2013/112125 AT I 000 OO0 OO OO0 00

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date
1 August 2013 (01.08.2013)

(10) International Publication Number

WO 2013/112125 A1l

WIPOIPCT

(51) International Patent Classification:
B41J 2/175 (2006.01) B41J 2/135 (2006.01)

(74) Agent: ORMISTON, Steven, R.; Hewlett Packard Com-
pany, Intellectual Property Administration, 3404 E. Har-

mony Rd., MS: 35, Fort Collins, CO 80528 (US).

(21) International Application Number:
PCT/US2012/022194 (81) Designated States (unless otherwise indicated, for every
. - ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: . 2012 (23.01 201 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
anuary 2012 (23.01.2012) CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
Lo . HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(71) Applicant (for all designated States except US): HEW- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
LETT-PACKARD DEVELOPMENT COMPANY, L.P. OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
[US/US]; 11445 Compaq Center Drive W., Houston, Texas SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
77070 (US). TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and (84) Designated States (uniess otherwise indicated, for every
(75) Inventors/Applicants (for US only): MURPHY, Bryan kind of regional protection available): ARIPO (BW, GH,
[IE/IE]; Barnhall Rd., Liffey Park Technology Campus, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Leixlip (IE). RITTGERS, William, Jon [US/IE]; Barnhall UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
Rd., Liffey Park Technology Campus, Leixlip (IE). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
HEGARTY, Coilin [IE/IE]; Barnhall Rd., Liffey Park DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Technology Campus, Leixlip (IE). MACIAS, Eduardo LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
[IE/IE]; Barnhall Rd., Liffey Park Technology Campus, SM, TR), OAPI (BF, BI, CF, CG, CI, CM, GA, GN, GQ,
Leixlip (IE). HENDLEY, Odhran [IE/IE]; Barnhall Rd., GW, ML, MR, NE, SN, TD, TG).
Litfey Park Technology Campus, Leixlip (IE). MULLOY, Declarations under Rule 4.17:
Michael [IE/IE]; Barnhall Rd., Liffey Park Technol
Callilp?:; IEeb/(lip] ,(IE) all Rd,, Liffey Park Technology __ as to the identity of the inventor (Rule 4.17(i))
[Continued on next page]
(54) Title: FLUID CARTRIDGE
58 18 42
£ Z. 2 £ £ e sl L £ Z. 2. L. £, AP 4
© | — 54
o O o (&) O o 7 5
o} L G 00 g
O O O O o /;"46
o
o O © 0o Oo /
. © © o) eyt
{Egtz‘\ %
v iy
/‘/ /l i
¥ L7
/‘v\ A A 7 A 4
80 5‘2
, \\ 5

(57) Abstract: In one example, a fluid cartridge for an inkjet type liquid dispensing device includes a housing having a chamber
therein for holding a liquid, a vent through which air may enter the chamber, and an outlet through which liquid may pass from the
chamber out of the housing. A capillary material is disposed in the chamber between the vent and the outlet so that, when the capil -
O lary material is sufficiently depleted of liquid, the capillary material forms an airway from the vent to the outlet. The outlet con -
figured to cause an abrupt break in a liquid connection in the outlet as air enters the outlet through the capillary material.



WO 2013/112125 A1 IWAT 00N VAT TN O

Published:
—  with international search report (Art. 21(3))



WO 2013/112125 PCT/US2012/022194
1

FLUID CARTRIDGE

BACKGROUND
[0001] Inkjet printers utilize a printhead that includes an array of orifices
through which ink is ejected on to paper or other print substrate. One or more
printheads may be mounted on a movable carriage that traverses back and forth
across the width of the paper feeding through the printer, or the printhead(s)
may remain stationary during printing operations, as in a page wide array of
printheads. In some inkjet printers, the printhead is part of a discrete assembly
to which ink is supplied from a separate, detachable ink cartridge in which the
ink is held in a block of foam or other capillary material. For printhead
assemblies that utilize these types of detachable ink cartridges, the printed

image can fade as a cartridge runs out of ink.

DRAWINGS
[0002] Fig. 1 is a block diagram illustrating one embodiment of an inkjet
printer in which examples of the new ink cartridge may be implemented.
[0003] Figs. 2 and 3 are perspective views of a carriage and printhead
assembly, such as might be used in the printer of Fig. 1, with the ink cartridges
exploded out from the carriage to show the inlets to the printhead assembly and
the outlets from the ink cartridges.
[0004] Figs. 4 and 5 are detail views illustrating one example for the ink
cartridges in Figs. 1-3.
[0005] Figs. 6 and 7 are detail views illustrating other examples for the ink
cartridges of Figs. 1-3.
[0006] The same part numbers designate the same or similar parts

throughout the figures.

DESCRIPTION
[0007] A new ink cartridge has been developed to help create a sharp
transition from a fully printed page to a nearly blank page as the cartridge runs
out of ink, minimizing fade and improving the accuracy of a printer’'s end of life
messaging. Conventional foam based ink cartridges can cause poor image
quality as the cartridge runs out of ink and the foam releases the remaining ink
during printing. It has been discovered that introducing a free ink chamber into
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the ink flow path between the foam (or other capillary material) and the outlet
wick allows an abrupt break to be made in the flow of ink from the cartridge to
the printhead assembly, allowing a sharp transition between a complete printed
page without any fade to an incomplete page with a near total absence of ink.
Examples of the new fluid cartridge are described below with reference to an ink
cartridge for an inkjet printer. However, examples of the new cartridge are not
limited to ink cartridges, inkjet printers or inkjet printing. Examples of the new
fluid cartridge might also be implemented in other types of fluid dispensers. The
examples shown in the figures and described below, therefore, illustrate but do
not limit the invention, which is defined in the Claims following this Description.
[0008] In one example of a new ink cartridge, the outlet from the ink chamber
is formed by a conduit that includes a first part in contact with and compressing
the capillary material in the ink chamber, a second part holding the outlet wick,
and a third, unobstructed part between the first part and the second part for
holding free ink. The capillary material provides an airway from the cartridge
vent to the outlet conduit. When the capillary material is saturated with ink, little
if any air will reach the outlet conduit. As the ink supply is depleted, the level of
ink saturation in the capillary material decreases until, when the saturation level
falls below a threshold, air will move into the outlet conduit. When enough air
has entered the free ink chamber, the liquid capillary connection that makes the
fluidic link between the printhead assembly and the capillary media is broken
and the ink ejection chambers can no longer refill with ink and, thus, no ink will
be ejected onto the print substrate.
[0009] In one version, the open first part of the outlet conduit forms a
compression seal directly with the capillary material. In this version, the
relationship between the bubble pressure and the saturation of the capillary
material will determine the threshold at which air begins to enter the outlet
conduit. In another version, the inlet to the first part of the conduit is covered
with a filter that has a bubble pressure greater than the bubble pressure of the
capillary material when the capillary material is substantially depleted of ink.
The filter allows more ink to be extracted from the capillary material before air
begins to enter the free ink chamber in the outlet conduit. In another version,
the opening into the first part of the conduit is covered by a wick that has a
capillary pressure greater than the capillary pressure of the capillary material.
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The wick will remain saturated with ink after the capillary material is depleted of
ink, thus delaying the entry of air into the free ink chamber until substantially all
of the ink is extracted from the capillary material.
[0010] Fig. 1 is a block diagram illustrating an inkjet printer 10 in which
examples of the new fluid cartridge may be implemented. Figs. 2 and 3
illustrate a carriage 12 and printhead assembly 14 in printer 10. Ink cartridges
16, 18, 20, 22, 24 are exploded out from carriage 12 in Figs. 2 and 3 to show
the ink inlets to printhead assembly 14 and the ink outlets from ink cartridges
16-24. Figs. 4 and 5 are detail views illustrating one example for an ink
cartridge 16-24 in Figs. 1-3.
[0011] Referring first to Fig. 1, printer 10 includes a carriage 12 carrying a
printhead assembly 14 and detachable ink cartridges 16, 18, 20, 22, and 24 that
supply ink to printhead assembly 14 through outlets 36. Examples of outlets 36
are described in detail below with reference to Figs. 4-7. Printhead assembly 14
includes one or more printheads through which ink from one or more cartridges
16-24 is ejected. A print substrate transport mechanism 26 advances a sheet of
paper or other print substrate 28 past carriage 12 and printhead assembly 14.
An electronic controller 30 is operatively connected to carriage 12, printhead
assembly 14 and substrate transport 26. Controller 30 may communicate with
external devices through an input/output device 32, for example to receive print
data for inkjet imaging. Controller 30 controls the movement of carriage 12 (for
a scanning carriage printer 10) and substrate transport 26. Controller 30 is
electrically connected to each printhead in printhead assembly 14 to selectively
energize ink ejection elements for ejecting ink drops on to substrate 28. By
coordinating the relative position of carriage 12 with substrate 28 and the
ejection of ink drops, controller 30 produces the desired image on substrate 28.
[0012] Referring now also to Figs. 2 and 3, printhead assembly 14 includes
ink inlets 34 (Fig. 2) for receiving ink from a corresponding ink outlet 36 on each
ink cartridge 16-24. In the example shown, printhead assembly 14 includes two
printheads 38 and 40 (Fig. 3). Ink from color ink cartridges 16-22, for example,
is ejected from printhead 38 and ink from a black ink cartridge 24 is ejected from
printhead 40.
[0013] Figs. 4 and 5 are detail views illustrating one example configuration
for ink cartridge 16. This same configuration could be used for any of cartridges
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16-24 in Figs. 1-3. Referring to Figs. 4 and 5, ink cartridge 16 includes a
housing 42 that forms an interior chamber 44 for holding ink. In the example
shown, chamber 44 is made up of a larger, primary chamber 46 and smaller,
secondary chambers 48, 50 and 52. Ink in primary chamber 46 is held in foam
or other suitable capillary material 54 that occupies substantially the entire
volume of primary chamber 46. Capillary material 54 is omitted from Fig. 5 to
more clearly show other features of cartridge 16. Ink in secondary chambers
48-52 is held as free ink. Chamber 44 is vented to the atmosphere through an
opening 56 in the top of housing 42.
[0014] Ink flows from chamber 44 into printhead assembly 14 through outlet
36. Outlet 36 is formed by a conduit 58 having a first, interior part 60 through
which ink enters conduit 58, a second, exterior part 62 through which ink leaves
conduit 58, and a third, central part 64 extending between interior part 60 and
exterior part 62. Conduit interior part 60 contacts and compresses capillary
material 54 as shown in Fig. 4 to help move ink from capillary material 54 into
conduit 58. In the example shown in Figs. 4 and 5, a wick 66 located in conduit
interior part 60 forms the fluidic interface 68 between ink chamber 44 (through
capillary material 54) and outlet 36. A “wick” as used in this document means a
capillary material having a higher capillarity than capillary material 54 in ink
chamber 44.
[0015] Another wick 70 located in conduit exterior part 62 forms the fluidic
interface 72 between ink cartridge 16 (through outlet 36) and printhead
assembly 14. The second, central part 64 of conduit 58 is unobstructed
between first wick 66 and second wick 70 to form a free ink chamber 73. This
configuration for outlet 36 creates a “capillary cascade” in which ink flows from a
lower capillary media 54 to a higher capillary media, upper wick 66, to a still
higher capillary media, lower wick 70. Thus, it is desirable for this cascading
capillary flow that upper wick 66 have a lower bubble pressure than lower wick
70.
[0016] When cartridge 16 is installed in printhead assembly 14, as shown in
Fig. 4, second wick 70 engages an inlet structure 74 on printhead assembly 14
at an interface 72, for example through a filter 76, to establish an operative
fluidic connection between ink cartridge 16 and printhead assembly 14.
Second, lower wick 70 and filter 76 form a surface-to-surface contact fluid
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transfer mechanism. Air will not pass through this interface unless the bubble
pressure of wick 70 or filter 76 is exceeded. An ink channel 78 in printhead
assembly 14 downstream from filter 76 carries ink to a printhead 38 or 40 (Fig.
3). Inlet structure 74 is sometimes referred to as an inlet "tower" because it
usually extends out from the surrounding structure. Cartridge outlet 36 fits
around inlet tower 74 and seals against an elastomeric gasket or other suitable
seal 80 to help prevent air from entering at fluidic interface 72.
[0017] In another example of cartridge 16 shown in Fig. 6, a filter 82 covers
the opening into outlet conduit 58. In another example of cartridge 16 shown in
Fig. 7, the opening into outlet conduit 58 is exposed directly to capillary material
54.
[0018] In each of the examples shown in Figs. 4-7, when capillary material
54 is saturated with ink, virtually no air enters conduit 58 through capillary
material 54 and a liquid capillary connection is maintained between cartridge 16
and printhead assembly 14. As the ink in capillary material 54 is depleted, air
will enter outlet conduit 58. When enough air has entered free ink chamber 73,
the capillary connection and thus the fluidic link between the printhead
assembly and the capillary media is broken and the ink ejection chambers can
no longer refill with ink. Accordingly, no ink will be ejected onto the print
substrate. In the example shown in Figs. 4 and 5, printing will continue to draw
ink from free ink chamber 73 into the printheads while wick 66 remains
saturated with ink. As the ink in wick 66 is also depleted, air will eventually pass
through wick 66 into free ink chamber 73 to break the fluidic link so that the ink
ejection chambers in the printheads can no longer refill with ink. In the example
shown in Fig. 6, printing will continue to draw ink from free ink chamber 73 until
the bubble pressure of filter 82 is exceeded and air passes through filter 82 into
free ink chamber 73 to break the fluidic link to printhead assembly 14. In the
example shown in Fig. 7, printing will continue to draw ink from free ink chamber
73 until the bubble pressure of media 54 exposed directly to the opening into
conduit 58 is exceeded and air passes into free ink chamber 73 to break the
fluidic link to printhead assembly 14.
[0019] It has been observed for the example shown in Figs. 4 and 5 that
continuous printing through the transition from a fully printed page to a nearly
blank page allows fading as seen with conventional cartridges. However, it has
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also been observed that if printing is paused during the transition from full ink to
no ink, for example when fading is first detected, then an abrupt break is made
in the flow of ink from the cartridge to the printhead assembly, allowing a sharp
transition with no further fading. The duration of the pause for breaking the
fluidic connection depends on the volume of ink in free ink chamber 73 and the
rate at which air can enter chamber 73 to displace the ink. The rate at which air
enters free ink chamber 73 may be controlled by the bubble pressure and
permeability of wick 66 and the volume of ink in chamber 73 may be controlled
by the geometry of conduit 58. The pause in printing appears to cause a final
break in the fluidic link. While air displacement allows the break in the fluidic
link, it is not yet known with certainty if air displacement is the only factor in
completely breaking of the link. The final break in the fluidic link during a pause
in printing may also be affected by excessive backpressure generated during
continuous printing. The pause in printing may allow whatever ink remains
linking capillary media 54 to lower wick 70 to be drawn back up toward ink
chamber 44 under increased backpressure, breaking the remaining ink link.
[0020] As noted at the beginning of this Description, the examples shown in
the figures and described above illustrate but do not limit the invention. Other
examples are possible. Therefore, the foregoing description should not be
construed to limit the scope of the invention, which is defined in the following

claims.
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CLAIMS
What is claimed is:

1. An ink cartridge for an inkjet printer, comprising:
a chamber;
a vent through which air may enter the chamber;
a capillary material in the chamber for holding ink;
a conduit through which ink may flow from the chamber, the conduit having:
a first part through which ink may enter the conduit, the first part of the
conduit in contact with and compressing the capillary material;
a second part downstream from the first part through which ink may
leave the conduit; and
a third, unobstructed part between the first part and the second part for
holding ink; and

a first wick covering an outlet from the second part of the conduit.

2. The cartridge of Claim 1, further comprising a second wick in contact
with the capillary material and covering an inlet to the first part of the conduit.

3. The cartridge of Claim 1, further comprising a filter covering an inlet to
the first part of the conduit, the filter having a bubble pressure greater than the
capillary pressure of the capillary material.

4. A fluid cartridge for an inkjet type liquid dispensing device, the cartridge
comprising:

a housing having a chamber therein for holding a liquid, a vent through which
air may enter the chamber, and an outlet through which liquid may pass from the
chamber out of the housing;

a capillary material in the chamber and covering the outlet, the capillary
material disposed between the vent and the outlet so that, when the capillary
material is sufficiently depleted of liquid, the capillary material forms an airway from
the vent to the outlet; and

the outlet configured to cause an abrupt break in a liquid connection in the
outlet as air enters the outlet through the capillary material.
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5. The cartridge of Claim 4, wherein the outlet configured to cause an
abrupt break in a liquid connection comprises a wick in contact with the capillary
material and a free ink chamber downstream from and in fluid communication with

the wick.

6. The cartridge of Claim 4, wherein the outlet configured to cause an
abrupt break in a liquid connection comprises a filter in contact with the capillary
material and a free ink chamber downstream from and in fluid communication with
the filter.

7. The cartridge of Claim 4, wherein the outlet configured to cause an
abrupt break in a liquid connection comprises a first wick in contact with the capillary
material, a second wick downstream from the first wick, and a free ink chamber

between the first wick and the second wick.

8. The cartridge of Claim 4, wherein the outlet configured to cause an
abrupt break in a liquid connection comprises:

a conduit having:

a first part through which ink may enter the conduit, the first part of the
conduit in contact with and compressing the capillary material;

a second part downstream from the first part through which ink may
leave the conduit; and

a third, unobstructed part between the first part and the second part for
holding ink downstream from the first part; and
a first wick covering an outlet from the second part of the conduit.

9. The cartridge of Claim 8, further comprising a second wick in contact
with the capillary material and covering an inlet to the first part of the conduit.

10.  The cartridge of Claim 8, further comprising a filter covering an inlet to
the first part of the conduit, the filter having a bubble pressure greater than the
capillary pressure of the compressed capillary material.



—_—

O O 00 N O O A WN -

WO 2013/112125 PCT/US2012/022194

11.  Afluid cartridge, comprising:

a chamber;

a vent through which air may enter the chamber;

a capillary material in the chamber;

a conduit having an inlet in contact with the capillary material and an outlet
downstream from the inlet;

a first wick in contact with the capillary material and covering the inlet to the
conduit;

a second wick covering an outlet from the conduit; and

an unobstructed space in the conduit between the first and second wicks.
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