas. Since liquid components
(e.g., moisture) in the second region are assumed to be 15 substantially
saturated, there is a difference between concentrations of the liquid
components in the first and second regions even when there is substantially
no difference between partial pressures of the oxygen molecules or nitrogen
molecules in the first region outside the container and the second region
20 in the container. Therefore, the osmotic pressure of the gas is
generated as a driving force to cause the gas to permeate from the first
region to the second region in order to reduce the concentration of the
liquid components in the second region. As a result , the amount of oxygen
molecules or nitrogen molecules 25 that permeate from the first region to
the second region is proportionate to a difference between pressures in the
first and second regions including the two pressures (the negative pressure
and the osmotic pressure) , the surface area of the film, and the duration
of permeation and is inversely proportionate 30 to the thickness of the
film, as will be described later.   - 75  Next , let us assume that only a
liquid exists in the second region. In this case, a significant difference
occurs in the desorption mechanism that is the third step of the mechanism
of an activated and diffused flow. Normally, oxygen molecules 



5 or nitrogen molecules are not so dissoluble in a liquid and are in a
saturated state in a liquid during normal use. That is, even when gas
molecules reach the surface of the film on the side of the second region,
the gas molecules can not be desorbed from the film because the second
region in the liquid is saturated 10 with gas molecules. Therefore, the
permeation of oxygen molecules or nitrogen molecules is very strongly
suppressed when the second region is a liquid. Therefore, what is to be
considered to effectively prevent permeation of a gas into a liquid
container is a part of the 15 container that is located between a gaseous
region in the container and an atmospheric region outside the container. In
general, a mechanism of permeation of a gas through the film is expressed
by the following expression. Q = G  0p  S  t/T 20 where Q [g] represents
the amount of the gas that moves; G [ g  m/ atm  mz  s ] represents a gas
permeat ion coef f icient specif is to a film material; 0p represents a
pressure difference between regions separated by the material; S [m2]
represents the surface area of the film; T [m] represents the thickness of
the film; 25 and t [s] represents elapsed time. Among those parameters, 0p
represents a pressure difference between a region in a container and a
region outside the container ( ambience ) which has a magnitude that is the
sum of an osmotic pressure generated by a difference between the
concentrations 30 of liquid components and a pressure difference generated
by a   - 76  negative pressure in the container. A negative pressure is
maintained in the container to prevent the liquid in the container from
leaking out. It is difficult to reduce the pressure difference Op in order
to suppress permeation of the 6 gas into the container. An increase in the
thickness T of the film the film M can deteriorate the function of the film
when it is used as a flexible member because the flexibility is reduced as
a result of an increase in rigidity. It is therefore effective to reduce
the surface area S of 10 the inner surface of the container in contact with
a gas existing in the container in order to suppress permeation of the gas
into the container. That is, by minimizing contact between the flexible
member or a member that is highly permeable for a gas and the gas in the
container, permeation of the gas into the ib container through such members
can be effectively prevented. The preferable positioning of the movable
member in the attitude or orientation in use has been achieved based such
finding. 4.2 Embodiment of Configuration Fig. 33 is an illustration of a
liquid container (ink tank) 20 configured based on the above findings. A
space ( containing section ) S1 for containing a liquid L is formed by a
rigid container main body 411 and a flexible sheet ( flexible member ) 412
in a container 410 . The sheet 412 is urged downward in Fig. 33 or the
direction of expanding the containing 26 space S by a spring 414 through a
rigid pressure plate 413. As a result, the containing section S1 is put
under a predetermined negative pressure . As shown in Fig. 33 , in an
unused state of the container 410 in which the contained liquid L has not
been used at all, the sheet 412 is deformed downward in Fig. 33 to 



30 maximize the containing space S1. The container 410 is used with   _ 77
_ the sheet 412 located at the bottom thereof, as shown in Fig. 33.
Therefore, the sheet 412 is located downward in the direction of the
gravity when the container 410 is used . That is, the sheet 412 is located
lower than the middle of the 6 containing space S1 in the direction of the
gravity. A liquid supplying hole 415 is provided at the bottom of the
containing space S1, and an atmosphere communication port 416 is provided
at the top of the main body 411. A space S2 is formed in the container 410
under the sheet 412 , and the space S2 is exposed 10 to the atmosphere at a
communication port 417. In the present embodiment, a one-way valve 430 is
mounted on the atmosphere communication port 416 provided at the top of the
main body 411, the one-way valve being an opening/closing mechanism having
a spring 421, a pressure receiving plate 422, 15 a flexible member 423, and
a sealing member 424. The pressure receiving plate 422 and the flexible
member 423 are formed with air holes 422A and 423A respectively, and the
spring 421 urges the flexible member 423 against the sealing member 424
through the pressure receiving plate 422 to close the air holes 422A 20 and
423A as shown in Fig . 33 . The opening/closing mechanism is opened and
closed by a pressure difference existing between the interior of the
containing space S1 and outside air. Specifically, when a negative pressure
in the containing space S1 has not reached a predetermined magnitude, the
air holes 422A 25 and 423A are closed as shown in Fig. 33 to prevent the
introduction of outside air into the containing space S1. When the negative
pressure in the containing space S1 is equal to or greater than the
predetermined magnitude, the pressure receiving plate 422 and the flexible
member 423 are displaced 30 downward against the urging force of the spring
414 to open the   _ 78 _ air holes 422A and 423A. Thus, outside air is
introduced into the containing space S1 through the air holes 422A and 423A
and the atmosphere introducing opening 416. As a result, the negative
pressure in the containing space 5 S1 is kept in a predetermined range. The
magnitude of the negative pressure for introducing outside air into the
containing space S1 can be easily and precisely set by changing the
strength of the spring 421. More specifically, the function of the one-way
valve 430 10 is as follows. The following description is on an assumption
that ink as the liquid L is contained in the containing space S1 and is
supplied to an ink bet recording head through the extracting or supplying
port 15 . The recording head may utilize thermal energy generated by an
electrothermal transducer as 



15 energy for electing ink. In this case, film boiling of ink may be caused
by heat generated by the electrothermal transducer, and ink may be elected
from ink election ports by foaming energy generated at that time. When the
containing space S1 is sufficiently filled with 20 ink as shown in Fig. 33,
an expanding force (a reaction force originating from compression ) in
accordance with the amount of compression and displacement of the spring
414 in a compressed state acts on the sheet 412 through the pressure plate
413. The direction of the expanding force acts downward in Fig. 33 or 26
the expanding direction of the spring 414. At this time, a pressure
directed inwardly of the containing space S1 acts in the containing space
S1. Specifically, a pressure P1 in the containing space S1 has a value with
a negative sign ( a negative pressure) on an assumption that the
atmospheric pressure is "0" . 30 That is, the negative pressure P1
generated in the containing   _ 79 _ space S1 acts in a direction that is
opposite to the direction of the force provided by the spring 414. Since
the negative pressure P1 thus acts in the containing space S1, a negative
pressure also acts on meniscuses at ink ejecting nozzles in the 5 recording
head, which prevents ink from leaking out the ink ejection ports provided
on the recording head. In such a state, the air holes 422A and 423A are
closed by the sealing member 424 in the valve chamber of the one-way valve
. The negative pressure P1 in the containing space S1 also acts 10 in the
valve chamber through the communication port 416. The expanding force of
the spring 421 also acts in the valve chamber, and the expanding force acts
upward in Fig. 33 or in the expanding direction of the spring 421. That is
, the direction of a pressure exerted by the spring 421 in the valve
chamber is the same as 15 the expanding direction of the spring 421. A
pressure P2 in the valve chamber required to seal the air holes 422A and
423A with the sealing member 424 is greater than the absolute value or
magnitude of negative pressure P1. Specifically, the one-way valve is kept
in a sealed state by keeping a force originating 20 from the spring 421 and
the flexible member 423 greater than the negative pressure P1 against which
it acts. When ink is further a jected from the recording head to reduce the
amount of ink remaining in the containing space S1, the negative pressure
P1 in the containing space S1 increases 26 accordingly. Specifically, as a
result of a reduction in the amount of ink remaining in the containing
space S1, the internal volume of the containing space S1 that is an
enclosed space is also substantially reduced, which causes the sheet 412 to
be displaced 30 upward accordingly. The displacement of the sheet 412 is   



- ao  accompanied by upward displacement of the pressure plate, which
causes the compression of the spring 414 to proceed. The progress of the
compression of the spring 414 means an increase in the expanding force of
the same, and this results in an b increase in the negative pressure P1 in
the containing space S1. The increasing negative pressure P1 in the
containing space S1 eventually balances the pressure P2 in the valve
chamber of the one-way valve. The one-way valve is kept in the sealed state
10 until that time. Thereafter, the negative pressure P1 further increases,
and the sealing member 424 becomes unable to seal the air holes 422A and
423A depending on the pressure P2 in the valve chamber. The sealing of the
holes is canceled at that instant. ib As a result, the atmosphere flows in
through the air holes 422A and 423A, and it is introduced into the
containing space S1 through the communication port 416. The introduction of
the atmosphere increases the volumetric capacity of the containing space S1
that has been reduced and conversely decreases the 20 negative pressure P1
that has been increased, at the same time. As a result of the reduction in
the negative pressure P1, the air holes 422A and 423A of the one-way valve
are sealed by the sealing member 424 again. Thereafter, the change in the
negative pressure P1 becomes 26 very small, and the consumption of ink
proceeds with a substantially constant negative pressure value maintained.
The negative pressure P1 then increases again, and the negative pressure P1
is reduced by canceling the sealing of the air holes 422A and 423A each
time the sealing member 424 fails to seal 30 them depending on the pressure
P2 in the valve chamber. The   - 81  one-way valve repeats such an
operation to keep the negative pressure P1 in the containing space S1 in a
predetermined range . Therefore, the recording head can use up the ink in
the containing chamber S1 while maintaining a stable state of ejection. 5
Thus, in the present embodiment, the negative pressure in the containing
space S1 balances the force of the one-way valve to close the opening as a
result of consumption of ink in the containing chamber and, at the instant
when the negative pressure in the containing space S1 increases as a result
of further 10 consumption of ink, the one-way valve opens the opening to
introduce the atmosphere into the containing space S1. The introduction of
the atmosphere increases the volumetric capacity of the containing space S1
and simultaneously reduces the negative pressure therein, which causes the
one-way valve to 16 close the opening. Figs. 34A, 34B, and 34C are
illustrations for explaining the above-described situation of the container
410. The one-way valve 430 is schematically shown in those illustrations.
As shown in Fig. 34A, the container 410 is used in an attitude 20 or
orientation in which the sheet 412 is located downward in the direction of
the gravity. When the liquid L in the container 410 is supplied to the
outside through the liquid supplying port 415, the sheet 412 15 first
deformed upward against the urging force of the spring 414 in accordance
with the amount of the 



25 supplied liquid L as shown in Fig. 34B, and the volume of the containing
space S1 is decreased with the negative pressure kept unchanged. In Fig.
34B, the sheet 412 is deformed upward to the extremity, and a buffer area
is provided in the form of such a reduction in the volume of the containing
space S1 that is 30 accompanied by the deformation of the sheet 412 . The
buffer area   - 82  is an area for absorbing fluctuations of the pressure
in the containing space S1 accompanied by the deformation of the sheet 412.
Fluctuations of the pressure in the containing space S1 are attributable to
thermal expansion of a gas (air) in the 6 containing space S1. When the
liquid L in the container 410 is further supplied to the outside, air is
introduced through the atmosphere communication port 416 to replace the
supplied liquid L without any further deformation of the sheet 412 in which
the buffer 10 area has been provided, as shown in Fig. 34C. That is, air is
introduced through the atmosphere communication port 416 as a result of a
reduction in the pressure in the containing space S1 attributable to the
supply of the liquid L to maintain the negative pressure in the containing
space S1. 16 Thus , the container 410 supplies the liquid L to the outside
from the unused state shown in Fig. 34A in which the liquid L contained in
the containing space S1 is not consumed at all until the buffer area is
provided as shown in Fig. 34B, the supplying operation being accompanied by
the deformation of the sheet 412 . 20 Thereafter, the liquid L is supplied
to the outside with air introduced through the atmosphere communication
port 416 as shown in Fig . 34C . Thus , the liquid L in the containing
space S1 is supplied to the outside with stability under a predetermined
negative pressure. 25 Fig. 35 is an illustration of the container 410 in
use in which introduced air has been accumulated in an upper part of the
interior of the containing space S1. The concentration of the vapor of the
contained liquid in the air in the containing space S is near saturation,
and the vapor concentration is 30 greatly different from the vapor
concentration of outside air.   - 83  Therefore, an osmotic pressure of a
gas as described above is generated between the region inside the
containing space Sl where air is present and outside air, and an osmotic
pressure acts on the main body 411 in contact with the air in the
containing 6 space S1 to allow the outside gas to permeate into the
containing space S1 as indicated by the arrows in Fig. 35. Further, since
the containing space S1 has the negative pressure to prevent the liquid L
from leaking out, there is a pressure difference between the space and the
outside. Such a pressure difference 



10 between the inside and outside the containing space S1 generates a force
that can cause an outside gas to permeate into the containing space S1. The
amount of such permeation of the gas is as expressed by the expression
presented earlier in the document. 15 In the present embodiment , since the
region of the container 410 in contact with the gas (air) in the containing
space S1 is the main body 411 that is rigid ( inflexible ) , the permeation
of the outside gas into the containing space S1 can be prevented by
adopting a material having a low gas permeability (e.g., a 20 metal) as the
material of the main body 411. As thus described, the flexible sheet 412 is
provided downward in the direction of the gravity to prevent an osmotic
pressure of a gas from acting on the same, which makes it possible to
suppress the amount of a gas that permeates through the sheet 25 412 even
when a flexible member having a high gas permeability is used as the same.
Thus, the buffering mechanism accompanied by deformation of the sheet 412
can sufficiently work to absorb fluctuations of the pressure in the
containing space S1 even when the liquid L is stored for a long time, and
this consequently 30 makes it possible to prevent the leakage of the liquid
L and   - 84  the breakage of the container 410. 4 . 3 Modification It is
not essential that a flexible member is provided in the liquid containing
section of the liquid container, and a b configuration is possible in which
the liquid containing section is constituted by a plurality of materials
that are different in gas permeability and in which a material having a
high gas permeability is located downward in the direction of the gravity
when the container is used. The liquid container according to 10 the
invention may be used in a wide range as a container for containing various
liquids other than ink. In stead of providing a flexible member made of a
material having higher gas permeability than that of the rigid (inflexible)
main body 411 downward in the direction of the 16 gravity in the attitude
of the same in use, for example, as shown in Fig. 36, a flexible member
412' having a multi-layer (e.g. , double layer) structure configuration may
be adopted to allow ink to spread between the layers due to a capillary
force or to insulate regions inside and outside an ink tank with an ink 20
layer, thereby preventing a gas from entering the tank. This makes it
possible to relax limitations on the attitude or orientation of an ink tank
in use and to increase freedom in designing an ink tank or recording
apparatus. In addition, it is possible to prevent a gas from entering an
ink tank effectively 25 even in transportation during which the ink tank
can be in various attitudes. 5. Ink Tank Design Conditions 



5.1 Operating principle of One-way Valve of Another Embodiment of the
Invention 30 Fig. 37 shows a liquid container in another embodiment of   -
85  the invention, the liquid container having an ink jet recording head
520 (hereinafter simply referred to as "recording head) integrally mounted
thereto. The liquid container (hereinafter also referred to as "ink
container") is generally constituted 6 by two chambers, i.e., an ink
containing chamber 510 in which an ink containing space 510A is defined and
a valve chamber 530, and the interiors of the two chambers are in
communication with each other through a communication channel 517. Ink to
be ejected from the recording head 520 is charged in the ink 10 containing
chamber 510 and is supplied to the recording head 520. The ejection of ink
from the recording head 520 is not limited to any particular method and,
for example, thermal energy generated by an electrothermal transducer may
be used as energy 15 for ejecting ink. In this case, film boiling is caused
in ink by head generated by the electrothermal transducer, and ink may be
ejected through ink ejection ports by foaming energy at that time. A
movable member 511 that is a movable section is disposed 20 in a part of
the ink containing chamber 510, and a space for containing ink is defined
between this section and an outer casing 513. A space outside the ink
containing space 510A as viewed from the movable member 5l1 or a space on
the righthand side of the movable member 511 in Fig. 37 is exposed to 25
the atmosphere through an atmosphere communication port 512 such that it
has a pressure equal to the atmospheric pressure. Further, a substantially
sealed space is formed in the ink containing space 510A except for an ink
supply port 518 provided at the bottom thereof and the communication
channel 517 between 30 the valve chamber 530 serving as a valve section and
the space .   - 86  The outer casing 513 defines the ink containing space
510A and also serves as a shell for protecting the movable member 511 from
an external force . The movable member 511 of the present embodiment is
constituted by a deformable flexible film ( sheet 6 member) whose
configuration in a central section thereof is regulated by a support plate
514 that is a support member in the form of a flat plate and which is
deformable in a peripheral section thereof. The movable member 511 has a
convex configuration in the central section and has a trapezoidal side 10
configuration. As will be described later, the movable member 



511 is deformed in accordance with changes in the amount of ink in the ink
containing space 510A and fluctuations of a pressure in the same . In such
cases , the peripheral section of the movable member 511 is expanded and
contracted or deformed in a good 15 balance, and the central section of the
movable member 511 undergoes parallel displacement in the horizontal
direction of the figure with a substantially vertical attitude orientation
of the same maintained. Since the movable member 511 is thus smoothly
deformed (moved) , the deformation will cause no shock, 20 and there will
be no abnormal pressure fluctuation attributable to shock in the ink
containing space. In the ink containing space 510A, there is provided a
spring member 515 in the form of a compression spring for exerting an
urging force that urges the movable member 511 to the right in 25 the
figure through the support plate 514 to generate a negative pressure within
a range in which an ink ejecting operation of the recording head can be
performed in equilibrium with an ability for holding meniscus formed at an
ink ejecting section of the recording head 520. Fig. 37 shows a state in
which the 30 ink containing section 510A is substantially fully charged
with   87 _ ink, and the spring member 515 is compressed to generate an
adequate negative pressure in the ink containing space even in this state.
The recording head 520 and the ink containing chamber 510 b are coupled by
inserting a supply tube 521 provided on the recording head into the ink
containing chamber 510. This establishes fluidic coupling between them to
allow ink to be supplied to the recording head 520. A sealing member 524 is
mounted around the supply tube 521 to ensure sealing between 10 the supply
tube 521 and the ink containing chamber 510. A filter 523 is provided in
the supply tube 521 to prevent any foreign substance present in supplied
ink from flowing into the recording head 520. The valve chamber 530 will
now be described. The interior 15 of the valve chamber 530 is in
communication with the ink containing space 510A through the communication
channel 517. In the present embodiment, the communication channel 517 is
formed using a pipe made of stainless steel having an inner diameter of 0 .
2 mm. Further, a sealing member 538 made of rubber 20 is mounted around the
stainless steel pipe to improve sealing around the communication channel.
In the valve chamber 530 , there is provided a valve closing plate 534 to
serve as a valve closing member having an opening section 536 that is an
element of the one-way valve and a valve 25 sealing member 537 for sealing
the opening section 536. The valve closing plate 534 is bonded to a
flexible sheet 531. The opening section 536 extends through the valve
closing plate 534 and the flexible sheet 531. A substantially sealing space
is maintained also in the valve chamber 530 except for the 30 communication
channel 517 and the opening section 536. The  



_ 88 _ space above the flexible sheet 531 in the figure is exposed to the
atmosphere at the atmosphere communication port 512 to have a pressure
equal to the atmospheric pressure . An outer casing 533 of the valve
chamber 530 also serves as a shell for protecting 5 the flexible sheet 531
from an external force. The flexible sheet 531 is also deformable at a
peripheral region thereof excluding a central section that is bonded to the
valve closing plate. It has a convex configuration in the central section
and a substantially trapezoidal side 10 configuration. Such a configuration
allows the valve closing plate 534 to be smoothly moved up and down. In the
valve chamber 530, there is provided a valve regulating spring 535 as a
valve regulating member for regulating an opening operation of the valve .
The valve regulating spring 15 535 is somewhat compressed to urge the valve
closing member 534 upward in the figure utilizing a reaction force against
the compression. The function of a valve is achieved by expanding and
compressing the valve regulating spring 535 to put the valve sealing member
537 in tight contact with the opening section 20 536 and to separate them
from each other, and a gas is only allowed to be introduced into the valve
chamber from the atmosphere communication port 532 through the opening
section 536 to provide a one-way valve mechanism. What is required for the
valve sealing member 537 is to seal 25 the opening section 536 with
reliability. Specifically, it is required to have a configuration in which
at least the part thereof in contact with the opening section 536 securely
seals the opening, and there is no particular restriction on the quatlity
of the material as long as tight contact can be achieved. 30 However, since
such tight contact is achieved by the expanding   - 89  force of the valve
regulating spring 535, the valve sealing member 537 is more preferably
formed from a material that can easily follow the flexible sheet 531 and
the valve closing plate 534 moved by the action of the expanding force, i .
a . , a shrinkable 5 elastic material such as rubber. An operation of the
ink container in the present embodiment having the above configuration will
now be described with reference to Figs. 38A to 38E. Fig . 38A shows a
state of the same in which the ink containing 10 space is sufficiently
filled with ink. In this state, since the spring member 515 is compressed,
an expanding force F1 (a reaction force originating from the compression )
in accordance with the amount of displacement as a result of compression
acts on the movable member 511 through the support plate 514. 15 Referring
to the direction of the expanding force F1 at this time, it acts rightward
in Fig. 38A or the expanding direction of the spring member 515, and this
direction is indicated by a positive sign in the following description. At
this time, a pressure in the ink containing space 510A acts inwardly of the



20 chamber. That is, a pressure P1 acting in the ink containing chamber
510A has a value with a negative sign ( negative pressure ) according to
the above rule for signs on an assumption that the atmospheric pressure is
"0" . Therefore, when the surface area of the support plate 514 to which
the spring member 515 is bonded 25 is represented by S1, the negative
pressure generated in the ink containing space at this time can be
expressed as follows P1 = -F1/S1 Expression 1 That is , the negative
pressure generated in the ink containing chamber is directed opposite to
the direction of the force 30 provided by the spring member 515.   - 90
Since the negative pressure thus acts in the ink containing space, the
negative pressure P1 also acts on meniscuses at the ink ejecting nozzles in
the recording head 520 to prevent leakage of ink from the ink ejecting port
provided on the recording head 5 520. In this state, the opening section
536 is sealed by the 10 15 20 sealing member 537 in the valve chamber 530.
Referring to the pressure in the valve chamber 530 , the negative pressure
P1 is exerted through the communication channel 517 between the chamber and
the ink containing space 510A. The expanding force of the valve regulating
spring 535 acts in the valve chamber 530. Let us indicate the expanding
force by "F2". Then, the expanding force F2 acts upward in Fig. 38A or the
expanding direction of the valve regulating spring 535 and has the positive
sign. Let us indicate the surface area of the bonding surface of the valve
closing plate 534 to which the valve regulating spring 535 is bonded by
"S2" . Then, the direction of the pressure exerted by the valve regulating
spring 535 in the valve chamber 530 as a force acting in the valve chamber
coincides with the expanding direction of the valve regulating spring 535
and indicated by the positive sign. When the pressure is represented by
"P2", the following relationship exists. P2 = F2/S2 valve sealing member
537, the pressure P2 and the negative In order for the opening section 536
to be sealed with the 



25 pressure P1 must satisfy a relationship expressed by: Expression 2 -P1 <
P2 Expression 3 Then, Expression 2 and Expression 3 derive the following
relationship: 30 - P1 < F2/52 Expression 4   - 91  That is , the one-way
valve is kept sealed by maintaining a state in which the force provided by
the valve regulating spring 535 and the valve closing plate 534 acting
against the negative pressure is greater than the internal negative
pressure. 5 The ejection of ink from the recording head 520 proceeds to
reduce the amount of ink remaining in the ink containing space 510A, and
the negative pressure in the ink containing space 510 increases
accordingly. Fig. 39 shows a relationship between the negative pressure 10
in the ink containing space 510A and the amount of ink remaining therein or
supplied therefrom. When ink consumption continues, a change from the state
in Fig. 38A to the state in Fig. 38B occurs. The internal volume of the ink
containing space 510A that is a sealed space substantially decreases with
the amount 15 of ink, which is accompanied by a leftward movement of the
movable member 511 in the figure. The support plate 514 also moves leftward
in accordance with the displacement of the movable member 511, and the
compression of the spring member 515 also proceeds . The progress of the
compression of the spring member 20 515 means an increase in the expanding
force F1, and the negative pressure P1 also increases from the point a to
the point b in Fig. 39 according to Expression 1. When ink consumption
further proceeds from the state in Fig. 38B, the movable member 511 is
displaced leftward further to 26 enter the state in Fig. 38C. This further
increases the negative pressure in the ink container 510 to change to the
point c in Fig. 39. In this state, the negative pressure in the ink
container 510 balances the force exerted by the valve regulating member 534
in the valve chamber 530 to satisfy a relationship 30 expressed by:   - 92



- P1 = F2/S2 Expression 5 Since the force F2/S2 has a predetermined value
because the state of contact of the valve sealing member 537 achieved by
the pressure of the valve regulating spring 535 has not changed 5 up to
this point, when ink consumption is continued thereafter to increase the
negative pressure further, the force F2/S2 becomes unable to cause the
valve sealing member 537 to seal the opening section 536 in the valve
chamber 530 , which results in a relationship expressed by: 10 - P1 > F2/S2
Expression 6 The relationship indicates the state shown in Fig. 38D and the
change in the negative pressure at the point d in Fig. 39. At the instant
when this relationship becomes true, the sealing of the opening section 536
with the sealing member 537 is 15 canceled. As a result, the atmosphere
begins to flow in through the opening section 536 as indicated by the arrow
in Fig. 38D, and it is further introduced into the ink containing space
510A through the communication port 517. The introduction of the 20
atmosphere results in an increase in the volumetric capacity of the ink
containing space 510A that has been decreasing and simultaneously results
in a decrease in the negative pressure that has been increasing,
conversely. The decrease in the negative pressure means a return from the
state expressed by 25 Expression 6 to the state expressed by Expression 5,
and the opening section 536 and the valve sealing member 537 are put in
tight contact with each other again in the valve chamber 530. This results
in the state shown in Fig. 38E and a change in the negative pressure from
the point d to the point a in Fig. 39. 30 From the above description, the
following relationship is   - 93  satisfied according to Expression 1 and
Expression 6 in the valve chamber 530 because the relationship between the
negative pressure in the ink containing space 510A and the pressure urging
the valve sealing member in the valve chamber 530 can be expressed 



6 as a relationship between the magnitudes of the absolute values of the
respective pressures although they act in opposite directions. ~F1~ / S1 >
~F2~ / S2 Expression 7 When ink is further consumed thereafter, the state
in Fig. 10 38D and the state in Fig. 38E alternate; there are very small
changes in the negative pressure as shown at the point a and later; and ink
is consumed with the negative pressure kept at a substantially constant
value. That is, since the state in Fig. 38D and the state in Fig. 38E are
thus repeated even when ink 16 consumption is continued, there is no
unnecessary increase in the negative pressure in the ink containing space
510A after a certain amount of ink is consumed, which makes it possible to
use up the ink in the ink containing space 510A while maintaining a stable
ejecting condition. 20 5.2 Parameter Setting It is apparent from the above
that each of the chambers can be easily designed for a desired negative
pressure because the negative pressure is adjusted based on the balance
between the pressures in the ink containing space 510A and the valve
chamber 25 530, respectively. Specifically, the spring expanding forces F1
and F2 depend on the state of compression of the springs disposed in the
respective chambers, and the expanding forces are determined by the spring
constants and the distances of displacement caused by the compression (the
amounts of 30 displacement in the initial compressed state and the amounts
- 94  of later displacement ) ( F = k x x; k and x represent the spring
constant and the amount of displacement, respectively). Therefore, any
desired negative pressure can be obtained by appropriately setting those
parameters. The negative pressure 5 can be easily adjusted by setting the
surfaces areas S1 and S2 of the support plate and the valve closing plate
attached to the springs appropriately. A feature of the invention achieved
in the above embodiment is to provide guidelines for designing an ink
container in which 10 the four parameters F1, F2, S1, and S2 are
appropriately determined based on the relational expressions for them
derived as described above. For example, a technique disclosed in U.S.
Patent No. 6,186,620 solves the problems with the technique disclosed in 16
Japanese Patent Application Laid-open No. 7-125240 (1995) or Japanese
Patent Application Laid-open No. 7-125241 (1995) described in the section
of the related art , i . a . , the problems with a liquid seal. There is
disclosed a configuration in which a member in the form of a plug urged by
a spring is provided 20 in a boss for introducing outside air to achieve
mechanical sealing. However, there is neither consideration nor suggestion
to the above-described expressions. In this sense, the above-cited
invention still remains in the category of substitution of a mechanical
seal for a liquid seal and does 25 not provide guidelines for optimization
of a design of an ink container unlike the present invention. 



An ink container can be adequately designed in accordance with guidelines
based on the principle of the invention that the four parameters F1, F2,
S1, and S2 are appropriately 30 determined in relation to each other.   -
95  For example, a discussion will now be made on a relationship expressed
by F1: ( S1/S2 ) x F2 that is derived from Expression 1 and Expression 6.
Let us assume that the spring force F2 of the valve regulating 6 spring 535
is substantially constant because substantially no displacement occurs on
the same. Then, a wide range of values of the parameter F1 can satisfy
Expression 1 to prevent the introduction of outside air when the active
area S2 of the force to seal the atmosphere introducing opening is small
relative 10 to the active area S1 of the spring force to generate a
negative pressure or when S1/S2 is relatively large, and it is therefore
assumed that the spring member 515 can be designed with high freedom to
obtain an initial value of the parameter F1. However, when the parameter F1
is designed with a high initial value, 1b the parameter F1 must be changed
considerably to introduce outside air by satisfying Expression 6 , which
results in a great increase in the negative pressure in the ink containing
space 510A. However, the negative pressure in the ink containing space 510A
must be an adequate value within a range in which 20 it is in equilibrium
with an ability to hold meniscuses formed at ink ejection ports to
sufficiently prevent leakage of ink from the ink ejecting section and in
which an ink ejecting operation of a recording head can be performed.
Therefore, in order to keep the parameter F1 in the adequate range until
outside 2b air is introduced, the spring force F2 of the valve regulating
spring 535 must be relatively small, which results a risk that the opening
section 536 will be easily opened by a shock or ambient change. Such a
problem can be avoided when the parameters S1 and 30 S2 are adequately
determined. Specifically, there is no need   - 96  for increasing the
amount of a change in the parameter F1 required for a transition from a
state that satisfies Expression 1 to a state that satisfies Expression 6,
which increases freedom also in setting the parameter F2 and makes it
possible to 5 effectively prevent unpreferable opening of the opening
section 536. The above discussion is merely an example, and it is obvious
that each portion must be appropriately designed taking various conditions
into consideration. However, this can be 10 accomplished by considering the
four parameters in relation to 



each other and can not be accomplished by simply considering the
relationship between the magnitudes of the parameters P1 and P2 that
determines whether to introduce outside air based on common sense or
intuition. 15 5.3 Operating Principle of One-way Valve in Still Another
Embodiment of the Invention. In the above embodiment of the invention, the
spring member 515 for generating a negative pressure in the ink containing
space 510A and the spring member 35 and the valve closing plate 20 534 for
generating a force to seal the opening section 536 in the valve chamber 530
are provided inside the respective chambers . However, referring to modes
of utilizing a force exerted by a spring, it is possible to utilize not
only a reaction force generated during compression of the same but also a
reaction 25 force generated when the spring is expanded. Therefore, each of
the springs may be disposed outside the respective chamber. Fig. 40 shows
an embodiment in which the disposing positions of the springs for the ink
containing chamber and the valve chamber have been moved to the outside of
the respective chambers . 30 In this configuration, when ink is
sufficiently charged, a spring   _ 97 _ member 545 connected to an ink
containing chamber 540 is slightly expanded, and a valve regulating spring
555 provided in a valve chamber 550 is similarly slightly expanded. In this
configuration, a movable member 541 moves leftward 5 in the figure in
accordance with the consumption of ink in an ink containing space 540A,
which results in further expansion of the spring member 545 to displace the
same. A negative pressure is determined by the amount of displacement at
this time. The negative pressure that acts in the ink containing 10 space
540A in accordance with the displacement of the spring member 545 at this
time is generated by a force in the contracting direction of the spring
member 545 , and a contracting force F1 in accordance with the amount of
displacement as a result of expansion of the spring member 545 ( a reaction
force originating 15 from the expansion which is assumed to have the
negative sign) acts on a movable member 541 through a support plate 544.
Therefore, the negative pressure at this time is expressed by Expression 8
shown below according to the same rules for signs as those in the above
embodiment. 20 P1 = F1/S1 Expression 8 In the valve chamber 555 , since the
valve regulating spring 555 that is provided between an outer casing 553
and a valve closing plate 554 exerts a force in the contacting direction of
the same, a contracting force F2 in accordance with the amount 25 of
displacement as a result of expansion of the valve regulating spring 555
acts upward in the figure. A pressure in a movable member 551 is expressed
by Expression 9 shown below according to the same rules for signs as those
in the embodiment shown in Fig. 37. 30 P2 = -F2/S2 Expression 9  



- 98  Therefore, when an opening section 556 is sealed with a valve sealing
member 557 in the valve chamber 550 or when a relationship expressed by -P1
< P2 exists, the following relationship is satisfied. 5 -F1/S1 < -F2/S2
When tight contact between the opening section 556 and the valve sealing
member 557 is canceled to introduce outside air from an atmosphere
communication port 52 through the opening section 556 as a result of
progress of ink consumption, the following 10 relationship is satisfied.
-F1/S1 > -F2/S2 Expression 10 Only the directions of the forces exerted by
the spring member 545 and the valve regulating spring 555 are different
from those in the embodiment in Fig. 37, and the directions of the negative
16 pressure in the ink containing space 540A and the pressure in the valve
chamber 550 are the same as those in the embodiment in Fig. 37. Therefore,
Expression 10 can be changed as follows: ~F1~ / S1 > ~F2~ / S2 Expression
11 Therefore, the description of the embodiment in Fig. 37 similarly 20
holds true here for the operation of each section that occurs as ink
consumption proceeds, changes in the negative pressure, and the balance
between the pressures in the ink containing space 540A and the valve
chamber 550. When such a configuration is adopted, since each of the 25
springs is not put in contact with ink, there is no need for considering
deterioration of the springs attributable to contact between members
forming the springs and ink and elution and mixing of foreign substances
into ink. This also results in an advantage in that freedom in selecting a
material for forming 30 the springs is increased.   - 99  While an
embodiment has been shown in which the springs for the ink containing
chamber and the valve chamber are both disposed outside the respective
chambers, it will be easily understood that the invention can be achieved
according to the 5 relationship expressed by Expression 11 even in a
configuration in which the spring for either of the chambers is disposed
inside the chamber. 5.4 Area for Buffering Ambient Change In the
configurations of the above embodiments in Figs. 37 10 and 40, ink
consumption proceeds from an initial state in which ink is sufficiently
charged and, at the instant when the negative pressure in the ink
containing chamber is increased as a result of further consumption of ink
in a state in which the negative pressure balances the force exerted by the
valve regulating 16 member in the valve chamber, the atmosphere begins to
flow in through the opening section to be introduced into the ink
containing space. As a result of the introduction of the atmosphere, the
volumetric capacity of the ink containing space conversely increases, and
the negative pressure decreases to 20 close the opening section. For
example, in the embodiment in Fig . 37 , ink consumption proceeds from the
initial state shown in Fig. 38A and, after the state in Fig. 38C is
entered, the state in Fig. 38D and the state in Fig. 38E alternate in
accordance With the progress of 



26 ink consumption. That is, the internal volume of the ink containing
space 510A that is a sealed space substantially decreases as the amount of
ink decreases from the initial charged state; the operation of introducing
outside air is enabled after the movable member 511 is displaced to the
position on the 30 left-hand side of Fig. 37; and there will be
substantially no   - 100  change in the internal volume of the ink
containing space 510A itself thereafter because the movable member 511
thereafter stays in the vicinity of the position reached by the leftward
displacement. 5 Specifically, the liquid container in the embodiment in
Fig. 37 has the ink containing chamber 510 in which the liquid ( ink)
containing space 510A is defined and which includes the movable section
(movable member 511 ) that is displaced as ink is supplied from the supply
tube 521 and the valve chamber 530 which is 10 provided with the opening
section 536 for allowing a gas to be introduced into the containing space
and the sealing member 537 that is a sealing member for sealing the same.
The liquid container has a configuration in which the volumetric capacity
of the containing space 510A decreases because of displacement 15 of the
movable member as a result of ink consumption and in which the opening
section 536 is opened to introduce the gas when the volumetric capacity
becomes equal to or smaller than a predetermined value (the state in Fig.
38C). The opening section 536 is separated from the sealing member 537 when
the 20 following relationship is satisfied after the state in Fig. 38C is
entered. P - P1 > F2/S2 Expression 12 where F2 represents the urging force
for sealing the opening section 536 (the spring force of the valve
regulating spring 25 535); S2 represents the surface area of the surface on
which the urging force acts (the surface area of the bonding surface of the
valve closing plate 534 ) ; P1 represents the pressure in the containing
space 510A; and P represents the ambient pressure (atmospheric pressure) of
the container. 34 Therefore, even if there is a change in the ambience of
the   - 101  ink tank, e.g., a temperature rise or pressure reduction, the
air introduced in the containing space is permitted to expand in a quantity
equivalent to the volumetric capacity of the space in the range between the
displaced position and the initial 5 position of the movable member. In
other words, a space 



equivalent to the volumetric capacity functions as a buffer area. It is
therefore possible to moderate an increase in the pressure as a result of
the ambient change, thereby preventing leakage of ink from the ejection
ports effectively. Further, since the 10 flexible sheet 531 is
pneumatically driven to displace by the movable member 511, no leakage of
ink will be caused by the expansion of the ink containing space
attributable to a change in the ambience of the ink tank, e.g., a
temperature rise of pressure reduction. 15 Since outside air is not
introduced until a buffer area is provided as a result of a reduction of
the volumetric capacity of the ink containing space attributable to supply
of the liquid from the initial charged state, no leakage of ink occurs even
if there is an abrupt change in the ambience or the container 20 is
vibrated or dropped until that time. Further, the buffer area is not
provided in advance in the state in which ink has not been used yet, the
ink container can be compactly configured with high volumetric efficiency.
By making the surface area S2 of the surface on which the urging force F2
(the spring force 25 of the valve regulating spring 535) for sealing the
opening section 536 acts greater than the surface area of opening section
536 or the sealing surface of the sealing member 537, sufficient sealing
properties can be maintained. Furthermore, the above configuration makes it
possible to achieve those advantages with 30 a small number of components,
and it is also possible to achieve   - 102  stable introduction of the
atmosphere by providing the opening section 536 for introducing outside air
a.n a part of the movable members ( the flexible sheet 531 and the valve
closing plate 534 ) . A description will now be made on a volumetric
capacity that 5 is preferable as the buffer area providing the
above-described functions . While the description w111 be made based on the
ink container in the embodiment in Fig. 37, it equally applies to the ink
container in the embodiment in Fig. 40. Fig. 41 is an illustration showing
how the volumetric 10 capacity of the ink containing space 510A changes in
accordance with amounts of supplied liquid ( ink) , amounts of extracted or
supplied ink being shown on the abscissa axis of the figure, volumetric
capacities being shown on the ordinate axis of the figure. The thick slid
line indicates changes in the volumetric 16 capacity of the ink containing
space, and the broken line indicates changes in the amount of air in the
ink containing space. In the initial state in which ink has not been
extracted yet, the movable member 511 is in a displaced position on the 20
right-hand side in Fig. 38A, and the containing space has a maximum
volumetric capacity (Vmax). The movable member 511 is displaced from this
state as a result of extraction of ink, and the volumetric capacity
monotonously decreases. In this state (which corresponds to the state in
Fig. 38B) , since air has not 26 been introduced into the container yet ,
no leakage of ink occurs even if there is a change in the ambience. When
the volumetric capacity decreases to reach a value Vair or when a state
corresponding to the state in Fig. 38D is reached, the opening section 536
is opened to introduce air in an amount 



30 in accordance with the amount of extracted ink, and the reduction   -
103  of the volumetric capacity stops. Thereafter, substantially no change
occurs in the 6 10 volumetric capacity of the ink containing chamber 510A
itself . That is , since a volumetric capacity equivalent to ( Vmax - Vair
) is provided as a buffer area, no leakage of ink occurs even if air is
introduced. While the ink in the container is difficult to be used up and
the volumetric efficiency is reduced if no air is introduced at this time ,
since the state in Fig . 38D and the state in Fig . 38E alternate in
accordance with the progress of ink extraction through the above-described
operations, the ink can be effectively used up. A description will now be
made on how to set the volumetric capacity Vair of the ink containing
space. The maximum amount of air introduced into the container 15 20 26
substantially equals the value Vair as apparent from Fig. 41. The volume V
of expansion of the maximum amount of air Vair as a result of
depressurization is expressed as follows: V = (1/P*) x Vair Expression 13
where it is assumed that the atmospheric pressure in a substantially normal
state is 1 atm ( absolute pressure ) and that the atmospheric pressure of
the ambience in which the ink container is actually located is P atm. When
the value V is equal to or smaller than the value Vmax, there will be no
increase of the pressure in the container, and the ink will not leak out.
Therefore, leakage of ink can be prevented by designing the valve such that
it opens the opening section 536 at the atmospheric pressure of the
ambience when the volumetric capacity reaches a value Vair that satisfies
relationships expressed by: V = (1/P*) x Vair s Vmax Expression 14 30 Vair
s P* x Vmax Expression 15 



- 104  For example, atmospheric pressures considered lowest in actual
ambience in which the ink container can be located are as follows where it
is assumed that the atmospheric pressure in a substantially normal state is
1 atm. 5 l0 15 Atmospheric pressures 0.9atm0.8atm0.7atm0.6atm Ambience Use
at ordinary altitudes without transportation Use in ambience with very
severe temperature changes Transportation by an airplane Use at a high
altitude of 4000 m or more (e.g., Bolivia and Tibet) Therefore, the
atmospheric pressure P* may be put as 0.6 atm in order to satisfy a11 the
conditions for use, for example. An optimum configuration can be provided
on an assumption that P* = 0 . 9 atm when the container is used only at
ordinary altitudes and is not transported. For example, such data indicate
that the value Vair is 0.9 20 25 x Vmax or less for use only at ordinary
altitudes and that the volume to start introduction of air may be 90 % of
the maximum volumetric capacity. However, it is desirable to set the value
Vair at 0.8 x Vmax or less and the volume to start introduction of air at
80 % of the maximum volumetric capacity if consideration is to be paid to
use in ambience with very severe temperature changes. It is desirable to
set the value Vair at 0.7 x Vmax or less and the volume to start
introduction of air at 70 % of the maximum volumetric capacity if
consideration is to be paid to transportation by air or use on an airplane.
It is desirable 30 to set the value Vair at 0.6 x Vmax or less and the
volume to   



- 105  start introduction of air at 60 % of the maximum volumetric capacity
if consideration is also to be paid to use at a high altitude of 4000 m or
more. Since the required buffering capacity depends on ambience 5 as thus
described, it becomes easy to improve the ink containing efficiency of the
container and to prevent leakage of ink effectively by designing it such
that an optimum buffer volume can be obtained in accordance with the
ambience. Expression 7 can be changed as follows according to the 10 Hooke'
s law where k1 represent the spring constant of the spring member 515 and
X1 represents a quantity of displacement from the initial state. ~kl x X1~
/ S1 > ~F2~ / S2 Expression 16 In the present embodiment, since deformation
of the movable 15 member 511 is regulated by the spring member 515 through
the support plate 514, a change in the volume attributable to the
deformation of the movable member 511 is determined by displacement of the
spring member 515 . That is , when the volume of the container changes from
Vmax to Vair, if a quantity of 20 displacement X1 satisfying Expression 16
also satisfies expression 17 below, the valve is opened to introduce
outside air always after the spring member 515 is displaced by a quantity
of displacement Xair or more where Xair represents a quantity of
displacement of the spring member 515. 25 X1 > Xair Expression 17
Therefore, by configuring the valve regulating spring 535 and the spring
member 515 such that a relationship expressed by Equation 18 is satisfied,
no leakage of the liquid occurs because the valve is opened due to an
increase in the negative pressure 30 after a volume equal to or greater
than a predetermined buffer   - 106  volume is made available as a result
of deformation to introduce outside air. ~k1 x Xair~ / S1 > ~F1~ / S2
Expression 18 5.5 Another Embodiment of Formation of Buffer Area for
Ambient b Changes The configuration of an ink container for forming a
preferable buffer area is not limited to configurations having a valve
chamber as in the above embodiments in Figs . 37 and 40 , and various
configurations may be employed. 10 Fig. 42A is a schematic sectional view
showing another embodiment of such an ink container. A movable member 561
constituted by a flexible film (sheet member) that defines an ink
containing space is provided in an outer casing 563 of the container, and
the movable member 561 is urged by a spring member lb 565 through a support
plate 564 such that the containing space has a maximum volumetric capacity
in a normal state . An opening section 592 of an ink containing space 560A
provided on the outer casing 563 is sealed by a valve 590 that is a sealing
unit urged by a valve regulating spring 595. 20 Fig . 448 shows a state in
Which ink of a volume ( Vmax - Vair ) 



has been extracted from a supply port 568 to reduce the volumetric capacity
of the containing space to a volume Vair. At this time, as a result of
deformation of the movable member 561, the support plate 564 is put in
contact with the valve 590 to displace the 25 valve 590 against the urging
force of the valve regulating spring 595, thereby allowing the opening
section 592 to be opened. Specifically, a buffer area is provided which is
the range from the initial position of the movable member 561 indicated by
the broken line in the figure to the position of the same indicated 30 by
the solid line at the instant when the support plate 564 comes   - 107
into contact with the valve 590. In other words, the support plate 564
comes into contact with the valve 590 to allow the opening section 592 to
be opened after a predetermined buffering capacity is provided. 5 Fig. 43A
shows state in which the support plate 564 presses the valve 590 downward
as a result of further extraction of ink to instantaneously open the
opening section 592, thereby introducing air into the ink containing space
560A. Fig. 43B shows a state in which the support plate 564 and the valve
590 10 are separated from each other. Specifically, the introduction of air
as shown in Fig. 43A has moderated an internal negative pressure to reduce
the force that displaces the support plate 564 downward, which causes
slight upward displacement of the support plate 564 to separate the support
plate 564 and the valve 15 590 from each other and causes the valve 590 to
seal the opening section 592 again due to the urging force of the valve
regulating spring 595. When ink is extracted again thereafter, the support
plate 564 and the valve 590 contact with each other as shown in Fig. 42B to
introduce air as shown in Fig. 43A. Since air 20 is gradually introduced as
thus described, the ink in the ink containing space 560A is gradually
replaced by the air with a predetermined negative pressure maintained,
which makes it possible to use up the ink and to moderate an increase in
the pressure as a result an ambient change, thereby preventing 25 leakage
of ink from an election port effectively. Since the valve 564 is
mechanically driven to displace by the support plate 564, no leakage of ink
will be cause by expansion of the ink containing chamber attributable to
ambient changes such as a temperature rise or pressure reduction. 30 An
important feature of the present embodiment is that the   s - 108  opening
section 592 is opened only after the buffering area having the volume (
Vmax - Vair ) is provided because the opening and closing operations of the
valve 590 is regulated by the quantity of displacement of the support plate
564 . As a result , 



6 air is not introduced when no sufficient buffering area is available, and
no leakage of ink therefore occurs. The present embodiment is similar to
the above embodiments in that a11 operations can be controlled by
adequately designing four parameters, i.e., the spring force of the spring
member 565, 10 the spring force of the valve regulating member 595 , the
surface area of the support plate 564, and the surface area of a
predetermined part of the valve 590. This results in a significant
advantage in that there is no need for making a change in the configuration
even if changes in physical properties of 16 ink result in significant
changes in the viscosity and contact angle of the same. A description will
now be made on designing of the four parameters with reference to Fig. 44.
Fig. 44 shows a state in which the support plate 564 and the valve 590
contact with each 20 other to introduce air. The support plate 564 is
subjected. to a force that is the sum of an upward urging force F1 provided
by the spring member 565 and a downward total pressure P1 x S1 generated
when a negative pressure P1 acts on a surface area S1 of the support plate
564. 25 The valve 590 is subjected to a force that is the sum of an upward
urging force F2 provided by the valve regulating spring 595 and an upward
total pressure P1 x S2 generated when the negative pressure P1 acts on a
surface area S2 of the part of the valve 590 that covers the opening
section 592. 30 What is required for the valve 590 to be opened is that the
- 109  force of the support plate 564 urging the valve 590 is equal to or
greater than the force of the valve 590 sealing the opening section. That
is: P1 x S1 - F1 Z F2 + P x S2 Expression 19 5 Referring to the negative
pressure at that time: P1 a (F1 + F2) / (S1 - S2) Expression 20 That is,
the spring forces F1 and F2 and the surface areas S1 and S2 of the support
plate 564 and the valve 590 may be chosen based on the negative pressure to
be maintained when the valve 10 is opened to exchange air and the liquid.
The volume Vair and those parameters may be appropriately determined taking
various conditions into consideration just as in the above embodiments.
Fig. 45 shows a state in which ink has been nearly used up as a result of
extraction through the supply port 568. At this 15 time, the amount of air
that has been introduced into the ink containing space 560A substantially
equals the volume Vair, the volume of the deformation of the movable member
561 indicated by hatching serves as a buffer to prevent ink from leaking
out even if there is expansion of the volume attributable to an 20 ambient
change. 5.6 Generalization of Ink Tank Design Conditions The embodiment in
Fig. 37 has a configuration in which the valve chamber 530 is located above
the ink containing chamber 510 in which the ink containing space 510A of
the ink tank is 26 defined in the attitude or orientation of the same in
use. However, the positional relationship between an ink containing space
and a valve chamber of an ink tank may be defined in various ways, and it
is desirable to design the ink tank such that the one-way valve operates
properly to maintain an adequate negative 



30 pressure in the ink containing chamber in any case. A   - 110
description will now be made on generalization of design conditions for an
ink tank. Fig. 46A shows an ink tank constituted by an ink containing
chamber 610 having a port 618 f or supplying ink to a recording 5 head
provided on the bottom thereof in an attitude of the same in use and a
valve chamber 630 which is in communication with the same in the vicinity
of the bottom through a communication channel 617. The ink containing
chamber 610 basically has substantially the same configuration as that
shown in Fig. 37 10 in which a movable member 611 constituted by a
deformable flexible film (sheet member) is disposed, the configuration of
the same in a central section being regulated by a support plate 614 that
is a support member in the form of a flat plate, a peripheral section of
the same being deformable. In the ink 15 containing space , there is
provided a spring member 615 in the form of a compression spring that
exerts an urging force for urging the movable member 511 downward in the
figure through the support plate 614 to generate a negative pressure in a
range in which it is in equilibrium with an ability for holding 20
meniscuses formed at an ink a jecting section of a recording head 520 and
in which an ink ejecting operation of the recording head can be performed.
The valve chamber 630 is also substantially the same as that shown in Fig .
37 , and it is provided with a valve closing plate 26 634 to serve as a
valve closing member having an opening section that is an element of a
one-way valve and a valve sealing member 637 for sealing the opening
section, the valve closing plate 634 being bonded to the flexible sheet
631. In the valve chamber 630, there is provided a valve regulating spring
635 as a valve 30 regulating member for regulating an opening operation of
the   - 111  valve. Fig. 46A illustrates an initial state of the ink tank
in which the tank has not been used yet, and Figs. 46B to 46F illustrate
states of the ink tank as a result of the progress 5 of ink consumption.
Fig. 47 shows changes in the negative pressure as a result of ink
consumption, and the points indicated by reference numerals 60a to 60f in
the figure correspond to the states in Figs. 46A to 46F, respectively. In
the configuration in Fig. 46A, ink is present in the 10 communication
channel 617, and meniscus is formed at the end of the communication channel
617 on the side of the valve chamber 630 due to a capillary force of the
communication channel 617. Therefore, a pressure to hold the meniscus is
also taken into consideration when designing the ink tank. 



15 It is assumed that in the initial state in which the ink containing
space is sufficiently filled with ink (Fig. 46A), the spring member 615
exerts an expanding force F1 (a reaction force originating from
compression) in accordance with the amount of displacement as a result of
compression to the movable 20 member 611 through the support plate 614.
Referring to the direction of the expanding force F1 at this time, it acts
upward in Fig . 46A or in the expanding direction of the spring member 615,
and the direction is indicated by the positive sign. A pressure in the ink
containing space at this time acts inwardly 25 of the chamber.
Specifically, a pressure PT acting in the ink containing space is a value
having the negative sign ( a negative pressure ) according to the
above-mentioned rules for signs where the atmospheric pressure is assumed
to be "0". A negative pressure that is generated in the position of the
opening of 30 the communication channel 617 on the side of the ink
containing   - 112  space at this time can be expressed as follows, S1
representing the surface area of the support plate 614 to which the spring
member 615 is bonded. PT = -(F1/S1) + h x p x g Expression 21 5 where h
represents the height to the uppermost or level of ink in the ink
containing chamber from the position of meniscus formed at the
communication channel 617(m); p represents the density of ink (kg/m3); and
g represents acceleration of gravitation (m/sz). 10 In this state, in the
valve chamber 630, the opening section is sealed by the valve sealing
member 637. Referring to a pressure in the valve chamber 630, the negative
pressure PT acts through the communication channel 617 located between the
valve chamber and the ink containing space, and a pressure PM 16
originating from an ability for holding the meniscus formed at the
communication channel 617 also acts. That is, the pressure (negative
pressure) in the valve chamber 630 is given by: PV = PT + PM = -(F1/S1) +
hxpxg + PM Expression 22 Incidentally, PM has either of positive and
negative signs 20 according to the relationship between the negative
pressures of the ink containing chamber and the valve chamber . The value
thereof becomes '0' when negative pressures are equivalent. The expanding
force of the valve regulating spring 635 also acts in the valve chamber
630, and the expanding force which 26 is represented here by "F2" acts
rightward in the figure or in the expanding direction of the valve
regulating spring 635 and has the positive sign. Let us indicate the
surface area of the bonding surface of the valve closing plate 634 to which
the valve regulating spring 635 is bonded by "S2". Then, the direction 30
of the pressure exerted by the valve regulating spring 635 in  



- 113  the valve chamber 630 as a force acting in the valve chamber is the
same as the expanding direction of the valve regulating spring 635 and
indicated by the positive sign. Therefore, when the pressure is represented
by "P2" , the following relationship 5 exists. P2 = F2/S2 Expression 23 In
order for the opening section 636 to be sealed with the valve sealing
member 637, the pressure P2 and the negative pressure PV in the valve
chamber must satisfy a relationship expressed 10 by -PV < P2 Expression 24
Then, Expressions 22 to 24 derive the following relationship: PV = (F1/S1)
- hxpxg - PM < F2/S2 Expression 25 That is , the one-way valve is kept
sealed by maintaining a state 16 in which the force provided by the valve
regulating spring 635 and the valve closing plate 634 acting against the
negative pressure in the valve chamber is greater than the negative
pressure . In other words , the one-way valve is kept sealed by maintaining
a state in which the force provided by the valve 20 regulating spring 635
and the valve closing plate 634 acting against the negative pressure is
greater than the negative pressure in the valve chamber determined by the
negative pressure in the ink containing chamber, the pressure corresponding
to the depth from the uppermost or level of ink in the ink containing 25
chamber to the position of the meniscus formed at the communication channel
617, and the pressure originating from the ability for holding the meniscus
formed at the communication channel 617. The ejection of ink from the
recording head proceeds to 30 reduce the amount of ink remaining in the ink
containing space ,   - 114  and the negative pressure in the ink containing
space increases accordingly. Fig. 46B and the reference numeral 61b in Fig.
47 indicate a state in which displacement equivalent to a buffering area 5
has occurred and in which the negative pressure PT in the ink containing
chamber increases and the depth h decreases to increase the negative
pressure PV in the valve chamber. When the negative pressure in the ink
containing chamber 



increases further, air begins to move from the valve chamber 10 toward the
ink containing chamber as shown in Fig. 46C, but the one-way valve has not
been opened in this state. Immediately after air begins to move, the
meniscus is instantaneously moved toward the valve chamber by the capillary
force of the communication channel 617, but it is moved back to the ink 15
containing chamber by the negative pressure in the ink containing chamber.
When the negative pressure increases further to satisfy a relationship
expressed by Expression 26 below, the one-way valve is opened to allow air
to be introduced into the ink containing 20 chamber, thereby moderating the
negative pressure and moderating displacement of the buffer area although
only slightly. This results in the state in Fig. 46D and the change in the
negative pressure at the point 61d in Fig. 47. -PV = (F1/S1) - hxpxg - PM >
F2/S2 Expression 26 25 The introduction of air decreases the negative
pressure that has been increasing. The decrease in the negative pressure
means a return form the state expressed by Expression 26 to the state
expressed by Expression 25. While the valve closing plate 634 moves in the
closing .30 direction again in the valve chamber 630 (Fig. 46E and the
point   - 115  61e in Fig. 47 ) , the negative pressure in the valve
chamber is smaller than the value on the right side of Expression 22 as
long as air is introduced. The opening section and the valve sealing member
637 are eventually put into tight contact with 



5 each other again (Fig. 46F and the point 61f in Fig. 47). Thereafter, air
is moved from the valve chamber to the ink containing chamber until the
negative pressure in the valve chamber becomes substantially equal to the
value on the right side of Expression 22, and then the negative pressures
in the 10 chambers are substantially equivalent. From the above
description, the condition for the one-way valve in the valve chamber 630
to be opened is as expressed by Expression 27 below because the
relationship among the negative pressure in the ink containing space, the
pressure originating 16 from the depth h, the meniscus holding pressure,
and the pressure for urging the valve sealing member in the valve chamber
630 can be expressed as a relationship among the magnitudes of the absolute
values of the respective pressures. ~PV~ - (~F1~/S1) - hxpxg - PM > ~F2~/S2
20 Expression 27 This is a general formula of a condition for designing the
ink tank such that the one-way valve can properly operate to maintain an
adequate negative pressure in the ink containing chamber in any case in
accordance with various positional relationships 25 between the ink
containing chamber and the valve chamber in the ink tank. In the
configuration shown in Fig. 46A, the communication channel 617 between the
ink containing chamber and the valve chamber extends in the horizontal
direction. The Expression 27 can be applied to a configuration in which a
30 communication channel toward a valve chamber is bent upwardly   - 116
to reach the valve chamber, for example, by taking account of the height
depth from a position of a meniscus formed at the communication channel to
the ink level in the ink containing chamber. b 5.7 Application of General
Formula to Various Positional Relationships between Ink Containing Chamber
and Valve Chamber in Ink Tank The above general condition will now be
examined by applying it to various configurations. 10 First , a case is
considered in which the volumetric capacity 



of the valve chamber 630 is large in a configuration substantially similar
to that shown in Fig. 46A. In this case, in order for the one-way valve to
be closed, while it is strongly desired that the value " ~ F2 ~ /S2 - ~ PV
~ " is great enough to deform lb the edge of the valve sealing member, it
is necessary to introduce a great amount of air to decrease the negative
pressure in the valve chamber. Fig. 48 is an illustration for explaining
the change in the negative pressure in this case, and the negative pressure
at 20 the time of the introduction of air ( solid line ) is significantly
decreased compared to the change in the negative pressure in the case shown
in Fig. 46A (broken line). Although the oneway valve is not left open until
the pressure therein equals to the atmospheric pressure (0) because the
negative pressure 25 in the valve chamber becomes substantially equal to
the negative pressure in the ink containing chamber, it is strongly desired
to set the ratio between the volumetric capacities of the valve chamber and
the ink containing chamber appropriately in order to prevent the pressure
from decreasing below the initial value 30 to near the atmospheric
pressure.   - 117  That is, when it is assumed that the valve chamber is
completely exposed to the atmosphere, the negative pressure in the ink
containing chamber when the valve is closed is given as follows , where W
represents the volumetric capacity of the 5 valve chamber including the
communication channel and VT represents the volumetric capacity of the ink
containing chamber. PT e~ F1/S1 + PM Expression 28 Therefore, an average
negative pressure of both chambers is as 10 follows when the one-way valve
is closed. (-F1/S1 + PM) x VT/(VT + W) That is, what is required is to set
the ratio between the 



volumetric capacities of the valve chamber and the ink containing chamber
such that the value becomes greater than the initial 15 negative pressure.
A case will now be considered in which a valve chamber 730 is provided
above an ink containing chamber 710 with a communication channel 717
provided therebetween as shown in Fig. 49A. In this case, the speed of air
moving in the communication 20 channel 717 is higher than the speed of air
introduced through an atmosphere communication port of the valve chamber
730. In the configuration in Fig. 46A, since air that is a gas is
introduced into ink that is a liquid, the speed of air moving in the
communication channel 617 is lower than the speed of air 25 introduced
through the atmosphere communication port of the valve chamber 630. When
the above general formula is applied to the case shown in Fig. 49A, since
the height h and the pressure PM are both 0' , pressures in the ink
containing chamber 710 and the valve 30 chamber 730 are always equal to
each other on an assumption that   - 118  there is substantially no
pressure loss of air in the communication channel 717. Therefore, as
indicated by the solid line in Fig. 49B, there is substantially no phase at
which the pressures in the two 5 chambers are uneven when compared to the
change in the negative 



pressure in the case shown in Fig. 46A (broken line), and fluctuations of
the negative pressure as a result of the opening and closing of the one-way
valve are small. This case is similar to the case described in the above
item 10 5.1, and designing may therefore be carried out taking the
relationship among the four parameters F1, F2, S1, and S2 into
consideration. A case will now be considered in which an ink containing
chamber 810 and a valve chamber 830 are connected through a 16
communication channel 817 having a large sectional area in a configuration
substantially similar to that in Fig. 46A. When an atmosphere communication
port of the valve chamber 830 is located lower than the communication
channel 817 in the vertical direction, the atmosphere communication port is
always 20 in contact with ink, and a negative pressure is then to be
controlled using a meniscus holding force and spring forces. In this case,
there is a risk of leakage of ink as encountered in the case of the above
mentioned liquid seal. When ink consumption proceeds thereafter to reduce
the ink 25 level below the atmosphere communication port, negative pressure
control is carried out using only the spring forces because the pressure PM
is 0. In the case shown in Fig. 50A, since resistance to the 



movement of air in the communication channel 817 is small, there 30 is a
small difference between negative pressures in the ink   - 119  containing
chamber and the valve chamber, and fluctuations of the negative pressure as
a result of the opening and closing of the one-way valve are small compared
to the change in the negative pressure (broken line) in the case shown in
Fig. 46A, 6 as indicated by the solid line in Fig. 50B. When the
communication channel 817 is no longer filled with ink, communication is
established between the air in both chambers , which result in a state
similar to that shown in Fig. 49A. 5.8 Observation on Effects of Vibration
on Ink Tank 10 Since a negative pressure to be controlled by a one-way
valve is in a range as small as 0 to -200 mmAq (about -200 Pa) , pressure
fluctuations in the excess of the controllable negative pressure may be
caused by even slight movement of ink or air in the valve attributable to
vibration during transportation, which is ib considered a possible cause of
undesirable introduction of air due to thus opened valve. In this
connection, the inventors examined the configuration in Fig. 46A by
applying vibration thereto and found that the valve chamber was filled with
ink with no air introduced 20 therein. The result seems to originate from
the following phenomena. i) Vibration in the ink containing chamber causes
air to move from the valve chamber toward the ink containing chamber; ii )
a relative great negative pressure is instantaneously 25 generated in the
valve chamber; iii ) the negative pressure generates a force that acts to
open the one-way valve; iv) however, the pressure change attributable to
vibration occurs only instantaneously, and ink enters the valve chamber 30
from the ink containing chamber before the one-way valve is   - 120  opened
to introduce air to moderate the negative pressure in the valve chamber; v
) the force that acts to open the one-way valve is lost , and the valve is
not opened; and 5 vi) the above process is repeated until the valve chamber
is filled with ink, and the valve chamber has no negative pressure when air
in the valve chamber is eliminated. That is, the one-way valve is not
opened even 



though the negative pressure in the valve chamber increases 10 because ink
enters before air is introduced. Therefore, in the case of the
configuration in Fig. 46A, it is desirable to set the sectional dimensions
of the communication channel such that the speed of ink entering the valve
chamber due to the capillary force of the communication channel exceeds the
opening speed 15 of the one-way valve. Even when the valve chamber is
filled with ink, the ink returns to the ink containing chamber with
introduced air if the one-way valve is actuated by an increase in the
negative pressure of the ink tank as a whole during use. In order for 20
the actuation mechanism of the one-way valve to more effectively work, the
atmosphere communication port of the valve chamber is preferably located
above the end of the communication channel on the side of the valve chamber
in the vertical direction in the attitude or orientation in use. 25 An
examination on the case of an extremely large valve chamber provided
results similar to those observed in the case in Fig. 46A. Next, the
configuration in Fig. 49A was examined. In this case, ink will not enter
the valve chamber unlike the 30 above-described case. Even when there is a
movement of ink in   - 121  the ink containing chamber, a resultant
pressure change is absorbed by air present in the valve chamber and an air
chamber in the ink containing chamber, the pressure change is considered to
have small influence on the one-way valve. Further, it is 5 considered that
undesirable introduction of air can be more effectively prevented by
absorbing fluctuations of the pressure of air with the displacement of the
buffering section. That is, the buffer spring (the spring in the ink
containing chamber) can provide a higher pressure absorbing effect with 10
the amount of displacement unchanged by making the parameter S1 greater
than the parameter S2. In addition, the buffer spring can be more easily
displaced in response to a slight change in . the load by making a
parameter K2 greater than a parameter K1. Next , the configuration in Fig .
50A was examined . In this 15 case, although ink easily enters the valve
chamber, the ink that has entered is then easily returned to the ink
containing chamber conversely, which can result in undesirable opening of
the one-way valve. It is therefore strongly desired to set the dimensions
of 20 the communication channel such that ink is held in the communication
channel by a meniscus holding force even when the ink tank is inverted with
the communication channel located upward in the vertical direction.
Specifically, what is required is to make the meniscus holding force in the
narrowest 25 portion of the communication channel greater than the gravity
of ink in a quantity equivalent to the volumetric capacity of the
communication channel. An examination was carried out also on the case of a
communication channel having an extremely small sectional area. 30 In this
case, the communication channel is always filled with   - 122  



ink even when a pressure change occurs, and a pressure change in an ink
containing chamber does not transmit into the valve chamber. However, since
the actuation mechanism of the oneway valve does not work when the meniscus
holding force of the 5 communication channel exceeds the range of negative
pressure control of the one-way valve, it is strongly desired to make a
pressure originating from the meniscus holding force at the narrowest
portion of the communication channel smaller than F2/S2. 10 5.9
Modification Instead of forming a part of an inner wall of a space that
constitutes an ink containing chamber of an ink container as a movable
member using a deformable flexible film as in the above embodiments, the
inner wall as a whole may be formed by such 15 a member as long as an
adequate buffer area is provided. Further, instead of providing such a
deformable member, a member that is displaced in accordance with the
volumetric capacity of a containing space S may be provided in a part of
the container. 6. Others 20 While the above description has referred to the
application of the invention to an ink tank for supplying ink to a
recording head, the invention may be applied to a supply section for
supplying ink to a pen as a recording section. In addition to various
recording apparatus as thus described, 25 the invention may be used in a
wide range including apparatus for supplying various liquids such as
drinking water and liquid flavoring materials and apparatusfor supplying
pharmaceuticals in the medical field. In addition to serial scan type
apparatus as described above, 30 the invention may be applied to recording
apparatus of various   - 123  types. For example, the invention may be used
to configure a so-called full-line type recording apparatus utilizing a
long sized recording head extending over the entire length of a recording
area of a recording medium. 5 The invention, or various aspects or various
embodiments of the same as described above makes it possible to achieve at
least one of the followings. In a configuration having a unit for
generating a required negative pressure in a section containing a liquid
(e. g. ink) 10 to be supplied to the outside (e.g., a recording head) and
an air introducing section for allowing air to be introduced in accordance
with an increase in the negative pressure in the containing section as a
result of the supply of the liquid to keep the negative pressure in an
adequate range, it is possible 15 to prevent leakage of the liquid such as
ink from the air introducing section in any ambience for use or storage and
to maintain stable negative pressure characteristics regardless of the
phase of the consumption of the liquid. Further, since high volumetric
efficiency is achieved and ink is supplied 20 smoothly in such a state,
various advantages can be achieved including stable printing quality and
compact designs when used in ink bet recording systems. In order to adjust
a pressure in an ink tank or liquid container by introducing a gas, a
one-way valve that allows gas 25 to flow in one direction and disallows
fluid ( liquid or gas ) to flow in the opposite direction may be provided
separately from the ink tank. It is therefore possible to determine the
disposing position of the one-way valve free from restrictions placed by
the position in which the ink tank is disposed. 30 As a result , it is
possible to provide a negative pressure 



- 124  adjusting mechanism for an ink tank with which freedom in designing
an ink jet recording apparatus can be improved. Ink contained in an ink
tank can be supplied to an ink jet head with a stable negative pressure
maintained until the ink 5 is used up. Since a sealing member
expands/contacts or moves according to a movable member, no leakage of ink
occurs even when the ink tank expands as a result of changes in the ambient
of the ink tank such as a temperature rise or pressure reduction. According
to the invention, the above advantages can be 10 achieved with a small
number of components, and the atmosphere can be stably introduced by
providing the atmosphere introducing opening in a part of the movable
member. This makes it possible to always achieve stable characteristics of
ejection of ink from an ink jet head and also 15 contributes to a reduction
of the running cost because ink can be efficiently used. For example, by
locating the flexible member or a member having high gas permeability in a
low position of the container in use in the direction of the gravity, it is
possible to contain 20 a liquid in a proper state because opportunities of
application 



of an osmotic pressure to those members are reduced to suppress permeation
of the gas into the container and to supply the contained liquid with
stability. When a buffer area is provided as a result of deformation 25 of
the flexible member, it is possible to reliably absorb fluctuations of a
pressure in the container as a result of a temperature rise with the buffer
area which allows a significant reduction of the amount of a gas that
permeates into the container, which consequently makes it possible to
prevent leakage of the 30 liquid or breakage of the container. In addition,
the reduction   - 125  in the amount of permeation of a gas eliminates the
need for providing a great buffer area taking the expansion of the
permeating gas into consideration, which makes it possible to improve the
volumetric efficiency of the container accordingly. 5 By providing an
opening/closing mechanism for introducing outside air into a container when
a negative pressure in the container exceeds a predetermined value, a
predetermined negative pressure can be maintained in the container to allow
a liquid to be supplied stably. The opening/closing mechanism 10 may have a
configuration utilizing a valve that is opened and closed by a pressure
difference. By maintaining a stable negative pressure in the container
until ink in the container is substantially used up, it is possible to
supply the ink to the recording apparatus with 15 improved stability and to
suppress the running cost by eliminating waste of ink. It is possible to
supply a liquid (e. g., ink) in a liquid container to the outside until it
is used up with a negative pressure in the container kept at a stable value
without any 20 unnecessary increase. Since the introduction of air to
moderate the negative pressure in the liquid container can be carried out
at appropriate timing, any negative pressure can be easily set as desired
taking various conditions into consideration, which allows setting of a
stable negative pressure with high 25 reliability. Further, since the
movable member for acting a force to generate a negative pressure and the
member for opening and closing the opening for introducing air are
controlled by a member having an expanding/contracting force, it is
possible to absorb expansion of a gas introduced in the liquid container 30
attributable to changes in the ambience of the liquid container  



- 126  such as a temperature rise or pressure reduction, which eliminates
undesirable leakage of the liquid. Outside air is introduced only when
there is a change in a predetermined amount from an initial position in
which the liquid has not been 5 extracted yet, and a space having a volume
equivalent to the change serves as a buffer area. It is therefore possible
to moderate any pressure increase as a result of an ambient change and to
reliably prevent leakage of the liquid from an extracting section of the
destination of the liquid ( a . g. , an ink a jecting 10 port of an ink jet
recording head). This also eliminates wasteful consumption of the liquid
and contributes to a reduction in the running cost. Furthermore, the above
advantages can be achieved with a small number of components according to
the invention. 15 In addition, when the invention is applied to an ink jet
recording head, stable ink ejecting characteristics can be always achieved
to stabilize and improve recording quality. The present invention has been
described in detail with respect to preferred embodiments, and it will now
be apparent 20 from the foregoing to those skilled in the art that changes
and modifications may be made without departing from the invention in its
broader aspect, and it is the intention, therefore, in the apparent claims
to cover all such changes and modifications as fall within the true spirit
of the invention. 25   - 127  WHAT IS CLAIMED IS: 1. A liquid container
characterized by comprising: a containing portion defining a containing
space for liquid; 5 a liquid supply portion provided with said containing
portion and forming a liquid supply port for supplying liquid contained in
said containing portion to the outside; a one-way valve arranged on said
containing portion for allowing an introduction of gas into said containing
space from 10 outside, and preventing a leakage of liquid and gas to the 



outside; and a mechanism having a function for keeping or expanding a
capacity of said containing space, wherein said one-way valve controls a
negative pressure in said 15 containing space caused by consumption of
liquid in said containing portion. 2 . A liquid container as claimed in
Claim 1, characterized in that said mechanism includes a movable member
equipped with at 20 least a part of said containing portion displaceably or
deformably, and an urging means for urging said movable member in a
direction a capacity of said containing space increases. 3 . A liquid
container as claimed in Claim 2 , characterized in 26 that said containing
space is maintained under negative pressure by means of said movable member
and said urging means even if a content of gas introduced into said
containing space increases . 4 . A liquid container as claimed in Claim 3 ,
characterized in 30 that the amount of capacity increased due to
deformation of said   - 128  movable member is set to be more than the
amount of increased content of the gas. 5. A liquid container as claimed in
any one of Claim 2 to Claim 5 4, characterized in that said movable member
has a film-like flexible member of which center section forms a projection
extending outward of said containing space. 



6. A liquid container as claimed in any one of Claim 2 to Claim 10 5,
characterized in that said urging means has a compression spring which
urges said movable member in a direction a capacity of said containing
space increases. 7. A liquid container as claimed in any one of Claim 2 to
Claim 15 5 , where said urging means has a tension spring which urges said
movable member in a direction a capacity of said containing space
increases. 8 . A liquid container as claimed in Claim 5 , characterized in
20 that said flexible member, to which is applied a displacement nature in
a direction a capacity of said containing space increases, is thereby also
used as said urging means. 9. A liquid container as claimed in any one of
Claim 1 to Claim 25 8, characterized in that said one-way valve has a
blocking member capable of blocking a communication path leading to said
containing space and an urging member producing an urging force for the
blocking; said communication path being open against an urging power from
said urging member if pressure within said 30 containing space becomes less
than the predetermined value.   - 129  10. A liquid using apparatus
connectable with said liquid container as recited in any one of Claim 1 to
Claim 9 and using liquid supplied from said containing space. 6 11. A
liquid using apparatus as claimed in Claim 10, characterized.in that a
configuration of recording head for performing a recording with ink
supplied from said liquid container which contains ink as the liquid. 10
12. A recording apparatus comprising means using the liquid 



using apparatus of said recording head configuration as claimed in Claim
11. 15 13. An ink jet head cartridge characterized by comprising: an ink
jet head for ejecting ink; and a liquid container, as claimed in any one of
Claim 1 to Claim 7 , for containing ink as the liquid to be supplied to
said ink jet head. 20 14. A liquid supplying method for supplying liquid to
the outside from a containing portion defining a containing space
for~liquid through a supply port formed on said containing portion,
characterized by comprising the steps of: 25 providing a one-way valve for
allowing an introduction of gas into said containing space from outside,
and preventing a leakage of liquid and gas to the outside; providing a
mechanism having a function for keeping or expanding a capacity of said
containing space, and; 30 controlling a negative pressure in said
containing space   - 130  caused by consumption of liquid in said
containing portion by said one-way valve. 15. A liquid supplying method as
claimed in Claim 14, 6 characterized in that said mechanism includes a
movable member equipped with at least a part of said containing portion
displaceably or deformably and an urging means for urging said movable
member in a direction a capacity of said containing space increases , and
wherein said containing space is maintained under 10 negative pressure by
said movable member and said urging means even if the content of gas
introduced into said containing space increases. 16. A liquid supplying
method as claimed in Claim 15, 



16 characterized in that an amount of capacity increased due to deformation
of said moving member is set to be more than the increased amount of
content of the gas. 17. A liquid supply apparatus, characterized by
comprising: 20 a containing portion which defines a containing space for
liquid and includes a liquid supply portion for forming a liquid supply
port for supplying contained liquid to the outside and a gas introduction
portion for introducing gas from outside into said containing space; 25 a
mechanism having a function for keeping or expanding a capacity of said
containing space; and a one-way valve having a gas introducing member
mountable on said gas introduction portion in which, in the state where
said gas introduction member is mounted onto said gas 30 introduction
portion, an introduction of the gas is allowed   - 131  through said gas
introduction portion and a leakage of liquid and gas from said containing
space to the outside is prevented, and said one-way valve for controlling a
negative pressure in said containing space caused by consumption of liquid
in said 5 containing portion. 18. A liquid supply apparatus as claimed in
Claim 17, characterized in that said one-way valve allows an introduction
of gas into said containing space in reply to a difference between 10 the
pressure within said containing space and the pressure of the ambient air.
19. A liquid supply apparatus as claimed in Claim 17 or Claim 18,
characterized in that said mechanism includes a movable 15 member equipped
with at least a part of said containing portion displaceably or deformably
and an urging means for urging said movable member in a direction a
capacity of said containing space increases. 20 20. A liquid supply
apparatus as claimed in any one of Claim 



17 to Claim 19, characterized in that a body of said one-way valve is in
connection with said gas introduction member through a tube. 25 21. A
liquid supply apparatus as claimed in Claim 20, characterized in that a
buffer container is installed along said tube. 22. A liquid supply
apparatus as claimed in any one of Claim 30 17 to Claim 21, characterized
in that said containing portion   - 132  includes an ink supply portion
mountable with an ink communication member communicating with an ink flow
path of a recording head for ejecting ink. 5 23. A liquid supply apparatus
as claimed in Claim 22, characterized in that the gas introduction member
is mounted on said containing portion prior to said ink communication
member when the gas introduction member and said ink communication member
are mounted thereon. 10 24. An ink tank for said liquid supply apparatus as
claimed in any one of Claim 17 to Claim 23, characterized by comprising:
said containing portion for containing ink as the liquid; and 15 a
mechanism having a function for keeping or expanding a capacity of said
containing space. 



25. An ink jet cartridge, characterized by comprising: an ink tank for
constituting said liquid supply apparatus 20 as claimed in any one of Claim
17 to Claim 21, said ink tank having said containing portion for containing
ink as the liquid and a mechanism having a function for keeping or
expanding a capacity of said containing space; and an recording head for
ejecting ink supplied from said ink 25 tank through a communicating path,
said recording head being formed integral with said ink tank. 26. An ink
jet recording apparatus for performing a recording by ejecting ink onto a
recording medium by using said ink tank 30 as claimed in Claim 24 and a
recording head for ejecting ink   - 133  supplied by said ink tank,
characterized by comprising: a holder for mounting said ink tank; a one-way
valve for allowing communication of fluid flowing into one direction and
preventing communication of fluid toward 5 the other direction; and a flow
path being connected with said one-way valve and being open and closed
thereby; wherein said holder having a member communicating with said flow 



path and said ink tank having a mounting portion capable of 10 detachably
mounting said member of said holder, whereby gas is introduceable thereinto
through said one-way valve and said member of said holder. 27. An ink jet
recording apparatus as claimed in Claim 26, 16 characterized in that said
recording head is formed integral with said holder. 28. An ink jet
recording apparatus for performing a recording by ejecting ink onto a
recording medium by using said ink jet 20 cartridge as claimed in Claim 25
, characterized by comprising a holder for mounting said ink jet cartridge;
a one-way valve for allowing communication of fluid flowing into one
direction and preventing communication of fluid toward the other direction;
and 25 a flow path being connected with said one-way valve and being open
and closed thereby; wherein said holder having a member communicating with
said flow path and said ink tank of said ink jet cartridge having a
mounting portion capable of detachably mounting said member of said holder,
30 whereby gas is introduceable thereinto through said one-way   - 134  



valve and said member of said holder. 29. A one-way valve for, mounted on a
containing portion which defines a containing space for liquid, allowing an
introduction 5 of gas from outside to said containing space and preventing
a leakage of liquid and gas from said containing space to the outside, said
one-way valve characterized by comprising: a hollow gas introduction member
for inserting into said containing space; 10 a valve chamber communicated
with said gas introduction member and having an opening portion which
allows an introduction of gas from outside; and an opening/closing member
which is provided with said valve chamber and urged in the direction said
opening portion is closed, 15 whereby being activated to open said opening
portion if the pressure within said containing space becomes less than the
predetermined value. 30. A one-way valve as claimed in Claim 29,
characterized in 20 that a hollow portion of said gas introduction member
is dimensioned in cross-section in such a fashion that a holding force of
meniscus of gas-liquid interface formed in said hollow portion becomes
smaller than the opening force of said opening portion. 25 31. A one-way
valve as claimed in Claim 29 or Claim 30, characterized in that a length of
said gas introduction member is set to be a length hard to reach said valve
chamber even if liquid moves toward said valve chamber due to turbulence of
30 gas-flow upon introduction of gas into said containing space.   - 135
32. A liquid supply apparatus as claimed in Claim 17, characterized in that
said containing portion is equipped with a movable member on at least a
part thereof , said movable member 5 being displaceable or deformable in
accordance with a supply of liquid to the outside; said gas introduction
portion is an opening arranged on said movable member; and said one-way
valve has a sealing means for pressure sealing said opening and releasing
the sealing by a displacement or deformation of said 10 movable member
caused by the supply of liquid in said containing portion to the outside.
33. A liquid supply apparatus as claimed in Claim 32, characterized in that
said sealing means has a sealing member 16 displaceable within the
predetermined range; said movable member, being urged to a direction
opposite to a pressing direction of said sealing member, travels beyond the
predetermined range where said sealing member displaces, whereby the
pressure sealing of said opening is released to introduce the gas into 20
said containing space; and along with the introduction of the gas , said
movable member travels within the predetermined range where said sealing
member displaces thereby sealing said opening to prevent the leakage of
liquid from the opening. 25 34. A liquid supply apparatus as claimed in
Claim 32 or Claim 33, characterized in that said movable member has a
flexible member deformable according to a supplying operation of the
liquid. 



30 35. A liquid supply apparatus as claimed in any one of Claim   - 136  32
to Claim 34, characterized in that said movable member is arranged on one
portion of a wall defining said liquid containing potion and has a flat
plate-like member having rigidity undeformable by the liquid supply
operation from said liquid 6 supply port. 36. A liquid supply apparatus as
claimed in Claim 34 or Claim 35 , characterized in that said mechanism is
has an elastic member being joined onto one surface of said movable member
and for 10 acting reaction force against displacement or deformation of
said liquid containing portion along with a supply of liquid from said
liquid supply port. 37. A liquid supply apparatus as claimed in Claim 36,
16 characterized in that said elastic member is formed of spring . 38. A
liquid supply apparatus as claimed in any one of Claim 33 to Claim 37,
characterized in that said sealing member is made of stretchable rubber. 20
39. A liquid supply apparatus as claimed in any one of Claim 33 to Claim
37, characterized in that said sealing member is consisted of a shaft body
passing through a housing of said liquid apparatus and having a larger
diameter than the passing hole 25 of said housing at the edge of the
outside of said housing, and an urging means for urging said shaft body
toward the inside of said housing. 40. A liquid supply apparatus as claimed
in any one of Claim 30 36 to Claim 39, characterized in that two movable
members are   - 137  arranged at opposing positions of said liquid
containing portion, and said elastic member is arranged therebetween. 41. A
liquid supply apparatus as claimed in any one of Claim 6 32 to Claim 39,
characterized in that the opening for introduction of air is provided
upward of said liquid containing portion. 



42. A liquid supply apparatus as claimed in any one of Claim 10 36 to Claim
41, characterized in that the elastic force of said elastic member is
larger than that of said sealing member. 43. An ink jet recording apparatus
for performing a recording with a recording head for ejecting ink,
characterized by 16 comprising: a liquid supply apparatus as claimed in any
one of Claim 32 to Claim 42 that contains ink to be supplied to said
recording head as the liquid. 20 44. A liquid container as claimed in Claim
2, characterized in that said containing portion has a deformable flexible
member in a part thereof as said movable member and is configured so that
liquid is present inside said flexible member contacting with the outside
space. 25 45. A liquid container as claimed in Claim 44, characterized in
that said flexible member is positioned lower in the gravity direction in
use of said liquid container. 30 46. A liquid container as claimed in Claim
45, characterized   - 138  in that said flexible member is positioned lower
in the gravity direction than a one-half position of said containing
portion. 47. A liquid container as claimed in any one of Claim 44 to Claim
5 46, characterized in that said flexible member, by self 



deformation thereof, defines a buffer region which absorbs changes of the
inner pressure of said containing portion. 48. A liquid container as
claimed in any one of Claim 44 to Claim 10 47, characterized in that said
flexible member is positioned at a bottom portion of said containing
portion and is deformable . 49. A liquid container as claimed in Claim 48,
characterized in that said flexible member is vertically deformable. 15 50.
A liquid container as claimed in Claim 44, characterized in that said
containing portion is made of a plurality of materials having different gas
permeability, and the material having larger gas permeability is placed at
lower position in 20 the gravity direction in use of said liquid container.
51. A liquid container as claimed in Claim 44, characterized in that said
flexible member is formed of at least two layers and holds the liquid
between those layers by capillary force. 25 52. A liquid container as
claimed in Claim 44, characterized in that the liquid to be contained in
said containing portion is ink. 30 53. A liquid container, characterized by
comprising:   - 139  a liquid containing chamber having a movable member
defining a containing space of liquid at least in part thereof and being 



deformable according to a supply of the liquid to the outside, and having a
liquid supply port for supplying liquid contained 6 therein; and a valve
chamber communicating with said containing space and having a one-way valve
which allows an introduction of gas into said containing space form outside
and prevents a leakage of liquid and gas to the outside from said
containing space; 10 wherein said liquid containing chamber includes an
elastic member for generating an urging force F1 in the direction
increasing a content of said containing space, and an urging means for
receiving the urging force F1 to urge said movable member with 15 an area
S1 against said direction; said valve chamber includes a valve controlling
member for generating an urging force F2 in order to control an opening
operation of said on-way valve, and a closing means for receiving the
urging force F2 to close said one-way valve by an act of 20 the urging
force F2 with an area S2; and said one-way valve is configured to be open
in order to introduce air from outside, assuming that the pressure resulted
from the meniscus of the liquid formed in a communicating portion which
makes a communication between said containing space and 25 said valve
chamber when the liquid is present in said 



communicating portion is PM, the height between the meniscus and the
uppermost of ink in said containing space a.s h, the density of the liquid
is p, and the acceleration of gravitation is g, respectively; an absolute
value of the negative pressure 30 PV = - (F1/S1) + hxpxg + PM acting on
said valve chamber satisfies   - 140  `PV~ > ~F2~/S2. 54. A liquid
container as claimed in Claim 53, characterized in that the capacity of
said containing space comes to lessen 6 in accordance with a displacement
of said movable member caused by supply of the liquid, and said one-way
valve is configured to open to introduce the gas when the capacity becomes
lower than the predetermined value. 10 55. A liquid container as claimed in
Claim 54, characterized in that a formula; ~PV~ < ~F2~/S2 is satisfied at
an initial condition where the liquid is generally filled in said
containing space. 15 56. A liquid container as claimed in Claim 55,
characterized in that the capacity of said containing space is always less
than the capacity at the state of the initiating condition thereof, even if
the capacity starts to lessen from the 20 initiating condition in
accordance with the supply of the liquid and becomes less than the
predetermined value which results in causing an introduction of the gas.
57. A liquid container as claimed in Claim 56, characterized 26 in that
said containing space maintains the capacity about the predetermined value
regardless of the supply of the liquid and the introduction of gas, after
the capacity starts to lessen from the initiating condition in accordance
with the supply of the liquid and becomes less than the predetermined value
which 30 results in causing the introduction of the gas.   - 141  58. A
liquid container as claimed in any one of Claim 53 to Claim 57,
characterized in that the dimension of said communicating portion is set so
that the approach velocity of the liquid to 



5 said valve chamber by the capillary force is larger than the opening
velocity of said one-way valve. 59. A liquid container as claimed in any
one of Claim 53 to Claim 58, characterized in that an introduction port for
gas from 10 outside of said valve chamber is positioned higher in a
vertical direction than a valve side end of said communicating portion in
using attitude. 60. A liquid container as claimed in any one of Claim 53 to
Claim 15 59, characterized in that said communicating portion is
dimensioned so that a liquid as much as the capacity of said communicating
portion can be held by the meniscus. 61. A liquid container as claimed in
any one of Claim 53 to Claim 20 60, characterized in that said
communicating portion is dimensioned so that the pressure generated by a
force to hold the meniscus is set to be smaller than F2/S2. 62. A liquid
container as claimed in Claim 53, characterized 25 in that said valve
chamber is configured to have a communication with said containing space at
a portion of said liquid containing chamber which retains the introduced
gas , and when the following formula ~F1~/S1 > `F2~/S2 30 is satisfied,
said one-way valve is open to introduce air from  



- 142  outside. 63. A liquid container as claimed in Claim 62,
characterized in that said area S1 is larger than said area S2. s 64. A
liquid container as claimed in Claim 63, characterized in that said elastic
member and said valve controlling member, respectively, is formed of
springs having a constant of K1 and K2, K2 being larger than K1. 10 65. A
liquid container as claimed in any one of Claim 53 to Claim 64 ,
characterized in that said urging means includes a plate-like urging member
for supporting said movable member which is to be joined therewith. 16 66.
A liquid container as claimed in any one of Claim 53 to Claim 65,
characterized in that said movable member is formed of a flexible sheet. 20
67. A liquid container as claimed in any one of Claim 53 to Claim 66,
characterized in that said one-way valve includes a flexible sheet having
an opening for introduction of gas partially thereon and a sealing member
arranged on a position opposite to the opening, said closing means having a
plate-like valve closing 25 member with an opening corresponding to the
above opening being joined with said flexible sheet and for urging said
flexible sheet in a direction the opening is closed by said sealing member
due to the urging force F2. 30 68. A liquid container as claimed in any one
of Claim 53 to Claim   - 143  



63, characterized in that at least one of said elastic member and said
valve controlling member is formed of a spring. 69. A liquid container as
claimed in any one of Claim 53 to Claim 6 68 , characterized in that said
containing space is substantially sealed except for said liquid supply port
and communicating portion to said valve chamber. 70. A liquid container,
characterized by comprising: 10 a movable member which defines a containing
space for liquid and is displaceable according to supply of the liquid; a
liquid supply port for supplying the contained liquid to the outside; and a
one-way valve having a port capable of introducing gas 1b into said
containing space and a sealing member for sealing said port; wherein said
one-way valve is opened to introduce the gas when a capacity of said
containing space starts to decrease due to a displacement of said movable
member according to supply of the 20 liquid and becomes lower than the
predetermined value. 71. A liquid container as claimed in Claim 70,
characterized in that , where an area of a acting face of the urging force
for sealing said port is S2 , the urging force is F2 , the pressure 26
within said containing space is P1 and the environmental pressure is P,
said one-way valve is opened when the capacity becomes 



less than the predetermined value and the following formula P-P1 > F2/S2 is
satisfied. 30   - 144  72. A liquid container as claimed in any one of
Claim 67 to Claim 71, characterized in that the area S2 of the acting face
of the urging force is larger than an area of said port. b 73 . A liquid
container having a liquid supply port for supplying the contained liquid to
the outside and a valve chamber equipped with a one-way valve for allowing
an introduction of gas into said containing space from outside and
preventing a leakage of liquid and gas from said containing space to the
outside, said 10 liquid container being generally sealed except for said
liquid supply port and said one-way valve, characterized by comprising: a
negative pressure generating means for applying negative pressure to the
liquid supply from said liquid supply port; and a negative pressure
controlling means for controlling the 15 negative pressure by introducing
the gas, wherein said negative pressure controlling means has a function to
prevent a discharge caused by an operation tempting to discharge liquid and
gas to the outside therefrom. 20 74. A liquid container, characterized by
comprising: a movable member which defines a containing space for liquid 



and is displaceable in accordance with a supply of the liquid; a liquid
supply port for supplying the contained liquid to the outside; 25 an
opening capable of introduction of gas into said containing space; and a
valve body for sealing said opening; wherein, said containing space is
configured to maintain the capacity thereof about the predetermined value
regardless of a supply 30 of the liquid and an introduction of the gas ,
after the capacity   - 145  of said containing space starts to decrease
according to the supply of the liquid from the state where said containing
space is generally filled with the liquid to be lower than the
predetermined value which causes an introduction of gas. 6 75. A liquid
container as claimed in Claim 74, characterized in that, where a maximum
capacity of said containing space is Vmax and a predetermined value of the
capacity of said containing space when the gas is started to be introduced
is Vair, the 10 following formula Vair s 0.9 x Vmax is satisfied. 76. A
liquid container as claimed in Claim 74, characterized 15 in that, where a
maximum capacity of said containing space is Vmax and a predetermined value
of the capacity of said containing space when the gas is started to be
introduced is Vair, the following formula 



Vair s 0.8 x Vmax 20 is satisfied. 77. A liquid container as claimed in
Claim 74, characterized in that, where a maximum capacity of said
containing space is Vmax and a predetermined value of the capacity of said
containing 25 space when the gas is started to be introduced is Vair, the
following formula Vair s 0.7 x Vmax is satisfied. 30 78. A liquid container
as claimed in Claim 74, characterized   - 146  in that, where a maximum
capacity of said containing space is Vmax and a predetermined value of the
capacity of said containing space when the gas is started to be introduced
is Vair, the following formula 6 Vair s 0.6 x Vmax is satisfied. 7~ . A
liquid using apparatus capable of being joined with said liquid container
as claimed in any one of Claim 53 to Claim 78 , 10 characterized in that
liquid supplied from said containing space is used. 80 . A liquid container
as claimed in any one of Claim 53 to Claim 70 , characterized in that an
ink as a recording agent is contained lb as the liquid. 



81. A recording apparatus utilizing a liquid container as claimed in Claim
80 and performing a recording with ink supplied from said containing space.
20 82. An ink jet cartridge, characterized by comprising; a liquid
container as claimed in Claim 80; and a recording head capable of ejecting
ink from an ink ejection port , said recording head being joined with said
containing space 26 and the ink being supplied from said containing space.
83. A liquid container as claimed in any one of Claim 1 to Claim 9 ,
characterized in that an ink as a recording agent is contained as the
liquid. 30   - 147  84. A liquid container as claimed in Claim 83,
characterized in that said ink contains pigment as a color material.
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10lmm7n1oqo;p}^<B: 10!N&34&10%;5;
5&'()-&F+&10%5&'()-!I&F+&10%6565&'()-Y"&10%5&'()-!XY"&10%E5E5&'()-&l&10%3&'
()-;pwpxpypzppq|rr~\= 10!Y&10%H&'()-!@Y&10%@H@H&'()-!(Y&10%HH&'()-10%H&'()-
105 105 105&34&10%5&'()-rssttuvvwU3~\= 10!\ +&10%\H\H&'()-!N
+&10%NHNH&'()-!N
+&10%NHNH&'()-!Y&10%HH&'()-!SY&10%SHSH&'()-!NY&10%NHNH&'()-vvvvvvwxy~_=
10!\!;&10%(5(5&'()-`S&10%]&'()-,!`S&10%55&'()-,10%5&'()- 10H 10H 10H
+&10%H&'()-yRyCzz{{@|}[9~_= 10!\!fl"&10%S5S5&'()-!Xl"&10%E5E5&'()-!Nl"&10%;
5;5&'()-&10%&'()-!I&10%6565&'()-&10%5&'()-@||}}}}}}~{\: 10!\!!;
&10%(5(5&'()-10%5&'()- 10 10
10l"&10%&'()-!pl"&10%]5]5&'()-!l"&10%55&'()-~LIzX9{\:
10!\l"&10%5&'()-!Xl"&10%E5E5&'()-&&10%5&'()-!6&&10%#5#5&'()-!&10%55&'()-!D&
10%1515&'()-9z[PE: 10!\ 



105 105
1059F4&10%5&'()-!X9F4&10%E5E5&'()-!S9F4&10%@@&'()-&F+&10%&'()-!N&F+&10%;5;
5&'()-zX6PE: 10!!\&10%I5I5&'()-!I&10%6565&'()-!;
&10%(5(5&'()-!vsl@&10%55&'()--!sl@&10%55&'()--10%5&'()-F:}x}[9PE:
10!!!a3+&10%N5N5&'()-!k3+&10%X5X5&'()-!X3+&10%E5E5&'()-Y"&10%5&'()-!SY"&10%
@5@5&'()-&10%5&'()-}+~\:
10!!!!X&10%X+X+&'()-!X&10%HH&'()-!I&10%IHIH&'()-10%H&'()- 105 105
1053+&10%5&'()-+# faz[9~\:
10!!!aY+&10%aHaH&'()-l"&10%H&'()-!Xl"&10%XHXH&'()-l&10%&'()-!Il&10%IHIH&'()
-!&10%HH&'()-a~_@ 10!!!a@lf 10%H&'()-10%H&'()- 10 10
10&F4&10%&'()--!\&F4&10%\H\H&'()--Y+&10%H&'()-A|5fdE~_@
10!!!a@910%H&'()-@l`$10%H&'()-`L$10%H&'()-!10%H&'()-,#10%H&'()-9`!10%H&'()-
f$asdE~_@ 10!!!aS10%H&'()-S&
10%H&'()-fYM$10%H&'()-&10%H&'()-S`$10%H&'()-S`!10%H&'()->ndE~_@
10!!!af'M$10%H&'()-%!10%H&'()-f&$F10%H&'()-fY"M$10%H&'()-
&10%H&'()-!10%H&'()-)h\dE~_@
10!!!af2&10%H&'()-y0`$10%H&'()-.!10%H&'()-y-"10%H&'()-S3+M$10%H&'()-y)&10%H
&'()-\S`> 10!!!!`lS&10%HH&'()-- `lS&10%9&'()--10%H&'()- 10H 10H 10H&f;
&10%H&'()-y34`$10%H&'()-MzzX6`> 



10!!fl&10%fHfH&'()-!fl&10%fHfH&'()-!Sl&10%SHSH&'()-!Xl&10%XHXH&'()-l&10%H&'
()-!Nl&10%NHNH&'()-KLMNU}rg\= 10!!f10%5&'()- 10 10
10&F4&10%&'()-!N&F4&10%NHNH&'()-l&10%&'()-!pl&10%pHpH&'()-UQy}[<g\=
10!!fY&10%5&'()-!DY&10%1515&'()-Y&10%5&'()-!@Y&10%-5-5&'()-sY@&10%&'()--!sY
@&10%55&'()--"_V}[<1= 1
105&34&10%5&'()-!\&34&10%I5I5&'()-&3+&10%5&'()-!S&3+&10%@5@5&'()-Y"&10%&'()
-!NY"&10%;5;5&'()-gE= 1
105!''10%??&'()-!''10%tt&'()-`@&10%t&'()-,!`@&10%]]&'()-,10%t&'()- 105
105C6pl}[<1= 1
10t&Y4&10%t&'()-!S&Y4&10%&'()-&Y+&10%t&'()-!I&Y+&10%&'()-''10%t&'()-!''10%H
H&'()-gE= 1 10t!Vl'10%cUcU&'()-l&10% U&'()-!Dl&10%QUQU&'()-!,l&10% U
U&'()-10% U&'()- 10t 10t8|shwUG9= 1 



10t 10 U U 10 U U!F+&10% U
U&'()-!kF+&10%xUxU&'()-!XF+&10%eUeU&'()-!l'10%UU&'()-!l'10% U
U&'()-.XQoN,=!D&10%X\X\&'()-
I&10%\\&'()-!_&10%\\&'()-LT&10%\&'()-!LT&10%\\&'()-10%\&'()- 10 U
UQxY7,=!D!SY4&10%g\g\&'()-Y+&10%\&'()-!\Y+&10%p\p\&'()-!&10%\\&'()-
k&10%&'()-!\&10%p\p\&'()-Yr~_=D!S!I&10%55&'()-s@&10%5&'()-,!s@&10%55&'()-,1
0%5&'()- 10\ 10\
10\Y4&10%\&'()-rd2nGz[9~_=D!!X&&-&10%E5E5&'()-MyY+!10%5&'()-&10%5&'()-!a&10
%N5N5&'()-!k&10%X5X5&'()-!X&10%E5E5&'()-G{~_=D!!!s-&10%HH&'()-10%H&'()- 105
105
1059Y4&10%5&'()-!S9Y4&10%@5@5&'()-&&-&10%5&'()-M64t}[<~_=D!!l"&10%H&'()-!\l
"&10%\H\H&'()-&10%H&'()-!N&10%NHNH&'()-!S&10%HH&'()-s-&10%(&'()-tls}rg\=D!!
10%5&'()- 10H 10H
10HY+&10%H&'()-!\Y+&10%\H\H&'()-Y+&10%&'()-!NY+&10%NHNH&'()-,xV4g\=D!N&10%;
5;5&'()-!@&10%-5-5&'()-!6&10%#5#5&'()-!{s@&10%55&'()-,
s@&10%e&'()-,!s@&10%55&'()-,Zvw}^<.= 



1055!X&F4&10%55&'()-F+&10%5&'()-!\F+&10%I5I5&'()-l"&10%5&'()-!Nl"&10%;5;
5&'()-&10%5&'()-wxyga?=
1055!!N&10%NHNH&'()-!@&10%@H@H&'()-`S&10%H&'()-!`S&10%HH&'()-10%H&'()- 1055
10558|Z;?=
1055F+&10%H&'()-!IF+&10%IHIH&'()-Y"&10%H&'()-!aY"&10%aHaH&'()-!&10%HH&'()-
\&10%\\&'()-8.pqrsz~\: 1055!l&10%55&'()-!Dl&10%1515&'()-10%5&'()- 10H 10H
10H&F4&10%H&'()-!N&F4&10%NHNH&'()-|Z;~\:
1055!Y"&10%5&'()-!aY"&10%N5N5&'()-Y&10%&'()-!SY&10%@5@5&'()-!l&10%55&'()-
Sl&10%@@&'()-G:|}~}rg\= 1055!10%5&'()- 105 105
105&34&10%5&'()--!\&34&10%I5I5&'()--&F+&10%5&'()-!S&F+&10%@5@5&'()-}[9g\=
1055!al&10%N5N5&'()-!Nl&10%;5;5&'()-&10%5&'()-!N&10%;5;5&'()-&10%F
&'()-!N&10%;5;5&'()-D;yhz[PE: 1055! 10 10
10&F4&10%&'()-!\&F4&10%I5I5&'()-&F+&10%&'()--!X&F+&10%E5E5&'()--!l&10%55&'(
)-}[<PE: 1055! l&10%8&'()-!Sl&10%@5@5&'()-l&10%5&'()-!;
l&10%(5(5&'()-!@l&10%55&'()-10%5&'()-fawXMB7 105 



105 105
105&F4&10%5&'()-!\&F4&10%I5I5&'()-!l&10%55&'()-!al&10%N5N5&'()-!al&10%N5N5&
'()-;ozY7MB7 105!&10%00&'()-
X&10%XX&'()-!I&10%IYIY&'()-!N&10%HH&'()-!@&10%@H@H&'()-10%H&'()-o^}^<MB7
105!!Xl"&10%XHXH&'()-l"&10%&'()-!Il"&10%IHIH&'()-&10%&'()-!D&10%DHDH&'()-&1
0%H&'()-^%{\: 105!!@&&10%""&'()-,10%"&'()- 10H 10H
10H&F4&10%H&'()-!X&F4&10%XHXH&'()-!l"&10%HH&'()-sezX9{\:
105!&"&10%"&'()-!I&"&10%#"#"&'()-&&10%&'()-!I&&10%#"#"&'()-!&&10%""&'()-,!&
&10%""&'()-,TUVW^}rg\= 105!10%5&'()- 10( 10(
10(9Y4&10%(&'()-!N9Y4&10%("("&'()-&Y+&10%&'()-!X&Y+&10%2"2"&'()-^S.zX6g\=
10!a&10%N5N5&'()-!&10%55&'()-!@&10%-5-5&'()-!@&10%-5-5&'()-s-&10%5&'()-!s-&
10%55&'()-OP]>3= 10 1053+&10%5&'()--!k3+&10%X5X5&'()--3+&10%8
&'()--!a3+&10%N5N5&'()--&10%h&'()- &10%&'()-PQRYE.dB= 10
105!N&10%NHNH&'()-!&10%HH&'()-!D &10%DHDH&'()-!,&10%,<,<&'()-10%H&'()- 105
105-+opzX9.=
10H&F4&10%H&'()-!I&F4&10%IHIH&'()-&10%H&'()-!k&10%kHkH&'()-!&10%HH&'()-!S&1
0%SHSH&'()-pqryh 



gH= 10H&F4&1&10%&'()-!@&10%@H@H&'()-`@&10%H&'()-,!`@&10%HH&'()-,10%H&'()-
10H 10H  LA{}[<H=
10HY+&10%&'()-!NY+&10%NHNH&'()-l"&10%H&'()-!Sl"&10%SHSH&'()-&10%H&'()-!@&10
%@H@H&'()-{obp~\: 10H!&10%55&'()-!I&10%6565&'()-10%5&'()- 10H 10H
10HY4&10%H&'()-!XY4&10%XHXH&'()-p3/mwU6~\: 109l+&10%&'()-!N9l+&10%;5;
5&'()-!&&10%55&'()-!N&&10%;5;5&'()-!I&&10%6565&'()-!&10%55&'()-mk~\: 10!;
%&10%((&'()-!1&10%55&'()-10%5&'()- 105 105
1059l4&10%5&'()-!a9l4&10%N5N5&'()-`Y}[9~\:
10!Xl"&10%E5E5&'()-!Il"&10%6565&'()-&10%5&'()-!D&10%1515&'()-&10%5&'()-!;
&10%(5(5&'()-~}rg\= 10!10%H&'()- 10X 10X
10Xl"&10%X&'()-!fl"&10%S5S5&'()-l"&10%&'()-!Xl"&10%E5E5&'()-   !!zX9g\=
10l&10%H&'()-!;l&10%;H;
H&'()-l&10%H&'()-!Sl&10%SHSH&'()-!Nl&10%NHNH&'()-!@l&10%@H@H&'()-!"#F$?%~%%
%%wXMB7 



10 10H 10H
10H&F4&10%H&'()-!N&F4&10%NHNH&'()-!Y"&10%HH&'()-!aY"&10%aHaH&'()-!fY"&10%fH
fH&'()-%%&&'')}^<MB7 10
10!\&10%HH&'()-&10%&'()-!I&10%IHIH&'()-`S&10%H&'()-!`S&10%HH&'()-10%H&'()-)
)3*1+r+m,,,zX9.7
10H&Y4&10%H&'()--!I&Y4&10%IHIH&'()--l+&10%H&'()-!al+&10%aHaH&'()-!&10%HH&'(
)-!S&10%SHSH&'()-,,,,-../gE7
10H&Y!S&10%SHSH&'()-&10%H&'()-!N&10%NHNH&'()-!I&10%HH&'()-10%H&'()- 10H
10H/$0&1f192v2l3}^<E7
10H!aY4&10%aHaH&'()-Y+&10%H&'()-!SY+&10%SHSH&'()-l"&10%H&'()-!\l"&10%\H\H&'
()-&10%H&'()-l333333445~_=
10H!!@&10%-5-5&'()-s-&10%5&'()-!s-&10%55&'()-10%5&'()- 10H 10H
10HY4&10%H&'()-54663728b8[9}^<~_=
10H!Xl"&10%E5E5&'()-l"&10%.&'()-!Sl"&10%@5@5&'()-&10%5&'()-!I&10%6565&'()-&
10%5&'()-[99::::::;~_> 10H! sl@&10%8 &'()--10%5&'()- 105 105
105&Y4&10%5&'()-!I&Y4&10%6565&'()-l"&10%5&'()-;;<?==1>+?wX6~_>
10!S&l"&10%@5@5&'()-&10%5&'()-!X&10%E5E5&'()-!\&10%I5I5&'()-!I&10%6565&'()-
!sl@&10%55&'()--+?k?c@@@"A_A`A~\=2> 1 



1059F4&10%5&'()-!\9F4&10%I5I5&'()-
k9F4&10%XX&'()-\&F+&10%5&'()-!a&F+&10%N5N5&'()-&l"&10%5&'()-`AaAbAiAbBBCCgE
> 1 105!S&10%SHSH&'()-!@&10%@H@H&'()-`S&10%H&'()--!`S&10%HH&'()--10%H&'()-
105 105CD\EEFGHwX6E> 1
1!X4&10%XHXH&'()-+&10%H&'()-!X+&10%XHXH&'()-!&10%HH&'()-!N&10%NHNH&'()-!N&1
0%NHNH&'()-HFHGHHHIHPHKII|J~_= 1 1!X!N&10%;5;
5&'()-s@&10%&'()-!s@&10%55&'()-10%5&'()- 10H 10H
10H4&10%H&'()-|JJKKL_MN}[9~_= 1
1!!\"&10%I5I5&'()-!p"&10%]5]5&'()-!a"&10%N5N5&'()-&&10%&'()-!;
&&10%(5(5&'()-&10%5&'()-N]NSOOOOOO%P~\: 1 1!!!s-&10%55&'()--!10%55&'()- 105
105 1059Y4&10%5&'()-!X9Y4&10%E5E5&'()-"&10%5&'()-%PPQYRRS+TwU3~\: 1
!f"&10%S5S5&'()-!a"&10%N5N5&'()-!&10%55&'()-!N&10%;5;5&'()-!;
&10%(5(5&'()-!s-&10%55&'()--+TT&UVXVYVZV[VbV}rg\= 1 !f,10%5&'()- 



10 10
109l4&10%&'()-!D9l4&10%1515&'()-"&10%5&'()-!a"&10%N5N5&'()-bVcWW~XXYYzX9g\=
1
!f&10%5&'()-!I&10%6565&'()-!@&10%-5-5&'()-!6&10%#5#5&'()-&10%&'()-!6&10%#5#
5&'()-YZ[9\2]t]u]v]w]wXMB7 1 ! 105 105
105&4&10%5&'()-!a&4&10%N5N5&'()-!"&10%55&'()-!a"&10%N5N5&'()-!X"&10%E5E5&'(
)-w]~]^^8__`}[9MB7 1 !
!@&10%-5-5&'()-!&10%55&'()-!6&10%#5#5&'()-&10%k&'()-!(&10%55&'()-10%5&'()-`
`a'b,ccdded}[9+7 1055!\&+&10%55&'()-!a&+&10%N5N5&'()-!N&+&10%;5;
5&'()-"&10%5&'()-!S"&10%@5@5&'()-&10%5&'()-edfdgdnddd+elegH7 1055!\&+&1@
`$10%H&'()-@S`$10%H&'()-@`$10%H&'()-!10%H&'()-10%H&'()- 1055
1055leseeeeeedEH7 1055!\&SM$10%H&'()-)10%H&'()-
10%H&'()-10%H&'()-M!10%H&'()-` 10%H&'()-e2flfiiijdEH7
1055!\&0!10%H&'()-f2-#10%H&'()-/10%H&'()-@$10%H&'()-Z@"10%H&'()-@S`$10%H&'(
)-j j@jMjVjcjjdEH7 1055!\&f8
"10%H&'()-L6G10%H&'()-,L610%H&'()-/F10%H&'()-f4
10%H&'()-210%H&'()-jjjjjjjkl_=055!!X&10%XHXH&'()-!D&10%DHDH&'()-10%H&'()- 



10H 10H 10H&;
!10%H&'()-y910%H&'()-lmnXnMoopzX6_=055!"&10%HH&'()-!k"&10%kHkH&'()-!\"&10%\
H\H&'()-&10%H&'()-!I&10%IHIH&'()-!&10%HH&'()-pqqqqqqqruV7055!!10%5&'()-L410
%5&'()- 10%5&'()-10%5&'()- 10HH 10HH
10HH!N&l4&10%HH&'()-rXrrrsstdEuV7055!!S`$10%5&'()-:"10%5&'()-@`$10%5&'()-Ms
-&10%5&'()-S  M$10%5&'()-SSM$10%5&'()-tt
uIuuuvdEuV7055!!)&10%5&'()-f'&$10%5&'()-y,&#10%5&'()-f`$M$10%5&'()-"!10%5&'
()- 10%5&'()-vv4w0xmxnxoxpxwxxmbC055!10%H&'()- 105 105 1059;
&10%5&'()-y4M$10%5&'()-L&2&10%5&'()-f+`$10%5&'()-Lwxxyz#zz{{wU6mbC055&10%H&
'()-!I&10%IHIH&'()-!&10%HH&'()-!,&10%,,&'()-!I%&10%IHIH&'()-!@&10%@H@H&'()-
{||} ~~78}[<1C0
10H&4&10%H&'()-!X&4&10%XHXH&'()-"&10%H&'()-!X"&10%XHXH&'()-"&10%&'()-!I"&10
%IHIH&'()-89:A5dBC0 10H!N&10%;5;5&'()-!&10%55&'()-!D &10%1515&'()-!;
&10%(5(5&'()-10%5&'()- 10H 10H!zX6BC0
10!S&+&10%@5@5&'()-!X&+&10%E5E5&'()-!S&+&10%@5@5&'()-"&10%&'()-!N"&10%;5;
5&'()-!&10%55&'()-~\:0
10!!D&10%DHDH&'()-!`@&10%HH&'()--!`@&10%HH&'()--10%H&'()- 10a 10a
10a&+&10%a&'()-PK}^<~\:0
10!!!al+&10%aHaH&'()-"&10%H&'()-!\"&10%\H\H&'()-&10%&'()-!I&10%IHIH&'()-&10
%H&'()-rP:0 



10!!!al+&10%!@&10%-5-5&'()-10%5&'()- 10HH 10HH
10HH!l+&10%HH&'()-!tl+&10%tHtH&'()-J=m&zX6P:0
10!a&10%N5N5&'()-!S&10%@@&'()-!N&10%;5;
5&'()-&10%5&'()-!D&10%1515&'()-!N&10%;5;5&'()-&gb!zl^P10 10%H&'()- 1055
1055 1055!\&l+&10%55&'()-!\&l+&10%I5I5&'()-!I&l+&10%6565&'()-&10%5&'()-
JLzX9^P10l&10%H&'()--!Nl&10%NHNH&'()--l&10%H&'()-@!Il&10%IHIH&'()-@!slf&10%
HH&'()-@!slf&10%HH&'()-@g{}[<110
1034&10%&'()--!I34&10%IHIH&'()--Y"&10%H&'()-!fY"&10%fHfH&'()-Y"&10%&'()-!aY
"&10%aHaH&'()-rgE10
10!&10%&'()-"!1&10%HH&'()-"`,&10%&'()-!`,&10%HH&'()-10%H&'()- 10 10AwU3E10
!N&Y4&10%HH&'()-!&10%HH&'()-"!f&10%fHfH&'()-"!;
&10%HH&'()-"!\&10%\H\H&'()-"!X&10%XHXH&'()-""HrQ/!&10%55&'()-
S&10%@@&'()-!D&10%1515&'()-!6&10%#5#5&'()-10%5&'()- 10HH 10HH
10HHHEz[9rQ/!!S9F4&10%@5@5&'()-l"&10%;
&'()-!fl"&10%S5S5&'()-!\l"&10%55&'()-&l&10%5&'()-!6&l&10%#5#5&'()-~_=!!!@&1
0%@H@H&'()--L@&10%H&'()-!L@&10%HH&'()-s10%H&'()- 105 105
1059F4&10%5&'()-VNg}[9~_=!!\"&10%\H\H&'()-!k"&10%kHkH&'()-!N"&10%NHNH&'()-&
10%H&'()-!N&10%NHNH&'()-&10%H&'()--g~_=!!!`S&10%55&'()-s10%5&'()- 10H 10H
10H4&10%H&'()-!a4&10%aHaH&'()-"&10%H&'()-OYU}^<~_=!!!Sl"&10%@5@5&'()-&10%5&
'()-!D&10%1515&'()-&10%5&'()-!@&10%-5-5&'()-`S&10%&'()-U}^SH=!!! 



105 105
105&Y4&10%5&'()-!X&Y4&10%E5E5&'()-Y+&10%&'()-!SY+&10%@5@5&'()-l"&10%5&'()-L
z[9SH=!!Dl&10%1515&'()-&10%5&'()-!&10%&'()-!&10%55&'()-!(&10%55&'()-t10%5&'
()-278wU6+=
105&Y+&10%5&'()-!k&Y+&10%X5X5&'()-!f&Y+&10%S5S5&'()-!S&Y+&10%@5@5&'()-!l&10
%55&'()-!al&10%N5N5&'()-89:BdmN/,St$10%H&'()-910%H&'()-`s10%H&'()-s10%H&'()
-,10%H&'()-s10%H&'()- 105 105"Z]`cdEmN/,St$10%H210%H&'()-)10%H&'()-
10%H&'()-M!10%H&'()-@,F10%H&'()-s!10%H&'()-c(6dEmN/,St$10%H@'s$10%H&'()-9,&
10%H&'()-&F 10%H&'()-S`$10%H&'()-S"M$10%H&'()-S
&$10%H&'()-,jbC,St$10%@s`$10%5&'()-`!10%5&'()-s10%5&'()- 10H 10H 10H;
f#10%H&'()-9:10%H&'()-jdEbC,St$10%10%5&'()- 10%5&'()-10%5&'()-ss10%5&'()-S
10%5&'()-S@M$10%5&'()-qY?C,St$1010%5&'()-v10%5&'()-10%5&'()-v10%5&'()-10%5&
'()- x_>C,St$1 y10%~&&'()-10%5&'()-v10%5&'()-10%5&'()-v10%5&'()-N58;|[:>C,
210%~&&'()- )10%~&&'()- '!10%~&&'()- S`$10%~&&'()- 10%~&&'()-m  10%#&'()-m
;vU4 &10%&&'()- W&10%W&W&'()- t10%&&'()-10~&10~&10~& &;&10%~&&'()-
f)s$10%~&&'()-/#^F|[:vU4  t+&10%t&t&'()-W "&10%y#&'()- f"&10%f&f&'()-
&10%&&'()- I&10%IV$I&'()- &10%&&'()-Fa]vU4 N&10%N&N&'()-
t10%&&'()-10&10&10& &4&10%&&'()- k&4&10%k&k&'()- +&10%6#&'()-lM|[:vU4 N
a"&10%a&a&'()- &10%&&'()- W&10%W&W&'()- &10%%&'()- S&10%S&S&'()-
&10%&&'()-62wxyz|[NA410&10&10& &Y4&10%&&'()- k&Y4&10%k&k&'()- Y+&10%&&'()-
kY+&10%k&k&'()- "&10%&&'()-zS|[:NA410 a&l&10%N~&N&'()-@ &&10%~&&'()-,
k&&10%X~&X&'()-, @&10%~&&'()-@ @&10%~&&'()-@ s10%~&&'()-D6kY|[:NA410
yY+&10%f~&f&'()- Y+&10%&'()- oY+&10%\~&\&'()- &l"&10%~&&'()-
a&l"&10%N~&N&'()- &l&10%~&&'()-@YvU4 I&10%6~&6&'()- s-&10%.%&'()-
s-&10%~&&'()- 3t10%C$&'()-10~&10~&10~& Y+&10%~&&'()-Z,*p|[:vU4 I
&10%~&&'()- o&10%\~&\&'()- &10%~&&'()- a&10%N~&N&'()- S&10%@~&@&'()-
&10%~&&'()-pU0vU4 &10%-#&'()- W&10%W&W&'()- ,s10%&&'()-10~&10~&10~&
&l4&10%~&&'()- f&l4&10%S~&S&'()-r3.|[:vU4  y"&10%y&y&'()-W "&10%^&'()-
\"&10%&&'()- &10%&&'()- f&10%f&f&'()- W&10%W&W&'()-#%^_`aivU4 `S&10%#&'()-
10%~&&'()-10"10"10" &4&10%"&'()- W&4&10%W&W&'()- "&10%%&'()-~s|[:vU4
f"&10%S~&S&'()- &10%~&&'()- W&10%D~&D&'()- &10%$&'()- S&10%@~&@&'()-
`S&10%~&&'()-x>=}~|obU4 t10%&&'()-10~&10~&10~& &l4&10%~&&'()-
y&l4&10%f~&f&'()- "&10%~&&'()- t"&10%a~&a&'()-}*zY8bU4  l&10%&&'()-
Wl&10%W&W&'()- l&10%&&'()-- Il&10%I&I&'()--
(l&10%&&'()--!Rl&10%&'()-<7z{|[:-410& &F4&10%&&'()- a&F4&10%a&a&'()-
F+&10%&&'()- oF+&10%o&o&'()- Y"&10%%&'()- ~Y"&10%~&~&'()-{|}AHbA410&
W&10%W&W&'()- `@&10%&&'()- `@&10%#&'()- `@&10%&&'()-
t10%&&'()-10&10&H{6|[:A410& tl&10%&&'()- l&10%&&'()- l&10%3%&'()-
tl&10%t&t&'()- \l&10%\&\&'()- &10%&&'()-YZ[\dovU410 &10%#&'()- @&10%~&&'()-
s10%~&&'()-10&10&10& &F4&10%&&'()- a&F4&10%a&a&'()-OXL|[:vU410
kl+&10%X~&X&'()- "&10%~&&'()- a"&10%N~&N&'()- I&10%~&&'()- \&10%I~&I&'()-
N&10%~&&'()-M!vU410 ,L 10%&&'()- ,lt$10%&&'()- t10%&&'()-10~&10~&10~&
l+&10%~&&'()- ~l+&10%k~&k&'()-!\K|[:vU410  !10%&&'()- @L9!10%&&'()-
@"10%&&'()- `S&10%&&'()- @s$10%&&'()- !10%&&'()-  8A{|[:vU410  9$!10%&&'()-
SY"10%&&'()-  &10%&&'()- @l$10%&&'()-: &10%&&'()- @s$10%&&'()-{@}|[:vU410
S.Y10%&&'()- S-s$10%&&'()- SF+s$10%&&'()- )&10%&&'()- f'`$10%&&'()-
S%s$10%&&'()- T    (|[:vU410  9 10%&&'()- y710%&&'()- f6s$10%&&'()-
fF4#10%&&'()- y2&10%&&'()- 010%&&'()-(mnopxqvU410 @s$10%&&'()-9
`L$10%&&'()- Sl`$10%&&'()-` t10%&&'()-10&10&10& y;&10%&&'()-C|[:vU410
&10%&&'()- Ss$10%&&'()- S`$10%&&'()- S9s$10%&&'()- l!10%&&'()-
10%&&'()-D)|[:vU410  y2&10%&&'()- fF+s$10%&&'()-M %"10%&&'()- I&%"10%Iu
I&'()- f&$M$10%&&'()- fY"M$10%&&'()-)WXYZb#vU410 W%&10%D~&D&'()-
W&10%D~&D&'()- s10%~&&'()-10&10&10& &y;&10%&&'()- yF4`$10%&&'()-MED|[:vU410
W fY+&10%S~&S&'()-W &10%~&&'()- a&10%N~&N&'()- f&10%S~&S&'()- &10%~&&'()-
f&10%S~&S&'()-5vU410  10%&&'()- t10%&&'()-101010 &Y4&10%&'()-
o&Y4&10%\~&\&'()- Y+&10%~&&'()-5t+dm|[:vU410  @L10%&&'()- @!10%&&'()-
`#10%&&'()- @`$10%&&'()- @`$10%&&'()- @L`$10%&&'()-m~N|[:vU410
SL"10%&&'()- l10%&&'()- 10%&&'()- @`$10%&&'()- 10%&&'()-
10%&&'()-NU|[:vU410  S&9$10%&&'()- f9$ 10%&&'()- l"!10%&&'()-    10%&&'()-
S`$10%&&'()- @s$10%&&'()- !M!`!!|[:vU410  &6!10%&&'()- fY4 10%&&'()-
2&10%&&'()- fY+s$10%&&'()-M )&10%&&'()- f'`$10%&&'()-!!"\"]"^"_"g""vU410 S
10%~&&'()- s10%~&&'()-10&10&10& ;&10%&&'()- 99$10%&&'()-
y7`$10%&&'()-"""1#s###|[:vU410  SLs$10%~&&'()- S"10%~&&'()- s@&10%~&&'()-
S#10%~&&'()- !10%~&&'()- SL10%~&&'()-#$W$$$$%|[:vU410  !10%~&&'()-
S9S10%~&&'()- Sls$10%~&&'()- %10%~&&'()- !10%~&&'()-
S10%~&&'()-%X%%%&K&&|[:vU410  f'`$10%~&&'()- y%`$10%~&&'()- &$!10%~&&'()-
fl"!10%~&&'()- & &10%~&&'()- f#10%~&&'()-&&'E'u'''|[:vU410  &y2&10%~&&'()-
0!10%~&&'()- y.Z10%~&&'()- y-`$10%~&&'()- yY+:$10%~&&'()-
)%10%~&&'()-'4(F(}((((()|[NA41010~&10~&10~& 9y;-&10%~&&'()- y9s$10%~&&'()-
,7 10%~&&'()- y&6  



10%~&&'()- yF4`$10%~&&'()-)))6*+^+^,|[:NA41010 Sl&10%@~&@&'()-" &10%~&&'()-
I&10%6~&6&'()- sl@&10%!&'()-- sl@&10%~&&'()--
t10%~&&'()-^,,y-0...//|[:-410~& l&10%~&&'()-" l&10%p~&p&'()-" l&10%~&&'()-"
fl&10%S~&S&'()-" l&10%~&&'()-" kl&10%X~&X&'()-"/////T01.1bA410~&  l&10%
&'()- S)l&10%S&S&'()- \l&10%\&\&'()- \l&10%\&\&'()-
t10%&&'()-10~&10~&.112334_5|[:A410~& tF+&10%t&t&'()- kF+&10%k&k&'()-
l&10%&&'()- ol&10%o&o&'()- Sl&10%&&'()- Sl&10%%&'()-_556666677vU410 \
&10%\&\&'()-" \&10%\&\&'()-" t10%&&'()-10&10&10& F+&10%&&'()-
yF+&10%y&y&'()-78J9W::;Y<}\;vU410 \ yY+&10%y&y&'()- fY+&10%f&f&'()-
&10%&&'()-" &10%&&'()-"&10%&&'()-" &10%&&'()-"Y<=====>O> ?vU410
S&10%@~&@&'()- sl@&10%~&&'()-- sl@&10%~&&'()-- s10%~&&'()-10&10&10&
Y+&10%&&'()- ?!?@]@ A B#C|[:vU410 S Y"'10%~&&'()- oY"'10%\~&\&'()-
kY"'10%X~&X&'()- &10%~&&'()- \&10%I~&I&'()- &10%&'()-#CCCCCCD!EEvU410
l&10%~&&'()- \ l&10%I~&I&'()- Wl&10%D~&D&'()- t10%~&&'()-10~&10~&10~&
Y"'10%~&&'()-EFGHHaIQJ|[:vU410  \9F4&10%I~&I&'()-\ Y"&10%~&&'()-W
~Y"&10%k~&k&'()- aY"&10%N~&N&'()- l&10%$&'()-
fl&10%S~&S&'()-QJJJJJJJKJKvU410 !10%~&&'()- SLF"10%~&&'()- @"10%~&&'()-
t10%~&&'()-10~&10~&10~& 9F4&10%~&&'()-JKKKLDLLL|[:vU410  `!10%~&&'()-
S&$10%~&&'()- @L`$10%~&&'()- SM$10%~&&'()- s-&10%~&&'()-
@`$10%~&&'()-LMAMjMMMN|[:vU410  & &10%~&&'()- fM$10%~&&'()- m10%~&&'()-
fL10%~&&'()- Sl`$10%~&&'()- &10%~&&'()-N2NkNNN0OpO|[:vU410  yY+:$10%~&&'()-
f)&10%~&&'()-  y'M$10%~&&'()- f&`$10%~&&'()- 9$!10%~&&'()-
fl"10%~&&'()-pOOOPCPDQQQ|[:-410~& 9y;&10%~&&'()- yF4$10%~&&'()-`
&y2$10%~&&'()- 0!10%~&&'()- y.310%~&&'()- f--#10%~&&'()-QQQQRRSTbA410~&
\l&10%\&\&'()- Sl&10%S&S&'()- `l@&10%&&'()-- `l@&10%&&'()--
t10%&&'()-10~&10~&TTUUV WIW|[:A410~& 3+&10%&&'()-- k3+&10%k&k&'()--
l&10%&&'()- fl&10%f&f&'()- fl&10%f"f&'()- Wl&10%W&W&'()-IWGXXXXXXYYvU410
`l@&10%&&'()-- `l@&10%&&'()-- t10%&&'()-10&10&10& 34&10%&&'()--
k34&10%k&k&'()--YZY[[|\8]&^|[:vU410  S3+s$10%&&'()-` &10%&&'()-
f&10%f&f&'()- k&10%k&k&'()- N&10%N&N&'()-
D&10%D&D&'()-&^)^*^+^,^4^H^{^^vU410 !10%~&&'()- f 10%~&&'()- @YS10%~&&'()-
s10%~&&'()-10&10&10& y210%&&'()-^^._c___`|[:vU410  m%10%~&&'()-
Ss$10%~&&'()- s!10%~&&'()- S&Y10%~&&'()- SYs$10%~&&'()-
s$10%~&&'()-`&`_````a|[:vU410  fF"S10%~&&'()- y M$10%~&&'()- `!10%~&&'()-
fm10%~&&'()- !10%~&&'()- SFF10%~&&'()-aQaaa bHbb|[:vU410  a&0&10%~&&'()-
y,'$10%~&&'()- f +s$10%~&&'()- f)#10%~&&'()- f'`$10%~&&'()- y%M$10%~&&'()-b
cMccccccdvU410 @F`$10%~&&'()- s10%~&&'()-10~&10~&10~& k&9&10%~&&'()-
y5:$10%~&&'()- y 4`$10%~&&'()-d.dddeee|[:vU410  fFM$10%~&&'()- S&10%~&&'()-
S10%~&&'()- SF#10%~&&'()- s@&10%~&&'()- S&S10%~&&'()-ee~fffgLg|[:vU410
S)&10%~&&'()- y'M$10%~&&'()- y$10%~&&'()- S3"`$10%~&&'()- I&&10%~&&'()-
f10%~&&'()-LgggAh7iviwixiyi|[NA41010~&10~&10~& 9S;%10%~&&'()- y
4`$10%~&&'()-L \&s0&10%~&&'()- y,10%~&&'()- f
+"10%~&&'()-yiiii'j)jk|[:NA41010 Sl#10%~&&'()-M ss10%~&&'()- S10%~&&'()-
Ss$10%~&&'()- S9"10%~&&'()- s10%~&&'()-kk?kkkkk|[:NA41010 l"10%~&&'()-
%10%~&&'()- f 10%~&&'()- S9$10%~&&'()- fl$10%~&&'()-
10%~&&'()-k.lnlxl{lamm|[:NA41010 &y2&10%~&&'()- yF+s$10%~&&'()-M
)10%~&&'()- y'@10%~&&'()- y%s$10%~&&'()-
&$!10%~&&'()-mmn=nqnnnnn|[NA41010~&10~&10~& &y;&10%~&&'()- 910%~&&'()- ,7
10%~&&'()- &610%~&&'()- yF4$10%~&&'()-nn o@o}pqAq|[:NA41010 k&10%kK"k&'()-L
f&10%f&f&'()- S)&10%S&S&'()- k&10%kK"k&'()- ,Y$10%&&'()-
s10%&&'()-Aqq_r6ssGttt|[:-410& '&10%&&'()- y'&10%y&y&'()- t'&10%t&t&'()-
o'&10%o&o&'()- a'&10%%&'()- \&10%\&\&'()-LttttuuuvbA410&  Ss$10%~&&'()- f9-
10%~&&'()- s3 10%~&&'()- SY$10%~&&'()-` s10%~&&'()-10&10&vZvvvv&wiw|[:A410&
& &10%~&&'()- y#10%~&&'()- fs$10%~&&'()- fY10%~&&'()- &10%~&&'()-
S$10%~&&'()-iwwww5xrxx|[:A410& f-$10%~&&'()- F+`$10%~&&'()- y)&10%~&&'()-
f%10%~&&'()- S&$$10%~&&'()- fY"s$10%~&&'()-xxx5y;yxyyy|[:-410~& &f;
&10%~&&'()- 9t$10%~&&'()- y610%~&&'()- y34$10%~&&'()- &f2"10%~&&'()- y.
10%~&&'()-yyyyy7zXzzbA410~&  s "10%k&&'()- SF10%k&&'()- S9s$10%k&&'()-
Sl10%k&&'()- s10%k&&'()-10~&10~&zg{j{{{!|%||[:A410~& y10%k&&'()-
!10%k&&'()- y&'$10%k&&'()- yY`$10%k&&'()- &10%k&&'()-
Sl$10%k&&'()-'%|a||||5}u}|[:A410~& yF+s$10%k&&'()- &y)&10%k&&'()-
,'!10%k&&'()- % 10%k&&'()- yY"g10%k&&'()- & &10%k&&'()-u}}}~S~w~~|[:A410~&
7`$10%k&&'()- F410%k&&'()- 9f2&10%k&&'()- ,0!10%k&&'()- .10%k&&'()-
-`$10%k&&'()-~~4567?wvU410 910%~&&'()- Sl9!10%~&&'()-
s10%~&&'()-10k&10k&10k& 9y;&10%k&&'()- 9t$10%k&&'()-3q|[:vU410  !10%~&&'()-
S9m10%~&&'()- l!10%~&&'()- s10%~&&'()- Ss$10%~&&'()- !10%~&&'()-I|[:vU410
& &10%~&&'()- f@#10%~&&'()- S&F 10%~&&'()- fl#10%~&&'()- &10%~&&'()-
S#10%~&&'()-)gQ|[:vU410  -!10%~&&'()- 3+'10%~&&'()- y)&10%~&&'()-
f'`$10%~&&'()- y%`$10%~&&'()- SY"3 10%~&&'()-QE|[:vU410  y7s$10%~&&'()-
,6!10%~&&'()- y34m10%~&&'()- &f2&10%~&&'()- y010%~&&'()- y.s$10%~&&'()-
;vU410 N&10%;~&;&'()- @lY10%~&&'()- s10%~&&'()-10~&10~&10~& &f;@&10%~&&'()-
y9$10%~&&'()-oPb|[:vU410 N p'&10%~&&'()- k&10%X%X&'()- &10%~&&'()-
S&10%@~&@&'()- \&10%I~&I&'()- S&10%@~&@&'()-{naT310
t10%~&&'()-10~&k10~&10~& 9F4&10%~&&'()- k9F4&10%X~&X&'()-!'&10%&'()-
~'&10%k~&k&'()-+|[:aT310  a&'10%N~&N&'()- a&'10%N!N&'()- \&10%I~&I&'()-
S&10%@~&@&'()- sLS&10%~&&'()-` sLS&10%~&&'()-`vU410  @&10%k&&'()-
`10%k&&'()-10~&10~&10~& &;&10%~&&'()- a&2&10%N~&N&'()-:
f&'10%S~&S&'()-6lEH|[:vU410   &)10%k&&'()- f&$s$10%k&&'()-Z &z&10%k&&'()-
k&z&10%EU"E&'()- a&L&10%;k&;&'()- S&L&10%-k&-&'()-HBQRST\vU410
fYs$10%k&&'()- s10%k&&'()-10k&10k&10k& f99&10%k&&'()- ~&F+&10%Xk&X&'()-
t&F+&10%Nk&N&'()- E|[:vU410   y`$10%k&&'()- f910%k&&'()- fY`$10%k&&'()-
"10%k&&'()- y`$10%k&&'()- f910%k&&'()-J|[:vU410   F"!10%k&&'()- &y
10%k&&'()- f "10%k&&'()- y`$10%k&&'()- yF"10%k&&'()-
&&10%k&&'()-K_sv|[:vU410   34`$10%k&&'()- 9f210%k&&'()- y3+s$10%k&&'()-M
&f)&10%k&&'()- y%g10%k&&'()- $`$10%k&&'()-^_`aivU410  S$10%~&&'()-
s10%~&&'()-10k&10k&10k& 9f;&10%k&&'()- 7Z10%k&&'()- 6`$10%k&&'()-*e|[:vU410
fs$10%~&&'()- SL"10%~&&'()- S@#10%~&&'()- s#10%~&&'()- fs$10%~&&'()-
SLM$10%~&&'()-\|[:vU410   fl"$10%~&&'()-: & 10%~&&'()- y 10%~&&'()-
y`$10%~&&'()- fl:$10%~&&'()- &10%~&&'()-C<|[:vU410   Y4`$10%~&&'()-
&210%~&&'()- y0:$10%~&&'()- .M$10%~&&'()- -`$10%~&&'()- )#10%~&&'()-<zvU410
l!10%k&&'()- 10%k&&'()-10~&10~&10~& 9;!10%~&&'()- 7 10%~&&'()-
&6`$10%~&&'()-BG|[:vU410   f9`$10%k&&'()- l!10%k&&'()- &10%k&&'()-
fs$10%k&&'()- f:$10%k&&'()- f9`$10%k&&'()-GF|[:vU410   y#10%k&&'()-
y&`$10%k&&'()- Y!10%k&&'()- &10%k&&'()- f:$10%k&&'()-
y`$10%k&&'()-"_|[:vU410   '`$10%k&&'()- y%s$10%k&&'()- y$s$10%k&&'()-
,Y"!10%k&&'()- 9 10%k&&'()- ys$10%k&&'()- B;|[:vU410   9f2"10%k&&'()-
0t$10%k&&'()- .`$10%k&&'()- -t$10%k&&'()- ,F+`!10%k&&'()- &f)10%k&&'()-;
4z{|}vU410  `S&10%~&&'()- Y10%~&&'()-  `10%~&&'()-10k&10k&10k& Lf;
&10%k&&'()- F4`$10%k&&'()-:>M|Z9vU410   kl"&10%X~&X&'()-!&10%&'()-
a&10%N$N&'()- ;&10%( (&'()- a&10%N~&N&'()-  `S&10%~&&'()-H|obU410
s10%&&'()-(10e10e10e &0&10%e&'()- t&0&10%a~&a&'()- \&0&10%~&&'()-
ol"&10%\~&\&'()-A$f|[:bU410   S`$10%&&'()- @10%&&'()- `@&10%&&'()-
@`$10%&&'()- SM$10%&&'()- SL`$10%&&'()-f$7y|[:bU410    #10%&&'()-
f`$10%&&'()- S9 10%&&'()- Sl`$10%&&'()- &10%&&'()- S#10%&&'()-$f 



|[:bU410   f-&10%&&'()- fF+`$10%&&'()- y)#10%&&'()- f'`$10%&&'()-
f&$&10%&&'()- fY"`$10%&&'()- J,|[:bU410   S9 10%&&'()-  y7310%&&'()-
y6M$10%&&'()- fF4s$10%&&'()- y2&10%&&'()- y0M$10%&&'()-,nopqyvU410
S10%~&&'()- S,$10%~&&'()- S10%~&&'()- s10%~&&'()-10&10&10& &y;
&10%&&'()-|[:vU410   f"s$10%~&&'()- & 10%~&&'()- S$10%~&&'()-L 10%~&&'()-
S$10%~&&'()-M ss10%~&&'()-'7|y|[:vU410   Y4M$10%~&&'()- &2&10%~&&'()-
yY+s$10%~&&'()-` )&10%~&&'()- f&10%~&&'()- fL$s$10%~&&'()-;WvU410
Ss$10%~&&'()- s10%~&&'()-10~&10~&10~& &;&10%~&&'()- y8310%~&&'()-
y96s$10%~&&'()-`4|[:vU410   f10%~&&'()- S`10%~&&'()- f#10%~&&'()-
sS&10%~&&'()- f`$10%~&&'()- S`!10%~&&'()-4t0t|[:vU410   & &10%~&&'()-
!10%~&&'()- f10%~&&'()- `!10%~&&'()- f 10%~&&'()- &&10%~&&'()-t8r|[:vU410
y&-`$10%~&&'()- )"10%~&&'()- f's$10%~&&'()- f&s$10%~&&'()- L$!10%~&&'()-
f"10%~&&'()-0u|[:vU410   7 10%~&&'()- &6#10%~&&'()- Y4M$10%~&&'()-
&2&10%~&&'()- y0`$10%~&&'()- y/`$10%~&&'()- YvU410  f`M$10%~&&'()-
f`$10%~&&'()- `10%~&&'()-10~&10~&10~& &;10%~&&'()- 910%~&&'()-N|[:vU410
`!10%~&&'()- f&$10%~&&'()- &10%~&&'()- Ss$10%~&&'()-9 sS&10%~&&'()-
S,10%~&&'()- Dy|[:vU410   y&10%~&&'()- f9$`$10%~&&'()- l"!10%~&&'()- &
10%~&&'()- !10%~&&'()- f`$10%~&&'()-V Q|[:vU410   &2#10%~&&'()- 0
10%~&&'()- ,.!10%~&&'()- y&-:$10%~&&'()- ,Y+!10%~&&'()-
)!10%~&&'()-QgVWXY|[NA410 10~&10~&10~& 9;&10%~&&'()- 9`$10%~&&'()-
@7!10%~&&'()- ,&6G10%~&&'()- Y410%~&&'()-YaPRK`r|[:NA410 10 F 10%~&&'()-
10%~&&'()- @s$10%~&&'()-M ss10%~&&'()- @`$10%~&&'()-M
s10%~&&'()-r@||[:NA410 10 f&F 10%~&&'()- f`$#10%~&&'()- S"s$10%~&&'()-
&10%~&&'()- fM$10%~&&'()- S`10%~&&'()-,n|[:NA410 10 2&10%~&&'()-
S0s$10%~&&'()- f/M$10%~&&'()- yL-M$10%~&&'()- ) 10%~&&'()- 'F 10%~&&'()-
!"*|obU410  t10%&&'()-10~&10~&10~& &;&10%~&&'()- y810%~&&'()- L6F
10%~&&'()- yl4G 10%~&&'()-*Z|[:bU410   &10%&&'()- @L$10%&&'()-
@,s$10%&&'()- @10%&&'()- `10%&&'()- $10%&&'()-`+o|[:bU410   S&s$10%&&'()-
SL$"10%&&'()-   10%&&'()- Ss$10%&&'()- S,s$10%&&'()- S10%&&'()-R|[:bU410
S0$10%&&'()- /!10%&&'()- 9-10%&&'()- fl+ 10%&&'()- )10%&&'()-
S'F10%&&'()-<}|[NA410 10&10&10& ;10%&&'()- y9@10%&&'()- y7`$10%&&'()-
y96s$10%&&'()- 2#10%&&'()-Q|[NA410 10&10&10& ;10%&&'()- y9@10%&&'()- fL
10%+$&'()- f`$10%+$&'()- s10%+$&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Font  !;
(//'6<CJPVa]cjpv|!Jz+n7a2b 'Z.5;BIQMX_fymszMxr~VQq
")07a>HELZSvZfagnou9|9y`|[oY^%,3:@GNU+[`xfkqv6|S`|pX!Q
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~yX+?QWv^emqwjuLS$2<Tma_r3F_m
}c#\T t#/JXd{lrx?
nQz{|}~gVD"$'<+P..247:$>@CFJMNOQIRSTUVXxY4Z[\],_b`bCcdefgikslnQopqrvuwmz3}y
u/);PwAeLkGSUC8[6myo:cu#&*-/13d4578;>AvEGyLNRUXN[_bfil;
prvy@|~+af\UQrGtw8o^^Pp{pm!%),/l35[9;
+?`ACH|JN%P+TbVYw]`edleejjlprtvwx{8&HgU8cj;FzYp{H!{()5mN!"#%&')^,/.1_57Y<
?#CEQJJKLNpOQTIWY&^^`abdeLgyikkmnAqtviwxyz%|u}~QH<G;f ,4tQYr*Q
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 



!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQ6Times New
RomanArialCourier New"h Root EntryWordDocumentn
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\] 






