-1- INK JET CARTRIDGE, | NK JET HEAD ANLY BRI NTER The present invention
relates to an ink cartridge connectable to an ink jet head, a nethod of
manuf acturi ng such a cartridge and a printer using the cartridge, and which
Is usable with a copying machine, a facsimle nachine or any other

recordi ng apparatus, conmmunication apparatus, office equi pnent, conbined
machi ne or printer. :
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Heretofore, an ink cartridge for an ink jet recording apparatus has been
integrally formed with an ink jet hedd, and when the ink in the cartridge
is used up, the unified end and the contai ner are di sposed of. The quantity
of the ink remaining ig thescartfidge i s decided by the ink retaining

capacity of a sponge acu pr/oduci ng material) occupying the entirety of
the space in the gaatihidas-apll Lt i s relati ey lLaraeJlapanase
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Lai d- Open Patent Application No. 87243/1988 discloses such an ink

container. The ink container contains a foamed material, and is integral
with an ink jet recording head having a pIurallty of ink ejection orifices.
In such an ink container, in order to accommopdate the ink in the porous

mat eri al such as foaned pol yurethane material, the production of the vacuum
and the ink retention (prevention of ink |eakage fromthe ink '
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container) are acconplished by the camﬁﬁkﬁy'force of the foaned material .

However, the foaned material is required to fill the entirety of the ink
~container, and REPLACEMENT SHEET - 2-
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t her ef or e,

the non-usable ink is relatively |arge.

efficiency is low It is difficult to detect the anount of the ink

ddition, dug ng the '”E consunption period,
it is difficult to

remai ni ng

negative pressure gradual
mai ntain a substantial]y

the quantity of the ink tiddein is limted, and the quantity of

5 t herei n. I n

changes, an therefor%,
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Japanese Laid- Open Patent Application No. 522/1990 10 di scl oses an ink
cartridge containing substantially only ink. Mire particularly, it
di scloses an integral ink jet recording head and ink cartridge, conprising
a primary ink container for containing a | arge anmount of the ink at an
upper position, and a small anpunt of porous 15 mat eri al between the
container and the ink jet recording head therebel ow. It is stated
that the ink use
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efficiency is inproved because only thd@/ilék is disposed in the ink passage
W t hout the porous material contained in the ink container. In addition,
a secondary ink 20 cont ai ner capabl e .of containing the ink is provided at
the side of the porous material, which is effective to receive ink flow ng
fromthe primry i@# contai ner due to expansion of the air in the primry

I nk cont ai ner upon( enpiaature ri%f (pressure de?reas%%, So as to maintain
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25 a substantially constant negativgllﬁressure of the recording head

during the recording operation. In this structure, when the recording

operation is -3- not carried out, the porous materé'!al is filled with a
(A) ©3A 3
., / /
Ry 22
’O/N' ":o.‘.'.:'a ":‘

(B)

(C) |Q|/'Z 3\\“sp '5/5 ’ -100 .
(D) | "
/IIO /5E 18 }IO

30 30 30 3°. 30

FIG I3

Sheet Has Been RTI ace

T



9/14%
very | arge amount of the ink fromthe p4inary I nk cont ai ner which contains
a |l arge anount of the ink above the porous nmaterial, and therefore, the
porous material 5 itself can hardly produce negative pressure. For this
reason, ink |eaks out of the orifice of the ink jet recordi ng head under

smal | .inpacts, and therefore, it is not practical. If this container is
used as an exchangeable ink cartridge to be nounted to an ink jet
- ' | 6
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10

10 recording head, ink can |eak out o!lfhe porous material, and
therefore, it is still not practical. In another ink cartridge, the ink is
sealingly contained in a bladder, and the negative pressure of the bl adder
I s mai ntai ned constant using a spri,ng struciexe, 15 but this is :
expensive, and it is difficult to mass- jproduceNith the correct
performance of the spring structur&An the fieldNf ink jet printing
(non-cont act

(A)

101 12a i2b 6l 2¢.

LLLLLLLL L LT

FIG IS

This Sheet Has Been RTlaced




type printing) inexpensive ink cartri dgff/w;i ch performaccurately have not
been achi eved, and have | ong been 20 desired. The inventors have

i nvestigated fromthe standpoint of capability of properly supplying ink
corresponding to the ejection of ink fromthe recording head during a
printing operation and also from t@e s?ndp%’pt g)f the 25 capability of
preventing ink | eakage through thqlr ej..e? ion 7
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outlet when a printing operation is ndt2Meing carried out. |In particular,
the inventors have proposed a -4- cartridge which conprises a first
cont ai ner containing a vacuum produci ng material and provided with an air
vent _ :
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and a second container for containing 5?3 tantlally only the ink to be
supplied to the first container, the- d cont ai ner bei ng

substantially hernetically closed with the exception of the communi cation
with the first container. Japanese Laid-QOpen Utility Mdel Application No.
16385/ 1985 di scl oses a recordi ng pen a recording 10 tip which is
contacted to a recording nateri al
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14/14
recordi ng operation. The recording tip has an ink absorbing and retaining

capability, and ink is supplied thereto. Therefore, the recording tip is
exposed to the anbient air, in contrast to the ink jet recording 15
appar at us. The Japanese Laid-Open Utility Mdel Application is
directed only to the overflow of ink through the recording tip. It
conprises 'as essential elenents a first -iquid
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absorbing material, and a seéond absorbing materi al mhicﬁ:EEZESEBEa;ng

| ess ink than the first absorbing materi al
anount of the ink, the second absorbing material being disposed

the first absorbing nmaterial at a position closer to the air vent

central

cl osed

s
N

al though it absorbs a smal

abo
in a

chanber from which the recordlﬁg tip 25 proj ects downwardl vy,
I nk being supplied to opposite sides of the _chanber fromhernetically

i nk

10

15

20

- 25

INK JET CARTRIDGE, INK JET HEAD AND PRINTER

FIELD OF THE INVENTION AND RELATED ART

- The present invention relates to an ink jet
cartridgé containing liquid ink, manufacturing method
fhereof, an ink jet head and printer using the
cartridge, and is usable with a copying machine, a
fagsimile machine or another recording apparafus,
communication apparatus, office equipment, combined
machine or printer.

Heretofore, aﬁ ink cartridge for an ink jet
recording apparatus is integrally formed with an ink

jet head, and when the ink in the cartridge is used

up, the unified end and the container are disposed of.

The quantity of the ink remaining in the cartridge is
decided by the ink retaining capacity of a sponge
(vacuum producing material) occupying the entirety of
the space in the cartridge, and it is relatively
large. Japanese Laid-Open Patent Application No.
6324271988 discloses such an ink container. The ink
container contains a foamed material, and it is
integral with an ink jet recording head having a
plurality of ink ejection orifices. In such an ink
container, in order to accommodate the ink in the
porous materiai such as foamed polyurethane material,

the production of the vacuum and the ink retention

(prevention of the ink leakage from the ink container)
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accommodat i ng chanbers. W.ih this structure, when air - -5- in the closed
I nk cont ai ner expands due to anbient tenperature rise with the result that
ink in the ink chanbers flows into the first absorbing nmaterial, ink

10

15

20

25

are accompliéhed by the capillary force of the foaﬁed
material. Howéver, the fbamed material is required to
be filled in the entirety of the ink container, and
the;efore, the quantity of the ink therein is limited,
and the quantity of the non-usable ink is relatively
large. This means that the ink use efficiency is low.
It is difficult to detect the remaining amount of the
ink therein. 1In addition, during the ink consumption
period, the negative pressure gradually changes, and
therefore, it is difficult to maintain a substantially
constant vacuum. |

Japanese Laid-Open Patent Appiication No.
522/1990 discloses that the ink cartridge contains
substantially enly the ink. More particularly, it
discloses an integral ink jet recording head and ink
container, comprising a primary ink container for
containing a large amount of the ink at an upper
position, and é small porous material between the ink
jet recording head therebelow. It is stated that the
ink use efficiency is improved because only the ink is
disposed in the ink passage without the porous
material contained in the ink container. In additionm,
a secondary ink container capable of containing the
ink is provided at a side of the porous material,
which is effective to receive the ink flowed from the
primary ink-container due to expansion of the air in

the primary ink container upon temperature rise
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i ncapabl e of being retained by the first absorbing 5 natérial I s absor bed
by the second absorbing material, so that overflow droplets of ink fromthe
witing tip can be prevented. It al so discloses provision of a constant
wi dt h groove which is effective, when e3e of the two closed ink chanbers
contains only air, to permt expanded 10 air to escape through-the air
vent. The groove .extends fromthe bottomend to the top end on a side
surface o
. {pressure decrease), so as to maintain a substantially
constant negative pressure of the recording head
during the recording operation.

In this structure, when the recording

5 operation is not carried out, the porous material is
filled with a very large amount of the ink ffom the
primary ink container containing a large amount of the
ink above the porous material, and therefore, the
porous matefial itself can hardly produce the negative

10 pressure. For this reason, the ink leaks out of the
orifice of the ink jet recording head by small impact,
and therefore, it is not practical. If this container
is used as a exchangeable ink cartridge to be mounteé
to an ink jet recording head, the ink can leaks out of

15 the porous material, and therefore, it is still nbt
practical.

In an ink cartridge, the ink is sealingly
contained in a bladder, and the negative pressure of
the bladder is maintained constant using a spring

20 structure, but thié-is expensive, and it is difficult
to mass-produce with the correct performance of the
spring structure. In the field of the ink jet

: printing (non-contact type printing) inexpensive ink

‘cartridge having proper performance has not been
25 accomplished, and has long been desired._

The inventors have investigated from the

standpoint of capability of properly supplying the ink
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other than the partition wall between the central chanber and the cl osed

I nk container. If this were to be used for an ink jet recordi ng head, ink
| eakage through the air 15 vent woul d be expected and this has been
confirmed. This |eakage arises because of the fthdamental difference

bet ween contact recording and non-contact recording. This probl em does not

arise in the field of recording pens. 1In addition, the constant w dth
roove serves to
9 corresponding to the ejection of the¢on the

recording head during the printing ¢ and also
from the standpoint of capability oi;ting ink
leakage through the ejection outlet ,o printing

5 operation is not carried out. As a, it haé
been found that the fundamental Strusomprises 2
first container containing a vacuum yng material
-and provided with an air vent and a écontainer
for containing substantially only thép be

10 supplied to the first container, the; container
being substantially hermetically cloth the
exception of the communication with-&st
container. :

Japanese Laid-Open Patent Apéion No.

15 16385/1985 discloses a recording pen é a
recording tip which is contacted to a%dlng
material during the recording operatlmhe
recording tip has ink absorbing and r%ng nature,
and the ink is supplied thereto. Theé, the

20 recording tip is exposed to the ambie:é.s
contrasted to the ink jet recording ap@us. The
Jépanese Laid-Open Patent Application irected only
to the overflow of the ink through theSrding tip.

1t comprises as essential eleﬁ a first

25 1liquid absorbing material, and a seconsorhing
material which absorbs less ink than tant

absorbing material although it absorblnsmall
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20

pronote the di scharge of the ink together with the air,

and t herefore,

| eakage of the ink through the air vent has been pronoted. Additionally,

the i

nk consunption of the two ink containers is not the sane.

| f one of

the containers 25 enpties first, the ink.jet recording operation is no
| onger possible despite the fact that a | arge anmount of remai

ot her

ink container. This is because

ns in the

amount of the ink, the second absorbing material being

disposed above the first absorbing material at a

position closer to the air vent, a central chamber

from which the recording tip is projected downwardly,

5 and hermetically closed in accommodating chamber to

supply the ink to opposite sides of the chamber.

this structure, when the air in the closed ink

With

container expands due to the ambient temperature rise

with the result of the ink in the ink coatainer
10 the first absorbing material, the ink incapable
being retained by the first absorbing material;

into
of

is

absorbed by the second absorbing material, so that the

overflowing droplets of ink from the writing tip can

be prevented. It also discloses provision of a

15 constant width groove which is effective, when one of

the two closed ink container contains only air,

to

permit the expanded air to escape through the air

vent. The groove is extended from the bottom end to

the top end on a side surface which is different from

20 a partition wall between the central chamber and the

closed ink container. When this structure is used for

an ink jet recording head, the ink leakage through the -

air vent has been cdnfirmed, as has been expected

because of the fundamental difference between the

25 contact recording and the non-contact recording. This

problem is not recognized in the field of the

recordihg pen. In addition, the constant width
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REPLACEMENT SHEET -6- a | arge anount of air is i ntroduced into the first
absorbing material with the result of incapability of the ink supply.
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-6-

serves to promote-the discharge of the ink together
with the air, and therefore, the leak of the ink
through the air vent has been promoted.

) Additionally, the ink consumptions of the two
ink containers are not the same. I1f 6ne of the
containers becomes empty first, the ink jet recording
operation became no longer possible despite the fact
that a large amount of the ink is remaining in the
other ink container. This is because a large aﬁount
of the air is introduced into the first absorbing

material with the result of incapability of the ink

supply. This is against the aim of this invention.

SUMMARY OF THE INVENTION

It is a first alternative object of the

present invention to provide an improvement to the‘
fundamental structure having the first container
containing the vacuum producing material and provided
with the air vent for communication with the ambience,
and a second container for substantially only the ink
to be supplied to the first container, the second
container being substantially hermetically closed with
the exception of the communication with the first
container. The improvement is intended to effective
use for the ink jet recording or printing. '

It is another object of the present invention

to provide an exchangeable ink cartridge, an ihk jet
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Wth a viewto alleviating the above problens, the 5 present inventors have
devel oped new structures of ink cartridge which are disclosed in our

co- pendi ng patent applications nos 9607543.7, 9626088.0, 9626090.6 and

- 9626089. 8. Those cartridges all conprise_a first chamber 10 cont ai ni ng

i negative pressure producing material and having an air vent and an ink
supply port and a second

head and a printer using the same capabie of effecting
high speed recording, while the vacuum can be
maintained substantially constant in a large part of
the period from the start of the use to the end

5 thereof of the ink cartridge.

It is another ob:ect of the present invention
té provide an exchangeable ink cartridge in which the
vacuum is produced in the ink cartridge when the
recording operation is not effected, fhus preventing

10 :ink leakage through an opening upon small impact.

It is a further object of the preseﬁt
invention to provide an ink cartridge in which the
remaining non-usable ink is minimized.

It is a yet further object of thelpresent

15 invention to provide an exchangeable ink cartridge
which is less expensive and from which the ink does
not leak out during transportation of itself.

According to aﬁ aspect of the present
invention, a region of the ﬁacuum producing material

20 that adjacent to air introduction passage does not
contain the ink. By doing so, the leakage of the ink
through the air vent from the ink cartridge can be

: prevented against the ambient condition change,
Particularly when a sealing member is used to seal the

25 air vent, this aspect of the invention is effective to

prevent removal of the sealing member. During the use

of the ink cartridge, this region is effective to the
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chanber providing a printing liquid reservoir for the first chanber and
communi cating with the first chanber via a comunication port. 15

The present invention concerns an advant geous process for manufacturing
such cartridges. According to one aspect ®f the present invention there- is
provided a nmethod of manufacturing an ink cartrldge havi ng an ink outl et
connectable to an ink jet

proper amount of the air is introduced into the ink
cartridgé, thus suppressing variation of the vacuum in
the ink jet cartridge. The region adjacent the air
introduction passage is éompletely free from being

5 wetted by the ink, the ink seeping speed is reduced,
and therefore, it is desirable. However, it is a
possible alternative that the region is once wetted by
the ink, and the ink is thereafter removed.

According to another aspect of the invention

100 based on the above-described fundamental structure,
the vacuum or negative pressure producing material is
compressed or capable of being compressed in the
region adjacent an ink supply opening or an ink supply
pipe which is provided at a side opposite from the

15 partition wall having a small communication part
between the first container and the second container.
By doing so, a stabilized ink path can be assured in
the -vacuum producing material from the second ink
container. For the purpose of the further |

20 stabilization, the ink supply opening is disposed
ahoée the small communication'part relative to the
bottom surface of the ink cartridge. Here, the supply
pipe includes an insertion pipe peculiar to the ink
jet recording or printing, and a valve structure or

25 connecting member mounted on the cartridge compressing
the vacuum producing member. By doing so, the ink

movement direction can be substantially stabilized, so
-
Baquimwd
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20 head for an ink jet recording apparatus and an air vent, which nethod
conprises providing a one-piece body defining first and second conpartnents
separated by a partition wall, inserting a negative pressure producing
material. into the first conpartnent-gnd sealing a 25 covering
menber to the one-piece body to close the first and second conpartnents so
that the covering nmenber forms with the first conpartment a first chanber

haV|ng the ink
that all of the ink in the second container can be

used up. After it is used up, the air moves from the
partition wall toward the ink supply opening, thus .
permitting consumption of the ink in the vacuum

5§ producing material, and therefore, the amount of the
non-usable remaining ink can be minimized.

According to a further aspect of the present
invention, a region of the vacuum producing material
not compressed by the supply pipe, and the region

10 compressed by the supply pipe are formed in the order
named from the partition wall forming the fine
communication part to the opposite wall, by which one
way ink supply path is formed in the non-compressed
region, and in addition, the remaining non-usable ink

15 amount. can be further reduced by fhe ink retaining
capacity in the compressed region.

The present invention includes a structure
containing one or more of the abaove-described aspects.

The ink jet cartridge of this invention is

" 20 usually handled by an operator, and therefore, it is
possible that strong force is applied thereto with the
result of deformation of the ink container wall. In

! view of this, it is preferable that an additional
partition wall providing a larger clearance than the

25 fine communication part in the ink container for
céntaining substantially only the ink. When the

cartridge is made of resin material, it is preferable
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-7- outlet and the air vent and the covering nenber fornms with the second
conpartnent a second chanber which provides an ink reservoir for the first
chanber and which is closed except for a_gfwgunication port defined between

that the thickness of the wall containing
substantially only of the ink is 0.8 mm.(Ti, G in
Figure 29) or more and that the wall thickness of the
container containing the vacuum producing material

5 such as sponge is 1.3 mm (Ts, J in Figure 20) from the
standpoint of the prevention of the deformation. In
the ink jet printer of this invention, the ink is
forced discharged by sucking the ink by the sucking
means and by ejecting the ink by ejecting means

10 automatically or manually upon mounting of the
cartridge on the ink jet printer. This is preferable
because the state of the ink in the vacuum generating
material can be adjusted before the start of the
printing operation, and therefore, the printing

15 function can be performed without influence of the ink
cartridge keeping state.

In the manufacturing method of this ink
cartridge according to this invention, the fine
communication part can be provided between a partition

20 wall and a covering member by fixing the covering
member accommodating the vacuum producing material in
a container, to the main body of the ink cartridge.
Thus, the vacuum producing material can be stabilized
adjacent the fine communication part, and therefore,
25 the mass-production is eésy.

The height of the fine communication part

provided by the partition wall is larger than an
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5 the partition wall and the covering nenber. |In another aspect, the
present invention provides a nethod of manufacturing an ink cartridge
having an ink outlet connectable to an ink jet head for an ink jet
recordi ng apparatus and an air vent, whjgh nmethod 10 conprises nolding a
one- pi ece body having, in use, front, back, top and two side walls and a
partition wall extending between the two side walls so as to separate

average pore size of the vacuum producing material
(preferably the average pore size in the region
adjacent the fine communication part) (practically not
less than 0.1 mm), and it is preferably not less than

5 5 mm. If it is less than 3 mm, the further
stabilization can be expected. The volume ratio of
the vacuum producing.material container and the ink
container is not less than 1:1 and not more than 1:3,
practically.

10 These and other objects, features and
advantages of the present invention will become more
apparént upon a consideration of the following
description of the preferred embodiments of the
present invgntion taken in conjunction with the

15 accompanying drawings.

BRIEF DESCRIPTION OF THE DﬁAWINGS
Figure 1 is a schematic partly broken
perspective view of an ink cqntainer according to a
20 first embodiment of the present invention.
Figure 2 is a sectional view of the ink
container of Figure 1.
| .’ Figure 3 shows éxamples of connection between
the cartridge and the supply pipe.
25 Figure 4 illustrates a comparison example.
Figure 5 ilinstrates ink supply part used in

this invention.
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the one-piece body into a.first conpartnent formed by said partition,
front, top and two side walls and a 15 second conpartnent formed by said
partition, back, top and two side walls; _.inserting a sponge-|ike absorbent
negative pressure producing materi al intd%aid first conpartment through

t he open bottom of the one-piece body; and sealing a bottom covering
menber to said one- 20 pi ece nenber so that sai'd bottom covering nenber

forms Figure 6 illustrates a positidnal

relationship between an ink supply portion and the
fine communication part.

] Figure 7 illustrates the structure of the
5§ fine communication part.

Figure 8 illustrates configuration of the
partition wall at a side of the fine communicatioﬁ
part. _

Figure 9 illustrates state of the absorbing

10 material at an end adjacent the partition wall.

Figure 10 illustrates the state of inside of
the absorbing material against ambient condition
change.

Figure 11 illustrateé a manufacturing method

15 according to an embodiment of the present invention,
and illustrates an ink jet head.

Figure 12 illustrates an ink jet printer and
an ink cartridge usable therewith.

Figure 13 illustrates modified embodiments of

20 the present invention.

Figure 14 ié a sectional view illustrating
permissible inclination in use, of the inﬁ cartridge.

Figure 15 shows configuration in an
embodiment of the present invention.

25 Figure 16 illustiates the change in the
printing opération.'

Figure 17 illustrates pressure to the
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with said first conpartnment a first chanber containing said absorbent

mat eri al and having the ink outlet and air vent and said bottom nenber
formse with said second conpartnent a second chanber which provides an ink
25 reservoir for said first chanber anggsaid bottomwall and said '
partition wall define an opening providing a communi cation port between
said first and second

external wall of the cartridge according to an
embodiment of the present invention.

Figure 18 is a sectionél view of a modified
example of an ink cartridge according fo an embodiment

5 of the present invention.

Figure 19 is a perspective view of a color
ink container according to an embodiment of thé
present invention.

Figure 20 is a graph showing a relation

10 between the thickness of the wall and ink leakage by

the external pressure.

DESCRIPTION OF THE EREFERRED EMBODIMENTS

Referfing to Figures 1 - 6, there is shown an
15 ink container having an ink supply opening formed in a
| wall of a vacuum producing material container that is
faced to a partition wall 5 which is cooperative with
a bottom surface of the cartridge to form a fine
communication part 8.
20 Figure 1 is a perspective view of the ink
container according to a first embodiment, and Figure
2 is a sectional view of the ink container according
! to the first embodiment.
As shown in Figures 1 ‘and 2, the ink
25 cartridge main body 1 of this embodiment is provided
with an opening 2 for communication with an ink jet

recording head at a position displaced toward the fine
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-8- chanbers. The present invention further provides an ink cartridge
havi ng an ink outlet connectable to an ink jet head for an ink jet
recordi ng apparatus and an air vent, 5 mhiih cartridge conprises a
one- pi ece body defining first -14-

communication part in the form of a clearance 8. It
comprises a vacuum producing material container 4 for
containing the vacuum producing material 3 and an ink
container 6 for containing substantially only the ink,
§ which communicates with the container 4 at a bottom
portion 11 through the clearance 8 provided by the
partition wall 5.
With this structure, the air is supplied
through the opening 2. However, what is important is
10 the ink is supplied assuredly from the ink container 6
through the communication part 8 toward the opening 2
along the bottom 11 of the ink cartridge. With the
ink supply, the air is introduced in place of the ink
in the ink container 6. The description will be made
15 as to the compressing deformation of the wacuum or
negative pressure producing material by fhe supply
pipe in the compressing deformation capable region
adjacent the opening. 1In Figure 3, a joint member 7
functioning as a supply pipe for supplying the ink to
20 the ink jet recording head has been inserted into an
" exchangeable ink cartridge.according to this
embodiment. With this state, the joint member 7 is
press—-contacted to the vacuum producing member, and
the ink jet recording apparatus is operable in this
25 respect. A filter may be provided at an end of the

joint member to remove the foreign matter in the ink

cartridge.
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and second conpartnments separated by a partition wall, a negative pressure
producing material in the first conpartnent and a covering nenber sealed to
the one-piece body to close the first and second conpartnents so that 10
the covering nenber fornms with the flrsE compartnent a first chanber having
the ink outlet and the air vent and the goverlng menber forms with the
second conpartnent a second chanber which provides an ink reservoir for the

- When the ink jet recording apparatus is
operated, the ink is ejected out through orifices of
the ink jet recording head with the result of ink
absorbing force in the ink cartridge. The ink 9 is

5 supplied by the absorbing force from the ink container
6 through the clearance 8 between the bottom end of
the partition and the bottom of the ink cartridge 11
to the vacuum producing material container 4, and to
the ink jet recording head through the wvacuum

10 producing material-3 and the joint member 7.

By this ink supply, the internal pressure of
the ink container 6 which is closed except for the
clearance 8 reduces with the result of pressure
difference between the ink container 6 and the vacuum

15 producing material container 4. With the continuing
recording operation, the pfessure difference continues
to increase. However, since the vacuum producing
material is open to the ambience by a clearance 10
between the joint member and the opening. The air is

20 introduced into the ink container 4 through the
clearance 8 between the bottom end of the partition
member 8 and the internal bottom surface 11 of the ink
cartridge through the vacuum producing material.. At
this time, the pressure difference between the ink

25 container 6 and the vacuum prodﬁcing material
container is canceled. During the recording

operation, this action is repeated, so that a constant
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first chanber and which is closed except for a 15 conmmuni cati on port
defi ned between the partition wall and the covering nenber. In addition,
the present invention provides an ink cartridge having an ink outl et
connectable to an ink jet head for an i nkl$=t recording apparatus and an
air vent, 20 which cartridge conprises a nol ded one-pi ece body havi ng
front, back, top and two side walls and a partition wall

negative pressure (vacuum) is maintained in the ink
cartridge. Substantially all of the ink in the ink
container 6 can be used up except for the ink
deéosited on the internal wall éurface of the ink

5§ container, can be used up, and therefore, the ink use
efficiency is impfoved.

When the recording operation is not
performed, the capillary force of the vacuum prdducing
material itself (meniscus force at the interface

10 between the ink and the vacuum producing material) and
the like are p;oduced. Pafticuiarly. when the ink
consumption from the ink container is started, the ink
retaining state in the vacuum producing material
becomes substantially constant. Since the air -

15 collected in the ink container is substantially in a
certain degree of vacuum, and therefore, the preésure
balance in the cartridge is extremely stabilized, so
that the ink leakége from the ink jet recording head
is suppressed. .

20 If the vacuum producing material is properly
selected in accordance ﬁith the ink jet recording head
to be used therewith and if the volume ratic between
the vacuum producing material container and the ink
container, are properly defermined, the structure

25 shown in Figure 4 is possible.

As shown in Figure 19, in order to use the

ink cartridge of this invention in a color ink jet
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extendi ng between the two side walls so as to separate the one-pi ece body

into a first conpartnent:- formed by said partition, front, top and two side
wal I s and a 25 second conpartnent formed by said partltlon back,

two side walls; a sponge-like absorbent Qggatlve pressure prodUC|ng
I n sald first conpartnent;

mat eri al

10

15

20

25

recording, various éolor inks (black, yvellow, magenta
and cyan) may be accommodated in separate exchangeable
ink cartridges, respectively. These ink cartridges
ma} be unified as shown in Figure 19A. The.
exchangeable ink cartridge may comprise a black
container exchangeable ink cartridge which is
frequently used and one another color exchangeable
cartridge, as shown in Figure 19, (B):'.Aﬂy
combination is possible -in consideration of the ink
jet apparatus. In the exchangeable ink cartridge
according to this embodiment, in order to control the
vacuum, the following is preferably optimized:
material, configuration and dimegsiéné of the vacuum
producing material 3, configuration and dimensions of
rib end 8, configuration and dimensions of the
clearance 8 between the rib end 8 and the ink
container bottom 11, volume ratio between the vacuum
producing material container 4 and the ink container
6, configuration and dimensions of the joint member 7
and the insertion degree thereof into the ink
container, configuration, dimension and mesh of the
filter 12, and the surface tension of the ink.

The material of the vacuum producing member
may be any_known material if it can retain the ink
despite the weight thereof, the weight of the liquid

(ink) and small vibration. For example, there are

sponge like material made of fibers and porous
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-9- and a bottom covering nenber sealed to said one-piece body so that said
bott om covering nenber fornms with said first conpartnent a first

chanber containing said absorbent nateib and having the ink outl et and
the air 5 vent, said bottom nenber orms with said second
conpartment a second chanber forming an ink reservoir for

material having continuous pores. 1t is preferably in
the form of a sponge of polyurethane foamed material
which is easy to adjust the wvacuum and the ink
retaining power. Particularly, in the case of the

5 foamed material, the pore density can be adjusted
during the manufacturing thereof. Wheh the foamed
material is subjected to thermal compression treatmént
to adjust the pore den31ty, the decomposition is
produced by the heat with the result of changing the

10 nature of the ink with the possible result of adverse
influence to the record quality, and therefore,
cleaning treatment is desirable. For the purpose
meeting various ink cartridges for various ink jet
recording apparatuses, corresponding pore density

15 foamed materials are required. It is desirable that a
foamed material not treated by the thermal compression
and having a predetermined number of cells (number of
pores per 1 inch) is cut-into a desired dimension, and
it is squeezed into the vacuum producing material

20 container so as to provide.the desired pore density
and the capillary force.

In this embodiment, the clearance is provided
between the joint member 7 and the opening 2 for the
joint member 7 fb.permit introduction of the air into

25 the ink car?ridge. However, this structure is not
limiting to the pfesent invention. Other structure or

configuration is usable for the joint member and the
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said first chanber and said bottomwall and said partition wall: define
an openi ng providing: a conmuni.cation port between said first and
second 10 chanmbers. Enbodi nents of the invention will now be descri bed,
by way of exanple, with reference to thegcconpanying dramnngs i n which
Figure 1 is a schematic partly broken perspective

joint opening. In the case that on the vacuum
producing material is a porous material such as
sponge, it is preferable that an end of the joint
meﬁher 7 is inclined at a certain angle with respect
5 to a joint member inserting direction, since then as
shown in Figure 3(a) and (b), the parting of the
porous material from the bottom of the ink cartridge
" is prevented upon insertion of the joint member, and
the surface contact between the filter and the vacuum

10 produéing material is maintained assuredly. If the
insertion amount of the joint member is too large, the
tapered end portion might tear the vacuum'producing
material, and therefore, the surface structure shown
in Figure 3, (c); is preferable.

15 It will be considered that an outer wall of
the joint member is provided with grooves. As shown
in Figure 5, the configuration of the opening 2 may be
a slot (Figure 5, (a)), rectamngular (Figure 5, (b)),

- triangular (Figure 5, (c)). The preferable

20 configuration of the opening 2 prbvides a clearance
between the joint member, or the configuration is such
that it is in contact with the outer periphery of the

* joint member at the bottom of the opening (bottom of
the ink cartridge) and that it is open at the upper

25 portion of the opéning.

As described in the foregoing, the
exchangeable ink cartridge has a joint opening

TR




15 view of an ink cartridge. Figure 2 is a sectional view of the ink
‘cartridge of Figure 1. Figure 3 shows exanples of connection between the

cartridge and the supply pipe. 20 Figure 4 illustrates a conparison
exanple. Figure 5 illustrates ink suppfy part of the cartridge of
Fig. 1. ' :

functioning also as the air introduction opening, and
therefore, the structure is simple. The.amount of
insertion of the joint member 7 into the exchangeable
ink cartridge is properly determined by the ordinary
5 skilled in the art so as to provide a compression
region of the vacuum producing member to prevent ink
leakage upon the insertion and to prevent ink supply
stop during the recording operation, in consideration
of the configuration of the joint member, the vacuum
10 producing material and the configuration of the ink
. cartridge.

In the foregoing embodiment, it is effective
to provide an air vent in the vacuum producing
material container, since then the region of the

15 vacuum producing material that does not contain the
ink is easily located adjacent the air introduction
passage. ‘The réliability in the ink jet recording
apparatus against the ambient condition change is
improved. The configuration and dimensions of the

| 20 clearance 8 between the end of the partition wall and
5 ' the ink cartridge bottom, are not limited. However,
if it is too small, the meniscus force with the ink is
too strong, and although the ink leakage can be

. prevented through the joint opening, but the ink

25 supply to the vacuum producing matérial container is
diffiéult, with the possible result of ink supply stop

during the use. If it is too large, the opposite
S ——
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Figure 6 illustrates a positional relationship between an ink supply
portion and a fine comunication port. Figure 7 illustrates the structure
of the 5 fine conmunication port. '

10

15

20

25

-21-

phenomenon occurs, and therefore, the height to the
partition wall of the fine communicatlng part is
preferably larger than an average pore size of the
vacuum producing material (average pore size adjacent
the fine communication part, preferably) (practically
not less than 0.1 mm), and not more than 5 mm. For
the purpose of further stabilization, it is preferably
not more than 3 mm. Figure 7 shows an example of the
configuration of the clearance 8. Figure 7, (a),
shows the structure and configquration most stabilized
in the present invention, used in the foregoing
embodiment. It is formed with a constant height over
the entire width of the cartridge. Figure 7, (a), (b)
and (c), shows an example in which the communication
part is formed only a part of the entire width of the
cartridge, and is‘waved. This structure is effective
when the entire volume of the cartridge is large.
Figure 7, (4) shows an example having tunnel-like
communicating parts with whiep the ink is easily moved
to the inside of the cartridge, and the air
introduction can be concentrated. In the examples of
Figure 7, (e) and (f), a recess is formed along a

vertical direction on the partition wall in the ink

_ container. With this structure, the air having come

to the bottom end of the partition wall is effectively
introduced into the ink container by the recess, thus

increasing the air tracking efficiency.
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Figure 8 illustrates configuration of a partition wall at a side of the

fine comunication port. Figure 9 illustrates state of the absorbing 10
material at an end adjacent the partition_ wall. Figure 10 illustrates the
state of the inside of the absorbing mat®f2al agai nst changes in the
anbient condition. Figure 11 illustrates a manufacturing nethod

The clearance 8 is also determined in
consideration of the position.of the joint opening.
ﬁeferring to Figure 10, (a) and (b), the partition
wall end is at a position lower than the bottom end of

-5 the joint opening in Example (2), and the ink
retained in the vacuum producing material is lower
than the bottom end of the joint opening, and
therefore, the leakage preventing effect is
sufficient. In Example (b), the end of the partition

‘10 wall is at a position higher than the bottom end of
the joint opening, and the ink retained in the vacuum
pioducing material is above the bottom end of the
joint opening, and therefore, the ink leakage
suppressing effect is not sufficient. Therefore, it

15 is preferable to stabilize the advantageous effect of
the present invention that the position of the end of
the partition wall is not higher than the bottom end
of the joint opening by properly determining the
dimension of the clearance 8. Although it is

20 dependent on thg configurafion and dimensions of the
exchangeable ink cartridge, the_height of the
clearance 8 is selected in the range of 0.1 - 20 mm.
Further preferably it ranges from 0.5 - 5 mm
approximately. The configuration of an end of the

25 partition wall may bg any if the consideration is paid
to the position relative to the joint opening, as will
be understood from Figure 8, (a) - (h).
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15 according to an enbodi nent of the present inventi-on, and illustrates an
ink jet head. Figure 12-illustrates an ink jet printer and an ink cartridge
usable therewith. 20 Figure 13 is a sectional view illustrating permssible

inclination in use,

of the ink cartridgg3-Figure 14 shows the configuration

of the cartridge in an

As regards the boundary between the end of

the partition wall 5 and the vacuum producing material

- 3, various structures are considered. This is shown

in.Figure 9, In the structure of Figure 9, (a) - (d4),

5 the vacuum producing material is not compressed by the

end of the partition wall, and the density of the

vacuum producing material is not locally increased,

and therefore, the flow of the ink and the air is

relatively smooth, and for this reason, it is

10 preferable for a high speed recording or color

recording. On the other hand, the examples of Figures

9, (e),

(£f), the vacuum producing material 3

compressed by the end of the partition wall, and the

density of the material is increased, and therefore,

15 the flow of the ink and the air is obstructed, but the

ink leakage or the like can be effectively prevented

against slight ambient condition change. Therefore,

they are properly determined by one skilled in the

art, on the basis of the ink jet recording apparatus

20 with which the ink cartridge is used and the ambient

condition under which the ink cartridge is used.

The volume ratio between the vacuum producing

material container 4 and the ink container 6, is

determined in consideration of the ambient condition

25 under which the  ink cartridge is used and the ink jet

recording apparatus with which it is used. Also, the

relation with- the used vacuum producing material is

-
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enbodi nent of the present invention.-25 Figure 15 illustrates the
change in the printing operation. Figure 16 illustrates pressure to the
REPLACEMENT SHEET —24-

important. In order to improve the use efficiency of
the ink, it is desirable to increase the volume of the
ink'container. In that case, a vacuum producing
material capable of producing high vacuum (high
5 compression ratio sponge), is effectiwve. Therefore,

the preferable ratio ranges from l:1 - 1:3
practically. In this case, the vacuum producing
performance of the wvacuum producing member is
increased with increase of the relative volume of the

10 ink container.

The configuration, dimension and mesh of the
filter 11 can be properly determined by one skilled in
the art depending on the ink jet recording apparatus
with which the ink cartridge is ﬁsed. However, in

15 order to prevent the nozzle from being clogged by the
foreign matter introduced from the ink cartridge, the
passing area thereof is smaller than the size of the
orifice.

The quantity of the ink in the ink cartridge

20 is not limited except for the internal volumé of the
ink cartridge. 1In order to maintain the proper
negative structure immediately after the exchangeable
ink cartridge is unpacked, the ink may be contained to
the extent of tﬁe volume limit in the ink container.

25 However, thg vacuum producing material is preferably
lower than the ink retaining capacity of the material.
Here, the ink retaining capacity which can be retained

I
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-11- external wall of the cartridge. 5 Figure 17 is a perspective view of a
color ink container according to an enbodi nent of the present invention.
Figure 18 is a graph showing the relation 10 between the thickness of the
wal I and ink | eakage by ~25-~ .

solely by the material when the ink is contaiﬁed
therein.
In the ink cartridge having a closed system
ink container, when an external aﬁbient condition
5 change such as temperature rise or pressure reduction,

occurs when it is loaded in the ink jet recording
apparatus, the air and the ink expands in the ink
container to push the remaining ink out of the ink
cartridge with the possible result of ink leakage.

10 However, in the exchangeable ink cartridge of this
invention, the volume of air expansion in the closed
ink container, including ink expansion (although the _
amount is small) in accordance with the worst ambient
condition change, is estimated, and the amount of the

| 15 displaced ink from the ink container is to be

! accommodated in the vacuum producing material
container. In this case, it is very effective to
provide the vacuum producing material container with
an air vent in addition to the joint opening, as shown

20 in Figure 10, (c) and (d), since then the ink

| displaced into the vacuum producing material from the

! ink chamber by the expansion of the air can be guided

: toward the air vent. The position of the air vent is

not limited if it is upper than the joint opening of
25 the vacuum groducing member container. However, in

.or&er to make the ink flow in the vacuum producing

material under the ambient condition change remote

_——
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the external pressure. Referring to Figures 1 - 6, there is shown an 15
i nk cartridge having an ink supply opening forned in a wall of a vacuum

producing material container that faces a partition wall 5 which
cooperates wth a bottom surface of the‘@ﬁrtridge to forma fine

communi cation port 8. 20 Figure 1 is a perspective view of an ink

from the joint opening, it is preferably away from the
joint opening. The number, configuration anﬁ size of
the air vent are properly determined by skilled in the
art in consideration of the ink evaporation or the

5 1like.

During transportation of the ink cartridge
itself, it is preferable that the joint opening and/or
the air vent is hermetically shield by a sealing
member to prevent ink evaporation or to be prepared

10 for the expansion of the air in the inﬁ cartridge.

The sealing member may be a single layer barrier which
is so-called barrier material in the packing field, a
compound plastic film having several layers, or such
material reinforced by paper or cloth or another |

15 reinforcing material or aluminum foil, are p;eferable.

| It is further preferable that a bonding layer of the
same material as the main body of the ink caftridge is
used to fuse fixing the barrier material, thus
improving the hermetical sealing property.

20 In order to suppféss the evaporation of the
ink from the ink cartridge and the introduction of the
air thereinto, it is éffective that the air in the
pack is removed after the ink cartridge is inserted
therein. The packingimember may preferably of the

25 same barrier material as described with respect to the
sealing member in consideration of the permeabilities

of the liquid and the air.
S
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cartridge,

and Figure 2 is a sectional

view of the ink cartridge. As shown in Figures 1 and 2, the ink 25
cartridge nmain body 1 is provided with an opening 2
for conmmunication with an ink jet recou§1m)head at a position displaced
toward the fine

10

15

20

25

By such proper selection of the packing, the
ink does not leak out during the transportation of the
ink cartridge itself. |

The material of ‘the main body of the ink
cartridge may be any known moldable material if it
does not have any adverse influence to the ink jet
recording ink or if it has been treated for avoiding
the influence. The productivity of the ink cartridge
is also considered. For example, the main body of the
ink cartridge is separated into a bottom portion 11
and an upper portion, and they are integrally molded
from plastic resin material, respectively. The vacuum
producing material is insérted thereinto, and

thereafter, the bottom portion and upper portion are

fuse~bonded, thus providing the main body of the ink

-cartridge. If the plastic material is transparent or

semitransparent, the ink in the ink container can be -
observed externally, and therefore, the timing of ink
cartridge change may be expected. In orde: to
facilitate the fﬁsing of the bonding material or the
like, it is preferable to.provide a projection shown
in the Figure. From the standpoint of design, the
outer surface of the main body of the ink cartridge
may be grained.

Thg ink can be loaded through pressurizing or
pressure~reduction method. Provision of inkffilling

opening in either of the containers of the containing

,
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-12- communication port in the formof a clearance 8. It conprises a
vacuum produci ng naterial container 4 for containing the vacuum produci ng
material 3 and an ink container 6 for containing substantially only

ink, 5 which communicates wi'th the contaPfsr 4 at a bottom portion 11

t hrough the cl earance 8 provided by the '

main assembly is preferable since then the ink
cartridge opening is not contaminated. After the
f£filling, the ink filling opening is plugged by plastic
or metal plug.

5 The configuration, diménsion or the like of
the ink cartridge according to this invention can be
modified without departing from the sprit of the
present invention.

As described in the foregoing, the

10 exchangeable ink cartridge is reliable during the
transportation thereof, and a high use efficiency ink
cartridge can be provided with simple structure.

.The proper vacuum is maintained from the
start to the end of the use can be maintained when the

15 recording operation is carried out or is not carried
out, while permitting high speed recording. Under the
use ambient condition'of the ink jet recording
apparatus, the possibility of the ink leakage can be
minimized.

20 The exchangeable ink cartridge of this
invention is easy to handle so that the ink does not
leak out when it is loaded into the ink jet recording

} - apparatus, and the possibility of erroneous operation
. can be avoided. _

25 . Figure 11 il}uStrates a manufacturing method

of an ink container cartridge. A main body of the

cartridge (left down hatching) comprises a partition
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partition wall 5. Wth this structure, air is supplied through the
opening 2. However, what is inportant is 10 that ink is supplied assuredly
fromthe ink container 6 through the comrunication port 8 toward the |
opening 2 along the bottom 11 of the inkgartridge. Wth the ink supply,
air is introduced in place of the ink in“the ink container 6. The
description wll be made

plate 61 and two containers separated by the partition
wall 5. An ink absorbing material 4 functioning as
the vacuum producing material is inserted into the
container portion which is close to the opening 2.

5 Thereafter,.a bottom member 11 functioning as the
covering member is unified to the main body. This
Figure also shows the state in which the recording
head HD is loaded .in the ink container 1. The ink
container 1 is constituted by a container partitioned

10 into two chambers by a partition wall 5, and the
bottom portion is covered by a flat bottom member 11
constituting the bottom of the -ink container. Thus,
by the simple structure, the f£ine communication part 8
can be provided by the end of the partition wall.

15 | The air vent 10 is disposed on the same
surface as having the opening 2, but above the
opening.

The joint portion 7 functioning as the supply .
pipe is inserted into the opening of the ink

20 container, and the recording head is mounted thereto.
The joint portion 7 is inclined so that the top
portion is more front than the bottom portion. The

- ink passage in the joint is in the form of a horn
opening upwardly in the Figure. With this structure,

25 the ink can be properly supplied to the recording head
from the ink absorbing matérial.

The ink jet recording apparatus comprises
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15 as to the conpressing.deformation of the vacuum or negative pressure
produci ng material by the supply pipe in the conpressing deformation
capabl e regi on adjacent the opening. In Figure 3, a joint nenber 7
functioning as a supply pipe for supplyingd- ink-to 20 the ink jet
recording head has been inserted into an exchangeable ink cartridge Wth
this state the joint nmenber 7 is

heat generating element 72 for producing thermal
energy to eject the ink through ejection outlets 71 of
the nozzles 73, wherein the thermal energy is
effective to cause state change in the ink. In this
5 case, a high ¢ensity and fine images can be provided
— by the stabilized ink supply performance, particularly
in the case of color recording.

As described in the foregoing, the ink
cartridge according to this invention, the high

10 reliability is maintained during the transportatibn
thereof, and the use efficiency of the ink is high.

In addition, the proper vacuum is maintained
from the start to the end of the use thereof when the
recording operation is carried out or is not carried

15 out, when permitting high speed recording operatioﬁ.
In addition, the ink leakage can be prevented under
the use condition of the ink jet recording apparatus.

Additionally, the exchangeable ink cartridge
according to this invention is easy to handle, and the

20 ink does not leak out when it is mounted or demounted
relative to the ink jet recording apparatus.
Therefore, the erroneous operation in the mounting
thereof can be avoided.

The manufacturing method of the ink cartridge

- 25 will be described further. When the closed structure
i ' ihk contéinér (although there is fine communication

part between the ink containing chamber or container
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press-contacted to the vacuum produci ng nenber, and the ink jet recording
apparatus is operable in this 25 respect. A filter may be provided at an
end of the joint nmenber to renove the foreign matter in the ink cartridge.

=31~

and the negative pressure producing material
containing chamber, but the ink is discharged only
when the air and the ink are exchanged with each
other), and the vacuum producing material containing.
5 chamber are integrally molded, the ink is filled
through an opening 13 at the ink container chamber
side in the covering member 11. When the ink is
supplied in this manner, a substantial part of the
vacuum producing material 4 receives the ink through
10 the fine communication part.

However, the region of the vacuum producing
material 4 adjacent the air vent is not supplied with
the ink to provide ink-free region. Thereafter, the
opening 13 is sealed by a ball 14. Then, the opening

15 2 and the air vent are sealed by the same sealing
member S (it may be separate members).

Figure 12 shaws such an ink jet cartridge
before start of use. 1In this Figure, the ink
container 6 is filled with an ink.

20 Figure 12 shows the closed state ink jet
cartridge 1 with the printer which is used therewith.
A region 3A of the vacuum producing material adjacent
. to the air vent portion 10 does not contain the ink at
an upper portion of the cartridge. A region 3B of the
25 vacuum producing material below the regian 3A is
cohpressed by insertion of the ink supply pipe (not

shown). The vacuum producing material portion other
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REPLACEMENT SHEET -13- Wen the ink jet recording apparatus is operated,
ink is ejected out through orifices of the ink jet recording head resulting
in an i nk absorbing force in the in§ cartridge. Ink 9 is 5
supplied by the absorbing force fron1thé_?ﬁk contai ner 6 through the

cl earance 8 between the bottom end of

than those regions 3A and 3B, are not externally
influenced and simply functions to retain the ink.
The region 3B is faced to the opening 2 for the ink
supply to the recording head provided on the same

S surface but below the air vent 10. The opening is
above the fine communication part 8, and the above-
described structure is used. The cartridge 1 of
Figure 12 becomes usable by removing the seaiing
member S. Since the .region A does not retain the ink,

10 the ink does not leak out even if the vibration or
pressure change is imparted upon the removal of the
sealing member.

In the ink container of this invention, the

ink is not retained in the region of the vacuum

15 producing member that is close to the air vent or aif
communication part, irrespective of whether the ink
cartridge is being used or not used. By doing so, the
leakage of the ink from the ink cartridge through the
air Gent can be prevented even when the ambient

20 condition varies. Particularly, when the sealing
member closes the air vent, the séaling member can be
prevented from peeling off. During the use, the
region is effective to permit air supply corresponding
to the consumption of the ink, so that the change of

25 the vacuum'in the ink cartridge can be suppressed. If
the region of the vacuum producing material adjacent

to the air wvent has never been wetted by the ink at
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the partition and the bottomof the ink cartridge 1> to the vacuum
produci ng material container 4, and to the ink jet recordi ng head through
t he vacuum 10 producing material 3 and the joint nenber 7. By this ink
supply, the internal pressure of the inlgxontainer 6 (which is closed
except for the clearance 8 )reduces resulting in a pressure difference
bet ween the ink container 6 and the vacuum

all, it is preferable to decelerate the ink seeping
speed. However, the regioh thereof may be wetted by
the ink beforehand, and thereafter, the ink may be

- removed from this region.

5 In the embodiment of this invention, the ink
supply opening or the compressed part of the vacuum
producing material (compressible) by the ink supply
pipe is present at a side opposed to the partition
wail constituting the fine communication part, by

10 which the effective ink supply path can be stably
provided in the vacuum producing material in the
second accommodation chamber. This can be further
stabilized by placing the ink supply opening above the
fine communication part relative to the bottom surface

15 of the ink cartridge. |

Because of this arrangement, the ink moving
direction can be substantially_madé constant, and
. therefore, the ink can be completely-conéumed from the
second chamber, that is, the.ink-container chamber.

20 After the use-up of the ink in the ink container
chamber, the air exist so as to move the ink toward
the opening from the partition wall in the direction

’ . for canceling the vacuum in the ink container chamber,
as a result, the ink in the vacuum producing material-

25 can be consumed furtyer, thus minimizing the non-
usable remaining amount of the ink.

There are provided a region of the vacuum
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15 producing material container 4. Wth the continuing recording
operation, this pressure difference-continues to increase. However,

t he vacuum producing naterial is open to the anbient air by a cl earance 2
between the joint menber and the opening:3 34~ Air is 20 introduced into
the ink container 4 through the clearance 8 between the bottomend of the
partition nmenber and the internal bottom surface 11 of the ink

produc1ng material not compressed by the supply pipe
and the region thereof compressed by the supply pipe
in this order in a direction from the partition wall
constituting the fine communication part to the side

5 face thereto, and therefore, the non-compressed region
provided one-way ink path. and the ink retaining
capacity of the compressed region can further reduce
the remaining amount of the ink.

The ink jet printer is provided with a

10 recording head recovery means HR which carries out ink
ejection or ink sucking by sucking means automatically
or manually in response to mounting of the cartridge 1
thereto. By doing so, the state of the ink in the
vacuum producing material can be corrected before the

15 start of the printing operation. Therefore, the
cartridge performance can be used form the start of
the printing irrespective of the state in which
cartridge has been placed.

In Figure 12, the ink container 1 mounted to

20 the ink jet head HD mounted on a scanning type
carriage CR has been deprived the sealing fape. The
container mounted on the carriage Cg receives through
the opening 2 the ink supply pipe, by which the wvacuum
producing material 3 is compressed in the compressible

25 region 3b. In this embodiment, the wvacuum producing
member 3 is deformed toward the fine communication

part 8. At this time, the mounting of the container
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cartridge through the vacuum producing material.. At this tinme, the pressure
di fference between the ink 25 container 6 and the vacuum producing nmateri al
container is canceled. During the recording operation, this action is

repeated, so that a constant -35-~

"

is detected by detecting means (not shown) in the form
of mechanical or electrical detecting means, which
produces mountiﬁg signal IT into the printer control
means CC. In response thereto, the recovery means HR
5 is actuated before the start of the recording
6peratian to discharge the ink in the ink container,
thus improving the state of the ink in the ink
container.
In Figure 13, (4), there is shown an ink jet
10 cartridge which is a modification of that of Figure 12
in which the inside surface of the ink accommodating
chamber is modified, and the top part thereof is
correspondingly modified into a space 22. The inside
surface 20 provides a curved surface which rises away
15 from the fine communication part 8. This structure is
effective to supply into the vacuum producing material
3 fine droplets of ink remaining on the wall of the
inside surface 20 by the surface tension of the ink,
and also to provide a grip 21 for the operator, thus
20 preventing deformation of thé ink container upon
manipulation thereof.
Figure 13, (B) shows another modification in
- - which the partition wall 51 is inclined so that the
capacity is larger in the ink accommodating chamber or
25 ink containgr than in the vacuum producing material
container. Figure 13, (C) shows an embodiment which

has been produced by the manufacturing method
-—
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-14- negative pressure (vacuun) is maintained in the ink cartridge.
Substantially all of the ink in the ink container 6 except
for the ink. deposited on the internal wall surface of the ink 5 container,
can be used up, and therefore, the ink o$®-efficiency is inproved. Wen the
recordi ng operation is not

described hereisibefore. A covering member 11
constituting the clearance or gap 8 with the partition
wall 5 is inserted and fixed between side plates 101
and 100 of the cartridge main body. Designated by a

5 reference 5E is an end of the cdvering member 11. ' In
the case of Figure 13, (C), the clearance SP is not
constant if the bonding is not uniform.

In view of this, it is preferable that
spacers 110 contacting to the end 5E of the partition

10 wall, as shown in Figure 13, (b), at the opposite
ends. The spacer 110 is preferably provided on the
covering member 1l1l. Projections 30 in the space SP
may be provided on the covering member to enhance the
collection of the air into the ink container.

15 Figure 14, (A) and (B) show an inclination
range capable of printing operation or ink supply.
Designated by a reference numeral 40 is a horizontal
line. It is preferable that the fine communication
part is at a lower position. Ideally, bottom surface

20 of the cartridge is parallel with the horizontal plane
40. Practically, however, in the case of two chamber
strudture as in this embodiment, the inclination is
permiésible in thg range 0 < @ £ 15 degrees. When it
is reqiprocated on a scanning carriage, it is

25  preferably 0 £ €@ < 5 degrees.

The vacuum producing material used in this

embodiment may be constituted by a plurality of vacuum
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performed, the capillary force of the vacuum producing material itself
(meni scus force at the interface 10 between the ink and the vacuum
producing material) and the |like are produced. Particularly, when the ink
consunpti-en fromthe ink container is sta¥fed, thé ink retaining state in
t he vacuum produci ng materi al becones substantlally const ant. T he
air 15 collected in the ink container is substantially in a

ink supply operdtion of this embodiment. Figure 17
illustrates deformation of the side wall when it
receives load.
| As shown in Figure 15, (A) and (B), the main
5 body of the ink cartridge 1 comprises an opening 2 fbr
communication with the ink jet recording head and an
air vent 10 for permitting introduction of the air,
disposed above the opening 2, Qacuum producing
material 3 for retaining the ink for the recording, a
10 vacuum producing material container 4 for containing
the vacuum producing material 3 and provided with the
openipg-z and the air vent 10, and an ink container
(chamber) 6 for containing the ink in communication
with the vacuum producing material container 4 through
15 a clearance below a rib 5. The ink container 6 and
the vacuum producing material container 4 communicate
with each other through a clearance 8 formed between
an end of the rib 5 and the bottom surface. A
partition plate 61 connects the opposite side walls
20 leaving a gap not less than the clearance 8 at the
bottom. Figure 16, (a) is a sectional view in the
state in which the ink jet recording apparatus is
operable after a joint member 7‘for supplying the ink
to the ink jet recording head is inserted into the
25 opening 2 of the ink cartridge main hody 1 to press-
contact the vacuum producing material 3. The end

opening of the joint member 7 may be provided with a
-
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certain degree of vacuum and therefore, the pressure balance in the
cartridge is extrenely stabilized, so that the ink | eakage fromthe ink jet
recordi ng head is suppressed. 20 I f the vacuum producing materia
is properly selected in accordance with.f4fie ink jet recording head to be
used therewith and if the volune ratio between the vacuum produci ng

mat eri al container and the ink

and 12c. For example, the cartridge is usually made
by molding a.plastic material. As shown in Figure 15,
(B) and 17, the thickness of the side wall 12a of the
vacuum producing material container 4 is larger than

5 the thickness of the side walls 12b and 12c of the ink
container portion 6, and a partition wall (rib) 61 is
disposed to extend between the opposite side walls,
leaving the clearance at the bottom, at a poéition to
divide the space into two equal space in the ink

10 . container 6. 1In éddition, the deformation &t6 of the
wall responsive to the equivalent loads per unit area
is made small, and the deformations of the side walls
12b and 1l2c at the opposité ends of the rib 61, are
equivalent. By making the amount of deformation &t4

15 of the vacuum producing material container 4
equivalent thereto, the leakage of the ink due to the
deformation of the wall can be prevented.

In the ink cartridge shown in Figure 15, (B)

and Figure 17, the material of the wall is

20 polypropylene (PP), and the outer dimensions are as
follows: 48 mm in length, 35 mm in height, 11 mm in
thickness. In this case, it is divided into the

N vacuum producing material confainer 4 and the ink

container 6 substantially at the center of the length

25 of 48 mm. The side wall 12a of the vacuum producing
material container 4 has a thickness of 1.5 mm, and

the side walls 12b and l1l2c of the ink container 6 have
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container, are properly determ ned, the structure 25 shown in Figure 4 is
possi ble. As shown in Figure 17, in order to use the ink cartridge
in a color ink jet - 15- —42-

a thickness of 1 mm, and the rib 61 of the ink
container 6 is disposed approx. 10 mm away from the
wall surface. _By doing so, more than twice margin can
be provided against the handling load {(approx. 2 kg).
5 Simultaneously, the sufficient strength can be
provided against the pressure change during the
transportation and the temperature range.

In this embodiment, only ome rib 61 is
provided in the ink container 6 because of the size of

10 the ink container. However, the number thereof is not
limited, and to ribs 61 may be provided as shown in |
Figure 18 in accordance with the size of the ink
cartridge. Furthermore, the number, position and the
wall thickness of the rib can be properly determined

15 by skilled in the art. .

Figure 20 shows a relation of the ink leakage
during the handling and the transportation with the
wall thickness of the vacuum producing material
container 4 and wall thicknesses of various walls,

20 investigated for the purpose of determining the wall
thickness of the ink container 6.

Increase of thickness of any wall results in
increase of the resistance against the ink leakage.
However, from the standpoint of size reduction and

25 high use efficiency of the ink, the smaller wall
thickness is preferable to increase the internal

volume. On the basis of the data show in the Figure,
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recordi ng, various color inks (black, yellow mnagenta and cyan) nay be
accommodated i n separate exchangeable ink cartridges, respectively. These
ink cartridges may be unified as shown in Figure 17A. The 5 exchangeabl e
ink cartridge may conprise a black contaigier exchangeabl e ink cartridge
which is frequently used and one another color exchangeable cartridge, as
shown in Figure 17 , (B) ~Any

a wall thicknesd 6f 1.5 mm was used for the side wall
of the vacuum producing member.container 4, and the
side wall thiékness of 1.0 mm was used for the ink
container 6.

5 On the basis of the size of the ink
cartridge, the above-~described dimension may be
determined on the basis of the data of this Figure.

It is preferable that the wall thickness of the vacuum
producing material container 4 is 1.3 - 3 times the
10 wall thickness of the ink container 6.

While the invention has been described with
reference to the structures discloséd herein, it is
not confined to the de£ails set forth and this
application is intended to cover such modifications or

15' changes as may come within the purposes of the

improvements or the scope of the following claims.

20
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conbination is possible in consideration of the ink 10 jet apparatus. In
this exchangeable I nk cartrldge in order to control the vacuum the

fol | ow ngum lm III tim zed material, configuration and di nensions
of the v Imm H Hl“ﬁterl al 3, conf |-g=&|~at|on and di nensions of 15 rib
end 8, corfi §urhti®n sand di nensi ons of the clearance 8 between the rib end
3 and the ink

WHAT IS CLAIMED IS:
_1. An ink jet cartridge comprising:
a first chamber for accommodating a negative
préssure producing material and provided with air
S communication part for communication with ambient air,
wherein a part of said negative pressure producing
material does not contain ihk adjacent said air
communication part;
a second chamber which is substantially
10 closed except for a fine communication part for
communication with said first chamber at a position
away from said air communication part, wherein said
second chamber diréctly accommodates the ink to be
supplied to said first chamber.
15
2. An ink jet cartridge according to Claim 1,
wherein said fine communicafion part is formed between
a partition wall for defining said first and second
chambers and an inside surface of said ink jet
20 cartridge, a wall of said first chamber faced to said
partition wall is provided with an opening for supply
of the ink, and there is provided with means for
sealing the ink supply opening and said air
communication part. .
25 ‘
3. An-ink jet cartridge according to Claim 1,

wherein said fine communication part is formed between
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cartridge bottom 11, volune ratio between the vacuum produci ng materi al
cont ai ner 4 and the ink—Tontai ner 6, configuration and di nensions of the
joint me |nserti0ﬁ degree thereof into the ink container,
conflgurgﬂmnlllmmmm’: nd nesh of thg-filter 12, and the surface tension
of the e naer isa f t he vacuun1produ0|ng member may be any known
material if it can retain I nk

for a fine commuriication part for communication with
said first chamber disposed at a position away from
said air communication part, wherein said second
chémber directiy accommodate ink to be supplied to

5 said first chamher;

wherein said fiﬁe communication part is

formed between a partition wall for defining said
first and second chambers and an inside surface of an
ink jet cartridge, wherein a wall of said first

10 chamber having a surface faced to said partition wall
is provided with an ink supply opening, and said ink
supply opening permits insertion o# an ink supply pipe
for supplying the ink to an ink jet.head, and wherein
said negative pressure producing material is capable

15 of being compressed toward said fine communication
part by insertion of the supply pipe adjacent the ink

supply opening.

10. An ink jet cartridge according to Claim 9,
20 further comprising means for closing the ink supply
pipe and the ink communication part, the clbsing means

is removed before insertion of the supply pipe.

1l. An ink jet cartridge comprising:
25 : a first chamber for accommodating a negative
pressure pfoducing material and provided with an air

communication part for communication with an ambient
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25. despite the weight thereof, the weight of the liquid (ink) and snall
vi bration. For exanpi e, there are sponge |ike material made of fibers and

por ous | Iﬁﬂ m"ﬂ"ml havi ng conti nuous_‘i)o_[ es. It is preferably in
N O A :

air;

a second chamber substantially closed except
for communigatian with said first chamber through a
fine communication part at a position away from the
5 air communication part, wherein said second chamber
directly accommodates ink to be supplied to said first
chamber;
wherein said fine communication part is
formed between a partition wall for defining said
10 first and second chambers and an inside surface of
said ink jet cartridge, an ink supply opening is
formed on a wall different from the partition wall,
wherein said negative pressure producing material is
capable of being compréssed, and wherein said negative
15 pressure producing material is not compressed by the
insertion of the supply pipe adjacent the fine

communication part.

12. An ink jet head provided with an ink jet
20 cartridge comprising:
an ink jet cartridge including a first

chamber for accommodating a negative pressure
producing material and provided with air communication
part for communication with ambient air, a second

25 chamber which is substantially closed except for a
fine communication part for communication with said

first chamber at a position away from said air
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the formof a sponge of pol yurethane foaned material which is easy to

adj ust ‘'t he vacuum and the ink retaining power. Particularly, in the case of
the 5 the pore density can be adjusted during the

manuf acmm"ﬁmmuﬂﬂmm en the foamed m&Qerial is subjected to thernal
conpress! orf tteafmemt #o0 adj ust the pore density, the deconposition is
produced by the heat with the result of. changi ng the

part for communication with ambient air, wherein a
part of said negative pressﬁre producing méterial does
not contain ink adjacent said air communication part;
a second chamber which is substantially closed except

5 for a fine communication part for communication with
said first chamber at a position away from said air
communication part, wherein said second chamber
directly accommodates the ink to be supplied to said
first chamber;

10 wherein said fine communication part is
formed between a partition wall for_defining said
first and second chambers and an inside surface of
said ink jet cartridge, wheiein a wall of said first

- chamber which is different from said parfitibn wall is

15 provided with an ink supply opening;

an ink jet head having an ink supply éipe for
being inserted into the ink supply opening, wherein
when said supply pipe is inserted,‘said negative
pressure producing material is compressed.

20

15. A printer using an ink jet head according to
Claim 14, wherein said different wall has a surface
faced to said partition wall, said ink supply opening
and said fine c&mmunication part is located at a lower

25 positibn of said ink jet cartridge, and said fine
communication part with located below said ink supply

opening, and said part of said negative pressure
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nat ore of —tt k—w-th—t he p055|ble result of adverse influence to the
record efore, cleaning treatnent is desirable. For the
purpose m'l ,@ﬂmﬂm nk cartridges for various ink jet recording
appar at usesyg g pore densitygid foaned materials are required.

It is desirable that a foaned materi al not treated by the thernal
conpression and having a predeterm ned nunber.of cells (nunber of

producing materiai is located at an upper position.

16. A method of manufacturing an ink jet
cartridge comprising a first chamber for accommodating

5 a negative presSure producing material and brovided
with air communication part for communication with
ambient air, said first chamber being provided'with an
ink suvpply openipg; a second chamber which is
substantially closed except for a fine communication

10 part for communication with said first chamber at a
pqsition away from said air communication part,
wherein said second cpamber directly accommodates the
ink to be supplied to said first chamber, said method
comprising the steps of:

15 providing an integrai main body having a
first concavity for constituting the fi?st chamber
provided with the ink supply opening and the air
communication part, a second concavity and a common
partition wall therebetween; |

20 squeezing the negative pressure producing
material into said first concavity;

fixing a covering member for covering
» openings of said first and second concavities, by
which said fine communication part is left between the

25 partition wall and the covering member..

17. A method gccording to Claim 16, wherein said
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pores per—i—inact)—TS cut-into a desired dinension, and it is squeezed into

the vacuum rial container so as to provide the desired
pore demuuﬁ\“gﬂm Eﬂ mrl | ary force In this exanple, the clearance is

prOV|de
to permt

10

15

20

25

és] ot nt menber 7 and -th@2opening 2 for the joint menber

I ntroduction of the air into .25 the ink cartridge. However,

ink supply opéhing is formed in a wall faced to said
partition wall, and said air communication part is
formed in the faced wall adjacent to said covering

member.

18. A method according to Claim 16 or 17, further
comprising a step, after said fixing step, for |
supplying the ink into said second chamber and into .
said first chamber except for a part of said vacuum
producing material adjacent said air communication

part.

19. A method according to Claim 18, further
comprising a step, after said ink supplying step, of
sealing the air communication part and the ink supply

opening.

20. A printer in which an ink jet cartridge is
mounted thereto, wherein said ink jet cartridge
comprises a first chamber for accommodating a negative
pressure producing material and provided with an ink
supply opening and an air communication part for
communication with an ambient air, a second chamber
substantially closed except for communication with
said first Chamber th;ough a fine communication part
disposed at-a position away from said air

communication part, wherein said second chamber
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directly accommbaates ink, wherein when said ink jet
cartridge is mounted, said air communication part is
at an upper position, and said fine communication part
and said ink supply opening are at a lower position,
wherein in response to mounting of said ink jet
cartridge, the ink in said negative pressure producing
material is discharged through said ink supply

opening, prior to start of printing operation thereof.

21. A printer according to Claim 20, wherein said
negative pressure producing material does not contain

the ink adjacent said air communication part.

22. A printer according to Claim 20, wherein said
ink supply opening is provided on a wall of said first
chamber faced to said partition wall.

- 23. A printer according to Claim 20, wherein said
ink supply opening permits insertion thereinto of a
supply pipe of the ink jet head, wherein said negative
pressure producing material is compressed by insertion
of the supply pipe adjacent said ink supply_opening,
and said negative pressure producing means is not
compressed by the insertion of the supply pipe

adjacent said fine communication part.
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sponge, it is preferable that an end of the joint_nenber 7 is inelined at a
.certal n angle with respect 5 to a joi-nt nenber i nserting direction, si nce
*then as shown in Figure 3(a) and (b), the parti ngl““l“l Wlﬂ“ﬂ"lum erial
,fromthe bottomof the ink cartridge is prevented t he
_joint menmber, and the surface contact between the fil fertand the vacuum
L produci ng materl al is maintai ned assuredl y54 If the -

i 24. An ink container having a first ink chamber
including negative pressure producing material and an
i outlet for ink, and a second ink chamber substantially
without negative pressure producing material
5 communicating with the first chamber towards a lower part
thereof, the container also being provided with an air
vent located around the ink outlet communic.ating with the
second ink container via the negative pressure producing
3 " material. |
10
, - 25. ~ An ink container substantially as described herein

with reference to any of the accompanying drawings.
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FIELD OF THE INVENTION AND RELATED ART.

The present invention rélates to an ink jet
cartfidge containing liquid ink, manufacturing method
thereof, an ink jet head'and printer using the
cartridge, and is usable with a copying machine, a
facsimile machine or another recording apparatus,
communication apparatus, office equipment, combined
machirne or printer.

Heretofore, an ink cartridge: for an ink jet
recording apparatus is integfally formed with an ink
jet head, and when the ink in the cartridge is used
up, the unified end and the container are disposed of.
The quantity of the ink remaining in the cartridge is
decided by the ink retaining capacity of a sponge
(vacuum producing material) occupying the entirety of
the space in the cartridge, and it is relatively
large. Japanese Laid-Open Patent Application No.
63242/1988 discloses such an ink container. The ink
container contains a foamed material, and it is
integral with an ink jet recording head having a
plurality of ink ejection orifices. In such an ink
container, in order to accommodate the ink in the
porous material such as foamed polyurethane material,

the production of the vacuum and the ink retention

This Sheet Has Been Reﬂlaced
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triangular (Figure 5, (c)). The preferable 20 configuration of the opening

= -G G-
ﬁﬁ@ﬁﬁﬁ%ﬁﬁﬁﬂ'ﬁﬂﬂﬁ?l n contact with the outer perlphery of the 0|nt
ttre—bottTomor it He opening (bottom of the ink cartri d§

atgt@g&p@gy 45 portion of the opening. As described} “ m
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are accomplished by the capillary force of the foamed
material. However, the foamed mate:ial is required to
be filled in the entirety of the ink container, and
therefore, the quantity of the ink therein is limited,
and the quaptity of .the non-usable ink is relatively
1afge. This means that the ink use efficiency is low.
It is difficult to detect the remaining amount of the
ink therein. In addition, during the ink consumption
period, the negative pressure gradually changes, and
therefore, it is difficult to maintain a substantially
constant wvacuum. _ :

Japanese Laid-Open Patent Application No.
522/1990 discloses that the ink cartridge contains
substantially enly the ink. More particularly, it
discloses -an integral ink jet recording head and ink -
container, comprising a primary ink container for
containing a large amount of the ink at an upper
position, and a small porous material between the ink
jet recording head therebelow. It is stated that the
ink use efficiency is impioved because only the ink is
disposed in the ink passage without the porous
material contained in the ink container. In addition,
a secondary ink container capable of containing the
ink is provided at a side of the porous matérial,
which is effective to receive the ink flowed from the
primary -ink container due to expansion of the air in

the primary ink container upon temperature rise

arance between the joint nenber, or the configuratton—is

nber at
acgds o hen
ng, the




exchangeable—+nk—cartridge has a joint opening -18- functioning also as

the air_introducti on opening, and therefore, the structure is sinple. The

anount B]
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(pressure decrease), éo as to maintain a substantially
constant negative pressure of the recording head
during the recording operation.

In this structure, when the recording
operation ?s not carried out, the porous material.is
filled with a very large amount of the ink from the

primary ink container containing a large amount of the

"ink above the porous material, and therefore, the

porous material itself can hardly produce the negative
pressure. For this reason, the ink leaks.out of the
orifice of the ink jet recording head by small impact,
and therefore, it is not practical. If this container
is used as a exchangeable ink cartridge to be mounted
to ah ink jet recording héad, the ink can leaks out of
the porous material, and therefore, it is still not
practical.

In an ink cartridge, the ink is sealingly
contained in a bladder, énd the negative pressure of
the bladder is maintained constant using a spring
structure, but this is expensive, and it is difficult
to mass-produce with the correct performance of the
spring structure. In the field of the ink jet
printing (non-contact type printing) inexpensive ink
cartridge having proper performance has not been
accomplished, and has long been desired.

Thé inventors have investigated from the

standpoint of capability of properly supplYing the ink



?ed in the art
menber to

so as to pr S|on regi on of thpui
prevent i nk Fﬁ ﬁﬁg ‘insertion and p
during the r ion, in consider;

the joint ne m 10 produci ng

| orff ijgur ati on of
r|a Eﬁdgﬁﬁe cdnfiguration of
the ink cartrldge _4-

corresponding to the ejection of the ink from the
recording head during the printing operation and also
from the standpoint of capability.of preventing ink
leakage through the ejection outlet when the printing

5 operation %s not carried out. As a result, it has
beén found that the fundamental structure comprises a
first container containing a vacuum producing material
and provided with an air vent and a second container
for containing subétantially only the ink to be

10 supplied to the first container, the second container
being substantially hermetically closed with the
exception of the communication with the first
container. |

Japanese Laid-Open Patent Application'No.

15 16385/1985 discloses a recording pen having a
recording tip which is contacted to a recording
materiéllduring the recording operation. The
recording tip has ink absorbing and retaining nature,
and the ink is supplied thereto. Therefore, the |

20 recording tip is exposed to the ambience, as
contrasted to the ink jet recording apparatus. The
Japanese Laid-Open Patent Application is directed only

.to the overflow of the ink through the recording tip.
It comprises as essentiai elements a first

25 liquid absorbing material, énd a second absorbing

material which absorbs less ink than the first

absorbing material although it absorbing a small



In the feregolng exanple , it is effective t

vacuum produci ng material container, since then
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st the anbient conditlan change is I npraved. The
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amount of the ink, the second absorbing material being'
disposed above the first absorbing material at a
position closer to the air wvent, a central chamber
from which the recording tip is projected downwardly,
and hérmet;cally closed in accommodating chamber to
sﬁpply the ink to opposite sides of the chamber. With
this structure, when the air in the closed ink
container expands due to the ambient temperature rise
with the result of the ink in the ink container into
the first absorbing material, the ink incapable of
being retained by the first absorbing material,.is
absorbed by the second absorﬁing material, so that the
overflowing droplets of ink from the writing.tip can
be prevented. It also discloses provision of a
constant width groove which is- effective, when one of
the two closed ink container contains only air, to
permit the expanded air to escape through the air
vent. The groove is extended from the bottom end to
the top end on a side surface whzch,ls -different from
a partition wall between the central chamber and the
closed ink container. When this structure is used for.
an ink jet recording head, the ink leakage through the-
air vent has been confirmed, as has been expected
because of the fundamental diffefence between the
contact recording and the non~contact recording. This
probleﬁ is not recognized in the field of the

recording pen. In addition, the constant width groove
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serves to promote the discharge of the ink together

with the air, and therefore,
through the air vent has been promoted.
Additiohally, the ink consumptions

ink containers are not the same. If one of

contéiners becomes émpty first, the ink jet
operation became no longer possible despite
that a large amount of the ink is remaining

other ink container.

the leak of the ink

of the two
the
recording-
the fact

in the

This is because a large amount

of the air is introduced into the first absorbing

material with the result of incapability of

supply.

SUMMARY OF THE INVENTION

the ink

This is against the aim of this invention.

It is a first alternative object of the

present invention to provide an improvement

to the

fundamental structure having the first container

containing the vacuum producing material and provided

with the air vent for communication with the ambience,

and a second container for substantially only the ink

to be supplied to the first container,

the second

container being substantially hermetically closed with

the exception of the communication with the first

container.

use for the ink jet recording or printing.

The improvement is intended to effective

It is another object of the present invention

to provide an exchangeable ink cartridge, an ink jet
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head and a printer using the same capable of effecting

high speed recording, while the vacuum can be
maintained substantially constanf in a large part of
the period from the start of the use to the end

5 thereof of_the ink cartridge.

It is another object of the present invention
to provide an exchangeable ink cartridge in which the
vacuum is produced in the ink cartridge when the
recording operation is not effected, thus preventing

10 ink leakage through an opening upon small impact.

It is a further object of the preSent
inﬁention to provide an ink éartridge in which the
remaining non-usable ink is minimized.

It is a yet further object of the present

15 invention to provide an exchangeable ink cartridge
which is less expensive and from which the ink does
not leak out during transportation of itself.

According to an aspect of the present
invention, a region of the vacuum producing material

20 that adjacent to air introduction passage does not
contain the ink. By doing so, the léakage of the ink
through the air vent f:om the ink cartridge can be
prevented against the ambient condition change,
Particularly when a sealing member is used to seal the .

25 air vent, this aspect of the invention is effective to
prevent removal of the sealing member. During the use -

of the ink cartridge, this region is effective to the
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proper amount'of the air is introduced into the ink
cartridge, thus suppressing variation of the vacuum in
the ink jet cartridge. The regioﬁ adjacent the air
introduction passage is completely free from being
5 wétted by ﬁpe ink, the ink seeping speed is reduced,
and therefore, it is desirable. However, it is a
possible alternative that the region is once wetted by
the ink, and the ink is thereafter removed.
According to another aépéct of the invention
10 based on the above-described fundamental structure,
the vacuum or negative pressure producing material is
compressed or capable of being compressed in the
region adjacent an ink supply opening or an ink supply
pipe which is provided at a side opposite from the
15 partition wall'having a small communication part
between the first container and the second container.
By doing so, a stabilized ink path can be assured in
the vacuum producing material from the second ink
container. For the purpose of the further
20 stabilization, the ink supply opening is disposed
above the small communication part relative to the
bottom surface of the ink cartridge. Here, the supply
pipe includes an insertion pipe peculiar to the ink
jet recording or printing, and_a valve structure or
25 connecting member mounted on the cartridge compressing
the vacuum producing member. By doing so, the ink

movement direction can be substantially stabilized, so
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that all of the ink in the second container can be

and the

used up. After it is used up, the air moves from the

partition wall toward the ink supply opening, thus
permitting consumption of the ink in the wvacuum
producing @aterial, and therefore, the amount of the
non-usable remaining ink can be minimized.

According to a further aspect of the present
"invention, a region of the vacuum producing material
not compressed by the supply pipe, and the region
compressed by the supply pipe are formed in the order
named from the partition wall forming the fine -
communication part to the oppdsite wall, by which one
way ink supply path is formed in the non-compfessed
region, and in addition, the remaining non-usable ink
amount. can be further reduced by fhe ink retaining
capacity in the compressed region.

The present invention includes a structure
containing one or more of the above-described aspects

The ink jet cartridge of this invention is

usually handled by an operator, and therefore, it is

possible that strong force is applied thereto with the

result of deformation of the ink container wall. 1In
view of this, it'is preferable that an additional
partition wall providing a larger clearance than the
fine coﬁmunication part in the ink container for
containing substantially only the ink. When the

cartridge is made of resin material, it is preferable
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that the thickness of the wall containing
substantially only of the ink is 0.8 mm (Ti, G in
Figure 29) or more and that the Qall thickness of the
container containing the vacuum producing material
such as sponge is 1.3 mm (Ts, J in Figure 20) from the
standpoint of the prevention of the deformation. In
the ink jet printer of this invention, the ink is
forced discharged by sucking the ink by the sucking
means and by ejecting the inklby ejecting means
automatically or manually upon mounting of the
cartridge on the ink jet printer. This is preferable
because the state of the ink in the vacuum generating
material can be adjusted before the start of fhe
printing operation, and therefore, the printing
function can be performed without influence of the ink
cartridge keeping state.

In the manufacturing method of this ink
cartridge abcording to this invention, the fine
communication part can be provided between a partition
wall and a covering member by fixing the covering
member accommodating the vacuum producing material in
a containér, to the main body of the ink cartridge.
Thus, the vacuum producing material can be stabilized
adjacent the fine communication part, and therefore,
the mass-~production is easy.

The height of the fine communication part

provided by the partition wall is larger than an
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average pore size of the vacuum producing material

(preferably the average pore size in the region
adjacent the fine communication pért) (practically not
less than 0.1 mm), and it is preferably not less than
5 mm. If it is less than 3 mm, the further
stabilization can be expected. The volume ratio of
the vacuum producing material container and the ink
container is not less than 1:1 and not more than 1:3,
practically.

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration:of the following
description of the preferred embodiments of tﬁe
present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic partly broken
perspective view of an ink container according to a
first embodiment of the present invention.

Figure 2 is a sectional view of the ink
container of Figure 1.

Figure 3 shows examples.qf connection between
the cartridge and the supply pipe.

Figure 4 illustrates a comparison example.

Figure 5 illustrates ink supply part used in

this invention.
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Figure 6 illustrates a positional
relationship between an ink supply portion and the
fine communication part. |

Figure 7 illustrates the structure of the

5 f;ne commun}cation part.

Figure 8 illustrates confiquration of the
partition wall at a side of the fine communication
part.

Figure 9 illustrates state of the absorbing

10 material at an end adjacent. the partition wall.

Figure 10 illustrates the state of insidé“of
the absorbing material againsf ambient condition
change. .

Figure 11 illustrates a manﬁfacturing method

15 according to ah embodiment of the present invention, -
and illustrates an ink jet head.

Figure 12 illustrates an ink jet printer and
an ink cartridge usable therewith.

Figure 13 illustrates modified embodiments of

20 the present invention. |

Figure 14 is a sectional view illustrating
permissible inclination in use; of the ink cartridge.

Figufe 15 shows configuration in an
embodiment of the present invention.

25 Figure 16 illustrates the change in the
printing operation.

Figure 17 illustrates pressure to the
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external wall of the cartridge according to an
embaodiment of the present invention.

Figure 18 is a sectiona1 view of a modified
example of an ink cartridge according to an embodiment
of the present invention.

Figure 19 is a perspective view of a color
ink container according to an embodiment of the
present inﬁention.

Figure 20 is a graph showing a relation
between the thickness of the wall and ink leakage by

the external pressure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figures 1 - 6, there is shown an
ink container having an ink supply opening formed in a
wall of a vacuum producing material container that is
faced to a partition wall 5 which is cooperative with
a bottom surface of the cartridge to form a fine
communication part 8.

Figure 1 is a perspective view of the ink
container according to a first embodiment, and Figure
2 is a sectional view of the ink container according
to the first embodiment.

'As shown in Figures 1 and 2, the ink
cartridge main body 1 of this embodiment is provided
with an opening 2 for communicatibn with an ink jet

recording head at a position displaced toward the fine

R

Hei ght
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comprises a vacuum producing material container 4 for
containing the vacuum producing méterial 3 and an ink
container 6 for containing suﬁstantially only the ink,
which.commgnicates with the container 4 at a bottom
portion 11 through the clearance 8 provided by the
partition wall 5.

With this structure, the air is supplied
through the opening 2. However, what is important is
the ink is supplied assuredly from the ink container 6
through the communication part 8 toward the opening 2
along the bottom 11 of the ink cartridge. With the
ink supply, the air is introduced in place of the ink
in the'iﬁk container 6. The description will be made
as to the comﬁfessing deformation of the wvacuum or
negative . pressure producing material by the supply
pipe in the compressing deformation capable region
adjacent the opening. 1In Figure 3, a joint member 7
functioning as a supply pipe for supplying the ink to
the ink jet recording head has been inserted into an
exchangeable ink cartridge according to this
embodiment. With this state, the joint member 7 is
press~contacted to the vacuum producing member, and
the ink jet recording apparatus is operable in this
respect. A filter may be p:ovided at an end of the
joint member to remove the foreign matter in the ink

cartridge.

as
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When the ink jet recording apparatus is
operated, the ink is ejected out through orifices of
the ink jet recording head with tﬁe result of ink
absorbing force in the ink cartridge. The ink 9 is

5 supplied by the absorbing force from the ink container

6 through the clearance 8 between the bottom end of
the partition and the bottomlof the ink cartridge 11
to the vacuum producing material container 4, and to
the ink jet recording head through the vacuum

10 producing material 3 and the joint member 7.

By this ink supply., the internal pressure of
the ink container 6 which is closed except for the
clearance 8 reduces with the result of pressure
difference- between the ink container 6 and the vacuum

15 producing material container 4. With the continuing
recording operation, the pressure difference continues
to increase. However, since the vacuum producing
material is open to the ambience by a clearance 10
between the joint member and the opening. The air is

20 introduced into the ink container 4 through the
clearance 8 between the bottom end of the partition
member 8§ and the internal bottom surface 11 of the ink
cartridge through the wvacuum producing material. At
this time, the pressure difference between the ink

25 container 6 and the vacuuh producing material
container is canceled. During the recording

operation, this action is repeated, so that a constant
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negative pressure (vacuum) is maintained in the ink
cartridge. Substantially all of the ink in the ink
container 6 cén be used up except'for the' ' ink
deposited on the internal wall surface of the ink

5 cqntainer,‘can be used up, and theiefore, the ink use
efficiency is improved.

When the recording operation is not
performed, the capillary force of the-vacuum produéing
material itself (meniscus force at the interface

10 between the ink and the vacuum producing material) and
the like are produced. Partlcularly, when the ink
consumption from the ink container is started, the ink
retaining state in the vacuum producing matefial
becomes substantially constant. Since the air

15 collected in fhe ink contaiﬁer is suhstantially in a
certain degree of vacuum, and therefore, the pressure
balance in the cartridge is extremely stabilized, so
that the ink ieakage from the ink jet recording head
is suppressed.

20 If the vacuum producing material is properly
selected in accordance with the ink jet recording head
to be used therewith and if the volume ratio between
the vacuum producing material container and the ink
container, are pfoperly determined, the structure

25 ghown in Figure 4 is possible.

As shdwn in Figure 19,.in order to use the

ink cartridge of this invention in a color ink jet
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recording, various color inks (black, yellow, magenta
and cyan) may be accommodated in separate exchangeable
ink cartridges, respectively. Thése ink cartridges
may be unified as shown in Figure 19A. The
exchangeab%e ink cartridge may comprise a black
cbntainer exchangeable ink cartridge which is
frequeﬁtly used and one another colpr exchangeable
cartridge, as shown in Figure 19, (B)}. Any
combination is possible in consideration of the ink
jet apparatus. In the exchangeable ink cartridge
according to this embodiment, in order to control the
vacuum, the following is preferably optimized:
material, configuration and dimensions of the vacuum
producing material 3, configuration and dimensions of
rib end 8, configuration and dimensions of the
clearance 8 between the rib end 8 and the ink
container bottom 11, volume ratio between the vacuum
producing material container 4 and thé ink container
6, configuration and dimensions of the joint member 7
and the insertion degree thereof into the ink
container, configuration, dimension and mesh of.the
filter 12, and the surfacé tension of the ink.

The material of the vacuum producing member
may be any known material if it can retain the . ink
despite the weight thereof, the weight of the liquid
(ink) and small vibration. For example, there are

sponge like material made of fibers and porous
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material having continuous pores. It is preferably in
the form of a sponge of polyurethane foamed material
which is easy to adjust the vacuum and the ink
retaining power. Particulariy, in the case of the

5 fpamed mat?rial; the pore density can be adjusted
during the manufacturing thereof. When the foamed
material is subjected to thermal compression treatment
to adjust the pore_ﬁensity, the decomposition is
produced by the.ﬁeat with the result of changing the

10 nature of the ink with the possible result of adverse
influence to the record quality, and.therefore,
cleaning treatment is.desiraﬁle. For the purpose
meeting various ink cartridges for wvarious ink jet
recording apparatuses, corresponding pore density

15 foamed materials are required. It is desirable that a
foamed material not treated by the thermal compression
and having a predetermined number of cells (number of
pores per 1 inch) is cut-into a desired dimension, and
it is squeezed into the vacuum producing material

20 containef so as to provide the desired pore density
and the capillary force.

In this embodiment, the clearance is provided
between the joint member 7 and the opening 2 for the
joint member 7 to permit introduction of the air into

25 the ink cartridge. However, this structure is not
limiting to the. present invention. Other structure or °

configufation is usable for the joint member and the



the i i esirabl e. _h‘h';:mFuL[HQ‘
t hat - case ﬁg%ﬁgﬁh aedluci ng material capabl e @ Y L sk
(hi gh STW t|o sponge), is effectlvei Therefo_re, t he preferable

‘-'_1\.

ratio ra 1:3 practically. In thls ¢asgf,ggggﬂ@yu, pr oduci ng
per forma uun1produ0|ng menber is |Ecﬁeased wi th i n¢grgase of
the relative volune of the ~19- ’

RGNS,

joint opening. In the case that on the vacuum
producing material is a porous material such as
sponge, it is preferablé that an énd of the joint
member 7 is inclined at a certain angle with fespect

5 to a joint member inserting direction, since then as
shbwn in Figure 3(a) and'(b), the parting of the
porous material from the bottom of the ink cartridge
is prevented upon insertion of the joint membef, and
the surface contact between the filter and the vacuum

10 producing material is maintained assuredly. If the
insertion amount of the joint member .is too large, the
.tapered end portion might tear the vacuum producing
material, and therefore, the surface structuré shown
in Figure 3, (c); is preferabie.

15 It will be considered that an outer wall of
the joint meﬁber-is provided with grooves. As shown
in Figure 5, the configuration of the opening 2 may be
a slot (Figure 5, (a)), rectangular (Figure 5, (b)),
triangular (Figure 5, (c)). The preferable

20 configuration of the opening 2 provides a clearance
between the joint member, or the configuration is such
that it is in contact .with the outer periphery of the
joint member at the bottom of the opening (bottom of
the ink cartridge) and that it is open at the upper

25 portion of the opening. |

As described in the foregoing, the

exchangeable ink cartridge has a joint opening
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therefore, the structure is simple. The amount of
insertion of the joint member 7 iﬁto the exchangeable
ink cartridge is properly determined by the ordinafy

5 skilled in the art so as to provide a compression
region of the vacuum producing membei to prevent ink
leakage upon the insertion and to prevent ink supply
stop during the recording operation, in consideration
of the configuration of the joint member, the vacuum

i0 producing material and.the configuration of the ink
cartridge.

In the foregoing embbdiment, it is effective
to provide an air wvent in the vacuum producing
material container, since then the region of the

15 vacuum producing material that does not contain the
ink is easily located adjacent the air introduction
passage. The reliability in the ink jet recording
apparatus against the ambient condition change is
improved. The configuration and dimenéions of the

20 clearance 8 between the end of the partition wall and
the ink cartridge bottom, are not limited. However,
if it is too smallﬂ the meniscus force with the ink is
too strong, and although the ink leakage can be
prevented through the joint opening, but the ink

2% supply to the vacuum producing material container is
difficult, with the possible result of ink supply stop

during the use. If it is too large, the opposite
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phenomenon occurs,'and therefore, the height to the

- partition wall of the fine communicating part is

10

preferably larger than an average.pore size of the
vacuum producing material (average pore size adjacent
the fine'cqgmunication part, pfeferably) (practically
not less than 0.1 mm), and not more than 5 mm. For
the purpose of further stabilization, it is preferably
not more than 3 mm. Figure 7 shows an example of the
configuration'of the clearance 8. Figure 7, (a);

shows the structure and configuration most stabilized

-in the present invention, used in the foregoing

15

20

embodiment. It is formed witﬁ a constant height over
the entire width of the cartridge. Figure 7, (a), (b)
and (c), shows an example in which the communication
part is formed:only a part of the entire width of the
cartridge, and is waved. This stfucture is effective
when the entire volume of the cartridge is large.
Figure 7, (d4) shows an example having tunnel-like

communicating parts with which the ink is easily mo#ed

.to the inside of the cartridge, and ‘the air

introduction can be concentrated. In the examples of

Figure 7, (e) and (f), a recess is formed along a

-wvertical direction on the partition wall in the ink

25

container. With this structure, the air having come
to the bottom end of the partition wall is effegtively
introduced into the ink container by the recess, thus

increasing the air tracking efficiency.
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The clearance 8 is also determined in
consideration of the position of the joint opening.
Referring to Figure 10, (a) and (b), the partition
wall end_is'at a position lower than the bottbm.end of
the joint opening in Example (a), and the ink
refained in the vacuum producing material is lower
than the bottom end of the joint opening, and
therefore, the leakage preventing effect is
sufficient. In Example (b), the end of the partition
wall is at a position higher than the bottom end of
the joint opening, and the ink retained in the vacuum

producing material is above the bottom end of the

. joint opening, and thérefore, the ink leakage-

suppressing effect is not sufficient. Therefore, it
is preferable to stabilize the advantageous effect of
the present.invention that the position of the end of
the partition wall is not higher than the bottom end
of the joint opening by properly determining the
dimension of the clearance 8. Although it is
dependent ‘on the configuration and dimensions of the
exchangeable ink cartridge, the height of the
clearance 8 is selected in the range of 0.1 - 20 mm.
Further preferably it ranges from 0.5 - 5 mm
apppoximatély. The configuration of an end-qf the
partition wall may be any if the considerétion.is paid
to the position relative to the joint opening, as will

be understood from Figure 8, (a) - (h).
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As regards the boundary between the end of
the partition wall 5 and the vacuum producing material
3, various structures are considefed. This is shown
in Figure 9. In the structure of Figure 9, (a) - (4),

5 the vacuum producing material is not compressed by the
eﬁd of the partition wall, and the density of the
vacuum producing material is not locally increased,
and therefore, the flow of the ink and the air is
relatively smooth, and for this reason, it is

10 preferable for a high speed recording or color
recording. On the other hand, the examples. of Figures
9, (e), (£f), the vacuum prodﬁcing material 3
compressed by the end of the partition wall, and the
density of the material is.increased, and therefore,

15 the flow of the ink and the air is obstructed, but the
ink leakage or the like can be effectively prevented
against slight ambient condition change. Therefore,
they are properly determined by one skilled in the
art, on the basis of the ink jet recording épparatus

20 with.which the ink cartridge-is used and the ambient
condition under which the ink cartridge is used.

The volume ratio between the wvacuum producing
material container 4 and the ink container 6, is
datermined in consideration of the‘ambient condition

25 under which the ink cartridge is used and the ink jet
recording apparatus Qith which it is used. Also, the

relation with the used vacuum producing material is .
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important. In order to iﬁprove the use efficiency of
the ink, it is desirable to increase the volume of the
ink container. In that case, a vacuum producing
material capable of producing high vacuum (high
compression ratio sponge), is effective. Therefore,
thé prefer;ble ratio ranges from 1:1 - 1:3
practically. In this case, the vacuum producing
performance of the vacuum producing member is
increased with increase of the relative volume of the
ink container.

The configuration, dimension and mesh of the
filter 11 can be properly determined by one skilled in
the art depending on the ink jet recording apparatus
with which the ink cartridge is used. However, in
order to prevent the nozzle from being clogged by the
foreign matter introduced from the ink cartridge, the
passing area thereof is smaller than the size of the
orifice.

The quantity of the ink in the ink cartridge
is not limited except for the internal volumé'of the
ink cartridge. In order to maintain the proper
negative structure:immediately after the exchangeable
ink cartridge is unpacked, the ink may be contained to
the extent of the volumellimit in fhe ink container.
However, the vacuum prodﬁcing material is preferably
lower than the ink retaining capacity of the material.

Here, the ink retaining capacity which can be retained
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- solely by the material when the ink is contained

therein.

In the ink cartridge having a closed system
ink container, when an external ambient condition
éhange such as temperature rise or pressure reduction,
océurs when it is loaded in the ink jet recording
apparatus, the air and the ink expands in the ink
container to push the remaining ink out of the iﬁk
cartridge with the possible result of ink leakage.
However, in the exchangeable ink cartridge of this
invention, the Qolume of air expansion in the closed
ink container, including ink éxpansion (although the
amount is small) in accordance with the worst "‘ambient

condition change, is estimated, and the amount of the

displaced ink from the ink container is to be

- accommodated in the vacuum producing'material

container. 1In this case, it is very effective to

: provide'the vacuum producing material container with

an air.vent in addition to the joint opening, as shown
in Figure 10, (c) and (d), since then the ink

displaced into the vacuum producing material from the

"ink chamber by the expansion of the air can be guided

toward the air vent. The position of the air vent is
not limited if it is upper than the joint opening of
the wvacuum produc;ng member container. However, in
order to make the ink flow in the vacuum producing

material under the ambient condition change remote
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from the joint opening, it is preferably away from the
joint opening. The number, configuration and size of
the air vent are properly determihed by skilled in the
art in consideration of the ink evaporation or the
like. )
During transportation of the ink cartridge
itself, it is preferable that the joint opening and/or
the air vent is hermetically shield by a sealing
member to prevent ink evaporation or to be prepared
for the expansion of the air in the ink cartridge.

The sealing member may be a single layer barrier which
is so-called barrier material'in the packing field, a
compound plastic film having several layers, or such
material reinforced by paper or cloth or another
reinforcing material or aluminum foil, are preferable.
It is further preferable that a bonding layer of the
same material as the main bodj of the ink cartridge is
used td fuse fixing the barrier material, thus
improving the hermetical sealing praoperty.

In order to suppress the evaporation of the
ink from the ink cartridge and the introduction of the
air thereinto, it is effective that the air in the
pack is removed after. the ink cartridge is inserted
therein. The packing member may preferably of the
same barrier material as described with respect. to the
sealing member in consideration.of the permeabilities

of the liquid and the air.
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By such proéer selection of the packing, the
ink does not leak out during the transportation of the
ink cartridge itself. .
The material of 'the main body of the ink

5 cartridge @ay be any known moldable material if it
does not have any adverse influence tb the ink jet
recording ink or if it has been treated for avoiding
the influence. The'productivity of the ink cartridge
is also considered. For éxample, the main body of the

10 ink cartridge is separated into a bottom portion 11
and an upper portion, and they are integrally molded
from plastic resin material,:respectively. The wvacuum
producing material is inserted thereinto, and
thereafter, the bottom portion and upper portion are

15 fuse~bonded, thus providing the main body of the ink
cartridge. If the plastic material is transparent or
semitransparent, the ink in the ink container can be
observed externally, and therefore, the timing of ink
cartridge change may be expected. In order to

20 facilitate the fusing of-fhe bonding material or the
like, it is preferable to provide a projection shown
in the Figure. From the standpoint of design, the
outer surface of the main body of the ink cartridge
may be grained.

25 The .ink can be loaded through pressurizing or
pressure~reduction method. Provision of ink filling

opening in either of the containers of the containing
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main assembly is preferable since then the ink

gartridge opening is not contaminated. After the
filling, the iﬁk filling opening is pPlugged by plastic
or metal plug.

5 The caonfiguration, dimension or the like of
the ink cartridge according to this invention can be
modified without departing from the sprit of the
present invention. |

As dgscribeﬁ in the foregoing, the

10 exchangeable ink cartridge is reliable during the
transportation thereof, and a high use efficiency ink
cartridge can be provided wiéh simple structure.

The proper vacuum is maintained froﬁ the
start to the end of the use can be maintained when the

15 recording operation is carried out or is not carried
out, while permitting high speed recording. Under the
use ambient condition of the ink jet recording
apparatus, the possibility of the ink_leakage can be
minimized. .

20 The exchangeabie ink cartridge of this
invention is easy to handle so that the ink does not
leak out when it is loaded into the ink jet recording
apparatus, and the possibility of erroneous operation
can be avoided.

25 . Figure 11 illustrates é manufacturing method
of an ink container cartridge; A main body of the

cartridge (left down hatching) comprises a partition
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plate 61 and two containers separated by the partition
wall 5. An ink absorbing material 4 functioning as

the vacuum producing material is.inserted into the

container portion which is close to the opening 2.

Thereafter, a bottom member 11 functioning as the
co§ering member is unified to the main body. This
Figure also shows the state in which the recording
head HD is loaded in the ink container 1. The ink
container 1 is constituted by a container partitioned
into two chambers by a partition wall 5, and the
bottom portion is covered by a flat bottom member 11
constituting the bottom of the  ink container. Thus,
by the simple structure, the fine communication part 8
can be provided by the end of the partition wall.

‘The air vent 10 is disposed on the same
surface as having fhe opening 2, but above the
opening.

The joint portion 7 functioning as the supply
pipe is inserted into the opening of the ink
container, and the recording head is mounted thereto.
The joint portion 7 is inclined so that the top
portion is more front than the bottom portion. The
ink passage in the joint is in the form of a horn
opening upwardly in the Figure. With this structure,
the ink can be properly supplied to the recording head
from the ink absorbing material.

The ink jet recording apparatus comprises
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heat generating element 72 for producing thermal
energy to eject the ink through ejection outlets 71 of
the noéz;es 73, wherein the therﬁal energy is
effective to cause state change in the ink. In this
case, a high density and fihe images can be provided
by the stabilized inﬁ supply performance, particularly
in the case of color recording.

As described in the foregoing, the ink
cartridge according to this invention, the high
reliability is maintained during the transportation
thereof, and the use efficiency of the ink is high.

In addition, the proéer vacuum is maintained
from the start to the end of the use thereof when the
recording operation is carried out or is'not carried
out, when permitting high speed recording operation.
In addition, the ink leakage can be prevented under
the use condition of the ink jet recording apparatus.

Additionally, the exchangeable ink cartridge
according to this invention is easy to handle, and the

ink does not leak out when it is mounted or demounted

. relative to the ink jet recording apparatus.

Therefore, the erroneous operation in the mounting
thereof can be avoided. |

The'ménufacturing method of the ink cartridge
will be described further. When the closed structure
ink container (although there is fine communication

part between the ink containing chamber or container
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"and the negative pressure producing material

containing chamber, but the ink is discharged only
when the air and the ink are exchanged with each
other), and the vacuum producing material containing
chamber afe integrally molded, the ink is filled
tﬁrough an opening 13 at the ink container chamber
side in the covering member 11. When the ink is
supplied in this manner, a substantial part of the
vacuum producing material 4 receives the ink.through
the fine communication part.

However, the région of the wacuum producing
material 4 adjacent the air Qent is not supplied with
the ink to provide ink-free region. Thereaffér, the
opening 13 is sealed by a ball 14. Then, the opening
2 and the air vent are sealed by the same sealing
member S (it may be separate members).

Figure 12 shows such an ink jet cartridge
before start of use. In this Figure, the ink
container 6 is filled with an ink.

Figure 12 shows the closed state ink jet
cartridge 1 with the printer which is used therewith;.
A region 3A of the vacuum producing material adjacent
to the air vent portion 10 does not contain the ink at
an upper portion of the cartridge. A region 3B of the
vacuum producing material below the region 3A is

compressed by insertion of the ink supply pipe (not

- shown). The vacuum producing material portion other
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than those regions 3A and 3B, are not externally
influenced and simply functions to retain the.ink.

The region 3B is faced to the opéning 2 for the ink
supply to the recordihg head provided on the same
surface but below the air vent 10. The openihg is
abbve the fine communication part 8, and the above-
desc:ibed structure is used; The cartridge 1 of
Figﬁre 12 becomes usable by removing the sealing
membér S. Since the region A does not retain the ink,
the ink does not leak out even if the vibration or
pressure change is imparted upon the removal of the
sealing member.

In the ink container of this invention, the
ink is not retained in the regién of the wvacuum
producing member that is close to the air vent or air
communication part, irrespective of whether the ink
cartridge is being used or not used. By doing so, the
leakage of the ink from the ink cartridge through fhe
air vent can be prevented efen'when the ambient
condition. varies. Particularly, when the sealing
member closes the air vent, the sealing member can be -
preventéd from peeling off. During the use, the

region is effective to permit air supply corresponding

to the consumption of the ink, so that the change of

the vacuum in the ink cartridge can be suppressed. I1f
the region of the vacuum producing material adjacent

to the air vent has never been wetted by the ink at
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all, it is preferable to decelerate the ink seeping
speed. However, the region thereof may be wetted by
the ink beforehand, and thereaftef, the ink may be
removed from this region.

Ig the embodiment of this invention, the ink
supply opening or the compressed part of the wvacuum

producing material (compressible) by the ink supply

| - pipe is present at a side opposed to the partition

wall constituting the fine communication part, by
which thé effective ink supply path can be stably.
provided in the wvacuum producing material in the
second accommodation chamber. This can be further
stabilized by placing the ink supply opening above the
fine communication part relative to the bottom surface
of the ink cartridge. |

Because of- this arrangement, the ink moving
direction can be substantially made constant, and
therefore, the ink can be completely -consumed from the
second chamber, that is, the ink container chamber.
After the use-up of the ink ih the ink container
chamber, the air exist so as to mbve the ink toward
the opening from the partition wall in the direction
for canceling the vacuum in the ink container chamber,
as a result, the ink in the vacuum producing material
can be consumed further, thus minimizing the non-
usable remaining amount of the ink.

There are provided a region of the vacuum

ei t her

of
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producing material not compressed by the supply pipe

and the region thereof compressed by the supply pipe
in this order in a direction froﬁ the partition wall
constituting the fine communication part to the side
face thereFo, and therefore, the non~-compressed region
provided one-way ink path, and the ink retaining
capacity of the compressed region can further reduce
the remaining amount of the ink.

The ink jet printer is provided with a
recording head recovery means HR which carries out ink
ejection or ink sucking by sucking means automaticaliy
or manually in response to maunting of the cartridge 1

thereto. By doing so, the state of the ink in the

- vacuum producing material can be corrected before the

start of the printing operation. Therefore, the
cartridge performance can be used form the start of
the printing irrespective of the state in which
cartridge has been placed.

In Figure 12, the ink container 1 mounted to
the ink jet head HD mounted on a scanning type
carriage CR has beén deprived the sealing tape. The

container mounted on the carriage CR receives through

-the opening 2 the ink supply pipe, by which the wvacuum

producing material 3 is compressed in the compressible
region 3b. In this embodiment, the vacuum producing
member 3 is deformed toward the fine communication

part 8. At this time, the mounting of the container



As described in the foregoing, the 10 exchangeable |nk cartrldge IS

rel i abl e durtng—the—transpartati on thereof, %%”
:;K»:

cartrldge .a be prOV|ded with a sinple strud

ntalnedﬁmhen' '

fron1the bf the use can be pai
recordi ng rr| ed out or is not car 7 & EUtiggzWh permtting
hi gh speed o

is detected by detecting meﬁns (not shown) in the form
of mechanical or electrical detecting means, which
produces mounting signal IT into fhe printer control
means CC. In response thereto, the recovery means HR

5 is actuateq before the start of the recording
operation to discharge the ink in the ink container,
thus improving the state of the ink in the ink
container.

In Figure 13, (A), there is shown an ink jet

10 cartridge which is a modification of that of Figure 12
in which the inside surface of the ink accommodating
chamber is modified, and the top part thereof is
correspondingly modified into a space 22. Thé inside
surface 20 provides a curved surface which rises away

15 from the fine communication part 8. This structure is
effective to supply into the vacuum producing material -
3 fine droplets of ink remainiﬁg on the wall of the
inside surface 20 by the surface tenSiqn of the ink,
-and also to provide a grip 21 for the operator, thus

20 preventing deformation of the ink container upon
manipulation thereof.

Figure 13, (B) shows another modification.iﬁ
which the partition wall 51 is inclined 'so that the
capacity is larger in the ink accommodating chamber or.

25 ink container than in the vacuum producing material
container. Figure 13, (C) shows an embodiment which

has been produced by the manufacturing method
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described hereinbefore. A covering member 11
constituting the clearance or gap 8 with the partition
wall 5 is inserted and fixed betwéen side plates 101
and 100 of the cartridge main body. Designated by a

5 reference ?E is an end of the covering member 11. In
thé case of Fiqure 13, (C), the clearance SP is not
constant if the bonding is not uniform.

In view of this, it is preferable that

spacers 110 contacting to the end 5E of the partition

10 wall, as shown in Figure 13, (D), at the opposite
ends. The spacer 110 is preferably provided on the
covering member 11l. Projectiéns 30 in the space SP
may be provided on the covering member to enhance the
collection of the air into the ink container.

15 Figure 14, (A) and (B) show an inclination
range capable of printing operation or ink supply.
Designated by a reference numeral 40 is a horizontal
line.. It is preferable that the fine communication
part is at a lower position. Ideally, bottom surface

20 of the cartridge is parallel with the horizontal plane
40. Practically, however, in the case of two chamber
structure as in this embodiment, the inclination is
permissible in the range 0 ¢ © < 15 degrees. When it
is reciprocafed on .a scanning carriage, it is

25 preferably 0 £ 0 £ 5 degrees.

The vacuum producing material used in this

embodiment may be constituted by a plurality of wvacuum
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producing material ﬁembers. However, in that case,
the resultant interface between the members might
permit movement of the air at thé interface, as the
case may be. In view of this, single porous material
member is preferable for the vacuum producing
material.

The ink container (chamber) performs it
function if it has .an ink capacity larger than that of
the vacuum producing material accommodating chamber.

The description will be made as a partition
plate 61 in the ink accommodating chamber. When the
ink container (cartridge) is handled by the operator,
or during the transportation thereof, the external
wall of the cartridge may be deformed with the
possible result that the ink is leaked through the
orifice from the ink jet recording head or that the
ink is leaked out through the air vent provided for
eqﬁalizing the pressure in the qartridge with the
ambient pressure.

-In this embodiment, this problem is solved,
thus preventing the ink léakage during the handling or

during the transportation or even if the temperature

‘or the pressure changes. In addition, the use

efficiency is still high.
Figure 15, (A) is a perspective view of the
ink container of this embodiment, and Figure 15, (B},

is a sectional view thereof. Figure 16 illustrates

5. An

i nk
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ink supply operation of this embodiment. Figure 17
illustrates deformation of the side wall when it
receives load. '
As shown in Figure 15, (A) and (B), the main

5 body of thF ink cartridge 1 comprises an opening 2 for
coﬁmunication with the ink jet recording head and an
air vent 10 for permitting introduction of the air,
disposed above the opening 2,.vacuum producing
material 3 for retaining the ink for the recording, a

10 vacuum producing material container 4 for containing
the vacuum producing material 3 and provided with the
opening 2 and the air vent 10; and an ink container
(chambef) 6 for containing the ink in communication
with the vacuum producing material container 4 through

15 a clearance below a rib 5. The ink container 6 and
the vacuum producing material container 4 communicéte
with each other through a clearance 8 formed between _
an end of the rib 5 and the bottom surface. A
partition plate 61 connects the opposite side walls

20 leaving a gap not less than the clearance 8 at the
bottom. Figure 16, (a) is a sectional wview in the
state in which the ink jet recording apparatus is .
operable after a joint member 7 for supplying the ink
to the ink jet recording head is inserted into the

25 opening 2 of the ink cartridge main body 1 to press-
contact the vacuum producing material 3. The end

opening of the joint member 7 may be provided with a
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filter to remove foreign matters in the ink EsftFidge.
When the ink jet recording apparatus is

operated, the ink is ejected throﬁgh the orifice'of
the ink jet recording head, so that ink absorbing

5 force is produced in the ink container. The ink 9 is
supblied t; the ink jet recording head from the ink
container 6 through the clearance 8 between an end of -
the rib 5 énd the .bottom of the ink cartridge 11 to
the wvacuum producing material container 4, and through

10 the vacuum producing material 3 to the joint member 7.
By this, the pressure of the ink-container 6 which is
closed except for the clearance 8, reduces with the
result of pressure difference between the ink
container 6 and the vacuum producing material

15 container 4. With the continued recording operation,
the pressure difference continues to increase, however
since the wvacuum producing material container 4 is
open to the air through the air vent 10. Aas shown in

- Figure 16, (b), the air enters the ink container 6

20 through the vacuum producing material 3 and the .
clearance 8. By this, the pressure difference between
the ink container 6 and the vacuum producing material
container 4 is removed. During the ink jet recording-
operation, this is repeated, so that a constant

)5 certain level of vacuum is maintaiﬁed in the ink
cartridge. All of the ink in the ink container 6 can

be used up, except for the ink deposited on the
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internal wall surface of the ink container 6, and
therefore, the ink use efficiency is high (Figure 16,
(€)). |

When the recording operation is not carried

out, the capillary force of the vacuum producing

. material 3 itself (or the meniscus force at the

interface between the ink and the vacuum producing
material) appears to prevent the leakage of the ink
from the ink jet recording head.

Figure 18 shows a further embodiment in which
the ink container 6 is prévided with a plurality of
partition walls 61, in considefation of the volume
rétio between the vacuum producing material container
4 and the ink contéin;r 6 and the selection of the
material of the vacuum producing material 3 in
accordance with the ink jet recording head used with
the ink container.

The description will be made as to the
reinforcement of the side wall.

In the ink cartridge, ‘it is desiréble that
the ink cartridge is durable against external force
and the ambient condition change during .the-
transportation, while maintaining high use.efficiency.

In this embodiment, the amount of
deformations are equivalent in the vacuum producing
member container 4 and the ink container 6 when the

external forces are applied to the side walls 12a, 12b
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and 1l2c. For example, the cartridge is usually made
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by molding a plastic materia;. As shown in Figure 15,
(B) and 17, the thickness of the side wall 12a of the
vacuum producing material container 4 is laréer than

-5 the thickqess of the side walls 12b and 12c of the ink
container portion 6, and a partition wall (rib) 61 is
disposed to extend between the opposite side walls,
leaving the clearance at the bottom,.at a position to
divide the space into two equal space in the ink

10 container 6. In-addition, the deformation 6t6 of the
wall responsive to the equivalent loads per unit area
is made small, and the deformations of the side walls
12b and 12c at the oppoeite ends of the rib 61, .are
equivalent. By making the amount of deformation 5t4

15 of the vacuﬁm producing material container 4
equivalent thereto, the leakage of the ink due to the
deformation of the wall can be prevented.

In the ink cartridge shown in Figure 15, (B)

and Figure 17, the material of the wall is

20 polypropylene (PP), and the outer dimensions are as
follows: 48 mm in length, 35 mm in height, 11 mm in
thickness. In this case, it is divided into the
vacuum producing material container 4 and the ink
container 6 substantially at the center of the length

25 of 48 mm. The side wall 12a of the vacuum producing
material container 4 has a thickness of 1.5 mm, and

the side walls 12b and 12c of the ink container 6 have



by the stabilized ink supply performance, particularly in the case of color

recordi ng. As descr+bed—in—the foregoing, high rellablllty of the I nk

cartridge 10 i.s mai ntai ned duri ng n thereof,

and the uSBl ofdhe ink is high. 1n Lff.F?ﬁf SSEREDEr vacuum
IS nalntaln “ rt to the end of thej upe THerEgtwten (I he

te
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a thickness of 1 mm, and the r1b 61 of - the ink
container 6 is disposed approx. 10 mm away from the
wall surface. By doing so, more.than twice margin can
be provided against the handling load (approx. 2 kg).
5 Simultaneously, the sufficient strength can be
brovided against the pressure change during the
traqsportation and the temperature range.

In this embodiment, only one rib 61 is
provided in the ink container 6 because of the size of

10 the ink container. However, the number thereof is not
limited, and to ribs 61 may be provided as shown in
Figuré 18 in accordance with the size of the ink
cartridge. Furthermore, the number, position and the
wall thickness of the rib can be properly determingd

15 by skilled in the art. -

Figure 20 shows a relation of the ink leakage
during the handling and the transportation with the
wali thickness 0of the vacuum producing material
container 4 and wall thicknesses of wvarious wails,

20 investigated for the purpose of determining the wall
thickness of the ink container 6.

Increase of thickness of any wall results in
increase of the resistance against the ink leakage.
However, from’the standpoint of size reduction and

25 high use efficiency of the ink, the smaller wall
thickness .is preferable to increase the internal

volume. On the basis of the data show in the Figure,



recording-operation is carried out or is not carried 15 out, when
permtting hi gh speed recording operation. In addition, the ink |eakage can
be prevenfkisiSheetdips BdehRepltizy condition of the ink jet recording apparatus. -
Addi ti onal eable ink cartridge is easy to handle, and the 20
H En it is nmounted or denounted relative to the ink
t

|
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] et recording appara
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a wall thickness of 1.5 mm was used for the side wall
of the vacuum producing member container 4, and the
side wall thickness of 1.0 mm waé_used for the ink
container 6. |
5 Qn the basis of the size of the ink
-cértridge, the above-described dimension may be
determined on the basis of the data of this Figure.
It is preferable that the wall thickness of the vacuum
producing material container 4 is 1.3 - 3 times the_
10 wall thickness of the ink container 6.

While the invention has been described with
reference to the structures disclosed herein, it is
not confined to the defails.éet forth and this
application is intended to cover such modifications or

15 ' changes as may come within the purposes of the

improvements or the scope of the following claims.

20
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Therefore, the erroneous operation in the nounting thereof can be avoi ded.

The manufacturing method of the ink cartridge 25 w Il _be.. descrlbed R
f cl osed structure ink chanmber (al ﬁ; e e
cimm,mummnwm‘ bet ween the ink containing chanber _:’ib E‘" ' .'i'_-

* L oM s s .
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WHAT IS CLAIMED IS:

1. An ink jet cartridge comprising:
a first chaﬁber for accohmodating a negative
pressure producing material and provided with air
5 communicat?on part for communication with ambient air,
whérein a part of said negative pressure producing
material does not contain ink adjacént said air
communication part;
a second chamber which is substantially
10 closed except for a fine communication part for
communication with said first chamber at a position
away from said air communication part, wherein said
second chamber directly accommodates the ink to be
-supplied to said first chamber.
15
2. An ink jet cartridge according to Claim 1,
wherein said fine communication part is formed between
a partition wall for defining said first and second
chambers and an inside surface of said ink jet
20 cartridge, a wall of said first chamber faced to said

partition wall is provided with an opening for supply

of the ink, and there- is provided with means for;
' I’hls Sheet Has Been R

[T

sealing the ink supply opening and said air

communication part. ' ""I

3. An ink jet cartridge according to Claim 1;

wherein said fine communication part is formed between



-29- and the negative pressure producing matefl chanber,

the—+ak—+s—d+seha%ged only when the air and tﬁE&ugm%ﬁ'mgn eipamied with each

_ﬂ cuun1produ0|ng mat eri al conj arR-Reg-—b—6 &l jare
I ; the ink is filled through ganjgope atlf tihe i nk
) w!]L & ‘ ed th WHRER %@%7, ’
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a partition wall for defining said first and second
chambers and an inside surface of said ink jet |
cartridge, an ink supply opening.is formed in a wall
of said first chamber faced to said partition wall,

5. and said ink supply opening permits insertion
thereinto of a supply pipe for supplying the ink to an
ink jet recording head, énd wherein said negative
pressure producing material is compressed toward the
fine communication part adjacent the ink supply

10 . opening by the insertion of the supply pipe.

4. An ink jet cartridge-according'to_CIaim 1,
'wherein said fine communication part is forme& between
a partition wall for defining said first and second

15 chambers and an inside surface of said ink jet
cartridge, an ihk supply opening is formed on a wall
different from the partition wall, wherein said
negative pressure producing material is capable of
being compressed toward the fine communication part by

20 insertion of an ink supply pipe to -an ink jet head
adjacent the ink supply opening, and wherein said
negative pressure producing material is not compressed
by the insertion of the supply pipe adjaceht the fine

communicatioh part.

25

5. An ink jet cartridge according to Claim 4,

wherein said different wall has a surface faced to ’hmsmmdhms

L i



su stanti al

side in the coveri nber 11. Wen the ink is supplled in this manner, a
' part of the vacuun1prodUC|ng naterl . _9,§5'h5- :

or AR DRI 5ecer e 2 H‘m

prOV1dé i hk-¥re® region. Thereafter, the openi‘
t he openi ng

Then,

10

15

20

25

said partition wall, and the ink supply opening is
located at a position displaced toward the fine
communication part, and is dispoéed above the fine
communication part.

6. An ink jet cartridge according to any one of
Claims 1 - 5, wherein said second chamber comprises a
partition plate which provides a clearance with the
inside surface of the ink jet cartridge, which is
larger than a clearance of the fine communication

parts. :

7. An ink jet cartridge according to aﬁ& one of
Claims 1 - 5, wherein a volume ratio of said first

_chamber to said second chamber is 1:3 - 1:1.

8. An ink jet cartridge according to any one of
Claims 1 - 5, wherein a height of said fine
communication part is larger than an average pore size
of said negative pressure producing material in said

first chamber, and is not less than 5 mm.

9. An ink jet cartridge comprising:
a first chamber for accommodating a negative
pressure producing means and provided with an air

communication part for communication with ambient air;

: _h)is Sheet Has Been Rerlaced

a second chamber substantially closed except




nt are sealed by the same sealing nmenber S (it may be

e closed state ink jet cartrijdde 1 with the printer which

Sﬁj’ﬁiﬁmﬁ it mgu:e“ffhé% s i T RS e
F r

i s*uséd therewith. A region 3A of the vacuum proc uc2 611997 af &dj acent

10

15
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for a fine communication part for communication with
said first chamber disposed at a position away from
said air communication part, wheréin said second
chamber directly accommodate ink to be supplied to
said first chamber;

wherein said fine communication part is
formed between a partition wall for defining said
first and second chambers and an inside surface of an
ink jet cartridge, wherein a wall of said first
chamber having a surface faced to said partition wall
is provided with an ink supply opening, and said ink
supply opening permits insertion o? an ink supply pipe
for supplying the ink to an ink jet.ﬁead, and wherein
said negative pressure producing material is capable
of being compressed toward said fine communication
part by insertion of the supply pipe adjacent the ink

supply opening.

10. An ink jet cartridge according to Claim 9,
further comprising means for ciosing the ink supply

pipe and the ink communication part, the closing means

is removed before insertion of the supply pipe.
‘This Sheet Has Been Re'i

AR

a first chamber for accommodating a negative

ll. An ink jet cartridge comprising:

pressure producing material and provided with an air

communication part for communication with an ambient



to the air vent ion 10 does not contain the ink_.at _an upper portion of
Cartridge. A region 3B of the 25 vacuun1producijf?j FER AL Derow,
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air;
a second chamber substantially closed except
for communication with said firsf chamber through a
fine communication part at a position away from the
5 air commuqication part, wherein said second chamber
directly accommodates ink to be supplied to said first
chamber;
wherein said fine communication part is
formed between a partition wgll for defining said
10 first and second chambers and an inside surface of
said ink jet cartridge, an ink supply opening is
formed on a wall different ffom the partition wall,
wherein said negative pressure producing matérial is
capable of being compressed, and wherein séid negative

15 pressure prodﬁcing material is not compressed.by the

insertion of the supply pipe adjacent the fine
This Sheet Has Been Repl

12. An ink jet head provided with an ink jet
20 cartridge comprising: |
--an ink jet cartridge including a first

chambgr for accommodating a negative preséure
producing material and providéd with air communication
part for communication with ambient air, a second

25 chamber which is substantially closed except for a
fine communication part for communication with said

first chamber at a position away from said air



-30- than those regions 3A and 3B, are not externally i nfl uenced and sinmply
functions to retain the ink. The region 3B is.faced.to.the gpening 2 for

the ink supply to the recording head provided RﬁP}}A@ﬁW Q{Eﬁurface but
I The opening is above gtion po rt
8ﬂ ﬂm mutmﬂl |descr| bed structure is used. hfécﬁ’éér@g?e 1 of
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communication part, wherein said second chamber
directly accommodates the ink to be supplied to said
first chamber; -

wherein said fine communication’ part is

5 formed between a partition wall for defining said
fifst and ;econd chambers and an inside surface of
said ink jet cartridge, wherein an iﬂk supply opening
is formed in a wall of said first chamber which is
different from said partition wall;

10 an ink jet head having an ink supply pipe for
being'inserted into said ink supply opening, wherein
when it -is inserted, it compresses said negative
pressure producing material, wherein said negétive
pressure producing member is not compressed by the

15 insertion of the supply pipe adjacent said fine

communication part.

13. An ink jet head according to Claim 12,

wherein a part of said negative pressure producing

20 material does not contain ink adjacent said air
This: Sheet Has Been Re,i

comiction gt ] I

14. An ink jet head provided with an ink jet

cartridge comprising:
15 an ink jet cartridge including a first
chamber for accommodating a negative pressure

producing material and prbvided with air communication



Figure 12 becones usable by renoving the seal ing nmenber S. Since the region'
A'Hoes not retain the; |nk 10 the ink does I f the
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or air
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part for communication with ambient air, wherein a
part_of said negative pressure producing material does
not contain ink adjacent said air.communication part;
a second chamber which is substantially closed except
5 for_a fine Fommunication part for communication with
said first chamber at a position away from said air
communication part, wherein said second chamber
directly accommodates the ink to be supplied to said
first chamber;
10 - wherein said fiﬁe communication part is
formed between a partition wall for defining said
first and second chambers and én inside surface of
said ink jet cartridge, wherein a wall of said first
chamber which is different from said partition wall is”
5 provided with an ink supply opening;
an ink jet head having an ink supply pipe for
béing inserted into the ink supply openiné, wherein

-

when said supply pipe is inserted, said negative
eet Has Been RTlaGed

pressuse prosucing materiar te comgress;d. H“\l“ T

15. A printer using an ink jet head accor&ing to

Claim 14, wherein said different wall has a surface
faced to said partition wall, said ink supply gpening
and said fine communication part is located at a lower

5 position of said ink jet cartridée, and said fine
communication part with located below said ink supply

opening, and said part of said neQative pressure

A



communi cation nnrf |rrespect|ve of whether the ink cartrldge I s being used
or not used. doi so, the l'eakage of the ink:f aff ri dge

t “M”"Hlﬂmﬁn J t can be prevented even when AEMENT SIEFTEbnditi on
g ly, when the sealing nenber Elbses the ATV i, the

seal |ng ffenber ~ can be prevented frompeeling off.| BD&FES 1597 se, t he
region is effective to permt air supplysforres di ng ;
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producing material is located at an upper position.

16. A method of manufacturiﬁg an ink jet
cartridge comprising a first chamber for accommodating
5 a negative'pressure producing material and provided
with air communication part for communication with
ambient air, said first chamber being provided with an
ink supply opening; a second chamber which is
substantially closed excépt for a fine communication

10 part for communication with séid first chamber at a
position away from said air communication part,
wherein said second chamber directly accommodates the
ink to be supplied to said first chamber, said method
comprising the steps of:

15 providing an integral main body having a
first concavity for constituting the first chamber
provided with the ink supply bpening aﬁd the air
communication part, a second concavity and a common
partition wall therebetween:; -

20 squeezing the negative pressure producing
material into said first coﬁcavity;

fixing a covering member for covering
openings of said first and second concavities, by
which said fine communication parf is left between the

15 partition wall and the covering member.

17-—A method according to Claim 16, wherein said

is Sheet Has Been Replaced
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to the consunption of the ink, so that the change @ 4 5915‘}?;\37[3

O tn the

| nk—Tartrtrdge can be suppressed. |If the region of

ng&ernn'llﬂmﬂmr“'lsnmlr he a.ir vent has never been t tled by ég gb-lilk at

10

15

20

25

-proticiing

-52- - ‘ e o et
J—

ink supply opening is formed in a wall faced to said
partition wall, and said air communication part is
formed in the faced wall adjacent to said covering

member.

18. A method according to Claim 16 or 17, further
comprising a step, after said fixing step, for
supplying the ink into said second chamber and into
said first chamber except for a part of said vécuum
producing material adjacent said air communication

part. ' .

19. A method according to Claim 18, furéher
comprising a'step, after said ink supplying step, of
sealing the air communication part and the ink supply

opening.

20. A printer in which an ink jet cartridge is
mounted thereto, wherein said ink jet cartridge
comprises a first chamber for accommodating a negative
pressure producing material and provided with an ink
supply opening and an air communication part for -
communication with an ambient air, a second chamber
substantially closed except for communication with
said first chamber through a fine communication part

disposed at a position away from said air

cammunication_part, wherein said second chamher

This Sheet Has Been Re laced
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all, it is preferable to decelerate the ink seeplng speed. However, the
region thereof may be wetted by the ink before 4 Cpaiter, the ink
nay be removed fromthis region. 5 I‘

or I MR DR 5ony 2251 35 8 the Freds
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directly accommodates ink, wherein when said ink jet
cartridge is mounted, said air communication part is
at an upper position, and said fiﬁe communication part
and said ink supply opening are.at a lower position,

5 wherein in.response to mounting of said ink jet
cartridge, the ink in said negative pressure producing
material is discharged through séid ink supply

opening, prior to start of printing operation thereof.

10 21. A printer according to Claim 20, wherein said
negative pressure producing material '‘does not contain

the ink adjacent said éir communication part.

22. A printer according to Claim 20, wherein said
15 ink supply opening is provided on a wall of said first

chamber faced to said partition wéll.

23. A printer according to Claim 20, wherein said
ink supply opening permits insertion thereinto of a
20 supply pipe of.the ink jet head, wherein said negative
pressure producing material is compressed by insertion
of the supply pipe.adjacent said ink supply opening,
and said negative pressure producing means is not
compressed by the insertion of the supply pipe

25 adjacent said fine communication part.

il




wal | constituting the fine communication port, by 10 which the effective
I nk supply path can be stably provided in the vacuum.produetNg material in
t he second accommodati on chanber. This can RE?LHCEN@%HBSHBE[ zed by pl acing

t-he ink-supply—epentng above the fine connr eatt+orm—port | ftive to the
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24. An ink container having a first ink chamber
including negative préssure producing material and an
outlet for ink, and a sec¢ond ink.chamber-substantially
without negative pressure producing material
5 communicatipg'with the first chamber towards a lower part
thereof, the container also being provided with an air
vent located around the ink outlet communicating with the
second ink container via the negative pressure producing

material.

25. An ink container substantially as described herein

with reference to any of the accompanying drawings.

—_
This. Sheet Has Been
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direction can be substantially nmade constant, and therefore, the ink can be -
conpletely consuned fromthe second chanber, that is, the ink container

chanber. 20 Af ter the ink in the ink container chanber has
been used up, air noves the ink toward the opening fromthe partition
wall in the direction to cancel the vacuumin the ink container

chanber, as a result, the ink in the wva®8®um produci ng materi al

INK JET CARTRIDGE, INK JET HEAD AND PRINTER
ABSTRACT
An ink jet carfridge includes a first chamber
for accommodating a negative preséure produéing
material and provided with air communication part for
5 éommunication with ambient air, wherein a part of the
negative péessure producing material does not contain
ink adjacent the air communication part; a second
chamber which is substantially closed except for a
fine communication part for communication with the
10 first chamber at a position away from the air
communication part, wherein the second chamber

directly accommodates the ink to be supplied to the

first chamber.

(Fig. 1)
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25 can be consuned further, thus mnimzing the non- usable remaining
anmount of the ink. There is provided a.region of the vacuum - 32-
produci ng material not conpressed by the supply pipe

FIG. 2
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and the region thereof conpressed by the supply pipe in this order in a
direction fromthe partition wall constituting.lhe fine commnication port

to the side 5 face thereto, and therefore, t egi on
provi des a one-way ink path, and the ink retai he
conpressed region can further reduce the renui hg i nk. The
ink jet printer is provided with a -2 =
9
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10 recording head recovery nmeans HR which carries out ink ejection or ink
sucki ng by sucking nmeans automatically or manually in response to nounting
of the cartridge 1 thereto. By doing so, the state-ef.the jnk in the vacuum

produci ng material can be corrected before the 1‘_ﬁELACE'“" qugT nting
operation. Therefore, the cartridge perfornmance|c§mtde-used-LLUr|{he start
of the printing irrespective of the staBe~in whig¢
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cartridge has been placed. In Figure 12, the ink cartridge 1 mounted to 20
the ink jet head HD nmounted on a scanning type carriage CR has been
deprived of the seal i ng tape. The cartridge nmounted on the carriage CR
receives through the opening 2 the ink supply pipe—fy- ;;_*_; vacuum
produci ng materiial .3 is conpressed in the co _" ; RN SR B an 3b.

The vacuun1prodUC|ng -4 - ;
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nmenber 3 is deforned toward the fine communi cati on

the nmountin cont ai ner -33- is detected by|Tdg ACENIGNTE]
in the forn1of mechani cal or electrical ; e =
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produces nounting signa
t her et o,

T into the printer control
the recovery neans HR is actuated before the start of the

means CC.

recording operation to discharge the ink in the ink cartridge, t
inproving the state of the ink in the ink cartridge.

show an inclination range capable of printing
Desi gnated by a reference nunera

3

Figure 13,
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i ne.
position. ldeally,
t he hori zontal plane 40.
structure as in this enbodi ment,
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-34- producing material nenbers. However, in that case, th

i nt

The vacuum produci ng material used be constituted by a plu EEPL&CEMEN@CT
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permt novenent of the air at the interface, as the case may be. In view of
this, single porous naterial 5 menber is preferable for the vacuum

producing material. The ink container (chanber) periorhsitt—fanactyon if it
has an ink capacity |arger than that of the vac @fﬁﬁ@@ﬁj}{fﬁ Hitdni al
accomodati ng chanber. 10 . The descripti ' "nage fas a

partition _ -9 -

26FEB 197
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plate 61 in the ink accommodati ng chanber. When the ink

cartridge is handled by the operator, or during the transport
thereof, the external wall of the cartridge may be deforned.wi-th-th
possible result that the ink is |eaked through the JnﬁJEﬁi;Q;;%;L it

recording head or that the ink is | eaked out throug
for equalizing the pressure in the cartdiCdge with t}
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anbi ent pressure. 20 In this enbodinment, this problemis sol ved,
thus preventing the ink | eakage during the handling or —Re—t1TE
transportation or even if the tenperature or thej

addition, the use efficiency is still high. 25
a perspective view of the ink container of this e
(B), - 11 -
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"is a sectional view thereof. Figure 15 illustrates -35- ink supply
operation of this enbodinent. Figure 16 illustrates deformation of the side
wal | when it receives | oad.
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As shown in Figure 14, (A and (B), the nmain body of the ink cartridge 1
conprises an opening 2 for conmunication with the jnk jet recordi ng head
and an air vent 10 for permitting introduction of o ;

t he opening 2, vacuum producing material 3 for ret i
recordi ng, a vacuum producing material container 41! f cont ai ni ng jjt e
vacuum produci ng mateerial 3 and providd® with the FEB 1997
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opening 2 and the air vent 10, and an ink container (chanber) 6 for

containing the ink in comrunication with the vacuum produm ng materi al
container 4 through a clearance below a rib 5. The ink jgq W@&iﬁ |
vacuum produci ng material container 4 comunicate wth Jeg g 1
cl earance 8 formed between an end of the rib 5 and the jbdttom surface.
partition plate 61 connects the opposiTeldide walls 26FEB 1997
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l ess than the clearance 8 at the bottom F| gure 15, (a)

W | n t he state in Wmch the i nk . J__gt recordlﬁé WEZ{T‘@EET

nserted into the opening 2 of the ink cartridge main
bogly 1 to Dres dcpntact the vacuum producing material 3. The end opening
. ¢f "The Joint nenbe 7 may be provided wyth a : '

EWLT L

INK JET CARTRIDGE, INK JEI HEAD AND PRINTER;

_ The present inveﬁtion relates _t:o an ink cartridge
connectable to an ink jei: head, a method o_f manufacturing
such a cartridge and a._printer using the cartridge, an&
which is usable with a copying 'machine, a facsimile
machine or any other recording apparatus, communication
apparatus, office equipmént, combined machine or printer.

Heretofore, an ink cartridge for an ink jet
recording apparatus has been integrally formed with an
ink jet head, and when the ink in the cartridge is used
up, the unified end and the container are disposed of.
The quantity of the ink remaining in the cartridge is
decided_ by the ink retaining capacity of a spongé (vacuum
producin§ material) occupying theé entirety of the space
in the cartridge, and it is relatively large. Japanese
Laid-Open Patent Application No. 87242/1988 discloses
such an ink container. The ink container contains a
foamed material, and ié integral ﬁith an ink Jjet
recording head having a plurality of _ink ejection
orifices. In such an ink container, in orxder to
accommodate the ink in the porous material such as foamed
polyurethane material, the production of the vacuum and
the ink retention (prevention of ink leakage from the ink
container) are af:complished by the capillary force of the
foamed material. However, tfxe foamed material is
required to fill m“entmtpni_thema.nk_.com:amer, and
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et recording apparatus |5 eperated, ik 15 efected hibUGRCEMENBSPEEEe
of - the ink jet recording head, so that ink absorbing _
-2-
= thefefore, the quantiﬁy'of the ink therein is limited,
and the quantity of ﬁhe non-usable ink is relatively
largé. .Thié means thét _the ink use efficiency is low.
It is difficult to deﬁect the amount of the ink rémaining
5 therein. In addition,_during the ink consumption period,
the_negative pressure gradually éhanges, and therefore,
it is difficult to _maintain a substantially constant
vacuum.
Japanese Laid-Open Patent Application No. 522/1990
10 discloses an ink cartridge containing substantially only
ink. More particularly, it discloses an integral ink jet
recording head and ink cartridge, comprising a primary
ink container for containing a large.amount of the ink
at an upper position, and a small amount of porous
15 matefial between the container and the ink jet recording
head therebelow. It is stated that the ink use
efficiency is improved because only the ink is disposed
in the ink passage without the porous material contained
in the ink container. 1In addition, a secondary ink
20 contginer capable of containiné the ink is provided at
the side of the porous material, which is effective to
receive ink flowing from the primary ink container due
to expansion of the air in the primary ink container upon
temperature rise (pressure decrease), so as to ﬁaintain
25 a substantially conétaﬁt negative pressure of the
recording head during the recording operation.

In this structure, when the recording operation is

3%
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force is produced in the ink container. The ink 9 is supplled to .the Emﬁ@
jet recording head fromthe ink container 6 through the cl eaggm ACEBENT 5
an end of the rib 5 and the bottom of the.ink cartridge 11 to the vacuum
produci ng material container 4, and through 10 the vacuum produci ng
material 3 to the joint nenber 7. By this, the pressure of the ink

contai ner 6 which is closed except for theBtIearance 8, reduces with the

not carried out, the porous_materlal is filled with a

#ery iarge amount of the ink from the primary ink

container which contains a large.amount of the ink above

the porous material, and therefore, the porous material

S" itself can hardly.producé negative pressﬁre. For this

- reason, ink leaks éut of thé orifice of the ink jét

recording head under small impacts, and therefore, it is

not practical. If this container is used as .an

exchangeable ink cartridge to be mounted to an ink jet

10 recording head, ink.can leak out of the porous material,
and therefore, it is still not practical.

In another ink cartridge, the ink is sealingly
contained in a bladder, and the negative pressure of the
bladder is maintaiped constant using a spring structure,

15 but ﬁhis is expensive, and it is difficult to mass-
produce Qith the correct performancg of the spring.
stfucture. In the field of ink jet printing (non-contact
type printing) inexpensive ink cartridges which perform
accurately have not been achieved, and havg long been

20 desired.

The inventors have investigated ffom the standﬁoint
of capability of properly supplying ink corresponding to
the ejection of ink from the recording head during a
printing operation and also.from the standpoint of the

25 capability of preventing ink leakage thréugh the ejection

outlet when a printing operation is not being carried

out. In particular, the inventors have proposed a

REPLACEMENT SHEET
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result of pressure difference between the ink container 6 and the vacuum
produci ng material 15 container 4. Wth the continued recordi ng operation,
the pressure difference continues to increase since the vacRBEPhADEMENTI SHEET
material container 4 is open to the air through the air vent 10. As shown
in Figure 15, (b), the air enters the ink-gontainer 6 20 through the vacuum

producing material 3 and the _ _ _
: cartridge which comprises a first container containing
a vacuum producing material and provided with an air vent
and a second container for containing subétantially only
the ink to be supplied to the first container, the second :
'S - container being substantially hermetically closed with
the excéption of the communication with the first
container. |
Japanese Laid-Open Utility Model Application No.
16385/1985 discloses a recording pen having a recording
10 tip which is contacted to a recording material during the
recording operation. _‘].'he. recoxrding tip has an ink
absorbing and retaining capability, and ink is supplied
thereto. Therefore, the recording tip is exposed to the
ambient air, in contrast to the ink jet recording
15 apparatus. The Japanese Laid-Open - Utility Model
Application is directéd only to the overflow of ink
through the recording -tip.
it comprises as essential elements a first liquid
absorbing material, and a second absorbing materiai which
20 absorbs 1less ink than the first absorbing material
although it absorbs a small amount of the ink, the second
absorbing material being disposed above the first
absorbing material at a poéition closgr to the air vent
. in a central chamber from which the recording tip
225 projects downwardly, and ink being supplied to opposite
\ sides of the chamber from hermetically closed ink
accommodating chambers. With this structure, when air

 REPLACEMENT SHEET
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clearance 8. By this, the pressure difference between the ink ¢ |
and t he vacuum.produci ng material container 4 is renoved. m%@%ﬁ&@ﬁ@ﬁg
jet recording operation, this is repeated, so that a constant 25 certain

| evel of vacuumis maintained in the ink cartridge. Al._of the ink in the

i nk container 6 can be used up, except. for the ink deposited on the

in the closed ink container .'expands due to ambient
temperature rise with the result that ink in the ink
chambers flows into. the first absorbing mater;ial, ink
incapable o.f being retained by the first absorbing
5 material is absorbed by the second absorbing niaterial,
so that overflow dropl_ets of ink from the writing tip can
be prevented. It also discloses provision of a constant
width groove which is effective, when one of the two
closed ink chambers contains only air, to permit expanded
.10 air to escapé through the air vent. The groove extends
from the bottom end to the top end on a side ‘surface
other than the partition wall between the central chamber
and the closed ink container. If this were to be used for
an ink jetl recording head, ink leakage through the air
15 vent woﬁld be expected and this has been confirmed. This
leakagé arises because of the fundamental difference
between contact recording .and non-contact recording.
This prdblem does not arise in the field of recording
pens. In addition, the” constant width groove serves to
20 promote the discharge of the ink together with the air,
and therefore, leakage of the ink through the air vént

has been promoted.
Additionally, the ink consumption of the two ink
containers is not the same. If one of the containers
25 empties first, the ink jet recording operation is no

longer possible despite the fact that a large amount of

iremains in the other ink container. This is because

r
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-37- internal'mall surface of the ink container 6, and therefgtpLAégﬁE

use efficiency is high (Figure 15, (C)). Wen the recording operation

not carriced 5 out, the capillary force of the vacuum producing

10

- 15

20

- 25

-6-
a large amount of air is introduced into the first
absorbing material with the result of incapability of the
ink supply. | |

With a view to alieviating the_above problems, the
present inventors have developed new strﬁctﬁres of ink
cartridge which are disclosed in our co-pending patent
applications nos 9607543.7, 9626088.0, 9626090.6 and
9626089.8.

Those cartridges all comprise a first chamber

containing negative pressure producing material and

ﬂlfs‘éHEET

having an air vent and an ink supply port and a second

chamber providing a printing liquid reservoir for the
first chamber and communicating with the first chamber
via a communication port.

The present invention concerns an advantageous
process for manufacturing such cartridges.

According to oné aspect of the present invention
there- is provided a method of manufacturing an ink
cartridge having an ink outlet connectable to an ink jet
head for an ink jet recording apparatus and an air vent,
which method comprises providing a one-piece body
defining first and second compartments separated by a
partition wall, inserting a negative pressure producing
material into the first compartment and_-sealing a
covering member'to the one-piece body to close the first
and second compartments so that the covering member forms

with the first compartment a first chamber having the ink

(EPLACEMENT SHEET
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material 3 itself (or the neniscus force at the interface between the
and the vacuum.produci ng material) appears to prevent. the Ieaﬁm_é%’“w

ink fromthe ink jet recording head. LO 15 The descrlptlon will be nade as
to the rei nforcerrent of the side wall.

10

15

20

-7

‘rg%m

outlet and the air vent and the covering member f_orms'

with the second compartment a sécond chamber which
provides an ink reservoir for the first chamber and wh'ich
is closed except for a communication port defined between
the partition wall and the covering member.

In another aspect, the pr_esént invention provides
a method of manufécturing an ink cartridge having an ink
outlet connectable to an ink jet head for an ink jet
recording apparatus and aﬁ air wvent, which method
comprises molding. a one-piece body héving, in use, front,.
back, top and two side walls and a partition wall
extending between the two side walls so as to separate
the one-piece body into a first compartment formed by
said_partiti&n, front, top and two side walls and a
second compartment formed by said pariition, back, top
and two side walls; inserting a sponge-like absorbent
negative pressure producing material into said first

compart-:ment through the open bottom of the one-piece

" body; and sealing a bottom covering member to said one-

piece member so that said bottom covering member forms
with said first -compartmexit a first chamber .containing
said absorbent material and having the ink outlet and air
vent apd said ‘bottom member forms with said sec':ond.
compartment a second chamber which provides an ink
reservoir for said first chamber and said bottom wall and

said partition wall define an opening providing a

5P

hication port between said first and second
TACENENT SRR
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20 - In the ink cartridge it is desirable that the g

is durabl e against external force and the anbient condition cgﬁy@éﬁﬁﬂ#ﬂéthT
the transportation, while maintaining high use efficiency. In this

enbodi ment, the amount of 25 deformations are equivalent in the vacuum

produci ng nenber container 4 and the ink container 6 when the external
forces are applied to the side walls 12a, =87

chambers.

The present 'ihventiﬁn further provides an ink
cartridge having an ink outlet connectable ﬁo an ink jet
head for an ink jet fecording épparatus énd an air vent,

5 which cartridge comprises a one-piece body defining first

and second.compartments separated by a partition wall,

a negative pressure producing material in <the €first

compértment and a covering member sealed to the one-piece

body to close the first and éecond compartments so that

. 10 .the covering member.forms with the first compartment a

first chamber having the ink outlet and the air vent and

the covering member forms with the second compartment a

second chamber which provides an ink reservoir for the

first chamber and which is closed except for a

15 communication port defined between the partition wall and
the covering member. | |

In addition, the present inventioq provides an ink
cartfidge having an ink outlet connectable to an ink jet
head for an ink jet recording apparatus and an air vent,

20 which cartridge comprisés a molded one-piece body having
| front, back, top and two side walls and a partition wall
extending between the two side walls so as to separate

the one-piece body into a first compartment formed by
said partition, front, top and two side walls and a

25 second compartment formed by said partition, back, top

and two side walls; a sponge-like absorbent negative

— ) ure producing material in said first compartment;
REPLACEMENT SHEET| |
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-38- and 12c. For exanpl e, the cartridge is usually nmade by nol ding a
plastic material. As shown in Figure 14, (B) and 17, the th!cknéﬁgggh?nmgﬁET
side wall 12a of the vacuum producing nmaterial container 4 i sSREBY§ET T han

._9-
‘and a bottom covering member seéled to said one-piece
bedy so that sa;d bottomLcovering member forms with said
| first compartment a first chamber containing said
absorbent material and having the ink outlet and the air
5 vent, said bottom membér' forms 'with said second
compartment a second chamber forming an ink reservoir for
| said first chamber and said bottom wall and said
partitioﬁ wall define an opening ©providing a
communication port between said first and second
10 chambers.
Embodiments of the invention will now be described,
by way of example, with reference to the accompénying
- drawings, in which:
Figure 1 is a schematic partly broken perspective
15 view of an ink cartridge.
Figure 2 is a seétional view of the ink cartridge
~of Figure 1.
?igure 3 shows'examples of connection between the
cartridge and the supply pipe.
20 'Figure 4 illustrates a comparison example.

Figure 5 illustrates ink sﬁpply part of the
cartridge of Fig. 1.

[REPLACEMENT SHEET
09 JUL 1999
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5 the thickness of the side walls 12b and 12c of the i nk cog&g MENTSHEET
portion 6, and .a partition wall (rib) 61 is disposed to exten et ween t he
opposite side walls, |eaving the clearance at the bottom at a position to

di vide the space into.tw equal spaces in the ink 10 container 6. In
addition, the defornation [err]t6 of the ygll responsive to the equival ent

| oads per unit area is reduced and the defornatlons of the S|de wal'l s

Figure 6 illustrates a positional
relationship between an ink supply. portion and -a |
fine communication port.

Figure 7 illustretes the st_ruc'turé of the

5 fine comﬁunicetion port. |

Figure 8 illustrates configuration of a
partition wall at a side of the fine communication
partt. . :

Figure 9 illustrétes state of the absorbing

10 material at an end adjacent the partition wall.
Figure 10 illustrates the staté of the insdide of

the absorbing material against changes in the ambient condition.

Figure 11 illustrates a manufacturitig method
15 according to an embodiment of the present invention,
and illustrates an ink jet head.
Figure 12 illustrates an ink jet printer and

an ink cartridge usable therewith.

20 .
Figure 13 is a sectional view illustrating
permissible inclination in use, of the ink cartridge.
Figure 14 shows the configuration of the cartridge in an
embodiment of the present invention.
25 Figure 15 illus;:rates the change in the

printing operation.

REPLACEMENT SHEET Figure 16 illustrates pressure to the
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12b and 12c at the opposite ends of the rib 61, are 'e'qui val ent. By making

t he anount of deformation [err]t4 15 of the vacuum producing ra :

cont ai ner. 4 equivalent thereto, the | eakage of the ink due to Fﬁ%ﬁAﬁMENT SHEET
deformati on of the wall can be prevented. - In the ink cartridge shown in
Figure 14, (B) and Figure 16, the materiall-of the.wall - is 20

pol ypropyl ene (PP), and the outer dinensions are as '

external wall of the cartridge-

0 '9 JUL aywy

Figure 17 is a perspective view o.f-a color._'
ink container according to an embodiment of the
présent invention. |

_ Figure 18 is a graph showing therelation
10 'between the fhickness of the wall and ink leakage by

the external pressure.

Referring_tb Figures 1 - 6, there is shoﬁn an
15 ink cartridge * having an ink supply opening formed in a
wall of a vacuum produgﬁing material container that
faces a partition wall S which cooperates with
a bottom surface of the cartridge to form a fine
communication port 8. |
20 : Figure 1 is a perspective view of an ink

cartridge, and Figure

2 is a sectional view of the ink cartridge.

As shown in Figtii'es 1 and 2, the ink
25 cartridge main body 1 is provided
with an opening 2 fo'r: communication with an ink jet

recording head at a position displaced toward the fine



follows: 48 nmin length, 25 mmin height, 11 mmin thickness.g¢ﬁ Aéﬁ@FNTSHEEr
case, it is divided into the vacuum producing nmaterial contain h and the - .
ink container 6 substantially at the center of the length 25 of 48 mm

The side wall 12a of the vacuum produci ng Jjraterial container 4 has a

thi ckness of 1.5 nm and the side walls 1255 and 12c of the ink container 6
have : : -

co@munication port.in.the fdrﬁ of a cleafance 8. It
comprises a vacuum producing material container 4 for
containing the vacuum producing material 3 and an ink
container 6 for containing substantially.only ink,
"5 which communicates with the coﬁtainer 4 at a bottom
portion 11 through the clearance 8 provided by the
partition wall S.
with this structure, X air is supplied
through the opening 2. However, what is important is
10 . thatipk is suppliéd assuredly from the ink container 6
through the communication poert 8 toward the cpening 2
along the bottom 11l of.the ink cartridge. With the
ink supply,  air is introduced in place of the ink
in the ink container 6. The description will be made
15 as to the compressing deformation of the vacuum-or
negative pressure producing material by ‘the supply
pipe in the_compressing deformation caéable region
adjacent the opening. In Figure 3, a joint member 7
functioning as a supply pipe for supplying ink to
20 the ink jet recording head has been inserted into an
exchangeable ink cartridge .

With this state, the joint member 7 is
press-contacted to the vacuum producing member, and
the ink jet recording apparatus is operable in this

25 respect. A filter may be provided at an end of the

joint member to remove the foreign matter in the ink

cartridge.

REFLACEMENT SHEET
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-39- a thickness of 1 mm and the rib 61 of the ink container 6 is"disposed
approx. 10 mmaway fromthe wall surface. By doing so, nore than REPEKEEMENTSHEE
margi n can be provi ded agai nst the handling Foad (approx 2 kg). 5

Si nul t aneousl vy, sufficient strength can be -

-13~

When the ink-jet recording apparatus is

operated, ink is ejected out through orifices of
the ink jet recording head resulting in an ink
absorbing force in the_ink'cartridge. Ink 9 is

5 supplied by the absorbing force.from the ink container
6 through the clearance 8 between the bottom end of
the partition and the bottom of the ink cartridge 11
to the wvacuum producing material container 4, and to
the ink jet recording head through the wvacuum

.0 producing mater1a1 3 and the Joznt member 7.

By this ink supply., the internal pressure of
the ink container 6 @hich is closed except for the
clearance 8 )reduces result:.ng in a- pressure
difference between the ink container 6 and the vacuum

15 producing material container 4. With the continuing
recording operation, this' pressure difference continues
to increase. However, + the wvacuum producing
material is open to the ambient air by a clearance 2
between the joint member and the opening. Air is

20 introduced into the ink container 4 through the
clearance 8 between the bottom end of the partition
member and the internal bottom surface 11 of the ink
cartridge through the vacuum producing material. At
this time, the pressure difference between the ink

25 container 6 and the vacuum producing material

container is canceled. During the recording

eration, this action is repeated, so that a coanstant

REPLACEMENT SHRET]
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j"ﬁqmﬁﬁ’ggggégﬁﬁﬂfthe pressure change during the transportation and the
‘jg‘e- jar- In this enbodinment, only one rib 61 is provided in the

cont ai ner, 6} bkcause of the size of 10 = the ink container. GRENT CUTET
efﬂ@nﬁ%&“g er is not I'imted, and two ribs 61 may be provid TN

[
t
aqcordance_w thit e size of the ink cart4isdge. Furthernore, the nunber,
kiﬂ;ﬂ;jzﬂand t he
. el BRI

negative pressure (wvacuum) is maintained in the ink

cartridge. Substantially all of the ink in the ink
container 6 . except for the ink |
deposited.on the internal wall surface of the ink

5 container, can be used up, and therefore, the ink use
efficiency is improved; |

When the recording operation is not

performed, the capillary force of the vacﬁum producing
material itself (meniscus force at the interface

10 between the ink and the vacuum'producing material) and
the like are produced. ' Particularly, wheﬁ the ink
consumption from the ink containér is started, the ink
retaining state in the vaéuum producing material
become§ substantia;ly donstant. The air

15 collected in the ink container is substantially in a
certain degree of vacuum, and therefore, the pressure
balance in the cartridge is extremely stabilized, so
that thie ink leakage from the ink jet recording head
is suppressed.

2d ff the vacuum producing material is properly
selected in accordance with the ink jet recording head
to be used therewith and if the volume ratio bétﬁeen
the vacuum producing material container and the ink
container, are properly determined, the structure'

25 shown in Figure 4 ;s possible.

As shown in Figure 17, in order to use the

ink cartridge in a color ink jet



lthe rib .can be properly determni ned 15 by thoseL?thtﬂdsHEET
18 shows the relation of the ink | eakage dUH

m ._.h-._:.. N

nallng‘and the

ransportation with the wall thickness of the vacuum
pr dggunmgﬁmﬁnl container 4 and wall thicknesses of various walls, 20
i fveSti gated forl tthe purpose of determ ni-b®the wall thickness of the ink
W-at-rer—t. . -

recording, various color'inks'(black, vyellow, magenta
and cyan) hay be-aécommodated in sepérate exchangeabie
ink cartridges, respectiveiy. These ink cartridges
may be unified as shown in Figuré'l?AJ- The.

S exchangeable ink.éartridge may comprise a black
container exchangeable ink cartridge which is
frequently used and one another color exchangeable
cartridge, as shown in Figure 17, (B). any
combination is possible in consideration of the igk

10 jet apparatus. In this exchangeable ink cartridge 

in order to control the
vacuum, the following is preferably optimizéd:
material,-configuration and dimensions of the vacuum
producing material .3, .configuration and dimensions of

15 rib end 8, configuration and dimensions of the
clearance 8 between the rib end 3 and the ink
cartridge bottom 11, wvolume ratio between the vacuum
producihg material contéiner 4 and the ink container
6, configuration and diﬁensions of the joint member 7

20 and the insertion degree thereof into the ink
eontainer. configuration, dimension and mesh of the
filter 12, and the surface tension of the ink.

The.material of the vacuum producing member
may be any known material if it can retain '~ ink

25. despite the weight thereof, the weight of the liquid
(ink) and small vibration, For example, fhere_are

sponge like material made of fibers and porous



Locrease-ef--t-prrrkness of any wall results in increase-bf'the resi stance
3@@@ kNN | MECbBakage. However, fromthe standpoint of size rRmyop _ -
_'-L1ugh'USe effiltiency of the ink, the smaller wall thickness iIs tEw@N%%gEET
I3 ﬁiagkﬁ_mggin fase the internal volume. On the basis of the data show
Fnit lgure, -} 1§ © ~16- - .

e, I,

_'material having continuous pores. It is preferably in
the form.of a sponge 0of polvurethane foamed material
which is easy to adjust the vacuum and the ink
retaining power. 'Particularly, in the case of the

5 foamed material, ihe'pore density can be adjusted
during the manufacturiﬁg.thereof. When the foamed
matgrial is subjected to thermal compression treatment
to adjust the pofeldensity, the decomposition is
produced by the heat with the result of changing the

10 nature of the ink with the possible result of adverse
influence to the record quality, and therefore,
cleaning treatment is desirable. For the purpose
meéting various ink cartridges for various ink jet
recording apparatuses, corresponding pore demnsity

15 foamed materials.are required. It is desirable that a
foamed material not treated by the thermal compression
and having a predetermined number of cells (number of
pores. per 1 inch) is cut-into a desired dimension, and
i; is sgqueezed into the vacuum producing material

20 container so a§ €to provide the desired pore density
and the capillary force.

In this example, the clearance is provided
between the joint member 7 an¢ the opening 2 for the
joint member 7 to permit introduction of the air into

25 the ink cartridge. However,

T other structuresor

configurationg areusable for the joint member and the



REPLACEMENT SHEET -40- a wall thickness of 1.5 nmwas used for the side
wal | of the. wbguumxprodu0|ng menber contai ner 4, and the sid

HEERTIE o eher WERTe was used for the ink container %€%¥¢§MENL
* nk cartridge, the

-17-

_ s el Y Opening. Iﬁ the ‘case that on the vacgum
producing maﬁerial.is'a-pbrous material such as
sponge, it is preferable that an end of the joint
membe}.7 is inclined at a certain angle with reséect

5 to a joint member inserting direction, since then as
shown in Figure 3(a) and (b), the parting of the
porous material from the bottom of the ink cartridge
is prevented upon insertion of the joint member, and
the surface contact between the filter and the wvacuum
oroducing material is maintained #ssuredly. If the
insertion amount of the joint member is too large, the
tapered end portion might tear the wvacuum producing
material, and therefore, the surface structure shown
in Figure 3, (c), is preferable.

15 It will be considered that an outer wall of
the joint member is provided with grooves. As shbwn
in Figure S, the configuration of the copening 2 may be
a slof'(Figure S, (a)), rectangular (Figure 5, (b)),
triangular {(Figure S, (c¢)}). The preferable

20 configuration of the 6pening 2 provides a clearance
'between the joint member, or the configﬁration is such
that it is in contact with the outer periphery of the
joint member at the bottom of'the opening (bottom of
the ink cartridgé) and that it is open at the upper

25 portion of the opening.

As described in the foregoing, the

exchangeable ink cartridge has a joint opening

SHEET
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above-descri bed di mensi on may be determ ned on the basis of the data of
~this Figure. It .is preferable that the wall thickness of the vacuum
produci ng material container 4 is 1.3 - 3 tinmes the wal | thi ckn®EPLACEMENT SHEET
ink 10 container 6. As will be appreC|ated fromthe above, enbodi nents of
the present invention enable the provisiqRgof an exchangeable I nk
cartridge, an ink jet head and a printer

functioning also as the a1r lntroductlon opening, énd
therefore, the structure is simple. The amount of
insertion of the joint member 7 intolthe exchangeable
ink cartridge is properly determined by'the ordinary

§ skilled in the art so as to provide a compression
region of the wvacuum producing'member to prevent ink .
leakage upon the insertion and to prevent ink supply
stop during the recording operation, in cbnsideration
of the configuration of the joint member, the vacuum

10 préduciné material and the configuration of the ink
cartridge.

In the foregoing example , it is effective
to provide an air vent in the wacuum producing
material container, since then the: region of the

15 vacuum éroducing material that doés not contain the
ink is easily located adjacent the air introduction
passage. The reliability'in the ink jet recording
apparatus against the_ambient condition cﬁunge is
improved. The configuration and diménsi_.ons of the

20 clearance 8 between the end of the partition wall and
thé ink cartridge bottom, are not limited. However,
if it is too small, the meniscus force with the ink is
too strong,'and'althbugh the ink leakage can be
prevented through the joint opening, but the ink

25' supply to the wvacuum producihg material container is
difficult, with the possible result of ihk supply stop
.during the use. If it is too large, the opposite

'REPLACEMENT SHEET
09 JUL 1999
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USHRertTeE TS Qabl e of ef fecting high speed recording, 1 while the
,“'“»ﬁ° g$ Qﬁ{rtalned substantially constant during a Iarge part of the

od fromthe istiart to the end of use of the ink cartridge. %gﬁ

@qrgmtsq%i« exchangeabl e ink cartridge in accordance wt h él‘ﬂ’é- UﬁgﬁtSHEET

ention enablel 2D a vacuumto be produced in the ink cartridge when the

; atioh is not effected, thus¥reventing ink

e S IR ———

phenoménon Qccurs, and therefore, the height to the
partition wall of the fine commhnicating part is
preferably_lafger than an average pore size of the
vacuum producing material (average pore size adjacent
5 the fine communication parf, preferably) (praétically
not less than 0.1 mm), gnd not.more thén S mm. For
the purpose of further stabilization, it is_preferably
not more than 3 mm. Figure 7 shows an example of the
configuration of the,clearanée 8. Figure 7,-(a);

10 shows the most 'stable struéture and configuration.

It is formed with a constant'height over
the entire width of the cartridge. Figure 7, (a)., (b)
and .(c) + Show: .examples . in which the communication
15 part is formed only a part of the entire width of the
cartridge, and is wavéd. - This structure is effective
when the entire volume of the cartridge is large.
Figure-7. (@) shows an example having tunnel-like
-communicating parts with which the ink is easily moved
20 to fhe inside of the cartridge, and the air
" introduction can be concentrated. In the examples of
Figure 7, (e) and (f), a_recess is formed along a
vertical direction on thé partition wall in the ink
container. With this structure; the air having come
25 to the bottom end of the partition wall is effectively
introduced into the ink container by the recess, thus

increasing the air tracking efficiency.



| eakage through an openi ng upon inpact. Al so enbodi nent s
i nvention provide exchangeabl e ink cartridges which are
25 from whi ch ink does not |eak during transportation.
enbodyi ng the invention is usual I'y handl ed by an operator,

of the present

ess qaﬂﬂ@EEMEN¢QﬂEET
An ink cartridge

- and therefore,

it

I S possible-

The clearance 8 is also determined in

consideration 6f the position of the joint 6pening.

Referring to Figure 10, (a) and (b), the partition

10

15

20

wall end is at a position'lower than ﬁhe bottom end of
the joint opening in Example (a), and the ink
retained in the vacuum producing material is lower
than the bottom end of the joint opening, and
therefore, the leakage preventing effect is
sufficient. In Exampla {b), the end of the partition
wall is at a position higher than the bottoa end of
the joint opening, and the ink retained in the wacuum
producing material is above the bottom end of the
joint opening, and therefore, the ink leakage
suppressing effect is not sufficieat. Therefore, it
is preferable to-stabilize the advantageous effect of
the present invention that the position of the end of
the partition wall is not higher than the bottom end
of the joint opening by properly determining the
dimension of the clearance 8. Although it is

dependent on the configuration and dimensions of the

‘exchangeable ink cartridge, the height of the

clearance 8 is selected in the range of 0.1 - 20 mm.

Further preferably it ranges from 0.5 - 5 mm

25

approximately. The configuration of an. end of the
partition wall may be any if the consideration is paid

to the position relative to the joint opening, as will
be understood from Figure 8, (a) - (h). REPLACEMENT SHEET
09 JUL 1999
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REPLACENE _ - that strong forces are applied thereto with the

dqn of the ink container wall. In view of LSardalierds i
i additional partition wall providing a IargehﬁkﬁégﬁgﬁQESHEEr
the‘fbﬁgrﬁggnunication 5 pprt in tﬁzllnk cont ai ner for containing

INARTY D, P

As regards the bodndary_betWeen the end of
the partition'wail 5 and'the vacuum p:oducing material
3, various sfructures'afe considered. This is shown.
in Figure 9. In the strucﬁuré of Figure 9, (a) - (d4),
S the vacuum producing material is nof compressed by the
end of the partition.wall, and the density of the
vacuum producing materiai is not locally increased,

and therefore, the flow of the ink and the air is

reason, it is

[ -

relatively smooth, and for this

.0 preferable for a ﬁigh speed'record;ng or color
recording. On the other hand, the examples of Figures
9, (e), (£)., the vacuum producing material 3
compressed by the end of the partition wall, and the
densify of the material is increased, ‘and therefore,

15 the flow -of the ink and the air is obstructed, but the
ink leakage or the like can be effectively prevented
against slight ambient condition change. Therefore,
they are properly determined by one skilled in the-
art, on the basis of the ink jet recording apparatus

20 with which the ink cartridge is used and the ambient
condition under which the ink cartridge is used.

“The volume ratio between the vacuum producing
material container 4 and the ink container 6, is
determined in consideration of the ambient condition

25 under which the ink cartridge is used and the ink jet
recording apparatus with which it is uséd. Also, the

'felation with the used vacuum producing material is



only the ink is provided. Wien the cartridge i s nmade of resin'nateriﬁg '
Is preferable that the thickness of the wall of the chanber Ccnﬁﬁﬂhﬁp ENk%HEET
substantially only ink is 0.8mmor nore and that the wall thickness of the

10 chanber containing the vacuun1producin% mat eri al such as sponge is

1.3mm from t he standpoi nt of the_preventra

jet print
means and

er

10

15

20

25

of the deformation. In the ink.
ink is forcibly discharged by sucking the ink by the sucking
important. In order to improve the use effiCiency of
the ink, it is desirable to increase the volume of the
ink container. In that case, a vacuum producing
material'capable.of producing high vacuum (high
compreséion ratio sponge), is effective. Therefore;
the preferable'ratip ranges from 1:1 - 1:3 |
practicaily. In this_céée. the vacuum producing
performance of the vacuum producing member is
increased with increase of the relative volume of the
ink container.

The configuration, dimension and mesh of the
filter 11 can .be properly determined by one skilled in
the art depending on the ink jet recording apparatus
with which the ink carﬁridge is used. However, in
order to prevent the nozzle from being cloggéd by the
foreign matter'introdﬁced froﬁ the ink cartridge, the
passing area thereof is smaller than the size of the
orifice. _

The quantity of the ink in the ink cartridge
is not limited except for the internal volume of the
ink cartridge. _In order to maintain the proper
negative structure immediately after the exchangeable
ink cartridge is unpacked, the ink may be contained to
the extent of the voiumellimit in the ink container.
However, the vacuum producing material is prefefably

lower than the ink retaining capacity of the material.

REPLACEMENT SHEET
09 JUL 1999




by ejecting the ink by ejecting neans automatically or 15 nanu I
nDunting of the. cartridge on the ink jet printer. This i sR \é&@hﬁﬁﬁgﬁPTT
because. ae ink in the vacuum generating naterlal_can be

adj udg :; | irt of. the printing operation, and therefore, the
pri ntii Tig- e performed without influence of 20 thé ink

. cartrj dge_ @fﬁﬁLn@ﬁitCth The helght of thQ3L|ne comuni cation port provided

T DGR, IS

In the ink carfridge héving a closed system
ink container, when an external ambient condition
5 changé such as temperature rise or pressure reduction,
occurs.ﬁhen it i§ loaded. in the ink jet recording
'apparatus, the air'ahd-the ink expands in the ink
container to push the remaining ink out of the ink
cartridge with the pqséible result of ink leakage.
L0 However, in the exchangeable ink cartridge as
.described. the volume of air expansion in the close_d
ink container, including ink expansion (although fhe
amougt is small) in-aécotdance with'the worst ambient
condition change,-ié estimated, and the amount of the
15 displaced ink from the ink container is to be
accommodated in the vacuum producing material
container. In this case, it is very effective to
provide the vacuum prodﬁcing material container with
an air vent in addition to the joint opening, as shown
20 in Figure 10, (c) and (d), since then the ink
.displaced into the wvacuum produéing material from the
‘ink chamber by the expansion of the air can be guided
toward the air vent. The position of the air vent is
not limited if it is upper than the joint opening of
25 the vacuum producing member container. However, in
order to make the igk flow in the vacuum producing

material under the ambient condition change remote



by the partition wall is larger than an average pore size of the vacuum
produci ng materi-al (preferably the average pore size in the re% m:gHEET
t he fine communi cation 25 port) (prac_tlcally not | ess than O. MEC and it
is preferably not less than 5 mm If it is less than 3 mn “further

stabiti zati on can be expected. The voI_Lm;e. ratio

from the joint opening, it is preferably away from the
joint opening.  The number._qonfiguratioﬁ and_size of
the air .er'nt is properly determined by 2 person skilled in the
art in consideration of 't-he.ink evaporation or the
like.
| During transportation of the ink cartridge
itself, it is preferable that the joint opening and/or
the ai;r vent is hermetically sealed by a ‘sealing

member to prevent ink evaporation or to be prepared
for the expansion of the air in the ink ca.rtridg_e.

- The sealing member may be a single layer barrier:_ which
is so-called barrier material in the packing field, a
compound plastic film having several layers, or such
material  reinforced by paper or cloth or anothér
reinforcing materi.al or aluminum foil, |
It is preferable that a bonding layer of the
same material 'as the main body of the ink cartridge is
used to fuse fixing the barrier material, thus
improving the hermetical sealing property.
| - In order to suppress the evaporation of the
ink from the ink cartridge and the introduction of the
air thereinto, it is effective that the air in the
pack is removed after the ink cartridge is inserted
therein. The packing member may preferably be of the
same barrier matérial as described with":.'"espect to the

sealing member in consideratideMAWWities

of the liqui.d and the air.

09 JUL 1999
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-42- of the vacuum produci ng naterlal container and the ink container is
not less than 1:1 and not nore than 1:3, practically. Wile the |ﬂEp{RGEMENTSHEE

has been descrlhedﬂwith 5 reference to the structures discl osed hereln
f h and this application
é yhﬁtﬁﬂgﬂripi L ? t he detalls set fort pp
% i AA? 5 . =25-
E \ QQJUL 1999
\ enssn == BY proper selection'of'the packing, the

ink does not leak out during the transportation of the
ink cartridge itseif. _
The material of'thelmain_body of the ink

S5 cartridge may be any known mdldable material if if _
does not have any adversg infiuence té the ink jet
recbrding ink or if it'has been treated for aveiding
the influence. The productivity of the ink cartridge
is also considered. For example, the main body of the

10 ink carttidge is separated into a bottom portion 11
and an upper portion, and théy are respectively integrally
molded from plastic resin material. : The vacuum
producing material is inserted thereinto, and
thereafter, the bottom portion and upper portion are

15 fuse-bonded, thus providing the main body of thg ink
cartridge. If tﬁe plastic material is transparent or .
semitransparent, the ink in the ink container can be
observed externally, and therefore, the timing of ink
cartridge change may be expected. In order to

20 faciiitate the fusing of fhe bonding material or the
like, it is preferable to provide a projection-

_ From the standpoinf of design, tﬁe
outer surfacelof the m;in body of the ink cartridge
may be grained.

25 The ink can be loaded through pressurizing or
pressure-reduction method. Provision of an ink filling

opening in either of the containers of the containing



v |ntended to cover such nodi fications or changes as fall within the

- ef erence is hereby directed toward Applicati SHEET
? is divided from the present applicati onﬁﬁbﬂ‘gﬂ}"?ﬂb .

: ' “bﬁ”ﬂ,lng i quid container with a first chanber accommodati ng
n gﬁtgv@Lp,P% ir & producing material and-a8-second chanbér fornming a
] rieservoir % tihd

first chanber and wherein a region
_~fm-._-m~h$“§ma n assembly is preferable since then the ink

cartridge opening is not contaminated. After the
filling, the ink filling'opening is plugged by plastic
- or metal plug.

5 ' The configuration, dimension-dr the like of
the ink cartridge according to this invention can be
modified without departing from the SCope. of the
present invention.

As described in the foregoing, the
10 exchangeable ink cartridge is reliable during the
transportation thereof, and a high use efficiency ink
cartridge can be provided with a simple structure.
The proper vacuum ' from the
start to the end. of the use can be maintained when the
15 recording_operation is carried out or is not carried

- out, while permitting high speed recording.-

20 _ The exchangeable ink cartridge of this
invention is easy to handle so that the ink does not
leak out when it is loaded into the ink jet recording
apparatus, and the possibility of erroneous operation
can be avoided.

25 Figure 11 illustrates a manufacturing method
of an ink container cartridge. A main body of the

cartridge (left down hatching) comprises a partition



15 of the negative pressure produm ng material adjacent an air vent of

the first chanber is free of printing liquid. Reference is al scREhLAGEMENT SHEET
toward Applications Nos. 9626088.0, 9626090. 6 and 9626089.8 which are all '
di vi ded fr.om Application No. 9607543 7 and which relate to a 20 printing
liquid cartridge with a first chanber con&t ni ng negative pressure

producing material and a second chanber providing-a reservoir for the first
chanmber with, : : :

plate Gi and two cdnt_é.iners_ séparated by  the _pértition
wall S. An ink absorbi'ng.material 4 functioning as
the vacuum'prqducing_ﬁlaterial. 'is inserted into the
containef portion which.is cldse to .th.e opening 2.

5 Thereafter, a boftom member 11 functioning as the
covering member is unified to the main body. This
Figure also shows the s:tate in which the recording
head HD is loaded in the iﬁk cartridge 1. The ink
cartridge 1 is . ., - partitioned

10 into two chamb_ers by a partition wall 5, and the
bottom portion is covered by a flat bottom member 11
‘constituting the bottom of the ink cartridge. Thus,
by the simple  structure, the fine communiéa.tion poct 8
can be provided by the end of the partition wall.

15 The air vent 10 is disposed on the same
surf-éce as having the opening 2, but above the.
opéning.

) The joint portion 7 functioning as the supply
'pipe is inserted into the opening of the ink

20 cartridge, and the recording h.ea_d is mounted thereto.
The joint portion 7 is inclined so that the top _
‘portion is fyrther forward than the bottom portion. The
.ink passage in the joint portion is in the form of a horn
opening upwardly in the Figure. With this structure,

25 the ink can be properly supplied tq the reéording head

from the ink absorbing material.

REPLQ{"E}VENT SHEET The ink jet' recording apparatus comprises

09 JUL 1999
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respectively, a negative pressure producing material free zone adjacent the
comuni cati on port between the two 25  chanbers, deforrratiREmt. [CEAENTLSHEET
rei nforcenent of the second chanber, and a cartridge wherein e negative

pressure producing material is not.conpressed adjacent the communication
port. .  =28- '

heat generating element 72 for producing thermal
eneréy to eject the ink through ejection.outlets 71 of
the nozzles 73, wherein the thermal energy is
effective to cause state change in the ink. In this
S case, 2 high density and fine images.can'be provided
by the stabilized iﬁk.supply performance, particularly
in the case of color recording.
as descrihed in the foregding, high
reliability of the ink cartridge
10 - 'is maintained during the transportation-
thereof, and the use efficiency of the ink is high.
| In addition, the proper vacuum is maintained
. from the start to the end of the use thereof when the
recording operation is carried out or is not carried
1S out, when permitting high speed recording operation.
In addition, the ink leakage can be prevented ﬁnder
the use condition of the ink jet recording apparatus.
- Additionally, the exchangeable ink cartridge
is easy to handle, and the
20 ink ddes not leak out when it is mounted or demounted
relative to the ink jet recording apparatus.
Therefore, the erroneoué operation in the mounting
thereof can be avoided.
The ménufacturing method of the ink cartridge

25 will be described further. When the closed structure

ink chamber (although there is fine communication
poirt between the ink containing chamber
REPLACEMENT SHEET
09 JUL 1999
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10

15

20

25

gBft hod of nanufacturlng an i nk cartrldge havi ng an i nk ‘
Al 4 to an ink jet head for an ink jet recording &EBHA&EMENTC'CFr
thi ch net hod 5 conprises providing a one-piece body
Nk second conpartnents separated by a partition mall
ive pressure. produci ng ITB.tZ%I’I al into the

and the negetive pressure producing material
containing chamber. . the_ink ié_discharged only'
when the air_and the'ink are exchanged'with each
other), and the vaeuum producing material containing
chamber are lntegrally molded. the ink is filled
through an opening 13 at the ink container chamber
side in the covering member 11. When the ink is

supplied in this manner, a substantial part of the

. vacuum producing material 4 receives the ink through

the fine communzcatxon port.

However, the region of the_vecuum producing
material 4 adjacent the air vent is noﬁ.supplied with
the ink to provide ink-free region. Thereafter, the
openlng 13 is sealed by a ball 14 Then, the opening
2 and the air vent are sealed by the same sealing
member S (it may be separate members) .

_ Figure 12 shows such an ink jet cartridge
before start of use. In this Figure, the ink
container 6 is filled with an ink.

Figure 12 shows the closed state ink jet
cartridge 1 with the printer which is used therewith.
A region 3A of the vacuum producing material adjacent
to the air vent portion 10 does not contain the ink at
an uéper portion of the cartridge. A region 3B of the
vacuum producing material below the region 3A is

compressed by insertion of the ink supply pipe (not

shown). The vacuum producing material portion other



et and. sealing a covering nenber tb'thé one- pi ece body to.
fgiidand second conpartnments 10 so that the coverln
first conpartnent a. first chanber havi ng t heR E‘gﬁﬁaE{SHEEV

‘whi ch provides an ink re%grv0|r for the first chanber and
15 except for a communitation port defined between the

D Mim, Tz DN o

than thosezregions 3A énd 3B, are nét externaily
influenced and simply functions to retain the ink.
The régibn 3B is”faced to the obening 2 for the ink
supply to the recording head-prdvidéd on the same
S surface but below the aii.vent 10. The opening is
above the fine communication port 8, and the above-
described structure is used. The cartridge 1 of
Figure 12 becomes usable by removing the sealing
‘member S. Since the region A does not retain the ink,
10 the ink does not leak out even if the vibration of
pressure change is imparted upon the removal of the
sealing member. .
In the ink cartridge, : the
ink is not retained in the region of the vacuum
15 producing member that'is close to the air vent or air
communication port, irrespective of whether the ink
cartridge is beiné used or not used. By dding s0, the
léakage of the ink from fhe ink cartridge through the
air vent can be prevented even when the ambient )
20 condition varies. Particularly, whén the sealing
member closes the air vent, the sealing member can be
prevented from peeliﬁg off. During use, the
region is effective to permit air supply corresponding
to.the consumption of the ink, so that the change of
25 ltﬁe vacuum in the ink_cartridge can be suppressed. If
the region of the vacuum producing matefial adjacent

to the air vent has never been wetted by the ink at



partition wall ‘and the covering henber..z. | A met hod of manufacturing an
ink cartridge having an ink outlet connectable to an ink jet head for an |
ink 200 jet recording apparatus and an air vent, which nethod i HEET
mol di ng a one-pi ece body having, -in use, front, back, top and Begpé;% S :
wal I's and a partition wall extending betmeg@_the two side Malls so as to
~separate t he one-piece body into a-first- conpartnent formed by

all, it is preferable to decelerate the ink seeping
speed."However, the region thereof may be wetted by
the ink beforehand., and thereafter, the ink may be

removed from thls reglon.

i

In an embodzment of this invention, the ink
supply opening or the compressed part of the vacuum

| producing material (compressible) by the ink.supply

pipe is present at a side opprosed to the partition

wall constituting the fine communication port, by

0 which the effectdve ink supply path can be stably

- provided in the wvacuum producing material ia the
second accommodation chamber. This can be further
stabilized by placing the ink supply opening-above the
fine communication-port relative to the bottom surface

15 of the ink cartridge.

Because of this arrangement, the ink moving
direction can be substantially made constant, and
therefore, the ink can be completely consumed from the
second chamber, that is, the ink container chamber.

20 After the ink in the ink container
chamber has been used up, air moves ‘the ink toward
the opening from the partition wall in the direction
to cancel the vacuum in the ink container chamber,
as a result, the ink in the vacuum.producing material

25 can be consumed further, thus minimizing the non-~

usable remaining amount of the ink.

RETLAﬁEmﬂﬂTFSHEET There - i provided a region of the veouum
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25  sagpdpartiticon, ERAnt, top and two side walls and a second L AUEET
conpar tjifeatt-oraed: igdild partition, back, top and two side walﬁgpLAGEMENT §H

i nsertiljng a sponge-likg gbsorbent REPLACEMENT SHEET - 44- .
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producing material not compressed by the supply pipe
and the regiop thereof compressed by the supply pipe
'in this order in a direction from the partition wall
'constituting the fine communication PPt to the side
5 face thereto..and therefore, the hon-compressed region
| provides a one-way ink path, and the ink retaining |
capacity of the compressed region can further reduce
the remaining amount of the ink.
The ink jet printer is provided with a
10 --recording head recovery means -HR which carriés-out ink
ejection or ink sucking by suckiﬁg means automatically
or manually in response to mounting of the cartridge 1
thereto. By doing so, the state_of the ink-in ghe
vacuum producing material can be corrected before the
15 start of the printing operation. Therefore, the -
cartridge performance can be used from the start of
the printing irrespective of the state in which
cartfidge-has been placed.
In Figure 12, the i.nk'c'artridge 1 mounted to
20 the ink jet head HD mounted on a scanning type
carriage CR has been deprived of the' sealing tape. The
cartridge mounted on the carriage CR receives through
the opening 2 the ink supply pipe, by which the vacuum
producing material 3 is compressed in the compressible
25 region 3b. : The wvacuum p:oducing
member 3 is deformed toward the fine coﬁmunication

Port 8. At this time, the mounting of the container



negative pressure producing material into said first conpartnent REPLAQEMENT SHEE
t he open bottom of the one-pi ece body; and sealing a bottom covering nenber

to said one- piece nenber so that said bottomcovering nmenber. forns 5 wth
said first conpartnment a first chanber containing said absorbent nateri al

and having the ink outlet and air vent Sgd said bottom nenber forns with

sai d second conpartment a second chanb&r“Wwhi ch provides an ink

is detectéd by detecting méans'(not shown ) in thé form
of mechanical or electrical dgtedting means, which
produces.mounting signal iT into the printer control
means CC. In respoanse thereto, the recovery means HR
is actuated before the staft of the recording
operation to discharge the ink in the ink cartridge, |
thus improving the staﬁe of the ink in the ink cartridge.

Figure 13,_ () and (B) show an inclination
range capable of printing operation or ink supply.
Designéted by a reference numeral 40 is a horizontal
line. It is preferable that the fine communication
p-xt is at a lower position. Ideally, the bottom surface
of the cartridge is parallel with the horizontal plane
40. Practically, however, in the case of two chamber
structure as in this embodiment, the inclination is
permissible in the range 0 g © < 15 degrees. When it
is reci.p.rocated'on a scanning carriage, it is
preferably 0 < & £ 5 degrees.

The vacuum producing material used

be coastituted by a plurality of wvacuum

REPLACEMENT SHEET
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first chanber and said bottomwall and 10  SFHEPLACEMENT SHEE
i ne an opening providing a communi cation port between

nd chanbers. 3. A met hod according to claim1l1 or 2,
provi di ng the one-pi ece body so that the ink outlet is

cing the partition wal | =#7d the air vent is formed in a

ged to face the I : '

O
R N

fofmed in awaldf
wall which is arr

;T S

_prdducing material membé:s} However, in that case,
the resultant interface between the members might
permit movement of the air at the interface, as the
‘case may be. In view 6f'this, single por&us material

5 member- is preferable for the vacuum producing
material. | -

The ink container (chamber) performs it
function if it has an ink capacity larger than that of
the vacuum producing mﬁterial accommodating chamber.

10 The deséription’wil; be made as a parfition
plate 61 in the ink accommodating chamber. When the
ink cartridge is handled by the operator,
or during the transportation thereof, the external
wall of the cartridge may be deformed with the

15 possible result that the ink is leaked through the
orifice from the ink jet récording head of that the
ink is leaked out through the air vent provided for
equalizing the pressure in the cartridge with the
ambient pressure.

20 In this embodiment; this problem is solved,
thus preventing the ink leakage during the handling or
during the transportation or even if the temperature
or the pressure changes. In addition, the use
efficiency is still high. |

25 | Figure 14, (A) is a perspective view of thé
ink container of this embodiment, and Figure L4, (B),

is a sectional view thereof. Figure 15 illustrates



en the covering nenber is fixed to the one- pi ece body. 20

RFPLA@EMENWdﬁﬂ@ﬁE rding to claim1,2 or 3, which further conprises
itr-oductg—TTR} into the cartridge to forman ink reservoir in tﬁEPbkEEMENTSHEET
cnaqﬁ;duinggbo partially fill the first chanber. 25

~35-
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ink supply operation of this embodiment. Figure 16
iliustraﬁes deformatién of the side wall when it
recéives load. . _

As shown in Figure 14, (A) and (B), the main
body of fhe ink carﬁridge 1 comprises an opening 2 for
commnnicatioﬁ with the ink jet :ecording head and an
air vent 10 forlpermitting introduction of the air,
disposed above .the opeﬁing 2,-vacuqm_producing '
material 3 for retaining the ink for the recording,_a
vacuum producing material container 4 for containing
the vacuum producing matérial 3 and provided with the
opening 2 and the air vent 10, and an ink container
(chamber) 6 for containing the ink in communication

'with'the vacuum producing mate;ial container 4 through
a clearance below a rib 5. The ink container 6 and
the vacuum producing material container 4 communicate
with each other through a clearance 8 formed between
an end of the rib S5 and the bottom surface. a
partition plate 61 connects the opposite side walls

' leaQing a gap not less than the clearance 8 at the
bottom. Figure 15, {(a) is'a sectional view in the
state in which the ink jet recording apparatus is
operable after a joint member 7 for supplying the ink
to the ink jet recording head is inserted into the
opening 2 of the ink carfridge main body_l to press-
contact the vacuum producing material 3. The end

opening of the joint member 7 may be provided with a



fcirdlng to claim 4, which conprises introducin éﬁ;
bl € access openi ng of t he second chanber and th ﬁ“@&%M SHEET
g9k @penikng Wi th a seal i ng nenber. 6. A et hod accordlng to claim
|ch conprigeq using . o _ ’ -
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filter to remove foreign matters in the ink cartridge.
When the ink jet recording apparatus is
operated, - ink is éjected through the orifice of
the ink jet recording head, so that ink absorbing
5 férce is produced in the ink container. The ink 9 is
supplied to the ink jet recording head from the ink
container 6 through the clearance 8 between an end of
the rib 5 and the bottom of the ink cartridge 11 to
the vacuum producing material container 4, and through
10 the vacuum producing material 3 to the joint member 7.
| By this, the pressure of the ink container 6 which is
closed except for the clearance 8, reduces with the
result of pressure difference between the ink
container 6 and the vacuum producing material
15 container 4. With.the continued recording operation.
the pressure difference continues to increase.
since the vacuum producing material container 4 is
open ta the air through the air vent 10. As shown in
Figure 15, (b), the air enters the ink container 6
50 through the vacuum producing material 3 and the
clearance 8. By-this. the pressure difference between
the ink container 6 and the vacuum producing material
container 4 is removéd. During the ink jet recording
operation, this is repeated, so that a constant
25 certain level of vacuum is maintained in the ink
| cartridge. All of the ink in the ink codtainet 6 can

be used up, except for the ink deposited on the



a ball as the sealing menber and seal’ing the access opening by inserti

n

the ball into the access opening. 10 7. A method accordi n@EPbAﬁEMEﬁﬁ(SHEET'
of the preceding clainms, wherein sealing said covering nenber to said one-

pi ece body defines an opening of fromO.1nmto 20mm between said partition
wal | and said covering nenber. 15 8. met hod according to claim?7,

wher ei n seal i ng of-éaid,botton1coveringi' nber to sai d one-pi ece body

Lo

15

20

25

internal wall surface of the ink container 6, and
therefore, the ink use efficiency is high (Figure 15.
(©)). |

- When the recording operation is not carried
out, the capillary force of the wvacuum producing
material 3 itself (or the meniscus force at the

interface between the ink and the vacuum producing

. material) appears toc prevent the leakage of the ink

from the ink jet recording head.

{REPLACEMENT SHEET
09 JUL 1999

The description will be made as to the
reinforcement of the side wall.

In the ink cartridge, it is desirable that
the ink cartridge is durable against.external force
and the ambient condition change during the
fransportation, while maintaining high use efficiency.

- In this embodiment, the amount df
deformations are equivalent in the vacuum producing
member container 4 and the ink containerls when the

external forces are applied to the side walls l12a, 12b
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8drji ng of from O0.5mm to 5mm bet ween said partiti(mkﬁﬁéﬁpﬂgﬁgTsHE-

nber. 20 9. "A nmet hod according to any one of the
, Which conprises providing the one-piece body and sealing
nmber to said one-piece body so that the first and second

"a volune rati o of fron11 1.@@.1 3. 25.

and l2c. For examplé, the cartridge is usually made
by molding a plastzc materzal. As shown in Figure 14,
(B) and 17, the tnzckness of the side wall 12a of the
vacuum praoducing mate:ial ‘container 4 is larger than
the thickness of the'side_walls 12b and 12c of the ink
container portion 6, and a partition wall (rib) 61 is
disposed to extend between the opposite side walls,
leaving the clearance at the bottom, at a position to
divide the space into two equal spaces in the ink
container 6. In addition, the deformation At6 of the
wall responsive to the equivalent lOadé per uhit area
is reduced » and the deformations of the side walls
12b and 12c¢c at the opposite ends of the rib 61, are
equivalent. By making the amount of deformation At4
of the vacuum producing material container 4
equivalent thereto, the leakage of'the ink due to the
deformation of the wall can be prevented.

- In the ink cartridge shown in Figure 14, (B)
and Figure 16, the material of the wall is
polypropylene {(PP), and the outer dimensions are as
follows: 48 mm in length, 25 mm in height, 1l mm in
thickness. In this case, it is divided into the
vacuum producing mate;ial container 4 and the ink
container 6 substantially at the center of the length
of 48 mm. The side wall l2a of the vacuum producing
material container 4 has a thickness of 1.5 mm, and

the side walls 12b and 1l2¢ of the ink container 6 have
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ecording to any one of the preceding clains, REBU&%M%%‘E%S
- pi ece body and -46- the covering nmenber of a

@am -transparent plastics naterial.
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a thickness of 1 ﬁm.,ahd the rib-ﬁl of thefink_
container 6 is dispésed apérok. 10 mm away ffom the
wall surface. 'By doing sd. more than twice margin can
be provided against the handling load (approx. 2 kg).
Simultaneocusly, sufficient strength can be |
provided against the pressure change during the
transportation and the temperature range.

In this embodiment, only one rib 61 is
provided in the ink container 6 because of the size of
the ink container. However, the number thereof is not
limited, and t™WO ribs 61 may be provided

in accordance with the size of the ink
cartridge. Furthermore.'the number, position and the
wall thickness of_the rib can be properly determined
by those skilled in the art.

Figure 18 shows the relation of the ink leakage
during the handling and the transportation with the
wall £hi¢kness of the vacuum producing material
container 4 and wall thicknesses of various walls,
investigated for the purpose of determining the wall
thickness of the ink container 6.

Increase of thickness of any wall results in
increase of the resistance against the ink leakage.

However, from the standpoint of size reduction and

high use efficiency of the ink, the smaller wall

thickness is preferable to increase the internal

volume. On the basis of the data show in the Figure,
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REBIDACEMMr g having an ink outlet connectable 5 to an ink |j

dffor anink je{ fecording apparatus. and an air vent, whi CRERIMMEN@GSHEET
ni {9 JaU!.oﬁ@?pl ece body defining first and second conpartnments separated
partition wal lf, ja negative pressure produci ng material in the first '
artent and a coyeri ng nenber sealed to 10 t he one-piece body to
cldse the  first...and second corrpartmen.t@o.so that the covering nmenber
fors Wih the

_3-)

a wall thz.ckness of 1.5 mm was used for the side wall of
the vacuum pf:oducing member container 4, and thé side
wall thickness of 1.0 mm was used for the ink éontainer
6. |
5 o On the basis of the size of the ink cartridge, the
| above-described dimension may be determined on the basis
of the data of this Figure. It is preferable that the
wall thickness of the vacuum producing material container
4 is 1.3 - 3 times the wall thickness of the ink
10 container 6.

As will be appreciated from the above, embodiments
of the present invention enable the provision of an
exchangeable ink cartridge, an ink jet head and 2 printer
using the same capable of effecting high speed recording,'

15 whilé the vacuum can be maintained substantially constant
during a large part of the period from the start to the
end of use of the ink cartridge.

“In addition embodiments of an exchangeable ink
cartridge in acclordance' with the present invention enable

20 a vacuum to be produced in the ink cartridge when the
recording operation is not effected, thus preventing ink
leakage through an opening upon impact.

Also embodimeni:s of the present invention provide
exchangeable ink cartridges which are less expensive and

25 from which ink does not leak during transportation.
An ink cartridge embodying the invention is usually

handled by an operator, and therefore, it is possible



'ZET i rst chanber having the ink'oUtIet and the air vent
~ag—-Agnper forms with the second conpartment  a rpt ABEMERTSHEET
whif ¢ %i§v} e% gn nk 15 reservoir for the first chanber and which is

98 & communi cation port defined between the partition wall

he _covering penper. 12. An ink cartridge having an ink outlet.
cohnect abl e 20 to pn ink jet head for an ink jet recording apparatus and
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that strong forces afe'applied fhereﬁo'with.the result
of deformation of the ink cdntainer.wall. In view of
" this, it is preferable-that an additional pa:titioﬁ wall
providing a larger cleafancé thah'the fine communication
5 port in the ink container for containing substaﬁtially-
only the ink is provided. When the cartrldge is made of
resin material, it is preferable that the thlckness of
the wall of the chamber containing substantially only ink
is 0.8mm or more and that the wall thickness of the
.0 chamber containing the vacuum producing material such as
sponge is l.3mm from the standpoint of.the prevention of
the deformation. In the ink jet printer ink is forcibly
discharged by sucking the ink by the sucking means and
by ejecting the ink by ejecting means automatically oxr
15 manually upon mounting of the cartridge on the ink jet
printer. This is preferabie because the staﬁe of the ink
in the vacuum generating material can be adjusted before
the start of the printing operation, and therefore, the
printing function can be performed without influence of

20  the ink cartridge keeping state.

The height of the fine communication port provided
by the partition wall is larger than an average pore size
of the vacuum producing material (preferably the aferage
pore size in the region adjacent the fine communication

25 port) (practically not less'than 0.1 mm), and it is
preferably not less than S mm. If it is less than 3 mm,

further stabilization can be expected. The volume ratio



an air vent, which cartridge conprises a rml ded one-pi ece bo T SHEET
front, back, top and two side walls and a partition wall extpé%(h-;&ﬁgmggt ween

the two side walls so as to separate the .one-piece body into a first 25 _
compartnent formed by said partition, front, top and two side walls and a
second conpartnment formed by sai d partition, back, top and two side walls;
a sponge- i ke _ o 42~
of the vacuum producing material cofitainer and the ink
container is. not less than 1:1 and not more than 1:3,
practically.
| While the invention has been described with
5 reference to the structﬁres disclosed herein, it is not
confined to the details set forth and this application
is intended to cover Suéh modifications or changes as
fall within the appended claims.
| Reference is 'hereby directed toward Application
10 No. 9607543.7 which is dividéd from the present
application and which relai:es to a printing liquid
container with a firsﬁ chamber accommodating negative
pressure producing material and a second chamber forming
a reservoir for the first chamber' and wherein a region
15 of the negative pressure producing material adjacent an
air vent of the first chamber is free of printing ligquid.
Reference is also directed toward Applications Nos.
9626088.0, 9626090.6 and 9626089.8 which are all divided
'from Application No. 9607543.7 and which relate to a
20 printing liquid cartridge with a first chamber containing
negative pressure producing material and a second chamber
providing a reservoir for the f£first chamber with,
respectively, a negative préssure producing material free
-zone adjacent the communication port between the two
25 chambers, deformation inhibiting reinforcement of the

second chamber, and a cartridge wherein the negative

pressure producing material is not compressed adjacent
the communication port. REPL ACfME ;.i S&%ET
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. CLAIMS:

and a bottom coveri ng nenber ..

=43

1. A method of manufacturing an ink cartridge having
an ink outlet connectable to an ink jef. head for an ink
jet 'recording apparatus and aﬁ air vent, which méthod
comprises providing a one-piece body defining first and
second compartments separated by a partition wall,

inserting a negative pressure producing material into the

first compartment and sealing a covering member to the

one-piece body to close the first and second compartments

so that the covering member forms with the first

' compartment a first chamber having the ink outlet and the

air vent and the covering member forms with the second

compartment a second chamber which provides an ink

reservoir for thé first chamber and . which is closed

except for a communication port defined between <the

~partition wall and the covering member.

2. A method of manufacturing an iﬁk cartridge hawving
an ink outlet connectable to an ink jet head for an ink
jet recordiné apparatus and an air vent, whicli method
comprises molding a one-piece body having, in use, front,
back, top and two side walls and a partition wall
extending between the two side walls éo as to separate
the one-piece body into a first compartment formed by

said partition, front, top and two side walls and a

second cbmpartmerit formed by said partition, back, top

and two side walls; inserting a sponge-like absorbﬁ_'_

CRRAENTSSHEET

nt a first



outlet and the air vent, said bottom nmenber forms with said BERLAGEMENT SHEET
corrpartment a second-: chanber formng an ink reservoir for said first
ttomwal|. and said partition wall define an opening
Hmm ﬂﬂlnlﬂmr"ﬂ mruni cation port . between said first and -second
c ambers.t13* sAn* nk cartridge accord| ng to claim11 or 12, wherein the
ink outlet is forrmed in a wall faC| ng t hed4-

~negative presSure produc:.ng matefial into said flrst
compartment through the open bottom of the one-piece
body; and Sealing a bottom covering member to said _one-—
pliece member so that said bottom covering member forms
5 with séid first compartment a first chamber éontaining
said absorbent material and having the ink outlet and air
vent and said bottom member forms with said second
compartment a second dhamb_er which provides an ink
reservoir for said first chamber and said bottom wall and
10 said partition wall define an opening providirig a
comﬁ\_mication port b'etvieen said first and second

chambers.

3. A method according to claim 1 or 2, which compri.sés
15 providing the one-piece body so that the ink outlet is
formed ir; a wall facing the partition wall and the air
vent is formed in a wall which is arranged to face the
covering member when the cévering member is fixed to the

one-piece body.

20
4. A method according to claim 1,2 or 3, which further
comprises introducing ink into the cartridge to form an
ink reservoir in the second chamber and to partially £ill
the first chamber.

25

"9 JUL 1999
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15__ngLuJ_on_ma14—&Hd the air vent is for

to face the coverin nber when the coveri nd REPLACEMEN Sitsd}
13, 20

one- gm\‘ﬂr‘m, (u “ 'ink cartridge accordifg |t :

wher mber contains ink forming agg‘glg yr and the
first chdnbér Is partlallyfllled w th ink. 1 Anink cartriidge according.
~to claim 14, wherein a ~45-

5. - A method according to cIaim 4, Which Comprises
introducing the ink through a sealable access opening of
the second chamber and then sealing the access opening

with a sealing member.

6. A method according to claim 5, which comprises using
a ball as the sealing member and sealing the adcess

opening by inserting the ball into the access opening.

10 7. A method according to -any one of the preceding
claims, wherein sealing said covering member to said one-
piecé body defines an Jpening of from 0.lmm to 20mm

between said partition wall and said 'covering member.

15 8. A method according to claim 7, wherein sealing of
said bottom covering member to said one;piece body
defines an opening of from 0.5mm to S5mm between said

partition wall and said covering member.

20 9. A method according to any one of the precediné
cla:.ms, which comprlses provxd:.ng the one-piece body and
seal:.ng said covering member to said one-piece body so
that the first and second chambers have a volume ratio
of from 1:1.to 1:3.

25
10. A method according 'to any one of the preceding _

claims, which comprises providing the one-piece bod¥ and



25 seal abl e access opening of the seco@;,_'
€al ed by a ball insertedHi ;

48 1 rldge accordlng to any Ené 6;icfa{&; 1T
L S R

_45m

the covering member of a transparent or §Eﬁi:transparent

Eﬁfﬂabllng i nk .

plastics material.

11. An ink cartridge having an ink outlet connectable

'S to an ink jet head for én ink jet recording épparatus and

' an éir vent, which cartridge comprises a one—piece bbdy

defining first and second compartments separated by a

partition wall, a negative préssure producing material

in the first compartment and a covering member sealed to

‘10 the one-piece body té close the first and second

compartments so that the covering member forﬁs with the

first compartment a first chamber having the ink outlet

and the air vent and the covering member forms with the

second compartment a second chamber which provides an ink

15 reservoir for the first chamber and which is closed

exéept for a communication port definéd between the
paffition wall and the covering member.

12. An ink cartridge having an ink outlet connectable

20 to an ink jet head for an ink jet recording apparatus and

'an air vent, which cartridge comprises a molded one-piece

body having front, back, top and two side walls and a

partition wall extending between the two side walls so

as to separate the one-piece body inte a first

25 compartment formed by said partition, front, top and two

side walls and a second compartment formed by said

partition, back, top and two side walls; a sponge-like



nm opening of fromO.1lmmto 20mmis defined bedg?en sai d

part id covering menmber. 5 17. An‘ink cartri ddeEHACEMENTSHEET
!ﬁﬂ“ ﬂr |naan opening of fromO0.5mMto 5mmis defined between
sal = and sai d covering member. 10 18. An ink cartridge

accordlng to any one of clainms 11
. . Y. 3

- absorbent negative'pressurelproducing material in said
first compartmeﬁt; and a bottom coveringfmember sealed
to said one-piece body so that said bottom covering
member forms'w;th said.first compaftment a first chamber

-5 containing said absorbent material and having the ink
outlet and the air vent, said.bottom'member forms with
said second compartment a second chamber forming an ink
reservoir for said first chamber and said bottom wall and
said partition wall define an opening providing a

10 communication port between said first and second

chambers.

13. An ink cartridge according to claim 11 or 12,
wherein the ink outlet is formed in a wall facing the
15 partition wall and the air vent is formed in a wall which
is ;rrangéd'to face the covering member when the éovering

member is fixed to the one-piece body.

14. an ink cartfidge according to claim 11,12 or 13,
20 wherein the second chamber contains ink forming an ink

reservoir and the first chamber is partially filled with

ink.

15. An ink cartridge according to claim 14, wherein a
25 sealable access opening of the second chamber for

enabling ink to be introduced is sealed by a ball

inserted into the access openingﬁéEPLACENﬁmﬂfSHEET
N9 JUL 1999
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to 17, wherein the fifst and second chanbers have a volume ratio of from

accor

.cartridge according to any one of claims 11 15

t

0
ece body and the covering nenber are f T SHEET
tranj@"m‘ "imﬂn!'ﬁm ansparent plastics material. 20. An mﬁé‘gﬁ% ch

of clainms 11 .20 to 19, wherein the partition deflnes

t he comruni cati on

10

15
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16. An ink cartridge according to any one_of'cléims 11
to 15, wherein'an opening of from 0.lmm to 20mm is

defined between said partition wall and said covering

'member.

17. An ink cartridge according to claim 16, wherein an
opening of from 0.5mm to 5mm is defined between said

partition wall and said'covering.member.'

18. An ink cartridge according to any one of claims 11
to 17, wherein the first and secénd chambers have a

volume ratio of from 1:1 to 1:3.

19. An ink cartridge according to any one of claims 11
to 18, wherein the one-piece body and the covering member

are formed of a transparent or semi-transparent plastics

material.

20. An ink cartridge according to any one of claims 11
to 19, wherein the partition defines the communication

port as an opening extending across the entire width of

the partition.

21. An ink cartridge according to any one of claims 11

to 20, wherein the first and second chambers are

separated by a slanting partition. REPLACENE%ﬂﬁSHEET
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-49-
22. An ink cattridge according to &ny one of claims 11
to 21, wherein the communication port is arranged to be

disposed below the ink outlet in use of the cartridge.

S 23. An ink cartridge according to any one of claims 11
to 22, wherein an inside surface of the second chamber

curves and rises away from th. communication port.

24. 2An ink cartridge according to any one of claims 11
10 to 23, wherein the second chamber includes a deformation
inhibiting plate defining with the walls of the second

chamber an opening larger than the communication port.

25. An ink cartridge aécording to: claim 11 or 12,
15 substantiélly hereinbefore described with reference to

the accompanying drawings.

26. A method of manufacturing an ink cartridge
connectable to an ink jet recording head for an ink jet
20 recording apparatus according to <claim 1 or 2,

substantially as hereinbefore described;

FREPLACEMENT SiiST
D9 JUL 1999
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-49- 22. An ink cartridge according to any one of clains 1lgtm ACEMBENTESHEET
.the conmuni cation port is arranged to be di sposed below the ink outlet in
use of the cartridge. 5 23. An ink cartridge according to any one of
claims 11 to 22, wherein an inside surface of the second chanber curves and
rises away fromthe conmmunication port. 24. An ink cartridge according to
any one of clains 11 i - 50 - : ' _ :

INK JET CARTRIDGE, INK JET HEAD AND PRINTER
ABSTRACT |
Aﬁ ink jet cartridge inclddes a first chamber
for accommodating.a negative preséure producing
material and provided with air communication part for
5 ‘communication with ambient air, wherein a part of the
negative péessure éroducing material does not contain
ink adjacent the air communication part; a second
chamber which ié substantially closed except for a
fine communication part for communication with the
10 first chamber at a position away from the air
communication part, wherein the secohd chamber

directly accommodates the ink to be supplied to the

first chamber.

(fig.-l)
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10 to 23, wherein the second chanber includes a deformation inhibiting

plate defining with the walls of the second chanber an opening 'RHRH%PEMQNWSHEET
the communication port. 25. An ink cartridge according to claim 11 or

15 substantially hereinbefore described with reference to the '.
acconpanyi ng drawi ngs. 26. A nmethod of manufacturing an ink cartrldge
connectable to an ink jet recording head for an ink jet :

A
>
-

FIG |




20 recording apparatus according to claim 1 or 2, substantially as

her ei nbef ore descri bed. . :
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(54) Capillary ink-flow control in ink-supply systems for jet printers.

{(67) An ink supply cartridge (1) for an ink-jet printer comprises two chambers interconnected by a narrow
pasage (8), one of which chambers (3) is vented to the atmosphere at a point above the interconnecting
passage (8) and contains a capillary material which will withdraw ink into itself, and the other {6} of which is
unwanted and has no capillary filling. In use, the unvented chamber (8) contains liquid ink which is supplied
via the capillary material to a droplet-projecting head. The passage (8) is preferably of a size comparable with
{but not smaller than) the pore size of the capillary material, whereby the flow of ink is controlled; and the
backpressure of the ink-wetted capillary material prevents leakage from the delivery aperture (2). A number of
different detailed constructions are described, some of which have muitiple capillary-free chambers.
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