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1                           D E S C R I P T I 0 N                    INK
CARTRIDGE FOR INK JET PRINTER AND METHOD                    OF MAKING A
PLURALITY OF INK CARTRIDGES  5                             Technical Field
The present invention relates to ink cartridges         for ink jet
printers for preventing the ink cartridges 



from being recharged with inks, and methods of making  10     the ink
cartridges.                              Background Art
Recently, thermal ink jet type printers have         prevailed. The thermal
ink jet type printer includes         a print head which, in turn, includes
a plurality of  15     heating elements arranged in the form of an array on
a substrate. The plurality of heating elements of the         print head
are selectively heated in accordance with         printing information to
heat an ink supplied onto the         heating elements. Thus, a film
boiling phenomenon 



20     in which bubbles are produced instantaneously on the
interface between the ink and the heating elements         is used to jet
ink drops out of fine ink jet ports         arranged in correspondence to
the respective heating         elements to thereby print information on
recording  25     paper.  In order to compensate for the ink consumed in
printing, an ink is appropriately supplied from an ink         cartridge in
which the ink is stored to the print head         as requested.     



2               Generally, there are two types of ink cartridges:
one is of the type separate from the print head and        the other is of
the type integral with the print head.        FIG. 1A is a schematic side
view of an ink cartridge  5     integral with the print head of an ink jet
printer such         as is mentioned above. FIG. 1B is a bottom view (or a
head front view) of the cartridge of FIG. 1A. As shown 



in FIGS. 1A and 1B, in this ink cartridge, the print         head is
unseparably integral with an ink tank 2 through  10     an ink feeding
section 3.  The print head 1 is for         color printing. To this end,
the ink tank 2 has three         ink chambers 4 (4a, 4b, 4c) in which three
subtractive         primary colors; that is, magenta, cyan, and yellow inks
are filled.  15          The print head 1 has on its front substrate 5
three lines of nozzles 6 (6a, 6b, 6c) which respec-         tively jet ink
drops of the three subtractive primary         colors. Such print head is
generally made, using 



a silicon LSI technique and a thin film technique.  20     More
specifically, a plurality of heating elements         (not shown) are
provided in the form of an array on         the silicon tip substrate 5. A
partition which forms         ink paths is disposed on the substrate, and
further,         an orifice plate is then layered to form the lines  25
of nozzles 6, which jet inks, at positions on the         orifice plate
corresponding to the heating elements.         The nozzles are supplied
with inks through the ink     



3         feeding section 3 from the respective ink chambers 4 of
the ink tank 2 corresponding to the lines of nozzles 6.              FIG. 2
is a decomposed perspective view of the ink        cartridge 2. An ink tank
itself 2a has an inside which  5     is partitioned into three ink chambers
4a, 4b, 4c of         substantially the same size arranged side by side
with         at least two surfaces of the ink chambers sharing an  



outer wall of the ink tank 2a itself.              The ink feeding section
3 positioned below the ink  10     chambers 4 has three ink feeding holes 7
provided in         correspondence to the respective ink chambers 4.
The ink within the ink chambers 4a, 4b, and 4c are fed         through the
ink feeding holes 7 to the lines of nozzles         6 (FIG. 1B) in the
print head 1 through ink paths (not  15     shown).              Ink
absorbents (not shown) are provided within the         ink chambers 4a, 4b
and 4c so as to prevent the inks         from flowing uselessly to the
outside due to gravity.  



An inner lid 2b is fixed to the top of the ink chambers  20     4a, 4b and
4c, for example, by thermal fusing or         bonding. Three conductive
holes 8 are formed in the         lid 2b at positions corresponding to the
respective ink         chambers 4a, 4b and 4c such that inks are injected
or         filled into the ink absorbents within the corresponding  25
ink chambers through the respective conductive holes 8.              After
the inks are filled, a box-like space former         2c is thermally fused
or bonded to the top of the lid      



4         2b. The space former 2c has a small vent 11a on its        top to
form an air chamber 9 between the space former        2c and the lid 2b.
The respective ink chambers 4a, 4b        and 4c communicate with the air
through air paths  5    extending from the air vent 11a through the air
chamber         9 to the respective holes 8. By this air ventilation,
the ink chambers 4a, 4b and 4c are released from their  



sealed state such that the inks stored within the ink         chambers 4a,
4b and 4c smoothly flow out to the print  10    head 1.              When
the inks are consumed and no sufficient         quantities of inks remain
in the ink chambers of the         ink cartridge, the ink cartridge is
removed along with         the print head from the printer since the
cartridge is  15    integral with the print head, and a new ink cartridge
integral with a new print head is instead set in the         printer for
use.  If the cartridge is not integral with         the print head, only
the ink cartridge is removed and  



replaced with a new one. Anyway, the cartridge has  20     a structure in
which recharging the ink cartridge with         inks is not considered.
Some users of the printer may try to recharge with         inks its ink
cartridge whose ink recharging is not         ordinarily considered. To
this end, the user drills  25     a hole in position in a surface of each
chambers 4a, 4b         and 4c common to an outer surface of the cartridge
2a         to achieve fluid communication between that ink chamber      



5         and the outside, recharges a different ink of the same
color as the ink stored in that chamber, from the        outside through
the hole into the chamber, and seals        the hole with sealing paper, a
film having an adhesive  5     thereon or an elastic material such as
rubber.             The ink recharged into the chamber will mix with
the previous ink remaining in the ink absorbent. The  



recharged ink may have been made in a manner different        from that in
which the remaining ink was made and hence  10    may be different in
quality from the latter ink.         If the recharged ink is of a low
quality, the mixed ink         may have a low quality. Especially, in the
full color         printing which reproduces colors of an original image
by superposing fine colors, no satisfactory image would  15    be printed
often.              In addition, when an deterioration in the ink
quality influences not only the ink hue, but also its         composition,
the nozzles could be sealed to thereby  



cause the printer to malfunction. In addition, when  20     a low quality
ink is used for recharging, it might seal         the nozzles themselves
before the resulting ink has a         deteriorated quality due to mixture
of the low quality         ink and the previous remaining ink. If the
recharged         ink quality is ill-suited to the ink absorbent, the ink
25     can leak and/or insufficient supply of the ink would         occur.
When the recharging hole is provided in the         cartridge, the strength
of the cartridge itself would      



6       decrease and the ink might leak due to insufficient sealing of the
hole                                   Disclosure of Invention
It is an object of the present invention to provide an ink cartridge into
which no ink can be substantially recharged.   5        The above object is
achieved by an ink cartridge which stores an ink fed       to a print head
which jets the ink depending on printing data, comprising:              a
housing having an ink feeding section for feeding to the print head the
ink stored in the ink cartridge;              at least one inner chamber
included in the housing, fluid communicating  10  with the air, and filled
with an ink; and 



at least one outer chamber surrounding said at least one inner chamber.
According to the ink cartridge, even when a recharging hole is formed in
the inner chamber, the hole cannot be sealed. Thus, when the ink recharged
into the inner chamber would leak to the outer chamber or when the outer
15  chambers are being filled with other color inks, those different color
inks would       mix, such that satisfactory printing cannot be performed,
using such cartridge.              In the ink cartridge, preferably, the
outer chamber fluid communicates       with the air and filled with an ink
whose color is different from that of the ink       stored in the inner
chamber.  20        Preferably, the ink cartridge is integral with the
print head.             According to the present invention, the above
object is achieved by a 



second ink cartridge which stores an ink to be fed to a print head which
jets the       ink depending on printing data, comprising:              an
ink storage chamber having an ink feeding section for feeding the  25
stored ink to the print head; and
7- 10               anti-sealing means, provided on a substantially entire
outer surface of        the ink storage chamber excluding the ink feeding
section, for preventing a        possible hole provided in the outer
surface of the ink storage chamber from 



being sealed.   5        In the second ink cartridge of the present
invention, it is difficult to form       an appropriate recharging hole in
the wall of the ink tank, and it is also very       difficult to seal the
hole completely. Thus, even when an ink is recharged, the       ink would
leak out from the hole to thereby soil the inside of the printer
undesirably. Thus, recharging of an ink into the ink cartridge by the user
can be  10  substantially prevented.              In the second ink
cartridge, the anti-sealing means may comprise a       plurality of spaced
convexities whose height is not less than 0.1 mm, preferably       1 mm,
and the interval between any adjacent convexities is not more than 10
mm, preferably 5 mm. Preferably, the plurality of convexities each take the
form 



15  of a ridge or a dot-like protrusion.              The anti-sealing
means may comprise an outer wall provided through a       space over an
outer surface of the ink storage chamber, excluding the ink       feeding
section.              The ink storage chamber may comprise therein an inner
chamber and an  20  outer chamber surrounding the inner chamber. The ink
cartridge is preferably       integral with the print head.         



Brief Description of Drawings              FIGS. 1A and 1B are,
respectively, a partial         elevation of a conventional integrated
print head-ink   5     cartridge unit and a bottom view of the print head,
showing its discharging nozzle side surface;              FIG. 2 is a
decomposed perspective view of the         conventional ink cartridge of
FIG. 1A;              FIG. 3 is a decomposed perspective view of an  



10     integrated print head-ink cartridge unit as a first
embodiment of the present invention;              FIG. 4A is a plan
cross-sectional view of an ink         tank of the first embodiment;
FIG. 4B is a plan cross-section view of an ink  15     tank of a
modification of the first embodiment;              FIG. 5 is a decomposed
perspective view of an         integrated print head-ink cartridge unit of
a second         modification of the first embodiment;              FIG. 6
is a plan cross-sectional view of an ink  20     tank of the second
modification;  



FIG. 7 is a decomposed perspective view of an         integrated print
head-ink cartridge unit of a second         embodiment of the present
invention;              FIG. 8 is a plan cross-sectional view of an ink  25
tank of the second embodiment;              FIG. 9 is a decomposed
perspective view of an         integrated print head-ink cartridge unit of
a          



12         modification of the second embodiment;             FIG. 10 is a
plan cross-sectional view of an ink        tank of a modification of the
second embodiment;              FIG. 11 is a decomposed perspective view of
an   5     integrated print head-ink cartridge unit of a third
embodiment of the present invention;              FIGS. 12A to 12G each
illustrates a modification         of the form of a corrugation as the
anti-sealing means         in the present invention;  10          FIG. 13A
is a plan cross-sectional view of an ink 



tank with a further modification of the corrugation or        convexities
as the anti-sealing means;              FIG. 13B illustrates a still
further modification         of the convexities as the anti-sealing means;
15          FIG. 14 is a decomposed perspective view of an
integrated print head-ink cartridge unit of a fourth        embodiment of
the present invention:                 Best Mode of Carrying Out the
Invention             Preferred embodiments of the present invention 20
will be described next with reference to the        accompanying drawings.



FIG. 3 is a decomposed perspective view of an        integrated print
head-ink cartridge unit as a first        embodiment of the present
invention. As shown in 25    FIG. 3, the cartridge unit 20 includes an ink
tank 21        and an print head 23 integral unseparably with the ink
13  tank 21 disposed below the ink tank 21. The print head 23 has three
lines of nozzles (not shown) which are similar in arrangement to those of
the print head 1 of FIG. 1B. 



The inside of the ink tank 21 is partitioned into an inner chamber 24 and
two adjacent outer chambers 25 and 26 formed so as to surround the inner
chamber 24.                                            14         The inner
and outer ink chambers.24-26 correspond to        the respective three
linens of nozzles of the print        head 23 (FIG. 1B). Ink absorbents
(not shown) are  



disposed within the respective chambers so as to hold  5     inks therein
in a state where appropriate negative        pressures are applied to the
inks present in the        discharge nozzles in such an extent that the
inks are        prevented from flowing out uselessly to the outside due
to gravity.  10          Ink feeding holes 27 are respectively formed in
the bottoms of the ink chambers 24-26 to feed the inks         through the
ink feeding section 22 to the print head 23.         The inks held in the
ink absorbents within the ink         chambers 24-26 are fed from the ink
feeding holes 27  



15     through the respective ink paths (not shown) to the
corresponding lines of nozzles of the print head 23.              An inner
lid 28 of FIG. 3 is thermally fused or         bonded to the top of the ink
chambers 24-26. The inner         lid 28 is provided with conductive holes
29 at  20     appropriate positions thereof corresponding to the ink
chambers 24-26 such that three color (magenta, cyan and         yellow)
inks are injected through the conductive holes         29 to the respective
ink chambers 24-26 to be filled         into the ink absorbents within the
ink chambers.  25          Thereafter, a box-like outer lid 31 is thermally



fused or bonded to the top of the inner lid 28.         The outer lid 31
has a small air vent 33 on its upper                   surface to form an
inner air chamber 32 under the upper        surface. The air chamber 32 and
the air conductive        hole 33 are provided such that the inks filled in
the        ink chambers 24-26 are always fed smoothly to the print 



5     head 23, which is an important composition for the ink
cartridge.             As described above, the ink cartridge unit 20 is
composed of the ink tank 21, inner and outer lids 28        and 31, and
print head 28 formed integrally. Thus, the  10    ink cartridge unit 20 has
the three outer chambers         (outer chambers 25, 26 and air chamber 32)
formed         between the outer wall (housing) of the cartridge unit
20 and five outer surfaces of the inner chamber 24 in         the form of a
cuboid except for its surface on the ink  15     feeding section 22 side. 



Now, assume that the cartridge unit 20 is         recharged with an ink
from outside. Since this unit         has a lower portion which includes
the print head 23         and the ink feeding section 22, a recharging hole
20     cannot be formed from below.  However, such ink         recharging
holes can be easily formed in the side         walls of the outer chambers
25 and 26. The cambers 25         and 26 can then be recharged with inks
through the ink         recharging holes, and the holes can be easily
sealed  25     with an adhesive tape or the like.              However, an
ink recharging through hole of the 



inner chamber 24 must be formed through the outer
16         chamber 25 or 26 in the wall of the inner chamber 24.
According to this method, the inner chamber 24 can be        recharged with
an ink. Although the hole formed in        an outer side wall of the ink
tank 21 can be sealed 



5     with an adhesive tape or the like, the hole formed in        the side
wall of the inner chamber 24 cannot be sealed.        In other words, the
ink recharged into the inner        chamber 24 would leak through the hole
formed in the        wall of the inner chamber 24 to the adjacent outer  10
chamber 25 or 26 to mix with an ink having a different         color stored
within the outer chamber to thereby change         the color or quality of
the ink which has remained in         the outer chamber. Unless the inner
chamber 24 can be         recharged from the outside, no color printing can
be  15     performed even if the outer chamber 25 or 26 can be 



recharged with a proper ink. Thus, the user cannot         recharge the ink
into, and then reuse, the ink         cartridge unit 20.              Since
the air chamber 32 is provided above the  20     unit 20, it is difficult
to identify the position of         the inner chamber 24 from outside. Even
if the user         can form holes forcibly at the proper positions in the
unit, one of the holes, for example, formed in the         inner lid 28
which forms a partition between the inner  25     chamber 24 and the air
chamber 32 cannot be sealed         similarly. Thus, an ink would easily
leak out when 



the unit is carried.. If the inner lid 28 is made of
17         a rigid material such as steel, it is difficult to form
an ink recharging hole in the top of the inner chamber        24 to thereby
prevent ink recharging with increased        reliability.  



5          FIG. 4A is a plan cross-sectional view of the ink
chambers of the unit 20. In FIG. 4A, the broken-line        hatched areas
denote the inner and outer ink chambers        24, 25 and 26 in which the
inks and their absorbents        are disposed. In the particular
embodiment, only one  10     inner chamber is provided.              In a
modification of the first embodiment shown in         FIG. 4B, two inner
chambers 24' and 25' and a single         outer chamber 26' which surrounds
the inner chambers         may be provided. In this case, the two inner
chambers  15     24' and 25' cannot be recharged with two kinds of inks,  



and reuse of the unit recharged with inks can be         prevented with
increased reliability.              FIG. 5 shows a decomposed perspective
view of         an integrated print head-ink cartridge unit as another  20
modification of the first embodiment.  FIG. 6 is a         plan
cross-sectional view of an ink tank of the unit.         As shown in FIG.
5, the unit includes an ink tank 35         and a print head 37 integral
with the print head 37 and         formed through an ink feeding section 36
below the ink  25     tank 35.  The composition of the print head 37 is
similar to that of the print head 23 of FIG. 3.  



The inside of the ink tank 35 is partitioned into
18         three inner chambers 41, 42, 43 and an outer adjacent
chamber 44 which surrounds those inner chambers.        The inner chambers
41-43 correspond to the three lines        of nozzles (not shown) of the
print head 37 with ink  



5     absorbents which hold the inks being disposed within        the ink
chambers 41-43 as in the first embodiment. The        outer chamber 44 is
formed merely as an empty space.             Each of the ink chambers 41-43
has an ink feeding         hole 38 in its bottom so as to feed an ink to
the print  10     head 37 through the ink feeding section 36.  The ink
held within the ink absorbent is fed through the ink         path (not
shown) to the corresponding line of nozzles         of the print head 37.
An inner lid 39 of FIG. 5 is         thermally fused or bonded to the top
of the ink  15     chambers 41-43 and the space chamber 44.  Conductive  



holes 45 are formed at appropriate positions in the         inner lid 39
corresponding to the ink chambers 41-43         such that three kinds of
magenta, cyan and yellow inks         are injected through the conductive
holes 45 into the  20     corresponding ink chambers 41-43 to be
sufficiently         absorbed and filled within the inks absorbents
within the ink chambers and then the ink charging is         terminated.
Thereafter, an outer lid 31 is thermally fused or  25     bonded to the top
of the inner lid 39 for the reason         mentioned above.  



Also, in this case, the unit 30 is composed
19         integrally of the print head 37, ink tank 35, inner lid
39 and outer lid 31. Thus, the unit 30 includes the        three inner
chambers 42-43, and the outer chambers 44        and 32 (the latter is the
air chamber) surrounding the  5     inner chambers 41-43 between the inner
chambers and the 



outer wall of the unit 30, excluding the ink feeding        section 36.
With this unit 30, even if three holes are formed        through the side
walls of the inner ink chambers 41-43  10    and the outer wall of the
outer chamber 44 to recharge        the three inner ink chambers 41-43 with
inks, those        holes formed in the walls of the three inner chambers
41-43 cannot be sealed as in the above embodiment.        Thus, in the
present embodiment, the inks recharged  15     into the inner chambers
41-43 would not leak out         and mix with the inks in the other
respective inner 



chambers, but cannot be prevented from leaking out         into the outer
chamber 44. This securely prevents         recharging the unit 30 with inks
from outside.  20          FIG. 7 is a decomposed perspective view of an
integrated print head-ink cartridge unit 50 as a second         embodiment
of the present invention. FIG. 8 is a plan         cross-sectional view of
an ink tank 51 of the unit 50.              The cartridge unit 50 has a
print head 52 integral  25    with, and below, an ink tank 51 through an
ink feeding         section (not shown). The inside of the ink tank 51 is
partitioned into three ink chambers 53, above which as 



20         shown in FIG. 7, an inner lid 55 with air conductive
holes 54 provided at positions corresponding to the        respective ink
chambers 53, is thermally fused or        bonded to the ink chambers 53. In
addition, as shown  5     in FIG. 7, a box-like outer lid 58 with an air  



conductive hole 56 and an air chamber 57 to be formed        is thermally
fused or bonded to the top of the inner        lid.              Ink
feeding holes (not shown) are provided in the  10     respective bottoms of
the ink chambers 53 to feed inks         therethrough to the print head 52
as in the first         embodiment. Ink absorbents (not shown) which
produce         appropriate negative pressures to hold inks for the
discharging nozzles are disposed within the respective  15     ink chambers
53.              As shown in FIGS. 7 and 8, in the cartridge unit  



50 of the second embodiment, at least four of the outer         walls of
the ink tank 51 are all covered with a         corrugation of extending
parallel ridges 59 arranged at  20     intervals P of not more than 10 mm
with a height D of         not less than 0.1 mm. When a hole is formed in
the         outer wall of the ink tank, the corrugation acts as         an
anti-sealing means which prevents the formed hole         from being
sealed.  25          Assume now that the unit 50 is recharged with an
ink from outside. Since the print head 52-is provided         in the lower
potion of the unit 50, an ink recharging  



21         hole cannot be formed in the lower potion from below,        but
such a hole can be provided in the side wall of the        unit. Even if
the hole formed in the wall of the unit        is tried to be sealed, for
example, with an adhesive  5     tape after ink recharging, the corrugation
ridges 59        would be an obstacle to adhesion of the adhesive tape 



to the whole periphery of the hole and hence the formed        hole cannot
be completely sealed.              Thus, when an ink is recharged into the
unit up to  10     a level above the position of the hole, the ink would
leak out from the hole. Even if the level of the         recharged ink is
below the position of the hole, the         ink can leak out undesirably
when the unit is moved for         scanning purposes or conveying purposes.
Even if the  15    user recharges the cartridge unit with an ink, the
cartridge unit cannot be used normally.  As a result,         recharging
the cartridge with the ink is prevented. 



FIG. 9 is a decomposed perspective view of         an integrated print
head-ink cartridge unit 60 as a  20    modification of the second
embodiment of the present         invention. FIG. 10 is a plan
cross-sectional view of         an ink tank of the unit 60. The cartridge
unit 60 has         a print head 62 integral with an ink tank 61. The
inside of the ink tank 61 is partitioned into three  25     ink chambers
63, above which as shown in FIG. 9, an         inner lid 65 with air
conductive holes 64 provided at         positions corresponding to the
respective ink chambers   



22         63, is thermally fused or bonded to the ink chambers 53.
In addition, as shown in FIG. 9, a box-like outer lid        68 with an air
conductive hole 66 and an air chamber 67        to be formed is thermally
fused or bonded to the top  5     of the inner lid.  Ink feeding holes (not
shown) are        provided in the respective bottoms of the ink chambers  



63 to feed inks therethrough to the print head 62.        Ink absorbents
(not shown) are disposed within the        respective ink chambers 63. Such
composition is  10     similar to that of the cartridge unit 50 of the
second         embodiment.              In the case of the unit 60 of this
embodiment, as         shown in FIGS. 9 and 10, at least four of the outer
walls are each covered with a corrugation of two kinds  15     of (higher
and lower) ridges 69a and 69b arranged at         intervals P of not less
than 10 mm with a height D         of not less than 0.1 mm. That is, the
fact that the  



interval between any two adjacent ridges 69a and 69b         is small and
their heights are different makes it  20     difficult to drill an
appropriate hole in the outer         walls of the cartridge unit 60 and
makes it more         difficult to completely seal the hole in the outer
wall         with an adhesive tape or like.              While the second
embodiment and its modification  25     have many parallel ridges and
grooves as the anti-         sealing means, the present invention is not
limited to         those particular cases. For example, an array of    



23         dot-like convexities may be used, which will be        described
next as a third embodiment.             FIG. 11 is a decomposed perspective
view of        an integrated print head-ink cartridge unit 70 as a  5
modification of the third embodiment.  The cartridge        unit 7 includes
a print head 67 integral with an ink        tank 71. The inside of the ink
tank 71 is partitioned 



into three ink chambers 73, above which as shown in        FIG. 11, an
inner lid 75, with air conductive holes 74  10    provided at positions
corresponding to the respective         ink chambers 73 as shown in FIG. 7,
is thermally fused         or bonded to the ink chambers 73. In addition,
as         shown in FIG. 11, a box-like outer lid 78 with an air
conductive hole 76 and an air chamber 77 to be formed  15     is thermally
fused or bonded to the top of the inner         lid. Ink feeding holes (not
shown) are provided in the         respective bottoms of the ink chambers
73 to feed inks         therethrough to the print head 72. Ink absorbents 



(not shown) are disposed within the respective ink  20     chambers 73.
Such composition is similar to that of         the cartridge unit 50 of the
second embodiment.              In the case of the unit 70 of this third
embodiment, as shown in FIG. 11, at least four of their         outer walls
are covered with an array of dot-like  25     convexities 79 arranged at
intervals P of not less than         10 mm with a height D of not less than
0.1 mm. Even by         providing such array of dot-like convexities 79 as
the     



24         anti-sealing means on the outer surfaces of the unit as
in the present embodiment, those dot-like convexities        79 serve to
hinder sealing the formed recharging hole        with an adhesive tape.
That is, the hole cannot be  5     completely sealed with an adhesive tape
or the like.              FIGS. 12A to 12G each illustrate a different
modification of the convexities as the anti-sealing 



means of the present invention provided on the outer        surface of the
unit.  10          Convexities 80-1 of FIG. 12A each take the form
of a tooth of a gear in cross section. The pitch (or         interval) P of
adjacent teeth 80-1 is about 7.5 mm, and         their height (or the depth
of a valley) D is about 3 mm.         Assume now that a hole is formed in
the bottom of  15     a valley surrounded by the convexities 80-1 on the
unit's outer surface with a general drill edge having         a diameter of
about 2 mm, for recharging the ink         cartridge with an ink, so as to
cover substantially the 



whole area of the valley bottom without leaving a flat  20     peripheral
area around the hole, as shown by a dot-dot-         dashed line. In this
case, it is very difficult to         completely seal the formed hole with
a sealing tape or         the like.              The respective convexities
80-2 to 80-6 of  25    FIGS. 12B to 12F each take the form of a square in
cross section in which the convexities having vertical         walls make
adhesion of the adhesive tape to the valley     



25         bottom more difficult and are more preferable as the
anti-sealing means.              FIG. 12B shows convexities 80-2 formed at
intervals or pitches P of about 10 mm on the outer wall  5     of the unit
with holes hl and h2 each having a diameter         of 2 mm formed by a
drill edge having a corresponding         diameter in the outer wall
between any adjacent  



convexities 80-2. The hole hl formed in the outer wall         between the
adjacent convexities is difficult to seal  10     because the convexities
80-2 act as obstacles whereas         the hole h2 formed in the convexity
80-2 itself is         relatively easy to seal. Thus, preferably, the width
W of the top of the convexity 80-2 is not more than         2 mm which is
the drill's diameter. This example is  15     represented by convexities
80-3 of FIG. 12C.              In FIG. 12C, the interval P between the
convexities 80-3 is 10 mm as in the above case whereas         the width of
its top is substantially the same as the  



diameter of a hole h4 to be formed or the diameter of  20     the drill
which is 2 mm.  With those convexities 80-3,         holes 4 cannot be
drilled in their tops. However, with         this example, relatively thin
convexities 80-3 are         provided at relatively large intervals P of 10
mm, and         hence a flat peripheral area f could be formed around  25
a hole h4 drilled in the outer unit surface between the
convexities. AS a result, the hole h4 is relatively         easy to seal,
and hence the wall structure is not      



26         a preferable one. Thus, when the width of the tops of        the
convexities is 2 mm, the interval P between the        convexities is
preferably not more than about 6 mm.        The height D of the convexities
is preferably increased  5     to a maximum.             FIG. 12D shows an
example in which narrower and        wider convexities 60-4a and 60-4b are
arranged at        different distances P1, P2 and P3 in a mixing manner so 



as to make it difficult to securely seal possible holes  10     formed
anywhere in the outer unit surface.              Usually, in order to seal
with an adhesive seal         a hole having a diameter of 2 mm securely,
the seal-         having a flat sticking tab of at least 4 mm is required.
Thus, an adhesive seal having a diameter of not less  15    than 10 mm is
required to be stuck flat on the outer         unit surface so as to cover
the hole. If the convexi-         ties have different widths and are
arranged at         different intervals, as shown in FIG. 12D, a sticking
tab used securely changes from place to place. Thus, 



20     it is very difficult to completely seal at all times a
possible hole formed anywhere in the outer unit surface.
Convexities 60-5 of FIG. 12E are provided on the         outer wall of the
unit at intervals P of 3 mm with         a height D of 3 mm. In this case,
wherever a hole h5  25     of a diameter of 2 mm is formed, a flat sticking
tab of         not less than 4 mm cannot be obtained around the hole.
Thus, it is very difficult to seal the hole h5       



27         completely.              The convexities 80-6 of FIG. 12F are
arranged at        intervals of 5 mm with their top width W being 2.5 mm
and their height D being 3 mm. In this case, a hole h6  5     is difficult
to form and to seal, and they are very        effective as the anti-sealing
means.              Convexities 80-7 of FIG. 12G is a modification of
the convexities 80-6 where the convexities 80-7 have  



a height lower than the convexities 80-6 with their top  10    width W
being 2.5 mm and their height D being 1 mm and         are arranged at
intervals P of 2 mm. In this case,         compared to the modifications of
FIGS. 12E and 12F,         a hole h7 having a diameter of 2 mm is easier to
form,         but it is almost impossible to seal the hole h7 with  15
an adhesive sheet because the intervals P between the         convexities
80-7 is small or 2 mm.              It will be obvious from the result of
studying the        modifications of the various convexities, mentioned
above, that the outer wall of the cartridge unit of the  



20     present invention have thereon convexities arranged at
intervals of not more than 10 mm with a height of not         less than 0.1
mm. Preferably, they are arranged at         intervals of not more than 5
mm and have a height of         not less than 1 mm. More preferably, they
are arranged  25     at intervals of not more than 2 mm and have a height
of         not less than 5 mm. The reason why the convexities
preferably have a height of not less than 0.1 mm in the        



28         invention is that a hole provided in the bottom area
between the convexities cannot be sealed securely by        filling the
valley bottom and sealing the hole in the        valley bottom only with an
adhesive layer of a thick  5     adhesive sheet having a thickness of about
100 [err]m used        only for sealing the hole compared to a general
adhesive sheet having an adhesive layer of 15-50 [err]m.              FIG.
13A is a plan cross-sectional view of an ink         tank covered with
another modification of convexities 



10     as the anti-sealing means.  FIG. 13B illustrates         a further
modification of the convexities.              Ridges 81 of FIG. 13A are
slanted so as to cover         respective adjacent ridges 82. In this case,
even if a         hole can be formed so as to extend in a slanting manner
15     along the slanting ridges 81, the slanting ridges 81         will be
obstacles to sealing the hole. Thus, it is         very difficult to
completely seal the hole.              FIG. 13B shows slantingly
intersecting parallel         ridges 83. Also, in this case, it is required
that the  20     interval between adjacent parallel ridges 83 is not 



more than 10 mm and that the height of the convexities         83 is not
less than 0.1 mm. Conversely, the ridges 83         may be formed within
corresponding grooves. In this         case, the unit has an outer surface
structure which is  25     obtained by replacing the circular
dot-convexities 79         in the embodiment of FIG. 11 with diamond-shaped
pillars.         



29              The shapes of the convexities as the anti-sealing
means in the present invention are not limited to the        various
embodiments described above, but may take other        various shapes such
as a hemisphere, cone or cross.  5          The inventive anti-sealing
means are not limited        to the outer chambers and air chambers of the
first        embodiment, and the ridges and dot-like convexities        of
the second and third embodiments. Various other        arrangements may be
applicable, of course.  



10          For example, concavities may be formed in         the outer
wall of the cartridge unit at the same         intervals as the convexities
of the above embodiments.         Alternatively, an anti-sealing layer of a
porous         material such as sponge, or urethane foam may be formed  15
on the outer walls of the unit.              A fourth embodiment of the
present invention of         FIG. 14 includes a combination of an ink tank
of the         first embodiment of FIG. 3 and dot-like convexities of
the third embodiment of FIG. 11.  20          The integrated print head-ink
cartridge unit of  



this embodiment has an ink tank 85 with its outer wall         being
covered with an array of dot-like convexities 86         having a height of
not less than 0.1 mm and arranged         at intervals of not more than 10
mm. As in the  25     first embodiment, the inside of the ink tank 85 is
partitioned into an inner chamber 85a and outer chamber         85b and 85c
surrounding the inner chamber, which          



30         chambers are filled with inks of different colors.             A
flat lid 87 is placed on the top of the ink tank        85 with a print
head 23 being fixed to the lower end of        the ink tank 85. The lid 87
has three air vents 88a,  5     88b and 88c which fluid communicate with
the inner        and outer chambers 85a, 85b and 85c, respectively.
An outer surface of the lid 87 is covered with the same        array of
dot-like convexities 86 as are formed on the        side walls of the ink
tank 85, and having a height of  



10     not less than 0.1 mm and arranged at intervals of not         more
than 10 mm.              As described above, the cartridge unit of this
embodiment has almost all outer surfaces covered with         arrays of
dot-like convexities as the anti-sealing  15     means, excluding the ink
feeding section.  Even if the         user tries to form an appropriate ink
recharging hole         in the side wall of the ink tank 85 or the lid 87,
by         setting a drill edge normal to the outer wall of the
tank, it is difficult to obtain such hole because the  20     dot-like
convexities 86 are formed, and even if a hole  



should be formed, it cannot be completely sealed.         Thus, it is
difficult to recharge the inner chamber 85a         as well as the outer
chambers 85b and 85c with inks.         That is, since it is difficult to
recharge all the ink  25     chambers 85a-85c with inks in the cartridge
unit of the         present embodiment, recharging the tank with inks is
prevented materially with higher reliability compared          



31  to the first embodiment which is capable of preventing  only recharging
the inner chamber 24 with an ink.
32                                            CLAIMS         1.   An ink
cartridge which stores an ink fed to a print head which jets the ink
depending on printing data, comprising:   5        a housing having an ink
feeding section for feeding to the print head the 



ink stored in the ink cartridge;              at least one inner chamber
included in said housing, fluid communicating       with the air, and
filled with an ink; and              at least one outer chamber surrounding
said at least one inner chamber.  10  2.   The ink cartridge of claim 1,
wherein said outer chamber fluid       communicates with the air and filled
with an ink whose color is different from       that of the ink stored in
said inner chamber.       3.   The ink cartridge of claim 1, wherein said
ink cartridge is integral with the       print head.  15  4.   An ink
cartridge which stores an ink to be fed to a print head which jets
the ink depending on printing data, comprising: 



an ink storage chamber having an ink feeding section for feeding the
stored ink to the print head; and              anti-sealing means, provided
on a substantially entire outer surface of  20  said ink storage chamber
excluding said ink feeding section, for preventing a       possible hole
provided in the outer surface of the ink storage chamber from       being
sealed.       5.   The ink cartridge of claim 4, wherein said anti-sealing
means comprises       a plurality of spaced convexities whose height is not
less than 0.1 mm, and the  25  interval between any adjacent convexities is
not more than 10 mm.     



33       6.   The ink cartridge of claim 5, wherein the plurality of conve
ities are       arranged at intervals of not more than 5 mm.       7.   The
ink cartridge of claim 5, wherein the plurality of convexities have a
height of not less than 1 mm.   5  8.   The ink cartridge of claim 5,
wherein the plurality of convexities each take       the form of a ridge.
9.   The ink cartridge of claim 5, wherein the plurality of convexities
each take       the form of a dot-like convexity.       10.  The ink
cartridge of claim 4, wherein said anti-sealing means comprises  



10  an outer wall provided through a space over an outer surface of said
ink storage       chamber, excluding said ink feeding section.       11.
The ink cartridge of claim 4, wherein said ink storage chamber comprises
therein an inner chamber and an outer chamber surrounding said inner
chamber.  15  12.  The ink cartridge of claim 4, wherein said ink cartridge
is integral with the       print head.       13.  The ink cartridge of
claim 1, wherein two inner chambers are provided as       said at least one
inner chamber.       14.  The ink cartridge of claim 1, wherein two outer
chambers are provided as  20  said at least one outer chamber.  




